
REQUEST FOR PROJECT RENEWAL
NUMBER:  WCC-91

TITLE:   Improving Stress Resistance of Forages in the Western United States

DURATION:  Five years, 1 October 1999 - 30 September 2004

DESCRIPTION AND JUSTIFICATION:
Rangelands of western North America are valued a prime source of grazing and habitat for livestock and wildlife as well as for their watershed, aesthetic, and recreational qualities.  Rangeland environments are extremely variable, and plants are often subjected to severe water deficits and other abiotic and biotic stresses.   Although the condition of western rangelands has improved during the last 100 years, mismanagement has left nearly 50% of this vast resource in poor to very poor condition.  Less than 20% of the area is classified in good condition or is producing within 60% of its natural potential.   Environmental pressures to restrict livestock grazing on public lands have fueled interests in research to maximize the potential of private lands.  The value of both private and public grazing lands can be improved through better management systems as well as through breeding genetically improved cultivars of grasses and forbs.  Research to achieve these goals requires meaningful interactions among geneticists, plant breeders, physiologists, educators, and user groups.  

Feeding  harvested hay to livestock during the late fall and winter has been a common practice for over a century in the temperate regions of the United States and Canada.  During the last decade, however, economic trends have forced the cost of hay to levels where it is no longer cost-effective for many livestock operations.  A logical alternative for reducing the cost of feeding livestock is to establish perennial plants on irrigated and dryland pastures that possess the forage characteristics to extend the grazing season and decrease our dependence on harvested forages.  In preliminary trials, grasses of the  Leymus and Elymus genera have demonstrated potential for grazing during the late fall and winter.  Because of their relatively tall stature, many of these grasses protrude above the snow, and their leaves appear to have better curing qualities than many other temperate grasses.  

OBJECTIVES:  

1. Exchange research approaches and results relating to the physiology, genetics, and breeding of stress resistance in forage species.

2. Identify forage species, cultivars, and experimental lines with potential to extend the livestock grazing season during the late fall and winter.

3. Encourage adoption of research findings into more appropriate management systems on western grazing lands.

4. Exchange information in a timely fashion on the availability and adaptability of new germplasm and cultivars of forage species.

EXPECTED OUTCOMES:
Cooperative research and exchange of ideas and expertise stemming from this WCC proposal are expected to achieve specific goals relating to identification and development of improved plant germplasm, more efficient management of western grazing lands, and more effective transfer of information to user groups.  The proposal directly relates to the following five of the top seven rankings of ESCOP initiatives established by the Western AES Directors:  1) conserve and enhance air, soil, and water resources; 2) develop integrated and sustainable animal production systems; 3) protect plants for sustained productivity; 6) develop alternative plant management systems; and 7) use genetics to improve plants for the 21st century.  Most of the stresses affecting forage plants, such as extreme temperature, drought, wind, soil salinity and alkalinity, insects and diseases, and grazing are common to all states in western U.S.  Substantial amounts of genetic resources of both grasses and legumes are available through representative agriculture experiment stations and USDA agencies in the region.   The proposal will provide a mechanism for exchange of scientific technology, expertise, and germplasm as well as collaboration on research projects which will lead to more efficient development, evaluation, and application of these genetic resources to the solution of common management problems.  

The committee has recently planned and established a multi-state research program to evaluate the potential of several forage species to provide grazing for livestock and wildlife during the late fall and winter.  The goal is to reduce costs associated with production and storage of hay in western livestock operations.   Other cooperative research involving members of the committee relates to the evaluation and development of alfalfa germplasm for grazing under dryland conditions in the West.  Cooperative interactions also are underway to determine the physiological basis for persistence of alfalfa and other legumes under grazing in semiarid environments.  Results from these research projects will be published in scientific and popular outlets. Active interchange of ideas and expertise relating to a wide range of issues associated with the improvement of western grasslands is a regular occurrence at each committee meeting.

