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INTRODUCTION

Staffs of the Columbia Basin
Agricultural Research Center (CBARC-
Oregon State University, Pendleton and
Sherman Stations) and the Columbia Plateau
Conservation Research Center (USDA-
Agricultural Research Service, Pendleton) are
proud to present 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.

PROMOTIONS AND AWARDS

There were no promotions or awards
for Oregon State University staff during the
reporting period. However, one of the
cooperative OSU/USDA public relations
programs at the research center received
special recognition during 1999. Our entry of
a float with an agricultural research theme into
the Dress-Up Parade prior to the Pendleton
Round-Up was awarded First Place in the
Commercial Division and the East Oregonian
Sweepstakes Award for the top prize across
divisions.

Within the USDA staff, Dr. Steve
Albrecht received certificates of merit and
cash awards for outstanding leadership at the
CPCRC during the Research Leader's absence
and for sustained scientific productivity and
superior collaborative work with other
scientists. Dr. Dale Wilkins received a
certificate of merit and cash award for
extraordinary commitment in serving as
Acting Research Leader for the ARS, U.S.

Sheep Experiment Station, Dubois, ID.

Certificates of merit and cash awards
were given to Chris Roager for excellent
safety committee leadership, keeping
outstanding safety records, and providing a
remarkable staff safety training program; and
to Daryl Haasch, Amy Baker, and Dr. Steve
Albrecht for contributions on the Research
Center's Safety Committee that provided an
outstanding safety program resulting in no
work related accidents in 1999.

Certificates of merit and cash awards
were given to Judy Elliott for leadership in
developing an Agricultural Research Center
float that was awarded first place and received
the East Oregonian Sweepstakes award at the
Pendleton Dress-Up Parade; and to Bob
Correa and Tami Johlke for planning and
constructing this float. Kevin Collins received
a certificate of merit and cash award for
outstanding performance.

STAFF CHANGES

Several staff transitions occurred
among OSU programs during the past year
(1999-2000). Dr. Richard Smiley requested a
change from the administrative/research
appointment he has held since 1985 to a new
division of responsibilities for research and
extension. The intent is to amplify the
intensity of plant pathology research and
extension in eastern Oregon. A search is in
progress to appoint a new Superintendent.

Dr. Dara Melanson joined OSU as an
Assistant Professor (Senior Research). Dr.
Melanson is a molecular plant pathologist and
was previously a Senior Research Scientist
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and Supervisor of the Molecular Plant
Pathology and Tissue Culture Laboratory with
the South Australian Research and
Development Institute, Adelaide, South
Australia. Her expertise includes development
of molecular probes for identifying and
quantifying pathogens in plants and soils. Dr.
Melanson is a native of New Brunswick,
Canada and earned a Ph.D. degree in Botany
(Plant Biochemistry) at the University of
Edinburgh, Scotland before entering a career
in research in Australia.

Dr. Bill Payne resigned as OSU
Assistant Professor of Cropping Systems
Agronomy. A search for a successor is
currently in progress. Dr. Payne accepted the
position of Associate Professor of Crop Stress
Physiology at Texas A&M University
Agricultural Research Center, Amarillo. He
was at Pendleton for 3 years, where he
conducted research on water use efficiency for
wheat and rotation crops, and introduction and
development of economical rotation crops for
land traditionally planted to winter wheat in
rotation with summer fallow.

Mrs. Sandra Ott rejoined the staff as
Faculty Research Assistant in the dryland
systems agronomy program directed by Dr.
Don Wysocki. Mrs. Ott previously worked in
this program, but she left for a promotional
opportunity upon completion of a B.S. degree
in Crop and Soil Sciences at Eastern Oregon
University. She worked for the past 2 years as
Production Manager for research,
development and production of native plant
species for the Native Plant Nursery at the
Confederated Tribes of the Umatilla Indian
Reservation.

Dr. GuangLong Feng completed a
Research Scholar Program in the cropping
systems research directed by Dr. Payne. Dr.
Feng's research on plant-water relations aided

in the cropping systems research at Pendleton.
He left to pursue additional training at the
University of California at Riverside before
returning to his position as Associate
Professor at the Yucheng Comprehensive
Experimental Station in Beijing, People's
Republic of China.

