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Great Basin Native Plant Selection and Increse Project
2009ProgressReport

The Interagency native Plant Materials Development Program outlined in the 2002 Report to Congress
(USDI and USDA 2002), USDI Bureau of Land Management programs and policies, and the Great Basin
Restoration Inttiative encoage the use of native species for rangeland rehabilitation and restoration
where feasible. This project was initiated to foster the development of native plant materials for use in the
Great Basin and to provide information that will be useful to managees making decisions about

selecting appropriate plant materials for seedings. A second major objective is to provide the equipment
and techniques required for reestablishing diverse native communities.

Research priorities include: 1) increased undexding of genetic variability in native plant species under
consideration for use in revegetation; 2) development of seed transfer zones to provide native plant
materials adapted to major bigographic areas of the Great Basin; 3) improved availabilinatife

plant seed; 4) development of seed technology and cultural practices required for agricultural seed
increase of native forbs and grasses; 5) native pollinator management for native seed production and
investigation of postvildfire pollinator recoery; 6) provision for in situ and ex situ conservation of
important populations; 7) management eesgablishment of wildland shrub stands to improve seed
availability and conserve native populations; 8) evaluation of the potential for increasing taative p
diversity in established crested wheatgrass stands in the Great Basin while minimizing weed invasion; 9)
investigation of the biology of native forbs, emphasizing seed germination and seedling establishment;
10) assessment of interactions among rasitor species and between restoration species and invasive
exotics; 11) evaluation of rangeland drills and strategies for establishing diverse native communities;
and 12) science delivery.

We thank our collaborators for their expertise and tkand contributions of their agencies that have

made it possible to address many of the issues involved in native plant materials development and use.
We especially thank Kelsey Clouse and Erin Denney for their hard work in editing, formatting and
assembling tis report.

Nancy Shaw Mike Pellant

USDA Forest Service USDI Bureau of Land Management
Rocky Mountain Research Station Great Basin Restoration Initiative
Boise, ID Boise, ID

nshaw @fs.fed.us Michael Pellant@blm.gov

Great Basin Native Plant Selection and Increase Project:
http://www.fs .fed.us/rm/boise/research/shrub/greatbasin.shtml
Great Basin Restoration Initiative:
http://www.blm.gov/id/st/en/prog/gbri.html

NOTE: The results in this report should be considered prelimimanature and should not be quoted or
cited without the written consent of the Principal Investigator for the study.



Summary of 2009 Progress

Highlights from the 2009 report are provided below. A current list of research species, GBNPSIP 2009
seedcollections and the UCIA Stock Seed Production contract can be found in the Appendices.

X

In 2009, GBNPSIP Cooperators, and their crews, made over 300 wildland seed collections of 71
species; including 63 research collectionAdkemisia tridentatasubspeciegsee entire list
Appendix I).

A workshop: Sustaining vegetative landscapes in the West: Interactions with climate change was
presented at thEcological Society of AmericAnnual Meeting, August 30, 2009, Albuquerque, NM.
Presentations are lre:

http://www fs.fed.us/rm/boise/research/shrub/projects/ESA Presentations/

ESA presentations_2009.shtml

GBNPSIP Cooperators organized and participated in the workshop: Developing a Successful Native
Plant Program, April 2, 2009, Ontario, OR. OvebQ participants came from eight western states.

The workshop highlighted partnerships and collaboration, available native plant materials and success
stories from Utah, Nevada, Idaho, Oregon and Washington. The workshop included a field
demonstration on $eeting and calibrating drills for seeding native seed mixes and a field tour of forb
seed production research plots at the Oregon State University, Malheur Experiment Station.
Presentations are online: http://www.fs.fed.us/rm/boise/research/shrubspiOjeteirio. html

The Great Basin Native Plant Selection and Increase Project Annual Meeting was held in Boise,
Idaho, on March 31, 2009. Presentations are online:
http://www fs.fed.us/rm/boise/research/shrub/GBNPSIP/GBNPSIPpresentations2009.shtml

Plant Materials Development

X

Evaluation of 31 species for potential use as restoration materials is currently underway at the Provo
Shrub Lab.

Chemical scarification has proven effective for enhantimginus prunophilugermination while
mechanical scarificatiors imore effective foLupinus argenteus

Common garden trials of two shrub and eight forb species at two sites in Utah facilitated selection of
Great Basin native plant species accessions that will be most amenable to ornamental landscape use.

The Great Basin native specibalea ornata D. searlsiaesand Astragalus filipesvere selected for
introduction to the ornamental industry and will be presented at astatli meeting of ornamental
horticulturists and growers in 2010.

Certified seed stdcof Anatone bluebunch wheatgrass, Snake River Plains fourwing saltbush and
Northern Cold Desert winterfat produced by the NRCS Aberdeen, Idaho Plant Materials Center is
available though the University of Idaho Foundation Seed Program and Utah Crop Img@nbve
Association.

Based on propagation studies at the Aberdeen, Idaho Plant Materials Center -faupdrur
buckwheat, hotrock penstemon, sagebrush penstemon and sharpleaf penstemon can be commercially
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grown, at least with the use of weed barrier fabtiomatiumspecies appear to require a number of
years (3 4) to mature to reproductive stage under the climatic conditions at Aberdeen and may not
be conducive to commercial production because of the long period to reach reproductive capability.

Seed tansfer zones for key native Great Basin plant species are critical to ensure sustainable
restoration. Great Basin seeohes have been developed fapértip onion Allium acuminatuhand
Indian ricegrassAchnatherum hymenoidesThese seed zones wglliide collection and seed
increase of these species for future restoration.

Germinination tests were completed for bluebunch wheatgrass to explore diffeiregeasination
rateamong populations.

Preliminary analyses indicate tHaliebunch wheatgrapopulations differ substantially for traits of
growth, reproduction, leaf morphology and floral phenology.

Moderate correlations of population means with the climatdduebunch wheatgrass seed source
origins suggest that presenceadaptively signiicant genetic variation that should be considered
when moving populations in restoration projects.

NBR-1 Germplasm of basalt mikvetch was released for use in the northern Great Basin. When used
in seed mixtures with adapted grasses and shrubs, bagsttati will be of value in stabilizing

degraded rangelands, revegetating disturbed areas and beautifying roadsides. This native legume will
be of use where introduced species are not desired. The attractive foliage and flowers of basalt
milkvetch make it a excellent choice for use in wildflower seed mixtures.

Climate Change

X

A rangewide seed collection cArtemisia tridentatasubspeciegvas maddor quantitative and
molecular genetic analyses.

We completedNA sequencing of the transcriptomeAmntemisiatridentatasubspeciesridentata
andvaseyana.

Seed Increase

X

The Stock Seed Buypack Programis evolving to: a) faciltate development of a seed market for
specific germplasm accessions, pooled accessions, and/or formal germplasm releases developed
through GBNPSIP; b) reward initial seed growers financially for the risks they have assumed to
participate in the program; ¢) document germplasm identity through the seed increase process by
utilizing seed certification protocols; and d) increase stoc#t agailable for potential secondary seed
growers. This program is administered though the Utah Crop Improvement Association.

The UCIA Buyback project provides a bridge between a) souantity initial accessions and b)
commercial marketplace productidoy working with specialized growers who are willing to provide

land, time and expertise to produce increased amounts of stock seed that are then made available for
commercial production. In general, great progress has been made in defining seed accession
groupings and knowledge of agronomic seed production techniques.

Through 2009 we partnered with growers in Utah, Wyoming, Nevada and Oregon to evaluate
compatibility between the species planted, soil types and cultural practices, while increasing stock
seed. Many test plots have been established among these growers evaluating upwards of 25 species.



X

Ten native seed growers from Oregon, Washington, Idaho, Wyoming and Nevada took on native forb
and grass seed for production of new fields.

Cultural Practices
Pollinators and Predators

X

In relatively mild burns of intact sageteppe plant communities across the northern Basin and Range
province, additional standardized samples of bloom and bees indicate excellent prospects for survival
(pending data analysis\Where forbs do not bloom in the year following fire (previously depauperate
communities or hotter fires), surviving bee communities will need lsogmtal forage such as alfalfa

or something that blooms reliably the year after seeding.

Wild bees that arspecialists oBalsamorhizgproved to be no more discriminaticgnnoisselsthan
generalists when foraging among mixed arrays of their limited set of related floral hosts. Seed
growers must expect that even specialist bees will hybridize neighboring fields of infertile species
(e.g. the balsamroots), so standard spatial isalatiactices will be necessary in these limited cases.

In chronically overgrazed and degraded ssgppe plant communities, flowering species and the
bees that pollinate them are sparse and lack diversity, whether it historically began as crested
wheatgras or not.

Two previously unknown immature stages of two native insects were found to be pests of grass seed
production fields. The larvae affleabeetle,Chaetocnemaubconvexacaused significant damage

to a field of blue wild ryeElymus glaucusT he larvae of the checkered melon leaf beetle,
Paranapiacaba tricinctaare presumed to feed on the roots of blue gr&uateloua gracilisand
galleta,Hilaria jamesii, after adult beetles were found in abundance in seed production fields.

Two relatively unknown homopterans were found attacking and killing fourwing saltbitrgiiex
canescensplantsin native settings in ColoradoAn ortheziid mealybugQrthezia annaewas found
killing mature fourwing plants near Graddnction CO. Therliegular wax sale was also found

killing mature fourwing plants in the same region. Either of these native insects has the otential
become a significant pest Atriplex seed increase blocks.

Stand Establishment

X

Planting bulbs ofAllium acuminatunin seed fields leads to seed production in the first year while
plants grown from seed requiréfByears to flower and set seed. Bulbs can be successfully planted
using a mechanical planter. Timing of seed harvest is critical due to seed shattering.

Balsamorhiza sagittateequires several years to flower and produce fruit. Plants are being established
at high densities in small plots and will be transplanted into seed fields the year prior to first flower
production to determine whether this mighteébmore economical means of establishing seed fields.

N-sulfate fabric, a crop protective cover, has proven very valuable in increasing germination in field
plantings. At US Natives in Elko, NV plant density in 2009 reached the objective of one plant/linea
ft. for 16 of the 22 species planted under fabric. Only foeciep reached the desired objective
without the fabric.

Many of the forb species from low precipitation areas need irrigation for reliable seed production, but
the supplemental irrigation lnen neded is in the range of only 1400 mm.

Subsurface drip irrigation systems work well for native forb seed production.



Weed Control

X

Several herbicides including 2[2B may have potential for us Dalea searlsiaesseed production and
additional trials should further document treatment effects on seed production and viability.

Prowl H20O, Outlook, Sencor and Z22B may have potential for Pesitnergence use Dalea ornata

seed fields. The other herbicides tested imaye potential if applied prior tD. ornata breaking

dormancy as was observed in 2008. Further testing will be required to determine herbicide effects on
seed production and viability.

2,4-DB may hold promise for use in controling weed®stragalus flipes seed fields. However,
seed yield and viability were not evaluated and must be tested to certify that candidate herbicides do
not have a negative impact on seed production.

Many postemergence herbicides tested were effective for weed control.fdfi@mwor seed yield
effects were found when herbicides were applied very early, before substantial forb growth. These
herbicides lack registration.

Seed Biology and Technology

X

Wyoming big sagebrush seed storethwio loss in germination for’2 years bytoring the seed dry
and at-20°C.
0 Seed supplies of this species can be maintained for genetic conservation and restoration.
o Equilibrium relative humidity technology proved to be anaflent nondestructive way
to measure seed moisture for Great Bagiecies.

Dormancy breaking procedures for the highly dormant seeded spetisatherum hymenoides
(Indian ricegrass) anBenstemon acuminatus, P. deusindP. speciosuare under investigation so
that these desirable species can be used successfulgstoration.

Dormancy inSphaeralceapp. is an adaptive trait, but interferes with establishment of uniform stands
in seed fields. Treating seeds with boiling water has proven effective in removing the waxy cuticle
that prevents water uptake and sulbsetd germination.

Plant growth regulators tested did not replace the requirement for cold stratification for embryo
growth and germination dfomatium dissecturseeds.

Lomatium dissectumar. dissectunseeds from the Willamette Valley, OR had longert8ication
requirements than those lof dissectunvar. multifidumcollected from the northern Great Basin and

Snake River Plain. Differences may reflect genetic differences between the populations and/or
differences in environmental conditions during sdedelopment. The shorter stratification

requirements for seeds from the drier sites may provide an ecological advantage. This emphasizes the
need for use of seed adapted to the planting site.

Lomatium dissectumar. multifidumseeds produced during pat®of dry conditions may be less
dormant than those produced during periods with greater rainfall. Thus response to seeding date and
overwinter conditions may vary among seedlots from the same location produced in different years.

Seed and Seedlingcology

X

Seedling root growth of revegetation species is being modeled using thermal accumulation. Forb
roots were sensitive to increasing temperatures and required more degree days at temperatures above
20°C to reach 15 cm root depth. Grass roots wereglyniess sensitive to temperature and had
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generally similar degree day requirements to reach 15 cm root depth at all temperatures. This suggests
that the forbs are most likely to establish during early spring, while grasses are able to establish under
ealy spring or late spring temperatures, as long as soil moisture is available. As expected, cheatgrass
roots grew fastest at cool temperatures. However, crested wheatgrass and Anatone bluebunch
wheatgrass grew well enough to compete with cheatgrass.

Spedes Interactions

X

Laboratory germination experiments were conducted to determine whether a suite of eight native
annual forbs exhibit winter or spring annual germination syndromes. It was determined that
Amsinckia menziesiiar. intermedia A. tesselataDescurainia pinnataandLappula occidentalis
should be capable of germinating in the fall, which might make them more competitivd ratittus
tectorum

A greenhouse experiment was conducted to determine whether a native perennial grass establishes
more siccessfully in native annuals than in cheatgrass. Growing with competitors decreased the size
of Elymusmultisetushowever the largest decrease in size was found when growBwittorum

andA. tesselataln contrastE. multisetugrew bestwitiMentzlia veatchianaWhen in competition

with B. tectorum E. multisetugperformed bestwhell. veatchianavas also present. These results
support the idea that the presence of cerntain native annual forbs can enhance the establi#hment of
multisetusn B. tectoruminvaded rangelands.

A seed retrieval study for five native annual forbs is ongoing. Pilot data indicatésnikimtckia
menziesivar. intermedia andA. tesselataare partially dormant in the fall, and enter complete
dormancy in winterBlepharipappus scabeis entirely nondormant in the fall and enters dormancy in
the winter, and seeds bfentzelia veatchianandM. albicaulisare dormant in fall and winter. This
study will be ongoing for 3 years.

Crested Wheatgrass Diversification

X

Springapplied herbicide (glyphosate at 66 oz/acre) significantly reduced crested wheatgrass cover
and density (p<0.05) as compared to untreated areas.

Threeway disking did not significantly reduce crested wheatgrass cover (p>0.05) compared to
untreatechreas.

Crested wheatgrass density was significantly greater (p<0.05) on areas thatwasreiSked.
Four of the six seeded native grass species established during the first growing season after seeding:
basin wildrye, bluebunch wheatgrass, bottlebrsgtirreltail and Indian ricegrass. Each of the

seeded forb species, western yarrow, Lewis flax and Munro globemallow also established.

As spring growing conditions were nearly ideal, some grass and forb plants produced seed during the
first growing seaon.

Restoration Strategies and Equipment

X

X

The Revegetation Equipment Cataltutp://revegcatalog.tamu.eduivas duplicated on the Texas
Tech University website, which will become the primary host for the Catalog in 2010.

A drill calibration video scheduled for completion in spring 2009 by the USDA Forest Service
Missoula Technology and Development Center describes drill parts and mechanisms and
demonstrates three common methods of drill calibration. It will also illustates of the differences
among drills. The video will include a glossary of standard terms used in describing seed quality and
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drill operation.

Improvements to the minimuwitill drill focused on transport safety, planter parallelograms and seed
metering. Anong design changes were additions of a safety hydraulic lockout valve, a centralized
greasing system, an improved delivery spout for the fluffy seed box and a two spout seed meter cup
for the cool season box to improve flexibility in seeding methods.
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Project Title: TheQuest forNatives: Cultural Practices,Species
ScreeningandPrivate Growers

Project Location: USDA Forest Service, Shrub Sciences Laboratory, Provo, UT

Principal Investigators and Contact Information:
Scott JensenBotanist
USDA FS RMRS Shrub Sciences Laboratory
735N. 500 E.
Provo, UT 846061865
801.356.5128, fax: 801.375.6968
sliensen@fs.fed.us

Mark Anderson, Miles Nielson, Katie Sorensen
Biological Science Technician

USDA FS RMRS Shrub Sciences Laboratory
735 N. 500 E.

Provo, UT 846061865

801.356.5128, fax801.375.6968

Project Description:

At the inttiation of this GBNPSIP, our initial selection of plant materials included a number of
species with morphological and/or phenological characteristics that made agronomic production
difficult. Subsequentlywear devel oping a screening process
agronomic and restoration potential as a first step in our development program. We see the native
seed market in three broad categories: broad use restoration sppe@al use restoration

spedesand niche species. Generally seed from a plant that yields large quantities can be
marketed at a lower cost resulting in wide use. Species that fall into the broad use restoration
category will follow this model as well as having good establishme madeaistics, te mporal
persistenc@and desirability by end users. Special use species may be more difficult to produce
resulting in higher seed cost, have a more restrictive geographic distribution or a narrower range
of site adaptability than broad useesges. Niche species may be difficult to produce in quantity
resulting in high seed costs or have a narrow distribution or adaptability.

While several species we have worked with fall into the niche market category our efforts going
forward are to focusn species that will fall into the broad use and special use categories.

Species Screening

Since 2006 we have made both opportunistic and targeted collections of plausible species and
begun trials. Broader collection and more discrete selecting willrdocygpromising species.

The following genera/species are currently being evaluated:
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Genus Common Name Genus Common Name
Agastache giant hyssop Helianthus sunfiower
Amsinckia fiddleneck Hymenopappus hymenopappus
Argemone munita flatbud pricklypoppy Hymenoxys rubberweed

Aster Aster Iris iris

Astragalus Milkvetch Linum subteres sprucemont flax
Balsamorhiza hookeri | Hooker's balsamroot Lithospermum stoneseed
Calochortus mariposa lilly Lomatium nudicaule barestem biscuitroot
Castilleja paintbrush Mentzelia blazingstar
Chaenactis pincushion Nicotiana attenuata coyote tobacco
Cleome serrulata Rocky Mountain beeplant | Oenothera evening primrose
Cryptantha cryptantha Packera groundsel
Enceliopsis nudicaulis | nakedstem sunray Penstemon beardtongue
Erigeron fleabane Phacelia crenulata cleftleaf wildheliotrope

Frasera albomarginata

desert frasera

Potentilla

slender cinquefoil

Gaillardia

blanketflower

Thelypodium milleflorum

manyflower thelypody

Helianthella

one flowerhdlianthella

Individual Species Status

Astragalus utahensis

Niche Market: Prostrate stature makes weed control within the plant canopy difficult and limits
mechanical harvest. Handheld or backpack blevars are practical on small plots, a larger

tractor mounted unit would be desirable for larger plots. Seed yields are projected to be about 40
Ibs/acre.

Agoserisheterophylla

Special Use Market: Extrapolat data from greenhouse production indicates this species can
yield as much as 900 Ibs per acre. Operational scale production and harvesting difficulties will
reduce yields substantially. Still yields on the order of several hundred pounds per acrdshould
feasible. Handheld or backpack bloweacs are practical on small plots, a larger tractor
mounted unit would be desirable for larger plots.

Fall 2008 plantings at two private growers failed. One plot germinated in December following a
rainstorm thenrfost killed, the other plot experienced poor establishment due to a residual soil
herbicide. We increased a G2 Humboldt Couhty sourceat our production facilities.
Approximately 4 Ibs of seed is available for distribution to growespiing2010.

Hesperostipa comata

Bulk collections were made in 2009 for several top performing sources based on seed yield,
similarity in height and ripening date. Additional bulk collections will be made in 2010.
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Lupinusspp.

Niche Market: Studies evaluatirggtablisiment techniques and yields for foupine species
completed their second yedar. prunophyllusandL. arbustusexhibit uniform seed ripening and
good yields in wild stands. However, neither speciespeai®rmed acceptably at any of fdest
sites. Establishment is often poor; the plants suffer from chlorosis, senesce early and require
multiple years to reach flowering stage. argenteusandL. sericeusestablish readily but e xhibit
indeterminate seed ripening and shatter. Extrapolatdds estimate harvest at <50 ksre

with either multiple hand harvests or single mechanical harvest at peak seed.

Stock Seed Production
A single Humboldt County, NV source of annual agosekgaserisheterophyllg was increased
in 2007(G1- 2 Ibs), 2008 (G2 9 Ibs)and 2009 (G34lbs) in our Provo greenhouse.

During the fall of 2009 the following species were seeded in small plots for seed increase:

Species Yields- Row Seeding
Scientific Name Common name Screening | Spacing Trials| Increase| Rate
Amsinckia fiddleneck X X
Argemone munita flatbud pricklypoppy X X X
Astersp. aster X X X
Balsamorhiza hookeri Hooker's balsamroot X X X X
Balsamorhiza sagittata arrowleaf balsamroot X X
Cleome serrulata Rocky Mountain beeplan X X X
Crepis acuminata tapertip hawksbeard X X X X
Crepis intermedia limestone hawksbeard X X X X
Enceliopsis nudicaulis nakedstem sunray X X X X
Frasera albomarginata desert frasera X X X X
Heliomeris multiflora Nevada goldeneye X X X
Helianthella uniflora oneflower helianthella X X X X
Ipomopsis aggregata scarlet gilia X X X X
Iris missouriensis Rocky Mountain iris X X X
Lomatium dissectum fernleaf biscuitroot X X
Lomatium nudicaule barestem biscuitroot X X X X
Mentzeliasp. blazingstar X X X X
Nicotiana attenuata coyote tobacco X X X
Penstemorsp. beardtongue X X X X
Penstemon pachyphyllus | thickleaf beardtongue X X
Phacelia crenulata corrugatq cleftleaf wildheiotrope X X X X
Potentilla gracilis slender cinquefail X X X X
Thelypodium milleflorum manyflower thelypody X X X X
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Wildland Seed Collections

Seed collection, i2009, targetednew and additional populations of species being screened, as

well as additional populations of the promising candidates scarlat bivada goldeneye,
Lewis flaxand thickleaf beardtongue.

2009 Seed Collections

No. No.
Screening collections Development collections
Common Common
Species Name Species Name
Balsam orhizéhookeri E;Zg(;rrsoot 2 Agoseriggrandiflora glg:)lggvriir 2
2 9
@ Enceliopsisudicaulis nakedstem sunray 3 Agoserisheterophylla annual agoseris 1
o
o Fraseraalbomarginata desert frasera 2 Lomatiumdissectum fgrnlgaf 1
c biscuitroot
Lomatiumnudicaule *** Egre;tem 2 Lupinusarbustus longspur lupine 2 <
iscuitroot o
0]
Lupinusargenteus silvery lupine 2 5
Lupinusprunophilus hairy bigleaf 1 g
pinus P lupine o
§ Linumsubteres sprucemont flax 1 Lupinussericeus silky lupine 2 a
— o
o . . scabland °
2 Mentzelia blazingstar 3 Penstemordeustus 1 3
2 penstemon 2
3 Phaceliecrenulata cI_eftIeaf 1 Penstemorspeciosus royal 1 -
S wildheliotrope penstemon
2 -
0 Agastacheurticifolia nettleleaf giant 1 Sphaeralceaoccinea scarlet 1
q;) hyssop globemallow
z Cryptantha cryptantha 1 Hesperostipaomata ?hisglg and 6
Heliomerignultiflora var. Nevada 6
nevadensis *** goldeneye P
UT (@]
-% Amsinckiane nziesii fiddleneck 3 Ipomopsisaggregata scarlet gilia 6 g
o >
2 Argemonemunita flqtbud 2 Linumlewisii Lewis flax 3 2
[ pricklypoppy =
o . . manyflower Penstemorpachyphylius thickleaf S
%) >
2 Thelypodiunmilleflorum thelypody 2 _— beardtong ue 3 7]
& Nicotianaatte nuata coyote tobacco 3
*** Distributed to Growersin 2009

Bulk Collections from Wildland Stands for Research and Distribution to Growers

3 Ibs of flatbud pricklypoppyArge monemunitg) were collected in Juab County, UT.

28 Ibs of coyote tobaccdl{cotianaattenuat) were collected in Whitepine CountyV.

40 lbs of barestem biscuitrodigmatiumnudicaulg were collected in EIko County, NV.

3 Ibs of cleftleafwildheliotrope(Phaceliacrenulata)were collected in Whitepine County, NV.
18 and 28bs ofthickleaf beardtonguePenstemon pachyphylluserecollected in Whitepine
County, NV.
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Soil Replacement Pilot Study

Soil samples taken at a large number of forb collection sites show a predominance of loam to
sandy loam soils. Over the years we have seeded many species into clay loam to loam soils at
our test facilities with mixed success. We hypothesize incompatibility between species and soil
texture may be partially responsible in cases of poor eskabnt. In a pilot study with five

replicated blockstaFountain Green, UT we seeded feyecies intahe native loam soiland a

sandy replacement soil. A furrow opener was used to displace soil in a broad V shaped pattern to
a width and depth of approximately 40. Sandy
block/species combination was coverednariksulate plant protection fabric while thehet row

was left open yielding foureatments; native soil covered and uncovered wshilate, and

sandy soil covered and uncovered.

BalsamorhizahookeriandFraseraalbomarginatafailed to establish undexll treatments.
ThelypodiummilleflorumandPotentillagracilis germinated significantly better (p=0.004) when
covered with rsulate fabric. While not significant at the 5% level, gracilisgerminated nearly
twice as well in native soil as the sandy replace menflamdilleflorumdemonstrated just the
oppostite preferring the sandy soil nearly 2:1.

This study was expanded in 2009 to include 25 aaltHi species, replicated at thrates.

N-Sulate Fabric Trials

N-Sulate fabric, a crop protective cover, has proven very valuable in increasing germination in
field plantings. The fabric helps retain moisture, increases temperature and limits frost damage to
early emerging seedlings. We havedghe fabric in a soil texture study, in wildland settings

and at sever al gr ower so f ar mssityreAdhedthd @jecivena day

of oneplant/linear ft. for 16 of the 22 species planted undbri€a Four of the remaining six
spedes did not germinate at all and tvgerminated weeks aftéhe fabric was removed. Only
four species reached the desired objective without the fabric.

Seedling Establishment
Canaday Farm
May 12, 2009
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Root Transplant Study

A number of speciesequire several years to reach seed producing stage. Paying weed control
and maintenance costs on a nonproducing field for several years is cost prohibitive. Several
species have large taproots with good potential for transplanting. We pBadssdmorhiza

hookerii, B. sagitata, Crepis acumiratC. intermedia, Enceliopsis nudicaulis, Lomatium
nudicaule, L. triternatunandLupinus prunophiludn densely seeded nursery beds to evaluate
plant production in this setting and provide stock for transplantinig.tkiiigh density plantings

grown to seed producing size then transplanted to production fields may be a feasible option for
some species.

Seed Distribution to Growers

As of 2009 ve havepartnered witteightgrowers in Utah, Wyoming, Nevada and Oregon to
evaluatecompatibility betwee the species planted, soil typasd cultural practices, while
increasing stock seed. Our approach is to select a few species we think are well adapted to the
site and grower circumstances for bulk plantings then take awshafgproach with a lot of other
species to determine what will perform well. Based on first year successillwecrease the

size of successful plantings. Many test plots have been established among these growers
evaluating upwards of 25 species.

SeedDistribution to Cooperators
Oregon State University Malheur Experiment Stat@hnton C. ShockSeedling establishment
and cultural practice studies.

Utah State University, Department of Plants, Soils, and Climate. Cory Ranscemerge nt
herbicide tials.

Presentations:
Jensen, Scott L. 2009. Equipment for native forb producti8arénual Diversity in Agriculture
Conference, 2009 February 26; Delta, UT.

Jensen, Scott..2009.Status ofplant materialsdevelopmentvork for Great Basispecies
Intermountain Native Plant Summit, 2009 MarchZ%} Boise, ID.

Jensen, Scott.L.Jones, Covy; Vernon, Jason; Summers, DaB@09.The quest fornatives:
Culturalpracticesspeciesscreening harvestingequipment andgrivate growers.Great Basin
Native Plant Selection and Increase Profohual Meeting, 2009 March 31; Boise, ID.

