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INTRODUCTION

Staffs of the Columbia Basin
Agricultural Research Center
(CBARC-Oregon State University [OSU],
Pendleton and Sherman Stations) and the
Columbia Plateau Conservation Research
Center (CPCRC, USDA-Agricultural
Research Service [ARS], Pendleton) are proud
to present the results of their research. This
bulletin contains a representative sample of
the work in progress at these centers. A
collection of bulletins over a 3-year period
will give a more complete assessment of the
productivity and applicability of research and
education. Changes in staffing, programming,
and facilities at these centers during the past
year are summarized below.

recognition of superior effort for guiding,
coordinating and creativity in remodeling the
sample preparation and electronics laboratory
in the Office Annex. Bob Correa received an
award for superior effort in developing and
testing a no-till seeder residue management
wheel. Dale Wilkins was awarded a certificate
for excellence in leadership from the staff at
USDA-ARS. Rich Greenwalt and Patricia
Frank received awards for extra effort during
the Administrative Officer transition. Kevin
Collins and Terry Starr received awards for
outstanding work performance. The National
Society of Professional Engineers honors Dale
Wilkins by selecting him as Engineer of the
year for the Agriculture Research Service.

Promotions and Awards

Staff Changes

Dr. Dan Ball was nominated by the
Oregon Wheat Growers League for a national
research award from the National Association
of Wheat Growers. OSU and USDA have a
cooperative public relations program and enter
a float in the Dress-Up Parade that is held
each year in conjunction with the Pendleton
Round-Up. This year the float won the
second place award and honored the Main
Street Cowboys, a local community service
group that celebrated its 50th anniversary in
2000.

There were several important staff
changes at OSU this year. Dr. Richard Smiley
stepped down from the superintendent
position after 15 years of tireless service to the
research center and farmers in eastern Oregon.
He will be intensifying his activities in plant
pathology research and extension in eastern
Oregon. Dr. Smiley successfully combined
daily management of the research station
while maintaining a nationally recognized
plant pathology research program.
Dr. Steve Petrie was hired as the new
superintendent of CBARC and started in July
2000. Dr. Petrie earned his M.S. and Ph.D.
degrees in soil fertility and plant nutrition
from OSU in 1979 and 1981, respectively. He
was the soil fertility specialist at the
University of Idaho from 1981 to 1985, where
he conducted research on fertilizer
management for wheat and other crops. He
joined Unocal AgriProducts as an agronomist
in 1985 and headed Agronomic Services for

Within the USDA staff, certificates of
merit were given to Scott Oviatt, Katherine
Skirvin, Stewart Wuest and Dale Wilkins for
outstanding work performance. Tami Johlke
received an award for exceptional
organization of the numerous runoff and
erosion samples collected over the past 3
years. Katherine Skirvin, Chris Roager,
Stewart Wuest, Clyde Douglas, Bob Correa
and Scott Oviatt received awards in
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Unocal until 1998, when he became Manager
of Sales and Marketing for a Division of
Martin Marietta Technologies. Dr. Petrie will
be conducting research on nutrient
management for small grains.

data, including grain yields, fertilizer and
pesticide applications to make financial
comparisons and analysis of sustainability for
both the existing agricultural systems and the
developing soil and water conservation
systems.

Ms. Jennifer Humphreys and Ms. Ruth
Whittaker joined the OSU team working in
the plant pathology program for Dr. Richard
Smiley. Ms. Humphreys has B.S. degree in
Crop and Soil Sciences from OSU and Ms.
Whittaker has a M.S. degree in botany from
North Carolina State University. Ms.
Humphreys worked for the plant pathology
program last summer.

Linda Baugh was selected in April
2000 for the Pendleton and Burns, OR,
administrative officer position. Linda has
served as a personnel specialist and as an
administrative officer for the USDA, Forest
Service.
The temporary hydrological technician
position held by Dave Robertson was
converted to a permanent position in October
2000. Dave graduated from Washington State
University with a B.S. degree in Geology.

Mr. Jason Patmore joined the weed
science program of Dr. Dan Ball; he has a
B.S. degree from the University of Manitoba.
Temporary employees in the OSU
programs included Alec Bailey, Jan Bailey,
Maggie Campbell, Juan Cante, J. Francisco
Contreas, Brian Currin, Joel Currin, Shannon
Duff, Jeremy Gregory, Shawn Hachquet,
Andrea Haley, Jennifer Haley, Katherine
Hallman, Allison Hanks, Bryce Herinckx,
Melissa Johnson, Ruby McRae, Matthew
Millar, Russell Montgomery, Scott
Montgomery, Martin Murtishaw, Shawn Pace,
Justin Richards, Arran Robertson, Nicholas
Sirovatka, Arnie Spratling, David Sullivan,
Shirley Taylor, Dean Young, Hannah Webb,
Ryan Wuest, Amanda Wysocki, and Byron
Wysocki.

Stephanie Boyle, a Whitman College
Sophomore, was selected for the summer
intern position to study the impact of soil
management systems on soil microbiology.
Heather Bennett was selected as an ARS
research apprentice in June 2000.
Caitlin Collins, Kevin Collins, Matt
Hartzheim, Kate Holsapple, Melissa Johnson,
Tiah Paul, Angela Sallee, Christina Skirvin,
Terry Starr, and Sam Womack worked as
temporary employees during the summer and
school vacations. David Smith worked in the
microbiology program as a volunteer.
New Projects

There were several additions and
changes in ARS staff during the past year
(2000-2001). On January 3, 2001, Dr. Clyde
Douglas, Jr., soil scientist, retired after 38
years of Federal service.

Dr. Richard Smiley and the plant
pathology program expanded the survey of
root lesion nematodes to gain further insight
into population dynamics under different crop
rotations and tillage systems. This information
will be used to determine if large nematode
populations are actually associated with
reduced crop yields. Spring wheat varieties

In April 2000, Dr. Amos Bechtel,
agricultural scientist, was selected to fill a 2year Post-doc position. Dr. Bechtel will use
2

Dr. John Williams has begun work on
two cooperative watershed research projects.
These projects are designed to evaluate the
hydrologic and soil erosion responses to notill farming systems using a paired watershed
approach. In this type of research, the runoff
and erosion from two, similar watersheds are
compared. Because the size of the watersheds,
from 10 to 60 acres, the results from this
research are representative of what producers
could expect from farm-scale operations. Bill
Lorenzen and Clinton Reeder are the
cooperators in this new project.

with genetic resistance to root lesion
nematodes, cereal cyst nematodes, or
Fusarium foot rot were imported from
Australia and are currently being integrated
into field experiments to determine if they
have the potential to contribute new resources
of value to growers in the Pacific Northwest.
Dr. Steve Petrie will be initiating a soil
fertility/plant nutrition research program. His
work will examine the effects of nitrogen
fertilizer management on grain protein for
both wheat and barley. He will also be
investigating the effects of fertilizer sources
and placement on cereal yields.

Dr. Stewart Wuest has initiated a new
experiment designed to compare the soil
ecology of tilled and untilled cropping
systems. The objective is to understand how
tillage and surface residue influence crop
development, infiltration, soil biology, and
plant disease, and to use this knowledge to
make recommendations for optimizing
cropping practices.

The ARS re-evaluates its projects
nationwide on a 5-year, rotating schedule.
After gathering input from local producers and
other stakeholders, the ARS unit at Pendleton
wrote a new project plan to renew one of its
two projects. The new project is part of the
ARS National Project Soil Resource
Management (Number 202). More
information on this National Project can be
found on the intemet at the following location:
http://www.nps.ars.usda.gov/programs/progra
ms.htm?NPNUMBER=202.

Dr. Amos Bechtel has been examining
the effect of alternative cropping systems on
the profitability and financial risk associated
with conventional tilled and direct seeded
dryland crop production in the Pacific
Northwest.

One objective of the new research is to
identify the factors that will improve water
infiltration rates under certain cropping
systems. We will trace flow paths of water to
determine which soil physical and biological
factors (e. g., root pores, earthworm holes, soil
aggregation, surface residue) are critical to
reducing loss of water and soil. Another
objective is to identify microbial communities
formed under long-term cropping systems,
characterize select microorganisms, and
measure their carbon and nitrogen cycling
activity. The research will also evaluate
components of soil organic matter and their
relationship to soil quality.

Facilities and Equipment
There were a number of improvements
to the OSU facilities and infrastructure. We
purchased a pickup, a new trailer for
transporting a water tank, a sprayer system for
use in the greenhouse, 10 Binmaster boxes
with lids for grain handling, new computers
for the soil science, weed science, and plant
pathology programs, a metal-cutting band saw
for the shop, a slide projector, a digital
multimedia projector, a compact overhead
projector and a digital camera.
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Renovation of the soil and plant
sample preparation rooms and electronics
laboratory in the ARS Office Annex was
completed in 2000. Renovations included
new cabinets, counter tops, relocating drying
ovens, replacing doors, air-conditioning, and
additional electrical outlets. A Challenger
tractor, plot herbicide sprayer, automatic
runoff and sediment sampler, computer
network backup system, and microbiological
identification system were purchased with
special ARS funds.

Committees, and numerous research and
planning meetings.
Visitors hosted by the staff at the center
included:
Clinton Reeder, Pendleton, OR;
Lauren Lampertz, Skalar, Norcross, GA;
John Monagle, Simplot Soilbuilder, Umatilla,
OR;
Norman Sladen, FMC Corporation, Pleasant
Hill, CA;
Beth Harrington, Administrative Officer,
USDA-ARS, Corvallis, OR;
Alan Schlegel, Kansas State University,
Tribune, KS;
Johan Menting, Skalar, Norcross, GA;
Jim Cook, Washington State University,
Pullman, WA;
Jack Brown, University of Idaho, Moscow,
ID;
Herb Campbell, Canby, OR;
Fritz Hill, Pendleton, OR;
Brad Baugh, USDA-ARS, Nine Mile Falls,
WA;
Stuart Hall, Portland OR;
John Rickman, Portland, OR;
Larry Huss, Portland, OR;
Don McClave; Portland, OR;
Sho Dozonu; Portland, OR;
John Shepanek, Portland, OR;
Ruth Ann Dodson, Portland, OR;
Laura Imeson, Portland, OR;
Perry Miller, Bozeman, MT;
Vanessa Stewart, Development Officer,
Dryland Research Institute, Agriculture
Western Australia, Meredin, Western
Australia;
John Hui, USDA-ARS, Moscow, ID;
Dr. Edward Knipling, Associate
Administrator, and Joseph Garbarino, Budget
Officer, Budget and Program Management
Staff, USDA-ARS, Washington, DC;
C. Richard Amerman, Scientific Plan Advisor,
USDA-National Program Staff, Beltsville,
MD;

Training
OSU staff participated in the necessary
re-certification training to maintain the
appropriate pesticide licenses, first aid, and
CPR skills.
All USDA staff licensed to apply
pesticides completed re-certification training.
All staff received updates on cardiopulmonary resuscitation, first aid, ethics,
sexual harassment prevention, and civil rights
training. Judy Elliot, Amy Baker, Tami
Johlke, Katherine Skirvin, Dale Wilkins, and
Pat Frank attended a 1-day workshop on
Microsoft Office. Tami Johlke attended "How
to Build Powerful PowerPoint Presentations,"
a 1-day workshop. Daryl Haasch and Pat
Frank attended "Managing Multiple Projects,"
a 1-day workshop. Linda Baugh completed
weeklong courses on "Simplified Acquisition
Procedures," "Introduction to Federal
Contracting," and "LA/STEP," a personnel
training course. Judy Elliott completed
"Managing the Front Desk," a 1-day seminar.
Visitors
The Center hosted several special
events, including an OSU Cereal Research
Review, STEEP Technical Coordinating,
Industry Advisory and Administrative
4

Janet Tai, Area Engineer, USDA-ARS-Pacific
West Area, Albany, CA;
Neil Smith, Colby, KS;
Richard Krikava, Pendleton, OR;
Howard Thomas, Highland, UT;
Dennis McDonald, IBM, Kennewick, WA;
Mark Hodges, Oregon Wheat Commission,
Portland, OR;
Mike Spier, USW, Cairo, Egypt;
Mitesh Parec, Kabansor Millers LTD, Nairobi,
Kenya;
Abubakar Bakuresa, SS Bakuresa and Co,
Ltd, Dar-es-Salaam,Tanzania;
Sharon Hodges, Portland, OR;
Richard Hermens, Eastern Oregon University,
La Grande, OR;
Norman McKinley, Dupont, Salem, OR;
Austin McHugh, Campbell Scientific, Logan,
UT;
Jack Johnson, Weston, OR;
Bob Rost, Oregon State University, Corvallis,
OR;
Brad Brown, University of Idaho, Moscow,
ID;
Melissa Nartz, USDA-Natural Resources
Conservation Service, Pendleton, OR;
Carl Hawke, Brush Prairie, WA;
W. G. Homer, USDA, ARS, Administrative
and Financial Management, Beltsville, MD;
Ruth Whittaker, Blue Mountain Community
College, Pendleton, OR;
Leonard Jenner, Pendleton, OR;
John Lagerweg, Portland, OR;
Ray Denny, Umatilla Co. Soil and Water
Conservation District, Pendleton, OR;
Bob Adelman, USDA-Natural Resources
Conservation Service, Pendleton, OR;
Brady Miller, Astoria -Pacific International,
Clackamas, OR;
James Nobler, Hermiston, OR;
Mark Sherry, Walla Walla, WA;
Allen Ford, Prescott, WA;
Gregg Riegel, USDA-Forest Service, Bend
OR;
Students of Washington State University, Tri

Cities ES/RP 591 Watershed Science Class,
Richland WA.
Seminars
The 2000 OSU/USDA Seminar Series
at the Center was coordinated by Steve
Albrecht. Seminars included the following
speakers and topics:
Summary of Results from the CBARC
Agronomy Program, 1997-2000, Dr. Bill
Payne, agronomist, Columbia Basin
Agricultural Research Center, Pendleton, OR,
29 February.
Mineralizable Late Nitrogen on Vernalized
Triticale -- the Ramblings of an Extension
Agronomist, Dr. Russ Karow, Department of
Crop and Soil Science, Oregon State
University, Corvallis, OR, 3 March.
Dryland Cropping Systems Research, Dr.
Alan Schlegel, Kansas State University,
Manhattan, KS, 27 April.
Nitrogen Management of Irrigated Wheat, and
My Vision of the Role of the CBARC, Dr.
Steven Petrie, Martin Marietta Corporation,
Cincinnati, OH, 1 May.
A 1,300-Year Lake-Core Record of Dust
Deposition on the Columbia Plateau: Impacts
of Human and Natural Events, Dr. Alan
Busacca, professor, Crop and Soil Sciences,
Geology, Washington State University,
Pullman, WA, 16 May.
Senate Bill 1010 and How it Might Affect
Oregon Agriculture, Dr. Clinton Reeder,
Pendleton, OR, 23 May.
Managing Herbicide Resistant Weeds in
Australia, Vanessa Stewart, development
officer, Dryland Research Institute,

Agriculture Western Australia, Merredin, WA,
27 June.

George Canyon and other NRCS Activities,
Bob Adelman, USDA-Natural Resources
Conservation Service, and Ray Denny, Soil
and Water Conservation District, Pendleton,
OR, 28 November.

Crop Water Use, Soil Water Balance, and
Cropping System, Dr. Chengci Chen, faculty
research associate, Columbia Basin
Agricultural Research Center, Pendleton, OR,
24 August.

The Ecology and Biology of Raptors of the
Front Range of the Blue Mountains, Mr. Mike
Denny, USDA-Forest Service, Walla Walla,
WA, 7 December.

Weed Management with Herbicide Resistant
Field Corn, Dr. David Fischer, Department of
Agronomy, University of Wisconsin,
Madison, WI, 30 August.

Knowing your Local Landscapes, Dr. Donald
Wysocki, extension soil scientist, Columbia
Basin Agricultural Research Center,
Pendleton, OR, 14 December.

Agronomic Interactions, Economics, and Soil
Responses to Cropping Systems Featuring
Different Tillage, Rotations and Chemical
Inputs, Dr. Tawainga Katsvario, Cornell
University, Ithaca, NY, 5 September.

Farming Challenges in Western Australia,
Mary Corp, cereal crop agent, OSU Extension
Service, Umatilla Extension Service,
Pendleton, OR, 20 December.

Conservation Tillage Systems for Corn and
Soybeans, Dr. John C. Siemens, professor
emeritus, University of Illinois, ChampaignUrbana, IL, 27 September.

Liaison Committees
The Pendleton and Sherman Station
Liaison Committees are coordinated by
chairpersons Kay Simpson (Pendleton:
541-276-3507) and Ernie Moore (Moro:
503-565-3635), respectively. These liaison
committees provide insightful guidance and
recommendations on research directions,
staffing needs, and facilities and equipment
needs. These committees provide a crucial
communication link between growers and the
research community. We encourage you to
contact the liaison committee chairs with your
concerns and suggestions for improvements
regarding any aspect of the research centers.

Adventures and Work in South Africa, Dr.
Richard Smiley, plant pathologist, Columbia
Basin Agricultural Research Center,
Pendleton, OR, 13 October.
CSEPP, Cheryl Humphrey, public
information officer, Umatilla County
Chemical Stockpile Emergency Preparedness
Program, Hermiston, OR, 20 October.
Advances and Challenges in PNW No-Till,
Paul Rasmussen, soil scientist (retired),
USDA-ARS Pendleton, OR, 27 October.

Expressions of Appreciation
Fire and Agricultural Burning, Mark
Waggoner, producer, Touchet, WA; and Dr.
Walt Gary, county agent, Walla Walla Co.,
WA, members of the Washington Department
of Ecology Task Force on Agricultural
Burning, 15 November.

The staff wishes to express their
appreciation to individuals, associations, and
corporations who have given special
assistance for the operation of experimental
plots on or associated with the center during
6

Safeway, Sherman Aviation, Sherman High
School, Wasco Electric Coop., and WilburEllis.

2000-2001. The Oregon Wheat Commission
continued to provide crucial funding to the
OSU programs at the center and we gratefully
acknowledge their generous support. We
want also to express our sincere appreciation
to those individuals, groups and corporations
who provided additional equipment, supplies,
funds, and labor to help us carry out our
mission. These include Agrium, BASF Corp.,
Bayer Corp., Community Corrections WorkRelease Program, E.I. du Pont de Nemours,
FMC Corp., Richard Lieuallen, Monsanto
Co., Pendleton Grain Growers, Leonard
(Buckshot) Carter, Terry Mayberry, Richard
(Mac) McDonough, Rohm and Haas, Tom
Neidlinger, Paul Pargeter, Al Sartini, Stubbs
Seed Service, and Zeneca Ag Products.

Cooperative research trials at the
Center were operated by OSU scientists
Patrick Hayes, Chris Mundt, Russ Karow,
Neil Christensen and Jim Peterson and by
Washington State University, University of
Idaho, and ARS scientists including Joe
Yenish, Frank Young, Don Thill, and Kim
Campbell.
The local county agricultural agents
throughout north central and northeastern
Oregon have provided invaluable local
assistance in locating research sites,
coordinating activities with farmercooperators, and providing input to our
research programs. These tireless individuals
include Mary Corp, Tom Darnell, Jeff
McMorran and Don Horneck in Umatilla
County; Gordon Cook and Darrin Walenta in
Union/Baker/Wallowa Counties; Kathryn
Kettel and Larry Lutcher in Morrow County;
Sandy MacNab in Sherman County; Brian
Tuck in Wasco County; and Jordan Maley in
Gilliam County in Oregon. County
agricultural agents in Washington have also
been key members of our team and we wish to
thank Roland Sherman in Columbia County;
Bill Schillinger in Adams/Lincoln County;
Walt Gary in Walla Walla County; and John
Burns in Whitman County.

We want to express our appreciation
and thank those who donated labor, supplies,
equipment, or funds for the Pendleton Station
Field Day. These include Agri-Check,
American Cyanamid Co., Aventis
CropScience, Bank of the West, Bayer Corp.,
BASF Corp., Columbia River Bank,
Community Bank, E. I. du Pont de Nemours,
Farm Credit Service, FMC Corp., Inland
Chemical Service, Inland Empire Bank, Kuo
Testing Labs, Monsanto Co., Pendleton Bus
Co., Pendleton Flour Mills, Pendleton Grain
Growers, Pendleton Main Street Cowboys,
Pioneer Implement, Rohm and Haas, The
McGregor Co., UAP Northwest, Walla Walla
Farmers Coop., Western Farm Service,
Wheatland Insurance, and Wilbur-Ellis.

We wish to express special thanks to
the 39 farmers who allowed us to work on
their property during the past year (see
separate listing). They have performed field
operations, loaned equipment, donated
chemicals, forfeited yield, and adjusted their
practices to accommodate our experiments.
The locations of these off-station plot sites are
shown on the map that follows.

We also want to acknowledge and
thank the donors who provided buses, meals
and other services for the Sherman Station
Field Day at Moro, including: Columbia River
Bank, Farm Credit Services, Gustafson,
Klamath First Federal, Mid Columbia Bus
Co., Mid Columbia Producers, Monsanto,
Morrow County Grain Growers, Pioneer
Implement, Richelderfer Air Service,
7

We truly appreciate the support and
encouragement of growers, organizations, and
businesses with a mission common to ours: to
serve in the best manner possible the crop

production and resource conservation needs of
our region. We welcome your suggestions on
how we may continue to improve in our
endeavors towards reaching this goal.

Steven Petrie
Superintendent
OSU-CBARC

Dale Wilkins
Research Leader
USDA-ARS-CPCRC
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RESEARCH PLOT LOCATIONS
[ Eastern Oregon - Eastern Washington

•

Adams

Whitman

Counties

•

Off-Station Research Plots

ADAMS, WA
Curtis Hennings

BENTON, WA
Doug Rowell

GILLIAM, OR
Steve Anderson
Van Rietmann

MORROW, OR
Charlie Anderson
Doug Drake
Kelwayne Haguewood
Bill Jepsen
Chris Rauch

SHERMAN, OR
Chris Kaseberg

Benton

UMATILLA, OR
Anderson Land & Livestock
Elise Aquino
Dwayne Carroll
Larry Coppock
Berk Davis
Duff Ranches
Ascencion Ibarra
Maurice Johns
Robert Johns
Bryan Jones
Jim Lieuallen
Don Lieuallen
Robert Lieuallen
Russell Lieuallen
Bill Lorenzen
Frank Mader
Bob Newtson
Jeff Newtson
Dennis Rea
Tremayne Rea
Clint Reeder
Paul Reeder
Leon Reese
Tim Rust
John Thompson
Larry Williams
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UNION, OR
Rein DeLint
Rodney Case
John Cuthbert
Fred Wallendar

WALLOWA, OR
Kevin Melville
Kurt Melville
Tim Melville

WALLA WALLA, WA
Dwelly Jones

WASCO, OR
Stan Ashbrook
Jack Hay
John McElheran

RESEARCH CENTER PUBLICATIONS

Albrecht, S.L., W.F. Schillinger and C.L. Douglas, Jr. 2000. Soil microbial activity in
annual spring wheat and wheat-fallow rotations in the very low rainfall areas of the
Columbia Plateau. Oregon Agr. Expt. Stn. Spec. Rpt. 1012:24-28.
Albrecht, S.L. 2000. Soil amendments and microbiological effects. p. 63-67. Fresh
Perspectives, Proc. Pacific NW Vegetable Association Conference. Pasco, WA.
Albrecht, S.L., D.F. Bezdicek, M. Fauci, K.W. Skirvin and R.W. Rickman. 2000. Effects
of tillage on soil carbon in semi-arid cropland. Oregon Agric. Exp. Sta. Spec. Rep.
1012:14-18.
Albrecht, S.L., M. Fauci, K.W. Skirvin and D.F. Bezdicek. 2000. Organic matter
fractions from Pacific Northwest soils: depth and tillage effects. Oregon Agric. Exp. Sta.
Spec. Rep. 1012:19-23.
Albrecht, S.L., P.E. Rasmussen and D.E. Wilkins. 2000. Light fraction soil organic
matter in long-term semi-arid agroecosystems. Proc. International Soil and Tillage
Research Organization. CD-ROM.
Albrecht, S.L., P.E. Rasmussen, R.W. Rickman, C.L. Douglas, Jr. & D.E. Wilkins. 2000.
Carbon and nitrogen sequestration in long-term Pacific Northwest agroecosystems. p.
262. Agronomy Abstracts. ASA, Madison, WI.
Allen, L.H., Jr., S.L. Albrecht, W. Colon, S.A. Covell & J.T. Baker. 2000. Methane
emissions of rice as affected by carbon dioxide and temperature. p. 383. Agronomy
Abstracts. ASA, Madison, WI.
Alhnaras, R.R., H.H. Schomberg, C.L. Douglas, Jr. and T.H. Dao. 2000. Soil organic
carbon sequestration potential of adopting conservation tillage in U.S. croplands. JSWC
55(3):365-373.
Ball, D.A. 2001. Rye control with imazamox in herbicide-resistant wheat. West. Soc.
Weed Sci. Res. Prog. Rpt. 163.
Ball, D.A. 2001. Pacific Northwest Weed Control Handbook, 2001. Contributor.
Ball, D.A. and C. Mallory-Smith. 2000. Sulfonylurea herbicide resistance in downy
brome. Proceedings West. Soc. Weed Sci. 53:41-42
Ball, D.A., R.W. Smiley, D.J. Wysocki, and M.A. Stoltz. 2000. Conservation crop
rotations for dryland wheat in downy brome infested areas. Oregon Agr. Expt. Stn. Spec.
Rpt. 1012:29-38.
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Bechtel, Amos, and Mary Corp. Flexible Crop-Share Leasing Agreements. 2001.
<http://eesc.orst.edu/agcomwebfile/edmat/html/em/em8775/em8775.html> and Oregon
State University Extension Bulletin EM8775, March 2001.
Belnap, J., J.H. Kaltenecker, R. Rosenstreter, J. D. Williams, S. Leonard, and D.J.
Eldridge. 2001. Biological Soil Crusts: Ecology and Management. Technical Reference
1730-2, USDI, Bureau of Land management, National Science and Technology Center,
Information and Communications Group. Denver, CO. 119 pp.
Chen, C., R.J. Roseberg, D. Sugar, and J.S. Selker. 2001. Effect of microsprinkler
11:56-61.
irrigation on pear fruit growth and postharvest quality. HortTechnology
Chen, C., W.A. Payne, R. Smiley, L. Patterson, and K. Rhinhart. 2000. Effects of seeding
date on yield, water use, and disease of winter and spring wheat cultivars. Oregon Agr.
Expt. Stn. Spec. Rpt. 1012:39-45.
Douglas, C.L., Jr. and S.L. Albrecht. 2000. Bum or Bale: Effect on biomass and
nutrients. Oregon Agr. Expt. Stn. Spec. Rpt. 1012:46-50.
Hagerman, J. R., and J. D. Williams. 2000. Meander shape and the design of stable
meanders, in Proceedings of American Water Resources Association 2000 Summer
Specialty Summer Conference, International Conference on Riparian Ecology and
Management in Multi-Land Use Watersheds, 28-31 August 2000. Portland OR. 563-568.
Karow, R., E. Marx, S. McDonald, R. Bafus, M. Bohle, E. Eldredge, P. Hayes, J.
Peterson, G. Reed, C. Shock, and D. Smiley. 2000. Winter Grain Varieties for 2000.
Oregon Agr. Expt. Stn. Spec. Rpt. 775.
Karow, R., E. Marx, S. McDonald, R. Bafus, M. Bohle, G. Chilcote, R. Dovel, E.
Eldredge, P. Hayes, J. Peterson, G. Reed, C. Shock, and D. Smiley. 2000. Spring Grain
Varieties for 2000. Oregon Agr. Expt. Stn. Spec. Rpt. 986.
McDonald, S.W., R.S. Karow, E. Marx, L. Patterson, and R. Smiley. 2000. Statewide
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PROFITABILITY OF RESEARCH CENTER DIRECT-SEED
CROPPING SYSTEMS
Amos Bechtel
Introduction
During the last century there have
been changes in input costs, improved wheat
varieties, availability of chemicals to control
weeds, diseases, and insects, and changes in
precipitation patterns that suggest
elimination of summer fallow in the rotation
may increase the economic sustainability of
the farming operation and also reduce the
off-site affects of agricultural production.