Ms. Kelli Camara completed a M.S.
degree in Agronomy and Soil Science at OSU
under the direction of Dr. Payne. Her thesis
examined the interaction of tillage systems,
nitrogen rate, soil depth, and rainfall on winter
wheat yield in long-term plots at the Columbia
Basin Agricultural Research Center-
Pendleton. Ms. Camara departed OSU for
employment in New York City.

Temporary employees in OSU
programs during the reporting period
included: Tim Alderman, Alec Bailey, Erin
Bailey, Charlene Clemmens, Brian Currin,
Joel Currin, Jennifer Davis, Shannon Duff,
Mark Easley, Sandra Easley, Jared Frank,
Shawn Hachquet, Andrea Haley, Jennifer
Haley, Ron Haley, Sarah Hall, Matthew
Hartzheim, Gretchen Heidt, Bryce Herinckx,
James Holsapple, John Holsapple, Jodi Justus,
Brandon Kellogg, Corrine Killgore, Nicholas
Lasher, Matthew Millar, Scott Montgomery,
Leah Moon, Olga Moreno-Urquiza, Shawn
Pace, Tim Pearson, Justin Richards, Arran
Robertson, Nicholas Sirovatka, David
Sullivan, Sascha Usenko, Andrea Wilson,
Byron Wysocki and Jacquelyn Zollner.

There were several additions and
changes to USDA staff during the past year
(1999-2000). In June 1999, Dr. Stewart Wuest
was selected to fill the Soil Scientist position
left vacant by Paul Rasmussen's retirement in
January of 1999. Robert Correa, engineering
technician, was promoted. Stephen Osborn
resigned the physical science technician
position in April 1999; Scott Oviatt filled this

2



position in October 1999. Dave Robertson
was employed on a 180-day appointment to
fill the hydrologic technician position vacated
by Joy Matthews in July 1999. David Smith
worked on a microbiological project as an
USDA-ARS summer intern. Erin Hansen-
Heideman conducted research on soil quality
in a Teacher Research Fellowship Program
Cooperative with Umatilla-Morrow Education
District. Angela Sallee was selected as a
research apprentice in a program co-sponsored
by ARS and Umatilla-Morrow Education
District in June 1999. Kevin Collins, Kate
Holsapple, Staci Loiland, Kim Miller, Terry
Starr, Sam Womack, and Byron Wysocki
worked as temporary employees during the
summer and school vacations. Christina
Skirvin and Jamie White served as part-time
biological science aids in Pendleton High
School's "Student to Careers" program.

NEW PROJECTS

The plant pathology program led by
Dr. Richard Smiley developed further links
with wheat breeding programs in Oregon and
Washington during the reporting period.
Cooperative germplasm screening projects
were established with the OSU winter wheat
breeding program led by Dr. Jim Peterson and
the OSU molecular plant genetics program led
by Dr. Oscar Riera-Lizarazu. Links also were
strengthened with Dr. Kim Kidwell's spring
wheat breeding program at WSU through
participation in committee leadership for a
Ph.D. thesis conducted by Ms. Jaya Smith.
During the reporting period, Drs. Smiley and
Melanson also amplified the level of
collaboration and interaction with plant
pathologists with the USDA-ARS and
University of Idaho at Pullman and Kimberly,
respectively.

The weed science program led by Dr.
Daniel Ball has been working cooperatively

on a M.S. thesis project conducted by Darrin
Walenta, a former Faculty Research Assistant
in Dr. Ball's program. The thesis at WSU is
directed by Dr. Joe Yenish and is entitled
"Seed production by spring germinating
jointed goatgrass and yield loss of spring
seeded wheat." Field trials for this project
were conducted at Pullman, Pendleton, and
Helix. The weed science program at Pendleton
also cooperated on a M.S. thesis project
conducted by Curtis Rainbolt, under the
direction of Dr. Donn Thill of University of
Idaho, entitled "Rotational crop response to
BAY MKH 6561." Field trials for this study
were conducted at Moscow, Wilcox (WA),
and Pendleton.

Dr. Mark Siemens, Dr. Dale Wilkins,
and Dr. Stewart Wuest initiated a project to
develop a strategy for managing residue that
would provide adequate drill performance in
heavy residue conditions. Systems
investigated included various combinations of
three types of combines, various seedbed
preparation methods, and drills equipped with
different seeder attachments.