Jensen, Scott L.; Jones, Covy. 208fatus ofplant materialsdevelopmentvork for Great Basin
species Native Plant Materials and Seeding Worksha@09 April 22; Ontarig OR.

Jensen, Scott.L.2009. Overview of GBNPSIP. Colorado Plateau Materials Working Group
Organizing Meeting, 2009 April 22; Salt Lake City, UT.

Jensen, Scott..2009. Overview of GBNPSIP with emphasis on Shrub Lab work. Visiting
RMRS Leadership, 200&uly 7; Provo, UT.
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Jensen, Scott L.; Jones, Covy; Larsen, Ron; Hanks, Kerry; Whitakeon. Wintersteiger
Classic Combiné& Maintenance and Operation Guide. PowerPoint Presentation available for
combine operators.
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Project Title: Native Plant Material Development and Cultivation
Trials for Native Great Basin Forbs and Grasses

Project Location: Great BasirResearch Center, Ephraim, Utah

Principal Investigators and Contact Information:
Covy Jones Wildlife Biologist Il
Utah Division of Wildlife Resources/Great Basin Rasgh Center
494 West 100 South
Ephraim, UT 84627
435.283.4441, fax: 435.283.2034

Alison Whittaker, GBRC Project Leader

Utah Division of Wildlife Resources/Great Basin Rasd Center
494 West 100 South

Ephram, UT 84627

435.283.4441, fax: 435.283.2034

Project Description:

Mission and Goals

We are working on developing cultural practices for several forb spediae {areat Basin. Our
current focus is improvement of germination techagthrough meanical, chemicaand

thermal scarification methods. Forging relationships with new growers continues to be a priority,
thereby allowing us to increase seed availability from small collections to larger quantities and
providing seed for larger productiorfils and landscape scale restoration projects. We are
continuing to find new methods to deal with disease and pestilence issues that have become
apparent in agricultural settings. We are also striving to purchase or develop necessary
cultivation machineryo enable the success of the project.

Wildland Seed Collections

The focusthis yearwas on bulk seed collections. A bulk collection allows us to experiment with
direct seeding methods and provide seed to commercial growers. Seed set was good this year for
balsamrootglobe mallowand some lupine species; bulk collections were made (dtipte

accessions of these species. Seed set was poor this year for cushion buckwheat and hawksbeard
species; collections were made when possible for these species. We will continue with the bulk
collection model in 2010.

Species Status

Sphaeralceapp

New common gardens of globemallow species were established in Nephiand at the Desert
Experimental Range (DER), west of Milford. This was done in an effort to confirm seed
production data that was collected in 2008 from the Fountain Green common.garde
Grasshoppers ate all the foliage at the Nephi site but not before the plants had time to establish.
As a result, we suspect they wilksprout in 2010. Disease presented an issue for globemallow
species in 2008. Most of the Fountain Green commotegawas decimated by a fungal rust

19



infection and did not remerge in 2009. In addition to seed productiea will evaluate genetic
resistance to rust at the newly established common garden sites. Due to the possibility of losing
a significant numberfglants from a particular accession to disease, a pooled source release
might not be the best idea for this genus. Further investigation is needed to determine if some
accessions are more resistant and would therefore be better suited for cultivation.

Hedysarum boreal

In 2008, preliminary inoculum testing was done on Utah SWe#¢th Hedysarum borealeto

evaluate the effect of local native rhizobia vs. the commercially available rhizobia. We noticed
that the commercial inoculum seemed to infehigher percentage of plants. A follow up study

this year confirmed preliminary results demonstrating that the commercially available inoculum
has equal, or in some cases better, inoculation potential than the native inoculum. Figure la and
1b show the oerall effect of inoculum on biomass production and nodulation frequency.

Figure 1 Effect of inoculums on A) biomass production and B) nodulation frequency.
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Eriogonum ovalifolium

We collected data on the cushion buckwleahmon garden using flower height as an indicator

of mechanical harvestbility, and because of the poor seed s&t used flower number as a
surrogate for possible seed production. After analyzing the data we discovered that there are
significant differences between accessions for both of these categories. We designed a scoring
system to incorporate both the floweight and flower number data. We will continue to

peruse the top ranking accessions for collections in 2010. To confirm that flower number is a
good surrogate for seed set we are building pollination boxes to induce forced pollination and we
will harvest actual seed this coming ye@nceseed is acquired a pooled source accession
increase plot will beestablished Evaluation ofmechanical harvesting methodd! be

conductedn order to providenechanicaseedharvesting informatiofor growers

Balsamorhizaspp

Arrowleaf balsamroot has posed problems primarily because of the time it takes to establish.

This year we experimaed with a new planting method whese used nursery bedding

equipment to create a perfectly flat planting surface andd¢beded on the beds with six inch

row spacing. We hope to be able to establish a dense stand of plants and then use a root lifter to
remove the plants from the bed and transplant them into a field the year before they produce
seed. The use of dense beddsil establishment would lower the initial land investment for a
grower. We continue to wdt with HookeiGs balsamrooand have included it in the above

mentioned studyMore wildland collections are needed for this species to bulk up stock seed for
direct seeding.
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Perideridia bolanderi
We will continue to opportunistically collect wildland seed from superior accessions of this
species. Time to establish may make it a good candidate for a transplant study.

Seed Scarification Studies

Sphaeralceapp

We had success in 2007 using acid scarification to redac®ancy in globemallow However,
concentrated sulfuric acid is not the easiest chemical to acquire and handling the acid poses some
risk. Consequentlytreatng large quantities of seed usitigs method is not our first choice.
Additionally, thermal scarification is more practical than using sulfuric ac@lriRg boiling

water overthe globemallow seeahelts away the waxy cuticle and allows the seed to imbibe and
germinate. Preliminary sties using this method were conductedingfall 2008 and showed
promise. In 2009, weontinued using this method of scarification on globemallow seed prior to
direct seeding in an increase field situation. Magearctwill be done in 2010 to quanyf
optimalwater temperature and exposure time so that maximum germination is obtained with
minimum embryo death.

Lupinusspp

Additional testing has been done on thermal, chemical and mechanical scarification; however,
the mechanical scarification faile @tause the machine would not work with small quantities of
seed. This has been corrected and is currently being repeated. Upon completion we will use
linear regression to confirm preliminary results thaprunophilusresponds besb chemical
scarificaion while mechanical works better dn argeneus. In 2010,the regression will be
finalized and used to find theptimal scarification technique for hasgeded lupine species

across several accessions. This will allow uthémn use a more complex sséical model to

define the best scarification methamlgera broad geographic area.

Cuttivation Trials

Lupinusspp

We colleced and analyzed data comparing tshiect seedingnethods as well as a transplant
into weed barrier method for folupine specie¢LUAR, LUPR, LUSE, LUARB). As shown in
figure 2a and 2b, increased ganationand establishment was shown with the use SWate
fabric for all species. Although LUARB germinatetdquickly showed signs of iron chlorosis,
then became neciotand senesced and did notamerge in 2009. LUPR showed the same
signs as LUARB but it was able to persist longer before it senesced, which allowed it to put
down a root and it did emerge in 2009. We were able to sustain LUPR plants this year with
sumplemental EDDHA chelated iron treatments; however they did not produce flower or fruit.

Fig.2a Average % germination of4lupine species under N-Sulate fabric Fig.2b  Average % est.of 4 lupine species under N-Sulate fabric
and uncovered in Fountain Green and Ephraim Combind and uncovered in Fountain Green and Ephraim Combind
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Weed controtechnique were also evaluated betwede twoplanting methodsthe transplant
andinterspacesnethod The evaluation was doria man hoursand the plots were a little less
than 0.2 acres each. The interspaces were about half anfdloreeding inside the plots was
done by hand. Extrapolated it would take between 500 and 1000 man hours an acr¢ato main
the plot. Hand weeding is not a viable option. See figure 3.

Figure 3.Weeding time by treatment.
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Yields for LUAR and LUSE, the two species that produced ssetkextrapolated ito the
range of 25 to 40 pounds an aondhich is too low for commercial production. In 2010, we will
collect yield data again to see if the plaptsducemore seed in year three.

Manage ment Applications:

Forb Island Study

The cost of native forbs will always be more than grasses, sandbsonrnative forbs. Because

of the additional cost, land managers will be more discretionary about when and where they use
these vital plants. We have been usingate fabric for the past two years in our field

plantings and it has made up to 1000srease in germination for some species. Selecting areas
that will hold moisture longecombined with the use of{Sulate fabric for added heat and
moisture retentiojcould improve germination and establishment in wildland restoration. To
understand dw this technology might improve restoration success we put the Forb Island Study
in this fall at five locations; three ité Great Basimne on the Colorado P lateanod one in the
Mojave Desert. Each site is set up so that it will statically stan@ dlohcan also be combined
with the other sites. Using two seed mixes we will compare germination and establishment of
plots that were either covered with Sulate fabric or not covered. In 2010, we will take
germination and survival readings on the plotn 2011, wewvill take establishment datan |
subsequent years we will measure survival and recruitment.
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Land Managers

Several of the globemallow plantings that we put in 2008 did well. We scaled up in 2009 and
added three new growers growingfdiient accessions of the same species. We encourage seed
purchasers to keep these growers in mind when buying seed this coming year.

Seed Producers
We are now able to provide seed produaard restoration facilitators witimformation on
scarificationof globemallow and lupine species to ildate stand establishment using lesssed.

Products:

Growers

Cindy Canady in Elko, Nevada has 47 acres in a very sandy soil type. She recently acquired the
property and about 10 acres were in good plardordition. She has plenty of water to

establish and grow native plants. Cindy also has experience with wildland seed collecting. In
2008, we planted five acres and 24 different species on the Canady farm. We have the lead on
three of the speciebut only one of the three species established at increase field density. In
2009, we scaled up adding 1.5 acres to what Cindy had originally planted using seed from the
original source.See table 1 for details.

The Bell farm comprises over 700 acres justtim of Vernon Utahand is a clay loam soll type.

Warren Bell, the managing partner of Biograss Sod Farms, is currently harvesting several species
of grass as sod on most of the land. Growing natives is not completely new to Warren, who in
the past hasollaborated with retired Forest Service Research Scientist Bruce Welch to grow
several penstemon species. We were able to plant 22 species at the Bell farm on 10 acres of
land. We have the lead on five of those species. Of those five species pla2@€8,iit was
determined in 2009 that two did well and established at densities that warrant a seed production
field. We scaled up with those two species adding 0.25 acres of scarlet globemallow and one
acre of gooseberryleaf globe mallow.

The Tripp farm is a small residential orchard in the middle of Spring City, Utah. Al Tripp, the
owner/operator of the farm, has limited space on his land so we have worked together with Alto
establish transplants in weed barrier for some of the more difficultespercultivate and

harvest. We used a pooled source accession approach to increase genetic diversity.

The Hanks farm located in Grover, Utah is just over 300 acres. Walt Hanks, the owner/operator
of the farm, currently has about half of the land iasgrpasture or alfalfa production. The farm

sits at just over 7,000 feet in elevation. We planted 14 species on the Hanks farm, of which we
have the lead on two.

The Jones farm is located 45 minutes north of Kemmerer, Wyoming at just over 7,000 feet in
elevation. Debra Stoutenberg is the land manager that we have been working with on the Jones
farm. We planted five species on the Jones farm of which we haveathereone.

The Young farm is located in Sterling, Utah and sits over 5,500 feet in elevation. The farm

consists of 40 acres and is managed by Bob Young. We planted three species on the Young farm
and have the lead on two of those.
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Table 1. Natives seeded by private growers in 2009.

Acreage
Grower Species Common Name Seeded
Canaday Sphaeralcegrossularifolia gooseberryleaf globemallow 2.13
Bell Sphaeralcegrossularifolia gooseberryleaf globemallow 2
Bell Sphaeralce@occinea scarletglobemallow 0.75
Tripp Balsamorhiza sagittata arrowleaf balsamroot 0.01
Tripp Balsamorhiza hookeri K221 SNQRa ot f a 0.01
Tripp Crepis acuminata tapertip hawksbeard 0.01
Tripp Crepis intermedia limestone hawksbeard 0.01
Hanks Sphaeralce@occinea scarlet globemallow 0.75
Hanks Sphaeralcegrossularifolia gooseberryleaf globemallow 2
Jones Sphaeralce@occinea scarlet globemallow 15
Young Sphaeralce@occinea scarlet globemallow 0.75
Young Sphaeralcegrossularifolia gooseberryleaf globemallow 2

For a full list of species planted at each location contact Covy Jones or Scott Jensen.

Presentations:

Jones, CovyJensenScott.2009.Native crops andseed poduction Diversified Agriculture
Conference2009 February 28)elta, UT.

Jones, CovyJensenScott;Vernon, JasgriSummerdDanny.2009.The quest for natives;
cultural practicesspecies screening, harvesting equipment and private gro@ezat Basin
Native Plant Selection and Increase Project Annual Meeting, 2009 Mar&o3E, ID.

Jensen, Scott L.; Jones, Covy. 2088atus ofplant materialsde velopmentvork for Great Basin

species Native Plant Materials and Seeding Worksha@09 April 22; Ontario, OR.
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Project Title: Demonstration, Educaticend Outreach Activities
Related ® GBNPSIP Plant Materials

Project Location: Utah State University, Logan, Utah

Principal Investigators and Contact Information:

Heidi A. Kratsch

Utah State University

4820 Old Main Hill

Logan, UT 843224820
435.797.8124, fax: 435.797.3376
heidi.kratsch@ usu.edu

Douglas Johnson

USDA-ARS Forage and Range Research Lab
Utah State University

Logan, UT 843226300

435.797.3067

Doug.Johnson@ars.usda.gov

Kevin Connors

USDA-ARS Forage and Range Research Lab
Utah State University

Logan, UT843226300
Kevin.Connors@ars.usda.gov

Project Description:

Use of regionally adapted native plants in home and commercial ornamental landscapes can
lower water use and decrease demand for limited water suppliest of the forbs being

developed throgh GBNPSIP for rangeland restoration applications also have high potential for
use as wateconserving ornamentals. Our project is devoted to education and outreach activities
related to use of GBNPSIP and other native plant materials in urbawdber landscaping and

in rangeland restoration and revegetation.

Objectives

e Incorporate plants developed in the GBNPSIP into evaluation and demonstration gardens in a
muli-state area.

e Develop partnerships with state and local agencies and the private seztoctde the
general public about GBNPSIP plant materials and their use in expanding biodiversity in the
revegetation and restoration of degraded rangelands.

e Generate interest among growers for lasgale seed production of GBNPSIP plant
matrials, reducbon in seed costand increased availability.

e Facilitate development of a secondary, 1keederal market that would enhance market
stability of GBNPSIP plant materials.
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Materials and Methods

Common garden trials of two shrub and eight forb species wereateddat two sites in northern

and northcentral Utah. Ten plants of each accessiogastacheCercocarpusGeranium

Monardella PenstemopPurshiaandStanleyaand 18 plants of each accessioisfragalusand
Daleawere planted at two sites: Utah State University Greenville Farm in North Logan, UT and the
Utah Botanical Center in Kaysville, UTRlants werdransplanted from greenhougeown plants

in fall 2007 AgastacheCercocarpusGeraniumMonardella Penstemn, Purshia Stanleya

and spring 2008Astragalus Dalea). Plots were arranged in a randomized complete block
design. Seeds were collected in Utah and neighboring states (except as noted in Table 1) and
grown to a suitable size for outplanting in a geause on the campus of Utah State University

in Logan, UT. Plants were irrigated as needed to insure their establishment during their first
growing season (2008). Thereafter, no irrigation was added.

Species included in common garden trials:
Agastacheurticifolia (Horsemint)

Astragalus filipegBasalt milkvetch)

Cercocarpus ledifoliug¢Curlleaf mountain mahogany)
Daleaornata (Western prairie clover)

Dalea searlsiad Sear | 6s prairie clover)
Geranium viscosissimu (®ticky geranium)
Monardella odoratissna (Mountain beebalm)
Penstemon eaton(Firecracker penstemon)
Purshiamexican&(Cliffrose)

Stanleyapinnat§ Pr i nceds pl ume)

TablelSpecies utilized in the trials and the county,
Species Accession County State | Elevation
TB16 Davis UT | 2438 m/8000 ft
TB19 Cache UT | 2170 m/7119 ft
Agastache urticifolia | TB21 Bannock ID | Unavailable
TB25 Juab UT | 1601 m/5252 ft
TB36 Cache UT | 1712 m/5617 ft
LH Seed from L & H Seed Company
Astragalus filipes Seed from a composite mixture of fou
NCO collections from nortkcentral Oregon
Cercocarpus A-29 Iron UT | 2410 m/7908 ft
ledifolius A-22 Millard UT | 1782 m/5848 ft
10 Sherman OR | 352 m/1154 ft
17 Wheeler OR | 1001 m/3284 ft
Dalea ornata 23 Jefferson OR | 941 m/3087 t
LH Seed from L & H Seed Company
8 Lincoln NV | 1796 m/5892 ft
Dalea searlsiae 14 Kane UT | 1695 m/5561 ft
17 Kane UT | 1749 m/5738 ft
Geranium TB15 Davis UT | 2438 m/8000 ft
viscosissimum TB27 Sanpete UT | 2736/8975ft
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Monardella A-32 Iron UT [ 2649 m/8691 ft
odoratissima A43 Cache UT | 2134 m/7000 ft
A-30 Iron UT | 2557 m/8388 ft
Penstemon eatonii A-40 Carbon, Utah | UT | 1581 m/5187 ft
A-45 Utah UT | 1798 m/5900 ft
A2 Iron UT [ 1948 m/6390 ft

Purshia mexicana A-20 Grand UT [ 1836m/6024 ft
A-24 Garfield UT | 2014 m/6608 ft
Al Iron UT | 2051 m/6730 ft
. A8 Iron UT | 1778 m/5832 ft

Stanleya pinnata A35 Washington | UT | 984 m/3227 ft
SRS Emery UT | 1586 m/5203 ft

Results

Agastache urticifolia

Agastacheseed was collected at sites ranging from 5200 to 8000 ft. in elevation (Table 1).
Overwinter survival of all five accessions was greater than 90% (Table 2). The two accessions
from the lower elevation collections did not survive the summer withougtiog at either site.

Of the plants that survived, none differed in growth characteristics (Table 3).

Astragalus filipes

Basalt milkvetch accessions in our trials were from composite seed collections. The LH
accession exhibited poor winter survivaNorth Logan (Table 2), although survivors were
larger, though not significantly so, than plants of the NCO accession (Table 3). Plants of both
accessions were nearly in full bloom in early June 2009 (Table 4).

Cercocarpus ledifolius

Littleleaf mountamn mahogany accessions originated in central Utah at about 6000 and 8000 ft.
(Table 1). Plants of both accessions overwintered successfully, but 50% or less survived the
summer without irrigation at either location (Table 2). Plants of the higher ele\ato@ssion
showed potential for being larger than lower elevation plants (Table 3), and parent plants
exhibited a tree form in their native habitat, a characteristic considered valuable for ornamental
purposes. This may be a trait useful for selecting@ed variety for ornamental use.

Dalea ornata

Western prairie clover accessions originated from roethiral Oregon at 1150 to 3300 ft.
(Table 1). Nearly all survived the summer without irrigation at both sites, but plant losses
occurred over the wintdn North Logan (Table 2), the BildH accession exhibiting the best
overwinter survival at this latitude. Plants from the D accession were larger at the end of
the season at the North Logan site, whereas plants of tfe/@ocession were larger a¢th
Kaysville site (Table 3). Extent of flowering differed among accessions, with two of the
accessions (DaH and DG23) at 50% bloom on 9 June 2009. -9, the accession from the
northernmost county (northern Oregon), was at less than 20% bloom atnthis t
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Table 2.0verwinter and summer survival of plants (%) established in replicated trials in North Loga
Kaysville, Utah. Plants were installed in fall 200¥gastacheCercocarpusGeranium Monardellg
PenstemonPurshig Stanleya and sprin2008 Astragalus Daled). Data were collected in 2009.

North Logan, UT Kaysville, UT

Winter Summer Winter Summer

Species Accessior Survival Survival Survival Survival
(%) (%) (%) (%)
TB16 90 56 100 50
TB19 100 40 90 56
Agastache TB21 100 40 100 30
urticifolia TB25 90 0 100 0
TB36 100 0 100 0
Astragalus LH 28 60 78 NA
filipes NCO 83 80 83 NA
Cercocarpus A29 100 50 100 50
ledifolius A22 100 30 90 44
10 78 100 100 100
Dal LH 94 94 94 100
aleaornata 54 72 92 100 100
17 89 100 100 100
Dalea 8 89 100 100 100
Isiae 17 89 94 89 100
searis 14 94 100 100 100
Geranium TB15 90 56 90 44
viscosissimum  TB27 100 40 100 50
Monardella A-32 100 50 90 56
odoratissima A43 100 50 100 50
Penstemon A40 100 70 90 100
eatonii A45 100 50 100 50
A-30 100 40 100 50
Purshia A24 70 100 100 20
mexicana A20 80 38 70 43
A2 100 50 90 44
A35 50 0 60 0
Stanleya Al 70 29 90 11
pinnata A8 90 44 70 57
SRS 90 11 80 25
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Table 3. Height (length of longest shoot [cm]) and width (at the wipl@at [cm]) for plants established in
replicated plots in North Logan and Kaysville, Utah. Plants were installed in fall 2@@&tache
CercocarpusGeranium Monardellg PenstemoyPurshig Stanleyd and spring 2008Xstragalus Dalea).
Data wereollected in August/September 2009.

North Logan, UT Kaysville, UT
Species Accessior Ht STD Width STD Ht STD  Widtt STD
(cmy (cm) (cm) (cm)
Agastache TB16 614 52 996 7.9 53.2 114 89.6 22.9
urticifolia TB19 72.5 16.6 111.0 37.5 66.0 115 93.0 22.1
TB21 58.2 31 958 14.6 56.3 16.5 87.7 38.8
Astragalus LH 37.3 5.7 413 20.4 NA NA NA NA
filipes NCO 22.5 11.8 238 20.0 NA NA NA NA
Cercocarpus  A-29 74.8 13.5 78.6 16.9 71.2 11.9 82.6 28.5
ledifolius A22 49.7 8.7 49.3 7.6 63.2 17.9 57.0 14.3
10 39.0a 89 77.2Aa 18.0 43.1ab 5.6 57.9Ba 13.7
Dalea ornata LH 41.1Aa 85 76.9Aa 14.2 32.9Bd 51 40.6Bbc 10.7
23 34.5b 4.0 42.1c 9.2 38.5¢ 9.2 41.9b 12.3
17 31.0Bb 6.8 58.9b 21.9 41.7Aab 5.4 48 6ab 18.4
Dalea 8 37.2Bb 108 67.5 20.3 53.2Aa 8.2 71.4a 14.0
searlsiae 17 52.6a 8.9 75.6A 13.19 50.2a 9.4 59.7Bb 22.6
14 51.4Aa 13.3 76.6A 21.8 379Bb 115 53.7Bbc 21.8
Geranium TB15 72.8Aa 13.1 67.2a 28.7 22.8B 3.6 595 103
viscosissimum TB27 25.8b 1.0 52.8b 59 26.2 4.1 56.6 84
Monardella A32 34.0 3.7 67.8 9.4 32.2 9.8 62.6 22.8
odoratissima  A43 26.0 5.8 51.6 10.6 31.0 4.7 55.2 11.0
Penstemon A40 829 28.2 NA NA 98.4 21.0 138.4 26.5
eatonii A45 90.2 7.7 NA NA 93.2 17.0 124 .4 17.5
A-30 63.8 33.7 NA NA 76.6 114 98.6 36.3
Purshia A24 38.9Bb 11.5 57.6 14.9 64.5Ab 219 770 325
mexicana A20 65.7Ba 6.7 73.3 8.3 89.7Aa 164 860 16.6
A2 478ab 7.3 73.8 10.4 60.5b 15.7 882 26.9
Stanleya
pinnata A8 555 44 .3 56.0B 59.3 89.0 27.0 190.5A 50.0

? Data within a column and species followed by the same lower case letter are sinfl&0a5 using
CAaKSNRa [SlIad {AIYyAFAOIYl B5AFTFSNBYyOSo [+ LA G
and species accession across sites. Data sets without letters were not significantly different.

Dalea searlsiae

Sear | 6 slover origimated feom seed collected at about 6000 feet at two sites in Kane
County, Utah and Lincoln County, Nevada (Table 1). Plants from all accessions overwintered
successfully and survived the summer without irrigation at both sites (Table 2js fan

originated from seed collected in Kane County, Utah were larger and more vigorous at the North
Logan site. Plants that originated from seed collected in Lincoln County, Nevada were larger at
the Kaysville site. The extent of flowering on 9 Ju®2was greatest for plants of 4

(Kane County, Utah).
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Geranium viscosissimum

Plants of sticky geranium originated from two seed accessions collected at about 8000 to 9000
feet in Sanpete and Davis Counties in Utah (Table 1). Plants of both accessiomsitered
successfully at both sites, but exhibited only about 50% survival over the summer without
irrigation (Table 2). Plants from the Davis County accession were larger at the end of season at
the North Logan site than were plants from the Sanpetenty accession (Table 3), and they

were larger than plants of the same accession grown at the Kaysville site.

Monardella odoratissima

Mountain beebalm is a highlevation perennial in the Intermountain West. Our seed accessions
came from Iron Countytaalmost 9000 ft., and from Cache County at 7000 ft. (Table 1). Similar
to Sticky geranium, plants overwintered successfully at both sites, but only about 50% survived
the summer without irrigation (Table 2). No differences in-eftdeason height or wild were
observed (Table 3).

Penstemon eatonii

Firecracker penstemon is a perennial with bright red flowers that grows at elevations ranging
from 3000 to 11000 ft. Our seed accessions originated from southern and central Utah at
elevations ranging frorb200 to 8400 ft. (Table 1). All accessions overwintered successfully at
both sites, but plants of the-#0 accession exhibited better summer survival at both sites without
irrigation (Table 2). No endf-season size differences were noted at eithe(Féble 3). We
conclude that firecracker penstemon is broadly adapted for-nertinal Utah, regardless of seed
source. A more drougtiblerant variety may be selected from ou48 accession.

Table 4. Percent of flower buds in bloom as a visual esimBlants were planted spring 2008; data w
collected on 9 June 2009. STD = standard deviation.

Species Accession Percent bloon STD
Astragalus filipes LH (n=14) 96.4a 9.1
NCO (n=9) 83.3a 28.0
10 (n=18) 17.2b 12.7
Dalea ornata LH (n=17) 49.7a 34.3
23 (n=18) 48.9a 33.0
17 (n=18) 35.6ab 27.3
8 (n=17) 42.4b 27.6
Dalea searlsiae 17 (n=14) 34.3b 35.5
14 (n=18) 63.9a 27.4

“Data in a column and species followed by the same letter are simiRcat®np dzaAy 3 Ci
Significant Difference.

Purshiamexicana

Cliffrose is an attractive shrub species with heeegnted flowers that bloom in spring. We
collected three accessions fr@muthern, southeastern and southwestern &itak ranging from
6000to almost 7000 ft. elevatiofTable 1). Overwintering was not a problem for plants of these
accessions at either trial site; however, survival without irrigation in summer varied between
sites and among accessions (Table 2). BRlahaccsasion A20 from Grand Countyapout 6000
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ft.) were larger and more vigorous at both trial sites than plants of the other accessions (Table 3).

Stanleya pinnata

Princebds plume i s a we s-alawnnflotescénce thaesenbleni al wi t
feathers from a distance. We collected seed from four accessisoathwestern Utah and

along the Colorado Plateau in Utahelevations ranging from 3000 to 70000nly the A8

accession from Iron Count$800 ft) survived (Table 2) by the énof summer, and this

accession grew larger at the Kaysville site than it did in North Logan (Table 3).

Future Plans

Further evaluation of flowering and other ornamental characteristics will be completed spring
2010. We will select one population individual from each species from which to develop a
named variety for ornamental purposes. Stock blocks are planned for increasing seed of each
variety. Plant materials will be shared at the fall 2010 meeting of WERA 1fteBmountain
Regional Evaluabn and Introduction of Native Plant$ublished USU extension facts are
available for five of the ten species; the other five will be published in 2DAlea ornata D.
seatsiaeandAstragalus filipeswill be planted in demonstration gardens acrosshUt

Manage ment Applications:

Growers who produce plants for both reclamation seed and ornamental markets wil find information
on plant species adaptability useful in determination of seed collection sites and potential markets for
plant materials.