There has been considerable interest
expressed in annual cropping in many
regions of traditional winter wheat-fallow
production as farmers are forced to find new
ways to improve the profitability of dryland
cereal grain production. Winter wheatfallow has been commonly used in the
Inland Northwest as a way to improve weed
control, smooth work-flow, stabilize year-toyear income, and conform to farm program
requirements (Young and van Kooten 1989).
Recently, however, changes have occurred
in cropping practices because of revised
agriculture policy, declining crop prices,
additional crop insurance options, and new
production technology. Changes also reflect
efforts to improve or maintain the
profitability of farm operations while
addressing environmental concerns and the
long-term sustainability of dryland wheat
production in the Pacific Northwest.

Chemical fallow has been suggested
a
way
to meet environmental targets
as
while retaining some of the benefits of
conventional summer fallow. Alternatively,
direct-seeded annual cropping may be an
alternative to summer fallow with potential
to increase profitability over a fallow system
while also meeting environmental targets.
Annual or flexible cropping systems are
being adopted as more efficient means to
match crops to weather or market
conditions, and provide soil, air and water
quality benefits (Rasmussen et al. 1998). A
flexible cropping system would include the
options of spring or fall-seeded crops with
the use of fallow if environmental conditions
did not warrant seeding.

There has been growing concern
among producers as to the economic
sustainability of dryland wheat production
under the traditional winter wheat-summer
fallow rotation in this region of limited
precipitation. Increasing competition for
export markets, changing input costs, and
the specter of increased concern over offfarm environmental impacts associated with
current production systems is leading
producers to search for alternatives that
might help mitigate some of these problems.

The objective of this paper is to
examine and compare the production costs
and profitability of direct-seeded winter
wheat-chemical fallow, direct-seeded annual
winter wheat, and direct-seeded annual
spring wheat based on the level of inputs
used and crop yields observed at the
Pendleton Agricultural Research Center,
Pendleton, Oregon.
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the crop yields per harvested crop acre for
each system in each of the last 3 years, 1998
through 2000, are shown in Table 1. Much
of the year to year variation in yields is due
to crop year precipitation and in particular,
May and June precipitation. The smaller
1999 crop yields in Table 1 reflect 1999
May-June precipitation of 1.25 inches which
is 35 percent below the mean of 1998 and
2000.

Data and Methods
The data used in this analysis were
generated on the Pendleton Agricultural
Research Center direct-seed plots. The
production systems examined are all directseed systems that include direct-seedsummer fallow or what is commonly known
as chem fallow (NTWWSF), direct-seed
annually cropped winter wheat (NTWW),
and direct-seed annual cropped spring wheat
(NTSW). The wheat was all soft white and

Table 1. Wheat yields under selected production systems at the
Pendleton Oregon Agricultural Research Center, 1998-2000.
Year

NTWWSF'
80 lb N/acre

1998

92

1999
2000

70

mean

NTWW2
100 lb N/acre
(bu/acre)
81

NTSW3
80 lb N/acre
62
42

100

62
71

88

71

53

55

1 NTWWSF (No-till winter wheat-chemical fallow)
2 NTWW (Annual cropped no-till winter wheat)
3 NTSW (Annual cropped no-till spring wheat)

As shown in Table 1, the mean
harvested crop yield was greatest for the
winter wheat-chemical fallow system but
crop yields are only part of the story. In
order to examine the relative profitability
of the three systems, the production
costs associated with each system must
be examined. The production costs are
developed for each system based on the
direct production costs as used on the
research center and the machinery costs
that would be representative of a 3,000crop-acre farm.

Enterprise budgets are used to
examine the profitability of each
cropping system. An enterprise budget
is an organization of revenues, expenses,
and profit for a single enterprise. In this
analysis, budgets are developed for the
direct-seed winter wheat-summer fallow,
direct-seed annual winter wheat, and
direct-seed annual spring wheat.
Enterprise budgets can be created for
many different levels of production, or in
this case, the actual production practices
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inputs such as labor, where a farmer may
not actually hire labor for a cash wage.

used in producing the plot yields. The
base unit of production is 1 acre and all
the budgets were created in a manner
that allows comparisons to be made
across systems.

In this analysis, the budgeted
costs include all production costs
excluding a land charge, management
charge, and overhead expense. The
equipment complement was developed
and costed-out as would be appropriate
for a farm of 3,000 acres. The reason for
the exclusion of a land charge is that
land can be difficult to value, and if the
land is owned, excluding this cost will
not affect the relative profitability of the
systems being compared. Crop-share
lease terms can affect the relative
profitability of the production systems,
but due to the great variation in lease
terms, will not be addressed here. While
an opportunity cost of management
would be appropriate to include, it is a
difficult cost to estimate and is excluded
from this analysis. Overhead is also
omitted from the enterprise budget for
many of the same reasons as land. By
definition, the overhead cost will not
vary by crop but it may vary greatly by
farm operation.

There are three components to an
enterprise budget: crop revenue, variable
costs, and fixed costs. Crop revenue is
equal to the crop yield multiplied by the
crop price. In this analysis, a wheat
price of $3/bu is assumed.
Variable or direct costs are the
next components of the enterprise budget
and include all inputs that vary with the
level of production. An example would
be the applied fertilizer. If the decision
was made to grow nothing in the field,
then no fertilizer would be applied and
no cost would accrue. Another example
would be tractor fuel. If the tractor is
not used to produce the crop, no fuel
would be used and again, no cost would
accrue.
The third cost category is fixed
or ownership costs. These costs accrue
even if nothing is produced. Examples
might be tractor depreciation or property
taxes.

One of the difficulties associated
with comparing the three cropping
systems is that the summer fallow
system uses 2 years to produce a crop, as
opposed to a single year for annual
winter or spring wheat. This affects the
calculations of profitability of each
enterprise in two ways. First, in the
fallow system, a crop is harvested off
each crop-acre only once every 2 years,
resulting in 50 percent fewer harvested
acres each year. Secondly, for a given
farm size, fewer harvested acres under a
fallow production system may increase
the fixed cost per acre due to fewer
available acres over which to spread the

The enterprise budgets are
"economic budgets" meaning that in
addition to cash expenses and
depreciation, opportunity costs are also
included. Typically, these costs would
include costs for operator labor, capital
used for variable costs, and capital
invested in machinery. The resulting
profit is an economic profit that provides
a return to all the resources used in the
enterprise. An economic profit allows
the comparison of enterprises that use
differing input levels, particularly for
18

Results

fixed costs such as machinery and taxes.
To address this problem, the profit per
harvested crop-acre in the summer
fallow rotation must be spread over 2
years. This is referred to as the
annualized return per acre and may be
directly compared to the profit per acre
of an annual crop.

Total specified production costs were
highest for the chemical fallow system at
$144/acre followed by the annual winter
wheat at $124/acre and annual spring
wheat at $96/acre (Fig. 1).

160
140
120
100
80
60
40
20

0
NTWWSF

NTSW

NTWW
Cropping System

['Fixed costs
gi Variable Costs

Figure 1. Variable and fixed production costs per harvested acre.
NTWWSF = Direct-seed winter wheat chemical fallow
NTWW = Direct-seed annual winter wheat
NTSW = Direct-seed annual spring wheat

Variable production costs differ
between systems primarily in fertilizer
and herbicide costs. A lower nitrogen
rate was used in the winter wheatchemical fallow than in the other two
systems and the annual spring wheat
required fewer and less expensive
herbicide applications. The variable
input costs by system are shown in
Figure 2.

The primary cost difference
between the winter wheat systems is the
level of fixed costs per acre (Fig. 1).
This difference is due primarily to the
fact that only half as many acres are
under crop in a given year and
machinery costs are spread over fewer
acres, if we assume total cropland acres
remain the same. The fixed costs for
annual spring wheat are nearly the same
as the annual winter wheat.
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Input
• Direct seed winter wheat - chemical fallow
o Direct seed annual winter wheat
Direct seed annual spring wheat

Figure 2. Variable production inputs by system.

Multiplying the mean crop yields
for the 1998-2000 crop years by a $3/bu
wheat price produces a mean gross
revenue per acre for each system.
Subtracting the total specified
production cost for each system from the
mean gross revenue results in the mean
return over total specified cost per acre.
We cannot use this number as is because
we are comparing a system producing a
crop semiannually with systems

producing annual crops. Because we are
measuring profit per acre per year, and
the winter wheat-chemical fallow system
produces a crop every other year, the
return over the specified costs must be
divided by two in order to annualize the
return. The annualized return gives a
different profitability ranking than the
raw profit data and is shown in Figure 3.
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NTWW/SF

NTSW
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Cropping System

Figure 3. Annualized return over specified costs for three cropping
systems.NTWWSF = Direct-seed winter wheat-chemical fallow
NTWW = Direct-seed annual winter wheat
NTSW = Direct-seed annual spring wheat
The annually cropped winter
wheat produces the greatest return over
winter wheat-chemical fallow primarily
due to the ability to harvest twice as
many crops per acre even though each
individual crop has a lower yield under
the annual system. The annual winter
wheat is more profitable than the annual
spring wheat primarily due to the higher
crop yields produced by the winter
wheat crop.

second harvested crop. While this
analysis has produced some interesting
results, it should be noted that only 3
years of crop yield data were available
for this analysis in only one location.
Additional research is needed to
determine the effect of these systems on
yields and production costs in other
locations over a longer time period.

Conclusions

Rasmussen, P.E., S.L. Albrecht, and
R.W. Smiley. 1998. Soil C and N
changes under tillage and cropping
systems in semi-arid Pacific Northwest
agriculture. Soil and Tillage Research
47:197-205.
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STATEWIDE CEREAL VARIETY TESTING PROGRAM
John P. Bassinette, Russell S. Karow, Scott W. McDonald, Karl Rhinhart,
and Richard W. Smiley
who process the grain, analyze data, and
provide results to extension agents, seed
dealers, agricultural field representatives,
and growers across the state and region.

Introduction
The statewide cereal variety testing program
was initiated in 1992. This program's
objective is to provide wheat, feed grain,
and near-release experimental line
performance data in a timely manner to
growers in Oregon's major cereal-producing
regions so that informed variety selection
decisions can be made. In the 1999-2000
growing season over 50 winter grain
varieties were evaluated at eight locations,
and over 70 spring grains were evaluated at
11 locations. The trial mix was roughly
two-thirds wheat and one-third feed grains.
The trial composition varied by location, but
included a core set of varieties commonly
grown across the state, supplemented by
local favorites and new materials that
showed promise. Of the 11 trial sites
throughout the state, five are located in the
Columbia Basin. These five sites
encompass dryland (Pendleton, Moro,
Lexington) and irrigated (Hermiston,
LaGrande) environments. Russ Karow,
extension cereals specialist and John P.
Bassinette, senior research assistant, with
the Department of Crop and Soil Science at
Oregon State University (OSU), coordinate
the statewide program. Scott W. McDonald,
research assistant (now with USDAAgricultural Research Service, Pullman
Washington), managed the Columbia Basin
sites. Each site is planted, managed, and
harvested by the trial manager with
cooperation from growers at off-station
locations (Table 1).

This article reports yield data,
collected in 2000 and a compilation from
1998-2000, for the Columbia Basin sites.
More complete data, including test weights
and protein information, can be found on the
Internet (vvww.css.orst.edu/cereals/) and in
various extension publications.
The statewide variety-testing
program is grower-driven. If you have ideas
about varieties to be included in your area or
have suggestions for program improvement,
contact Russ Karow, OSU Extension
Cereals Specialist (541-737-5857).
Materials and Methods
All experiments were designed as a
randomized complete block with three
replications. Grain was sown at a rate of 20
seeds/ft2 for dryland and 30 seeds/ft2 for
irrigated sites into plots 20 ft long by 5 ft
wide. Seed weight (kernels/lb) was
determined for each variety and used to
determine the amount of seed to be sown.
Among varieties, seeding rates ranged from
60 to 150 lbs/acre to attain the desired plant
population. Small-plot equipment (drills,
tractors, combines) was used to sow and
then harvest plots. Plots were managed
using best management practices for each
specific location.
Harvested grain from each plot was
run through a Pelz rub-bar seed cleaner.
After cleaning, plot yield, test weight,

Combine-harvested grain is given to
the central team (Bassinette and Karow)
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breeder from OSU, has initiated a breeder
seed increase of OR 939526, which will be
released in the next few years if it continues
to perform well.

protein, and moisture were determined on
grain samples. Yields are reported on a 10
percent moisture basis and in 60-lb bushel
for wheat and triticale and in lb/acre for
barley.

Winter Club Wheat (Tables 2 and 3)
In the 1999-2000 crop year, club
wheat mean yields ranged from 84 to 92
buJacre. The newer lines Coda, Hiller, and
Temple continued to perform well but
Rhode was the most consistent across
locations. Four years of data show that
these newer lines have a slight yield
advantage over Rhode. The newer club
lines also have both stripe rust and foot rot
resistance, while Rhode is susceptible to
foot rot. Bruehl and Edwin, which showed
promise last year (Table 9), performed
poorly in 1999-2000.

In addition to small-plot variety
trials, large-scale winter wheat drill-strip
trials have been conducted across the state
for the past 6 years. Cooperating growers
were provided with 50 to 80 pounds of seed
of each variety to be tested. Cooperators,
often with the assistance of local county
agents, established single-replicate drill-strip
plots on their farms. These drill strips were
managed and harvested by the cooperating
grower with standard field equipment.
Weigh wagons or weigh pads were used to
obtain yield data. When possible, a 2-quart
grain sample was saved and used for test
weight and protein analyses.

Winter Barley (Tables 4 and 5)
Strider and Kold continue to be the
recommended winter barleys in the
Columbia Basin. While Scio has had aboveaverage yields at many sites, it tends to have
lower test weights. Strider and Kold have
barley stripe rust resistance while Scio is
susceptible to scald and barley stripe rust.

Results and Discussion
The tables at the end of this report
contain yield information from the 2000
trials as well as compilations of data from
1998 to 2000. Because year-to-year
variability is often high, conclusions should
not be made from a single year's data.
Three-year averages are a better indication
of how well a variety is suited to a location.
For newer lines that have not been tested
over multiple years, the 2000 data may help
identify lines to watch in the future.

Soft White Spring Wheat (Tables 6 and 7)
New release Challis (Western Plant
Breeders) and MO 526 outperformed other
soft white lines in 2000. In the past 3 years,
Alpowa, Whitebird and Pomerelle have been
the highest yielding soft white lines (Table
9). IDO 525 is being prepared for release
under the name "Jubilee." Jubilee is best
adapted to high yield production zones. It
has a yield similar to Penawawa but has
better test weight and quality. However, the
mean yield over the past 2 years (data
nothown) has been lower than other
currently grown varieties.

Soft White Winter Wheat (Tables 2 and 3)
Stephens, Madsen, Rod, and
Weatherford continued to be among the
highest yielding varieties tested for the last 4
years at all locations in the Columbia Basin.
Experimental line OR 939526 also continues
to perform well. Grain yield from this line
has been greater than or equal to current
varieties over the past 2 years. Overall
quality is similar to Stephens but test weight
may be slightly lower. Jim Peterson, wheat

Hard White Spring Wheat (Tables 6 and 7)
Grain yield of Winsome and ID377S
are similar to those of the best soft white
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Conclusions

entries. Between the lines, 3-year averages
show little difference in grain yield, test
weights, and protein. In 2000, ID0560 was
the highest yielding hard white at three out
of five Columbia Basin locations. Protein
and test weights of this line are similar to
Winsome and ID377S. The Wheat
Marketing center in Portland has identified
Winsome as a superior cultivar for Asian
noodle production and should be considered
for identity preserved sales.

While varieties may excel in a given
location in a given year, differences between
widely grown varieties are often negligible
when data from multiple years are
examined. When selecting a variety,
growers should consider disease resistance,
winter hardiness, or other factors pertinent
to the site where the crop is grown. Before
switching to a new variety, small acreages of
that variety should be grown for more than 1
year before making a larger commitment.

Hard Red Spring Wheat (Tables 6 and 7)
The Idaho release, Jefferson,
continues to perform well and was the
highest yielding hard red at Moro and
Lexington. Across market classes, 3-year
averages show Jefferson to be the top
yielding variety at three of five Columbia
Basin locations (Table 7). Mean test weight
and protein of Jefferson across Columbia
Basin locations are 62.0 lbs/bu and 13.4
percent respectively. For ease of
management, these trials are managed for
soft white wheat production and higher
protein levels are likely with additional
nitrogen application.
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Spring Barley (Tables 8 and 9)
Across locations, Baronesse and
Steptoe are still out-yielding the newer
varieties Orca, Tango, and Chinook.
However, one advantage Orca, Tango, and
Chinook all have is stripe rust resistance,
which Steptoe and Baronesse do not have.
Experimental line WA-9504-94 and new
western plant breeder release, Xena, also
show promise. Valier is a spring barley
developed by the Montana Agricultural
Experiment Station to specifically combine
agronomic performance with improved
cattle feeding characteristics. Valier did not
yield as well as the other entries.
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Table 1. 2000 statewide variety testing program trial type, locations, managers and cooperators, Oregon.
Trial name
Corvallis

Trial type
W+S'- dryland

Location
Hyslop Exp. Stn

Manager2
Bassinette/Karow

Grower cooperator

Scio
Moro

spring only - dryland
W+S- dryland

Haugerud Farm
Sherman Exp. Stn.

Bassinette/Karow
McDonald/Smiley

Carl Haugerud

Lexington
Hermiston
Pendleton

W+S- dryland
W+S- irrigated
W+S- dryland

Starvation Farms
Madison Farm
CBARC

McDonald/Smiley
McDonald/Smiley
McDonald/Smiley

Chris Rauch
Kent Madison

LaGrande
Ontario

W+S- irrigated
W+S- irrigated

Cuthbert Farm
Malheur Exp. Stn.

McDonald/Smiley
Eldredge/Shock

John Cuthbert

Madras

W+S- irrigated

Central OR Exp. Stn.

Bafus/Bohle

Henzel Farms
Klamath Exp. Sta

Clark/Rykbost
Clark/Rykbost

Klamath Falls Organic spring only - dryland
Klamath Falls Mineral spring only - dryland
W=winter, S=spring

2 Statewide trials coordinated through Cereals Extension, OSU, Corvallis.

Sam and Thurston Henzel

Table 2. 2000 statewide variety testing program winter wheat, oat, and triticale yield data for Columbia Basin, Oregon, locations.
Market
site
Variety or line'
average

class'

Across site Across
Moro

Morrow Co. Pendleton Hermiston

LaGrande

average

% of

Yield (bu/acre at 10% moisture)

N
a.

HR
Boundary
Bruehl
Club
CodaClub
.
Connie
Durum
Edwin
Club
Hiller
Club
ID-52814A
SW
ID-B-96
SW
1D0513
HR
1D0550
HW
Madsen
SW
Madsen + Stephens mix
SW
OR 850513-8
HW
OR 850513-9
HW
OR 939526
SW
OR 939528
SW
OR 943560
SW
OR 943575
HW
Rely
Club
Rod
SW
Rohde
Club
Stephens (20 seeds/ft')
SW
Stephens (30 seeds/ft')
SW
Stephens (no Gaucho)
SW
Stephens (untreated seed)
SW
Temple
Club
Weatherford
SW
Alzo
Triticale
Bogo
Triticale
Celia
Triticale
Crater
Oat
Eltan
SW

52
46
51
34
44
56
53
61
43
38
58
57
56
46
57
51
60
54
47
55
57
53
72
60
52
43
53
47
51
41
—
—

34
35
37
19
42
34
29
41
28
26
36
36
26
32
42
34
39
36
38
36
42
35
39
35
37
43
37
43
46
41
30
35

115
124
110
84
77
132
116
119
94
92
116
117
110
112
132
139
119
124
116
132
118
113
113
103
115
116
111
148
155
106
—

97
93
112
129
82
114
131
121
94
90
131
138
112
111
133
123
121
146
99
117
93
120
128
103
105
104
135
161
149
100
29
104

109
119
118
71
100
126
123
121
105
107
98
114
116
114
140
139
126
129
126
145
131
139
133
132
121
132
108

81
84
86
68
69
92
90
93
73
71
88
92
84
83
101
97
93
98
85
97
88
92
97
87
86
88
89

80
82
84
66
68
91
89
91
71
69
86
91
82
82
99
95
91
96
83
95
86
90
95
85
84
86
87

—
—
38

—
—

—

—

Table 2. 2000 Statewide variety testing program winter wheat, oat, and triticale yield data for Columbia Basin locations (continued).
Across site Across

Market
site
Variety or line'
average

class'

Moro

Morrow Co. Pendleton Hermiston

LaGrande

average

% of

Yield (bu/acre at 10% moisture)
Foote
Hybritech 1778
Hybritech 5019
Hybritech 7415
Hybritech 7510
Hybritech 9803
Kansas FT31
Kolding
Rifle
Stephens (10 seeds/ft2)
Stephens (40 seeds/ft2)
Turf seed Durum
Trial Mean
CV
P LSD' (0.05)
P LSD (0.10)
Pr > F

SW
HR
SW
SW
HR
HR
Triticale
Oat
Rye
SW
SW
Durum

35
61
—
—
46
45
—

27
42

52
—
—

33
44
48
39
37
—
26

51
16.0
14
11
0.00

37
11.0
7
5
0.00

104
113
126
109
120
113
—

86

124

92
120
78

139
166

127
52
80

108
133
112

127

91
113
9.0
17
14
0.00

110
11.0
20
16
0.00

120
12.0
24
20
0.00

102
avg

All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted. Seeding rate was 30 seeds /ft 2 for all locations
except Morrow Co., Moro and Pendleton where seeding rate was 20 seeds/ff.
2 SW = soft white, HW = hard white, HR = hard red.
'LSD = Least significant difference

Table 3. 1998-2000 statewide variety testing program winter wheat yield data for Columbia Basin, Oregon, sites.
Market
Variety or line'

Across site

class2Moro

Morrow Co.

Pendleton3

Hermiston3

LaGrande

average

Yield (bu/acre at 10% moisture)

tv
oo

1998
Coda
Hiller
Rely
Rohde
Temple
Boundary
Foote
Madsen
Madsen + Stephens
Rod
Stephens
Stephens (no Gaucho)
Weatherford
Trial average (bu/acre)

Club
Club
Club
Club
Club
HR
SW
SW
SW
SW
SW
SW
SW

71
75
70
66
71
67
50
76
86
67
82
83
80
71

60
61
54
65
68
64
47
81
65
55
65
56
73
60

83
93
91
85
92
74
97
106
103
80
97
92
107
91

95
106
95
104
95
100
80
102
101
117
113
105
92
100

86
81
76
70
85
80
58
90
95
78
83
95
77
83

79
83
77
78
82
77
66
91
90
79
88
86
86
81

1999
Coda
Hiller
Rely
Rohde
Temple
Boundary
Foote
Madsen
Madsen + Stephens
Rod
Stephens
Stephens (no Gaucho)
Weatherford
Trial average (bu/acre)

Club
Club
Club
Club
Club
HR
SW
SW
SW
SW
SW
SW
SW

69
64
61
66
64
62
52
66
59
64
63
63
60
58

—
—
—

96
91
87
78
92
87
74
96
80
92
85
82
85
83

80
70
75
64
61
73
25
70
79
96
72
73
92
68

67
38
26
41
33
47
28
63
53
61
47
46
58
45

78
66
62
62
63
67
45
74
68
78
67
66
74
64

—
—
—
—

—
—

Table 3. 1998-2000 Statewide variety testing program winter wheat yield data for Columbia Basin sites (continued).
Across site

Market
Variety or line'

class'

Moro

Morrow Co.

Pendleton3

Hermiston'

LaGrande

average

Yield (bu/acre at 10% moisture)

t..)
v..)

2000
CodaClub
Club
Hiller
Club
Rely
Club
Rhode
Club
Temple
HR
Boundary
SW
Foote
SW
Madsen
SW
Madsen + Stephens
SW
Rod
SW
Stephens
SW
Stephens (no Gaucho)
SW
Weatherford
Trial average (bu/acre)

51
56
47
57
43
52
35
58
57
55
72
60
53
51

37
34
38
42
43
34
27
36
36
36
39
35
37
36

110
132
116
118
116
115
104
116
117
132
113
103
111
113

112
114
99
93
104
97
86
131
138
117
128
103
135
110

118
126
126
131
132
109
124
98
114
145
133
132
108
120

86
92
85
88
88
81
75
88
92
97
97
87
89
86

1998-2000
Coda
Hiller
Rely
Rohde
Temple
Boundary
Foote
Madsen
Madsen + Stephens
Rod
Stephens
Stephens (no Gaucho)
Weatherford
3-year average (bu/acre)

65
63
46
68
69
64
59
59
60
66
62
73
64
60

48
54
37
51
45
49
46
55
49
58
45
52
55
48

105
93
92
100
92
96
98
100
92
106
101
98
101
96

97
87
64
106
94
96
90
87
90
101
110
104
106
93

82
81
70
87
91
90
76
83
79
83
94
88
81
83

79
76
61
82
78
79
74
77
74
83
83
83
81
76

Club
Club
Club
Club
Club
HR
SW
SW
SW
SW
SW
SW
SW

Table 3. 1998-2000 Statewide variety testing program winter wheat yield data for Columbia basin sites (continued).
Market
Variety or line'

Across site

class2Moro

Morrow Co.

Pendleton'

Hermiston'

LaGrande

average

Percent of average yield

La

c)

1998-2000
Coda
Hiller
Rely
Rohde
Temple
Boundary
Foote
Madsen
Madsen + Stephens
Rod
Stephens
Stephens (no Gaucho)
Weatherford

Club
Club
Club
Club
Club
HR
SW
SW
SW
SW
SW
SW
SW

108
105
76
113
115
106
99
99
100
111
103
121
107

99
111
76
105
94
101
95
115
101
121
94
108
114

110
98
96
104
97
101
102
105
96
111
106
103
105

104
94
69
114
101
103
97
94
97
109
119
113
115

99
98
85
106
110
109
92
101
96
101
114
106
98

I All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted. Seeding rate was 30 seeds /ft 2 for all locations
except Morrow Co., Moro, and Pendleton, where seeding rate was 20 seeds/ft2.
2 SW = soft white, HW = hard white, HR = hard red.
3 Hermiston and La Grande trials were damaged by hail storms on June 24, 1999.

104
101
80
108
103
104
97
103
98
110
107
110
108

Table 4. 2000 statewide variety testing program winter barley yield data for Columbia Basin, Oregon, sites.
Across site Across

Market
site
Variety or line'
average

class'

Moro

Morrow Co. Pendleton Hermiston

LaGrande

average

% of

Yield (lb/acre at 10% moisture)
88Ab536
Kold
Kold (no Gaucho)
Scio
Strider
Trial Mean
CV
PLSD (0.05)
PLSD (0.10)
Pr > F

6RF/M
6RF
6RF
6RF
6RF

2909
2411
2141
2875
3192
2705
24
ns
ns
0.35

1349
2192
2171
2138
2544
2079
5
188
152
0.00

3458
5456
5051
4929
5831
4945
10
931
751
0.00

3607
4421
5066
5491
5683
4854
18
ns
1352
0.1

4502
5739
5685
6584
5874
5677
14
ns
ns
0.12

3165
4044
4023
4403
4625
4052

All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted. Seeding rate was 30 seeds/fefor all locations
except Morrow Co., Moro, and Pendleton, where seeding rate was 20 seeds/ff.
2 6RF = six-row feed; 6RF/M = barley being assessed for malting use.

78
99
99
109
114

Table 5. 1998-2000 statewide variety testing program barley yield data across locations in Oregon.

Variety'

Market
class'

Moro

Morrow Co.3Pendleton

Hermiston

LaGrande4

Across sites
average

Yield (lb/acre at 10% moisture)
1998
Kold
Scio
Strider
Trial average (lb/acre)

6RF
6RF
6RF

5904
5444
5793
5714

1999
Kold
Scio
Strider
Trial average (lb/acre)

6RF
6RF
6RF

2346
3430
2687
2821

2000
Kold
Scio
Strider
Trial average (lb/acre)

6RF
6RF
6RF

2411
2875
3192
2826

5807
5893
5565
5755

—

2192
2138
2544
2291

5972
5241
5866
5693

4754
5402
4654
4937

4672
5628
5564
5288

5456
4929
5831
5405

4841
4199
5906
4982

5386
5190
5292
5289

4220
3940
3793
3985

—

4783
5355
4221
4598

4421
5491
5683
5198

5739
6584
5874
6065

4044
4403
4625
4357

Table 5. 1998-2000 statewide variety testing program barley yield data across locations in Oregon (continued).