EDUCATIONAL PLAN

The WCC-091 project is composed of scientists with research, teaching and extension appointments. The integration of Extension faculty into WCC-091 provides the unique opportunity to effectively transfer and disseminate forage research results directly to clientele.  During the annual meeting discussions involve the utility of incorporating new and current findings into new and existing educational forage programs. Both individually and through cooperative efforts extension programs, based on WCC-091 results, are provided to the public through field days, reports, popular articles, and other publications. Directly or indirectly all members of WCC-091 support extending quality information on forages to traditional producers and new partners.  The new WCC-091 project captures and capitalizes on the expertise and cooperation among its members.

PARTICIPANTS:
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SPECIALIZATION
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Asay, K.H.

USDA-ARS, Logan, UT

Forage Breeding, Genetics
100
0
0

Cash, D


Montana State University
Extension, Forages

0
100
0

Delaney, R.H.

University of Wyoming

Forage Physiology

34
33
33

Ditterline, R.L.

Montana State University
Forage Breeding, Genetics
70
0
30

Fransen, S.C.

Washington State University
Extension, Forage Management
60
40
0

Griggs, T. C.
Washington State University
Forage Physiology
0
100
0

Groose, R. W.
Univ. of Wyoming
Forage Breeding, Genetics
58
0
42

Hafercamp, M
USDA-ARS, Montana
Forage Agronomy
100
0
0

Hannaway, D. B.
Oregon State Univ.
Extension, Forages
.39
35
26

Johnson, D. A. 
USDA-ARS, Logan UT
Forage Physiology
100
0
0

Koch, D. W. 
Univ. of Wyoming
Extension/Research, Forages
0
67
33

MacAdam, J. W.
Utah State Univ.
Forage Physiology
75
0
25

Morgan, J. A. 
USDA-ARS, Ft Collins, CO
Forage Physiology
100
0
0

Pearson, C
Colorado State University
Forage Physiology
100
0
0

Ray, I. M.
New Mexico State Univ.
Forage Genetics
70
0
30

Smith, S. E.
Univ. of Arizona
Forage Genetics, Legumes
70
0
30

Teuber, L. R. 
Univ. of California-Davis
Forage Genetics, Legumes
100
0
0

_________________________________________________________________

OPERATIONAL STRUCTURE
Chairperson - Responsible for coordinating annual meeting, including general meeting

        agenda, reports, meeting facilities, and notification of members.

Vice-Chair -  Assist Chairperson in carrying out responsibilities in coordinating annual

        meetings.

Secretary -  Take minutes, prepare annual report, and send to Administrator Advisor

SIGNATURES:
_______________________________
______________________

Administrative Advisor
Date

_______________________________
_______________________

Chair Western Directors Association
Date


ACCOMPLISHMENTS

Period:  March 1996 though February 1999


WCC-91
Title:  Improving Stress Resistance of Forages in Western U.S.

Accomplishments:
Objectives of the project were to: 1) Identify forage resources that will more efficiently achieve goals of sustainable agriculture in abiotic and biotic stressed environments; 2) Exchange information on the availability and adaptability of new forage resources; 3) Encourage immediate adoption of new stress-tolerant genetic resources into the appropriate environments and management systems; and 4) Exchange physiological and genetic research protocols and expertise to improve stress resistance and management of forage species.

Substantial progress has been made towards achieving the project objectives.  Multi-authorship of publications (see attached) reflects cooperative development of research approaches, sharing of germplasm resources, and exchange of expertise and other pertinent information.  Attendance at the annual meetings has increased over previous years with most states represented with at least one participant, and useful interactions were maintained with members not in attendance.  Scientists outside of the western region have contributed to our efforts, and in 1998, our meetings were held back to back with another forage work group to facilitate joint attendance.

Because of its central location, our three annual meetings were held in Salt Lake City, Utah.  A four-location cooperative research project has been initiated, and interaction among committee members was instrumental in projects to develop improved germplasm and management procedures to deal with stress related problems.   The committee was involved in the following broad areas of research.

Salinity stress
Arizona - A nondormant alfalfa population derived from two cycles of selection for improved forage yield with saline irrigation in the greenhouse has been released for evaluation.

Montana - A recurrent selection program is underway to improve the salinity tolerance in alfalfa.   Initial screening has been accomplished in the greenhouse; however, preliminary  results indicate that evaluation of plants in saline seeps may be effective in improving salinity tolerance in alfalfa.