Products:

Demonstration gardersve been establishatlthreesites within Utah: multiple gardens on the
campus of Utah State University, one at the Kane County Extensioa offKanaltand one at
Tonaquint Gardens in St. George.

Living Circles.Interpretive paneffor USU orcampus demonstration garden honoring Utah
Native American traditional plant usasd including Great Basin native planBesigned in
collaboration withB. Middletonin the Environment & Society DeptCollege of Natural
Resourcestah State University.

WaterWise Starts with Youlnterpretivepanelfor USU ornamental research and demonstration
gardensDesigned in collaboration witB. Middletonin the Environment & Society Dept
College of Natural Resources, Utah State Universit

Fact Sheets

Kratsch, HeidiA.; Hunter, G. 20009. Princebdés plume in the | and
HG/Native Plants/20095.

http://exte nsion.usu.edu/files/publications/publication/HG_Native_Plants - B(slf.

Kratsch, HeidiA.; Hunter, G. 2009. Mountain beebalm in the landscape. USU Extension

Publication HG/Native P lants/200®4.
http://exte nsion.usu.edu/files/publications/publication/HG_Native_Planats -0 Q8.
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Kratsch, HeidiA.; Hunter, G. 2009. Curlleaf mountain mahogany in the landpe. USU
Extension Publication HG/Native P lants/2008.
http://exte nsion. usu.e du/files/publications/publication/HG_Native Plants - QBGsif.

Kratsch, ReidiA.; Hunter, G. 2009. Firecracker penstemon in the landscape. USU Publication
HG/Native P lants/200902.

http://exte nsion.usu.edu/files/publications/publication/HG_Native_Planats -@D.Q8if.

Kratsch, HeidiA.; Hunter, G. 2009. Apache plume in the landscape. USU Extension P ublication
HG/Native Plants/20091.
http://exte nsion.usu.e du/files/plications/publication/HG_Native_Plants_200%. pdf.

Kratsch, H.A. and G. Hunter. 2008. Mexican cliffrose in the landscape. USU Extension
Publication HG/Native P lants/200&Lpr.
http://exte nsion.usu.e du/files/publications/publication/HG_Native Plants - QDG#If.

Kratsch, HeidiA.; Hunter, G. 2007. Little bluestem in the landscape. USU Extension Publication
HG/Native Plants/200D1pr.
http://exte nsion.usu.e du/files/publications/publication/HG_Native_Plants -Q0pr7 pdf

Publications:
Beddes, T.Kratsch Heidi A. 2009. Seed germination 8hepherdia rotundifoliand
Shepherdia argenteia three substrates. Journal of Environmental Horticult2re129 133.

Kratsch HeidiA. 2008.Alnus maritimassp.oklahomensiperformance in nofirrigated
landscapes in the Intermountain West. Journal of Environmental Hortic 26229 234.

Presentations:

Kratsch, Heidi. 2009. Evaluating intraspecies diversity of Intermountain West Native Plants.
Western Education/Extension and Research Activity (WER®L3 Annual Meeting, Laramie,
WY.

Kratsch, Heidi; Johnson, Douglas; Staub, Jack. Extending GBNPSIP markets through
demonstration and outreach. Great Basin Native Plant Selection and Increase Project Annual
meeting. March 31, 2009; Boise, ID.

Hunter,G.C.;Kratsch Heidi; Kjelgren,R.; Hole, D.; Schultz L. 2009. Water use driogonum
corymbosunmn an irrigated field studyHortScie nce Abstract.44: 1159.

Panter, K.Kratsch Heidi 2009. Intermountain regional evaluation and introduction of eativ
plants.HortScienceAbstract.44: 1151.

Sriladda, C.Kratsch Heidi; Kjelgren, R. 2009. Potential for domestication 8hepherdia
rotundifolia (roundleaf buffaloberry)HortScience Abstract.44: 1052.
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Bushman, Shaun; Johnson, D Astragalusfilipes metapopulations and release of NBR
Germplasm. Great Basin Native Plant Selection and Increase Annual Meeting, 2009 March 31,
2009; Boise, ID.

Johnson, D.ACollection andutilization of plant geneticresources fouse onrangelands,
pastures, andrbaninterfaces in the western U.S. Utah State Unive@&partment of Wildland

Resources, Logan, UT.

Bushman, B. Shaun; Johnson, Douglas A.; Bhattarai, Kigksiragalus filipePopulation
Structure and Diversity. Developing a Succeshfative Plant Program. April-2, 2009;
Ontario, OR. Poster.

Bhattarai, Kishor; Bushman, Shaun; Johnson, Douglas; Carman, John. Estimation of Ge netic
Diversity in Wildland Collection®alea searlsiaeandDalea ornatefrom the U.S. Intermountain
West. Devédoping a Successful Native Plant Program. Apf2,12009; Ontario, OR. Poster.

Johnson, Douglas. Plant materials available for Great Basin ecoregions. Developing a Successful
Native Plant Program. April-2, 2009; Ontario, OR. Panel discussion.

Sriladda C.;Kratsch,Heidi; Curtis, B.; Kjelgren, R.2009. Vegetative propagation 8hepherdia
rotundifolia (roundleaf buffaloberry) from softwood cuttingsortScience Abstract.44: 1105.
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Project Title: Establishment and Maintenance of Certified Genardtio
(G1) SeedPropagation of Native ForpBevelop
Technology to Improve the Diversity of Introduced Grass
Stands Equipment and Strategies to Enhance the-Post
Wildfire Establishment and Persistence of Great Basin
Native Plants

Location: NRCS AberdeenD Plant Materials Center

Principal Investigators and Contact Information:
Loren St. John, Team Leader
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
USDA-NRCS

9173 West Barnes Drive, Suite C
Boise, ID 83709

208.685.6987, fax: 208.378.5735
Dan.Ogle@id.usda.gov

Project Description:

The production of Certified Generation 1 (G1) seed of: Anatone Germplasm bluebunch
wheatgras, Maple Grove Germplasm Lewis flax, Snake River Plains Germplasm fourwing
saltbush and Northern Cold Desert Germplasm winterfat to facilitate commercial seed
production. The propagation of native forbs for evaluation and seed increase. Assist in
develgpment of technology to improve the diversity of introduced grass stands by evaluating
methods to introduce native species into established plant communities. The development of
equipment and strategies to enhance thewddfire establishment and persasice of Great

Basin native plants.

|. Seed Production

Anatone Germplasm bluebunch wheatgrass

Currently 7.4 acres are in production. Estimated seed yield fromsz@@Bcrop i280 pounds.
Shipped450 pounds ofGeneration Zertified seed to commercigtowers in 200.

Maple Grove Germplasm Lewigk
A 0.6 acre seed field was established in May 2008 with stock seed provided by the FS Rocky
Mountain Research Station. Estimated seed production from 2009 crop is 200 pounds.
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Snake River Plain&ermplasm fourwing saltbush
Estimated seed yield from 2009 crop isdfunds No seed was requested by commercial
growers in 20009.

Northern Cold Desert Germplasm winterfat
A hardwindstorm in October detached sq®tbr to harvest resulting in no seeartiesedin

2009 No seed was requested by commercial growers in 2009.

Il. Propagation of Native Forbs

The original project plan in 2005 was to propagate 8,000 plants totahafitium dissectum
(LODI) fernleaf biscuitrootl.omatium grayi(LOGR) Grays biscuitroot.omatium triternatum
(LOTR) nineleaf biscuitrootiriogonum umbellatu tERUM) sulphurflower buckwheat,
Penstemon deustyBEDE) hotrock penstemoRgnstemon acuminatyBREAC) sharpleaf

penste momndPenstemon specious(RESP) sgebrush penstemom the greenhouse.
Approximately 1000 plants each of ERUM and LOTR were to be transplanted into seed
production plots at the PMC and remaining plants were to be provided to cooperators for
transplanting at field sites. Due to no plastablishment dfomatiumspecies and minimal
success with greenhouse propagatioRehstemorspecies, no plants were provided to
cooperators. All plants that were successfully propagated in the PMC greenhouse were
transplanted into seed production/oh&gion plots at the PMC during the 2005 growing season
and direct dormant seeding Bfiogonum Lo matiumandPenstemoraccessions were completed
at the PMC in November 2005. Weed barrier fabric was installed to control weeds.

Weeds were controlled by harmduring 2009. ERUM was harvested mostly by combine but was
followed up by hand harvest. The remaining plots were harvested by hand. LODI and LOGR
finally produced seed in 2009, the fourth year of establishment. PESP is the only penstemon
accession l¢f the others being shelived. The following table shows harvest date and seed
yield for the accessions that were harvested in 2009:

Species Harvest Date = Clean seed estimate
(pounds)
ERUM 8/4 11.3
LODI 7/1 1.3
LOGR 7/1 0.9
LOTR 7/1 4.5
PEAC NA NA
PEDE NA NA
PESP 8/8 0.4

By early July, the.omatiumspecies were completely dormant. In early October 2009 the
dormantLo matiumplots were treated with a spray application of Roundup to control weeds that
were still green.

The Rocky Mountain Research Station in Boise, Idaho cleaned the ERUM seed that was

harvested from the plots. Some of the seed was utilized for the seeding trial plated
Aberdeen, Idaho in Nove mber 2008 the study to improve the diversity of introded grass
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stands. The other accessions will be processed and provided to cooperators for seeding trials as
requested.

[ll. Develop Technology to Improve the Diversity of Introduced Grass Stands

In 2005, the PMC began providing assistance for this study by assisting Brigham Young
University (BYU) Provo, Utah and the Agricultural Research Service (ARS) Burns, Oregon in
developing technology to improve the diversity of introduced grass stands lgtvg 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 Oneda 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, Nevada on
recently burned randgnd to compare the Truax drill to the Kemmerer drill, the 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 broadddst a

deeper seeded species were drill seeded in alternating rows. No trials were established in 2007.
In 2008, seeding trials were planted near Elko, Nevada in cooperation with the University of
Nevada Extension Service and near Aberdeen, ldaho (Geamd\ite) in cooperation with the

ARS Sheep Experiment Station.

The second year of seeding trials was completed at the Grandview site in cooperation with the
ARS Sheep Experiment Station in 2009. The following seed mixes were prepared and the plots
wereplanted Nove mber-3.

Grandview, ID

Broadcast Mix

12.90acres
Pounds Pounds
Species PLS/ac Bulk Seed/ac
Maple Grove Lewis flax 0.40 0.44
Mtn. Home Sandberg bluegras0.20 0.22
Royal penstemon 0.40 0.50
Wyoming big sagebrush 0.05 0.25
Rubber rabbitbrush 0.15 1.20
Rice hulls 7.11
Grandview, ID
Drill Mix
12.90acres
Pounds Pounds
Species PLS/ac Bulk Seed/ac
Anatone bluebunch wheatgrass3.20 3.60
Magnar basin wildrye 0.80 0.85
Bannock thickspike wheatgrass0.60 0.67
Thurberds needD60gr ass 0.94
Rice hulls 6.40
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V. Equipment and Strategies to Enhance the-Raklifire Establishment and Persistence of
Great Basin Native Plants

The objectives of this project are th:examine seeding techniques for Wyoming big sagebrush;
2) test seeding technology for nat species, particularly native forl®);,compare the ability of a
modified rangeland drill and an experimental minimtildrill to plant native seeds of diverse
size and to reduce surface disturbar®egpply and examine the use of USGS proposed
monitoring protocols for gauging seeding success for both the short and long ter); and
provide plantings for longerm examination of livestock on diversity in native seedings.

The minimumtill drill (Truax Rough Rider range drill) which has been modifigdRMC

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 BUM 2007, the PMC made
modifications to the Kemmerer drill by replacing the existing drop tubes with aluminum 3 inch
diameter irrigation pipe to improve seed flow to the drill openers. The aluminum pipe provided
a more slippery surface for the seed tevfloT he 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 species requiring deeper planting were drill seeded in alternating rows.

The PMC mixed the sl and rice hull mixtures and calibrated the drills prior to seeding.

Wildfire sites near Mountain Home, Idaho and Burns, Oregon were seeded in fall 2007 and a
wildfire site near Snowville, Utah was seeded in 2008. Due to lower than normal wildfire
frequency in 2009, no suitable sites were found and no seeding occurred for this study in 2009.

Manage ment Applications:

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

Based on propagation studies at the PMC, sulphurflower buckwheat, hotrock penstemon,
sagebrush penstemon and sharpleaf penstemon camioeecoially grown, at least with the use

of weed barrier fabric. Lomatium species appear to require a number of yed)st¢3mature

to reproductive stage under the climatic conditions at Aberdeen, Idaho and may not be conducive
to commercial productiobecause of the long period to reach reproductive capability.

The Truax Rough Rider drill performs well in seeding studies and should be used for large scale
seedings.

Products:

Certified seed stock of Anatone bluebunch wheatgrass, Snake River Plamstpsaltbush,

and Northern Cold Desert winterfat produced by the PMC is available though the University of
Idaho Foundation Seed Program and Utah Crop Improve ment Association

Seed of sulphuflower buckwheat that were produced from the propagationestwsére planted

in the seed mixturelr the study to improve the diversity of introduced grass stands. Seed of
the Lomatiumspecies an&enstemorspeciousus available to cooperators for seeding trials.
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Plant Guides are available for royal penstenfatrock penstemon and sharpleaf penstemon.

Publications:
(Availableonline at http://plantmaterials. nrcs.usda.gov/idpmc/publications.html

St. John, loren;Cornforth,Brent Simonson, Byd; Ogle, Dan;Tilley, Derek 20®8. Technical

Note 20: Calibratinghe Truax Rough Rider Drill for Restoration Plantings. AberdéBnU.S.
Department of Agriculture, Natural Resources Conservation Service, Aberdeen Plant Materials
Center. Revised April, 200814p.

St. John, Loren; Ogle, Dan; Shaw, Nancy. 2009. H&t®enstemon Plant GuidaberdeenID:
U.S. Department of Agriculture, Natural Resources Conservation Service, Aberdeen Plant
Materials Center. January 8, 2009. 3p.

St. John, Loren; Ogle, Dan; Shaw, Nancy. 2009. Sharpleaf Penste mon P lantABeidken
ID: U.S. Department of Agriculture, Natural Resources Conservation Service, Aberdeen Plant
Materials Center. January 20, 2009. 3p.

St. John, Loren. 2008. Equipment Strategies to Enhance th&\Rldéire Establishment and
Persistence of Great Basin NatRé@nts.AberdeenID: U.S. Department of Agriculture, Natural
Resources Conservation Service, Aberdeen Plant Materials Center. October 2, 2008. 4p.

St. John, Loren; Ogle, Dan G. 2009. Technical Note No. 16 Green Strips or Vegetative Fuel
Breaks. Aberdeen ID: U.S. Department of Agriculture, Natural Resources Conservation
Service, Aberdeen Plant Materials Center. March 5, 2009. 16p.

Tilley, Derekd.; St. JohnLoren.2006. Orchard Display Nursery Evaluation Summary (2005
2008) Final Report AberdeenID: U.S. Department of Agriculture, Natural Resources
Conservation Service, Aberdeen Plant Materials Ceetnber 152008. 9p.

Tilley, Derekd.; Ogle, Dan; St. John, Loren; Shaw, Nancy. 2008. Royal Penstemon Plant Guide.
AberdeenlID: U.S. Department oAgriculture, Natural Resources Conservation Service,
Aberdeen Plant Materials Center. October 6, 2008. 3p.

Presentatiors:
St. John, Loren; Ogle, Dan; Tilley, Derekberdeen PMC report of Activities 280Great Basin
Native Plant Selection and ncreaséProjectAnnual Meeting, 2009 March 31; Boise, ID.

Shaw, Nancy; Cox, Robert; Ganguli, Amy; Newingham, Beth; St. John, Loren; Ogle, Dan;
Truax, Jim. Seeding strategies and equipment festablishing Wyoming big sage brush
communities. Great Basin Nativeat Selection and Increase Annual meeting. March 31, 2009;
Boise, ID.

Ogle, Dan. Plant materials available for Great Basin ecoregions. Developing a Successful Native
Plant Program. April-2, 2009; Ontario, OR. Panel discussion.
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Ogle, Dan; St. John, Lore Conserving Ecosystems of the Intermountain West. Developing a
Successful Native Plant Program. Apri212009; Ontario, OR. Poster.
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Project Title: Adapted Indian Ricegradsr the Great Basin

Project Location: Plant Germplasm Introduction and Research, Western Regional
Plant Introduction Station (WRPIS), Pullman, WA

Principal Investigators and Contact Information:
R.C. Johnson Research Agronomist
USDA-ARS, Western Regional Plant Introduction Station
Box 646402, Washington State University
Pullman, WA 99164
509.335.3771, fax: 509.335.6654
rcjohnson@wsu.edu

Mike Cashman, Biologist

USDA-ARS, Western Regional Plant Introduction Station
Box 646402, Washington State University

Pullman, WA 99164

509.335.6219%ax: 509.335.6654

mjcashman@wsu.edu

Project Description:

Indian ricegrassAchnatherum hymenoid¢Roem. & Schul) Barkworth] is a key species for
wildlife habitat and grazing the Great Basin. Current releases of Indian ricegie® useful but
we know of no germplasmerived specifically fronand forthe Great Basinlnformation on

how Indian rice grasgiermplasm varieacross the landscaped whichpopulations may be best
adapteds lacking. Considering the importance of Indian ricegrassar@reat Basin plant
community, germplasm specifically adapted to Great Balmmatic and environmental factors is
critically needed.

The available USDAARS collections of Indian ricegrass collections are primarily from the
eastern and southern regiafshe Great Basin, ¢éxnding into Colorado, Arizonand New

Mexico (Fig. 1) This material was established in common gardens in @0@8data on plant

traits taken in 2007 and 2008. The analysis showed that seed source location was strongly
associated wh variation in plant traits. In addition, plant traits were linked to numerous climatic
and environmental variables. This information is being used to develop seed zones for Indian
ricegrass in the Great Basin.

Collections of more than 100 sourcesnefiv germplasnin the Northern and Centr&reat Basin
were completed in 2008. This germplasm willthbe basis of additionajenecologystudies and
to develop seed zones for the central and northern Great Basin

Our objectives are:

1. Collect Indian Ricegss from diverse ecological areas in the Great Basin in areas
previously uncollected, especially in the central and northern Great Basin.
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2. Based on the current collections representing the southern and eastern Great Basin,
establish common garden studieslaneasure numerous plant factors associated with
growth and development. Continue this research on new material collected from the
central and northern Great Basin.

3. Analyze plant traits among Indian Ricegrass populations, select waisihcipal
compaent analysignd link plant traits to environmental variables.

4. Develop regression models and map seed transfer zones.

5. Make source identified plant material available for utilization through the Western
Regional Plant Introduction Station seed repositorgl the National Plant Germplasm
System.

In spring 2007, a diverse set of 115 Indian Ricegrass accessions from the USDAagenmp

collection was planted itwwvo common gardens at Central Ferry, WA, one under dryland and the
other under light irrigation conditionforming two growing environments. agh garden was
randomized into fiv&eomplete blocks with 575 plants each. This germplasm represented the
souttern and eastern Great Basin together with locations across the Colorado Plateau and into the
Great Plains. Evaluation of key growth and developmental traits was completed in 2007 and

2008 on numerous growth and development traits on each plant.

Fiaure 1. Collection locations for common aarden studies at Central Ferry in 2007 and 2

For the 2007 analysis, collection location effects were all highly significant (Table 1). Thus,
Indian ricegrass populations varied strongly depending on the seed source locations in the
southern Basin, and extending into Colorado and the Great Plalti'ough the environments
(irrigated and notrrigated) differed for many traits, the environment by location interaction was
only significant for crown diameter (Table 1). This showed that irrigation caused differences in

41



plant growth and development kb relative ranking of germplasm remained similar in both
irrigation environments.

Table 1. Summary of plant traits and analyses of variance for Indian ricegrass in cor
gardens representing 120 seed source locations grown at Central Ferry, \higatedr
and dryland environments (2007).

Variable Mean CVv Environ Location Env x

Loc

P-values

Cdzt f KSIFRAY3IU 191 6.9 <0.01 <0.01 0.66
LYAGALE of22Y 179 6.7 <0.01 <0.01 0.06
al GdaNX (@& n 205 6.2 <0.01 <0.01 0.59
Leaf width (mm) 2.0 36.9 <0.01 <0.01 0.43
Leaf length (cm) 15.0 29.6 0.93 <0.01 0.93
Leaf length/width 8.9 45.2 <0.01 <0.01 0.64
Leaf length x width 29.6 56.2 0.12 <0.01 0.73
Panicles/plant 13 73.9 <0.01 <0.01 0.36
Seeds/panicle 50 41.9 0.60 <0.01 0.42
Culm length (cm) 25 215 0.35 <0.01 0.51
Panicle length (cm) 15 26.6 0.13 <0.01 0.67
Culm toinflor. length (cm) 1.8 28.7 0.96 <0.01 0.26
Habit (1 leas® most upright) 5 21.3 0.31 <0.01 0.47
Leaf texture (1 coars® fine) 5 24.6 <0.01 <0.01 0.18
Leaf abundance (1 lo® high) 5 23.2 0.15 <0.01 0.22
Leaf roll (1 leas® most) 4 37.1 0.03 <0.01 0.36
Crown dia. (c) 26.5 57.0 <0.01 <0.01 <0.01
Dry weight (g) 234 36.1 <0.01 <0.01 0.33
Regrowth (g) 3.66 67.67 0.53 <0.01 0.39
Dry wt. less regrowth (g) 20.7 78.83 <0.01 <0.01 0.40

us5ke 2F &SI NJ

For 2008 the overall results were similar to 2007 in that seed source location was strongly
significant for all plant variables measured (Table 2). There were far fewer significant effects
associated with the irrigation treatment in 2008 than in 2007. As in, 2@7vactions between
garden environment and seed source location were usually not significant (Table 2). The data
showed that Indian ricegrass populations differed at different seed source locations, suggesting
that plant adaptation will vary de pending climatic/e nvironmental factors.

A process was completed on all traits within years and environments to reduce the trait number

for principal component analysis. This was do
components as composite platrsits for regression modeling. Traits over years and

environments that did not have significant interactions were averaged. If traits were strongly
correlated (r>0.80) then only one of the traits was used for the principal component analysis.

This proe@ss resulted in the traits in Table 3.
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Table 2. Summary of plant variables and analyses of variance for Indian ricegrass in
common gardens representing 120 seed source locations grown at Central Ferry, WA
irrigated and dryland environments (2008).

Variable Mean CV Environ Location Env x Loc
————————————————— P-values--—--------
Cdzt f KSIFRAYy3IMU 148 1.60 0.98 <0.01 0.08
LYAGALFE o0f22YA) 139 2.1 0.10 <0.01 0.63
al GdiNR G& RIF GSH 166 0.90 <0.01 <0.01 <0.01
Leaf width (mm) 2.0 354 0.93 <0.01 0.43
Leaf length (cm) 13.2 29.1 0.55 <0.01 0.22
Leaf length/width 9.57 40.2 0.85 <0.01 0.30
Leaf length x width 22.0 55.0 0.67 <0.01 0.51
Panicles/plant 105.6 59.3 0.20 <0.01 0.63
Seeds/panicle 44.9 42.4 0.31 <0.01 0.44
Culm length (cm) 27.3 225 0.95 <0.01 0.05
Panicle length (cm) 13.0 24.9 0.18 <0.01 0.72
Culm to inflor. length (cm) 2.21 27.0 0.27 <0.01 0.78
Habit (1 leas® most upright) 6 211 0.17 <0.01 0.48
Leaf texture (1 coars® fine) 6 21.0 0.97 <0.01 0.78
Leaf abundance (bw-9 high) 4 32.3 0.04 <0.01 0.78
Leaf roll (1 leas® most) 7 20.5 0.53 <0.01 0.59
Crown dia. (cr) 35.0 50.3 0.86 <0.01 0.39
Dry weight (g) 46.9 76.2 0.72 <0.01 0.54
Regrowth (g) 115 921 0.01 <0.01 0.01
Dry wt. less regrowth (g) 36.3 80.9 0.18 <0.01 0.29

Ws51é& 2F &SI NJ

Correlations between environmental variables and plant traits were often significant (Table 3).
Thus links between genetic differences among seed source locations in common gardens and
environmental factors were establishélthe strongest correlations were observed between seed
per panicle and latitude in 2007 and 2008 (Table 3). The positive correlation showed that seed
source locations in the north had generally more seed per panicle than those in the south part of
the colection area. By convention, Western hemisphere longitude is increasingly negative from
east to west. Thus the positive correlation of longitude with culm length and various leaf traits
indicates a general increase in those traits from western to e&gtations. Elevation was also

an important environmental factor related to seed source locations. Increased evelation was
associated with plants that had finer texture, fewer seed per panicle and less dry weight in 2007
(the establishment yeamore laf roll, smaller leaveand smaller crowns (Table 3). There were
fewer significant correlations with actual climatic factors associated with te mperature and
precipitation than the geographic variables latitude and elevation. This suggested that other
envronmental factors associated with the geographic variables but unknown were represented in
the geographic variables.
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Table 3. Linear correlation between traits selected for principal component analysis and environr
factors for Indian ricegras€éntral Ferry WA, 2007 and 2008) (n=112).
Mean Ann Mean Ann Degree Frost free

¢CNI Al Latitude Longitude Elevatior Temg Precip days>18i days
Heading 0708 0.0z -0.01 0.0z 0.0z -0.01 0.0t 0.0z
Leaf texture 07 -0.12 0.1C *+0.31 **-0.2¢€ 0.02 *-0.2C **-0.31
Leaf texture 08 ***.0.3€ *0.22 **0.24 0.0z -0.07 0.0€ -0.0¢
Leaf abundance 0708 0.0¢ -0.01 -0.1z 0.0: -0.01 0.0z 0.01
Culmlength 07 *0.19 *0.21 -0.04 -0.1¢ *+(0.32 *-0.2C -0.12
Culmlength 08 **0.30 -0.01 -0.0¢ -0.1¢ *0.21 *-0.21 -0.0¢
Head length 07 *0.20 0.01 -0.1¢ -0.0¢ 0.0¢ -0.1C 0.01
Head length 08 *0.23 0.0¢ -0.0z2 -0.17 *0.23  **-0.27 -0.0¢
Seed/panicle 07 **+0.40 -0.0¢ **.0.2¢ -0.1¢ 0.1¢ -0.13 0.0c
Seeds/panicle 08 **+0.41 -0.0¢ -0.0¢  **-0.27 **0.30 **-0.37 -0.1¢
Panicles/plant 0708 -0.0¢ 0.12 0.0¢ 0.01 0.11 -0.1C 0.0c
Leaf roll 0708 *-0.2( **0.25 **0.25 -0.11 -0.07 0.02 *-0.2(
Leaf length/ width 07 -0.0¢ **0.28 0.0¢ -0.0z -0.01 0.0C -0.0¢
Leaf length/width 08 -0.0¢ **0.24 0.0cC 0.0t 0.08 0.07 0.0t
Leaf length xidth 07 *0.21 0.01 *x 0.3 0.1% 0.0t 0.11 *0.22
Leaf length x width08  *0.30 -0.12 *x.0.32 0.0¢ 0.07 -0.01 0.1¢€
Crown area 0708 *0.18 0.0¢ *-0.1¢ 0.0¢ 0.11 -0.03 0.1cC
Dry weight 07 0.0z 0.04 **-0.27 **0.25 -0.0& 0.17 *0.23
Dry weight 08 0.07 -0.0z -0.1¢ 0.1z 0.0€ 0.04 0.14

* ** B*Significant at P<0.05, P<0.01, and P<0.001, respectively

AAAAA

UENI AGEa &St SOGSR F2NJLINAYOALYX t O2YLRYySyid |yl f &z
with other traits or over years; 07 and 08 reterthe years 2007 and 2008, and 0708 to the means for 2007 a
2008.

Principal component analysis on selected traits showed that 40% of the variation was explained
in the first principal component, 12% in the second, and 8%, 7%, and 6 % in the third, forth, and
fifth, respectively. Thus, a majority of the variation in st¢del plant traits (52%) was explained

in the first two principal components. A preliminary regression model using principal component
1 and 2 environmental data at seed source locations was completed (Table 4).

The regression analysis based on envirantaedata at each seed source location and principal
components 1 and 2 as composite plant traits both resulted in models with 12 coefficients (Table
4). The number of coefficients for each model was determined by choosing the model with the
highest Rsqlare and the lowest Akaike information criterion (AIC) using the SAS regression
procedure.