Variety'

Market
class'

Moro

Morrow Co. 3Pendleton

Hermiston

LaGrande

Across sites
average

Yield (lbs/acre at 10% moisture)
1998-2000 average
Kold
Scio
Strider
3-year average (lbs/acre)
1998-2000
Kold
Scio
Strider

6RF
6RF
6RF

3553
3916
3891
3787

3999
4015
4055
4023

6RF
6RF
6RF/M

94
103
103

99
100
101

4465
4945
4710
4707

5290
5392
5890
5524

4535
4707
4860
4700

Percent of trial average
95
98
105
96
100
105

96
98
107

96
100
103

5366
5266
5754
5462

All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted. Seeding rate was 30 seeds/ft' for all locations
except Morrow Co., Moro, and Pendleton, where seeding rate was 20 seeds/ft'.
2 6RF = six-row feed; 6RF/M = barley being assessed for malting use.
3 Morrow Co. site data too variable to report in 1999.
4 Ontario site damaged by hail in 1998. LaGrande site damaged by hail 1999.

Table 6. 2000 statewide variety testing program spring wheat yield data for Columbia Basin locations, Oregon.
Market
site
Variety or line'
average

Across site Across

class2Moro

Morrow Co. Pendleton Hermiston

LaGrande

average

% of

Yield (bu/acre at 10% moisture)

(.4
-4.

Alpowa
Alpowa (no Gaucho)
Alpowa (untreated)
Chalis
Hank
IDO 377S
IDO 506
IDO 525 (Jubilee)
IDO 526
IDO 533 (Lolo)
IDO 560
Iona
Jefferson
ML 037A(5-2)
ML 037C(6-2)
ML 107-3,1
ML 455
OR 4870410
OR 4880189
OR 4920311
OR 4970025
OR 4970039
OR 4970062
OR 942885
Penawawa (20 seeds/ft2)
Penawawa (30 seeds/ft2)
Pomerelle
Scarlet
Treasure
WA 7824
Wawawai
Whitebird

SW
SW
SW
SW
HR
HW
SW
SW
SW
HW
HW
HR
HR
SW
SW
HW
HW
HR
HR
HW
SW
SW
SW
SW
SW
SW
SW
HR
SW
HR
SW
SW

52
52
52
61
44
50
51
52
55
53
55
38
54
38
45
41
44
38
45
38
40
40
40
48
48
52
40
38
49
54
44
48

28
30
29
26
24
34
24
29
35
33
33
21
34
22
24
22
19
30
25
25
26
28
26
25
23
22
27
25
27
21
24
24

41
38
38
42
54
49
46
36
46
48
42
42
51
45
50
41
40
39
41
43
37
46
43
42
19
25
44
48
53
46
55
44

52
57
48
54
45
43
46
53
56
56
55
44
42
44
43
49
38
42
45
39
32
34
45
48
37
48
48
42
52
40
47
48

118
113
111
110
107
107
118
110
111
104
113
101
102
98
88
97
108
98
101
91
80
90
95
98
103
106
91
107
95
101
104
91

58
58
56
59
55
57
57
56
61
59
60
49
57
49
50
50
50
49
51
47
43
48
50
52
46
50
50
52
55
52
55
51

112
111
107
113
105
109
110
108
116
113
115
95
109
95
96
96
96
95
99
91
83
92
96
100
89
97
96
100
106
100
106
98

Table 6. 2000 statewide variety testing program spring wheat yield data for Columbia Basin locations (continued).

Variety or line'

Market
class'

Moro

Morrow Co. Pendleton Hermiston

LaGrande

Across site
average

Across site
% of average

57
50
52
54

109
97
100
104

—
—

—

Yield (bu/acre at 10% moisture)

La
ut

Winsome
WPB 936
Yecora Rojo
Zak (WA 7850)
Lars
M94-4393
Norlander
Penawawa (10 seeds/ft2)
Penawawa (40 seeds/ft2)
Trical 2700
Trial Mean
CV
PLSD (0.05)
PLSD (0.10)
Pr>F

HW
HR
HR
SW
HR
Triticale
HR
SW
SW
Triticale

48
33
32
57

50
44
51
45

45
—
42

31
21
25
26
25
25
23
23

48

19
46
13
10
8
0.00

19
26
11
4
4
0.00

57
42
12
8
7
0.00

42
—
—
50
46
46
17
13
11
0.02

51
51
50
41

10

103
102
104
101

101
—
102
11
18
15
0.00

—
52

All seed was treated with fungicide and insecticide (Gaucho) prior to planting unless otherwise noted. Seeding rate was 30 seeds/ft 2 for all locations except
Morrow Co., Pendleton, and Moro, where seeding rate was 20 seeds/ft 2 unless otherwise noted.
2 SW = soft white, HW = hard white, HR = hard red.

Table 7. 1998-2000 statewide variety testing program spring wheat yield data for Columbia Basin, Oregon, sites.

Variety or line

Market
class2

Moro

Morrow Co.

Hermiston

Pendleton

LaGrande

Across site
average

Yield (bu/acre, 10% moisture)

La

cn

1998
Alpowa (Gaucho)
Alpowa (no Gaucho)
1D0377S
Jefferson
Penawawa
Pomerelle
Scarlet
Wawawai
Whitebird
Winsome
WPB936
Yecora Rojo
Trial average (bu/acre)

SW
SW
HW
HR
SW
SW
HR
SW
SW
11W
HR
HR

54
51
50
57
53
46
50
51
43
47
45
41
49

40
35
34
34
30
33
38
32
30
30
35
46
35

36
36
42
41
46
46
38
42
41
45
24
21
39

47
39
44
60
43
44
54
49
41
42
54
53
48

67
60
49
58
54
44
63
50
48
52
55
70
55

51
47
46
54
49
45
51
48
43
46
44
46
48

1999
Alpowa (Gaucho)
Alpowa (no Gaucho)
1D0377S
Jefferson
Penawawa
Pomerelle
Scarlet
Wawawai
Whitebird
Winsome
WPB936
Yecora Rojo
Trial average (bu/acre)

SW
SW
HW
HR
SW
SW
HR
SW
SW
HW
HR
HR

44
49
45
45
43
41
43
39
40
41
45
40
44

18
16
19
20
17
20
20
21
19
17
19
17
19

74
76
87
84
80
90
65
77
80
74
60
45
77

34
36
36
36
36
36
37
35
35
35
32
37
35

41
34
58
44
48
57
31
26
48
49
34
27
45

42
42
49
46
45
49
39
40
44
43
38
33
44

Table 7. 1998-2000 statewide variety testing program spring wheat yield data for Columbia Basin sites (continued)

Variety or line'

Market
class2Moro

Morrow Co.

Hermiston

Pendleton

LaGrande

Across site
average

Yield (bu/acre, 10% moisture)

w
.-..)

2000
Alpowa
Alpowa (no Gaucho)
IDO 377S
Jefferson
Penawawa
Pomerelle
Scarlet
Wawawai
Whitebird
Winsome
WPB 936
Yecora Rojo
Trial average (bu/acre)

SW
SW
HW
HR
SW
SW
HR
SW
SW
HW
HR
HR

52
52
50
54
52
40
38
44
48
51
51
50
46

28
30
34
34
23
27
25
24
24
31
21
25
26

52
57
43
42
48
48
42
47
48
50
44
51
46

41
38
49
51
25
44
48
55
44
48
33
32
43

118
113
107
102
106
91
107
104
91
103
102
104
102

58
58
57
57
51
50
52
55
51
57
50
52
53

1998-2000 average
Alpowa
Alpowa (no Gaucho)
IDO 377S
Jefferson
Penawawa
Pomerelle
Scarlet
Wawawai
Whitebird
Winsome
WPB 936
Yecora Rojo
3-year average (bu/acre)

SW
SW
HW
HR
SW
SW
HR
SW
SW
HW
HR
HR

50
51
48
52
49
42
44
45
44
46
47
44
47

23
23
27
27
20
24
23
23
22
24
20
21
23

41
38
43
49
35
41
46
47
40
42
40
41
42

54
56
58
55
58
61
48
55
56
56
42
39
53

76
69
72
68
69
64
67
60
62
68
63
67
67

66
67
69
67
65
68
64
63
66
68
60
59
65

Table 7. 1998-2000 statewide variety testing program spring wheat yield data for Columbia Basin sites (continued)

Variety or line'

Market
class2

Moro

Morrow Co.

u.)
00

Pendleton

LaGrande

Across site
average

113
103
107
101
103
95
100
90
93
101
94
100

102
103
106
103
100
105
98
97
102
105
92
91

Percent of trial average

1998-2000 average
Alpowa
Alpowa (no Gaucho)
IDO 377S
Jefferson
Penawawa
Pomerelle
Scarlet
Wawawai
Whitebird
Winsome
WPB 936
Yecora Rojo

Hermiston

SW
SW
HW
HR
SW
SW
HR
SW
SW
11W
HR
HR

106
109
102
111
104
89
94
96
94
98
100
94

100
100
115
117
87
102
98
98
93
104
87
91

98
90
102
117
83
98
110
112
95
100
95
98

102
106
109
104
109
115
91
104
106
106
79
74

All seed was treated with fungicide and insecticide (Gaucho) prior to planting unless otherwise noted. Seeding rate was 30 seeds/ft 2 for all locations except
Lexington, Pendleton, and Moro, where seeding rate was 20 seeds/ft 2 unless otherwise noted.
2 SW = soft white, HW = hard white, HR = hard red.

Table 8. 2000 statewide variety testing program spring barley yield data for Columbia Basin locations, Oregon.

Variety or line'

Market
class'

Moro

Morrow Co. Pendleton Hermiston

LaGrande

Across site
average

Across site
% of average

3232
4001
3534
2004
3351
3318
3595
3295
3318
3640
3383
3057
3510
3708

98
121
107
61
102
101
109
100
101
110
103
93
106
112

—

—

Yield (lb/acre at 10% moisture)

La
1/4o

Bancroft
Baronesse
Othello (BCD 47)
Belford
Chinook
Garnet
H3860224
Harrington
Orca
Steptoe
Tango
Valier
WA9504-94
Xena (BZ594-19)
Sara-I
Gallatin
Trial Mean
CV
PLSD (0.05)
PLSD (0.10)
Pr > F

2RM
2RF
2RF/M
Hooded
2RM
2RM
2RF/M
2RM
2RF
6RF
6RF
2RF
2RF/M
2RF
Hooded
2RF

3241
3474
3183
2040
3043
3356
3249
3527
2875
3177
3893
3263
3701
3493
—
3265

1474
2345
1898
1543
1569
1906
2312
1967
2101
2297
2288
2111
1961
2201
955

3252
10
555
461
0.00

1929
11
369
306
0.00

2505
2454
2131
2049
1843
2451
2495
2148
2126
1940
1852
2496
2465
2033
866

2124
12
410.8
341.1
0.00

3991
4491
4520
1150
3827
3782
3911
3595
4097
3995
4187
3216
4152
4324

3803
15
943
782
0.00

4951
7242
5937
3238
6474
5093
6008
5239
5389
6791
4695
4199
5272
6490
3634

5376
16
1422
1181
0.00

3297

All seed was treated with fungicide and Gaucho (insecticide) prior to planting unless otherwise noted. Seeding rate was 30 seeds /ft 2 at all locations except
Morrow Co., Pendleton, and Moro, where seeding rate was 20 seeds /ft2.
2 2R = two row, 6R = six row, F = feed, M = malt, F/M = may be considered for malt.

Table 9. 1998-2000 statewide variety testing program spring wheat yield data for Columbia Basin sites, Oregon.

Variety or line'

Market
class2Moroi

Morrow Co. 3Pendleton

Hermiston

LaGrande

Across site
average

Yield (lb/acre, 10% moisture)

4=.

o

1998
Bancroft
Baronesse
Chinook
Orca
Steptoe
Trial average (lb/acre)

2RM
2RF
2RM
2RF
6RF

1999
Bancroft
Baronesse
Chinook
Orca
Steptoe
Trial average (lb/acre)
2000
Bancroft
Baronesse
Chinook
Orca
Steptoe
Trial average (lb/acre)

—

—
—

—
—

2RM
2RF
2RM
2RF
6RF

2RM
2RF
2RM
2RF
6RF

1998-2000 average
Bancroft
2RM
Baronesse
2RF
Chinook
2RM
Orca
2RF
Steptoe
6RF
Average yield 1998-2000 (lb/acre)

—
—
—

3894
3414
3773
4320
3946
3959

3936
4147
3873
3071
3349
3602

4086
4070
3299
3557
3903
3928

3759
3850
3421
3648
3429
3734

3093
3495
3322
3071
3641
328

1176
1592
1374
1314
1421
1370

2943
3070
2817
2801
3068
2886

3796
5416
3610
2994
3290
4473

1989
2388
2754
3281
1650
2702

3475
4429
3895
3384
3823
3937

3241
3474
3043
2875
3177
252

1474
2345
1569
2101
2297
1929

2505
2454
1843
2126
1940
2124

3991
4491
3827
4097
3995
3803

4951
7242
6474
5389
6791
5376

3840
4480
3847
3813
3994
3855

3313
3333
3301
3258
3251
3291

1389
1508
1515
1574
1639
1525

3338
3227
3107
2980
2797
3090

3811
3854
3830
3847
3918
3852

3274
3516
3701
3862
4111
3693

3621
3704
3725
3771
3817
3728

Table 9. 1998-2000 statewide variety testing program spring wheat yield data for Columbia Basin sites (continued).

Variety or line'

Market
class'

Moro'

Morrow Co. 3Pendleton

LaGrande

Across site
average

Percent of trial average

1998-2000 average
Bancroft
Baronesse
Chinook
Orca
Steptoe

Hermiston

2RM
2RF
2RM
2RF
6RF

101
101
100
99
99

91
99
99
103
107

108
104
101
96
91

99
100
99
100
102

89
95
100
105
111

97
99
100
101
102

All seed was treated with fungicide and Gaucho (insecticide) prior to planting unless otherwise noted. Seeding rate was 30 seeds/ft 2 at all locations except
Morrow Co., Pendleton, and Moro, where seeding rate was 20 seeds/ff.
2 2R = two row, 6R = six row, F = feed, M = malt, F/M = may be considered for malt.
3 Moro had high variability in 1998, making comparisons meaningless. Lexington was added in 1999.

MOLECULAR DETECTION OF SOILBORNE
FUNGAL PATHOGENS OF CEREALS
Dara L. Melanson and Sandra A. Easley

Introduction

Fusarium pseudograminearum (formerly
known as F. graminearum Group 1), F.
culmorum and F. graminearum (Group 2).
Molecular markers are currently available
for each of these fungi. However, these
markers vary in their specificity and
sensitivity, which is a function of the
segment of the genome they are designed to
detect. This variability in specificity means
that while a marker may be able to identify a
laboratory isolate of a specific pathogen, it
may not be able to positively identify the
pathogen in soil. This is because soil
contains many unknown organisms, and
some may also give a positive result. Even
if it is possible to identify a pathogen
directly in soil, any correlation with, or
prediction of, disease incidence and intensity
is difficult, as it relies on the much less
understood epidemiology of that particular
disease. As research progresses on the
development and application of speciesspecific molecular markers suitable for
complex soil environments, more
information will be obtained on disease
dynamics. This knowledge, which includes
interaction with other soil organisms,
development of more aggressive strains and
increased host range and effects of
agronomic practices, soil type and climate
on disease development, is the key to more
sustainable disease control.
In our research, each molecular
marker is being tested for its ability to
identify and quantify the relevant pathogen
directly in soil samples. Depending on the

Root diseases of wheat in eastern Oregon are
often associated with a complex of
pathogens, which may be composed of
different species of Rhizoctonia,
Gaeumannomyces, Fusarium, Pythium,
nematodes, etc.. This confounds the
symptoms and makes accurate identification
difficult. As agriculture in the region shifts
from conventional tillage to systems with
less soil disturbance and alternate crops are
introduced into the traditionally
wheat/fallow regime, changes in the
frequency, intensity and types of root
diseases are expected. Rhizoctonia root rot,
take-all, caused by Gaeumannomyces
graminis variety tritici (Ggt) and Fusarium
foot rot are among these. It is important to
reduce the level of risk for disease, but this
requires knowledge of the response of each
pathogen to the new agronomic practices.
This response involves interaction with the
complex soil microbial community as it
adjusts to changes in soil composition and
management.
The long-term agronomic
experimental plots at the Columbia Basin
Agricultural Research Center (CBARC)
offer a unique opportunity to investigate the
effects of crop and soil management
practices on wheat diseases. The following
fungal pathogens are currently under
investigation: Rhizoctonia solani AG 8, R.
oryzae, Gaeumannomyces graminis var.
tritici and var. avenae (Ggt and Gga),
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DNA Extraction
DNA was extracted from at least two
0.5 g sub-samples of soil using a soil DNA
isolation kit (MoBio Laboratories Inc.) and
combined. The kit was also used to extract
DNA from isolates of different Rhizoctonia
solani AGs, Rhizoctonia oryzae,
Gaeumannomyces graminis varieties tritici
(Ggt), avenae (Gga) and graminis (Ggg),
Fusarium pseudograminearum, F.
culmorum, F. graminearum, as well as other
common soil fungal species and wheat roots.
All DNA samples were quantified by UV
spectrophotometry and quality was assessed
by agarose gel electrophoresis.

results, markers judged to be suitable for soil
detection are being used to assess the
relationship of pathogen levels in the soil to
disease expression in the different crop
management systems at the CBARC. The
objective is to identify agronomic practices
that most effectively control a number of
fungal diseases important in the Pacific
Northwest.
Materials and Methods
Experimental Plots
Soil cores were removed from four
long-term plots located at the CBARC in
2000: the grass pasture (GP) plot
(established 1931), the continuous wheat
(CW) conventionally tilled plot (1931), the
no-till with added nitrogen and no-till
without added nitrogen plots (1997), the
crop residue (CR) conventionally tilled
wheat/fallow rotation plot (1931), and an 18
year and a 3 year no-till wheat/fallow system
(NTW). Eight to ten, 2 cm x 10 cm, cores
were removed from the GP and CW plots
and from each specified treatment of the CR
and NTW plots. Soil samples were also
taken from a Fusarium tolerance screening
trial. For comparison, soil was removed
from farmers' fields and an experimental
plot near Ralston in Washington. Where
possible, soil cores were taken close to
plants within rows in order to obtain some
root material, and these were combined,
dried at 60°C, ground to a fine powder and
stored at -80°C. Disease ratings for
Rhizoctonia root rot were based on
percentages of crown roots with lesions: 0 =
none, 1 = <25 percent, 2 = 26-50 percent, 3
= 51-75, percent and 4 = >76 percent
according to Smiley et al. (1992).

Molecular Detection
The polymerase chain reaction
(PCR), using primers specific to the R.
solani AG 8 cloned sequence, pRAG12,
(Brisbane et al. 1995, Matthew et al. 1995),
nuclear ribosomal DNA small subunit (18S
rDNA) of Ggt and Gga (Fouly and
Wilkinson 2000), internal transcribed spacer
(ITS) regions of R. oryzae (Mazzola et al.
1996), f3-tubulin gene of F.
pseudograminearum (Aoki and O'Donnell
1999) and a sequence characterized
amplified region or SCAR (random
amplified polymorphic DNA or RAPD
derived) from F. culmorum (Schilling et al.
1996) was used to test for the presence of
these fungi in soil samples. Reaction
conditions were optimized for 10 to 20 ng'
of soil DNA in a volume of 25 Purified
fungal DNA was used as a control and
amplification products were separated by
electrophoresis on an agarose gel. R. solani
AG 8 was also measured in soil samples
' Units: fg (femtogram) = 10' 5 g, pg (picogram) =
10 12 g, ng (nanogram) = 10'9 g, 1.Lg (microgram) =
(microliter) = 10' liters.
g,
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detected using chemiluminescence and
visualized on X-ray film.

using the slot blot assay. Approximately 4
p.g of soil DNA, which is the amount
extracted from 1 g of soil, plus a set of AG 8
DNA standards were loaded onto a nylonbacked nitrocellulose membrane through
individual wells of a slot blot apparatus
(Bio-Rad Laboratories). The DNA was
fixed onto the membrane by UV crosslinking and incubated at 68°C overnight in
hybridization buffer containing DIG
(digoxigenin)-labeled pRAG12 as the AG 8
probe. Hybridization of the probe to
homologous DNA on the membrane was
1 2 3 4 5 6 7

8

Results
R. solani AG 8 Detection

Test PCRs using primers for the
pRAG12 AG 8-specific cloned sequence
established that the 377 base pair (bp) DNA
product (shown by arrows) was synthesized
for this pathogen only, and not for a number
of other common soil fungal pathogens (Fig.
1).

9 10 11 12 13 14 15 16 17

19 20 21 22 23 24 25 26 27

bp

2642
1000
500
300

Figure 1. Amplification of fungal DNA with the AG 8-specific pRAG12 primers.
DNA in lanes 1-7: 100 bp molecular weight ladder, 0, lfg, 10fg, 100fg, 1pg, 10pg AG 8; lanes 811: F. pseudograminearum, F. graminearum, F. culmorum and F. avenaceum; lanes 12-21
contain the following Rhizoctonias: AG D, unknown binucleate isolate, bridging isolate, R.
oryzae, AG 2-1, AG 2-2, AG 3, AG 4, AG 6 GV and AG 8; lanes 22-27: M nivale, Bipolaris,
Gga, Ggg, Pythium and Ggt.
treatments. The location of the 377 bp AG 8
product is indicated by arrows. However,
the simultaneous production of other weaker
DNA bands indicates that the primers also
amplify DNA from unknown sources (e.g.,
microorganisms present in the soil). A
summary of the AG 8 PCR data for all the
CBARC plots investigated so far, as well as
available disease ratings and yield, is
presented in Table 1.

The addition of 10 ng of soil DNA
(not containing the fungus) to purified AG 8
DNA gave only a slight reduction in band
intensity after PCR. Therefore, pRAG12primed PCR appeared to be a suitable
method for detection of R. solani AG 8 in
soil samples. However, it was not possible
to quantify the amount of fungus present in
the soil using this method. Figure 2 shows
an example of PCR detection of Rhizoctonia
AG 8 DNA in soil from some of the CR
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
bp
2645

676
517
350

Figure 2. PCR detection of R. solani AG 8 in soil from the crop residue plot at the CBARC,
Oregon, in 2000. Lane 1: pGEM molecular weight marker; Lanes 2-15: soil DNA from CR
treatments.

Table 1. Detection of R. solani AG 8 in the crop residue (CR), continuous wheat (CW), grass
pasture (GP) and 18 and 3 year no-till wheat/fallow (NTW) plots at the CBARC, Oregon, in
2000 using PCR, disease rating and crop yield.
Plots
2000

Treatments

Yield' Ibu/acre)
Rep 1 Rep 2

PCR - AG 8
Rep 1 Rep 2
+
+

Disease - Crown roots'
Rep 2
Rep 1

N/D3
60
58.3
Spring burn + 801b/acre N
N/D
64.3
65.3
No-burn + 801b/acre N
+
+
N/D
36.6
34
Fall burn + no N
+
N/D
+
31.2
29.1
Spring burn + no N
N/D
88.2
78
No-burn + manure (10tons/acre)
+
+
N/D
35.2
41.4
No-burn + no N
N/D
N/A
+
21.4" N/A3
CW
No-till + no N
N/A
1.1
N/A
+
84.2
N/A
No-till + 1021b/acre N
N/A
+
1.3
N/A
N/A
39.9
Tilled + no N
N/A
N/A
+
N/A
GP
Not grazed
+
0
+
0
45.1
42.8
NTW
18 year no-till + no N
0.4
0.8
116
122
18 year no-till + 1201b/acre N
+
0.2
+
0.2
54.74
39
3 year no-till + no N
N/A
0.2
N/D
+
N/D
115.5
3 year no-till + 1201b/acre N
0.2
0
65.2
64.4
Tilled + no N
0.2
0.1
115
116.4
Tilled + 1201b/acre N
' Yield is the average of two replicates.
Mean disease rating = total score/total number of plants. The seminal roots gave lower or zero values.
3 N/A = not applicable; N/D = not measured.
Treatment contained a bare patch caused by R. solani AG 8.
CR

no-burn + nitrogen treatment of the CR plot
in 2000. These treatments had the highest

AG 8 was not detected in soil from
either the no-burn + manure treatment or the
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yield and visibly healthy wheat. AG 8 was
detected at low to moderate levels in all
other CR treatments. However, despite the
presence of AG 8 in soil, no bare patches
indicative of the disease were observed. AG
8 was also detected at low to moderate
levels in GP soil, the NTW plot where
indicated, and soil from the three CW
experiments. While AG 8 was detected in
all no-till treatments tested (CW and NTW)
the disease rating was low. Disease was not
assessed for the CW no-till + no N
treatment, which contained a bare patch but
was determined to be 0.2 for the NTW 3
year no-till + no N treatment, which also
contained a bare patch. However, this patch
was not in the area examined for yield or
disease and the low disease rating may not
provide a true assessment. There was no
apparent correlation between the presence of
the pathogen in the soil and the presence of
diseased roots.
The PCR results were inconsistent
between runs. In order to be confident that
the absence of a 377 bp product signified
absence of the pathogen, at least three

separate reactions with the same or different
soil DNA extractions were carried out for
each sample. Since the variability obtained
for the PCRs may be due to inhibitors in the
soil DNA extractions or very low amounts
of soil DNA used in the reaction,
compounded by equally low levels of the
AG 8 pathogen in the soil, the slot blot
detection system was used in an attempt to
obtain consistent results. The slot blot assay
utilizes much larger amounts of DNA that
would help overcome the quantity problem
and is less susceptible to inhibitors. Figure
3 shows a slot blot of soil DNA from
various plots at the CBARC plus a number
of samples from farmers' fields. The
intensity of the signal in each test slot was
compared to that of the AG 8 standards for
quantification of the amount of Rhizoctonia
soil DNA (equivalent to
AG 8 in 4
approximately 1 g soil). Using
chemiluminescence/X-ray film for detection,
1 ng of AG 8 DNA (about 2,000 cells) was
sufficiently above background to be used as
a minimum detection level for soil testing.

Figure 3. Slot blot assay of R. solani AG 8 in 4 1.1,g of soil DNA (-1 g soil) using DIG-labeled
pRAG12 DNA and chemiluminescence/X-ray film detection. The description of each sample is
by column number and row letter:
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lA – H:
2 A:
5 H:

50 pg, 100 pg, 500 pg, 1 ng, 5 ng, 10 ng, 50 ng and 100 ng R. solani AG 8 DNA.
Wheat DNA was added to make each sample up to 100 ng total DNA.
100 ng wheat DNA.
100 ng R. oryzae DNA.

Remaining slots contain 4 tis soil DNA as follows:
Spring (Sp) and summer (S) 2000 CBARC - two bare patches (B42 and AWNT);
2 B – H:
Sp B42E, Sp B42I, S B42I, Sp AWNTI, S AWNTI, S B420, S AWNTO (E =
edge, I = inside, 0 = outside)
3 A – C:
Summer 2000 Ralston WA; 403W, 302W, 401W in wheat.
Summer 1999 Ralston WA; 401W - inside, edge, outside patch in barley.
4 A – C:
Summer 1999 Ralston WA; 304E - inside, edge, outside patch in spring wheat.
5 A – C:
Summer 1999 Dusty WA; patch A outside, edge, inside; patch B inside, patch C
3 D–H:
inside.
4D–E:
Summer 2000 CBARC lupin plot, inside patch and general.
4F–G:
Summer 2000 farmer's field near WSU, Block 1 and Block 2.
4 H:
Spring 2000 CBARC grass pasture.
Spring (Sp) and summer (S) 2000 CBARC Sp CWOOT, Sp CWOONT, S
5D–G:
CWOOT, S CWOONT.