New Mexico - Research is in progress to genetically engineer alfalfa for tolerance to high osmotic stress.  Selected populations are expected to withstand higher levels of salinity in irrigation water.

Utah - Breeding populations of Russian wildrye, meadow brome, RS hybrid (NewHy), and alfalfa are being screened in the greenhouse for increased tolerance to salinity.  Cooperative work is progressing with Agriculture Canada (Swift Current, SASK) to increase salinity tolerance of the RS-H and NewHy populations.

Temperature stress
Committee - Field trials have been established at four locations in Wyoming and Montana to evaluate the potential of several perennial grasses as a source of forage during the late fall and winter.  Plots are being monitored for forage yield and quality  from November until March.

Wyoming - Studies have determined that stockpiled hay in rows or bales is a potentially valuable source of forage for livestock in native meadows during the fall and winter.   Russian wildrye in combination with legumes and corn for grazing also has shown promise.   Work was continued to evaluate and develop reseeding annual medics that are adapted to winter wheat rotations similar to those used in  Australia.   The goal is to identify and develop  medics that are vigorously self-regenerating, strongly competitive with weeds, good nitrogen fixers, winter hardy, and that produce abundant high quality forage and set prolific seed by early July.

Water stress
Arizona - Traits associated with improved persistence and stress tolerance in alfalfa are being studied in alfalfa.   Survival under stress is generally associated with more conservative growth , especially under cool temperatures and short day lengths.  Alfalfa plants selected for forage yield after subjection to drought during mid-summer had higher levels of total nonstructural carbohydrates in crown tissues.  Crown tissue of alfalfa died when its moisture content fell below 42%.

New Mexico - Genetic variability for drought stress, forage yield, morphological traits, and forage quality is being characterized in nine alfalfa populations.  Nearly 150 dormant and non-dormant alfalfa cultivars are being evaluated for yield potential under reduced levels of irrigation.  The relationships between canopy color, drought  stress, and forage quality are being investigated.

Utah - Low maintenance grasses are being developed for turf, roadsides, and related applications in water-limited environments.  The cultivar >RoadCrest= was released in 1998.  As the name implies, this rhizomatous cultivar is recommended for use along roadsides in temperate semiarid environments.   The relationship between carbon-isotope-discrimination (CID) and water-use efficiency (WUE) has been studied in range grasses and alfalfa.  The nature and magnitude of genetic variability indicates that substantial genetic progress can be achieved for WUE in crested wheatgrass.  Growth and quality responses of range and pasture grasses and legumes to variable levels of water stress have been studied   Genotype X irrigation level interactions are of major interest. 

Grazing stress
Arizona - Heavily grazed populations of sideoats grama had substantially less genetic variation for traits associated with grazing tolerance than their counterparts subjected to less intense grazing pressure. 

Colorado - Field and growth chamber studies have been conducted on primarily perennial forage grasses of the shortgrass steppe, an important grassland of eastern Colorado.  The objective of these studies is to determine how global climate change and defoliation impact the stress resistance and physiological responses of indigenous as well as introduced forage species.  The results suggest that in future CO2-enriched atmospheres, perennial grasses will experience less soil water stress due to enhanced water use efficiency under elevated CO2.  This may increase forage production, especially for legumes like alfalfa which seem to respond more to increasing CO2 compared to grasses.  Forage grasses will likely have less N concentration under elevated CO2, suggesting a decrease in forage quality, and an increased need for forage legumes and/or N supplements in the future.  The results also suggest that defoliation which occurs under moderate cattle grazing intensity has no significant impact on seasonal photosynthesis of shortgrass steppe vegetation in Colorado.  Similar results were found for the northern mixed prairie in Wyoming.

Idaho - Plant-animal interactions are being studied are being studied in pasture settings.  Seasonal fluxes in environment, pasture growth rate, trends inlivestock demand, and management strategies under intense grazing are of interest.  Tiller density is more closely associated with forage yield than individual tiller weight in cool-season grasses under grazing pressure.  Perennial ryegrass has greater tiller density than orchardgrass and tall fescue.  Tiller density is higher in the spring than later in the season.