The Rsquare values for the regression model developed with principal component 1 explained
41% of the variation and the model for principal component 2 explaig®éd of the variation.

This shows that a reasonably high fraction of the variation was accounted for in the model and
successful mapping of seed zones will be possible. It also shows that considerable variation was
not explained and that could be relatedactors such as species plasticity, microclimate effects

and soil variables that were not accounted for in the models.
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Table 4.Regression equations for principal components 1 apdr21 and 2
for Indian ricegrass based 112 seed source locatiaihe Great Basin and
Colorado plateau. The-Bquare or model fit was 0.41 and 0.43 for prin 1
prin 2, respectively.

Environmental Regression Probability Standardizet
variables Coefficients of >t coefficients
Prin 1

Intercept 38.7421¢ 0.053¢ 0]

Elevation -0.0020¢ 0.1201 -0.3017¢
Ave T Oct 3.3161¢ <.000! 2.8873¢
Mean max T May -3.02¢ 0.000¢ -2.9635¢
Mean max Tun 2.7270] 0.005% 2.7432
Mean max T Sep -0.9757: 0.090¢ -0.9529¢
Mean min T Dec 2.2975¢ <.0001 2.3752¢
Precip Apr 0.110¢ 0.006¢ 0.381¢
Precip Oct -0.1381 0.001¢ -0.4242¢
Ave T spring 5.3437 <.0001 4.8305¢
Degree days<0 C 0.0317¢ <.000! 2.7104:
Degree days>5 C -0.0177¢ 0.0001 -3.9817¢
Frost free days -0.2153¢ 0.0021 -2.7603:

Prin 1-

Intercept 15.9853: 0.150¢ Q

Ave Temp Jun 5.3058i <.0001 8.6750¢
Mean Max Temg-eb 1.5408¢ 0.000¢ 3.2137¢
Mean Max Temp Ann -3.7646¢ <.0001 -6.597¢
Mean Min Temp Mar -0.4662: 0.1 -0.8062¢
Mean Min Temp Jun -3.1299! <.0001 -5.2580¢
Precip Jun -0.046¢ 0.078¢ -0.35215
Precip Nov 0.0668 0.11 0.33941
Pricp Dec -0.08121 0.023¢ -0.4501;
Precip Summer -0.0473¢ 0.017 -1.0701:%
Precip May to Sep 0.041¢ 0.006¢ 1.3415;
Degree days<18 C 0.0044¢ 0.024¢ -2.0923¢
Evaporative demand -0.0172¢ 0.004¢ -1.7131¢

Summary andruturePlans

The results show that there was genetic variation across the landscape in Indian ricegrass
populations. Moreover, numerous plant traits were linked to basic climatic and environmental
data. This is strong evidence that adaptation of Indian ricegrages waddaptation depending
environment. In addiion, principal components and regression modeling has been completed.
These will be used to map seed zones across the source locations. For this initial Indian ricegrass
study, objectives 1, 2, and 3 haweelm completed. The seed from the source locations is also
available from the Western Regional Plant Introduction Station (Objective 5).
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For the northern and central Great Basin objective 1 relating to germplasm collection has been
completed (Fig. 2). Eablishment has been delayed by the problem of breaking dormancy in
freshly collected seed&ermination monitoring is ongoingn Indian ricegrassollected from

the northern and central Great Baaimd gardens to determine when plants can be established i
common gardens.

Figure 2. Seed collections of Indian ricegrass made in 20
and 2008 for common studies of adaptation to Great Basir
environments.

Manage ment Applications and Seed Production Guidelines:
Seed zones are being developed for plant materials needed for revegetation and restoration in the
Great Basin and adjacent areas.

Cooperation is ongoing with t héectiBi.skbrageSeeds of
conservatiorand distribution of nate plant materials through the National Plant Germplasm

System. This provides seed for distribution to users and securityupeick native populations

that may be lost as a result of climate change and disturbances such as fire and invasive weeds.

Products:
Co-organizel workshopRestoring and Sustaining Western Landscapes: Interaction with
Climate Changesponsored by #hEcological Society of America ilbuquerque, NM

Seed zones for revegetation in tBeeat Basirare being developed.

Native plant material needdor research and developmastbeing distribute through the
Western Regional Plant Introduction Station, Pullman WA.
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Distribution of native seeds for research and de va&m
as part othe BLM, Seeds of Success program thgbthe
Western Regional Plant Introduction Station from 2005
through 2009.

Seed packets

Year distributed Seed orders
2005 1 1

2006 23 3

2007 161 54

2008 438 129
2009 467 118
totals 1090 305

Publication:

Johnson, RhardC.; Erickson, V. J.Mandel, N. L; St ClairJ. Bradley, VanceBorland K. W.
Geographicvariation andseedzones for mountain broméfomus carinatusiook. & Arn.)
fromthe Blue Mountains(Revision submitted)

Presentations:

Johnson, Richard C.; Hellier aBbara.Geneticdiversity patterns anédaptation ofAllium
acuminatumn the Great BasirSociety of Range Manage meAnnualMeeting 2009 February
10; Albuquerque, NM Abstract.

Johnson, Richard R daptation ofkey native species for the Intermountaiest Native Plant
Summit, 2009 Mrch 24 Boise, ID. Invited speaker.

Johnson, Richard C.; Hellier, Barbara and Cashman, Mike. Seed zones for Tapertip Onion and
Indian Ricegrass. GBNPSIP Annual Meeting, March 31, 2009; Boise, ID.

St.Clair, J.B.Johnson, R.C.; Shaw.L. 2009. Genetic diversity and genecology of bluebunch
wheatgrassHseudoroegneria spicataGreat Basin Native Plant Selection and Increase Project
Annual Meeting, 2009, March 31; Boise, ID.

Johnson, Richard .CSession panel memband speakeP lantmaterials available for Great
BasinecoregionsDeveloping a Successful Native P lant ProgMiorkshop 2009 April 1,
Ontario OR.

Johnson, Richard C. Plant conservation, gene banking, and genecology with climate change.

Ecological Socity of America Restoring and Sustaining Western Landscalpgsraction with
Climate Change Worksho@009August 2; Albuquerque, NM
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Project Title: Genetic Diversity Patterns éflium acuminatum
in the Great Basin

Project Location: Plant Germplasm Introduction and Research, USERS Western
Regional Plant Introduction Station (WRPIS), Pullman, WA

Principal Investigators and Contact Information:
R.C. Johnson Research Agronomist

USDA-ARS, Western Regional Plant Introduction Station
Box 646402, Washington State University

Pullman, WA 99164

509.335.3771, fax: 509.335.6654

rcjohnson@wsu.edu

Barbara Hellier, Horticulture Crops Curator

USDA-ARS, Western Regional Plant Introduction Station
Box 646402, Washington State University

Pullman WA 99164

509.335.3763, fax: 509.335.6654

bhellier@wsu.edu

Project Description:
Genetic information to identify locally adapted seed sources for restoration and reclamation is

generally lacking. An understanding of the geographic and ecologicalabsthat plant

material should be transferred from original source populations is critically neatiedn
acuminatunHook. (Tapettip onion) is anmportant Great Basin forb associated with healthy
rangeland and good habitat for sagg@use. Studies hae been conducted to determine genetic
variation and seed transfer zonesfofacuminatunin the Great Basin. Genetic resource
management strategies based on biological conservation principals are being developed and
made available to land managers feddiapplication. In additiorexsitu gene bank

conservation is being carried out at the Western Regional Plant Introduction Station, Pullman,
WA. Gene bank conservation will provide readily available, socideatified genetic resources
for research anahcrease and security bacip forin-situ source locations.

Objectives
1. Collect and maintain nativallium acuminatunfTapertip onion) for use in restoration

and reclamation in the Great Basin.
2. Establish common gardens to determine variability in plants traits from the Great Basin
3. Link genetic variation in plant traits of Tapertip onion with environmental variables and
develop regression models for seed zones.
4. Mapseed zones for use in revegé&iatand restoration in the Great Basin.

Collections

In 2005,A. acuminatunbulbs were collected from 55 populations throughout eastern Oregon,
southern Idaho and northeastern Nevada (Fig. 1) as described by Adair et al. (2006). Each team
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followed the sam collection protocol. First the population size and area were estimated. Then
40 to 50 bulbs per population were collected from across the given population. Only populations
with 250 or more individuals were collectedisasitu population integrity wa not compromised.
Collections were made from June 17 to July 2, 2005 and spanned 1430 m (4692 ft) of elevation
and covered approximately 620 km (385 mi.) easst and 445 km (277 mi.) nordouth,

between N 39to 44 latitude and W 114°to 119° longde. Allium acuminatunwas collected

in 20 of the Level IV Omernick Ecoregions across the Great Basin.

ALYy

Figure 1. Collection locations fallium acuminatunin
2005 representing 20 level IV Omernick ecoregions.

CommonGardens

Bulbs were planted in the greenhouse and vernalizetCat Rlants were transplanted to the field

in the spring of 2006. Common gardens were established at Pullman, WA (780 m elevation; 46°
4306 28.050 N and 117 0806 (027069 4nd W) | eavnadt iCoenn;t r4a6l A
and 117A 396 52.550 W). Four plants from each
five complete blocks at both locations. Thus, there were 1,100 plants established at each site.
Morphologic and phenotypic claaterization data was collected in 2007.

All of the variables had significant location effects, so genetic differences in growth and
development factors were present among different calladtications Originally a set of 20
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variables were measured. bla 1 shows a reduced set of variables or traits to use in principal
component analysis. These traits met the criteria of being highly significant for seed source
location and notedundant; that isstrongl correlated with each other (©80). Exceptdr

flower colorand days from flowering teeedmaturity, thegarden site by collection location
interactions were not significa(ifable 1).

Table 1. Summary of variables, analyses of variance, and variance components
Tapertip onion A. acuminatumgollected in the Great Basin and measured in Cent
Ferry (CF) and Pulman (PU), WA common gardens in 2007.

ANOVA location effects Variance for locations
A. acuminatum Both Site by Both
variables sites CF PU Loc sites CF PU
---------------- PO f d25&-M------ %

Bolting date 0.001 0.000 0.001 0.109 52.8 57.9 57.9
Flower color 0.001 0.000 0.001 0.001 75.8 86.3 86.3
Flowers/umbel 0.001 0.001 0.001 0.986 17.5 9.4 9.4
Leaflength 0.001 0.001 0.001 0.190 23.2 22.0 22.0
Leaf length/width 0.003 0.000 0.221 0.357 87.6 77.2 96.5
Leaf width 0.001 0.009 0.001 0.901 20.2 12.6 12.6
Seeds/plant 0.001 0.001 0.001 0.494 20.1 18.9 18.9

Scape diameter 0.001 0.005 0.009 0.788 15.0 14.2 14.2
Scape length/dia. 0.001 0.001 0.001 0.688 22.2 21.7 21.7

Scape length 0.001 0.001 0.001 0.525 30.0 29.0 29.0
Days flower 0.011 0.001 0.001 0.009 12.8 20.2 20.9
maturity

Survival 0.001 0.001 0.001 0.041 31.2 34.0 34.0

Umbel diameter 0.001 0.001 0.001 0.312 20.3 21.7 21.7

In most cases the variation associated with seed source location was substantial (Table 1). For
flower color and fordaf length/widthmore than 75% of the variation was associated with
locations for both garden sites combined and for the individual sites. More than 50% of the
variation for bolting date was associated with location. Flowers/umbelat Central Ferry and
Pullman was the vable with the lowest amount of location variation (Table 2), but the amount
of location variation was relatively high and consistent with the levaRes for each plant trait
(Table 1). These results, showing strong location effects, indicate a striamgigbfor

differences in adaptation at different Great Basin environments.

There were numerouse latiors between plant traits arse lectedctlimatic/e nvironmental

factors (Table 2).For example, blting datewas correlateavith elevation, precipétion, frost

free daysand temperature. These data linked plant traits and environmental variables showed
that regression modeling of the principal components as composite plant traits should produce
useful seeds zones representing tapertip onion adaption

50



Table 2. Linear correlation between selected variables measured in 2007 and
collection location environmental factors averaged over sites (n=53).
Annual Frostfree Ave. ann

Trait Latitude Elevatiot precip. days temp.

Bolting date -0.08¢ **(0.373 *0.336 ***-0.514 **-0.52:
Bolt to flower days 0.17: *® 051t *-0.44Z **0.469 **0.484
Flower color *-0.30¢ *0.312 -0.00¢ -0.124 -0.05:
Flowers/umbel -0.18cC *0.344 0.097 **-0.37¢ -0.23(
Leaf erectness PU 0.18¢ -0.15¢ -0.104 -0.19¢ -0.07¢
Leaf length -0.07¢ -0.02¢ -0.017 0.07¢ 0.13¢
Leaf length to width CF *0.317 *-0.34(C -0.07¢ -0.02¢ 0.03¢
Leaf number PU **0.356 -0.011 **0.469 -0.104 *-0.27i
Leaf width *-0.31¢ *0.267 0.10C 0.07C 0.06¢
Seeds/plant 0.19¢ 0.131 **0.427 **.0.37¢ *.0.32¢
Scape diameter -0.252 *0.342 0.17% -0.167 -0.07¢
Scape length to diameter 0.15¢ *-0.33¢ *-0.31¢ 0.107 0.07:
Scape length -0.05¢ -0.051 -0.21¢ -0.044 0.01¢
Flower to maturity days CI -0.14¢ 0.174 -0.03¢ -0.14z -0.08¢
Flower to maturity days Pl -0.134 0.07< -0.14C 0.02¢ 0.08(
Survival 0.01¢ *0.320 *0.333 **-0.428 **-0.46¢
Umbel diameter PU -0.19¢ 0.19¢ -0.03cC -0.05z -0.03¢
Umbel flowers tadiameter -0.03¢ 0.26¢ 0.157 **-0.48¢ *-0.30(

* e eekGignificant at P<0.05, P<0.01 and P<0.001

Principal Components and Regression Models

Principal component analysis was used to simplify key taipewnion plant traits into principal
componentso be used as composite plant traits in modeling seed zones (Table 3). The first two
principal components explained 64% of the variation, 41% for the first and 23% for the second.
Additional components explained less than 10% of the variation. Thdissth&vo principal
components explained almost tttords of the variation and had the most potential for

regression modeling for seed zones.

Principal components 1 coefficients loaded positively for all traits, and most were relatively

equal in strength (data not shown). The exceptions were bolting date, flowerexdph/width

and scapde ngth/diameter, which had relatively low loading.htis more flowers per umbel,

longer and wider leaves, more seeds/plant, thicker and longer scapes, and wider umbels all were
important for high principal component 1 scores. Principal component 2 interpretation was less
obvious. It had high negative loadjs for bolting date and flower color, but positive loadings

for scag length/diameter, scape lengthd days from flowering to maturity. Correlations with
principal components were significant for all plant traits except those with very small

coefficiens (data not shown).
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Table 3. Tapertip onion regression models for principal componer
and 2. Each model factor has one degree of freedom and the resi
error had 43 and 42 degrees of freedom, respectively. Hupi&te

values or model fit foprincipal component 1 and 2 were 0.52 and O

respectively.
Regression Standardizec
Factor coefficients t Value Pr> |t coefficients
Prin 1
Intercept 14.36¢ 1.27 0.210¢( 0
Jan precip 0.336( 4.0¢ 0.000: 2.63¢
Jun precip 0.1477 2.3 0.026! 0.4062
Oct precip -0.395( -4.67 <.000: -1.252
Dec precip -0.229: -3.3 0.001¢ -1.917
May min temp -4.61€ -4.17 0.000: -2.89(C
Jul min temp 3.644 4.5¢ <.000: 3.10¢
First fall frost -0.071¢ -3.32 0.001¢ -0.6231
Apr ave temp 4.73¢4 3.42 0.001- 3.014
Jun ave temp -3.85(C -2.7€ 0.008¢ -2.44¢
Prin 1

Intercept 94.74¢ 3.54 0.001( 0
Longitude 0.552: 2.9¢ 0.005: 0.429:
Jun precip -0.170¢ -5.03 <.000: -0.622¢
May max temp 1.62% 2.42 0.019¢ 1.59C
Mar max temp 0.925: 2.32 0.025: 0.951(
Aug min temp 1.362 3.01 0.004- 1.62C
Apr ave temp 1.80¢ 1.84 0.072¢ 1.52¢
Jun ave temp -3.534 -3.64 0.000° -2.981
Octave temp -2.66€ -3.04 0.004( -1.842

Maps of principal components 1 and 2 (Prin 1 and Prin 2) showed the expected difference in
apparent adaptation for tapertip onion (Fig. 1). The 70% confidence interval used for contour
intervals, similar to isolines, was selectedjive a conservative view of the interaction of
environment with genetic variation in tapertip onion. Some geographic features were easily
distinguished. For example the Snake River Plain mapped in reddish hues for Prinl and greenish
hues for Prin 2.For Prin 2 significant areas in the Snake River Pdhiown in white were

outside the model range and were not mapped. Prin 1 areas in the Snake River Plain and
northern Nevada mapped to redd@iange hues. Among other things, Prin 1 appeared to map

to areas that roughly corresponded te mperature and precipitation patterns. Prin 2 mapped the
Snake River Plain and west into Oregon as darker green hues and into northeastern Nevada as
lighter green hues. Orange hues predominated in north central Nevaggedtred that Prin 2

was driven predominantly by temperature gradients (Fig. 1)

For both Prin 1 and Prin 2 the major groups consisted of reddsstge hues and the other
greenish hues. As a result, a preliminary seed zone map was constructed byrovéitgy
(reddishorange) and low (green hues) for both Prin 1 and Prin 2 to give four basic seed zones

(Fig. 2).
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Fig. 1. Maps ofprincipal components 1 and 2 across the field collection locations in the Great [
showing different areas of expected adaptation for tapertip onion. The contour was the 70%
confidence interval associated with regression error. The white areasergpra®as outside the

model range and were not mapped.
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Fig. 2. Preliminary seed zones for tapertip onion across the Great Basin colle
region. The map is an overlay of high and low groups for the principal compot
1 and 2 map§Fig. 1) giving a map with fouseed zones.
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The seed zone map showed aeoepresenting the Snake River Plain (yellow) and extending

into areas in Oregon to the west and to Nevada to the south and east (Fig. 2). Areas mapped to
orange were located north of the Snake River Plain and a substantial orange region was south of
the Snake River Plain. Areas mapped with green hues represented the remaining seed zones.

Summary andruture Plans

These results have shown strong variatioA.iacuminatunpopulations across the Great Basin

and that specific plant traits are related to key environmental factors. Adaptafion of
acuminatunwas associated with elevation, te mperature and precipitation factors as shown in
correlations (Table 2). Principal components were used to develogs&granodels that were
mapped to show areas of apparent adaptation of tapertip onion across the landscape (Fig. 1). A
preliminary seed zone map was developAdnanuscript for peer reviewed publication is being
prepared that will summarize results andommendations. The seed transfer zones will be used
to select and propagate adapted material for restoration in the Great Basin.

Literature Cited

Adair, R.;JohnsonRichardC.; Hellier, BarbaraKasier, W. 2006.Collecting Taper Tip Onion
(Allium acumiratumHook.) in the Great Basin using traditional and GIS methodstivél
Plants Journal. 7: 14148

Manage ment Applications and Seed Production Guidelines:
Seed zones are being developed for plant materials needed for revegetation and restdnation in t
Great Basin and adjacent areas.

Cooperation is ongoing with t héectiBi.skbrageSeeds of
conservatiorand distribution of native plant materials through the National Plant Germplasm
System. This provides seed for distribution to users and securityupeick native populations

that may be lost as a result of climate change and disturbances suchaad fingasive weeds.

Products:
Co-organizel workshopRestoring and Sustaining Western Landscapes: Interaction with
Climate Changgesponsored by #hEcological Society of America ilbuquerque, NM

Seed zones for revegetation in tBeeat Basirarebeing developed.

Native plant material needdor research and developmastbeing distribute dhrough the
Western Regional Plant Introduction Station, Pullman WA.
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Distribution of native seeds for research and de venmt
as part othe BLM, Seeals of Success program throuidte
Western Regional Plant Introduction Station from 2005
through 2009.

Seed packets

Year distributed Seed orders
2005 1 1

2006 23 3

2007 161 54

2008 438 129
2009 467 118
totals 1090 305

Publication:

Johnson, Richar@.; Erickson, V. J.Mandel, N. L; St Clair, J. BradleyVanceBorland K. W.
Geographicvariation andseedzones formountainbrome Bromus carinatusiook. & Arn.)
fromthe Blue Mountains. (Revision submitted)

Presentations:
Johnson, Richard C.; Hellier, Barbara. 20G@ neticdiversity patterns anédaptation ofAllium

acuminatumn the Great BasirSocietyfor Range Manage meAinnualMeeting 2009 February
10; Albuquerque, NM Abstract.

Johnson, Richard C.; Hellier, Barbaaad Cashman, Mike. Seed zones for Tapertip Onion and
Indian Ricegrass. GBNPSIP Annual Meeting, March 31, 2009; Boise, ID.

St.Clair, J.B.; Johnson, R.C.; ShaM/.L. 2009. Genetic diversity and genecology of bluebunch
wheatgrassHseudoroegneria spicayaGreat Basin Native Plant Selection and Increase Project
Annual Meeting, 2009, March 31; Boise, ID.

Johnson, Richard @009.Adaptation ofkey native species for the Intermountain WedNative
Plant Summit, 2009 Eirch 24 Boise, ID.

Johnson, Richar@. 2009.Session panel member and speakRdaintmaterials available for
Great BasirecoregionsDeveloping a Successful Native P lant Progiiorkshop 2009 April 1;
Ontario OR.

Johnson, Richard C. 2009. Plant conservation, gene banking and geneologlmath change.
Ecological Society of AmericaRestoring and Sustaining Western Landscalgsraction with
Climate Change Worksho@009August 2; Albuquerque, NM
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Project Title: Genetic Diversity and Genecology of Bluebunch
WheatgrassKseudoroegneria spicata

Project Location: USDA-ARS Western Regional Plant Introduction Stati
(WRPIS), Pullman, WashingtpldSDA Forest Service Rocky
Mountain Research Station, Boise, |[dab&DA Forest Service
Pacific Northwest Research Statj@orvallis, Oregon

Principal Investigators and Contact Information:
Brad St. Clair, Research Geneticist
USDA Forest Service, Pacific Northwest Research Station
3200 SW Jefferson Way
Corvallis, OR 973314401
5417507294 fax: 541.750.7329
bstclair@fs.fed.us

R.C. Johnson Research Agronomist

USDA-ARS, Western Regional Plant Introduction Station
Box 646402, WashingtoBtate University

Pullman, WA 99164

509.335.3771, fax: 509.335.6654

rcjohnson@wsu.edu

Nancy L. Shaw Research Botanist

USDA ForestService, Rocky Mountain Research Station
322E. Front Street, Suite 401

Boise, ID 83702

208.373.4360, fax: 208.373.4391

nshaw@fs.fed.us

Project Description:

Blue bunch wheatgras®$eudoroegneriapicata(Pursh) A. Loéve] is a coedeason, longdived,
self-incompatible perennial bunchgrass of searid regions of western North Americdt is

found in a wide variety of habitats, and is a dominant species of many grasslands of the inland
Northwest. The wide distribution across a diverse range of clnsaiggests that bluebunch
wheatgrass is genetically variable, and much of that variation may be adaptive. Nevertheless,
many restoration projects using bluebunch wheatgrass rely upon a few cultivars that have proven
to be useful over a wide area (althowgith less experience in the Great Basin). Few studies

have been done, however, to evaluate genetic variation in relation to climatic factors across the
Great Basin or the greater range of the species in a large set of diverse populations, and to
comparethe mean and variation of cultivars with that of the species as a whole. Determining the
extent to which adaptive genetic variation is related to climatic variation is needed to ensure that
the proper germplasm is chosen for revegetation and restor&tinthermore, comparisons of
cultivars with the natural range of variation will address questions of the suitability of cultivars
over larger areas.
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Objectives
1. Using common gardens, determine the magnitude and patterns of genetic variation

among bluebunctwheatgrass populations from a wide range of source environments in
the Great Basin, Columbia Basind adjacent areas.

2. Relate genetic variation to environmental variation at collection locations.

3. Compare common cultivars of bluebunch wheatgrass to naiivees.

4. Develop seed transfer guidelines.

Progress
In 2005, seed was collected from eight western states including many locations in the Great

Basin. Infall 2006, 127 diverse populations, each represented by two families, along with five
cultivars, wereestablished in common gardens at Pullman and Central Ferry, WA, and at the
USFS Lucky Peak Nursery near Boise, ID. Data was collected on each of 17 traits of growth,
phenology and morphology at each of the three contrasting test sites during yearad2Q00&

Seed was collected from the common gardens in 2008 and germination tests were conducted in
2009 to evaluate population variation in germination rates. Preliminary analyses have been done
to evaluate differences amot&st sites, years, populat®and families within populations, as

well as their interactions, and to look at the relationship between population variation and

climatic variation at source locations. Preliminary maps of genetic variation across the landscape
have been produced.

Prdiminary Results

Differences among test sites and between years for traits of growth and phenology were
generally large (Tables 1 and 2). Plants grown at the warmest and driest site, Central Ferry, were
largest, whereas plants grown at the coolest, wedtes Pullman, were smallest. Reproductive
phenology was delayed at the coolest site, Pullman, as indicatatebylhtes of heading,

anthesisand seed maturation. Plants were larger in 2007 compared to 2008, indicating that
plants were better estasiied during the second year. Reproductive phenology was later in

2008. Despite large differences among test sites and between years, correlations of population
means between test sites were generally large (r>0.70) for the same traits measuredrat differe
sites. Correlations of population means between years were also generally large (r>0.60) for
many traits. Thus, population performance was generally consistent between sites and between
years.

Considerable variation was found between populationsuated at each test site (Table 3).
Most traits showed greater than 30% of the variation of individual plants could be attributed to
differences among populations. Variation among families within populations was small.

Correlations of populations meawidth climates at the seed sources were moderate to relatively
strong with many correlations greater than 0.30 (Table 4). Larger plants were generally from
areas with greater precipitation and warmer winters but cooler summers, plants with later
heading dtes were from areas with later spring frosts and earlier fall frosts, plants with an
upright form were from areas with less precipitation, plants with narrow leaves were from hotter
and drier areas, and plants with longer awns were from cooler arease rétetionships make

sense from an adaptation perspective. Large population differences consistently correlated with
environmental variables in ways that make sense suggests adaptively significant genetic
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variation that should be considered when movioguydations in restoration projects.

Regressions between traits, including multivariate principle components, and climatic and
geographic variables were done and the resulting models were used in GIS to produce maps of
genetic variation in adaptive trait¥.he relationships and preliminary maps suggest that seed
zones should be delineated mostly along gradients of temperature and aridity.

Table 1. Trait means for bluebunch wheatgrass measured at three test sites averaged over two years.

Test Site
Trait Central Ferry Lucky Peak Pullman
Dry wt (g) 100 85 41
Crown width (cm) 9.5 7.5 8.4
Inflorescence no. 100 121 42
Heading date (Julian days) 133 136 143
Anthesis date (Julian days) 146 150 162
Maturity date (Julian days) 184 190 199
Germinatiornrate (days to 50%) 5.0 6.1 4.8
Plant form (19 prostrate to upright) 6.1 6.3 6.5
Leaf form (height:width ratio) 41 39 33
Leaf pubescence {4 none to much) 3.9 4.5 4.0
Leaf color (29 yellow to dark green) 3.3 3.0 2.9
Awn length (19 none to long) 4.6 4.6 4.7

Table 2. Trait means in 2007 and 2008 averaged over all three test sites.

Trait 2007 2008
Dry wt (g) 42 109
Crown width (cm) 5.5 11.4
Inflorescence no. 28 148
Heading date (Julian days) 133 141
Anthesis date (Julian days) 148 157
Maturity date (Julian days) 189 192
Plant form (19 prostrate to upright) 6.3 6.3
Leaf form (height:width ratio) 38 38
Leaf pubescence {4 none to much) 4.8 3.5
Leaf color (29 yellow to dark green) 3.2 2.9
Awn length (19 none to long) 4.6 4.7
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Table 3. Percent of total variation (populations, families within population, and residual) attributed to
variation among populations for traits measured at each test site.