Rhizoctonia oryzae Detection
The R. oryzae ITS primers were not

In general, a higher level of AG 8
was detected in soil sampled in the spring,
when plants were young, than in summer
after harvest. In spring, levels of AG 8
ranged from –10 ng AG 8 DNA/g soil in GP
(4H) to –30 ng AG 8 DNA/g soil in the CW
tilled plot (5F), which did not display bare
patching. However, similar levels were
obtained for two bare patches, (2E) and
(2B,C), with –5 ng AG 8 DNA/g soil and 20
ng AG 8 DNA/g soil, respectively. Samples
from Dusty WA (3E), Ralston WA (3A) and
Block 1 of a farmer's field near Washington
State University (WSU) (4F), which
displayed high disease levels, also gave high
levels (-30 ng AG 8 DNA/g soil). AG 8
was also detected at medium levels in the
lupin plot (4D,E) and most of the Ralston
plots.

found to be specific, but this fungus could
be resolved from R. solani AG 8 and other
fungal isolates using the banding patterns
generated in a PCR. Figure 4A (top part of
gel) shows that a prominent 511 bp band
(solid white arrow) was produced for the
four R. oryzae isolates in lanes 2-5, whereas
a number of different sized DNA fragments
resulted for R. solani AG 8 (lane 7). R.
oryzae could not be detected in soil due to
nonspecific amplification of DNA from
unknown sources, which resulted in a smear
overlaid with more prominent bands (lanes 8
and 9). The AG 8 pRAG12 primers did not
amplify R. oryzae DNA, but identified the
AG 8 isolate (open arrow, Figure 4B).
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R. oryzae
primers

B

AG 8 primers

Figure 4. Amplification of R. solani, R. oryzae and soil DNA using the ITS primers for R.
oryzae (A) and the pRAG12 primers for AG 8 (B). Top and bottom of gel: lane 1: pGEM
molecular weight marker, lanes 2-5, R. oryzae DNA, lane 7: R. solani AG 8 DNA, lane 6: wheat
DNA and lanes 8 and 9: soil DNA from the CBARC and a farmer's field.

Ggt and Gga Detection
Gaeumannomyces graminis variety

using the ribosomal DNA primers, NS5 and
GGT-RP, shown in Figure 5 with a solid
white arrow. The primers also amplified a
Gga-specific 300 bp fragment (open arrow).

tritici (Ggt) isolates could be resolved from
Gga, Ggg and other fungi by the production
of a single 410 bp DNA fragment in PCRs

Figure 5. Amplification of Ggt, Gga, Fusarium, wheat and soil DNA with the NS5/GGT-RP
primers. DNA in lane 1: 100 bp molecular weight ladder, lanes 2-5: soil, lane 6: wheat, lane 7:
Ggg, lane 8: Gga, lane 9: Ggt, lanes 10-12: soil, lanes 13 and 14: Fusarium pseudograminearum
and F. graminearum.
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Fusarium Detection
The F. pseudograminearum-specific
tubulin primers amplified the characteristic
F.
from
fragment
bp
523
pseudograminearum isolates only and not
from other Fusarium species, Rhizoctonia,
Gaeumannomyces, Bipolaris, or wheat (Fig.
6A and B, white arrows). In addition, a
number of Fusarium isolates previously
identified as F. culmorum, F. graminearum,
F. sambucinum, F. reticulatum and F.
avenaceum (Fig. 6A, lanes 5-9) on the basis
of spore or colony morphology and color
were confirmed as F. pseudograminearum.
One isolate, which did not provide a band
(Fig. 6A, lane 4) tested positive for the F.
culmorum primers (results not shown).

The production of a large number of
fragments for soil DNA prevented positive
identification of Ggt or Gga (lanes 2-5 and
10-12, Fig. 5), which is similar to the results
obtained for the R. oryzae primers. Further
analysis is being carried out to determine
whether the Ggt and Gga associated band
sizes can be detected in the smear produced
for soil DNA. Two isolates, previously
identified as Ggt on the basis of disease
symptoms and colony morphology, did not
produce the 410 bp band (results not
shown). The occurrence of Ggt-like fungi in
soil and on roots is well known and the PCR
assay provides a reliable method for positive
identification of both Ggt and Gga on
diseased root material.

1 2 3 4 5 6 7 8 9 10 11

6 7 8 9
bp

2642
1000
500

Figure 6. Amplification of Fusarium DNA with the F. pseudoTaminearum I3-tubulin primers.
DNA in (A) lane 1: pGEM marker, lane 2-4: Bipolaris, F. pseudograminearum, F. culmorum
and lanes 5-9: unknown Fusarium isolates. (B) lane 1: 100 bp ladder, lanes 2-5: F.
pseudograminearum, F. graminearum, F. culmorum and F. avenaceum, lanes 6-11: inoculated
and un-inoculated wheat lines Stephens, Bruehl, and Connie.

the spring of 2000 (Fig. 6B, black arrow).
However, since very low amounts of the
product were made, it appeared that the
pathogen was not present at high levels in

In addition, the f3-tubulin primers
successfully detected strains of F.
pseudograminearum in soil from three plots
that had been inoculated with the fungus in
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the soil at the time of sampling, just prior to
harvest. Wheat cultivars were assessed by
Dr. R. W. Smiley for tolerance on the basis
of the number white heads. Connie, a
durum wheat, had a very high number of
white heads compared to Stephens (soft
white winter wheat) and Bruehl (club wheat)
and appears, therefore, to be less tolerant to
the fungus than the other two varieties. The
PCR-based DNA test showed that F.
pseudograminearum was associated with all
three cultivars in the inoculated plots
regardless of disease expression as white
heads (Fig. 6B, lanes 6, 8, 10). No
correlation between the amount of 523 bp
product synthesized and the level of
tolerance to F. pseudograminearum was
observed. However, as stated previously,
due to limitations of the PCR assay, it is not
possible to equate the amount of product
made to the amount of fungus in the soil
sample.

cropping and climatic systems. The
presence of Rhizoctonia in grass pasture
may indicate a potential problem for land
coming out of the Conservation Reserve
Program (CRP). The molecular results
obtained for the various plots tested at the
CBARC showed no correlation between the
presence or levels of AG 8 in the soil and
expression of the disease as a patch.
Therefore, the level of AG 8 DNA in soil
may not be a good indicator of disease
potential.
Rhizoctonia is a fungus that reacts
quickly to agronomic and environmental
changes. Temporal and spatial variability of
the soil and pathogen make the disease
patchy, and patchy low pathogen levels are
difficult to monitor. It is possible that low
levels of R. solani AG 8 observed in this
region cause an overall reduction in plant
health and consequent yield. Since this is
most likely driven by agronomic practices
that result in poor plant growth, and AG 8
was found in some high yielding plots, it
suggests that certain land management
practices can reduce the levels and/or effect
of this fungus.
The results from this study indicate
that two of the CR treatments and some notill experiments may demonstrate
suppressiveness to R. solani AG 8. In these
cases the fungus was either present or absent
in soil, disease ratings were low, there were
no bare patches and the yields were high.
This is in contrast to research conducted
from 1989 to 1991, when the disease
incidence and severity was apparently higher
(Smiley et al. 1994). However, it is difficult
if not impossible to compare the visual
disease ratings taken approximately 10 years
ago with the current assessments, due to
their subjective nature and staff changes.

Discussion

Both the R. solani AG 8-specific pRAG12
sequence and its primers were used
successfully to detect the fungus in soil by
slot-blot and PCR assays, respectively.
However, it was concluded that the slot-blot
assay was more reliable at determining the
presence and levels of AG 8 in soil. Since a
larger amount of soil DNA, equivalent to a
larger amount of soil, is analyzed, it
increases the probability of detection. This
is especially relevant to out-of-season
summer soil collections when the fungus is
at low levels naturally.
The results show that AG 8 is
endemic to eastern Oregon and Washington,
occurring at low levels in the grass pasture
plot and in many farmers' fields in different
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levels in the soil around the root zone at this
time. This would concur with the biology of
F. pseudograminearum, which carries over
from season to season on infected plant
debris originating from infected crown and
basal stem tissue. Sampling at other times
during the growing season needs to be done
to determine whether a soil assay is feasible.
Studies on the molecular detection of F.
culmorum, which forms chlamydospores
that can survive freely in the soil, also need
to be carried out. It may also be necessary
to develop more suitable markers for the
detection of Fusarium species in soil.
The relationship between soil
pathogens and the expression of disease is
complex and influenced by many factors,
including virulence and distribution of the
pathogen, host susceptibility, agronomic
practices, soil type, the environment, and
competition, parasitism, inhibition and
predation by other soil organisms. DNAbased diagnostic tests, using highly specific
and sensitive markers, do offer improved
identification over traditional plant
pathological methods in the detection of
pathogens in plant roots or soil. Pathogenspecific markers are useful for determining
whether a particular pathogen is part of a
disease complex, for which traditional
methods of identification are unsuccessful or
require much more time. A disease complex
may exhibit confusing symptoms, both
aerially and in the root zone, and it cannot
always be certain which pathogen was the
initial cause of the problem. Also, similar to
the traditional methods, it does not provide
the answers on why and how the disease
developed or what to do to prevent it. The
most important and long-term application of
molecular markers specific to plant
pathogens is for studies on the behavior of

Since the symptoms produced by AG 8 can
be confused with those caused by other
pathogens, a DNA-based test would confirm
its presence on diseased roots, but it cannot
provide an estimate of severity. Research in
2001 will concentrate on determining which
agronomic practice from the CR, NTW, and
CW plots at the CBARC is most effective at
controlling root rot caused by R. solani AG
8. The slot blot technique will be used to
quantify the levels of the fungus in the soil,
plants will be assessed for diseased roots,
and crop yields taken.
The ITS and rDNA primers for R.
oryzae and Ggt/Gga, respectively, cannot be
used in a soil PCR assay due to non-specific
amplification of soil DNA. However, the
assay may be applicable to the diagnosis of
diseased plant roots. The development of
more specific, high copy markers for both R.
oryzae and G. graminis varieties tritici and
avenae would facilitate the detection and
quantification of these pathogens in soil
samples. Similar to R. solani AG 8, DNAbased assays could be used to determine
which agronomic systems most effectively
control these pathogens.
The 13-tubulin primers for F.
pseudograminearum and the SCAR primers
developed for F. culmorum can be used in
PCRs for the diagnosis of diseased plant
material and identification of isolates.
However, since very low amounts of the
single diagnostic fragment for F.
pseudograminearum was produced in soil
DNA samples known to contain the fungus,
it may not be possible to use the 0-tubulinprimed PCR assay for routine field soil tests.
Because the soil was sampled very late in
the season, just prior to harvest and after
white heads had formed, it is possible that
the pathogen is naturally present at low
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the organisms under different agronomic
systems in different environments.
Pathogens are a component of the soil
microbial population. Knowledge of the
biology of each pathogen in soil, combined
with a molecular/population analysis of the
microbial diversity as influenced by the
various agronomic practices and
environment, will provide essential
information required for the development of
agronomic practices that reduce the potential
for disease. The research being undertaken
here is an attempt to identify the agronomic
practices that most effectively control a
number of fungal diseases important in the
Pacific Northwest with the aim of
sustainable disease control.
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TREATMENTS FOR CONTROL OF BARLEY YELLOW DWARF VIRUS
IN WHEAT
Mary K. Corp and Philip B. Hamm
deficiencies, bacterial toxins, leaf breakage,
low temperatures, root and crown rots, and
others. Generally symptoms are most
pronounced in the spring, during rapid
growth and heading, when infected plants
appear stunted and sometimes off-colored
(yellow). Often a greater number of severely
infected plants appear near field edges on the
windward side. A random distribution of
infected plants can also be found throughout
the field. In fields low to moderately infected,
healthy plants will be intermixed with
infected plants. Definitive diagnosis requires
serologic tests such as enzyme-linked
immunosorbent assay (ELISA) and/or
recovery and transmission of the virus by
aphids (Anonymous, 1989).

Introduction
Barley yellow dwarf virus (BYDV)
can be a significant problem in early-seeded
winter wheat in the Columbia Basin. The
level of disease varies from year to year
depending on environmental conditions that
impact aphid populations, the insect vectors
that transmit this disease during feeding.
Warm fall temperatures in some years allow
aphid populations to remain long enough to
allow feeding on newly emerged wheat, thus
transferring the virus. This variability in
levels of infection from year to year makes it
challenging for growers to control BYDV.
Current low commodity prices and slim
profit margins demand a management
strategy that allows the grower the flexibility
to control aphids, but only when necessary.

Early planted winter wheat is highly
susceptible to infection. Young plants are
attractive to aphids. Historically, winter
wheat plantings have been delayed until
aphid populations have declined to minimize
the impacts of BYDV (Watkins and Lane
1989). Growers, however, do not always
have the option of later planting, particularly
when following early harvested crops such as
potatoes or where large acreages must be
planted. In these situations growers are
forced to plant early to increase protection
from erosion and/or must plant early before
fall temperatures become too low. The
purpose of this study was to determine the
most efficient and economic way to control
BYDV in early planted winter wheat in the
Columbia Basin.

BYDV is distributed worldwide. It is
the most economically important disease of
barley and oats in North America, but it also
attacks wheat. BYDV can be transmitted by
at least 23 species of aphid and infects almost
100 species of annual and perennial grasses,
including barley, corn, oats, rye and wheat
(Watkins and Lane, 1989). BYDV includes
five strains based primarily on the specific
aphid species able to transmit the particular
strain. The most important strain in the
Pacific Northwest is designated PVA. The
most important aphid vectors in wheat are the
oat bird-cherry aphid (Rhopalosiphum padi),
the English grain aphid (Sitobion avenae),
and the greenbug (Schizaphis graminum)
(Cook and Veseth, 1991).

Materials and Methods
Symptoms typical of BYDV disease
on small grains are often overlooked and may
be confused with other causes, e.g. mineral

The experiment was conducted on an
irrigated circle at Madison Farms, Echo,
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Oregon in 1999 (Morrow Co.). Soil was
Quincy loamy fine sand. Winter wheat
(Stephens) was sown at 60 lbs/ac on
September 5, 1999. All seed was treated with
Dividend/Apron® (Syngenta) (1 oz/ cwt).
Plots (36 ft x 2,620 ft) were arranged in a
randomized complete block design with three
replications of each treatment. A buffer zone
108 ft wide was maintained on both sides of
the aerial-treated plots. Plots were seeded
using the cooperator's Concorde air drill.
Seeding (row spacing), harvest, and
production practices were typical for the
location and were performed by the
cooperator.

grow, particularly at time of heading. Three
healthy strips, visible from both the ground
and air, demarked where the aerial
application of Warrior® occurred.
Statistical analysis confirmed a
significant difference in yield (at a P=0.07
confidence level) between Warrior® and the
untreated control (106 versus 86 bu/ac,
respectively). There were no statistically
significant differences in yields between the
untreated control and any of the other
treatments. Estimated costs of the treatments
are listed in Table 2.

Experimental Treatments
Table 1. lists the treatments used.
Treatments were Gaucho ® and Adage ® seed
treatments, Di-Syston ® applied in-furrow at
planting, fall applied Warrior ® (12 October,
1999) and an untreated check.

Table 2. Trial results – yields and treat-ment
costs.
Treatments
Control

Table 1. Treatments compared to control
Barley Yellow Dwarf Virus
Product (Manufacturer)

Treatment

Gaucho® 480 FL (Gustafson)

1.5 fl. oz/cwt

Gaucho® 480 FL(Gustafson)

2.0 fl. oz/cwt

Adage® (Syngenta)

1.3 fl. oz/cwt

Di-Syston® (Bayer)

6/7 lb/ac

Warrior® (Syngenta)

3.84 fl. oz/cwt

Rate

Yield

Cost $/ac

86

0.00

Di-Syston®

6.7 lb/ac

91

13.07

Gaucho®

2.0 oz/cwt

95

9.11

Gaucho®

1.5 oz/cwt

84

6.83

Adage®

1.3 oz/cwt

92

6.98

Warrior®

3.84 oz/ac

106

16.64

Estimated product cost for Warrior®
was $11.64/acre, and application cost was
$5.00/acre. A yield increase of 20
bushels/acre for the Warrior® treatment
provided gross additional revenues of $55.00
(at $2.75/bu). Warrior® application showed a
net return of $38.36/acre.

Plant Sampling
Plant stems and flag leaves were
randomly collected from each plot on June 2,
2000. Serological testing (ELISA) confirmed
the presence of BYDV.

Summary and Conclusions
The use of a topical insecticide, only
when aphid pressure warrants use, is a
significant economic option for winter wheat
growers. Not only did the use of Warrior ® in
this case provide an option for growers to
control aphids, once aphids were a risk to the
crop, but this material apparently provided

Results and Discussion
Treatment difference became evident
in the spring after wheat plants began to
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better and/or longer lasting control of the
vectors of BYDV. The analysis suggests that
a Warrior® application would be
economically viable when planting winter
wheat prior to or near September 5,
particularly when aphids are present at wheat
emergence and mild weather conditions favor
aphid survival into the fall, which can lead to
BYDV infection.

Jaeger for laboratory analysis of wheat plants
collected from the field.
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INTEGRATED MANAGEMENT OF JOINTED GOATGRASS IN
WINTER WHEAT
Daniel A. Ball and Frank L. Young
Introduction

with the problem. For example, banding N
fertilizer below the wheat seed row helps
reduce wheat yield losses from JGG (Mesbah
and Miller 1999). Winter wheat cultivars
differ in their competitiveness with JGG
(Seefeldt et al. 1999). By selecting a more
competitive cultivar, producers can increase
grain yield and reduce JGG seed production.
The combination of stubble burning and
improved seeding practices, in conjunction
with spring cropping, has not been researched
previously as a method to reclaim fields
infested with JGG.

Jointed goatgrass (JGG) is a winter
annual grass weed that infests an estimated 5
million acres of winter wheat in the western
United States and over 710,000 acres in the
Pacific Northwest (Ogg 1993). Jointed
goatgrass reproduces only by seed, but seed
can remain viable in the soil for up to 5 years.
The presence of one JGG plant in a field, or
one JGG spikelet in a seed-lot prohibits seed
certification in Oregon and other states.
Jointed goatgrass is very competitive with
winter wheat, especially during dry, hot
conditions, and as few as five JGG plants
/Wean reduce grain yield by 25 percent.
There are no herbicides available that will
selectively control this weed in winter wheat.

Methods
A multi-year study was conducted to
determine the relative importance of wheat
stubble burning, together with planting spring
wheat in a wheat/fallow rotation, and
"integrated seeding practices" on suppression
of JGG. The study was initiated in a dryland
winter wheat/fallow cropping region of
Morrow County near Gooseberry, Oregon,
during the autumn of 1996. The study was
part of a larger, Pacific Northwest regional
project in cooperation with USDAAgricultural Research Service, in Pullman,
Washington, and the University of Idaho.

Current management practices for
JGG recommend not growing winter wheat or
other winter cereal crops for at least 3 and
preferably 5 years after JGG infestation (?).
However, because spring wheat typically
yields about two-thirds as much grain as
winter wheat under eastern Oregon
conditions, fanners are reluctant to grow
spring crops as an alternative. In many
instances they may be unable to sustain a
favorable economic operation after more than
2 years of spring crops. In addition, reports of
JGG infestations in spring-seeded cereals are
becoming more common (Walenta et al.
1999). Burning stubble after winter wheat
harvest kills about 90 percent of the seed in
JGG spikelets lying on the soil surface, but
has a detrimental impact on soil health.
Practices that allow winter wheat to outcompete JGG in the field can provide help

The experimental design was a
randomized complete block, split-split plot,
with four replications located on a
commercial field of winter wheat stubble.
Main treatments consisted of either open
burning of winter wheat stubble (conducted
August 27, 1996) or unburned wheat stubble.
Main plots were split into two sub-plots
fallow/winter
planted
a
to
either
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in summer fallow on June 9, 1999 prior to
seeding winter wheat. The integrated seeding
practice consisted of Stephens wheat,
screened for large seed size, seeded on
October 10, 1999 at 105 lb/acre (21 seeds/ft2)
using the John Deere 9400 hoe drill.
Nitrogen fertilizer was banded below the seed
at planting and N-P starter was mixed with
the seed at planting. All winter wheat plots
were harvested on July 24, 2000.

wheat/fallow/winter wheat (F/WW/F/WW)
crop rotation or a fallow/spring
wheat/fallow/winter wheat (F/SW/F/WW)
crop rotation. For the 1996-1997 fallow
period, the F/SW/F/WW rotation underwent
no-till fallow prior to seeding spring wheat,
and the F/WW/F/WW rotation was
conventionally tilled summer fallow. For the
1997-1998 cropping season, the
F/WW/F/WW rotation was further split into
two sub-sub treatments planted using either a
standard commercial practice for winter
wheat seeding or an "integrated" seeding
practice to increase winter wheat crop
competitiveness against JGG. The standard
seeding practice consisted of Stephens wheat
(1.6 oz/1,000 seeds) seeded on September 24,
1997 at 68 lb/acre (15 seeds/ft2) using John
Deere HZ drills with 16-in row spacing.
Nitrogen fertilizer was applied as anhydrous
ammonia in summer fallow prior to seeding
winter wheat. The integrated seeding practice
consisted of Stephens wheat screened for
large seed size (2.1 oz/1,000 seeds) seeded on
September 24, 1997 at 105 lb/acre (18
seeds/ft2) using a John Deere 9400 hoe drill
with 10- in row spacing. Nitrogen fertilizer
was banded below the seed at planting and NP starter was mixed with the seed at planting.
Penawawa spring wheat was seeded in the
F/SW/F/WW rotation on March 11, 1998 into
no-till fallow using a Great Plains no-till disk
drill with 16-20-0 starter fertilizer mixed in
the seed box, and N fertilizer banded below
the seed. Spring and winter wheat were
harvested on August 3, 1998 and August 28,
1998, respectively. The entire plot area was
then summer fallowed using conventional
tillage practices for the 1998-1999 fallow
period. For the 1999-2000 crop year, the
standard seeding practice consisted of
Stephens wheat seeded on October 10, 1999
at 75 lb/acre (18-seeds/ft2) using a John Deere
9400 hoe drill on 10-in row spacing. Nitrogen
fertilizer was applied as anhydrous ammonia

Results
Although field burning reduced JGG
plant numbers in the winter wheat grown
after burning (Table 1), it resulted in loss of
crop residue important for erosion control
and soil health (data not shown). The
reduction of JGG numbers was also evident
3 years after burning (Table 2). The
integrated seeding practice with no burning
also produced a reduction in JGG plant
numbers similar to stubble burning, but
without the loss of crop residue (Tables 1
and 2). The integrated seeding practice and
no burning resulted in increased winter
wheat plant height and grain yield, and
reduced dockage compared to the standard
seeding practice (Tables 1 and 2). It is
interesting to note that even after 3 years, the
use of integrated seeding of winter wheat
resulted in winter wheat grain yields and
dockage equal to those obtained from
stubble burning and standard seeding
practices (Tables 1 and 2), thereby negating
much of the positive benefit derived from
field burning.
Field burning in the fall reduced the
number of JGG plants that emerged in early
spring prior to seeding spring wheat (Table
3), but JGG numbers were greatly reduced
from the spring cropping practice regardless
of whether or not plots were previously
burned (Table 2). Burning prior to
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establishment of the spring wheat crop
produced negligible differences in spring
wheat plant height or grain yield (Table 3).
Spring wheat yielded 19-25 percent less than
winter wheat when introduced to the
wheat/fallow rotation for 1 year, but rotating
to spring wheat reduced JGG plant count
and harvested grain dockage in the
subsequent winter wheat crop grown in the
rotation (Table 2).

rotation can further help reduce JGG
populations. The combination of spring
cropping and integrated seeding practices
was more effective in reducing JGG losses
in wheat than was stubble burning alone.
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Table 1. Jointed goatgrass (JGG) and winter wheat yield response to field burning and
management practices. Gooseberry, Oregon, 1998.
Treatments

JGG stand
count

Wheat
plant
height

2/24/98

7/30/98

plants/m2cm
Bum

WW/F/WW/F/WW Standard
Integrated

No Burn

WW/F/WW/F/WW Standard
Integrated

JGG
Wheat
grain dockage
yield

bu/acre

36

86

52

1.7

16

98

63

0.4

140

84

47

3.1

100

97

63

0.5

Table 2. JGG and winter wheat response to crop rotation, field burning, and seeding practices,
Gooseberry, Oregon, 2000.

Rotation

Bum

No Burn

Burn

No Burn

WW/F/WW/F/WW

WW/F/WW/F/WW

WW/F/SW/F/WW

WW/F/SW/F/WW

JGG
dockage

JGG plant
count

Wheat
plant
height

Wheat
grain
yield

3/24/00

7/6/00

7/24/00

plants/m2

cm.

bu/acre

%

Standard

76

71

37

8.5

Integrated

40

72

45

4.1

Standard

172

69

34

19.5

Integrated

96

74

43

6.3

Standard

24

66

39

4.0

Integrated

20

71

42

1.3

Standard

72

69

40

8.3

Integrated

92

73

46

4.3

42

4

6

6.9

Treatments

Seeding

LSD (0.05)
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Table 3. Jointed goatgrass (JGG) and spring wheat yield response to field burning, Gooseberry,
Oregon, 1998.

Treatments

Preplant
Postplant
JGG plant JGG plant
count
count
2/24/98

4/27/98

Wheat
plant
height

Wheat
JGG
grain dockage
yield

7/30/98

plants/m2 plants/m2cm

bu/acre

%

Burn

WW/F/SW/F/WW

64

0

78

47

0.1

No Burn

WW/F/SW/F/WW

272

2

74

41

0.5
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EVALUATION OF A RESIDUE MANAGEMENT WHEEL
FOR HOE-TYPE NO-TILL DRILLS
Mark C. Siemens, Dale E. Wilkins, and Robert F. Correa
to handle large amounts of residue
and improve drill performance.

Background
Adoption of reduced tillage systems
in the agricultural regions of the Pacific
Northwest (PNW) lags behind that of the
United States as a whole. The slow
adoption of this practice in the PNW is due
not only to economic and agronomic
concerns, but also to the lack of trouble-free,
reliable seeding equipment for planting into
the heavy residue encountered in this region.
Commercial shank- and disc-type no-till
drills were developed primarily for low
residue conditions and for crops planted in
wide rows. In heavy residue or when row
spacing is narrow, shank-type drills are
prone to plugging, causing operator
frustration and reducing field capacity.
Shank drills also tend to cause large piles of
residue to form, which cover the crop row
and suppress young seedlings. Another
problem with shank drills is that soil can
sometimes be thrown out of the seed furrow
and onto the adjacent seed row. This
adversely affects seeding depth and seedling
emergence. Disc-type drills are prone to
"hair-pinning" straw into the seed furrow
rather than placing seed into moist soil with
good seed to soil contact. In an effort to
overcome these problems, a project was
initiated to develop a residue management
attachment that would improve no-till drill
performance.

2. Evaluate the performance of the
seeder attachment in terms of stand
count and yield.
Residue Management Wheel
The prototype device developed
(patent pending) (Fig. 1) consists of a
fingered rubber wheel, a rubber inner ring,
and a spring-loaded arm that pivots about
vertical and horizontal axes. The unit is
designed to attach to the tool bar of hoe-type
no-till drills and positioned so that the inner
ring is approximately one-half inch away
from the furrow opening shank. When
seeding, the ground-driven rubber-fingered
wheel and inner ring hold down and "walk"
through crop residue, preventing it from
building up on the shank and seed tube.
They also help control soil disturbed by the
furrow opener so that more soil stays
within the seed row.

Objectives
The objectives of this study were to:
1.