FACILITIES AND EQUIPMENT

Emphasis continued for improvement
of OSU facilities and equipment. A nearly-
automatic water treatment facility (ion-
exchange and ultraviolet radiation treatments)
was installed to correct high nitrate
concentrations and coliform bacteria
contamination in the OSU water supply at
Pendleton. Other improvements in the water
supply system included separation of supplies
for irrigation and domestic uses. A new roof
was installed on the barn at Pendleton.

New equipment replacements or
additions for the OSU program included a
Case IH MX135 tractor (a gift from the
Sherman Station Endowment Fund), a Fabro

3



custom-designed drill (a gift of the Oregon
Wheat Commission, Sherman Station
Endowment Fund, OSU Department of Crop
and Soil Science, and Monsanto Corp), a
Davis Gro-Weather Automated Weather
Station, a McGregor Field Sprayer, a forklift
attachment for a Duetz-Allis loader, a Clark
GPX25E forklift, a JD 1550 no-till drill, a
computer for the main office, a pickup, and
laboratory equipment including an ultra-low
temperature freezer and balance.

Additional landscaping improvements
also were made at Pendleton.

At the ARS facility, a new roof was
installed on the solar drying room because of
wind damage it received during a February
storm. The soil-processing lab, oven drying
room, plant processing lab, and restroom in
the annex were air-conditioned, new cabinets
and a central vacuum system were installed,
and the dust removal system was upgraded.
An uninterruptable power source and network
upgrade were purchased for the computer
system. A low-disturbance high residue
fertilizer applicator was built for plot research.
Chemical analysis capabilities were enhanced
with the addition of a total organic carbon
analyzer to study soil organic carbon and a
portable microprocessor-controlled infrared
gas analyzer that measures either carbon
dioxide efflux from the soil or crop
photosynthesis. A new mid-sized sedan
replaced the 1991 Corsica.

TRAINING

OSU staff continued to maintain
training requirements for pesticide application
licenses, first aid, and cardio-pulmonary
resuscitation. Gloria Eidam traveled to
Corvallis for training with the OSU Human
Resources system, Judy Elliott and Sandra Ott
received additional training in computer

technology, Paul Thorgersen was trained in
safety and regulations for public water
systems, and Dick Smiley participated in
workshops to improve skills for writing grants
and developing newsletters. Dan Ball
completed a week-long Herbicide Action
course at Purdue University in West
Lafayette, Indiana.

All USDA staff licensed to apply
pesticides completed recertification training.
All staff received updates on cardio-
pulmonary resuscitation, first aid, ethics,
sexual harassment prevention, and civil rights
training.

Dr. Mark Siemens completed a 3-day
course on "Applied Statistics." Dr. Steve
Albrecht attended a course on Nuclear Gauge
training. Bob Correa attended a week-long
seminar on "Crane Safety for the New
Millennium." Amy Baker completed a 3-day
course on "Lab Safety and Health Training."
Dr. Dale Wilkins attended a workshop on
modeling populations systems.

Pat Frank attended a 1-day seminar on
"Microsoft Excel" and Judy Elliot attended a
1-day training course on "Microsoft Access."
Tami Johlke completed a 1-day course on
"Microsoft Office."

VISITORS

The Center hosted several special
events, including an OSU Cereal Research
Review; NRCS Research Review; OSU
administrator's participation in the Pendleton
Roundup; temporary employee orientation;
Umatilla County Smoke Management Task
Force hearing; STEEP's Technical, Grower,
and Administrative Coordinating Committees;
and numerous research and planning
meetings.
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Visitors hosted by the staff at the
center included:
• Dick Amerman, Scientific Plan Advisor,
USDA-National Program Staff, Beltsville,
MD
• Lorraine Thaden, Personnel Management
Specialist, USDA-ARS-HRD, Beltsville, MD
• Jan Overton, Administrative Officer,
USDA, St. Paul, MN
• Lyla Houglum, Dean, Extended Education,
OSU, Corvallis, OR
• Jim Zuiches, Dean, CAHE, WSU, Pullman,
WA
• Gary Young, Novartis