Trait % Population Variation
(2007 data) Central Ferry Lucky Peak Pullman
Dry wt 48 21 37
Crown width 33 23 32
Inflorescence no. 46 36 34
Heading date (Julian days) 37 30 19
Anthesis date (Julian days) 22 44 27
Maturity date (Julian days) 17 18 10
Germination rate (days to 50%) 19 11 7
Plant form (19 prostrate to upright) 17 30 7
Leaf form (height:width ratio) 34 39 19
Leaf pubescence {4 none to much) 37 28 42
Leaf color (29 yellow to dark green) 33 35 12
Awn length 45 58 49

Table 4. Correlations between population means for individual plant traits ayrxc®@atenormals of
the seed sources (averaged across years and test sites).

. Annual Aug Annual Aug D?C Frost . .

Trait Precip | Precip | Temp Max Min Fr(_ae Latitude | Elevation
Temp | Temp Period

PC1 0.38 0.40 -0.06 -0.21 0.26 -0.05 0.35 -0.18
PC2 0.28 0.21 -0.38 -0.25 -0.36 -0.44 -0.41 0.49
PC3 -0.31 -0.34 0.39 0.50 0.18 0.22 0.08 -0.32
PC4 -0.07 -0.20 0.07 0.09 0.08 -0.22 -0.33 0.10
PC5 -0.16 -0.10 -0.05 -0.10 0.00 -0.06 0.07 0.12
Dry wt 0.35 0.33 0.04 -0.12 0.32 0.03 0.37 -0.26
Inflorescence no. 0.19 0.22 0.10 -0.05 0.34 0.10 0.43 -0.32
Plant form -0.32 -0.31 0.05 0.17 -0.17 0.00 -0.31 0.14
Leaf color 0.27 0.22 -0.14 -0.24 0.11 -0.11 0.14 0.04
Heading date 0.10 0.07 -0.28 -0.19 -0.23 -0.36 -0.29 0.36
Leaf form -0.44 -0.47 0.47 0.51 0.27 0.27 0.09 -0.37
Awn length 0.26 0.22 -0.23 -0.29 -0.02 -0.31 -0.19 0.21
Leaf pubescence -0.33 -0.31 0.16 0.14 0.08 0.12 0.01 -0.01

Future Plans

In the next year we will look more closely at the relationship between climate and trait variation
by considering additional climatic variables and the relationship among climatic variables. The
maps will be refined and alternative seed zones will beuatad by considering the amount of

trait variation explained by different classifications. Performance of the comrueaty

cultivars will be compared with the results from the ramgde analysis. Recommendations for
seed transfer, seednesand geneti conservation will be made. Results will be reported at
meetings and in a peeeviewed journal.
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Manage ment Applications:

Results from this study will be used to develop seed transfer guidelines and appropriate source
material for reve getation andsteration in the Great Basin and adjacent areas. Results will also

provide information on responses of bluebunch wheatgrass to climate change and appropriate

manage ment responses.

Products:
This study will provide seed zones and seed transfer guideflimede veloping adapted plant

materials for revegetation and restoration in the Great Basin and adjacent areas, and provide
guidelines for conservation of germplasm within the National Plant Germplasm System. Results
will be reported in appropriate pesviewed journals and disseminated through sympésial,

tours, training sessiora workshops.

Presentations:

St.Clair, J.B.; Johnson, R.C.; ShaM.L. 2009. Genetic diversity and genecology of bluebunch
wheatgrassRseudoroegneria spicafaGreat Easin Native Plant Selection and Increase Project
Annual Meeting, 2009, March 31; Boise, ID.

St.Clair, J.B. 2009. Genecologestoration and adapting to climate change. Workshop on
Restoring and Sustaining Western Landscapes: Interaction with Cl@hatege , 2009
Ecological Society of America Meeting, Albuquerque, NM.

St.Clair, J.B.2009. Seed zone studies for native plants in the Pacific Northwest. Region 6 Native

Plant, Invasive Plant and TES Plant Program Managers Me&tBIgA Forest Service, PdrTi
Northwest Region, Hood River, OR.
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Project Title: Phylogeographic Characterization of Genetic Diversity in
Basalt Milkvetch

Project Location: USDA-ARS Forage and Range Research Lab, Logan, UT

Principal Investigators and Contact Information:
Shaun Bushman,Geneticist (Plants)
USDA-ARS Forage and Range Research Lab
Utah State University
Logan, UT 843226300
435.797.2901, fax: 435.797.3075
shaun.bushman@ars.usda.gov

Doug JohnsonPlant Physiologist

USDA-ARS Forage and Range Research Lab
Utah State University

Logan, UT 84326300

435.797.3067, fax: 435.797.3075
doug.johnson@ars.usda.gov

Kishor Bhattarai, Ph.D. Student
Department of Plants, Soigsd Climatology
Utah State University

Logan, UT 843224820

435764.0649
kishorbhattarsd@yahoo.com

Project Description:

This project is being conducted to ensure that the best selection and release strategies will be
used to most effectively represent existing genetic variation within the widespread North
American legumeAstragalus filipes(basalt milkvetch). Common garden experiments, rhizobial
inoculation experiments and toxic plant metabolite evaluations were done previously and
presented in previous GBNPSIP reports. Exploratory molecular mbalsexd diversity and

population structte were also reported previously from 81 collected accessions of basalt
milkvetch. Seeds from these accessions were germinated in a greenhouse in Logan, UT. DNA
was extracted from 10 plants of each accession, and the AFLP procedure was used for molecular
marker development.

The exploratory analysis of the molecular data from these 81 accessions was conducted using
Analysis of MOlecular VAriance (AMOVA), which indicated 73% of variation was apportioned
within collections while 27% was apportioned amyaollections. This is important because it
shows that this species has sufficient variation within any given population for selection or
adaptation. Significant population structure was detected and two groups of populations were
prominent in their dignction, one group from southern British Columbia and another group from
central Nevada (Figure 1). Bayesian analysis conducted with the program STRUCTURE v2.1
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was used to test population structure in the accessions. Grouping® efede tested, anthe
grouping where the log likelihood vahimprove ment tapered off was determined as the
appropriate number of structured groups. A general increase in fit was found as the numbers of
structures increased up to five (Figure 2), and increasing admixtwwag@some populations was
detected as the number of structures increased. Two distinct populations separated from the
others early in structure testing, and remained separate and homogeneous thereafter. The first
comprised six collections from British Gonbia, and the second six collections from central
Nevada. The remaining collection®reroughly sorted geographically, with one group

comprising collections from Idaho, northern and eastern Nevada, and Utah. However, the three
latter groups all had Mg populations with admixed coancestry, suggesting that strong gene

flow barriers do not exist among these populations.

Estimates of withirpopulation genetic diversity indicated that the highest genetic diversity
among théA. filipescollections was found within the state of Oregon. Conversely, yet in line
with population structure estimates, the lowest genetic diversity was found in British Columbia
and central Nevada collections (Figure 3). Genetic diversity values were tessgghiicance

by state boundary and by Level lll ecoregion. Both tests were significant, but significance was
greater for state boundaries=<30.04 and”<0.0001) than for ecoregions$15.75 and

P<0.0001). Thus, our data indicai@ central metapopulation in Oregon, with newer colonies
spread out from there. This is consistent with the fact that the two strongly saggemetically
differentiated groups (British Columbia and central Nevada) were on the extreme periphery of
the known species distribution (Figure 4). A manuscript describing the population structure and
genetic diversity has been submitted to a pegiewed journal.

Kishor Bhattarai (a Ph.D. student at Utah State University supported from funds on this project)
conducted a series of greenhouse and field experiments with basalt milkvetch. These data were
reported previously, and Kishor used these dat
defended in spring 2007. Manuscripts summarizing the studyseseite published in

Rangeland Ecology and Management (Bhattarai and others 2008). Additionally Kishor extended

his research to two other legum&slea ornataandDalea searlsiagwhich were part of his

Ph.D. dissertation. He will defend that in AprilZD Preliminary maps of the genetically

differentiated groups for these two species are shown in Figures 5 and 6.

In consultation with those administering the Great Basin Native Plant Selection and Increase
Project, it was determined that a pooling oé#dkh milkvetch accessions from across the Northern
Basin and Range Ecoregion (Number 80) would be most useful for restoration, reclamation, and
rehabilitation efforts in the northern Great Basin. Basalt milkvetch accessions from the Northern
Basin and Rage Ecoregion with the highest seed yields were identified. In addition, two
accessions from these collections were excluded from{UB¥rmplasm because they had
detectabldevels of selenium, nitrotoxiar swainsonine. The remaining 12 selected accessio

were not statistically different from each other for seed yield and were used to constitut® NBR
Germplasm. The 12 constituent accessions of NBRme from sites in Oregon, Idaho,

Nevada, Utah and California that ranged in elevation from about 1031874 m (4,300 to

6,200 feet). The NBRL germplasm did not contain seed from accessions in central Nevada that
were distinct in exploratory molecular analysis. Seed collected from the respective wildland
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collection sites for these 12 selected accessieas bulked in equal amounts to form the GO
generation of NBRL Germplasm.

NBR-1 Germplasm was placed in the manipulated track for release because not all original
collections from the Northern Basin and Range Ecoregion were included as constituent
accessions of NBRL Germplasm. No further selection or manipulation was conducted for any
traits besides the aboveentioned selection for seed yield, and sedecéigainst selenium,
nitrotoxinand swainsonine content. NBRGermplasm was approved for rede by the Utah
Crop Improvement Association and USB¥RS. An article describing the release of NBR
Germplasm was published in Native Plants Journal. Efforts are underway to increase seed
guantities of NBR1 for commercial seed production.

Manage ment Applications:

The molecular infformation generated from this project is being used to genetically characterize
collections of basalt milkvetch across six states of the western U.S. and British Columbia,
Canada. These molecular data will allow idendifion of optimal germplasm releases to most
effectively represent existing genetic variation in basalt milkvetch. These data are critical in
determining if collections of basalt milkvetch can be treated as one unstructured population, or if
significant dfferences in genetic diversity and population structure exist so that populations need
to be grouped into several distinct populations for release.

Products:

NBR-1 Germplasm of basalt milkvetch was released for use in the northern Great Basin. When
usedin seed mixtures with adapted grasses and shrubs, basalt milkvetch will be of value in
stabilizing degraded rangelasdeve getating disturbed aressd beautifying roadsides. This

native legume will be of use where introduced species are not desinedatifactive foliage and
flowers of basalt milkvetch make it an excellent choice for use in wildflower seed mixtures.
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0.05 changes
Figure 1.Neighborjoining dendrogram of 81 basalt milkvetch accessions using analysis of molecular
variance estimates of differences.
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Figure 2.The difference in log likelihood estimates of testing 2 to 9 population structures using
Bayesian clustering in the progré®TRUCTUREZ2.2. The lower plateau of differences between
structure tests suggest that no appreciable fit tantheel is obtained by increasing the structures
tested past six.
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Figure 3.Average withincollection similarity values sorted by decreasing value within
state/province boundary.
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Figure 4. Collectiorsite map ofAstragalus filipesvith two‘strongly supported genetically

differentiated groups.
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Figure 5. Collectiorsite map ofDalea ornata with five collections in the Deschutes River
Watershed (9, 14, 23, 16, 25) in central Oregon separating out as a genetically differentiated
group.
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Figure6. Collectionsite map ofDalea searlsiagwith three genetically differentiated groups
identified from preliminary analysis.

Publications:
Bushman B.S.BhattarajK.; JohnsonD.A. 2009.Population structure oAstragalus filipes

collections from the western U.S.A. and Cana8atany(submitted.

Presentations:

Bushman, Shaun; Johnson, D Astragalus filipesnetapopulations and release of NBR
Germplasm. Great Basin Native Plant Selection and Increase Annual Meeting, 20003%arc
2009; Boise, ID.

Johnson, D.ACollection andutilization of plant geneticresources fouse onrangelands,
pastures, andrbaninterfaces in the western U.S. Utah State UnivefSépartment of Wildland
Resources, Logan, UT.

Bushman, B. Shaun; Johnson, Douglas A.; Bhattarai, Kigtadragalus filiped? opulation

Structure and Diversity. Developing a Successful Native Plant Program. Apr2Q09;
Ontario, OR. Poster.
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Bhattarai, Kishor; Bushman, Shaun; Johnson, Douglas; &ardohn. Estimation of Ge netic
Diversity in Wildland Collection®alea searlsiaeandDalea ornag from the U.S. Intermountain
West. Developing a Successful Native Plant Program. Ap2il 2009; Ontario, OR. Poster.

Johnson, Douglas. Plant materials daale for Great Basin ecoregions. Developing a Successful
Native Plant Program. April-2, 2009; Ontario, OR. Panel discussion.
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Project Title: EcologicalGenetics ofBig SagebrushArtemisia
tridentatg: GeneticStructure ancClimate BasedSeed
ZoneMapping

Project Location: Shrub Sciences Laboratory, Provo Utah

Principal Investigators and Contact Information:
Bryce Richardson Research Geneticist

USDA Forest Service, RMRS, Shrub Sciences Laboratory
735N 500 E

Provo, UT 84606

801.356.5112

brichardson02@fs.fed.us

Nancy Shaw Research Botanist

USDA Forest Service, Rocky Mountain Research Station
322 E. Front Street, Suite 401

Boise, ID 83702

208.373.4360, fax: 208.373.4391

nshaw@fs.fed.us

Project Description:
Big sagebrushArte misia trdentatg is one of the most ecologically important and landscape

dominant plant species in western North America. This species is a major focus for ecosystem
restoration after disturbances because of its importance in wildlife forageivewvesed

exclusbn (e.g., chegtrass), snow catchment and nutrient cycling. Big sagebrush @ediuito

three major subspeciesidentata vaseyanandwyomingenesigvhic htypically occupy distinct
ecological niches. However, subspecies are known to form hybrid zosesne areas (Freeman

and otherd 991, McArthurand othersl998). Maladaptation is a serious problem in restoration

and becomes more complex with climate change. Planting big sagebrush seed sources outside its
adaptive breadth will lead to further ecosystde gradation and encroachment of invasive

species. Successful restoration of big sagebrush requires understanding the climatic factors
involved in defining subspecies and populations.

Objectives:

1) Establish common gardens from collected seed sourcessatm range of big sagebrush

2) Develop molecular markers from transcriptome data of subspeaseyanand
tridentata

3) Elucidate genetic structure using molecular markers and adaptive traits

4) Determine climatic factors important to adaptation within ambngbig sagebrush
ecological races

5) Develop climatebased seed zone maps across the range of big sagebrush
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Project Status
Common garden study
Collection of seed and plant tissue began in autumn of 2009. A total of 93 seed sources were

collected, largely by collaborators, in 11 western states (Fig. 1). In January 2010, seeds were
planted in greenhouse containers. Ten families from each of 5&eestks are being grown.

The families will be replicated in each of the common gardens. Outplanting of seedlings will
occur in late spring at three common garden sites (Table 1).

Table 1. Location information of three sagebrush common garsn Si

Site Name Latitude Longitude  Elevation (m)
Orchard, Idaho 43.328 -116.003 976
Ephraim, Utah 39.369 -111.580 1686
Ephraim Canyon, Utah ~ 39.337 -111.521 2088
- 2 A :“‘
A M Ax
Legend

Fig. 1. The location of seed collection sites Aotemisia tridentata
The symbols identify subspeciagyomingenesjdridentataandvaseyana

Molecular genetis

In September of 2009 leaf and bud tissue was collected from two big sagebrush specimens
(subspecietridentataandvaseyanagrowing in Provo, Utah. Total RNA was extracted and the
transcriptomes were sequenced for both subspecies using a Roche 454 FLX Genome Sequencer.
The sequencing data is currently being compiled and annotated. This data includes
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approximately 300 milliomucleotide bases of sequence for each of the subspecies and will be a
data resource for downstream projects such as the developfmaatecular markers for
population genetic and phylogenetics studies.

FuturePlans

Common gardens

Beginning in 2011, aftea year of establishment in the common gardens, the plants will be
measured for growth and phenology traits. Monthly weather data will be collected at each
common garden. Such data can be used in the development of genecological models for
delineation ofseed zones.

Molecular genetics

Molecular marker development from transcriptome sequencing will lead to awadge

population genetic and phylogenetic assessment of big sagebrush. We also plan to sequence the
transcriptome of subspeciagomingensigor DNA sequence comparison. The final goal of this
project is to discover associations between variation in transcriptome data collected from the
common gardens with variation in adaptive traits.

LiteratureCited

Freeman, D.C Turner, W.A; McArthur, E.D; Graham, J.H. 199X haracterization of a narrow
hybrid zone between two subspecies of big sage bAltarfisia tridentataAsteraceae).
AmericanJournal of Botany78: 805815.

McArthur, E.D; Freeman, D.GC.Graham, J.H.Wang, H; Sanderson, S.CMonam, T.A,
Smith, B.N. 1998Narrow hybrid zone between two subspecies of big sage bfugdniisia
tridentata Asteraceae). VI. Respiration and water pote ntial.adig&mJournal of Botany76:
567-574.
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Project Title: Stock Seed Pduction of Native Plants for the Great
Basin

Project Location: Utah Crop Improvement Association, Utah State University,
Logan, UT

Principle Investigators and Contact Information:
Stanford Young, SecretaryManager
Utah Crop Improve ment Association
Utah State University
Logan, UT 843224855
435.797.2082, fax: 435.797.0642
sayoung@ mendel.usu.edu

Michael Bouck, Field Supervisr, Northern Utah
Utah Crop Improve ment Association

Utah State University

Logan, UT 843224855

435.797.2101, fax: 435.797.0642

michaelb@ mendel.usu.edu

Project Description:

This project was initially tit|-8adkPioBrantfarb| i s h me
Cert i f i &wdas mededddough a Memorandum of Understanding between the-USFS

RMRS in Boise and the Utah Crop Improvement Asatoon (UCIA), initiated in the falbf

2003 and renewed with additional funds in th#é of 2004 and fd of 2007. A new joint venture
agreement titled AStock Seed Production of Nat
17 August 2009. Seed has been distributed during this time period using thebBaly option, a

mechanism for returning a porti®f the seed increased by private growers back to the UCIA for
redistribution to the original and additional seed growers for further seed increase.

Project Status:

A synopsis of the Stock Seed BBwnck Program follows, applicable to the period Jar20D3
Dec. 31, 2009.Table 1lists new (2009) seed distributions and their field stafable lalso lists
forb and grass seed acquisitions, distritms, inventory, field statusnd whether seed hasen
harvestedor specific germplasms included instkCIA Stock Seed Bupack Program from
20022008. This list includes the previous AOSCA program which is now being administered
by the UCIA. It is expected that in 2010 several additional forbs and grasfidsevimcluded in
the programTable 2lists the Standardized Market Price for contract negotiations for each
species included in the program, updated at the beginning of 2010. However, some of the
species planted in the fall of 2008 and during 2009 do not have a market record, and more
investigatian and negotiation is underway to complete monetary details ebaak contracts.
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Table 1. 2009 Utah Crop Improvement Association (UCIA) Great Basin Native Plant Selection and Increese
Stock Seed Buyback PrograRarb and grass seed acquisitidistribution and field planting status for species
germplasms planted in 2008 and 2009. Also listed are 2002 plantings with activity in 2009.

Seed Ib
Kind & Variety / acquisiton and | 2 b Added distibuted State
- = A )
Germplasm Source Lot/ Origin production g }gvemow date from date g;smbutsd Field Status
status 8 Inventory
bulk bulk
2009
Eriogonum umbellatum Pooled 1D, OR ERUM2009 12 61 10.4 Fall 09 104 Fall 09 WA :g‘l'g'pa'eseed 9 spring
Eriogonunumbellatum Pooled ID, OR ERUM2009 *1%2 Gl 10.4 Fall 09 10.4 Fall 09 OR ZAS‘ligipa‘eseed ing spring
Penstemon acuminatus Pooled ID, OR PEAC SRP 2009 % Go 123 Fall 09 123 Fall 09 NV §|§3t1do?:| 109; failed,
Penstemon acuminatus Pooled IDOR, NV | PEACNBR 12 Go 4.13 Fall 09 413 Fall 09 NV jcereeiesamgoa' added0.75
Poa secunda Poa Sec Lot# NBSRRSMTHL G1 300 Summer 09 300 Fall 09 WA Mostly seeded Fall 09
Mountain Home Germ. 01-BSED6
. ) Lot# C4907,
Elymus elymoides Little Sahara site GBRI 29 GO 200 Summer 09 200 8/28/09 WA Seeded Fall09
. - Maple Grove . - Anticipate seeding spring
Linum lewisii Gormpla sm F-757, MGLF-08 G3 33 Spring 09 33 4/6/09 OR 2010
2008
Elymus elynoides Litle Sahara site WG628, 81, GBRIS *1#%2 GO 2.5 10/10/08 2.5 10/10/08 D Plowed out
Eriogonum heracleoides Poo led* ERHE2 *1*2 GO 52.5 12/5/08 52.5 12/5/08 WA 2"year seeding
Leymus dnereus Poo led* LECI *1% G1 10.00 9/9/08 10.00 9/9/08 WA 2"year sedding
Eriogonum umbellatum Poo led* ERUM *1*2 GO 34.09 9/17 /08 34.09 9/17/08 OR Frost heave ruined stand
Penstemon deustus Poo led* PEDE *1%2 GOIG1? 14.8 9/8/08 14.8 9/8/08 OR Nothing came up
Dalea omate Poo led* DAOR *1%2 Go 1.14 9/10/08 1.14 9/10/08 WA Failed, wil retry
: *1*%2 Good stand, ? year
Astragalusfilipes Brothers ASFI G1 8 9/28/08 8 9/28/08 WA seeding
Lomatium tritematum Poo led* LOTR *1#%2 GO/G1? 9.05 9124108 9.05 9/24/08 D 2"year seeding
Agoseris heterophylla Pioche AGHE2 *1*2 Gl 1.5 11/12/08 1.5 11/12/08 uT Failedg plowed out
Balsamorhiza hookeri Elko BAHO *1%2 GO 0.33 11/12/08 0.33 11/12/08 uT 2"year seeding
Crepis acuminat Warm Springs CRAC *1%2 GO 1.38 11/12/08 1.38 11/12/08 uT Failedg plowed out
Crepis intermedia Pequop S ummit CRIN4 *1%0 Go 5.74 11/12/08 5.74 11/12/08 uT Failed plowed out
; ) " .
Heliomeris multiforavar. [ pcpe HEMUN 12 Gl 0.11 11/12/08 0.11 11/12/08 ut Failedc plowed out
nevadensis
Lupinus prunophilus Eureka LUPR2 *1%Q GO 0.94 11212/08 0.94 11/12/08 uTt Failedg plowe d out
Penstemorpachyphyllus Warm Springs PEPAG *1*2 GO 1.17 11/12/08 1.17 11/12/08 uT Failedg plowe d out
Sphaeralcea cocdnea Poo led* SPCO *1%2 GO 4.4 11/12/08 4.4 11/12/08 uT Fair stand thickene d Fall 09
Lomatum nudicaule Pequop S ummit LONU2 *1%2 Go 0.96 11/12/08 0.96 11/12/08 uT Failedg plowed out
1 %
AChnat_hemm Jordan Valley ACTH7 12 GO 1.133 11/12/08 1.133 11/12/08 uT Added more rows Fall09
thurberianum
Penstemon cyaneus Richfield PECY3 *1*2 GO 0.51 11/12/08 0.51 11/12/08 uT Failedg plowed out
Penstemonieustus Huntington, OR PEDE35 *1%2 G1 0.504 11/12/08 0.504 11/12/08 uT Failedg plowed out
Eriogonum heracleoides AdamsID ERHE11 *1*2 GO 0.299 11/12/08 0.299 11/12/08 uT Failedg plowe d out
. . . *1*2 Poor stand, continue
Achillea millefolium Eagle ID ACMI 01 GO 0.125 11/12/08 0.125 11/12/08 uT establishme nt nextyear
Lomatium dissectum Godding ID LODI 70 pooled *1%2 GO 7.51 11/12/08 7.51 11/12/08 uT Failedg plowe d out
Penstemon acuminatus SRPlain PEAC pooled *1*2 GO 2.55 11/12/08 2.55 11/12 /08 uT Failed¢ plowe d out
Lupinus prunophilus Eureka LUPR2 *1%Q GO 0.94 11/6/08 0.94 11/6/08 NV Failedg plowe d out
Agoseris heterophylla Orovada AGHE2 *1*2 G2 6.61 11/6 /08 6.61 11/6 /08 NV Failedg plowe d out
Lomatium nudicaule Pequop S ummit LONU2 *1%Q GO 0.68 11/6/08 0.68 11/6/08 NV Replanted 1.5 acres 09
Heliomeris multiforaar. [ piggpe HEMUN 172 61 0.22 11/6/08 0.22 11/6/08 NV Added 34acresFall 09
nevadensis
Frasera albomarginata Newcastle FRAL5 *1#%2 GO 0.124 11/6/08 0.124 11/6/08 NV Failed plowe d out
Sphaeralcea cocdnea Poo led* SPCO *1*2 Go 1.57 11/6/08 1.57 11/6/08 NV Failedg plowed out
Crepis intermedia Pequop S ummit CRIN4 *1%2 GO 1.79 11/6 /08 1.79 11/6/08 NV Failedg plowed out
Eriogonum umbellatum Pooled* ERUM *1*2 GO 0.61 11/6/08 0.61 11/6/08 NV Failedc plowe d out
Lomatium dissectum Gooding ID LODI 702005 *1#%2 GO 6.04 11/6/08 6.04 11/6/08 NV Failedg plowed out
Penstemon acuminatus SRPIain PEACpooled *1%2 GO 4.62 11/6/08 4.62 11/6/08 NV Failedg plowed out
20022007
Achillea millefolium Eagle ID \Lljvlskigollected - OR,WAWY | Wide use in seed industry
" . Small amounts of seed
Balsamorhiza hookeri Wild Collected USFS| BAHO BD2 *1*2 GO - Fall 02 0.31 Fall 02 co harvested
Balsamorhiza sagittata Wild Collected USFS| BAS AU 322 *1%2 GO 1.62 4/15/04 119 4/16 /04 uT 5"year imm ature stand
. - Maple Grove *
Linum lewisii Gormplasm SG303-3 (AP MC) 1 G3 0.5 4/15/05 0.5 4/15/05 uT Established
Lomatium dissectum Szi\g’“ Collected | pigied 152 Go 2 10/31/06 2 11122106 uT 3"year imm ature stand
Penstemon acuminatus Wid Collected USFS| PEAC2 Ba2 *1%2 Go 0.22 Fall 02 0.22 Fall 02 D Established
Penstemon cyaneus PECY2 B62-CO 2006.0413 *1*3 G1 5 12/5/06 5 3/1/07 wy, ID Seeded 2007
Penstemon deustus Wild Collected USFS| PEDE B 102 *1%Q GO 0.33 Fall 02 0.33 Fall 02 ID Established, taken out 2009
Penstemon pachyphyllus | PEPA2U®3OR A54-P1 3 G1 38.03 6/7/05 7.3 Fall 05 D 3year immature stand
a5 Small scale use in seed
Penstemon palmer¥/ S R| Wwid Collected GIA CPP Ki05-1, GBRI 16 F 133 10/24/05 46.54 200609 CO,ID, WY industry
Penstemon speciosus Wid Collected USFS| PENSPEBSED3 12 Go - 4715104 4116104 ut g:gfd out, seed harvested
Sphaeralcea parvifolia Wild Collected USFS| SPPA U182 *1*2 GO 0.33 Fall 02 0.33 Fall 02 co Takenoutand reestablished
Poasecunda Rainier Seed WA | 557:215.31A 3 G2 0.7 11/4/03 50.0 9/15/03 IDUTWA, | \yide use in seed industry
Mountain Home Germ. wy
P nd
oa Se(_:u a Wild Collected USFS| PoaSec01BSED6 *1 GO 6.5 9/10/06 6.5 9/11/06 WA Seeded 4 acre s 2006
Mountain Home Germ.
subtotal 942.9 724.9
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Table 2. Standardized Market Price for Contract Negotiation, Great Basin Native Plant Selection and Increa
ProjectUtah Crop Improvement Associatiduy-back Program. Based on end user marketprice and suggeste:
PMC stock seed prices for applicable growers

Scientific Name

Common Name

5 Year average

Achillea millefolium
Agoseris heterophylla
Astragaludilipes
Balsamorhiza hookeri
Balsamorhiza sagittata
Chrysothamnus spp.
Cleome serrulata

Crepis acuminate
Crepigntermedia

Dalea ornate

Eriogonum heracleoides
Eriogonum umbellatum
Heliomeris mutliflora var. nevadensis
Linum lewisii

Lomatium dissectum
Lomatium nudicaule
Lomatium triternatum
Lupinus spp.