Montana - Twenty-five forage species have been established in a nursery and three species were established  7.5-acre pastures for  evaluation in grazing trials.  Productivity and spreading ability of Japanese brome, an invading annual grass,  is under investigation

Utah - Breeding programs were continued to develop improved germplasm and cultivars of alfalfa, sainfoin, and native and introduced perennial grasses for grazing on semiarid rangelands.  Several new cultivars have been released in recent years.  Beeding programs have been initiated to develop improved cultivars of perennial ryegrass, orchardgrass, meadow brome, and endophyte -free tall fescue for irrigated pastures in the Intermountain Region.  Populations of birdsfoot trefoil and kura clover are being screened for adaptation to irrigated and dryland pastures.

Biotic stress
Colorado - Forage species and cultivars are being screened  for resistance to stem nematode.

Montana - A recurrent selection produced has produced aAlfalfa populations that are resistant to Phytophthora root rot and Verticillium wilt.  These experimental strains are being entered into a statewide program for possible cultivar release.  Selection based on degree of vegetative spread, forage yield, absence of disease, and seed yield has been initiated in meadow brome breeding nurseries.  Breeding work has been continued to improve seedling establishment characteristics in beardless and Altai wildrye.

New Mexico - Backcrossing and molecular procedures are being employed to transfer glandular hairs  to cultivated alfalfa from its wild diploid relatives.  Glandular hairs are associated with resistance to the alfalfa weevil.

Other stress associated activities
Colorado - A wagon wheel study is being employed to evaluate responses of grass and legume cultivars to different  levels of competition.

Idaho - Work is progressing with producers to develop an export market for Timothy hay.

Montana - An on-farm trial is underway to evaluate forage quality of forage crops.

Multiple States - Carbon-flux studies are contributing to broad research program to determine the carbon budget for the world.   Results have determined that rangelands are a large carbon sink, but less than forest lands.

Oregon - Work is progress with the Oregon Seed Council to apply information from GIS technology, soil surveys, and other data bases to determine worldwide adaptation of different forage grasses and legumes.  The goal is to improve marketing of forage seeds worldwide without the necessity of testing at all locations.  A web site is under development for the WCC-91 Committee that will be linked into the Forage Information System.

Utah - High sulfate irrigation water, produced from cooling towers of electrical generation plants, was found to adversely affect root morphology and development in alfalfa.  An evaluation and selection program is in progress to identify and develop improved germplasm for reclaiming areas disturbed by military training activities.  Germplasm collections from China, Mongolia, and other parts of the world have contributed to the resources of the National Plant Germplasm System.

Washington - Technology is being developed to produce grass silage that is safe for dairy animals from fields that have been heavily fertilized with nitrogen.

Wyoming - Austrian winter peas grown in rotation with winter wheat were found to produce significant amounts of forage without negatively impacting wheat yields.  Work is in progress to develop an alfalfa population that does not express photorespiration.   Screening is underway in an F1 population from a cross in which one parent did not exhibit this photosynthetic pathway.

Work was continued to evaluate and develop reseeding annual medics that are adapted to winter wheat rotations similar to those used in  Australia.   The goal is to identify and develop  medics that are vigorously self-regenerating, strongly competitive with weeds, good nitrogen fixers, winter hardy, and that produce abundant high quality forage and set prolific seed by early July.

Grass meadow hay is an important source of winter forage for intermountain livestock producers.  The expense associated with producing hay in these meadows is one of the single largest costs in producing livestock in the region.  Windrowing of meadow forage and grazing of the windrows during the winter months has been practiced as an alternative to making and feeding hay.  Meadow forage was windrowed in early August, 1997, at two locations in Southeast Wyoming.  At one location (Sims), hay was stored loose in the meadow.  At the other site (Nunns), hay was packaged in large round bales and removed from the meadow.  Windrows remained in the field and were sampled monthly until December 1997, when they were grazed.  At one location (Nunns), animal weight and body condition changes were monitored in cattle grazing windrows, as well as cattle fed hay.  There were no differences (P>0.05) between windrows and hay in crude protein, neutral-detergent fiber, animal weights or body condition.  Windrowed forage had greater (P<0.05) dry matter losses.  At one location acid-detergent fiber (ADF) content of windrow forage was greater (P<0.05) than that of hay, but at the other location there was no difference in ADF (P>0.05).