Develop a seeder attachment that
would allow a hoe-type no-till drill

Figure 1. Residue management wheel assembly.
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When clumps of crop residue build
up between the wheel and the shank, the arm
holding the wheel is able to rotate away
from the shank, causing the pile of crop
residue to dislodge. After swinging out, the
wheel will naturally track back into its
operating position, close to the shank. Other
features of the design are that the wheel has
adjustable, spring-loaded down pressure and
vertical height adjustment.

performance of the residue wheel, one side
of the drill (six openers) was equipped with
the residue management wheel, the opposite
side (six openers) without.
Depending on location, plot length
varied from a minimum of 40 ft to a
maximum of 200 All experiments were a
randomized complete block design with four
replications except for the winter wheat
experiment at Pendleton, Oregon, where the
experimental design was a split-plot design
with two replications. After the seedlings
had emerged and the date of the last killing
frost had past, stand counts in each plot were
taken using the following procedure. First, a
random sampling location, at least 15 ft
from either end of the plot, was selected for
each replication. The number of plants
within 1.64 ft of either side of the sampling
location were then counted and recorded for
the inner 4 rows of each 6-row plot. The
outer two rows of each plot were not
counted to avoid edge effects. Yield was
determined by harvesting 5 rows from each
plot with a plot combine.

Methods
The seeder attachment was evaluated
in the fall of 1999 and spring of 2000 at
various locations in northeastern Oregon.
Test site locations varied significantly in the
amount and condition of crop residue and
were planted to a variety of different crops
including yellow mustard, winter Canola,
winter wheat, spring wheat, spring barley,
and lupin (Table 1). Three types of
combines were used to harvest the plots
prior to sowing: a stripper combine, a rotary
combine, and a cylinder-type combine.
Some of the combines were equipped with
chaff spreaders, some with chaff spreaders
and straw choppers, and some with neither
(Table 1). In some experiments the residue
was left standing, while in other experiments
the residue was either flailed or rotary
mowed (Table 1). Amounts of residue
present at the time of seeding ranged from a
low of approximately 1,600 lb/acre to a high
of almost 9,000 lb/acre, while stubble height
ranged from less than 2 in to slightly greater
than 24 in. All plots were seeded with a 12ft-wide, 12-in-row spacing, hoe-type no-till
plot drill manufactured by Conserva-PakTM
Seeding Systems' of Indian Head,
Saskatchewan, Canada. To evaluate the

Results
Depending on residue treatment, the
residue management wheel was found to
increase seedling stand count of winter
Canola by 44-53 percent, spring barley by
24 percent, mustard by 41 percent, lupin by
8.7 percent, spring wheat by 15-16 percent,
and winter wheat by 17-20 percent as
compared to the standard drill (Table 1).
These differences were statistically
significant at the levels indicated in Table 1.
Use of the residue management wheel also
increased the yield of winter Canola by 8-11
percent, spring barley by 3 percent, mustard
by 5 percent, lupin by 8 percent, spring
wheat by 1-6 percent, and winter wheat by
up to 8 percent (Table 1). Although

I Reference to a product or company is for specific
information only and does not endorse or recommend
that product or company to the exclusion of others
that may be suitable.
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Table 1. Site description, seedling stand count and yield results of 1999-2000 residue management wheel
evaluation studies in Oregon.
Crop

Location Combine
type

Residue
management

Residue
Residue Stubble
height mngt. wheel

Sowing Stand Percent
count increase
rate
in stand

Yield

Percent
increase
in yield

582
Fall Canola Pendleton Stripper

Standing

4500

19.0
647

Mustard

Helix

Rotary

1232 ***

No Chaff
Spreader

1611

Standing

8758

5.0

7.5
1294

(58.1)*
Spring wheat Adams Stripper

6.0

14.7

24.3

(61.6)

Winter wheat Pendleton Cylinder

Flail

5944

-11.9

<2
Yes

*, **, *** Means between use and non-use of residue management wheels in the same residue treatment row and
column are significantly different by the LSD test at the P = 0.10, .05, and 0.001 levels, respectively.

observed fewer piles of residue and clods
covering the seed row. The remaining 25
percent could not be explained and further
study is warranted. The study also showed
that for large seeded crops, such as wheat
and barley, use of the residue management
wheel increased stand counts by
approximately 17 percent. In trials where
residue density was greater than 5,000
lb/acre, increased stand counts were
observed to be due to fewer piles of residue
covering the seed row. Similar increases in

increased yields were observed in all but one
trial, these differences were not always
statistically significant (Table 1).
Conclusions
This study showed that for small
seeded crops, such as mustard and winter
Canola, use of the residue management
wheel increased stand counts by more that
40 percent. Approximately 15 percent of
this increase was estimated to be due to the
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stand count were seen in trials where residue
densities were lower than 5,000 lb/acre;
however there were no dramatic differences
between treatments in seedbed condition and
a reason for this increase could not be
formulated. Although large differences in
stand counts were seen in the mustard and
winter Canola crops, adequate plant stands
were present due to high seeding rates.
Consequently, yield differences were not
statistically significant, or they were less
than 5 percent higher. Yield increases of up

to 8 percent were seen with the larger seeded
crops, but these differences were not always
statistically significant. The results of this
study indicate that the residue management
wheel improves stand counts and yield in all
levels of residue for direct seed systems.
Further testing and analysis is needed to
determine if the device is economically
justifiable. Further study is also warranted
to determine the cause of the increased stand
and yield performance in low residue
conditions.
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SURVEY OF NEMATODES IN
EASTERN OREGON AND WASHINGTON FIELD CROPS
Richard W. Smiley
Introduction

(Heterodera avenae) are reduced as much as

Nematodes are roundworms that
occur worldwide in all environments. Most
nematodes are beneficial to agriculture
because they contribute to degradation of
crop residue and are important members in
the food chain. However, about 15 percent
of the species are parasitic to plants and
cause crop losses valued at $8 billion
annually in the United States and $78 billion
worldwide (Barker et al., 1998). Most of the
plant parasites are tiny (less than one
millimeter long; 0.04 in) and live in soil
(Barker et al., 1998; Evans et al., 1993;
Jenkins and Taylor, 1967). Symptoms of
nematode damage are easily confused with
symptoms of nutrient deficiency, drought, or
root disease. Moreover, damage by
nematodes can lead to more intense
infection of roots by fungal pathogens. The
combined effect of fungal and nematode
damage is often more pronounced than
caused by either of the disease agents acting
alone.

50 percent when cereals are produced more
frequently than every other year or are
rotated with legume crops contaminated by
grass weeds (Smiley et. al., 1994). Root
lesion nematodes (Pratylenchus species) are
also found in high numbers in some eastern
Oregon dryland fields when cereals are
produced in annual-crop systems (Smiley,
2000). Lesion nematodes have the potential
to damage dryland cereals in Washington
(Mojtahedi et al., 1986; Mojtahedi and
Santo, 1992), Oregon (Smiley, 2000),
Colorado (Armstrong et al., 1993), Utah
(Sher and Allen, 1953), Ontario (Yu, 1997),
Australia (Doyle et al., 1987; Taylor et al.,
1999; Vanstone et al., 1998), Israel (Doyle
et al., 1987), and Mexico (Doyle et al.,
1987). A better understanding of cropping
systems in which root lesion nematodes
become numerous, and relationships
between numbers and suppression of yield
potential are important as growers face
increasing economic and ecological
pressures to produce more annual crops and
reduce tillage between crops.

Plant parasitic nematodes are well
known for damaging irrigated crops in the
Pacific Northwest (Jensen, 1961). Most
emphasis has been on higher value crops
such as potato, mint, and alfalfa. Nematodes
are unlikely to restrict growth and yield of
wheat in the winter wheat-summer fallow
rotation that dominates dryland production
systems in eastern Oregon and Washington.
However, parasitic nematode species can
become numerous when dryland fields are
cropped annually. Yields of winter wheat in
areas infested by the cereal cyst nematode

This paper reports the results of a
survey of parasitic nematodes in 148
samples collected from 10 eastern Oregon
and Washington counties during 2000.
Emphasis was on fields that are cropped
annually.
Methods
Samples were collected at 109 sites
during spring, summer, and autumn (May
through November, 2000). Population
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dynamics through the season were examined
by collecting an additional 39 samples at
sequential dates for some sites. Emphasis
was on fields planted annually, many of
which were managed by planting spring
crops without primary tillage. Sampling sites
included 49 commercial fields, 26 large
research plots in commercial fields, and 34
smaller plots at the Oregon State University
(OSU) Columbia Basin Agricultural
Research Center (Pendleton and Moro
Stations) in Oregon and the Washington
State University (WSU) Dryland Research
Unit at Lind, Washington. Sampling sites
were located in seven Oregon counties
(Gilliam, Morrow, Sherman, Umatilla,
Union, Wallowa, and Wasco) and three
Washington counties (Adams, Lincoln, and
Walla Walla).

saprophytic nematodes, and symptoms of
fungal root and crown diseases.
Soil mixing and nematode extraction
and identification were performed by Kathy
Merrifield at the OSU Nematode Diagnostic
Lab at Corvallis, using a standard wetsieving density-floatation method to extract
soil-dwelling nematodes and a standard 7
day root-mist procedure to extract
endoparasitic nematodes from roots
(Ingham, 1994). The soil extraction
procedure involves suspension of soil in
water and, after allowing solids to settle for
a precise time, pouring the liquid through a
filter. Material retained in the filter is resuspended and centrifuged. The pellet is resuspended in a sugar solution and
centrifuged again. The liquid containing
nematodes is filtered again and examined
under a microscope to determine numbers
and identities of the parasitic and beneficial
species. The root extraction procedure
involves placing roots in a chamber and
misting them for 60 seconds every five
minutes for seven days. Nematodes that
migrate out of the roots are collected and
observed under a microscope. Once generic
or species identifications are complete, the
numbers are normalized to equal units of
root mass (fresh weight basis) or soil (airdry basis). All numbers in this paper are
reported as lesion nematodes per gram of
root tissue (e.g., xxx/g root), or lesion
nematodes per kilogram of soil (e.g., xxx/kg
soil). For comparative purposes, one pound
equals 0.45 kg or 454 g.

At each location, 10 soil and plant
sub-samples were collected and composited
as single soil and plant samples for that
location. Soil plus roots were collected
directly in the crop row to a depth of 3
inches (6 to 8 cm) using a narrow-blade
shovel (4 in; 10 cm). A hole was opened and
then a thin (0.5-0.7 in; 1-2 cm) vertical slice
of soil was removed and placed into a bag.
About five plants with intact root systems
(to about 4 inch depth) were then collected
at each sub-sampling site. Plants were dug
with the shovel and roots were tapped
against the shovel or a boot to remove
excess soil. Composite samples were placed
in a cooler with ice and then stored in a
refrigerator for up to 14 days before
nematodes were extracted.

Results
Data collected for each sample
included site location indicators (altitude,
latitude, longitude, nearest town, property
owner or operator), tillage (direct drill or
cultivated), recent crop history, numbers and
species of parasitic nematodes, numbers of

Nematode Species and Numbers

Samples were assessed for all species
of parasitic nematodes that could be
extracted and identified by the procedures
used. Root lesion nematodes were identified
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followed a broadleaf crop rather than
another cereal.

in 94 percent (139 of 148) of samples
collected. Numbers ranged from zero to
2,449/g root, and from zero to 35,960/kg
soil. The dominant species of lesion
nematodes were Pratylenchus neglectus
inside roots and P. thornei in soil. Other
parasitic genera were identified in fewer
samples. Pin nematodes (Paratylenchus
species) were present in 15 samples (10
percent of the total) and had populations as
high as 7,670/kg soil under dryland
conditions and 20,210/kg soil under
irrigation. Stunt nematodes
(Tylenchorhynchus species) were present in
57 samples (39 percent) and had populations
up to 2,430/kg soil under dryland conditions.
Cereal cyst nematode (Heterodera avenae)
was identified in two of three Union County
samples subjected to a special extraction
treatment based on existing knowledge that
cyst nematodes might be present in that
region (Smiley et al., 1994).

Numbers of lesion nematodes were
generally lower in roots of spring barley
than spring or winter wheat (Table 2).
Exceptions did occur. Annual spring barley
roots at one location had lesion nematode
numbers comparable to those for annual
spring wheat (Table 3). However, of the 13
barley samples, three (23 percent) had lesion
nematodes in excess of 300/g root and ten
(77 percent) had numbers below that level.
Wheat roots were more evenly distributed,
with 46 percent of the 102 samples having
lesion nematodes in excess of 300 per gram.
Seasonal Effects
Repeated samplings from May
through October revealed that lesion
nematode numbers in cereal roots were
lowest during the spring (May) and
generally built up to their highest level as
plants reached maturity (Table 2). The
summer of 2000 was very dry but autumn
rains began on September 3 and were
frequent into the winter. Volunteer cereal
and grass weed seed germinated in
September and seedlings became established
before the sampling date in October.
Numbers of lesion nematodes in volunteer
cereal seedlings and grass weeds (such as
downy brome, data not shown) during
October were comparable to the numbers of
nematodes in planted spring and winter
cereal crops during May.

Nonparasitic nematodes were present
in all soils and numbers ranged from 330 to
21,890/kg soil. Numbers of beneficial
nematodes had no relationship to tillage or
cropping history, or to presence or absence
of irrigation.
Crop Rotation and Tillage
Lesion nematode numbers were
influenced by crop rotation but not by tillage
(Table 1). Crops in about 40 percent of the
fields had more than 300 lesion nematodes/g
root, and this did not differ among no-till
and cultivated fields. Winter wheat rotated
with summer fallow always had less than
100 lesion nematodes/g root. High numbers
(more than 300/g root) occurred in 44
percent of the situations in which crops were
produced more than two of every four years.
In annual crop systems, lesion nematode
numbers in cereal roots and root-zone soils
were slightly higher when the cereal

Although the number of lesion
nematodes inside roots became higher with
plant age (from May though July), the
number of lesion nematodes in soil at
shallow sampling depth (3 in) was highest
during spring (May) and autumn (October)
and lowest during the summer months (June
and July) (Table 2). Moreover, at a single
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sampling site it was common to find roots
infested only by P. neglectus and soil

immediately outside those roots dominated
by P. thornei.

Table 1. Relationship of root lesion nematode numbers with tillage and cropping systems
in 148 samples collected from fields in 10 eastern Oregon and Washington counties
during 2000.

Pratylenchus

species

Tillage
Planted Cultiwithout vated
tillage
soil

nematodes/g root
109

Winter wheat/
summer fallow
rotation

Rotation
Cropped
Cereal
more than 2
following
of 4 years
broadleaf

number of fields sampled for each tillage and rotation system
39
13
128
22
percentage of fields in each nematode population category

Cereal
following
cereal

82

0-300
301-1,000

60
30

64
22

100
0

56
32

45
41

60
29

1,001-1,500
1,501-2,000
2,001-2,500

5

8
3
3

0
0
0

6
4
2

9
5
0

7
2
2

nematodes/kg soil

number of fields sampled for each tillage and rotation system

105

37

13

125

22

78

percentage of fields in each nematode population category

0-250
251-500
501-1,000
1,001-5,000
>5,000

46
17
15
16
6

54
19
5
14
8

77
15
7
0
0

44
18
14
18
7

Broadleaf Crops and Irrigation
High numbers of lesion nematodes
were found in many of the broadleaf crops
sampled, indicating that some broadleaf
crops serve as favorable hosts for
multiplication of nematodes. Some of the
broadleaf crops actually seemed more
favorable than cereal crops for nematode
multiplication (Table 3). For instance,
nematode numbers in spring wheat roots
were higher when the wheat was planted
after mustard, canola, or lentil than after
spring wheat. The number of lesion
nematodes exceeded 300/g root in each of
these annual no-till crops. When an annual

55
9
18
18
0

76
13
6
3
3

no-till field was planted successively to
spring barley (2 years), mustard, and then
winter wheat, and then divided into various
broadleaf crops during 2000, the reference
level of 300 nematodes per gram was
equaled or exceeded in roots of lentil,
chickpea, and narrow-leaf lupin. Numbers of
lesion nematodes in this cropping system
were much lower in roots of flax and
safflower than lentil, chickpea (garbanzo
bean), and lupin. Observations of high lesion
nematode numbers in other commercial
fields were also made for several broadleaf
crops and for cereals following either
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many fields in Adams and Lincoln counties
of Washington. However, it was clear that
the nematodes were present but below the
easily detectable population levels because
other fields in the same area, or on the same

broadleaf crops or grass seed crops (data not
presented).
During 2000, as in 1999, there was
an apparent lack of lesion nematodes in

Table 2. Root lesion nematode numbers in three long-term annual crops' managed with
cultivation at the Columbia Basin Agricultural Research Center, Pendleton; spring barley,
spring wheat, and winter wheat were sampled on four sampling dates during 2000.
Annual crop since 1931

July 6
June 9
nematodes/g root
211
83
1,680
1,270
1,243
nematodes/kg soil
60
90
1,740
1,130
2,150

May 9

Spring barley
Spring wheat
Winter wheat

26
565
969

Spring barley
Spring wheat
Winter wheat

350
13,100
460

October 14
137
548

210
13,260
8,350

' Plant growth at sampling dates: May -- winter wheat was nearing flag leaf and spring
grains were small seedlings (planted in April); June -- winter wheat was at anthesis and
spring cereals were heading; July -- all crops were mature and nearing harvest; October -winter wheat was emerging and volunteer spring cereals were well established after rains
throughout September germinated seeds lying on the soil surface.
Table 3. Root lesion nematode (P. neglectus) numbers in annual crops' planted without
primary tillage at a farm near Heppner, Oregon; samples were collected during 2000.
1999 crop
Lentil
Mustard
Canola
Spring wheat
Spring barley
Winter wheat
Winter wheat
Winter wheat
Winter wheat
Winter wheat

2000 crop
Spring wheat
Spring wheat
Spring wheat
Spring wheat
Spring barley
Flax
Safflower
Lentil
Chickpea
Narrow-leaf lupin

July 9
May 9
nematodes/g root
627
1,041
1,163
908
631
689
398
473
324
424
28
99
299
417
1,764

' Crops prior to 1999 were no-till spring barley during 1996 and 1997, and no-till spring
mustard during 1998.
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farm, had high numbers that apparently
occurred in response to management
systems on those fields. For instance, lesion
nematodes were generally not detectable in
nonirrigated fields near Tygh Valley and
Lind, but reached high numbers in adjacent
or nearby irrigated fields (Table 4). Lesion
nematode numbers near Harrington were
highly variable depending on sequences of
annual crops growing in nonirrigated fields.

numerous in winter wheat roots in a shallow
drainage (10-30 feet wide) than in areas of
the field immediately outside the drainage.
Samples were collected both inside and 100
feet outside the drainage because wheat in
the drainage was chlorotic and growing
more slowly during the spring. The overall
appearance of wheat in the drainage
resembled a sulfur deficiency or damage by
Pythium root rot. Wheat outside the
drainage was dark green, vigorous, and
looked "normal." The elevation of the
drainage was only a few feet lower than the
rest of the field, and the very gentle slope
through the depression did not affect tillage
and planting operations.

Landscape Position
Field topography influenced
numbers of root lesion nematodes. This was
best exemplified in a field near Pendleton
(Table 4). Lesion nematodes were much
more

Table 4. Root lesion nematode numbers for selected pairs of nearby fields, or within-field
locations, in 10 eastern Oregon and Washington counties during June and July 2000.
Nearest town and water
Till
Crops before
1999
2000
Nematodes
management
age'
19992
crop
crop
/g root
Washington
Lind
C
WW
WW WW
17
Lind--irrigated handline
C
WW-SW
1,381
WW
SW
Harrington
N
F-WW-SW
SW
0
SR
Harrington
N
WW-CP-MT
SW
SW
930
Touchet
N
18-year SW
SW
899
SW
Touchet
N
5-year SW/WW
297
SW
WW
Oregon
Moro
N
3-year SW
284
SW
SW
Echo
N
6-year SW
WW
2,449
SW
Tygh Valley
C
F
WW
WW
12
9
Tygh Valley--an irrigated circle
N
CA
WW
819
9
split into two crop systems
N
1,510
SY
WW
Enterprise--irrigated circle
N
120
SB
CA
SB
Enterprise--irrigated circle
N
CA
1,075
SW
SW
Pendleton--beside drainage
C
WW
F
38
WW
--wet drainage
C
WW
F
WW
390
Pilot Rock
N
SW-SW-SW
596
WW
SW
Pilot Rock
C
F-WW-F
WW
SW
55
' Conventional cultivation with plow and/or disk (C), or no tillage prior to planting (N).
2 CA = canola, CP = chickpea (garbanzo bean), F = summer fallow, MT = millet, SB = spring
barley, SR = safflower, SW = spring wheat, SY = soybean, WW = winter wheat.
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reported in this paper and previously
(Smiley, 2000).

Associated Root Diseases
Wheat and barley collected during
May (61 samples) and June (43 samples)
were evaluated for symptoms of root
diseases caused by fungal pathogens.
Symptoms of Rhizoctonia root rot were
observed on 75 and 84 percent of the
samples collected in May and June,
respectively. Take-all was observed on 52
and 49 percent of the samples collected in
May and June. Strawbreaker foot rot was
detected on plants in 18 percent of the
samples collected in May. In some instances
all three diseases were detected on plants in
the same sample.

Although the population density
above which economic damage might be
predicted (damage threshold) is not known
in the Pacific Northwest, reference values of
300 nematodes/g root and 1,000
nematodes/kg soil are currently being used
for comparison with reports from other
regions or countries (Griffin, 1984; Rivoal
and Cook, 1993). These levels equate to
those above which economic damage has
been reported in several other regions or
countries (reviewed by Smiley, 2000).
However, it must be re-emphasized that
threshold values for economic damage are
not known for dryland field crops in the
Pacific Northwest. It is anticipated that
threshold values for dryland crops will be
lower than for irrigated crops because the
potential exists for stresses to become
additive when crops deplete soil water
reserves before maturity.

Discussion

Damage Threshold Remains Unknown
This survey demonstrated that high
numbers of root lesion nematodes occur in
roots and soils of some annually cropped
fields in low-rainfall, non-irrigated regions
of Oregon and Washington. However, it is
not yet possible to provide a meaningful
interpretation of effects on yields by high
numbers of lesion nematodes in dryland
crops and soils in the Pacific Northwest.
High numbers do not necessarily equate to
high potential for damage because damage
depends on complex interactions among the
species and numbers of nematodes in or on
roots, the crop species and variety, crop
growth stage, crop rotation and tillage
management, activity of fungal pathogens,
and soil temperature, moisture and texture.
Estimates of the damage potential for lesion
nematodes on broad-acre field crops in the
Pacific Northwest have been performed only
in pots under greenhouse conditions
(Mojtahedi et al., 1986; Mojtahedi and
Santo, 1992). Estimates of yield damage
under field conditions are needed to assess
the meaning of population dynamics

Response to Crops and Management
Results of the current survey indicate
that root lesion nematodes are present
throughout the region and can multiply
rapidly in response to irrigation and certain
cropping systems. Shifting from a winter
wheat/summer fallow rotation to annual
cropping can lead to dramatic increases in
numbers of parasitic root lesion nematodes.
It also appears that barley might be less
favorable than wheat for multiplication of
lesion nematodes, and that some broadleaf
crops are favored hosts. More specific
information on damage potential and crop
sequence or variety effects is urgently
required as growers move steadily away
from rotation of winter wheat with summer
fallow. Some fields previously tilled
conventionally and planted to winter wheat
are now being planted annually with no-till
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spring crops. It was encouraging that tillage
seemed to have no influence on numbers of
root lesion nematodes in our region. On the
other hand, it was discouraging to find high
populations of lesion nematodes in roots of
some broadleaf crops that we currently
recommend to "break the disease cycle" in
cereal crops. Moreover, diseases such as
Rhizoctonia root rot and take-all were not
eliminated in wheat that followed summer
fallow or crops of mustard, canola, lentil,
safflower, alfalfa, and pea. These
observations are important because
nematodes and fungal root pathogens often
interact to cause damage more severe than
either of the individual agents (Taheri et al.,
1994). For instance, in southern Ontario P.
neglectus is associated closely with
Rhizoctonia root rot of winter wheat
(Benedict and Mountain, 1956). Although
the fungal pathogen was considered most
important, it was thought that P. neglectus
helped initiate the root rot disease
Interactions of fungal pathogens and
nematode parasites have not been studied in
nonirrigated crops in eastern Oregon or
Washington.

productivity of spring crops can be increased
as much as 50 percent by killing volunteer
and weeds during the early winter rather
than waiting until early spring (Smiley et al.,
1992). This phenomenon, called the "green
bridge," has been emphasized for reducing
damage by fungal pathogens but is to be
equally applicable to nematodes, insects, and
viral diseases.
Crop Genetics
Wheat varieties in Australia have
large differences in genetic resistance to root
lesion nematodes (Farsi et al., 1995;
Vanstone et al., 1994, 1998). Different
wheat varieties have up to 20-fold
differences in numbers of nematodes per
gram of root tissue, indicating very large
differences in genetic potential to restrict
lesion nematode multiplication in roots.
Lesion nematodes are also known to have
wide host ranges in Australia. P. neglectus
infects all cereals as well as rotational crops
such as grain legumes, pasture legumes, and
oilseeds (Vanstone et al., 1994). However,
nematode multiplication differs greatly in
roots of various crop species and among
varieties within each species (Taylor and
Vanstone, 1996). Knowledge of these
relationships has important implications for
crop rotation strategies, as production of
each crop and variety will result in varying
populations of nematodes available to attack
subsequent crops.

Greenbridge Effect
Sequential sampling of several fields
at Pendleton showed that volunteer wheat
and grass weeds were heavily infested by
lesion nematodes. Many growers allow
volunteer to survive through the winter. If a
spring crop is to be planted the volunteer
and weeds are killed several weeks before
the new crop is planted. If a winter wheat
crop is to be planted, the field is usually
cultivated, fertilized, and maintained weed
free by multiple rod weedings during the
summer. In each case, however, the presence
of volunteer surviving through the winter
greatly reduces the effective interval of the
sanitizing break from one harvest to the next
planting. In the case of spring cereals, the

Production of a resistant crop greatly
reduces lesion nematode multiplication and
limits potential for yield loss in subsequent
crops that may be susceptible to damage.
Smiley (2000) reviewed current knowledge
regarding susceptibility of various field
crops to root lesion nematodes in Australia,
including reasons for canola being
considered a good to moderate host for P.
neglectus and a poor host for P. thornei, and
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Diagnostic Services
Nematode diagnostic services in
Oregon are available at the OSU Nematode
Diagnostic Laboratory at Corvallis (541737-5540). Samples must be collected and
handled carefully because diagnostic
procedures are based on extracting living
organisms that can be killed by mishandling.
Descriptions of procedures for submitting
samples to the lab are available at County
Extension Service offices. Diagnostic
services to determine numbers of each genus
(Pratylenchus, for example) currently cost
$25/sample to extract nematodes only from
soil, $25/sample to extract nematodes only
from plant roots, or $35/sample to extract
nematodes from both soil and roots. Species
identification is available for an additional
$10/genus/sample.

for canola increasing nematode numbers in
soil unless the young crop is turned into soil
as a green manure. Australian nematologists
(Sharyn Taylor and Vivien Vanstone,
personal communications) consider rye,
triticale, safflower, lupin, and pea as poor
hosts that may help reduce P. neglectus
numbers in soil for the next crop. Barley
and lentil are considered intermediate hosts
and chickpea and wheat varieties were
highly variable. It is unclear whether crop
reactions will be the same in the Pacific
Northwest and Australia. Crop genetics and
production systems differ for these regions.
We have observed that lesion nematodes
reached high numbers in two lupin varieties
imported from Australia, where this crop is
considered a poor host for lesion nematode
multiplication. Further research is needed to
determine if lupin is truly a favorable host in
the Pacific Northwest but not Australia and,
if so, whether the difference in response is
related to environment, plant variety, or
nematode strain.

Acknowledgements
This project was funded by a
Cooperative Research Agreement with the
U.S. Department of Agriculture,
Agricultural Research Service. The
assistance of Oregon State University and
Washington State University Extension
Service faculty in each county was truly
appreciated. I also appreciated growers and
researchers who gave open access to their
commercial fields and experiments. I am
especially grateful to Kathy Merrifield (OSU
Nematode Diagnostic Laboratory at
Corvallis) for providing excellent services,
and to Drs. Russ Ingham and Stella Coakley
(Department of Botany and Plant Pathology)
and Steve Petrie (Columbia Basin
Agricultural Research Center, Pendleton) for
providing support and guidance to the Field
Crops Pathology Program in eastern Oregon.