Penstemon acuminatus
Penstemon cyananthus
Penstemon cyaneus
Penstemon deustus
Penstemon eatonii
Penstemon pachyphyllus
Penstemon palmeri
Sphaeraclea coccinea
Sphaeralcea grossulariifolia
Sphaeralcea munroana

Grasses

Achnatherum hymenoides
Achnatherum thurberianum
Elymus elymoides

Elymus wawawaiensis
Festuca idahoensis
Leymus cinereus

Poa fendleriana

Poa secunda
Pseudoroegneria spicata

Western yarrow
Annual agoseris
Basalt milkvetch

| 221 SNRA& o6 f al YNER
Arrowleaf balsamroot

Rabbitbrush

Beeplant

Tapertip hawksbeard

Hawksbeard

Blue Mountain Prairieclover
Parsnipflower buckwheat
Sulfurflower buckwheat

Nevada goldeneye

Lewis flax

Giant Lomatium (parsley or biscuitroot
Barestem biscuitroot

Nineleaf lomatium

Lupine

Sharpleaf penstemon

Wasatch penstemon

Blue penstemon

Hot-rock penstemon

Firecracker penstemon

Thickleaf penstemon

Palmer penstemon

Scarlet globemallow
Goosebernfeaved globe mallow
adzy NP Qa 3t 20SYI ff

Indian ricegrass

¢ KdzNb SN &
Bottlebrush squirreltail
Snake River Wheatgrass
Idaho Fescue

Basin Wildrye
Muttongrass

Sandberg bluegrass
Bluebunch wheatgrass

YySSRf S3
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$10.00

$26.00
$25.00
$40.00
$12.00
$140.00

$37.00

$12.00
$65.00

$80.00
$55.00
$60.00
$52.00
$60.00
$40.00
$50.00
$62.00
$20.00
$65.00
$57.00
$57.00

$11.00
$56.00
$20.00
$10.50

$8.50

$9.00
$75.00
$12.00
$10.50



Project Synopsis: Great Basin Native Plant Selection and Increase Project (GBNPSIP) and
Utah Crop Improvement Association (UCIA) Stock Seed Bwback Program. This program
encourages and allows seed growers to benefit economically in a timely manner as an incentive
to participate in the UCIA Stock Seed Bbgick Program.The program helps accelerate the
increase in stock seed supplies and ultimately increase seed supphesopen market for
commercial revegetation use.

The objectives of the UCIAStock Seed Buwypack Programfunded through the GBNPSIP, is to:

a) facilitate development of a seed market for specific germplasm accessions, pooled accessions,
and/or formal germlasm releases developed through GBNPSIP; b) reward initial seed growers
financially for the risks they have assumed to participate in the program; ¢) document germplasm
identity through the seed increase process by utilizing seed certification protouwId)

increase stock seed available forguital secondary seed growersis program is administered
through the Utah Crop Improvement Association.

The mechanisms for purchasing stock seed from growers and redistributing it for further increase
are adollows:

1. UCIA offers for free or for sale (depending on seed generation and availability) stock
seed to seed growerA. UCIA Stock Seed ContractAppendixlll) is completed at this
time that formalizes the seed production agreement (number of poun@speripound,
any special arrangements for reimbursement for establishment costs, etc.).
2. After harvest of the first seed production year, the grower is required to return to the
UCIA (for inventory reserve) the amount of stock seed specified in the conthaore
may be returned if mutually negotiate@he grower will be compensated 125% of the
standardized market price (SMP, see Table 2) for all seed returned to LBBIR. will
be updated yearly and/or adjusted as needed.
3. UCIA may negotiate to buy allropart of the seed from any subsequent years of seed
production back from seed grower at 125% SMP.
4. UCIA offers the grower the option to immediately buy back the seed sold to the UCIA
(except for the inventory reserve) at 100% SMFhe grower thus realizes an immediate
25% premium incentive to expand plantings and remain in the progfédis.seed must
be planted for seed production and entered into the local seed certification program either
by original seed grower or another seed grower recruited by the original seed ghower.
this seed is instead sold commercially, the UCIA reserves the right ceerethe 25%
premium paid for the seed, and the grower may be ineligible for further GBNPSIP seed
distribution.
All seed offered to the UCIA, bought, or sold shall be certified or certified eligible.
UCIA agrees to pay for shipping and seed analysitssc&eed purchasing, shippirgd
seed analysis costs are to be reimbursed to the UCIA through GBNPSIP program funds.
7. If seed is unconditioned when purchased by the UCIA, the seed grower may be charged
for conditioning costs, or in certain circumstantiesse costs may be paid by the UCIA
and reimbursed by GBNPSIP.

oo
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Notes:

1. Seed quantity and quality (Ibs PLS) of original stock seed provided to the seed grower
will be determined on a case by case basis in order to determine the amount of seed that
mustbe returned to the UCIA from the first harvestable crop by the seed grower.

2. When the original seed grower sells to the UCIA and/or buys back seed (as in points 3
and 4 above) the amount of seed (Ibs PLS) will typically be verified through the
applicablestate seed certification agencgome instances may require special
negotiation.

Manage ment Applications:
For most of the species being studied by GBNPSIP cooperators, wildland seed collection is

insufficient to provide ér reclamation planting needshus, accessions consisting of limited
guantities of seed obtained from defined wildland stands, or pooled from defined geographic
areas, must be increased in commercial fields or nurseries in order to be available in the
marketplace in sufficient quantitiés supply reclamation projects of the scajadled for in the

Great BasinThe UCIA BuyBack project provides a bridge between a) stgadintity initial
accessions and b) commercial marketplace production, by working with specialized growers who
arewilling to provide land, timand e xpertise to produce increased amounts of stock seed from
the former, and with UCIA facilitation, makeatsavailable for the lattefThis process has been
more successful for some species than others, but in general, greaspriogs been made in
defining seed accession groupings, knowledge of agnimseed production techniquasd
understandig the reality of the commerciaéed marketplace.

Publication:
Young, S.A. Seed Provenance: Here to There and Back Addstracts of the Conference of

the Society for Ecological Restoration International, Perth, Western Australia, p. 202.

Presentations:
Young, S.A.AOSCA PreVariety Germplasm Program: Tamed or Untamed? Intermountain
Native Plant Summit V, Biee, ID.

Youtie, Berta; Young, Stanford; Bouck, Michael. Seed Increase and thbdakyprogram.
Great Basin Native Plant Selection and Increase Project Annual meeting. March 31, 2009; Boise,
ID.

Young, S.A.Native Seed Certification and Wiland Seed Collectiond?mits.Workshop:
Developing a Successful NagiP lant Program. April-2, 2009;0ntario, OR.

Young, S.A. Verification of germplasm source and status by seed certifying agencies as native

plants are collected and cultivatddlorkshop: Developing a Saessful Natie Plant Program.
April 1-2, 2009;0ntario, OR. Poster.
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Project Title: Coordination of GBNPSIP Plant Materials Development,
Seed Increase and Use

Project Location: Prineville, OR

Principal Investigator and Contact Information:

Berta Youtie
Eastern Oregon Stewardship Services (EOSS)

P.O. Box 606

Prineville, OR 97754

541.447.8166, fax: 541.447.6228

byoutie @crestviewcable.carherta.youtie @ oregonstate.edu

Project Description:

Objectives
o Collaboratewith the GBNPSIP, BLM field offices and native seed growers to increase

native plant materials from the Great Basin for research and commercial production.

o Facilitate private seed grower capadayproduce seed of native forbs and grasses of the
Great Basin.

o Augment seed collections of needed GBNPSIP research materials and new plant
materials for BLM field offices within the Great Basin.

Methods

Native seed farms growing forbs for the GBNPSIP in the Columbia Basin and Treasure Valley
were visited and &lds were monitored. A few growers decided to take on another species or
two for the 2010 season. Where seed stocks from the Great Basin were not immediately
available, we spent the 2009 field season collecting seed to transfer to growers. We also
collected seed for the GBNPSIP, ARS, USBS and USDI BLM Seeds of Success programs.

Results

Five native seed growers from Oregon, Washington and Idaho were contracted to grow eight
forb species (Table 1). Thirty seed lots from 11 species were collected $8 ETable 2) for
GBNPSIP growers. Twentyine research collections from three species were made for ARS
and USDAFS scientists. Seed lot weights varied from less than a pound to over 20 pounds. A
wor kshop, ADevel oping a Suaslekamifladd 2,R@00ihve Pl an
Ontario, OR. Over 150 participants came from eight western states. Most were employed by
agencies but a few were from private industry. The workshop highlighted partnerships and
collaboration, available native plant matdsjsand success stories from Utah, Nevada, Idaho,
Oregon and Washington. The workshop included a field demonstration on selecting and
calibrating drills for seeding native seed mixes and a field tour of forb seed production research
plots at the Oregon &te University, Malheur Experiment Station.

Manage ment Applications:
Increased communications and collaboration has led to better seed distribution to growers for
seed development of new forb species that may be used in BLM seed buys and restoration
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projects in the future. The workshop will assist BLM and USFS Districts employees to increase
efficiency in developing native seed selection and increase programs.

Table 2. Seed lots collected in the 2009 field season by Eastern Oregon Stewardship Services.

_Ii_’;%olleu(itls .Forb species for seed production-bagk in Oregon, Washington and Idaho.
Species for BiyBack Code
Eriogonum heracleiodes ERHI
Eriogonum umbellatum ERUM
Dalea ornata DAOFR
Astragalus filipes ASFI
Sphaeralcea grossulariifolia SPGF
Chaenactis douglasii CHDC
Machaeranthera canescens MACA
Lomatium triternatum LOTF

Species and Site No. Site Detalils Collection Date No. Plants
DAOR1BY09 Hoodoo Ridge 6/16/09 1000
DAOR2BY08 Harper 6/25-26/09 1000s
DAOR3BY08 Twin Springs 6/30/09;7/1/09 1000s
ACTH1BY09 Hoodoo Ridge 6/16/09 60
ACTH2BY09 Negro Rock Rd 6/16/09 50
ACTH3BY09 Succor Creek 6/16/09 50
ACTH4BY09 Jordon Valley mp40 6/18/09 100
ACTH5BY09 Rome 6/18/09 50
ACTH6BY09 Frenchglen 6/18/09 50
ACTH7BY09 Right's Point 6/19/09 50
ACTH8BY09 Stinking Water 6/19/09 50
ACTHOBY09 Bonita Rd N of Harper 6/26/09 50
ACTH10BY09 Unity 6/20/09 60
ACTH11BY09 Picture Gorge 6/20/09 50
ACTH12BY09 Prineville 6/23/09 100
ACTH13BY09 JDFBNM Clarno 6/25/09 100
ACTH14BY09 Murderer'sCreek 6/27/09 65
ACTH15BY09 Juniper Hills Post 6/27/09 75
ACTH16BY09 Lower Bridge Rd 7/02/09 60
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Species and Site No. Site Detalils Collection Date No. Plants
ACTH17BY09 Cove Palisades 7/02/09 200
ACTH18BY09 East of Burns 7/01/09 50
CHDO3BY08 Twin Springs 7/22/09 100
CHDO1BYO09 N Castle Rock 7/24/09 1000
CHDO2BY08 Silver City Rd 7/28/09 300
ERUM1BYO08 Pine Creek 8/8-9/09 1000
ERUM2BY08 Brothers 8/3-8/09 6000+
ERHE17BY08 PineCreek & StinkingWate 7/30/09 500
ERHE18BY08 Castle Rock 7/30-31/09 500
ERHE16BY08 Cow Creek 7/28-29/09 1000
LOTR4BYO08 CastleRock 7/31/09 100
LOTR59,.0OTR3BY08 Frenchglen 7/8/09 50
LOTR1BYO09 S Steens Rd 7/8/09 50
LOTR2BYO08 Jordon Craters 6/17/09 60
LECI2BY09 Hoodoo Ridge 7/11/09 50
LECI1BY09 Harper 7/11/09 50
LECI3BY09 Hwy 95 Leslie Gulch 7/29/09 50
MACAO3MACA1BY08 Hwy?27 8/23-24/09 300
MACA1BBY09 Twin Springs 8/28; 10/2/09 100
MACA2BY09 Oxbow Rd Nyssa 10/2/09 75
MACA1ABYQ09 Rights Point 8/15-9/20/09 300
OECA1BY09 Harper 7/11/09 15
PEAC19 Denio Dunes 7/7/109 20
PEAC11 Keeney Pass 7/9-10/09 300
PEAC12 Twin Springs 7/10/09 200
PEDE 48®?EDE4BY08 Stinking Water Pass 8/9/09 500
PEDE1BY08 Frenchglen 7/8/09 20
PESP? Leslie Gulch 7/29/09 85
PESP? Frenchglen 7/8/09 20
PESP1BY08 Rock Creek 7/27/09 500
SPMU1BY09 Harper 7/11/09 25
SPMU2BY09 Rd to Hoodoo Ridge 7/11;7/22/09 50
ARTR1BY09 Crooked River 11/19/09 15
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Species and Site No. Site Detalils Collection Date No. Plants
ARTR2BY09 Crooked River 2 upland 11/19/09 15
ARTR3BY09 Steens Mt Loop Rd 11/19/09 15
ARTR4BY09 Page Spring Campground 11/19/09 15
ARTR5BY09 N of Burns 11/20/09 15
ARTR6BY09 Glass Buttes 11/20/09 15
ARTR7BY09 Pilot Butte Bend 11/24/09 15
ARTR8BY09 Tumalo State Park 11/24/09 15

Presentations:

Youtie, Berta; Young, Stanford; Bouck, Michael. Seed Increase and thbaakyprogram.
Great Basin Native Plant Selection and Increase Project Annual medtingh 31, 2009; Boise,
ID.

Youtie, Berta. Developing a Successful Native Plant Program. A{&jl2009; Ontario, OR.
Moderator.

Youtie, Berta. Partnerships for developing regional native seed sources for use in restoration in
central Oregon, USA. a Scessful Native Plant Program. April2, 2009; Ontario, OR. Poster.
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Project Title: Pollinator and Seed Predator Studies
Project Location: USDA-ARS Bee Biology and Systematics Lab, Logan, Utah

Principal Investigator and Contact Information:
James H.Cane, Research Entomologist
USDA-ARS Bee Biology and Systematics Lab
Utah State University
Logan, UT 84325310
435.797.3879; fax: 435.797.0461
Jim.Cane@ars.usda.gov

Project Description:

Native bees and/or honey bees are needed to pollinateathotthe wildflower species thus far
studied for Great Basingnt community rehabilitationl he pollinator faunas of many of these
candidate plant genera include one or more bee genera with potentially manageable species,
especially species @smia A minority of the latetblooming species attracts and is pollinated

by honey bees or managed alfalfa deafting bees.

Pollinator needs are being evaluated by comparing fruit and seed sets dati@agexi openly

visited flowersand manually pollinateddivers. If plant reproduction proves to be pollinator

limited, then native bee faunas are surveyed and evaluated at managed and wild flowering
populations. If bees are sufficiently abundant, then single# pollination efficiencies at

previously cagedif ower s can directly evidence each bee
production.

Captive populations of several species of canigtingOsmiabees with pollination promise are

being multiplied either with a private grower or at our lab, for eventu&iloligion to growers

needing them for pollination. Currently managed bee species (alfalfaugaig bees, blue

orchard bees, honey bees) are being evaluated for their pollination prowess with each of the
target plant s peci es ongardemseRractical mainaggmerd protocdlsa b 6 s
and materials are being developed to sustainably manage pollinatiarsronPollination

information is being disse minated to collaborators and growers.

We have also been studying the tiny weevils and theitivef&that infest these forb seeds,
especially the legumes. This year we initiated collaboration with a nematologist, Dr. Edwin
Lewis at UC Davis, to explore if some of the predatory nematodes can be used to control these
seed predators during their restistages in the soil. If so, this biocontrol will be a far more bee
safe means of weevil control for growers than the use of systemic insecticides. It is also cost
competitive and can be delivered through irrigation.

Anticipating that seed from some tfese perennial forb species will be used for fost

restoration, we are evaluating susceptibilities and fates of wild bee communities to wildfire in the
sagesteppe and juniper woodlands. Inasmuch as bees are necessary for pollination of most of
thes forbs, bee communities must persist in or recolonize burns if seeded forbs are to reproduce.
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Nesting habits wildl l' i kely predict a bee speci
lab experiments and sampling of faunas in natural burns thoatighe Intermountain West.

Status Report
Many groundnesting wild bees are present and populous in the years after wildfires where the

pre-existing flora was in good shape. The wet winter of 2009, plus a new and capable student,
allowed me to redoubleampling for bee communtities (actually floral guilds) in pairs of burned
and neighboring unburned plots across &éar chronose quence of wildfires in sagebrush

steppe and juniper woodlands in 5 states of the northern Great Basin and Columbia Plateau. We
now have efficient and effective protocols for: 1) net sampling bees at target flowering forbs that
allows us to compare sites on a bees/plant basis for taxonomic diversity, nesting habits and
abundance, 2) standardized pan sampling of bees while wetarellecting, useful in harsh

burns where nothing may be flowering, 3) characterizing densities of shrubs and prevalent
wildflowers using measured distances to third nearest neighbors along ttrap#ansect and
calculating de n soidéradaistancesnetihod, and d)rsimglei binariatdiversity
measures for genera in flower at each site.

To date, we have now sampled bees and flora in 27 site pairs in a chrase gepresenting a
span ofl-15 years since the last large fire 08D acrg). We have focused on threpecies of
Balsamorhizaput also soméomatium globemallowsA. filipes andPenstemon In all, we

have collected, curated and are in the fineddls of identifying 1267 nativeees from net

collecting, and perhaps 600 nedrom our pan traps. At just threspecies oBalsamorhizawe

have 908 individuals representing 54 species of native bees. Most all are-gesters and
nonsocial. We are preparing maps for fires and samples in ArcGIS. Our impression is that forb
communities are more plentiful and slightly more diverse in most of the fires than the control
sites, but this awaits analytical confirmation.

Some of these bee species, espoahatiumandSphaeralceaare near impossible to identify to
species,evenwitbur | abbés expertise and reference col |l
therefore taken advantage of an offer from the
online workbench that aidotiection, management, analysind use of DNA barcodes,

processed through the Canadian Centre for DNA Barcoding at the University of Guelph. Of the

150 bee specimens sent, DNA sequences of the COI gene for 103 (of 155) bees have been
successfully amplified, sequenced and taxonomically associated. It turns dbetped valent

bees at wild_. dissectunappear to be a single species, not two sibling species as suggested by

the monograph of the subgenus. Our identifications of difficult but prevalent species of bees at
globemallows have been confirmed as well.

What are the fates of bee faunas in crested wheatgrass? We have also begun collaborating with
Tom Monaco at Logan to study the fates of bee communities fifty years aftertanene

conversion of sagsteppe plant communities to monocultures of exotictetewheatgrass. We

have sampled by parapping in and out of 12 of the 30 potential paired sites whose plant
communities have been carefully quantified by Dr. Monaco, using our protocols developed for
sampling posfire bee communities. The sites are fimm pristine, but the native bee faunas are

no more depauperate in than outside of the crested wheatgrass plantings, mostly we think
because the controls are in themselves in sorry vegetative condition with very sparse bloom.
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Manage ment Applications:

Growers of native forbs for seed who do not plan for pollination will have little seed production

for most of the species chosen for the Intermountain West. A subset of speciBalgag.

ornata) can be handily pollinated with any one of several currendyaged pollinators (honey

bees, alfalfa leafcutting bees). More than half can be pollinated with g@estyng nativedsmia

bee species, several of which are being multiplied at this lab for distribution to growers in the

near future. It should be reaf that the host specificity of these bees does not preclude them

from hybridizing their hosts, so some standar d
between fields oBalsamorhizaif hybrid seed is unwelcome.

Likewise, growers that do not scdatr seed beetles risk losing a webllinated crop (or risk

losing their pollinators if sprayed during bloom). We discovered and reported a massive outbreak

of seed weevils in the genégpionat one commercial seed fieldDhlea ornatg with densities

of 10 or more adult weevils per raceme. That grower has now hired scouting expertise to prevent
such outbreaks in the future. Our preliminary lab e xperiments with e ntomopathogenic

nemat odes show that these biocopnansuccessfalgent s ac
attack several of the seed weevil species in the lab, but we need more individuals for proper
guantitative assays.

Products:

Species of thre®smiabee species and ohtplitis that effectively pollinatéHedysarumand
Astragaluscontinueto be increased at the Logan labs for eventual distribution to seed growers.
With our guidance, one of thed@, sanrafaelagcontinues to be successfully increased at Wind

River Farm in Wyoming for pollination of sweetvetch (now 2600 overwintering iddais).

With one more successful field season, we expect to have enough bees, rearing experience etc. to
offer this bee to several growerskédysarumn Utah and western Colorado (where this bee is
native).

Publications:
Cane, James H. In press. Spdist Osmiabees forage indiscriminately among hybridizing
Balsamorhizdloral hosts. Oecologia.

Presentations:

Cane, James H.; Miller t&phanie; Weber, Melissa. Contrasting dedltilities of a biscuitroot
and three globemallows, and prospects foirtpellination Great Basin Native Plant Selection
and Increase Annual MeetingQ09March 31, 2009Boise, ID

Hammon, Bob; Cane, James H. Plant materials pest uggiedat Basin Native Plant Selection
and Increase Annual MeetingQ09March 31, 2009Boise, ID

Cane, James H. 2009. Do specialist bees better discriminate among their hybridizing
Balsamorhizédfloral hosts? Botany and Mycology Meeting, 2009 July2®% Snowbird, Utah

Watrous, Kristal M.; Cane, James H. 2009. Breeding biology and polliaasessment of

threadstem milkvetctAstragalus filipesBotany and Mycology Meeting, 2009 July-289;
Snowbird, Utah. Poster.
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Cane, James H. 2009. Pollinators and climate change. Ecological Society of America Annual

Meeting: Restoring and Sustaining ¥¥ern Landscapes: Interaction with Climate Change, 2009
August 27; Albuquerque, NM.

Cane, James H. 2009. Pollinators for restoration seed production. 10th Biennial Conference on
Research on the Colorado Plateau, 2009 Octol® Magstaff, AZ.
APoll ination, pollinators, and promise for for

Love, Byron; Cane, James H. 2009. Response of bee pollinators to wildfire in sagebrush steppe.
Restoring the West Conference, 2009 Octobe& Mtah State Univsity, Logan, UT. Poster.
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Project Title: InsectPests of Native Plant Seed Production
Project Location: Colorado State University Extension, Grand Junction, CO

Principal Investigator and Contact Information:
Bob Hammon
Tri River Area Extension
P.0.Box 20,0065028
Grand Junction, CO 8152028
970.244.1838, fax: 970.244.1700
bob.hammon@ mesacounty.us

Project Description:

The objective of this project is to identifgsects that are potential or actual pests of production
fields and collection séis for seed associated with the GBNPSIP. Insects are collected at
production or collection sites and transported to the diagnostic lab at the Tri River Area
Extension Office in Grand Junction, CO for identification.

Several previously unreported insewatsre found impacting GBNPSIP plants in 2009. Complete
reports for each insect, with ide ntification and management information are posted at
http://wci.colostate.edu/seed_production.shtml.

MountainBrome ,Bromus marginatus

The aphidDiuraphis mexicanas a perennial pest of mountain brome seed production fields at

the Upper Colorado Environmental Plant Center (UCEPC) near Meeker, CO. This insect requires
annual applications of insecticide to prevent impact to seed production. The Meeker, CO site
hoststhe only known population of this aphid, although it has been previous lyteefoom
Washington, New Mexicand Mexico. It appears to have distinct preferences for $ame

marginatusgenet ic | ines over others. TtnetaTtonr ent i n
National Park source identified accession. Researdiiwmaphis spp. aphids is being conducted

in cooperation with Dr. Gary Puterka, USDA/ARS, Stillwater, OK.

A holocyclic (sexual) population of Russian wheat aphid (RWA)yaphis noxig was
identified in a seed production block of O6Rout

CO in the spring of 200D. noxiais known as an occasional pest of many species of cool

season grasses grown for seed, especially during field establishment. Identification of a sexual
generation for RWA is significant because it is only the second time this has been observed in
the 20+years the species has been established in the United States. This discovery, coupled with
the initial find of a holocyclic RWA population in Montezuma County, CO in 2008 in
wheatgrasses, gives an explanation for the appearance of genetic diversitypedies in the

mid 2000s Biotype development in RWA allowed it to overcome resistance bred into wheat
varieties planted on millions of acres of farmland in the Western United States.
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Blue Wildrye, Elymus glaucus

A recently described flea beetlghaet@nema subconveXhite, was found doing extensive
damage to a seed production block at UCEPC. Damage was from larval feeding and was
extensive enough to justify removal of the block and replanting in a different field. This flea
beetle is widespread in wht in northwestern Colorado and can be expected to attack several
wheatgrasses and/or wildryes in northern seed production areas.

Diuraphis frequengs another leafolling aphid that is now known to be present in native stands
of E. glaucusrom many des in the Rocky Mountains, Great Basin and Colorado Plateau. It has
the potential to attack seed production monocultures of blidryeiand possibly othefly mus
species, although it has not been found in seed production fields yet.

Blue Grama,Boutelaia gradlis, and Galletatilaria jamesii

Adults of the checkered melon leaf beeBaranapiacaba tricinctawere found in abundance in
Montezuma County, CO seed production fields of blue grama and galleta in late August.
According to the printed literata, adults are typically found feeding on leaves of many species
of broadleaf plants, especially cucurbits, but we observed them feeding on blue grama and
galleta pollen. The biology of the larval stage of this insect is unknown, but we suspect it will be
found feeding on the roots of these species because adults wezat@ea density of more than

five per sweep with a 15 inch sweep net.

Grain itch mites, Acari:P ye motidd@yemotes ., were identified as the causal agent in a

dermatitis that occursfat er handl i ng of OAl mad blue grama s:¢
CO. The dermatitis occurs after handling seed in the springtime, after winter storage, but not in
the field or during harvest or cleamoéetimg. The

6Hachitad or OLovingtond blue gramas grown on
identification of this mite to species, and investigation of its field biology and manage ment.

BuckwheatsEriogonumspp.

Larvae of several species of lycaebigtterflies in the genefBuphilotesandPlebejus are well
known as foliar feeders on several specieErdgonum Euphilotesis currently going through
taxonomic revisions, with one new species from western ColoEaddanfordorumand a new
subspecies described in 2009. These butterflies have not been seen in damaging numbers in seed
production or collection sites, but there is potential for damage when seed production
monocultures are established. Given that mamghilotesspecés and subspecies are rare and/or
of limited distribution, their presence is a consideration when cho@ingonumas a

reclamation species in a seed nkixiogonumspecies that are recorded host plants for rare
EuphilotesareE. umbellatum, E. ovalifalim, E. racemosurindE. corymbosumResearch on
Euphilotesis being conducted in association with Dr. Paul Opler, Colorado State University.

Several species of aphids in the geBuaggiawere collected fronk. racemosumndE.
corymbosunin Colorado dumg the pastive years Two new species were described in 2009
from Washington, and several other species are of limited distribuBoaggia has not been
seen impacting seed production or collection sites, but an occasional heavily iffectghum
plant in natural settings indicates that the aphid has potential to become an issue in seed
production monocultures.
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Penstemon

We received two sampef an ebony bug, Hemiptera:Corime laenida@imelaenaspp, in

2009. One was from Colorado and the othenfiTexas. We had received a sample from a
GBNPSIP collection oP. deustusiear Idaho City, ID in 2008. These bugs pierce the plant
epidermis and suck fluids from flowers, leaves, stems and seed pods. The Texas specimens,
possiblyC. pulicaria Gemarwere collected from mature open seed pods where they were
apparently overwintering. The impact of these true bugBeasrste morseed production is

unknown, but they are widely distributed and present in many native stands and seed production
blocks of manyPenstemorspecies.

Fouwing Salt BushAtriplex canescens

A little known orthe ziid mealybudgQrthezia annaeCockrell was collected from fourwing

saltbush in a native setting near Grand Junction, CO. The infestation was significant enough to
kill many ofthe infested plants. The literature on this insect is very limited (one citation from
1926), but does state that it is knownnfr@€olorado, Arizona, New Me xicand California. It

should be watched for wherev&r canescenis grown for seed since it hastpntial to kill
established plants.

The Irregular Wax Scal&eroplastes irregulari€€ockerel|] has been observed on several
occasions in western Colorado attacking fourwing salt bush. Heavy infestations can kill mature
plants.The scale is coverezhtirely with a thick creamsolored wax and usually mses in

colonies on branches and crowns of several speciggiplex. It is reported from the desert

areas of southernalifornia, Arizona and New Mexico in the literature. It may be present in the
Great Basin and seed growers and collectors should watch for it.

MountainMahoganyCercocarpus montanus

A leaf galling psylid Cacopsylla maculat&€rawford,was observed doing significant damage in

a mountain mahogany seed production block near HotchHB®s The curled leaves were very
evident although the impact on seed yield is unknown. In conducting literature research on this
insect, we discovered that there are several other little known psyllids recorded from
Cercocarpudn the western US. Anyfahem could become a pest of seed production in some
situations.

Manage ment Applications and Seed Production Guidelines:
The database dferbicides, fungicides andsecticides labeled faeed production uses was

updated in 2009. It is postedhdtp://wci.colostate.edu/shtml/SeedProductionPesticides.shtml

Publications:

Pike,K.S.; Graf, G.; Foottit, R.G.; Maw, H.E.L.; Stary, P.; Hammon, Robert; Miller, 2GB9
New species oBraggia (Hemiptera:Aphididae) obuckwheat in western North America
Canadian Entomologist. 14561 581

Western Colorado Insects Native Plant Seed Production [Homepage of Colorado State
University Extension], [Online]. Availablenttp://wci.colostate.edu/seed_production.shtmi
[2010, February 8, 2010].
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Presentations:
Hammon, Bob; Cane, James H. Plant materials pest update. Great Basin Native Plant Selection
and Increase Annual Meeting, 2009 March 31, 2009; Boise, ID.

Hammon, Robert. 2009. Managing some unique pests of mountain brome and blue wildtye. 10
Biennial Conference of Research on the Colorado Plateau. 2009 October 7; Flagstaff, AZ.
Abstract: http://sbsc.wr.usgs.gov/cprs/news_info/meetings/biennial/2009/index.asp

Puterka G.J; BurdJ,; HammonRobertW.; PeairsF.B.; Randolph;T.; CooperW.R. 2009.

Sexual reproduction in the Russian wheat apBidi(aphis noxig and its role in creating

biotypes. Entomological Society of America Annual Meeting, 2009, December 16; Indianapolis
IN. Poster.
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Project Title: Allium acuminatunBeed Production: First Look at
Cultural Parameters

Project Location: Plant Germplasm Introduction and Research, USEBRS Western
Regional Plant Introduction Station (WRPIS), Pullman, WA

Principal Investigators and Contact Information:
Barbara Hellier, Horticulture Crops Curator

USDA-ARS, Western Regional Plant Introduction Station
Box 646402, Washington State University

Pullman, WA 99164

509.335.3763, FAX:509.335.6654

bhellier@wsu.edu

R.C. Johnson Research Agronomist

USDA-ARS, Western Region&llant Introduction Station
Box 646402, Washington State University

Pullman, WA 99164

509.335.3771, fax: 509.335.6654

rcjohnson@wsu.edu

Project Description:

As a component of greater sagmuse and Southern Idaho ground squirrel halAatym
acuminattmHook. (Tapettip onion) has been targeted for use in restoration projects. Inthe
related project titl eAdliuf&emnatuninc tOhiev eGrseiatty BPRaastitl
locally adapted seed sources and seed transfer zones were identifieddpethies. The next

step needed before acuminatuncan be used for restoration projects is to understand how to
make quantities of propagules available. Either dormant bulbs or true seed may be viable
options for tapettip onion stand establishment. Ree of either type of propagule, quantities of
true seed will be needed. Minimal information is available on the cultural needs of this species
for seed production in an agricultural setting. The objective of this project is to look at
production paranters needed to gro. acuminatunfor a seed crop.

Methods

It takes 34 years forA. acuminatunplants grown from seed to flower. The average bulb
diameter of plants that age is54mm (Dave Skinner, personal communication). For this trial,
dormant matre bulbs with a diameter of 5 mm were used. The trial was planted in October
2008 in Pullman, WA in randomized complete blocks with four replications. The treatments
were 1) mechanical planting with 1 inch between bulb spa@nmechanical plantingith 2

inches between bulb spacing, 3) hand planting with 1 inch between bulbrgpasid 4) hand
planting with2 inchesbetween bulb spacing. Each plot had 60 bulbs planted at a depth of 1
inch. The plots were rototilled prior to planting but no-pient herbicide or fertilizer was
applied. A singlerow Hage belt cone planter was used for the mechanically planted plots
irrigation was applied to the trial during the growing season. Emergence was taken April 16,
2009. Flowers/umbel counts were taken for 25 randomly selected plants per plot on June 11,

89



2009. When half or more of the capsules were open on indivishabé s and all plants in a plot

had mature seed, whole umbels from 25 individual plants were harvested by hand for each plot.
Harvest dates were July 14 and 15, 2009. In August 2009 the bulbs from all plots were dug and
stored in the Western Regionadht Introduction drying shed until September 2009 when they
were moved to aetmperatureand humiditycontrolled chamber. Bulbs were stored at 14°C and
40% RH until early October 2009 when they were cleaned, counted, sized and repackaged for
planting. Duing repackaging, bulbs were discarded if they 1) showed signs of disease or
herbivory, 2) were soft and rubbery, or if they were 3) hard and desiccated. Seedhfitom

plant was cleaned, countadd weighed separately. Only fully filled seed was includdtie

counts. Light or partially filled seed was discarded.

Results and Discussion

Tables 1 and 2 summarize emergence, flower production, seeskted per plant, seed weights
and bulb production for the trial. There were no statistical differences found among any of the
treatments for the production of flowers/umbel, shadiested/plandr seed weights. Thus,
mechanical planting was successful as an efficient planting tgediniAlso, when using mature
bulbs for seed production, bulbs can be spaced as close as 1 inch without compromising yield.

Seed production per plant was lower than expected. During harvest shattered seed was observed
on the ground.A. acuminatunseedin lower flowers ripens before those in the upper flowers

and is easily dislodged from open capsules during harvest. In many harvested umbels there were
some green capsules. Even though the seed in these capsules looked fully filled, they did not dry
down to produce high quality seed. Because of these factors, timing seed collection to maximize
harvest will be critical folA. acuminatunproduction.

There were no statistical differences found among treatments for total bulb production, bulbs < 7
mm in dameter and the number of discarded bulbs. There were statistical differences between
spacing treatments for the number efY mm diameter bulbs produced. The number-&57

mm diameter bulbs was highest for the mechanically planted, 1 inch spacimgetnéaand

lowest for the hand planted, 1 inch treatment with the mechanical 2 inch and hand 2 inch
treatments intermediate (Table 2). We had difficulty getting a consistent 1 inch spacing using
the Hage belt cone planter. The bulbs tended to buncle indhe making bulb spacing greater

than 1 inch in some cases. This potentially wider average spacing could have caused the
increased number of bulbs produced in the mechanically planted 1 inch bulb spacing treatment.

The results show that mechanicagiianting mature bulbs of Tapéip onion is an efficient

planting method for seed and bulb production. Bulbs can be spaced 1 inch apart for maximum
seed production but a wider between bulb spacing is needed for maximum laigenrty)

diameter bulb prodduon. Bulb survival and propagule production was achieved in an

agricultural setting for this wild species. To maximize seed production, seed shattering will need
to be addressed.
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Table 1. Summary of emergence, flowers/umbel, seed harvest/plahf@isged weight data collected
from Allium acuminatunseed production trial planted in Pullman, WA. (There were no treatment
differences observed at P<0.05

Planting Between bulb | Percent Avg. Avg. Avg. 100
method spacing emergence | flowers/umbel | seed/plant | seed wt. (g)
Hand 1inch 91.6 30.8 31.1 0.19
Hand 2 inch 95.0 28.9 37.2 0.21
Mechanical linch 93.3 29.4 39.0 0.19
Mechanical 2inch 94.2 30.8 34.4 0.20
Table 2. Summary of bulb production from #ium acuminatunseed production trial 2009.
Planting Between bulb | Totalno. | No. bulbs 7 | No. bulbs <7 | No.
method spacing bulbs to 15 mm mm diameter | discarded
produced | diameter bulbs
Hand linch 94.0a* 64b 4.2a 25.8a
Hand 2 inch 103.5a 79ab 1.2a 23.8a
Mechanical linch 104.2a 8la 1.2a 21.8a
Mechanical 2inch 104.2a 72ab 1.0a 31.0a

*Means sharing letters are not different using the LSD at P<0.05.

Future Plans

The trial was replanted in October 2009 using the same numbedlad/plot, e xperimental
designand planter. Flowers/umbel, seed harvest/plant, seed weights and bulb production/plot
data will be cdected in 2010. Data from the twears will be compiled and re ported.

Production protocols will be developed from the compiled data.

Pre sentaton:

Hellier, Barbara; Johnson, R.C. Mechanically plan#hgim acuminatunbulbs for seed
production. Great Basin Native Plant Selection and Increase Project Annual Meeting, 2009
March 31, Boise, ID.

Johnson, Richard C.; Hellier, Barbara and Cashiwke. Seed zones for Tapertip Onion and

Indian Ricegrass. Great Basin Native Plant Selection and Increase Project Annual Meeting, 2009
March 31, Boise, ID.
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Project Title: Emergence of Native Plant Seeds in Response to Seed
Pelleting, Planting Depth,carification and Soll
Anti-crusting Treatment

Project Location: Oregon State University Malheur Experiment Station, Ontario, OR

Principal Investigators and Contact Information:
Clinton C. Shock
Oregon State University Malheur Experiment Station
5950nion Ave.
Ontario, OR 97914
541.889.2174, fax: 541.889.7831
clinton.shock@ ore gonstate.edu

Erik Feibert

Oregon State University Malheur Experiment Station
595 Onion Ave.

Ontario, OR 97914

541.889.2174, fax: 541.889.7831

Lamont Saunders

Oregon Stee University Malheur Experiment Station
595 Onion Ave.

Ontario, OR 97914

541.889.2174, fax: 541.889.7831

Nancy Shaw

U.S. Forest Service, Rocky Mountain Research Station
322 E. FrohStreet, Suite 401

Boise, ID 83702

208.373.4360, fax: 208.373.4391

Project Description:

Seed of native plants is needed to restore rangelands of the Intermountain West. Reliable
commercial seed production is desirable to provide the quantity of seed needed for restoration
efforts. Establishment of naévseed cropsds been difficulbecause fall planted seed is

susceptil® to bird damage, soil crustimend soil erosion. Fall planting is important for many
species, because seed of many species requires a period of cold to break dormancy
(vernalization). Planting afative seed has resulted in poor stands in some years at the Malheur
Experiment Station. This trial testeded pelleting, planting depéimd soil conditioner treatment

for emergence of five important species that are native to Malheur county and sungcaneas.

Materials and Methods
Seed of the five native species was either pelleted or used raw. Pelleting was done by Seed
Dynamics Inc. (Salinas, CA). The pelleted and raw seed of each species (including the scarified

92



and norscarifiedLupinus argergug was planted in single rows on-8&ch beds in a field of

Owyhee silt loam on November 12008. Each plot consisted of ormv 5 feet long with 100
counted seeds planted in each plot. The paleind raw seed was planted at thdepths: on the

sol surface, a inch depth, and I nc hdeptle pt h. T
was further submitted to thresil anticrusting treatments: untreated check, WaterMaxx |l
(Aquatrols, Inc., Salt Lake City, UT) at 2 quarts per acre, and SodeBi(Simplot Soil Builders,
Boise, ID) at 2 quarts per acre. The amtisting treatments were applied to the soil surface after
planting using a backpack sprayer with 8004 nozzles at 30 PSI and applying 30 gallons of water
per acre in a band 4 inches widirectly over the seed. One half of thepinus argenteuseed

was scarified by immersion goncentrated sulfuric acid for siminutes and the other halfas

left without scarification. Bth L. argenteudots were subjected to all ¢iie pelleting, plating
depthand anticrusting treatments. Emergeekesls in each plot were counted foummes: March

31, April 7, May 1, and May 10, 2009.

Results and Discussion

Seed emergence was poor. The fall planting suffered from heavy soil crusting. Bird damage
might also have reduced emergence and could be a factor in why emergence was poor for the
seed planted on the surfacBenstemon deustdisotrock or scabland pemrshon) did not emerge

so it was not considered in the statistical analyses.

Seed pelleting
Seed pelleting did not result in a statistically significant improvement in the emergence of any of
the species planted, but did decreaspinus argenteusstablisiment (Table 1).

Planting depth
Planting the seed on the soil surface was detrimental to establishment (Tables 1 and 2).

Lupinus argenteugsilvery lupine)

Seed scarification resulted in a decrease in emergence compared to-Hwariised seed (Table

1). For the nosscarified seed, the highest emergence was obtained with thgetieted seed
planted at either the a inch depth and treated
with no soil treatment. Seed pelleting reduced emergence.

Achnaherum thurberianuniThurber's needlegrass)
The highest emergence was obtained with the combination of seed planted at % inch depth and
the solil treated with Soil Binder (Figure 1, Table 2). Seed pelleting did not affect emergence.

Sphaeralcea grossulafolia (gooseberryleaf globe mallow)
Emergence was poor and there were no statistically significant differences between treatments.

Penstemon acuminatysharpleaf or sandhill pe nstemon)

The a4 inch or the i nch deptdngtheitreabmerdsrwitwi t ho ut
the highest emergence (Table 2). Seed pelleting did not affect emergence.
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Table 1. Seed emergencelafpinus argenteuésilvery luping by May 10, 2009 in response to seed
scarification, seed pelleting, planting depth, and soil treatment. Malheur Experiment Station, Ontario, OR.

Seed Planting Average
pelleting depth Soil treatment Scarified  Nonscaiified
inches -------% emergence------

none 0 none 0.00 2.33 1.17

WaterMaxx 1.00 1.33 1.17

Soil Binder 0.00 0.00 0.00

average 0.33 1.22 0.78

D none 1.67 3.00 2.34

WaterMaxx 3.00 5.00 4.00

Soil Binder 3.00 15.33 9.17

average 2.56 7.78 5.17

Y none 1.67 13.00 7.34

WaterMaxx 4.33 11.67 8.00

Soil Binder 9.33 2.00 5.67

average 5.11 8.89 7.00

average 6.26 7.52 6.89

pelleted 0 none 0.00 0.00 0.00

WaterMaxx 0.00 0.00 0.00

Soil Binder 0.00 0.33 0.17

average 0.00 0.11 0.06

(&9} none 0.00 1.67 0.84

WaterMaxx 0.33 2.67 1.50

Soil Binder 0.33 2.67 1.50

average 0.22 2.34 1.28

Y none 0.67 1.33 1.00

WaterMa xx 2.00 2.67 2.34

Soil Binder 0.00 2.33 1.17

average 0.89 2.11 1.50

average 0.37 1.52 0.94

none 0.67 3.56 211

WaterMa xx 1.78 3.89 2.83

Soil Binder 2.11 3.78 2.94

awverage 1.52 3.74 2.63

awverage 0 0.17 0.67 0.42

(@0) 1.39 5.06 3.22

Ya 3.00 5.50 4.25

average 1.52 3.74 2.63

LSD (0.05)

Planting depth 2.47
Seed scarification 0.94
Scar. X depth NS
Scar. X antrusting soil trt. NS
Scar. X pelleting 1.09
Scar. X depth X aftiusting 2.31
Scar. X depth X aftiusting X pelleting 3.26
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Table 2. Seedling emergence by May 10, 2009 for 4 native plant species in respons@étetiggl planting
depth, and antirusting soil treatment. Malheur Experiment Station, Ontario, OR.

Lupinus
argenteus
Seed Planting non- Achnatherum Sphaeralcea Penstemon
pelleting depth Soil treatment scalified thurberianum grossulariifolia  acuminatus Avg.
inches % emergence-

none 0 none 2.33 0.00 0.00 1.67 1.00

WaterMaxx 1.33 0.00 0.00 0.00 0.33

Soil Binder 0.00 0.00 0.00 0.00 0.00

average 1.22 0.00 0.00 0.56 0.44

D none 3.00 3.00 0.00 3.67 2.42

WaterMaxx 5.00 7.00 0.00 5.67 4.42

Soil Binder 15.33 6.67 0.00 8.33 7.58

average 7.78 5.56 0.00 5.89 4.81

Ya none 13.00 1.00 0.00 3.67 4.42

WaterMaxx 11.67 0.00 2.33 8.00 5.50

Soil Binder 2.00 12.33 0.00 0.33 3.67

average 8.89 4.44 0.78 4.00 4.53

average 5.96 3.33 0.26 3.48

pelleted 0 none 0.00 0.33 0.00 0.67 0.25

WaterMa xx 0.00 0.00 0.33 1.00 0.33

Soil Binder 0.33 5.33 0.00 0.67 1.58

average 0.11 1.89 0.11 0.78 0.72

D none 1.67 3.33 0.33 8.00 3.33

WaterMaxx 2.67 4.67 0.00 6.33 3.42

Soil Binder 2.67 6.67 0.33 4.33 3.50

awverage 2.34 4.89 0.22 6.22 3.42

Y, none 1.33 0.67 2.00 4.00 2.00

WaterMaxx 2.67 0.00 0.00 8.33 2.75

Soil Binder 2.33 9.33 0.00 8.00 4.92

average 2.11 3.33 0.67 6.78 3.22

average 1.52 3.37 0.33 4.59 2.45

none 3.56 1.39 0.39 3.61 2.24

WaterMaxx 3.89 1.94 0.44 4.89 2.79

Soil Binder 3.78 6.72 0.06 3.61 3.54

average 3.74 3.35 0.30 4.04 2.86

awverage Om 0.67 0.94 0.06 0.67 0.58

o 5.06 5.22 0.11 6.06 4.11

Ya 5.50 3.89 0.72 5.39 3.88

average 3.74 3.35 0.30 4.04 2.86

LSD (0.05)

Depth NS
Species 1.20
Species X depth 2.08
Species X soil treatment 2.08
Species X pelleting 1.70
Species X depth X stidatment 3.61
Species X depth X soil treat. Xpellet 5.10
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Figure 1. Emergence défchnatherum thurberianuiin response to planting depth and treatment
with Soil Binder as an anti crusting for npelleted and pelleted seed. Malheur Experiment
Station, Oregon State University, Ontario, OR.
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Project Title: Identification of Herbicides for use in Native Forb Seed
Production

Project Location: Utah State University, Logan, Utah

Principal Investigators and Contact Information:

Corey Ransom
Utah State University

Department of Plants, Soigd Climate
4820 Old Main Hill

Logan, Utah 84322820
435797.2242 fax: 435797.3376
corey.ransom@ usu.edu

Kim Edvarchuk

Utah State University

Department of Plats, Soilsand Climate
4820 Old MairHill

Logan, Utah 84322820
435.797.2256, fax: 435.797.3376
kim.edvarchuk@aggie mail.usu.edu

Project Description:

Native forb seed is needed to restore the rangelands of the Intermountain West. Weed control is
essential for the commercial productidnnative forb seed. Weeds compete with crop glant
reducing establishment, vigand seed production. In addition, some weed seeds can
contaminate the seed crop, reducing its value or introducing weeds to reclamation areas.
Removal of weeds by hand oiitiv cultivation is economically restrictive.

The overall objective of this research project is to identify herbicides that can be used to control
weeds in forb seed production with limited injury to the forbs. The forbs evaluated in this
project includebasalt milkvetch Astragalus filipes)Western prairie cloveDalea ornatg and
Sear |l s6 pDaleaseadsialc | over (

Materials and Methods

Continued difficulty working with seedlings in the greenhouse resulted in trials focusing on
herbicide tolerance of established plants in field trials. Plantingswégalus filipesDalea
ornata andDalea searlshe were established by Doug Johnsonhaf USDAFRRL in 2005 by
transplanting growing plants from coteiners into the field with 0.5 meter between plants.
Both fields were mixtures of different collections that had been evaluated for various traits.
Because there were not enough plaateave borders between plots, treatments were applied
with a shielded sprayer to prevent any contamination of adjacent plots during treatment
application. Treatments were applied at 20 gpa and 30 psi.
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Astragalus filipes

BecauseAdragalus filipesplants had been utilized in 2008 to evaluate herbicide tolerance,
treatments in 2009 were applied perpendicular to the previous treatments and arranged in a way
that would decrease plot variabilityerbicide plots were two plant rows wide and 21 plants long

(1 by 11 m, 42 plants per plot). Treatments were applied on May 15. Injury was evaluated on
May 26 and June 25. The number of flowering plants was also recorded on May 26. Plant
biomass was harvested July 23.

Dalea ornataandDalea searlsiae

Daleaplots were treated on May 21, 200Balea ornataandsearlsae were not treated with
herbicides previously. Herbicide plots were two plant rows wide and 11 plants long (1 by 6 m,
22 plants per plot). To account for herbicide influence on plant grovaht peight and width
were measured prior to treatment on May 19 and again on June 18 and22a®a searlsiae
andDalea ornatag respectively. Height and width were also used to calculate plant volume.
Plants not emerged at the time of herbicide appion were removed from the analysis.

Results

Astragalus filipes

Postemergence herbicide treatments caused varying levels of danfesjetmlus filipegTable

1). Transline was most injurious at both evaluation dates. Injury with Buctril and Ragstor w
intially high but declined by the last evaluation date. Injury fromR2Blwas minimal.

Average plant weight was reduced by Buctril and Transline compared to the untreated plots and
all other herbicide treatments. However, Transline and Paramaludeae the number of

flowering plants per plot compared to the untreated plot and all herbicide treatments reduced
flowering plant numbers compared to-D8. It appears that 2sBB may hold promise for use

in controlling weeds iMstragalus filipes However, seed yield and viability were not evaluated
and must be tested to certify that candidate herbicides do not have a negative impact on seed
production.

Table 1. Effect of herbicide treatments on plant injury and average plant height, and average plant width
of establishedstragalus filipes

Plant response*

Injury
Herbicidé' Rate May 26 June 25 Flowering Ave. weight
Ib ae/A —%— plants/plot —g/plant—
Untreated - - - 5.8 ab 15.2a
Buctril 0.25 41b 28b 2.8 bc 9.6b
2,4DB 0.25 13d 6c¢C 10.0a 19.1a
Transline 0.124 59 a 64 a 0.0d 8.8b
Paramount + MSO 0.248 23 cd 21 bc 1.3cd 17.8a
Raptor +tMSO 0.078 39 bc 20 bc 2.5Dbc 16.9a

*Injury was measured by visual evaluations. Flowering was measured May 26 and biomass was
harvested on July 23. Flowering data was log transformed for analysis but raw data means are shown.
Data within columns followed by the same letter are not sigatfily different at P=0.05.

"Buctril and Raptor rates are in Ib ai/A. MSO is methylated seed oil applied at 1.0% v/v. All treatments
were applied in 20 gpa spray volume.
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Dalea ornata

In 2008Dalea ornataexhibited little injury from postemergencerbé&ide applications.

However, the applications were made before there was significant plant growth. In 2009, when
treatments were applied to actively growing plants, several herbicides caused significant injury
to Dalea ornata(Table 2). Goal and Chate caused severe tissue burn 5 days after treatment
(DAT) but recovered considerably by 35 DAT. Injury from Transline was high initially and
remained high, while injury from Milestone was moderately high 5 DAT and increased
significantly by 35 DAT. Only Mestone significantly reduced vegetative biomass compared to
the untreated pto However, Buctril, Translinand Milestone caused significant declines in
seedhead biomass compared to the untreated plot. Seedheads were virtually eliminated by
treatment vith Milestone. Increases in plant height and/or width and plant volume were
decreased by @l, Chateau, Transline, Raptond Milestone and plant width was reduced by
Paramount compared to the untreated control. Increases in plant height, width andweheme
similar to the control plots for plants treated with Prow®OH Outlook, Sencor, Buctrdnd 2,4

DB. This data suggests that Prowsl® Outlook, Sencoand 2,4DB may have potential for
postemergence use Dalea ornata The other herbicides tested may have potential if applied
prior toDalea ornatabreaking dormancy as was observed in 2008. Further testing will be
required to determine herbicide effects on seed production and viability.

Table 2. Effect of herbic@ treatments appliedlay 21 on plant injury, biomasand averagehanges in
plant height, widtrand volume of establishddalea ornata*

Injury Biomass Change in growth
Herbicidé' Rate 5 DAT 35DAT Veg. Seedheac Height Width Volume
lbailA —%—— —glplot— cm  cm cny
Untreated -- - - 520 243a 27 44 2043
Prowl HO 0.71 10 1 545 203 ab 27 45 2099
Outlook 0.84 6 4 616 189 ab 27 43 2071
Goal 0.25 64 26 513 218a 178 28 1039
Chateau + NIS 0.064 56 18 479 203 ab 21 35 1434
Sencor + NIS 0.5 21 5 572 140 ab 30 47 2313
Buctril 0.25 13 14 337 126D 26 37 1692
2,4DB 0.25 23 10 393 150ab 27 43 2038
Transline 0.124 41 44 416 32¢c 22 33 1503
Paramount + MSO  0.248 25 10 704 191 ab 25 36 1711
Raptor + MSO 0.078 38 18 446 185ab 16 24 936
Milestone 0.047 35 63 258 2d 18 28 1091
LSD (0.05) - 13 12 212 - 5 8 481

*Injury was measured by visual evaluations. Plant height, width, and volumbe@racrease of

individual plants between May 19 and June 22, 2009. For seedhead biomass mean separations are
based on log transformed data with raw data shown. Means within a column followed by the same
letter are not significantly different at P=0.05.

"2,4DB, Transline, Paramouahd Milestone rates are in Ib ae/A. NIS is 4imnic surfactant applied at

0.25% viv. MSO is methylated seed oil applied at 1.0% v/v. All treatments were applied in 20 gpa spray
volume.
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Dalea searlsiae

Trends in the injty to Dalea searlsiagTable 3) were similar to those observedDaiea ornata
(Table 2) Injury was severe with Goal and Chateau early, but declined with time. Transline
injury was severe and persistent, while injury from Paramount and Raptor wereateddbigh
inttially and also declined with time. Prowhb8, Buctriland 2,4DB caused little injury. Even
though injury trends were similar to those observeDalea ornata resulting vegetative and
seedhead biomass were not significantly differentagriceatments. Despite the variability in
the data there is a nearly significant (P=0.06) reduction in seedhead biomass lmatisansline.
Goal, Chateaand Raptor all reduced the average @ases in plant height, diametend volume
compared to thenireated plots. Plots treated with-)8B had among the highest plant growth
and were significantly greater than plots treated with Sencor and Transédeliiron to Goal,
Chateawand Raptor. Part of the increases in growth in plots treated with2 say be
attributed to minimal herbicide injury to tfi@aleaand slight suppression of field bindweed re
growth between cultivations. Several herbicides includingdB4may have potential for use in
Dalea searlsiaseed production and additional trialsoshd further document treatment effects
on seed production and viability.

Table 3. Effect of herbicide treatments apphiédady 21 on plant injury, biomasand averagehanges in
plant height, widtrand volume of establishddialea searlsiaef

Injury Biomass Change in growth
Herbicidé' Rate 5 DAT 35DAT Veg. Seedheac Height Width Volume
lbailA —%—— —g/plot— cm  cm cnt
Untreated -- - - 423 99 23 35 1394
Prowl HO 0.71 9 8 401 102 23 34 1425
Goal 0.25 65 16 489 146 17 22 805
Chateau + NIS 0.064 58 21 403 97 17 25 848
Sencor + NIS 0.5 28 19 404 102 22 33 1330
Buctril 0.25 13 6 508 110 23 37 1583
2,4DB 0.25 16 5 518 110 27 41 1734
Transline 0.124 33 44 410 32 19 28 1190
Paramount + MSO  0.248 25 16 472 80 24 34 1442
Raptor + MSO 0.078 36 15 547 89 14 24 791
LSD (0.05) - 16 22 NS NS 46 7.4 366

*Injury was measured by visual @uations. Plant height, widthnd volume are the increase of
individual plants between May 19 and June 18, 2009.

"2,4DB, Translinand Paramount rates are in Ib ae/A. NIS is4umic surfactant applied at 0.25% v/v.
MSO is methylated seed oil applied at 1.0% v/v. All treatmestewapplied in 20 gpa spray volume.

Direction for 2010

Efforts in 2010 will focus on expanding experiments on forb tolerance to herbicides. Utilizing
established plants, if available, and also seeking to work with seedlings if germination can be
improved.