Species Diversity in Lesion Nematodes
The survey of lesion nematodes in
the Pacific Northwest indicated that P.
neglectus was recovered mostly from roots
and P. thornei was recovered mostly from
soil in the root zone. Since both species
must rely on living root tissue to survive and
multiply, it is of interest to determine if P.
neglectus has a stronger endoparasitic
growth habit than P. thornei. In other words,
does P. neglectus spend a greater part of its
life inside the root and P. thornei more time
grazing superficially at the root surface? If
so, and if further research demonstrates that
yields are being suppressed by these
parasites, the differences in their ecological
habits will surely influence the efficiency of
various control strategies designed to reduce
their impact on yield.
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Addendum
Biology of Root-lesion Nematodes
Root-lesion nematodes are microscopic roundworms with complex organ systems. There are
approximately 40 species described in the genus Pratylenchus. Root-lesion nematodes are distributed
throughout the world and damage a broad range of crops, including most crop species produced in the
inland Pacific Northwest: wheat, oat, barley, corn, pea, lentil, canola, mustard, potato, alfalfa, apple, and
others. Wheat, canola, and chickpea are favorable hosts. Significant damage to small grain yields has been
reported.
Root-lesion nematodes live freely in soil as migratory endoparasites, meaning that they may become
entirely embedded in root tissue but never lose their ability to move from place to place in the root or to
move back into soil. These nematodes penetrate roots by puncturing and entering the surface cells
(epidermis) and then migrating throughout the root cortex. This results in surface lesions that favor greater
colonization by fungal root-rotting pathogens and saprophytic bacteria, fungi, and nonparasitic nematodes.
These activities reduce the ability of roots to produce branches and absorb water and nutrients.
Symptoms
Nematodes enter plants soon after seed germination, but root symptoms may not be detected until
plants are older than 6 to 8 weeks. Symptoms include reduced numbers or lack of lateral branches on main
roots, and dark lesions on the roots. Outer layers of root tissue (the cortex) disintegrate. Symptoms are
difficult to detect in the field and are confused easily with or masked by symptoms of Pythium root rot and
Rhizoctonia root rot. Affected areas of fields appear unthrifty, yellow (especially lower leaves), or
droughty. Symptoms are easily confused with nitrogen deficiency, drought, or barley yellow dwarf.
Yield reductions cannot be proven without studies using nematicides, soil fumigation, or resistant and
susceptible varieties. Relationships between lesion nematode populations and yield reductions are difficult
to generalize over large regions because responses are influenced by climate, plant, and soil factors.
The Nematodes
Root-lesion nematodes appear worm-like under the microscope. They are about 0.5 mm (0.02
inch) long and move in water films covering soil particles. They remain active at soil moisture contents
below limits for germinating seed. Three species common to nonirrigated crops in the inland Pacific
Northwest include Pratylenchus thornei, P. neglectus, and P. penetrans. Species identification requires the
services of a professional nematologist.
Disease Cycle
Root-lesion nematodes are motile within root tissue and soil. Females deposit about one egg per
day and eggs hatch in one week. Juveniles go through about four molt stages within 35 to 40 days before
becoming adults. All juvenile and adult stages are parasitic, and numbers in roots increase exponentially
through the growing season. Older, dying root tissues are vacated as nematodes constantly search for
young cells. These nematodes survive in an inactive, dehydrated state in roots and soil during dry or
freezing conditions. They become active again when moisture, roots, and favorable temperatures return.
Some species of Pratylenchus are more common in sands and others in clays, but the genus is not strongly
restricted by soil or climate.
Control
Lesion nematode populations decline in summer fallow and are usually low in cultivated
wheat/fallow rotations. Populations can become very high in direct-drill systems, especially if susceptible
crops and varieties are grown repeatedly. The best control is achieved by rotations that include resistant
hosts that restrict the rate of nematode reproduction. Small grain varieties vary greatly in resistance to
damage.
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EFFECT OF FERTILIZER PLACEMENT AND SOIL WATER ON
EMERGENCE OF YELLOW MUSTARD
D.E. Wilkins, D.J. Wysocki, and M.C. Siemens
To better understand these
phenomena, a laboratory experiment was
conducted to determine the effect of
fertilizer placement, fertilizer amount, and
soil water content on emergence of yellow
mustard.

Introduction
Traditional crop production systems
in the Pacific Northwest (PNW) Columbia
Plateau are wheat/fallow rotations. These
systems continue to degrade the natural
resource base through soil erosion and loss
of soil organic carbon (Rasmussen and
Parton 1994). Elimination of the fallow
season by annual cropping would reduce
erosion and loss of soil organic carbon
through oxidation. Planting broadleaf crops
such as canola (Brassica napus L.) or yellow
mustard (Sinapis alba L.) in rotation with
wheat are potentially viable annual cropping
systems for the PNW. Yellow mustard and
canola seeds are very small round seeds that
measure less than 1/16 inch in diameter.
Because of their small size these seeds
require shallow planting (Brandt 1992) and
young seedlings are prone to water stress
during germination and emergence. In the
Columbia Plateau, this is a particular
problem since prolonged periods of dry
weather in the spring frequently occur
(Rasmussen et al. 1998).

Materials and Methods
A laboratory experiment consisting
of three replications of a combination of
eight fertilizer and three soil water content
treatments was conducted in a Walla Walla
silt loam soil (Table 1). These water
contents represented 1/4, 1/2, and 1 bar soil
water tension, or 18.6, 16.6 and 14.8 percent
gravimetric soil water content, respectively.
The experiment consisted of planting AC
Pennant mustard seeds in Walla Walla silt
loam soil in 4- x 4- x 4-in pots, placing the
pots in a growth chamber, and counting the
number of seedlings that emerged each day
after planting for 17 days.
In treatments 1 through 4, starter
fertilizer (N- P205-K2 0 = 16-20-0) at 0, 25,
50, and 100 lb/acre was placed with the
seeds, respectively. For treatments 5 and 6,
starter fertilizer (N- P205-K20 = 16-20-0) at
50 lb/acre was placed 1 in below and 1 in to
the side, and 2 in below and 2 in to the side
of the seeds, respectively. A combination of
the starter fertilizer at 50 lb/acre and urea
(N- P205-K20 = 46-0-0) at 172 lb/acre were
placed 1 in below and 1 in to the side, and 2
in below and 2 in to the side of the seeds for
treatments 7 and 8, respectively. The
combination of three soil water contents,

Fertilizer requirements for optimum
yield of mustard and canola are similar to
that of winter wheat (Wysocki et al. 1992).
In the Columbia Plateau, typical
recommendations are approximately 80 lb of
N, 15 lb of P, and 10 lb of S for 2,000
lb/acre of grain produced by the crop.
Placing fertilizer with or in close proximity
to the seeds may create additional stress to
the seedlings during germination and
emergence.
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Table 1. Fertilizer rates and placement location for mustard emergence experiment.
Treatment
Fertilizer amount
Fertilizer placement
Starter (16-20-0)
Urea (46-0-0)
lb/acre
1
0
0
None applied
2
25
0
With the seed
3
50
With the seed
0
4
100
0
With the seed
5
50
1 in by 1 in'
0
6
50
0
2 in by 2 in2
7
50
172
1 in by 1 in
8
50
172
2 inby 2 in
'1 in by 1 in indicates fertilizer was placed 1 in below and 1 in to the side of the seeds.
22 in by 2 in indicates fertilizer was placed 2 in below and 2 in to the side of the seeds.
eight fertilizer rate and placement
treatments, and three replications made a
total of 72 experimental units.

evaporation and placed in a growth chamber
at 50° F. When seedlings began to emerge,
the Parafilm® was removed, the pots
loosely covered with plastic wrap and a
humidifier placed in the growth chamber to
control evaporation loss from the pots.
Emergence observations were made and
recorded daily from day 1 through 10, and
day 13 through 17 after planting.

Ten seeds of the mustard variety AC
Pennant were planted 1/2 in deep in each
pot. The amount of fertilizer placed in each
pot represented 12-in row spacing in the
field. To ensure soil aggregate size
uniformity, soil was rolled and sifted
through a 0.08-in (2-mm) sieve. Soil water
content was adjusted by adding the
appropriate amount of water to obtain 18.6,
16.6, and 14.8 percent gravimetric soil water
contents. Seeds and fertilizer were potted
using the following procedure: soil was
compacted in the pots to a bulk density of
1.94 slugs/ft3 (1g/cm3) to the depth where
fertilizer was to be located. Fertilizer was
placed, and additional soil was added if
needed and compacted. Then seeds were
placed and 1/2 inch of soil compacted over
the seeds. Pots were covered with
Parafilm®t to prevent water loss through

Results and Discussion
The results of the study are
summarized in Tables 2 and 3 with
statistical differences between treatments
indicated for each observation day. Table 2
shows that the percentage of plants emerged
increased significantly until day 13 after
planting. After day 13, the percentage of
plants that emerged increased by less than 7
percent. Placing starter fertilizer (N-P 205
20 = 16-20-0) with the seeds delayed and-K
reduced emergence significantly (Fig. 1).
Final emergence in the pots with 25, 50, and
were 42, 93, and 98 percent lower than the
100 lb/acre of starter placed with the seeds
final emergence in the pots that had no
starter.

t Mention of trade name, proprietary product, or specific
equipment does not constitute guarantee or endorsement by
the USDA-ARS or Oregon State University, and does not
imply the approval of the named product to the exclusion
of other products that may be suitable.
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The effect of soil water content on
yellow mustard emergence can be seen in
Figure 4. Results plotted in Figure 4
represent averages of all fertilizer treatments
for each soil water content. The drier soil
conditions at 14.8 and 16.6 percent delayed
early emergence. Seven and 8 days after
planting there were significantly more plants
emerged in soil with 18.6 percent soil water
content compared to soil with 14.8 and 16.6
percent (Table 3).

The first seedlings emerged 7 days
after planting. Fifteen of the 72 pots held
emerged mustard plants on this day. By the
end of the incubation period (17 days after
planting), all of the treatments that had plant
emergence on day 7 had reached 90 percent
emergence or greater (with the exception of
one treatment that only reached 80 percent),
suggesting that earlier emergence is an
indicator of a preferable seedbed condition.
Compared to treatments where
starter fertilizer was placed with the seeds,
placing starter fertilizer away from the seeds
significantly improved emergence. Although
the final (17 days after planting) percentage
of plants emerged was not significantly
different between treatments with no starter
fertilizer and starter placed 1 in below and 1
in to the side of the seeds (Table 2), there
was a significant delay in plant emergence
(Fig. 2). When the starter was placed 2 ins
below and 2 in to the side of the seeds,
emergence rates and amounts were as fast
and as high as the no starter treatment.

Although starter fertilizer placed
with yellow mustard seeds at planting
reduced and delayed emergence compared to
banding fertilizer to the side and below the
seeds, the effect of fertilizer placement on
plant growth and yield needs to be
determined before recommendations can be
made concerning fertilizer placement and
yellow mustard production.
Summary
Fertilizer placed with yellow mustard
seed at rates as low as 25 lb/acre of 16-20-0
at planting delayed and reduced plant
emergence in both moist soil (18.6 percent)
and soil with marginal water content (14.8
percent) silt loam soil. Placing fertilizer 2 in
to the side and 2 in below the seed reduced
this stress condition during the seedling
establishment period. These tests evaluated
the effect of fertilizer placement and amount
on plant emergence in a controlled
environment. Additional field research is
underway to determine fertilizer placement
and amount on plant emergence, growth and
yield.

For two of the treatments, the full
complement of fertilizer (50 lb/acre of 1620-0 and 172 lb/acre of 46-0-0) was placed
to the side and below the seeds. A slight
delay in emergence occurred for fertilizer
placed near the seeds (either 1 x 1 or 2 x 2
in) compared to no fertilizer placed at
planting (Fig. 3) but the differences were not
statistically significant (Table 2). Starter
fertilizer (50 lb/acre of 16-20-0) placed 1 in
to the side and 1 in below the seeds
(treatment 5) created a reduced emergence
compared to the full complement of
fertilizer at the same placement (treatment 7)
during initial emergence (Table 2). This
difference was not statistically significant
after day 7. It is not understood why this
difference occurred.
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Table 2. Effect of fertilizer placement, amount and type on emergence of yellow mustard.
Days after planting
Fertilizer
15
16
17
14
13
8
10
Type
9
Treatment Location Amount
percentage of seeds that produced plants
lb/acre
96a
96a
96a
94a
96a
93a
10abc1
49ab
84a
16-20-0
none
1
54c
56b
51c
53c
24c
49c
7c
Oc
lc
16-20-0
25
With Seed
2
7c
4d
6d
7d
4d
lc
2d
Oc
16-20-0
Oc
50
With Seed
3
2d
2c
2d
2d
2d
Od
Oc
Oc
Oc
16-20-0
100
With Seed
4
89a
87b
88b
84b
87b
78b
34b
67b
16-20-0
2c
50
1 x 12
5
97a
97a
97a
97a
78ab 91a 93ab
54a
16a
16-20-0
50
2x23
6
48ab 73ab 84ab 90ab 90ab 90ab 90ab 90a
50 + 172 16-20-0 + Urea 12ab
1x1
7
50 + 172 16-20-0 + Urea 7abc 43ab 76ab 88ab 91ab 93ab 94ab 96ab 96a
2x2
8
1 Means in the same column with the same letter are not significantly different as determined by the
LSD test (P cc 0.05).
2 1 x 1 indicates fertilizer was placed one inch below and one inch to the side of the seeds.
3 2 x 2 indicates fertilizer was placed two inches below and two inches to the side of the seeds.

Table 3. Effect of soil water content on emergence of yellow mustard plants emerged
in a Walla Walla silt loam soil.
Days after planting
Soil Water
16
17
14 15
13
10
9
Content
8
7
percentage of seeds that produced plants
percent
68a
66a
67a 68a
2b1 22b 47a 57a 64a
14.8
66a
65a 66a
65a
2b 23b 45a 57a 63a
16.6
65a
64a
65a
65a
14a 42a 52a 59a 64a
18.6
1Means in the same column with the same letter are not significantly different as
determined by the LSD test (P cc 0.05).
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Figure 1. Effect of amount of starter fertilizer (N-P 205-K20 = 16-20-0) placed with the seed
on emergence.
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Figure 2. Effect of placement of starter fertilizer (N-P 205-K20 = 16-20-0) at 50 lb/acre on
mustard emergence.
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Figure 3. Effect of placement of starter (N-P 205-K2 0 = 16-20-0) at 50 lb/acre plus urea
fertilizer (N-P205-K2 0 = 46-0-0) at 172 lb/acre on mustard emergence.
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Figure 4. Mean effect of soil water content on mustard emergence for all fertilizer
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NO-TILL INFLUENCE ON HYDROLOGY AND STREAM
MORPHOLOGY IN DRYLAND CROP AREAS
John D. Williams and Stewart B. Wuest
Introduction

last 1 to 2 million years (Busacca et al.
1985), the most recent of which occurred
during the last 13,000 years (West 1988).
Throughout this developmental period, the
Cascade Mountains have cast a rain shadow
across the interior intermountain region of
the Columbia River watershed. Low annual
rainfall on the western edge and central
portions of this region, where flood deposits
would have been abundant, has been
sufficient to establish only marginal
stabilizing vegetative cover. Prevailing west
winds distributed the soil deposits across the
plateau to the foothills of the Blue and
Bitterroot mountain ranges. East of the flood
deposits, with increasing elevation,
precipitation, and vegetation, loess depth
increased with development of steep slopes,
up to 45 percent leeward. Judging by the
persistence of these slopes to the present, the
concomitant development of vegetative
cover, was sufficient to limit overland flow
and water-caused erosion.

East of the Cascade Mountains and to
the south and east of the Columbia River,
the Columbia Plateau grades from
Sagebrush Shrub-Steppe into the Palouse, an
area of nearly 64.5 million ha in Oregon,
Washington, and British Columbia (Bloom
1978, Sims 1988, West 1988).
Approximately 7.8 million ha in Idaho,
Oregon, and Washington are now in dryland
cropping systems, predominately producing
wheat. The conversion to croplands
triggered obvious and some not-so-obvious
changes in small watershed hydrology and
stream morphology. As a result of economic
pressures, new technologies, and
environmental regulatory pressure, farming
practices appear to be changing more rapidly
now than at any time in the last 30 years.
Many of these changes are expected to
produce positive environmental effects, but
as in the case of changes resulting from
conversion to croplands, not all of the
changes will be expected, obvious, or rapid.
We examine four aspects of this region's
small watershed hydrology and stream
morphology: (1) geomorphic conditions, (2)
general human impact, (3) dryland
agricultural practices, and (4) potential
changes resulting from eliminating tillage in
dryland farming.

Drainage networks and riparian corridors
developed in this mosaic of shrub-steppe
and bunch-grass prairie, generally following
folds or structural fractures in the underlying
basalt. First- and second-order streams
originate in both the Blue Mountains and
within the cropland area of the plateau. On
the plateau, the riparian communities appear
to have been composed of halophytes or
willow or cottonwood galleries, judging
from current soil characteristics and relic
vegetation stands. As evidenced by the
development and persistence of steep slopes,
the hydrologic response of streams
originating on the plateau would have been
slow and fed by shallow groundwater and

Geomorphology
The soils and stream systems of this
region developed on a landscape defined by
basalt flows of the Miocene, episodic
Pliocene floods from Lake Missoula, and
loess and volcanic ash deposits during the
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fires would have been localized, short-lived
(1 year), and probably without major
influence on third-order stream hydrology.

deeper subsurface flow. Depending on the
annual precipitation, headwater elevation,
and presence or absence of mountain-fed
springs, a mix of low-flow perennial and
intermittent streams probably flowed
through wet meadows.

Human Influence
Evidence of humans on the Columbia
Plateau dates 15,000 years before present
(bp) (Aikens 1993). The evidence
corresponds to the last of the Missoula
floods, – 13,000 bp, and the latest epoch of
loess deposits, –10,000 bp, when plants and
soil conditions could provide sufficient
habitat for human occupation. Fires
purposefully set to manipulate vegetation to
enhance game availability are likely to have
had the same affect as wildfire, lacking any
evidence of planned, systematic
management. Early population numbers are
unknown, and thus the full extent of human
impact remains an open question. In the
1790's horses arrived on the plateau and,
lacking any evidence of large grazing
animals for at least 11,000 bp (Aikens
1993), they had the potential of initiating the
first human-related changes to the region's
hydrology. Concentrations of horses
probably began having localized impacts on
riparian areas shortly after arriving in the
region, and had some impact on upland
hydrology through grazing and soil
compaction. Alternatively, the animals could
have been dispersed, and thick riparian
vegetation might have limited extensive
access to streams, reducing the biological or
geophysical impact.

Mt. Mazama ash in toe slopes indicates
that the stream bottoms are sites of
considerable colluvial deposition, but the
presence of this material in large pockets of
several cubic meters suggests that once it
accumulated, it was not subject to
significant stream erosion. We suggest that
storm flows originating from within the
prairie would have been slow in reshaping
stream channels. Storm flow originating in
the mountains, with sufficient force to carry
and deposit large woody debris to the upper
floodplain in the prairie, would have resulted
in side-to-side shifts within valleys opening
onto the plateau. Dense vegetation in the
bottomlands of the prairies would have
further dampened the energy from flows
originating in the higher, forested areas.
Concomitant with geophysical
influences, beaver (Castor canadensis) and
fire influence on hydrology and stream
channel development would have been
direct and indirect. Beaver, believed to have
been abundant throughout North America,
would have directly influenced channel
development through structure and side
channel development and indirectly through
manipulation of riparian plant communities
(Naiman et al. 1988). The influence on small
watershed hydrology would have been to
reduce peak flows and potentially extend the
available water for spring and early summer
flows. Fire, resulting from lightning, likely
created a shifting mosaic in the prairie and
shrub-steppe, and in all but the most extreme
cases would not have consumed riparian
vegetation. The hydrologic effect from these

In the early 1800's, the British
government, through the Hudson Bay Co.,
pursued a policy of beaver extirpation south
to the 40th parallel (Simpson 1825). This
policy was expected to halt the westward
expansion in the United States, completely
misinterpreting U.S. citizenry's desire to
own land. By the time the first influx of
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settlers began arriving in the 1840's, the
beaver population had been essentially
eliminated within the interior Columbia
River watershed. An abundance of failing
structures (beaver dams) and nutrient-rich
valley bottoms, composed of wetlands and
wet meadows, would have buffered the
initial impact on the regional hydrology, and
stream structure and function.

Finally, stream channelization occurred
with settlement of the Columbia Plateau.
Channels have been regularly cleaned of
vegetation to facilitate the efficient removal
of water and soil from adjacent roads and
fields. They have also been straightened.
These practices, although unlikely to be
applied today, remain in the USDA-National
Resources Conservation Service
Administrative Manual — Field Office
Technical Guide (Sec. 4 Standards and
Specifications, practices 326 and 580).
Necessary to the development of agriculture
is an efficient transportation network, which
plays an important role in the surface
hydrology of the Columbia Plateau and
Palouse. Railroads constructed between
1890 and 1930 to haul wheat were located in
the third- and fourth-order stream bottoms.
This resulted in an early straightening of
these waterways. Haul tracks used by
wagons to transport wheat to railheads were
developed along property lines, typically
section lines. These roads became the
current network of county roads, which are
routinely graded and the barrow ditches
cleaned of sediment and vegetation.

Landuse changes in the last 200 years
came rapidly, beginning with European
livestock (cattle, sheep, and draft animals).
These animals were mainly pastured in the
bottomlands of many of the second- and
third-order streams throughout the region. A
combination of U.S. Government land
settlement policies and extremely large
numbers of sheep moving into and through
the region in the late 1800's through the end
of WWI resulted in overgrazing and
cultivation of land unsuitable for crop
production (Stoddart et al. 1975). Well into
the 1930's teams of mules, oxen, or horses
were used to cultivate cropland on the
Columbia Plateau and Palouse. Slopes
cultivated using animals were much steeper
than slopes eventually farmed by machinery.

We assume that because of the extensive
nature of dryland farming and the continued
use of traditional farming practices,
agriculture has changed the hydrology of the
plateau. Controlled predominately by
climatological conditions, the quantity of
water available for stream flow has not been
affected by agriculture. However, storm and
annual hydrographs have undoubtedly
changed. Overland flow has increased with
agriculture, as evidenced by topsoil losses
exceeding accumulation rates (Busacca et al.
1985). Zuzel et al. (1982), and Zuzel and
Pikul (1987) reviewed 50 years of
meteorological records and found that soil
freeze-thaw events occurred up to 7 times
per year, with a median of three on the

Fire is a common tool of agriculture and
is used to "clean-up" fields in preparation
for seeding. The predominant crop grown in
this region, soft white wheat, is noted for
abundant stem production. This material
becomes an impediment to most tillage
equipment with the possible exception of the
moldboard plow. Less intensive tillage
implements and direct-seed drills can roll
the residue into a ball, which lifts the
equipment out of the ground, frustrating the
farmers' efforts. Crop residue also serves as
a refuge for pathogens, weed seed, and
emergent weed seedlings. Fire has been used
as an effective tool for decreasing these
problems.
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to-precipitation ratios ranged from 20 to 30
percent for individual storms in Pendleton. It
might be safe to assume that overland flow
expressed as a percent of rainfall increases
across the plateau toward the steeper sloped,
colder, higher elevation croplands of the
Palouse.

Columbia Plateau, and an increasing number
to the north and onto the higher elevation
Palouse. In these events, the soil profile
freezes to depths of 30 cm on the plateau
and deeper on the Palouse, but only
approximately 50 percent of the events
result in runoff and soil erosion (Zuzel
1994). The runoff that results from these
events in agricultural fields is rapid and
conveyed through the road barrow ditches
directly to natural points of concentration,
thus reducing the time to concentration and
increasing storm hydrographs. Recently, we
have recorded runoff events that are
exceptions to the commonly held belief that
only freeze-thaw events lead to overland
flow. During the 1999-2000 crop year, we
recorded only one freeze-thaw runoff event,
but recorded 15 overland flow events from
large plots located at the Pendleton
agricultural research center. These plots
have gentle slopes (2-6 percent) and
overland flow accounted for 1 percent of
annual precipitation. McCool et al. (1999)
reported annual overland flow-toprecipitation values ranging from 3.0 to 22.9
percent, measured under various cropping
practices over a 13-year period on the
Palouse (Table 1). Individual overland flow-

Less infiltration into the soil means less
soil moisture and, thus, less water available
for subsurface flow. Depending where on
the plateau or Palouse a wheat crop is
growing, potential transpiration is 1.25 to 3
times the total annual rainfall. Storage of
winter rainfall may be as low as 10-50
percent (Hammel 1996), depending on soil
depth and crop rotation. Crop yields are
closely tied to rainfall during March through
June, when the probability of runoff is low.
From March to harvest in August, wheat
will use all available soil water to 1.5 m.
Only infiltrated winter precipitation in
excess of storage capacity would then be
available to contribute to subsurface flow.
The magnitude of this component of the
water balance has only been estimated but it
is generally believed that it is not large
enough to contribute to stream flow into
early summer during most years.

Table 1. Annual ratio of runoff to precipitation from a 13-year plot study of various tillage and
cropping practices conducted on the Palouse in 264.8-mm average rainfall, near Pullman,
Washington (McCool et al. 1999).
Treatment
Continuous bare fallow, tilled
Winter wheat/summer fallow, tilled
Winter wheat/spring peas, combination till and no-till
Winter wheat/winter or spring wheat, tilled
Winter wheat/winter wheat, direct seed
Winter wheat, rough tilled by chisel or moldboard plows

87

Runoff/precipitation (percent)
44.0
22.9
12.4
8.6
5.2
3.0

farming practices. Societal concerns about
water quality and aquatic habitat are
bringing social pressure to bear on
landowner practices that cause water quality
degradation. Recent news releases by the
National Marine Fisheries Service indicate
that much of the regulatory enforcement is
going to be left to third-party lawsuits
(http:/www public record sites in
References). If so, citizens with standing can
be expected to file suit directly against
persons or businesses believed to be
contributing to the impairment of habitat and
decline of endangered fish species. The cost
alone of fighting such a legal battle could
easily exceed the resources of many farmers
(Dr. Clinton Reeder, economist and farmer,
personal communication). Increasing
petrochemical (fuel, chemical, and fertilizer)
costs are shaving the profit margin and
creating economic incentives to reduce the
number of times a farmer drags tillage
equipment through the soil. In addition to
the looming threat to agriculture by thirdparty lawsuits, some traditional farming
practices have intrinsic weaknesses that
threaten long-term productivity, and thus
economic sustainability of such fanning
operations (Rasmussen et al. 1998).

Regional changes in stream morphology
are reflected in, and contribute to,
hydrologic changes. Streams straightened
and mechanically cleaned on a regular basis
provide efficient conduits for overland flow,
and medium flows concentrated in the
channel have energy enough to scour
sediment moved and deposited during low
flows. This process has resulted in stream
channels vertically disconnected from preagricultural flood plains by as much as 2 m
(Williams et al. 2000). Most of these
streams are not gauged. Attempts to
determine 1.5-year dominant discharge
(Combs et al. 1989) flows from
morphological features (e.g., Williams et al.
1998) have resulted in underestimations of
flow frequencies. Calculations, for instance,
on the Umatilla River, a fourth-order
tributary of the Columbia River, indicate
that channel-forming flows occur as
frequently as 1.2 to 1.4 years (C. Clifton,
U.S. Forest Service Hydrologist, personal
communication). In the last winter,
classified as mild, we observed five flows
exceeding the estimated 1.5-year stage on
Wildhorse Creek, a 50,000-ha (192-mi2)
third-order stream, 95 percent of which is
cropland on the plateau below the Blue
Mountains. Since 1996, much of the region
has experienced three 100-year rainfall
events that resulted in truly bankfull flows,
causing numerous bank failures from the
over-steep banks of the incised channel.

Until the passage of Public Law 104127(aka Freedom to Farm or FAIR), the
predominant farming practice on the
Columbia Plateau and much of the Palouse
was the winter wheat/summer fallow
rotation. It is still used on 1.8 million ha in
the dryer portion of the region, where
rainfall is considered inadequate to produce
a crop every year. In this system, after a crop
is harvested in August, another crop is not
planted for 12 to 14 months. Generally, the
field is plowed with a moldboard plow, disc,
or chisel plow the spring following harvest.
There are variations; occasionally the field is

Dryland Agricultural Practices
Changes that have occurred
agricultural watersheds are enormous and
the factors influencing the watershed
hydrology and stream morphology are
numerous. But now agriculture in the United
States is at a turning point and factors are
converging to induce a change in traditional
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the summer fallow system. McCool
(unpublished data) reports that annual winter
wheat in conventional fanning systems is as
efficient as no-till/burn systems for erosion
control. If combined with an alternate
(nonwheat) crop, and occasional spring
planting, weeds and disease can possibly be
controlled. Alternative crops suffer from
lack of markets and stable prices, they are
difficult to grow, and yields have been
inconsistent. We have preliminary evidence
suggesting alternative crops, particularly
broadleaf species, might enhance
infiltration, thus reducing runoff. A number
of farmers have experimented with
combinations of these systems at the low
rainfall end of the plateau, but to date there
have not been enough successes to convince
many of their neighbors to follow suit.

plowed and left rough following harvest, and
not worked again until spring. Crop residue
might be left standing, cut, bailed, and
removed, cut and left on the ground, or
burned (fall or spring). During spring the
soil is cultivated and then worked from 1 to
4 times with a rodweeder (cultivator blades
in combination with a square rod that turns
counter to the direction of travel, dragged
through the soil approximately 25-50 mm
below the loose soil surface, which uproots
weeds and seals the soil surface by creating
a dust mulch, thus trapping soil moisture).
This 2-year cropping system is used because
it is the most economically secure option,
particularly where annual rainfall is less than
330 mm. Unfortunately, it destroys soil
organic carbon and impairs infiltration,
leading to increased overland flow and field
erosion (Rasmussen et al. 1998, Williams
and Douglas unpublished data). These
conditions lead to depauperate soils,
decreased productivity, and a negative
feedback system of deterioration. After
harvest in the 209-mm annual rainfall zone
and winter wheat/summer fallow system,
soil-water storage generally ranges between
50 and 70 percent of annual precipitation,
but in the second year, following the
summer fallow, only 10 to 50 percent
(Hammel 1996). This lack of infiltration
leads to the highest rates of erosion, up to
450 tons/ha, and also the highest overlandflow-to-precipitation ratios of any farming
system used on the Columbia Plateau or
Palouse (U.S. Department of Agriculture
1978, McCool et al.1999).

A few farmers are trying no-till systems.
The basic premise of no-till is to reduce soil
disturbance to an absolute minimum and
limit the number of times equipment is
pulled over or through the soil. The no-till
drills disturb the soil to varying degrees. At
the extreme, a farmer can reduce crop
production operations to three passes:
combined planting/ fertilizing, spraying
herbicide, and harvest, reducing the number
of trips across thousands of hectares from
seven or more down to three. Adoption of
no-till systems by most farmers on the
Columbia Plateau is impeded by cultural
inertia; cost of equipment, and uncertain
crop yields resulting from weed and disease
buildup and changes in soil moisture
management. No-till farming creates
conditions with annual potential evaporation
losses during summer fallow of up to 80
mm, depending on temperature, wind, and
surface cover (Hammel 1996). The impact
on soil quality and hydrology, however,
appears to be uniformly positive in all no-till
systems (Dao 1993, Malinda 1995, Singh et

Annual cropping, planting into the same
field every year, is limited by cultural
inertia, limited rainfall and soil moisture, the
perception of reduced yields, and weed and
disease problems. Annual cropping has the
potential to reduce soil loss and, by
implication, overland flow when it replaces
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al. 1996, McCool et al. 1999). The question
to ask now is what impact would widespread
adoption of this farming system have on
small watershed hydrology and stream
structure and function? To answer that
question, we must make extrapolations from
anecdotal observations and research using
ring-infiltrometers, permeameters, erosion
plots, and models developed from erosion
plots, e.g., the Universal Soil Loss Equation
(USLE).

wheat/summer fallow. The overland flow
from these conventionally tilled plots
crosses a 200-m field in a first-order channel
that is in no-till annual winter wheat. None
of the 15 events created flow sufficient to
flow across the entire 200 m. Thus, we
would expect, with regional conversion to
no-till farming, peak discharge of storm
hydrographs to be dampened, sediment
delivery to streams reduced, and an increase
in soil water available for subsurface flow
contributing to base streamflow. We would
also expect these changes in runoff to be
reflected in changes in stream morphology
(Fig. 1). Sediment budgets should change;
upland contribution of soil would be
decreased, instream energy would be
decreased, allowing for increased vegetation
development and trapping of instream
sediment sorting, and streambank failures
would be reduced.

Potential Changes
Because no-till systems destroy relatively
little of the soil structure, they are the closest
a fanner can come to mimicking the natural
prairie, while still producing nonperennial
crops, (especially if crop residue is not
burned before planting). Increases in
infiltration cited above are large enough to
nearly, if not completely, eliminate overland
flow from croplands on the Columbia
Plateau and significantly reduce it from
croplands in the Palouse. Anyone having
observed this region during a freeze/thaw
runoff event with barrow ditches full of
chocolate-brown water and 2-m-deep
channels full to field level might easily
imagine the changes increased infiltration
might have on the storm hydrograph.
Anecdotal observations appear to confirm
these expectations. During the winter of
1999-2000, we observed runoff events that
were obviously flowing from winter wheat
and bare fallow croplands, whereas there
was no evidence of flow from two first-order
watersheds (-20 ha), in which we were
beginning no-till research. Furthermore, no
overland flow was recorded from an
instrumented 1.6-ha hillslope (25 percent
slope) during the same winter when we
recorded 15 overland flow events from 12,
0.05-ha research plots (total area of 0.7 ha)
in
conventional
tillage
in winter

We conducted a preliminary test of this
hypothesis. The Oregon Water Resources
Department (OWRD) installed a stream
gauge in Wildhorse Creek near the
confluence with the Umatilla River in
December, 1998. We assumed,
conservatively, that 40 percent of the
watershed would be in winter wheat
following summer fallow. Using OWRD
data for the two major storms from the
winter of 1998-1999, and the overland
flow/precipitation ratio from Pendleton and
Pullman data, we calculated the reduction
that would have occurred had the water
infiltrated and not contributed to the peak
flows. The results were not what we
expected. Instead of a dramatic decrease in
the peak flows of these two storms, our
calculations suggested very modest
reductions in peak flow and stage height
(Fig. 2). If these preliminary findings are
confirmed, then storm water discharged
from cropland is not the primary cause of
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hydromythology. We must be wary of the
same phenomenon in agricultural hydrology
and work to avoid the mistakes, missteps,
and potentially damaging false hopes it
causes.

flashy peak flows seen in Wildhorse
watershed. Thus, stopping, or reducing,
cropland contribution to storm flow will not
be sufficient to reduce the energy that causes
accelerated stream bank and channel bottom
erosion. Based on these results, we believe
that a much more detailed examination of
the sources to stormflow by cropped ground
under a variety of cropping systems, urban
areas, barrow ditches, and the 5 percent of
the watershed in forestland is warranted.
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Figure 1. Expected changes in annual hydrograph resulting from increased infiltration and
extended release through groundwater; a shift to late-season peak hydrograph and a damping of
individual storm runoff events. Qt is theoretical and Qm is measured annual flow shown by stage
height (flow depth) near the mouth of Wildhorse Creek, Oregon.
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Figure 2. Storm flow from 25 and 27 December, 1998 rainfall on frozen soil events measured.
Flow was measured in Wildhorse Creek, near Pendleton, Oregon. Estimated peak flow
reductions were based on the assumption that without cropland in winter wheat following
summer fallow, overland flow would not contribute to the storm hydrograph.
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UNDERSTANDING SOIL ORGANIC MATTER
Don Wysocki
Introduction

stable organic matter (Fig. 1). Collectively,
stable and active organic matter are
considered soil organic matter (SOM), while
living organisms and fresh organic residue
are too transitory to include. Laboratory
procedures for SOM exclude plant tissue
and residue before analysis. Soil OM is an
array of carbon compounds created by
microbes or other organisms through
decomposition of plant and animal residues.

Recently there has been much
discussion on the possibility of storing or
sequestering carbon in agricultural soils.
Burning of fossil fuels has increased the
carbon dioxide (CO2) level in the
atmosphere, which may cause an increase in
global temperature. Industrialized countries
are considering various methods to lower the
level of this greenhouse gas. One possible
method is to allow plants to "fix" this
carbon. All plants fix CO2 through
photosynthesis and convert it to plant tissue.
Carbon is added to the soil when plant tissue
decomposes and becomes soil organic
matter (OM). If this process increases soil
OM, carbon is stored in the soil. Currently,
various private groups and governmental
organizations are attempting to devise
methods of trading soil carbon as an
exchangeable commodity. The purpose of
this paper is to provide an understanding of
soil organic matter and the potential of
sequestering carbon in dryland cropping
systems of eastern Oregon.

Figure 1. Relative amounts of organic
materials in soil.
Content of SOM varies considerably
from region to region, field to field, and
from summit to foot slope. Generally, SOM
is reported on a percentage basis.
Agricultural soils in eastern Oregon
typically have between 0.5 and 3.0 percent
SOM in the surface layer. To convert
percent SOM to actual pounds per acre, soil
bulk density and depth of sampling must be
known. For example, if a soil is sampled 7
in. deep and the bulk density is 1.25 g/cm3
(various methods are available to determine
bulk density), then the volume of soil
represented by one acre has a weight of
approximately 2 million lb. or 1,000 tons. A
soil volume of 1 acre x 7 in. deep is

Soil Organic Matter
Soil is a mixture of mineral and
organic materials with the mineral
component generally far exceeding the
organic component. The organic portion,
while small in amount, is dynamic and
critical to maintaining fertile and productive
soils. The organic pool in soil consists of
several forms and it is important to
distinguish between these forms. Carbon
compounds in the soil can be roughly
divided into four groups: living organisms,
plant residues, active organic matter, and
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Role of Soil Organic Matter

commonly referred to as an "acre-furrowslice" and unless specified otherwise is
usually assumed to be 2 million lb. Using
this value, a soil with 1 percent organic
matter contains 20,000 lb. or 10 tons SOM
per acre (1 percent of 2 million). It is best to
use specific bulk densities and sampling
depths when making SOM calculations.
Table 1 shows the relationship between bulk
density, mass of acre-furrow-slice and 1
percent mass. Sandy textured soils may have
bulk densities as high as 1.7 g/cm 3, while silt
loam soils are in the range of 1.2 to 1.3
cm3. Thus, a 7-in acre-furrow-slice with 1
W
percent SOM may contain from 10 to 13
tons SOM/acre, depending on soil bulk
density. In most soils, OM content is
greatest at the surface and decreases with
depth. Thus, depth not only affects the
representative volume of soil, but also will
affect the concentration of SOM in the
sample. A sample taken at a shallow depth
will have a higher concentration of SOM,
and one taken at a deeper depth will have
lower value. The depth to which SOM
measurements are taken should always be
reported.

Although soil organic matter
constitutes a small percentage of soil, it
strongly influences many soil properties. As
SOM decomposes or mineralizes, it
contributes directly to nutrient cycling for
plant growth. It increases the nutrient
holding capacity of soil by adding to the
cation exchange capacity. Soil OM improves
soil aggregation, tilth, and aids in preventing
crusting and compaction by acting as a
binding agent. Water infiltration and water
holding capacity are improved by presence
of SOM. Organic matter can absorb as much
as seven times its own weight in water.
Organic matter helps soil resist erosion by
increasing soil structure and by improving
water infiltration. Organic matter also serves
as a chemical buffering agent, resisting
changes in pH and binding soil herbicides.
Soil Organic Matter Levels
The amount of organic matter in soil
is a function of several factors that affect
carbon additions (crop residues or manure)
or losses, (decomposition or erosion). The
level of organic matter in the soil is a
balance between additions and losses (Fig.
2). Plant residues add carbon to the soil
while erosion and decomposition remove
Environmental conditions that
carbon.
influence SOM includes annual
precipitation, seasonal temperature, soil
internal drainage, landscape position, and
slope aspect. Conditions or practices that
favor additions of organic materials and/or
retard losses tend to increase soil OM levels.
Those that lessen plant residue inputs and/or
hasten losses generally lower soil OM
levels. Practices that improve plant growth
and/or increasing the amount of residue
returned to the soil tends to increase SOM.

Table 1. Relationship between bulk
density, weight of acre-furrow-slice and
1 percent mass.
Bulk
density
(g/cm3)

1.20
1.25
1.30
1.40
1.50.
1.60
1.70

Weight of 1 percent
7-in acremass
furrow(lb)
slice
(lb)
19027
1902701
1981980
19820
2061259
20613
2219818
22198
2378376
23784
2536934
25369
2695493
26955

97

1. Additions. When plants, roots, and crop residues are added to soil, a fraction of their
mass becomes organic matter.
2. Transformations. Soil organisms continually change organic compounds from one
form to another. They consume plant residue and other organic matter, and then create
by-products, wastes, and cell tissue. Most of the carbon in fresh residue is respired off
as CO2, but some converts to more stable forms.
3. Microbes feed plants. Some of the wastes released by soil organisms are nutrients that
are used by plants or other microbes. Organisms may release other compounds that
affect plant growth and the surrounding environment.
4. Stabilization of organic matter. Over time, soil organic compounds become stabilized
and resistant to further changes.
5. Oxidation. When microbes consume soil organic matter and crop residue they respire
CO2 , which is released to the atmosphere. Oxidation is favored by warm temperatures,
moist soils, and soil mixing.
6. Erosion. When erosion occurs, soil organic matter is transported away. On sloping
soils, erosion may be the most limiting factor for increasing soil organic matter.
Figure 2. Additions, transformations, and losses of SOM.
remaining 40 percent consisting of other
elements such as oxygen, nitrogen,
phosphorus, and sulfur. Using the 60 percent
value, a ton of organic matter contains about
1,200 lb. of carbon. The magnitude of the
carbon pool in soil is enormous. Assuming
the top foot of soil in eastern Oregon's 2
million acres of cropland contains 1 percent
(a conservative value) SOM, the size of this
pool is about 20 million tons of carbon. If
this estimate is extrapolated to all of Oregon,
the pool is approximately 700 million tons.
The recent emphasis on reducing
atmospheric carbon has growers and other

Changing Soil Organic Matter and
Sequestering Soil Carbon
Rising carbon dioxide levels in the
atmosphere have recently been the topic of
various international discussions.
International agreements have been
negotiated to reduce atmospheric levels of
CO2 . Soil organic matter is a significant pool
that can serve as a reservoir for carbon.
In general, soil OM consists of
approximately 60 percent carbon with the
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If growers want to increase carbon
storage in their fields, the amount will
depend on the current level of SOM and the
changes that can be made in tillage and
cropping intensities. For example, if a
grower is currently practicing wheat-fallow
and moldboard plowing and decides to grow
continuous wheat, but still plow, the
difference in annual carbon flux (Table 2) is
–0.06 to –0.01 ton/acre/year or a change of
0.05 ton/acre/year or 100 lb. In this system,
carbon loss is reduced by 100 lb.; however
SOM is still declining but at a lower rate. If
the grower chose to grow continuous wheat
with direct seeding or planted CRP
(Conservation Reserve Program) grass
(assume that is equal to pasture) the net
changes would be 0.13 and 0.16
tons/acre/year respectively, which is 260 and
320 lb. carbon/acre/year and SOM would be
increasing.

interested people asking "can I sequester
carbon in my fields?" To answer this
question for dryland fields in eastern
Oregon, we can look at soil carbon changes
in a series of long-term plots on the
Agricultural Research Center, at Pendleton,
Oregon. These trials were initiated to study
changes in soil properties and crop yields as
the result of various management treatments,
and have been in place long enough to
observe changes in soil carbon.
Measurements of SOM have been made at
intervals throughout the duration of the
trials. Figure 3 shows soil carbon content
over time for various cropping and tillage
treatments. These treatments represent a
range of carbon inputs and tillage intensities.
The balance between carbon gains and
losses shifts as these factors change. Note
that trials do not start at the same dates and
that the units are tons of carbon and not OM.
To convert to tons of OM multiply these
values by 1.67. For reference, 24 and 16
tons of carbon/acre are roughly 3 and 2
percent SOM. Prior to cultivation, the Walla
Walla soils at the site had about 3 percent
OM or 24 tons carbon/acre in the surface 8
in. At the start of the earliest trials in 1931,
the soil had declined to about 2 percent soil
OM or 16 tons carbon/acre. Since that time,
soil carbon levels have increased or
decreased depending on cropping intensity
and tillage practice of the various treatments
(Table 2). The annual gain or loss in soil
carbon is shown in the last line of Table 2.

The answer to "can I sequester
carbon?" will depend on current grower
practices, existing levels of SOM, and what
changes can be made in tillage and crop
rotations. A maximum system change of
converting from wheat-fallow, moldboard
plowing to annual grass (CRP) will result in
a capture about 250 lb./acre/year. An
additional factor to consider is soil nitrogen.
A benefit of organic matter oxidation has
been the release of nitrogen for crop. In a
situation where carbon is to be sequestered
in soil, additional nitrogen will be tied up in
the OM. Stable OM has a carbon-to-nitrogen
ratio of 12:1. Thus for each 100 lb. of
carbon added to soil about 8 lb. of nitrogen
must be added. A sequestration rate of 250
lb. of carbon/acre/year would require about
20 lb of nitrogen. At nitrogen prices of
$0.35/lb., that's about $7.00 of nitrogen to
sequester 250 lb. of carbon/acre/year. Some
of the nitrogen can be supplied by natural
processes; however, if crops are being

Soil carbon has continued to decline
in all trials except the pasture and
continuous, directed seed wheat. Fallow has
had the greatest influence on the rate of
SOM decline, followed by intensity of
tillage. Fallow returns crop residue only
every other year and has warm, moist
conditions that encourage oxidation of
SOM. Tillage increases aeration and
consequently enhances oxidation.
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harvested, additional fertilizer nitrogen will
be necessary to sequester carbon.

also have an influence on the rate of
sequestration. Pendleton receives about 16
in. of annual precipitation. Areas that are
drier will accumulate carbon more slowly,
while areas that are wetter will have higher
rates of accumulation.

Given the historical change in soil
carbon on long-term plots at Pendleton,
dryland producers can expect to sequester
carbon at the rate of 100-200 lb/acre/year
when making significant changes in crop
rotation and tillage practices. This rate will
depend on the present level of soil OM,
reduction in tillage, and increase in cropping
frequency (less fallow). More intensive
cropping (less fallow) increases carbon
inputs and less tillage reduces biological
oxidation. Precipitation and temperature will

It may be prudent for growers to take
advantage of carbon gains if they are
changing practices for other reasons.
However, changing practices to sequester
carbon does not seem feasible at this time.
Growers should be cautious when
considering possibilities for carbon
sequestration.

Table 2. Soil Carbon changes over time on various long-term trials at Pendleton, Oregon
Year

WheatFallow,
Plow

WheatFallow,
Sweep

WheatContinuous Continuous Pasture
Green
Wheat,
Wheat,
Pea, Plow Plow
Direct Seed

Soil Carbon tons/acre in top 8 inches
1931

16

1956

14.4

14.8

15.2

15.7

1981

13.2

14.0

15.0

15.4

17.5

21

-.04

-0.02

-0.01

+0.07

+0.10

Net gain/loss
-0.06
(tons/acre/year)

16

16

100

18

Wheat-Fallow, moldboard plowed
Wheat-Fallow, sweep plowed
—A— Wheat-Green Pea, moldboard plowed
—NI—

22

20

__ Cont. Wheat, moldboard plowed
._)K— Cont. Wheat, direct seeded
Grass Pasture

18

16

•

14

•

12

10

1931

1951

1961

1981

1991

Year

Figure 3. Soil carbon trends in the top 7 in. of soil in various long-term trials at Pendleton, Oregon.

NARROW-LEAF LUPIN AS AN ALTERNATIVE CROP FOR PACIFIC
NORTHWEST DRYLAND AGRICULTURE
Chengci Chen, William Payne, and Daniel Ball
Introduction

and weed and disease control is required
before this crop is adapted to this area.

Since the first alkaloid-free narrowleaf lupin variety (L. angustifolius, var.
Uniwhite) was introduced as a crop in
Western Australia in 1967 (Gladstones et al.
1998), narrow-leaf lupin has become a major
grain legume in Western Australia. The
Grain Pool of Western Australia is currently
exporting 500,000 to 850,000 tons of lupin
grain annually, and supplying 6,000 to 7,000
tons to domestic feed lots (Garlinge et al.
2000). The Australian Sweet Lupin has been
successfully exported to northern Europe,
Japan, Korea, Southeast Asia, the Middle
East, and southern Africa.

Materials and Methods
Since 1998, trials have been carried
out at several locations in eastern Oregon to
test varieties, seeding date, seeding rate,
weed control, and water use of narrow-leaf
lupins.
Variety Evaluation Trials in 1998 and 1999
Four public narrow-leaf lupin
varieties (Merrit, Yorrel, Chittick, and
Danja) were planted at the Pendleton Station
and Sherman Station (Moro) of the
Columbia Basin Agricultural Research
Center (CBARC) in 1998 and 1999. The
narrow-leaf lupin varieties were annualcropped following winter wheat. The soil is
classified as Walla Walla silt loam (coarse,
silty, mixed mesic Typic Haploxeroll) at
both locations. The plots were
conventionally tilled using a moldboard
plow followed by disking and rod weeding.
The experiment was a completely
randomized block design with a plot size of
5 ft x 20 ft replicated four times. Lupin
seeds were inoculated with Bradyrhizobium
and seeded using a Hege plot drill, equipped
with double-disk openers with 12-in row
spacing at a rate of 8 seeds/ft2. Starter was
placed with the seed at a rate of 100 lb/acre
in the form of (N-P2O5-K205 -S = 16-20-0014). In 1998, seeding dates were 27 April at
the Moro site and 28 April at the Pendleton
site. In 1999, seeding dates were 30 March
at Pendleton and 1 April at Moro.
Preplanting herbicide, Sonalan E.C., was
applied with a hand-held sprayer at a rate of

Narrow-leaf lupin grain contains
high levels of protein and energy, is low in
fat, and has good protein quality and fiber
digestibility. Lupin grain can be fed directly
to dairy cattle, lambs, and poultry without
heat treatment, and can also be used for
human consumption (Gladstones et al.
1998).
Narrow-leaf lupin is adapted to
coarse-textured, relatively infertile, acid
soils. It has been successfully grown in
regions with rainfall from 12 to 30 inches in
Western Australia (Garlinge et al. 2000). It
is relatively new to the growers in the
Pacific Northwest of the United States. With
a dairy industry moving into eastern Oregon,
nitrogen prices increasing, and the demands
of growers for rotation crops for annual
cropping, this legume may provide another
choice for the growers in the region.
However, additional research on variety
selection, seeding date, seeding rate, tillage,
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3/4 lb a.i./acre and incorporated to a 3-in
depth. Preemergence herbicide, Sencor DF,
was also applied with a plot sprayer at a rate
of 4 oz/acre of product immediately after
planting.

Seeding Date Effects on Yield, Seed
Quality, and Water Use Trial in 2000

Two varieties, Merrit and Kalya,
were seeded at CBARC in Pendleton. Plot
size was 10 ft x 70 ft with four completely
randomized replications. The lupin plots
were direct-seeded, following winter wheat,
in an annual-crop system, using a John
Deere 1560 drill equipped with single disk
openers and 7-in row spaces. Lupins were
seeded at a rate of 150 lb/acre on three dates
in the spring of 2000 (21 and 31 March, and
17 April). Prior to seeding, lupin seeds were
inoculated with a Bradyrhizobium inoculant
slurry. Starter fertilizer was banded between
the seed rows at a rate of 15 lb N, 10 lb P,
and 18 lb S per acre with a 1:1 mix of
ammonium polyphosphate and Thiosol
solutions. Preplanting herbicide, Sonalan
10G, was spread with a Gandy spreader at a
rate of 7.5 lb/acre of product. Preemergence
herbicide, Sencor DF, was sprayed with a
plot sprayer at a rate of 4 oz/acre of product
immediately after planting. One neutron
probe access tube was installed at the center
of each plot, and soil water content was
measured periodically using a CPN 503DR
neutron probe (CPN Corporation, Pacheco,
CA). Lupin grain was harvested with a 5-ftwide plot combine. Crude protein content in
lupin grain was determined by measuring N
content and multiplied by a factor of 6.25.

On-farm Variety, Seeding Date and
Seeding Rate Trials in 1999

Four private varieties, Belara, Kalya,
Tallerack, and Tanjil and one public variety,
Merrit, were seeded at three locations in
Oregon on three dates and at three seeding
rates. The three experiment sites were Helix
(Umatilla Co., 16 in rainfall), Lexington
(Morrow Co., 10 in rainfall), and Condon
(Gilliam Co., 12 in rainfall), the soils at the
three sites are silt loam. The lupin varieties
were annual-cropped following winter
wheat, using direct seeding. Plot size was 10
ft x 100 ft with four completely randomized
replications. A John Deere 1560 direct
seeding drill, equipped with single disk
openers spaced 7 in apart, was used to seed
the lupins. Seeding rates were 100, 150, and
200 lb/acre on three seeding dates from early
April to early May (Table 1). Lupin seeds
were inoculated with Bradyrhizobium
inoculant. Starter fertilizer was applied at a
rate of 15 lb N, 10 lb P, and 18 lb S per acre,
using a 1:1 mix of ammonium
polyphosphate and Thiosol solutions that
was banded by the drill. Prior to seeding,
herbicide Sonalan 10G was spread with a
Gandy spreader at a rate of 7.5 lb/acre of
product. Immediately after planting,
herbicide Sencor DF was sprayed with a plot
sprayer at 4 oz/acre of product. Lupin grain
was harvested with a 5-ft-wide Hege plot
combine. Due to the lack of precipitation,
lupin stems were short at Lexington and
Condon sites and we experienced difficulty
harvesting with a plot combine; therefore,
we also harvested bundle samples by hand
from a 10-ft2 area.

Weed Control Experiment in 1999 and
2000

In 1999 and 2000, studies were
initiated to evaluate preplant (PP) and
preemergence (PRE) herbicides for general
weed control in direct-seeded narrow-leaf
lupin. Plots were seeded with Merrit lupin
on 30 and 22 April, 1999, at Condon and
Lexington, respectively, and on 21 March
2000 at CBARC in Pendleton. Soils at all
sites are silt loam.
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All treatments were applied with a
hand-held boom with 15 gal/acre water at 30
psi spray pressure. Treatments were surfaceapplied either PP or PRE with no
incorporation to minimize disturbance in the
direct seed system (Tables 3 and 4). Plots
were 10 ft by 30 ft in size, and arranged as a
randomized complete block design with four
replications. Plots were seeded with the John
Deere 1560 drill at a rate of 150 lb/acre.
Plots were evaluated for visible lupin injury
and weed control. Dry seed yield estimates
were obtained by harvesting the standing
crop with a plot combine.

(Table 1). Chittick and Yorrel yields were
similar to those of other varieties at Moro,
but they out-yielded Merrit at Pendleton. For
early seeding in 1999, all the varieties
performed similarly at Moro, but the late
maturing variety, Chittick, yielded higher
than the early maturing variety, Merrit, at the
higher rainfall site in Pendleton. In contrast,
with a delayed seeding date in 1998, the
early maturing variety Merrit yielded higher
than the late maturing variety Chittick
(Table 1).
On-farm Variety, Seeding Date, and
Seeding Rate Trials in 1999

Results and Discussion

All five varieties yielded over 700
lb/acre at the Helix site (16-in rainfall zone)
for the earliest seeding date. Kalya had the
highest yield (994 lb/acre) and Tallerack had
the lowest yield (705 lb/acre; Table 2). Yield
decreased dramatically with delayed sowing
for all varieties, particularly Tallerack. For
the second and third seeding dates, there
were no significant differences among
varieties except for Tallerack, which yielded
the least. When seeding date was later than
10 May, none of the varieties yielded over
520 lb/acre.