Manage ment Applications:

The data from this year oésearch continue to identify herbicides that could potentially be used
for weed management in forb seed production. Information is still lacking on herbicides that
could be used to establish forb seed fields. This is critical as weed competitieenisnaist

101



detrimental during crop establishment. Addit i
and document herbicide impacts on seed production and viability.

Presentations:

Ransom, Corey; Edvarchuk, Kim. Identification of herbicides for nssative forb seed

production. Great Basin Native Plant Selection and Increase Project Annual meeting. March 31,
2009; Boise, ID.
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Project Title: Tolerance of Native Perennial Forbs Grown for Seed
Production to Rates and Mixtures of Postemergence
Herbrides

Project Location: Oregon State University Malheur Experiment Station, Ontario, OR

Principal Investigators and Contact Information:
Clinton C. Shock
Oregon State University Malheur Experiment Station
595 Onion Ave.
Ontario, OR 97914
541.889.2174fax: 541.889.7831
clinton.shock@ ore gonstate.edu

Erik Feibert

Oregon State University Malheur Experiment Station
595 Onion Ave.

Ontario, OR 97914

541.889.2174, fax: 541.889.7831

Nancy Shaw

U.S. Forest Service, Rocky Mountain Research Station
322E. Front Street, Suite 401

Boise, ID 83702

208.373.4360, fax: 208.373.4391

Project Description:

The plant species planted in this trial are native to Malheur County and surrounding areas. These
species are judged by the BLM and US Forest Service important rangeland restoration

species for wildlife and other beneficial characteristics. Native forb seed is needed to restore
rangelands of the Intermountain West. Commercial seed production is necessary to provide the
quantity of seed needed for tesation efforts. A major limitation to economically viable
commercial production of native forb seed is weed competition. Weeds are adapted to growing
in disturbed soil, and native forbs are not competitive with these weeds. There is a considerable
body of knowledge about the relative efficacy of different herbicides to control target weeds, but
few trials have tested the tolerance of native forbs to commercial herbicides. The results
reported here deal with postemergence herbicide rates and mixtures.

This work seeks to discover product rates and mixtures that could eventually be registered for
use for native forb seed productiofhe information in this report is for the purpose of informing
cooperators and colleaguesother agencies, universitiead industry of the research results.
Reference to products and companies in this publication is for the specific information only and
does not endorse or recommend that product or company to the exclusion of others that may be
suitable. Nor should any iafmation and interpretation thereof be considered as a

recomme ndation for the application of any of these herbickResticide labels should always be
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consuted before any pesticide uséonsiderable efforts may be required to register these
herbicides fo use for native forb seed production.

Materials and Methods

In the fall of 200@Eriogonum umbellatum,dhstemon acuminatus, P. deusangP. speciosus
were each planted in areas 10 ft wide andf2&ing (Tablel). The seeds were planted in four
rows, 30 inches apartThe field previouslyhad been disked, ground hoggat narked in rows
30 inches apartPlanting depths were similar to those used in the irrigation trial (Shock et al.
2007) and appropriate to each species. Prior to planting, onaggpas inserted every 5 feet
equidistant between where pairs of romesreto be planted a 12-inch depth as previously
described (Shock et al. 2007). The drip tape was supplied with irrigation water using filtration
and other common driprigation pactices (Shock 2006)Drip irrigations were applied every
two weeks starting on April 18nd ending on May 29 (total of fourigations). Each irrigation
applied 1 inch of water.

On March 12, 2008 and on March 20, 2009, 13 herbicide treatmieaitde@) were applied to

plots fourrows wide and 5 ft long. The postemergence treatments consisted of different rates
and combinations of the saiktive herbicides Proland OutlooR and postemergence

applications of Sele@t(Shock et al. 2009). The treagnts were arranged within each species in
randomized complete block designs with four replicates. Treatments were applied at 30 psi in 20
galacreusing 8002 nozzles with sixozzles spaced 20 inches apart with ambient air speed at

2.63 mph.

Seed of ach species was harvested at maturity. Seed was harvested from the middle two rows in
each plot ofEriogonum umbellatum, Penstemon acuminatuglP. speciosug 2008 Prior to

herbicide applications the plant populationdPoldeustusvere not ade quat®r the collection of
meaningful seed yield results. Herdeustusonly observations on herbicide damage were

made. In 2009, only seed Bf umbellatunwas harvestedPenstemon acuminatandP.
speciosustands were severely reduced in 2009 due dbnat.

GeneralConsiderations
The focus of the evaluations was forb tolerance to the herbicides, not weed control. Therefore,
weeds were counted and removed as needed.

The effects of herbicides for each species on plant stand and injury were evaldafehde ntly
from the effects on other species. Treatment differences were compared using ANOVA and
protected least significant differences at the 95 percent confidence LSD (0.05) using NCSS
Number Cruncher software (NCSS, Kaysville, UT).

Table 1. Fadb species planted at the Malheur Experiment Station, Oregon State University, Ontario, OR
and their origins.

Species Common name Origin Year
Eriogonum umbellatum Sulfurflower buckwheat Shoofly Road, Owyhee Co., 2004
Penstemon acuminatus Sharpleaf osanddune penstemon Bliss Dam, Elmore Co., ID 2004
Penstemon deustus Scabland or hetock penstemon  Blacks Cr. Rd., Elmore Co., | 2003

Penstemon speciosus Royal or sagebrush penstemon Leslie Gulch, Malheur Co., C 2003
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Results and Discussion

All observations made on the herbicides tested are strictly preliminary observations. The
herbicides were relatively safe for the forbs in these trials but they might be harmful if used at
higher rates or in a different environment. Nothing in this re partishbe construed as a
recomme ndation.

Symptoms of herbicide injury were not observed in any of the plants in 2008 or 2009. Foliar
injury would not be expected since all herbicides tested (except Qelezte soil active and

were applied early. Therease no significant differences in seed yield between the herbicide
treatments and the untreated checkBaogonumumbellatum, Penstemon acuminatarslP.
speciosudn 2008 (Shock et al. 2009). In 2009 the seed yieldsriolgonum umbellatuwere

higher than those in 2008 and seed production continued to be unaffected by herbicide rate or
mixture (Table 2).

Table 2. Yield ofEriogonum umbellaturim response to postemergence
herbicides applied on March 12, 2008 and March 20, 2009, Malheur
Experiment Station, Oregon State University, Ontario, OR. All herbicides
except Select are solil active.

Treatment Rate 2008 2009
(Ibs aifacre) Ib/acre

Weed free, untreated

control 276.5 430.0
Select 2.0 EC 0.094 149.1 475.2
Prowl 0.95 387.2 440.8
Prowl 1.19 533.1 596.6
Prowl 1.43 250.6 596.4
Outlook 0.84 319.8 474.5
Outlook 0.98 143.5 501.4
Prowl! + Outlook 0.95 + 0.66 300.9 555.5
Prowl! + Outlook 0.95+0.84 440.0 763.8
Prowl! + Outlook 0.95 +0.98 330.9 569.1
Prowl + Outlook 1.19 + 0.66 244.0 699.8
Prowl! + Outlook 1.19+0.84 336.7 556.0
Prowl + Outlook 1.19+0.98 285.6 506.2
LSD (0.05) NS NS

dapplied with Herbimax adjuvant at 1 percent v/v.

Summary
Based on the absence of foliar symptoms, all four species tested were tolerant to Prowl and

Outlook applied as poste merge nosatments at the rate, timiagd soils used in these trials.
Prowl and Outlook are broagpectrum, soiictive herbicides that M prevent weed emergence
during the season. Select is a feliantact, grass herbicide. The use of these three herbicides
may provide the basis for an effective weed control program for seed production of these five
species. Further tests are wareahto describe the range of safety for these herbicides and
whether or not they have any undesirable interactions.
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Project Title:

Project Location:

Native Perennial Forb Tolerance to Four Years of
Repeated Annual Applications of Postemergence
Herbicides

Oregm State University Malheur Experiment Station, Ontario, OR

Principal Investigators and Contact Information:

Project Desciption:

Clinton C. Shock

Oregon State University Malheur Experiment Station
595 Onion Ave.

Ontario, OR 97914

541.889.2174, fax: 541.889.7831

clinton.dhock@ ore gonstate.edu

Joey Ishida
Oregon State University Malheur Experiment Station

595 Onion Ave.
Ontario, OR 97914
541.889.2174, fax: 541.889.7831

Erik Feibert

Oregon State University Malheur Experiment Station
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541.889.2174, fax: 541.889.7831

Nancy Shaw

U.S. Forest Service, Rocky Mountain Research Station
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208.373.4360, fax: 208.373.4391

The plant species planted in this trial are native to Malheur County and surrounding areas. These
species are judged by the BLM and US Forest Service to be important rangeland restoration
species for wildlife and other beneficial characteristics. Seedtofe forbs is needed to restore
rangelands of the Intermountain West. Commercial seed production is necessary to provide the
guantity of seed needed for restoration efforts. A major limitation to economically viable
commercial production of native fodeed is weed competition. Weeds are adapted to growing

in disturbed soil, and native forbs are often not competitive with these weeds in a seed

production setting. There is a considerable body of knowledge about the relative efficacy of
different herbigdes to control target weeds, but few trials have tested the tolerance of native

forbs to commercial herbicides.
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The field trials reported here tested the tolerance of seven native forb species to conventional
postemergence herbicides over four sudeesgars. During the last two years (2008 and 2009)
the application dates were earlier than the first two years.

This work seeks to discover products that could eventually be registered for use in native forb
seed productionThe information in this repbis for the purpose of informing cooperators and
colleaguesn other agencies, universitiasd industry of the research results. Reference to
products and companies in this publication is for the specific information only and does not
endorse or recommend that product or company to the exclusion of others that may be suitable.
Nor should anynformation and interpretation thereof be considered as a recommendation for the
application of any of these herbicideBesticide labels should always be coltestl before any
pesticide useConsiderable efforts may be required to register these herbifadesse for native

forb seed production.

Materials and Methods

Plant Establishment

Seed of seven Great Basin forb species (Table 1) received in October 2005 was planted
November 1, 2005. The fielthd been disked, ground hoggetd marked in rows 30 ihes

apart. The seven forb species were planted in individual rows 435 ft long and 30 inches apart.
Planting depths were similar to those used in the irrigation trial (Shock et al. 2007a) and varied
by species. The crop preceding forbs was wheat. ®rjplanting, one drip tape was inserted 12
inches deep every 5 feet, equidistant between where pairs of rows were planted. The drip tape
was supplied with irrigation water using filtration and other common idrigation practices

(Shock 2006).

Table 1. Forb species planted at the Malheur Experiment Station, Oregon State University, Ontario, OR
and their origins.

Species Common Name Origin Year
Eriogonum umbellatum Sulfurflower buckwheat Shoofly Road, Owyhee Co., ID 2004
Penstemon acuminatus Sharpleaf or sandune penstemon Bliss Dam, Elmore Co., ID 2004

Penstemon deustus  Scabland or hetock penstemon Blacks Cr. Rd., Elmore Co., ID 2003
Penstemon speciosus Royal or sagebrush penstemon  Leslie Gulch, Malheur Co., OR 2003

Lomatium dissectum Fernleaf biscuitroot Mann Creek, Washington Co., I[ 2003

Lomatium triternatum Nineleaf biscuitroot or Hwy 395, Lake Co., OR 2004
nineleaf desert parsley

Lomatium grayi DN} @ Qa oA aOdzh i NEWeiser R. Rd., Washington.CéD 2004

DN} &Qa f2YIl 4Adzy

2006 Postemergence Treatments

The lower 200 ft of the field was staked out to make-Wwide plots perpendicular to the forb

rows, crossing all seven species. Eight treatments including the untreated check were replicated
four times in a randomized compdeblock design (Table 2). Treatments were applied May 24,
2006 at 30 psi, 2.63 mph, in 20l@ere using 8002 nozzles with threezzles spaced 20 inches
apart. Plant injury in 2006 wastea visually on May 31, June Hxad June 30 with significant

plant injury (Shock et al. 2007b).

In 2006 the trial was irrigated very little because of ample rainfall. Very few plants flowered and
seed was not harvested in 2006.
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Spring of 2007

By March 30, 2007, it was difficult if not impossible to distinguish ang&# of the 2006
postemergence herbicide applications on any of the seven forb species. These observations
suggest that some degree of phytotoxic damage may be acceptable in establishing native forb
seed fields if effective weed control is achieved.

Tabk 2. Yield of two native forbs in response to postemergence herbicides applied on
March 20, 2009, Malheur Experiment Station, Oregon State University, Ontario, OR.
This was the third consecutive year these forbs received the same herbicide treatments.

Lomatium
Treatment Rate  Mode of action Lomatium dissectum grayi
Ib aifacre ----Ib/acre ----
Untreated - 83.4 32.6
Buctril 2.0 EC 0.125 foliar 83.3 20.8
Goal 2XC 0.125 foliar 88.0 28.2
Select 2.0 EC 0.094 foliar 78.1 38.2
Prowl H20 3.8 ( 1 soll 85.6 28.6
Caparol FL 4.0 0.8 foliar 66.1 27.8
Outlook 6.0 EC  0.656 soil 80.9 26.6
Lorox 50 DF 0.5 solil 104.5 31.2
LSD (0.05) NS NS

%applied with Herbimax adjuvant at 1 percent v/v.

2007 Postemergence Treatments

The same treatmengs in 2006 were applied again to the same plots on April 24, 2007. The
application specifications of 2006 were used in 2007. Plant injury was ratelyion May 1,
May 11, May 25and June 12 (Shock et al. 2008).

Drip irrigations were applied evetyo weeks starting on April 18nd ending on May 29 (total
of four irrigations). Each irrigation applied 1 inch of water.

Seed ofEriogonum umbellatum,dhstemon acuminatus, P. deusingP. speciosusvas
harvested by hand as the seed reached matUritg. seed was cleaned and weighedmatium
dissectum, L. triternaturandL. grayidid not flower in 2007.

2008 Postemergence Treatments

The same treatments as in 2006 were applied again to the same plots on March 13, 2008 (Shock
et al. 2009). The sanapplication specifications as in 2006 were used again in 2008, but the
application date was 72 and 42 days earlier than 2006 and 2007, respectively.

Drip irrigations were applied every twoeeks starting on April 5rad ending on June 24 (total of
four irrigations). Each irrigation applied 1 inch of water.

Seed ofEriogonum umbellatum, Penstemon acuamus, P. deustus, P. speciosuslLomatium

triternatum washarvested by hand as the seed reached maturity from the 5 ft of row across the
plot width. The seed was cleaned and weighedmatium dissectuandL. grayihad only a
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few flowers in 2008.

2009 Postemergence Treatments
The same treatments as in 2006 were applied again to the same plots on March 20, 2009. The
same application specifications ean 2006 were used again in 2009.

General Considerations

The focus of the evaluations was forb tolerance to the herbicides, not weed control. Therefore,
weeds were removed as needed in each year. In 2008 and 2009 the weeds of each species were
counted in each plot (data not shown).

For each species the effects of herbicides on plant stand and injury were evaluated independently
from the effects on other species. Treatment differences were compared using ANOVA and
protected least significant differe@s at the 95 percent confidence level (LSD (0.05)) using

NCSS Number Cruncher software (NCSS, Kaysville, UT).

Results and Discussion

All observations made on the herbicides tested are strictly preliminary observations. Herbicides
that were observed teldamaging to the forbs as reported here might be helpful if used at a
lower rate or in a different environment. The herbicides were relatively safe for the forbs in
these trials but they might be harmful if used at higher rates or in a different saWioonment.
Nothing in this report should be construed as a recommendation.

2008 Postemergence Treatments

Symptoms of herbicide injury were not observed on any of the plants in 2008 (Shock et al.
2009). Alltreatments were applied earlier in 2008 (Mat2) than in 2006 (May 24) or 2007
(April 24) (Shock et al. 2007b and 2008). The earlier application in 2008 occurred before many
of the forb species broke dormancy, with the exception oLtimatiums ThelLomatiumswere
observed breaking dormancy amouFebruary 29. In 2007, the treatments were applied when all
the forbs were actively growing and herbicide damage was associated with thadoiar
herbicides. The timing of future applications should be based on the mode of action of each
herbicide early applications for the sedictive herbicides (before weeds emerge) and later
applications for the foliaactive herbicides (after weeds emerge). Later applications of the
foliar-active herbicides might have resulted in foliar damage to the folvassbserved in

2007.

Although the seed yields were based on very small harvest areas, seed yields were substantial for
the five species with prolific flowering in 2008. There was no significant difference in seed

yield between the reapplied herbicideatments and the check eriogonum umbellatum,

Penstemon acuminatus, P. deusingP. speciosu$ 2008. For Lomatium triternatumseed

yield was reduced for the Bucftitreatment, despite the early application timing. Thenatium

spp. break dormacy early in the growing season, alndriternatumcould have been susceptible

at the March 13 application date. Buctril that had been applied later in 2007 also reduced seed
yield of L. triternatumthat year.
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2009 Postemergence Treatments

Following the March 20 application, no symptoms of herbicide injury were observed in 2009.
Root rot caused severe damage to plant stanBemdtemon acuminatasmdPenstemon

speciosus Penstemon deustus, Lomatium triternatmaidEriogonum umbellaturmroduced very

little seed in 2009.Lomatium dissectumnd Lomatium grayproduced seed in 2009 and there

were no significant difference in forb seed yield between any of the applied herbicide treatments
and the checkTable 2).

Summary
All the herbicides tested showed promise for seed production of most of the native species tested
in these trials. Phytotoxic symptoms were observed in 2006 and 2007, but symptoms were not

observed in 2008 and 2009 with earlier applications.

All seven species testeceve tolerant to ProWland OutlooR applied as poste mergence

treatments at the rate, timimgd soils used in these trials. All species were also tolerant to
postemergence applications of Seleat the rate, timingnd soils used in these trials. Pramd

Outlook are broadpectrum, soihctive herbicides that will prevent weed emergence during the
season. Select is a foli@ontact, grass herbicide. The use of these three herbicides may provide
the basis for an effective weed control program for ggeduction of these native species.

Further tests are warranted to describe the range of safety for these herbicides and whether or not
they have any undesirable interactions.
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Project Title: Characterization of &dGerminationRequirements for
ImprovedDirectseedingSuccess in £hangingClimate

Project Location: University of Idaho, Moscow, Idaho

Principal Investigator and Contact Information:
Anthony S. Davis
University of Idaho
PO Box 441133, University of Idaho
Moscow, ID 83844
208.885.7211, fax: 208.885.6226
asdavis@uidho.edu

Project Description:

The objectives of this study are to increase our understanding of the germination require ments of
two common native plants found in the Great Basin. Once germination is better understood, that
information will be used to egssess the early competitive ability of those species and b) ide ntify
potential manage ment outcomes (such as pelletizing seed for field application) which would
improve restoration successunding was received in March 2008. graduate studenEmily
Overton,was recruited to conduct this wostarting in August 2009She has been working on a
literature review and will be beginning controlledvironment studies witArte misia tridentata

in spring 2010.0lga KildishevgaMa s t studentswill be working with theSphaeralcea
munroanacomponent of this project.

Products:
We are currently working on optimizing a seed treatment protocol and container seedling
production protocol foEphaeralcea munroana

Funding from the Idaho Transportation Department is covering a graduate student stipend to
conducthalf of the research described in the scope of this project; the University of Idaho also
awarded an additional $12,000 towards the research focusgphaeralcea munroana

Presentations:

Davis, Anthony S.; Herriman, Kayla R.; Dumroese, R. Kasten. Container production of
Wyoming big sagebrush for Great Basin restoration: greenhouse and field effects. Great Basin
Native Plant Selection and Increase PcoAnnual meeting. March 31, 2009; Boise, ID.

Publications:

Herriman, KR. 2009. Wyoming big sagebrush: efforts towards development of target plants for
restoration. Moscow, ID: University of Idaho. 70 p. Thesis.
http://lwww.treesearch.fs.fed.us/pubs/33481

113



Project Title: Development of Germination Protocolee&s\Weight,
Purity and Seed Conditioning/Cleaningpkcols for
Great BasirGrasses and Forbs

Project Location: USDA Forest Srvice National Tree Seed Laboratory,
Dry Branch, GA

Principal | nvestigators and Contact Information:
Robert Karrfalt , Director
USDA-FS National Tree Seed Laboratory
5675 Riggins MillRoad
Dry Branch, GA 31020
478.751.3551, fax: 478.751.4135
rkarrfalt@fs.fed.us

Victor Vankus, Botanist
USDA-FSNational Tree Seeldaboratory
5675 Riggins MillRoad

Dry Branch, GA 31020

478.751.3551, fax: 478.751.4135
wankus@fs.fed.us

Project Description:

The National Tree Seed Laboratory is developing seed cleaning, testing and storage protocols for
the species selected for the Great Basin Native Plant Selection and Increase Project. The NSL
has a complete range of seed cleaning equipment so that manimulaf raw seed of almost any
species can be performed in order to produce clean seed of high viability. Germination is tested
over a range of temperatures and the data analyzed by response surface analysis to find the
optimum combination of light and teperatures for optimum germination. Seed storage studies

are done using the new technology of equilibrium relative humidity (ERH) to assess seed
moisture conditions. Training and information is also offered in workshops and conference
presentations.

Management Applications: How can land managers, seed producers or others use the results?

Products:

Seed Moisture

The relative humidity that a seed equilibrates with can be measured and used to determine if the
seedds moi st ur e esemngseed viahility instorgg@raditionally this vwas

done by oven drying methods grehen possibleelectronic meters that were calibrated with

oven moisture content measurements on clearsségath methods presented a number of
challenges and cdadibe expensive. The relative humidity method can be done on any seed in
any state of preparatipirom raw seed just off the plata highly cleaned seed. A relatively
inexpensive electronic hygrometer was adapted to do this moisture test. Seed wdrkers
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easily and accurately able to assess seed moisture in any stage of handling the seed in order to
preserve its viability.

PrechillRequire mentsvere explored foAchnatherum hymenoidg3enstemon acuminatuB.
deustusandP. specioss Chilling for up to 60 days produced little or no germination.

Therefore, dormancy is clearly very deep in all these species and likely variable among seeds
within a single seed lot. In the coming year, longer chilling periods will be tried, and in
conjunction wih scarification, artifi@al agingand re peated cycles of warn and cold
temperatures. Use of these species for restoration might be limited until workable dormancy
breaking procedures are determined.

Seed storage

Wyoming big sagebrusseed lots stored sealed 6milpoly bags or foil laminated bags were

tested for germination after 29 months of storage. These bags are moisture proof and will
maintain the initial ERH for the seeds. The results are summarized in Figure 1. The highest
viabilities were maitained using2®C, 30% ERH and foil laminate bags. Little loss of viability

was observed when storing seeds under these conditions. Cleaning the seeds to high purity also
appears to be beneficial to preserving viability in sealed moisture proof bagsatQhé driest

and coldest treatment was a useful amount of germination preserved in low purity seed lots.

Wyoming big sagebrush seed usually dies after a few years when using conventional warehouse
storage methods, but this study appears to be indg#tat the seed of this species, after drying

to an ERH of 30%, might store long term in moisture proof containe®)4E. As this species

is being reduced in range and abundance by wildfires of the recent decades, long term seed
storage could be akition for preserving seeds for post fire restoration and genetic preservation.
Many seed sources could be stored in a relatively small freezer space if cleaned to high purities.
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Figure 1 Average germination for five lots of Wyoming big sagetirseed after 29 months of storage at
17 ERH (equilibrium relative humidityjemperature combinatioris 6mil poly bags or foil laminate
bags.

Presentations:
A report on Wyoming big sagebrush seed storage 15 month data was given at the Western Forest
ard Conservation Nursery Association meeting in Moscow 1D July 18, 2009.

Karrfalt, Bob. Developing Seed Technologi€eat Basin Native Plant Selection and Increase
ProjectAnnual Meeting.March 31, 2009Boise, ID.

Karrfalt, Bob. Using EquilibriunRelative Humidity (ERH) as Guide in Storing Native Plant
SeedsDeveloping a Successful Nativdaiat ProgramWorkshop April 1-2, 2009;0ntario, OR.
Poster.

Karrfalt, Boly Shaw, NancyLong term storage for Wyoming big sage bruskveloping a
SuccessfuNative Fant ProgramWorkshop April 1-2, 2009;0Ontario, OR. Poster.
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Project Title: Development of Procedures to Brea@rancy in
Lomatium dissecturBeeds

Project Location: Department of Biology, Boise State University, Boise, ID

Principal Investigator and Contact Information:
Marcelo D. Serpe,Ph.D., Associate Professor
Department of Biology
Boise State University
Boise, ID 837251515
208.426.3687, fax: 208.426.4267
mserpe@ boisestate.edu

Project Description:
One of the objectives ahe proposal was to investigate the effect of plant growth regulators on

embryo growth and germination bf dissectunseeds. The hormone treatments tested did not
replace the requirement for cold stratification nor did they promote embryo growth wider c
conditions. On the contrary, application of gibberellic acid at 3 mM reduced embryo growth
under cold conditions and increased the cold period required for germination (Samlten
others2009).

A second major goal of the grant was to compare the stratification requirements of different seed
populations. We studied eight different populations, four populatiohs difsectunvar.

dissectunand four populations df. dissectunvar. multifidum Seeds of vardissectunwere

collected from moissites in the Willamette Valley, Oregowhile those of varmultifidumwere

from semiarid environments in eastern Oregon and southwest Idaho. Olvedékectunvar.
dissectunseeds had longer cold stf&ation require ments than those lofdissectum var.
multifidum(Scholtenand other2009). At present, it is not clear whether these differences reflect
genetic differences between the populations and/or differences in environmental conditions
during sed developmentindependent of the factors involved, the shorter stratification
requirements for seeds from the drier sites may provide an ecological advantage. Seeds of
varietymultifidumwere from sites where the growing season is relatively shortaltie dry

summer conditions. For these seeds, the shorter stratification results in early germination, which
extends the growth period allowing the seedlings to photosynthesize and accumulate reserves
until the dry summer.

In addition to investigatette cold stratification requirements of different seeds populations, we
have analyzed possible variations in stratification requirements between seeds collected at one
location in different years. This analysis was conducted withmaltifidumseeds codicted in

2005 and 2007 at Harper, ORn both the greenhouse and field experiments, the 2005 seeds
required more hours of stratification than the 2007 seeds (Fig. 1). Seeds were collected from the
same population; consequently, it is unlikely that tfieedences were attributed to genetic

variability among the seeds. Also from the time of harvest to the initiation of the experiments,
the seeds were in storage for approximately the same peuigdesting that differences in the

degree of dormancy cannio¢ attributed to disparity in the age of the seeds. The difference in
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stratification requirements may reflect differences in environmental conditions during seed
development, which can alter the degree of seed dormancy. Precipitation data from weather
stations within a 50 km distance from the collectionsite (MalR 4 3 U 596 N, 117U 1
FalOR 430U 596 MnpdOwyheeDarmDR7843 W 396 N, 117U0 1506 W)
the time of seed development, May and June, the precipitation was md@5 than in 2007,

78.2 £ 25 and 27.2 + 10 mm, respectively (Oregon Climate Service). In species from various

families, water deficits during seed development result in less dormant seeds. Perhaps, this
phenomenon also occurslindissectum Underthis scenario, the seeds that developed during

the spring of 2007 would require less stratification than those that developed during the moister

spring of 2005, which would account for the results observed.

Figure 1. Relationship between stratification hours and germination under field and growth chamber
conditions. ( 3006 ;Fi(ed)d qroowdtilt icomasmioesr OB ;s €éeds: (1
growth chamber 07 seeds. The stratification hour®wufield conditions were estimated from hourly
measurements of soil temperature assuming that stratification occurred at temperatures between 0 and 10

°C. Meant s.e. of ten replications with 50 to 60 seeds per replication.

In addition to the experimentiescribed above, we are currently conducting two related studies.
One is aimed at characterizing changes in the physiology of the embryo during cold stratification
and the second intended to analyze the degree of genetic differences among and \wéhin t

eight populations studie d-or the first project, we have investigated the desiccation tolerance of
embryos after various lengths of cold stratification. Our results indicate that at late stages of
embryo growth within the seeds the embryos lose tiesiiccation tolerance (Fig. 2). We are
presently investigating the extent to which the surviving seeds enter secondary dormancy. For
the second project, we have placed in stratification seeds from 30 different plants from each of
the eight populationsThe seedlings will be used to study genetic diversity by allozyme
electrophoresis as described in the proposal.
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