Variety Evaluation Trials in 1998 and 1999

Yield of lupin varied greatly among
the varieties in 1998. Merrit performed the
best, yielding 779 lb/acre at Pendleton and
1,237 lb/acre at Moro (Table 1). Chittick
produced little grain at both Pendleton and
Moro sites in 1998, even though it was
observed that the Chittick had good
emergence and vegetative growth. In
the1999 trials, however, all four varieties
performed very well, yielding over 1,100
lb/acre at both Pendleton and Moro sites

Table 1. Yield of lupin at Pendleton and Moro, Oregon, sites in 1998 and 1999.
1998
1999
Pendleton
Moro
Pendleton
Moro
(Seeded on 4/28) (Seeded on 4/27)
(Seeded on 3/30) (Seeded on 4/1)
lb/acre
lb/acre
Merrit
779 at1237 a
1220 b
1162 a
Yorrel
488 b
702 b
1581 a
1132 a
Chittick
1d
32 c
1613 a
1313 a
Dania
303 c
569 b
1381 ab
1250 a
I. Means in the same column followed by the same letter are not significantly different according
to the LSD (P = 0.05).
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performed slightly better than other
varieties.

Due to the extreme drought during
the spring of 1999, lupin did not yield well
(Table 2) in the lower rainfall sites at
Lexington (10-in rainfall zone) and Condon
(12-in rainfall zone). Actual rainfall was not
recorded at these two sites, but the rainfall
received in 1999 was much less than normal
years (Chen, personal communication with
growers). Yields calculated from bundle
samples are shown in parentheses in Table
2. Similar to the results at the Helix site,
Tallerack yielded the least and Belara

Yield response of Belara to seeding
rate at the Helix site is shown in Figure 1.
The yield was found relatively higher at the
intermediate seeding rate of 150 lb/acre for
the 2 and 23 April seeding dates. But the
difference among the seeding rates was not
statistically significant. Similar results were
observed for other varieties at the Helix and
other sites (data not shown).

Table 2. Yield of lupin at Helix, Lexington, and Condon, Oregon, in 1999.
Variety
Seeding
Tanjil
Tallerack
Kalya
date
Merrit
Belara

Helix
(16-in rainfall
zone)

Lexington
(10-in rainfall
zone)

4/2

764 cdt

951 be

lb/acre
994 a

4/23

627 ab

783 a

620 ab

484 b

581 ab

5/10

517 a

485 a

466 a

256 b

480 a

3/31

157
(439) a

137
(433) a

189
(431) a

86
(160) b

166
(480) a

(70.5)
0

(146)
0

(102)
0

(16)
0

(181)
0

295
(549) ab
145
(196)
0

300
(761) a
165
(251)
0

315
(551) ab
175
(150)
0

125
(242) b
70
(60)
0

425
(617) a
100
(202)
0

851 bcd

4/20
5/8
4/8

Condon
(12-in rainfall
zone)

705 d

4/29
5/14

t Means in the same row followed by the same letter did not significantly differ according to the
LSD (P = 0.05).
* Data in parentheses are yields determined from bundle samples collected from a 10-ft 2 area.
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Figure 1. Yield response of Belara to seeding rate at the Helix, Oregon, site for three
seeding dates in 1999. The error bars on the graph represent ±1.0 STD
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Figure 2. Yield response of lupin varieties Merrit and Kalya to seeding date in 2000 at
the Pendleton, Oregon, site. The error bars on the graph represent ±1.0 STD
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Seeding Date Effects on Yield, Seed
Quality and Water Use Trial in 2000
As in the 1999 trials, significant
decreases in yield were seen with delayed
seeding in the 2000 trials at Pendleton
(Table 3, Figure 2). Delayed seeding not
only resulted in decreased yields, but also
resulted in lower protein content (Figure 3).
This effect was presumably due to the
decline of water stored in the soil and the
warmer and drier conditions to which
maturing plants were exposed. High
correlations between the amount of water
stored in 3-ft soil profiles at seeding and
yield and protein content were found
(R2=0.9) When the seeding date was
delayed, the soil stored water decreased
steadily due to the soil surface evaporation,
even without a crop growing (Figure

4).Therefore, late-planted lupin had less
available water in the soil profile and used
less spring rainfall (Table 3). The lateplanted lupin risked encountering terminal
water and heat stress, thereby reducing yield.
In contrast, early seeded lupin used more
spring rain and available water in the soil
profile and produced much higher yields
than the late-seeded lupin (Table 3). The
early seeded lupin also had a higher water
use efficiency (WUE) than late-seeded. Both
Merrit and Kalya used 1 in of water to
produce 126-127 lb per acre of seed when
seeded on 21 March, but only produced 7187 lb per acre of seed when seeded on 17
April. No difference in water use and water
use efficiency was found between the two
varieties.

Table 3. Soil stored water, rainfall, yield, and water use efficiency (WUE) at the Pendleton,
Oregon, site in 2000 for two varieties of lupin and three seeding dates.
Variety
Seeding
WUE
Initial soil
Yield
Residual
Rainfall Total water
date (m/d)
water
(lb/in
soil water
used
(in)
acre)
(in)
(ib/acre)
(in)
(in)
Merrit
3/21
12.4
126.4
4.9
13.4
1693.5
3.9
3/31
11.4
100.0
4.0
4.2
11.6
1159.8
4/17
10.6
4.0
3.9
10.5
916.7
87.3
Kalya

3/21
3/31
4/17

12.4
11.8
10.4

3.7
4.0
3.6

4.9
4.2
3.9

Weed Control Experiment in 1999 and
2000
No lupin injury was evident from the
herbicide treatments in 1999. Treatments
containing Sencor showed slight, visible
injury at Pendleton, but did not adversely
affect lupin seed yield. Weed control was
fair to good depending on herbicide
treatment. Better growth and vigor were

13.6
12.0
10.7

1730.7
1061.4
758.0

127.3
88.5
70.8

observed at the Condon site compared to the
Lexington site, which facilitated improved
control of Russian thistle (Table 4).
Preplant, surface-applied Sonalan
treatments generally provided more effective
weed control than did Prowl treatments.
Granular Sonalan appeared to provide
slightly better weed control than the liquid
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Figure 3. Protein content response of lupin grain to seeding date in 2000 at the Pendleton,
Oregon, site. The error bars on the graphs represent ±1.0 STD
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Figure 4. Changes of water stored in 3 ft soil profiles of lupin plots seeded on 3 different
dates in 2000 at the Pendleton site.
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Table 4. Russian thistle control in direct-seeded lupin at Condon and Lexington, Oregon, 1999.

Treatment

Timing

Lupin
injury
6/30/99

Condon site
Russian
thistle
Lupin
control
yield
8/19/99

Lupin
injury
6/29/99

8/19/99

Lexington site
Russian
Lupin
thistle
Yield
control
8/12/99

lb/acre

lb/acre
Check

8/12/99

0

0

400

0

0

41

Prowl

Iv.

0

78

540

0

20

35

Sonalan EC

PP

0

86

500

0

40

62

Sonalan G

PP

0

85

550

0

35

56

Prowl + Sencor

PP

0

76

420

0

23

46

Sonalan G + Sencor

PP

0

90

480

0

49

82

Prowl/Sencor

PP/PRE

0

84

510

0

13

30

Sonalan EC/Sencor

PP/PRE

0

85

370

0

50

80

Sonalan G/Sencor

PP/PRE

0

84

490

0

50

58

LSD (0.05)

21

14

t PP = Preplant, PRE = Preemergence.

Table 5. Tarweed fiddleneck control in direct-seeded lupin at the Pendleton site in 2000.
Pendleton site

Treatment

Lupin injury

Tarweed
control

Lupin
yield

6/2/00

6/2/00

7/28/00

Timing

lb/acre
Check

0

0

1270

Sonalan EC

ppt

0

62

1180

Sonalan G

PP

0

80

1340

Sonalan G + Sencor

PP

6

83

1510

Sonalan EC/Sencor

PP/PRE

5

78

1470

Sonalan G/Sencor

PP/PRE

3

90

1580

3

45

LSD (0.05)

t PP = Preplant, PRE = Preemergence.
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formulation in the direct-seed system (Table
5). Inclusion of Sencor to treatments
improved control of Russian thistle at the
Lexington site.

Preplant, surface-applied Sonalan
treatments generally provided more effective
weed control than did Prowl treatments.
Granular Sonalan appeared to provide
slightly better weed control than the liquid
formulation in the direct-seed system.
Inclusion of Sencor to treatments improved
control of Russian thistle at the Lexington
site.

Conclusions
When seeded before 1 April, all
tested lupin varieties performed well at high
and low rainfall sites at Pendleton and Moro
under conventional tillage. Narrow-leaf
lupins also yielded well in the 16-in rainfall
zone at Helix and Pendleton under direct
seeding when seeded before 2 April.
However, narrow-leaf lupins did not
produce acceptable yields at the Lexington
and Condon sites at any seeding date due to
drought in 1999. Further research is needed
to test the narrow-leaf lupin varieties in
those regions in normal rainfall years.
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Lupin yield and protein content
decreased with delayed seeding date,
apparently because late-seeded lupins were
not able to use spring rainfall and soil stored
water effectively. Moisture was lost due to
surface evaporation, and late-seeded plants
were exposed to drought and heat stress
during late growing stages. Consequently,
early seeding of lupin resulted in higher
water use efficiency than late-seeded lupin.
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The varieties Merrit and Kalya have
a potential to yield over 1,700 lb/acre in high
rainfall regions in eastern Oregon if seeded
early in March, while Belara tended to yield
better than other varieties in low rainfall
regions.
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FLUORESCEIN DIACETATE HYDROLYSIS AS A METHOD OF
DETERMINING SOIL MICROBIAL ACTIVITY IN COLUMBIA BASIN
SILTY LOAM SOILS
David Smith and Stephan Albrecht
Introduction
reaches maximum fluorescence near pH 8.0
(Guilbault and Kramer 1964).
Carbon is a key element of both soil
organic matter (SOM) and crop residues that
Soil organic matter is an important
provides energy for soil microorganisms
reservoir for soil carbon with chemical,
(Wagner and Wolf 1998). Therefore, a
physical, and biological properties
reliable method of determining microbial
fundamental to maintenance of soil quality.
metabolic activity can provide useful
Soil organic matter improves nutrient
estimation of SOM and associated nutrient
holding
capacity (i.e., cation exchange
turnover. Various techniques for estimating
capacity) and acts as a buffer against rapid
soil microbial activity include the
shifts in soil acidity or alkalinity. As it
determination of specific enzyme activities,
decomposes, SOM slowly releases
soil respiration, and the measurement of
organically bound nutrients including N, P,
adenosine triphosphate (Fuhrmann 1998).
and S. Soil structure, aggregation, water
Any technique for measuring total microbial
infiltration and soil water-holding capacity
activity must be sensitive, nonselective, and
are all enhanced as SOM content increases.
any incubation should be as short as
Soil organic matter provides a slowly
possible.
available carbon and energy source to
support a large, diverse, metabolically active
Fluorescein diacetate (3',
6' microbial community. It has a high
diacetylfluorescein [FDA]) is a
adsorptive capacity for organic compounds,
nonfluorescent compound that can be
which can reduce the bioavailability of toxic
hydrolyzed by a number of enzymes
xenobiotics (i.e., compounds foreign to
including proteases, lipases, and esterases
biological systems, materials produced by
(Guilbault and Kramer 1964). The product
humans that are resistant to biodegradation
of hydrolyzed FDA is fluorescein, which
and decomposition.). Unfortunately, any
fluoresces and is quantifiable with
adsorption of fluorescein by SOM would
fluorometry or spectrophotometry. Its
reduce its concentration following
nonspecific nature makes it suitable for
hydrolysis and subsequently underestimate
determining total microbial activity and
the metabolic activity of the soil
estimating SOM turnover (Schniirer and
microorganisms.
Rosswall 1982, Inbar et al. 1991, Yokoyama
et al. 1993). There is substantial
The purpose of this research was to
spontaneous hydrolysis of FDA at
evaluate the use of FDA hydrolysis in a silt
temperatures above 30°C and in alkaline
loam soil common to the Columbia Basin
conditions (pH above 8.5); consequently, the
and determine if this assay could provide
temperature and pH must be controlled
useful and reliable estimates of soil
during FDA determinations. Fluorescein
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microbiological activities. In addition, the
studies were planned to obtain preliminary
data on patterns of metabolic activity in soils
under tillage practices common to the
Columbia Basin.

and 90 minutes. The tubes were centrifuged
for 6 minutes at 4,000 x g, the supernatant
decanted and filtered through Whatman no.
1 paper, and the fluorescein in the
supernatant was determined at A490.

Materials and Methods

To evaluate fluorescein binding to
SOM, the FDA working solution was
hydrolyzed in boiling water for 30 minutes.
Hydrolyzed fluorescein was added to sieved
soil and placed in a shaker bath at 25°C for
up to 120 minutes. At 30-minute intervals,
absorbance readings at 490 nanometers were
taken and compared to controls of
hydrolyzed FDA. The mean absorbance of
the controls were compared to the mean
absorbance of the soil and FDA tubes.

A FDA working solution was
prepared by diluting a FDA stock solution
(1.0 mg FDA/mL acetone) with sterile
sodium phosphate buffer (60 mM, pH 7.6)
to give a final concentration of 5.0-20.0 mg
FDA/L acetone. All FDA solutions were
stored at -20°C. The working solution was
cleared by vacuum filtration through
Whatman no. 5 paper. Both the FDA stock
and working solutions were prepared fresh
prior to the assays.

Soil cores (15.2 cm x 6.4 cm
diameter) were taken from the long-term
plots at Pendleton Experiment Station. The
treatments included the continuous winter
wheat plots (CWW), the manure treatment
from the crop residue plots (CR), and the notill, summer-fallow plots (NTA). Also,
cores were taken from an ornamental turf on
the station. A minimum of three cores were
taken from each treatment. The soil was
passed through a 2-mm sieve and a
subsample (about 100 g) was taken to
determine water content. A total of 200 mg
of soil was placed in each 50-m1 centrifuge
tube (Sorval 03530) and 10 mL FDA
working solution was added. Controls,
without FDA solution, were prepared by
adding 10 mL sodium phosphate buffer (60
mM, pH 7.6) to 200 mg sieved soil in a
centrifuge tube. The tubes were incubated
in a shaking waterbath (New Brunswick
Gyrotory, Scientific Model G76) at 25°C for
up to 120 minutes. The soil hydrolytic
activity was terminated by adding 10 mL of
acetone to each centrifuge tube. The
resulting suspension was centrifuged

A single strain of bacteria, isolated
from a coarse silty loam soil on the Rowell
farm southwest of Prosser, Washington, was
used for pure culture studies. The strain,
designated HHM2, was isolated by dilution
plating on nutrient agar, and checked for
purity by repeated streaking on nutrient agar.
A fresh culture of strain HHM2 was
inoculated into flasks containing 50 mL of
nutrient broth and the flasks were incubated
in a waterbath shaker (27°C) for 2.5 hours.
The bacteria were collected by
centrifugation (5 minutes at 3,000 x g),
washed twice in fresh sodium phosphate
buffer (60 mM, pH 7.6), and resuspended in
10 ml of sterile buffer. Aliquots of the
suspension were transferred to centrifuge
tubes for the assay. Each tube received 10
mL of FDA working solution, except the
control, which received 10 mL buffer. The
centrifuge tubes were incubated in a shaking
waterbath at 25°C. The reaction was
terminated by adding 10 mL acetone. The
hydrolyzed FDA was measured at 0, 30, 60,
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to calculate the slope of the fitted line was s
= 0.0672 and exhibited a high level of
correlation (R2 = 0.9999).

(Sorvall RC-5B with an SS-34 rotor) at
4,000 x g for 6 minutes. The supernatant
was decanted and gravity filtered through
Whatman no. 1 filter paper. A Bausch and
Lomb Spectronic 100 was used to determine
fluorescein concentrations at 490 nm (A490).
Controls, also determined at A490, were used
to measure background. Beer's Law (A =
bcs) was used to calculate an extinction
coefficient (s), where A is the absorbance at
490 nanometers, b is the path length of the

0.5
0.4

The FDA hydrolytic activity of
bacteria increased linearly with time for 90
minutes (Fig. 2). The spontaneous
hydrolysis was observed to be low. Other
reports have indicated that all fungi and
most bacteria investigated show evidence of

y = 0.0672x - 0.0146
R2 = 0.9994

t1=1 0.3
0.2

gJ

0.1

4'4

0.0

4.0

2.0

0.0

6.0

FDA Concentration (µunols L-1)
Figure 1. Extinction coefficient derived from experimental data at different fluorescein
concentrations plotted against the absorbance at 490 nm. The slope of the fitted line is
the extinction coefficient, 6490, 0.0672/1AM/cm. The coefficient of determination (R2 =
0.9994) is extremely high.
FDA hydrolytic activity (Schniirer and
Rosswall 1982). The enzymes in the soil
that hydrolyze FDA come from living
organisms, either from prokaryotic and
eukaryotic microbes; however, it is not
possible to distinguish the source. The
activity demonstrated by this bacterial
isolate from Pacific Northwest soils suggests
that these soils contain soil microorganisms
suitable for FDA hydrolysis.

spectrophotometer cuvette (1 cm), and c is
the concentration of the working solution
(Fig. 1). Simple linear regression was used
to determine s. This s value was used in
later assays to determine the fluorescein
product concentration, c = A490/(6).
Results and Discussion
A graph of fluorescein concentration
versus its absorbance at 490 nm is presented
in Figure 1. The extinction coefficient used
113
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Figure 2. Hydrolysis of FDA by a bacterial culture. Means of at least two replicate
determinations are shown. The coefficient of determination of the isolated bacterial assay
was R2 = 0.9422.

Time, (min)
Control
Control
Control

Mean
Variance
Observations

0.42933
8.63333E-05
3

A490

Time, (min.)

A490

0.437
0.432
0.419

0
0
30
30
60
60
90
90
120
120

0.402
0.397
0.402
0.400
0.389
0.400
0.398
0.366
0.436
0.416
0.4006
0.000316
10

Table 1. Adsorption of hydrolyzed FDA to
soil samples. Means are the average of at
least three determinations. Controls were
made of hydrolyzed FDA and buffer.
Fluorescein was hydrolyzed by boiling.

There was concern that the
fluorescein might adsorb to SOM and thus
cause an underestimation of microbial
activity. To study this possibility,
fluorescein adsorption to SOM was followed
at 30-minute intervals. The mean of the
controls (A490) was compared with the mean
of the of hydrolyzed fluorescein incubated
with soil (Table 1). The means were tested
using the t-test for two samples assuming
equal variances (Table 2). The means were
found to be equal at a high level of
significance, showing that adsorbance of
hydrolyzed fluorescein by SOM was not a
factor.
Fluorescein hydrolysis assays were
conducted on soil samples from the
unfertilized CR plot (conventional tillage,
summer-fallow), from the CR plot with
added manure (conventional tillage,
summer-fallow), and from the no-till
experiment (no-till, summer-fallow, 120
lb/acre N fertilizer). The A490 readings of
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The soil with the lowest rate came
from the unfertilized CR plots (Fig. 3),
followed by the CR plot with added manure
(Fig. 4); the no-till plot, with 120 lb/acre N
(Fig. 5), showed the greatest activity. The
increases in FDA hydrolysis may be a result
of higher concentrations of enzymes from an
elevated level of soil microbial activity;
however, it may be a consequence of
elevated enzymatic activity. These results
are consistent with suggestions that reduced
tillage, fertilization, and improved soil
quality support increased soil microbial
activity.

these three assays were converted to the
fluorescein concentration by using s =
0.672.

Mean
Variance
Observations
Pooled Variance
Hypothesized Mean
Difference
df
t Stat
P(T<----t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critcal two-tail

Control
Samples
0.429333
8.63E-05
3
0.000274
0

Timed
Samples
0.4006
0.000316
10

11
2.634723
0.011605
1.795884
0.023211
2.200986

Table 2. A t-test was done to test whether
the means in Table 1 were equal. At a 5
percent level of significance (11 degrees of
freedom) the calculated t-statistic was
greater than the critical t-value.
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y = 2.28x - 13.1
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R2 = 0.8859
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Figure 3. Hydrolysis of FDA by soil from the CR plots at the Pendleton Research Center,
Oregon, October 25, 2000. The plot treatment is winter wheat, summer-fallow, with no
nitrogen fertilization. The soil sample is an amalgam of at least four cores. Data points are
the mean of at least two determinations. The coefficient of determination was R 2 = 0.8859.
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Figure 4. Hydrolysis of FDA by soil from the CR manure plots at the Pendleton Research
Center, Oregon, October 25, 2000. The plot treatment is winter wheat, summer-fallow, with
10 tons steer manure added during the fallow year. The soil sample is an amalgam of at
least four cores. Data points are the mean of at least two determinations. The coefficient of
determination was R2 = 0.7763.
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Figure 5. Hydrolysis of FDA by soil from the no-till plot at the Pendleton Research Center,
Oregon, October 18, 2000. The plot treatment is winter wheat, summer-fallow, with 120 lb N
fertilization. The soil sample is an amalgam of at least four cores. Data points are the mean
of at least two determinations. The coefficient of determination was R 2 = 0.9867.
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Guilbault, G.G., and D.N. Kramer. 1964.
Fluorometric determination of lipase,
acylase, alpha-and gamma-chymotrypsin
and inhibitors of these enzymes. Analytical
Chemistry. 36:409-412.

Summary
In this preliminary study, the
measurement of FDA hydrolysis is an
acceptable indicator of soil microbial
activity in the silt loam soils of the
Columbia Basin. The measurement is a
relatively simple procedure that can be
accomplished with a basic, inexpensive
spectrophotometer. Adsorption of
hydrolyzed fluorescein by any soil
component appears insignificant. Rates of
FDA hydrolysis and, consequently soil
microbial activity, appear to be positively
correlated to enhanced soil quality.

Inbar, Y., M.J. Boehm, and H.A.J. Hoitink.
1991. Hydrolysis of fluorescein diacetate in
sphagnum peat container media for
damping-off caused by Pythium ultimum.
Soil Biology and Biochemistry. 23 :479483.
Schniirer, J., and T. Rosswall. 1982.
Fluorescein diacetate hydrolysis as a
measure of total microbial activity in soil
and litter. Applied and Environmental
Microbiology. 43:1256-1261.
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PRECIPITATION SUMMARY - PENDLETON
CBARC - Pendleton Station - Pendleton, Oregon

(Crop year basis, ie; September 1 through August 31 of following year)

Crop Yr.

Sept

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

71 Year
Average

.73

135

2.10

2.06

1.96

1.54

1.74

1.52

1.49

1.22

.34

.49

16.54

1980-81

1.24

2.96

1.81

1.99

1.26

2.31

2.30

1.29

2.30

2.12

.40

.02

20.00

1981-82

1.51

1.62

2.41

3.27

2.61

1.86

1.99

1.54

.48

1.12

1.02

.50

19.93

1982-83

1.68

2.68

1.46

2.69

1.63

2.97

3.90

1.23

2.08

1.92

1.00

.68

23.92

1983-84

.82

.91

2.79

3.44

.99

2.56

3.23

2.37

2.11

2.05

.05

1.25

22.57

1984-85

.98

1.18

3.43

1.96

.69

1.49

1.33

.65

.89

1.42

.05

.98

15.05

1985-86

1.54

1.34

2.66

1.27

2.38

3.04

1.94

.83

1.79

.09

.61

.19

17.68

1986-87

1.87

.91

3.41

.95

2.08

1.31

1.85

.83

1.63

.62

.47

.06

15.99

1987-88

.04

0

1.44

1.61

2.60

.32

1.65

2.59

1.79

.94

0

0

12.98

1988-89

.40

.08

3.65

1.10

2.86

1.55

2.95

1.94

2.19

.33

.15

1.19

18.39

1989-90

.24

1.00

1.65

.49

1.43

.63

1.89

1.77

2.14

.70

.37

.76

13.07

1990-91

0

1.37

1.73

1.18

1.15

.86

1.71

1.01

4.73

2.22

.15

.24

16.35

1991-92

.03

.89

4.18

.97

.96

1.34

.85

1.29

.20

.90

1.74

.78

14.13

1992-93

.58

1.70

2.61

1.30

2.43

1.04

2.32

2.67

1.58

2.01

.47

2.60

21.31

1993-94

0

.30

.49

1.91

2.38

1.67

.52

1.18

2.88

.75

.33

.07

12.48

1994-95

.76

1.44

3.77

1.83

2.75

1.15

2.35

2.92

1.56

1.73

.22

.41

20.89

1995-96

.93

1.35

2.95

2.37

2.79

2.45

1.49

2.33

2.00

0.39

0

.05

19.10

1996-97

.66

1.99

3.05

4.23

2.74

1.60

3.00

2.46

.46

1.10

.36

.02

21.67

1997-98

.88

1.34

1.59

1.41

2.84

.87

1.43

1.30

3.12

..51

.18

.10

15.57

1998-99

1.24

0.40

4.71

2.96

1.18

2.16

1.23

.99

1.65

.61

.04

1.18

18.35

1999-00

0

1.75

2.17

1.88

2.39

3.35

3.39

.65

1.98

1.39

.31

0

19.26

2000-01

1.75

3.84

1.61

.84

1.29

.89

1.42

20 Year
Average

.77

1.26

2.60

1.94

2.01

1.73

2.07

.55

17.93
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Total

.
1.59

1.88

1.15

.40

PRECIPITATION SUMMARY - MORO
CBARC - Sherman Station - Moro, Oregon

(Crop year basis, ie; September 1 through August 31 of following year)

Crop Yr.

Sept

Oct

Nov

Dec

Jan

Feb

Mar

Apr

May

Jun

Total

Aug

Jul

91 Year
Average

.58

.92

1.71

1.64

1.64

1.18

.98

.79

.83

.68

.23

.28

11.46

1980-81

.42

.79

1.73

2.95

1.52

1.22

.65

.41

1.06

1.15

.20

0

12.10

1981-82

.92

.82

1.99

4.73

1.10

.72

.55

1.45

.37

1.15

.21

.40

14.41

1982-83

1.42

1.96

1.08

1.89

1.40

2.43

2.74

.61

1.96

.39

.80

.60

17.28

1983-84

.52

.62

2.45

2.31

.17

1.07

2.34

1.32

.97

1.09

.17

0

13.03

1984-85

.53

.86

3.18

.41

.27

.97

.44

.14

.63

.92

.05

.14

8.54

1985-86

1.11

1.09

1.19

1.12

1.84

2.39

.98

.34

.35

.06

.54

.07

11.08

1986-87

1.52

.45

1.53

.78

1.68

1.10

1.54

.28

.99

.29

.78

.11

11.05

1987-88

.07

.01

.66

3.23

1.60

.21

1.25

2.21

.55

1.02

.04

0

10.85

1988-89

.56

.02

2.51

.22

1.33

.77

1.91

.84

.91

.08

.11

.50

9.76

1989-90

.07

.59

.96

.48

1.91

.17

.76

.79

1.36

.39

.15

1.43

9.06

1990-91

.29

1.27

.61

.74

.87

.60

1.43

.40

.77

1.27

.33

.16

8.74

1991-92

0

1.40

2.57

1.02

.47

1.64

.64

2.38

.04

.28

.81

.02

11.27

1992-93

.68

.85

1.50

1.68

1.42

1.47

1.68

1.22

1.42

.87

.39

.30

13.48

1993-94

.02

.09

.41

.68

1.40

.90

.55

.40

.62

.61

.11

.07

5.86

1994-95

.19

2.27

1.79

.90

3.67

1.18

1.14

1.95

.97

1.45

1.10

.17

16.78

1995-96

1.02

.64

3.20

2.20

1.86

2.43

.65

1.57

1.44

.36

.15

.03

15.55

1996-97

.55

1.56

2.63

4.18

1.57

.84

1.28

1.26

.55

.56

.13

.57

15.68

1997-98

.46

1.61

.66

.29

2.49

1.30

1.02

.66

3.15

.26

.26

.06

12.22

1998-99

.38

.16

2.57

1.34

1.34

1.00

.51

.06

.56

.11

.09

.23

8.35

1999-00

0

.83

1.62

.62

1.77

2.43

.76

.44

.48

.20

0

0

9.15

2000-01

.30

1.39

.60

.35

.43

.53

.81

20 Year
Average

.54

.89

1.74

1.59

1.48

1.24

1.14

.94

.96

.63

.32

.24

11.71
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_

CUMULATIVE GROWING DEGREE DAYS
(BASE = 0°C)
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