Ron Richards, Post, OR
• John Kelly, US West Communications,
Pendleton, OR

Brian Luongo and Jeff Bican, Masonite,
Pilot Rock, OR
• Steve Huntington, Huntington-Price, Walla
Walla, WA
• Larry Lofton, Area Administrative Officer,
USDA-ARS-PWA, Albany, CA
• Kim Hummer, Curator, ARS National
Clonal Germplasm Repository, Corvallis, OR
• Mike Zahn, M.D. Zahn, Inc, Lisle, IL
• Penny Diebel, Agricultural Economist,
OSU Ag Program, La Grande, OR
• Ashok Alva, Research Leader, USDA-
ARS, Prosser, WA

John Teasdale, USDA-ARS, Beltsville,
MD
• Verna Teasdale, Bowie, MD

Helen Porter and Charlie Wright,
Kennewick, WA
• Alvin Humphrey, Area Safety and Health
Manager, USDA-ARS, Albany, CA
• Mike Leahy, Safety and Occupational
Health Specialist, USDA-ARS, Corvallis, OR
▪ Martha Steinbock, Technology Transfer

Coordinator and Thanda Wai, Patent
Advisor, USDA-ARS-PWA, Albany, CA

• Peter Miller, Portland, OR
• Louie Dick, Cayuse, OR
• Kim Campbell, USDA-ARS, Pullman, WA

• Bill Crabtree, Western Australia
• Ken Sapsford and John Bennett, Biggar,
Saskatchewan, Canada
• Tim Melville, Ed Jones and Brian Johnson,
Enterprise, OR

James	 Schillinger,	 USDA-NRCS,
Caldwell, ID

Bob Sandlund, USDA-NRCS, Guille,
• Linda Baugh, Orofino, ID

Andy Hammond, Associate Area Director,
USDA-ARS, Albany, CA
• Jim Schmollinger, Soil Conservationist,
NRCS, Caldwell, ID
• Jeri Berc, Special Assistant to the Deputy

Chief for Soil Survey and Resource
Assessment, NRCS, Washington, D.C.

• Stephen Caruana, Agronomic Analytics,
Eugene, OR
• Mike	 Blanchette,	 USDA-ARS
Environmental	 Protection	 Specialist,
Beltsville, MD

Mike Burke, Associate Dean, OSU College
of Agricultural Science, Corvallis, OR

SEMINARS

The 1999 OSU/USDA Seminar Series
at the Center was coordinated by Steve
Albrecht. Seminars included the following
speakers and subjects:
• Long-Term Farming Systems Research

Trials; Mr. Larry Coppock, Consulting
Agronomist, Adams, OR; 6 April.
Inheritance of Resistance to Eyespot in
Wheat and Wheat Relatives; Mr. Scott
McDonald, Faculty Research Assistant,
OSU; Columbia Basin Agricultural
Research Center, Pendleton, OR; 13 April.
The Influence	 of Pre-Adoption
Expectations and Community Norms in the
Adoption of Water Conserving
Technologies: The Case of Drip Irrigation
in Florida; Dr. Frank Casey, Northwest
Economic Associates, Vancouver, WA; 14
July.



• Earthworm Populations Under Eight Semi-
Arid Cropping Systems; Dr. Stewart Wuest,
Soil Scientist, USDA-ARS, Pendleton, OR;
12 October.

• An Economic Analysis of the Role of Risk
and Production Costs in Whole-farm
Enterprise Selection; Dr. Amos I. Bechtel,
Louisiana State University, Baton Rouge,
LA; 21 October.

• Environmental Challenges for Agriculture;
Ms. Sandy Halstead, FQPA specialist, US
EPA Region 10, Prosser, WA; 26 October.

▪ A Survey of OWGL Issues; Mr. Daren
Coppock, Executive Vice President,
Oregon Wheat League, Pendleton, OR; 9
November.

• Grass Seed Production in Umatilla and
Morrow Counties; Dr. Jeffrey P.
McMorran, OSU Extension Service,
Umatilla and Morrow Counties, Hermiston,
OR; 15 November.

• Downy Brome Population Responses to
Dryland Cropping Practices: Implication
for Management; Dr. Dan Ball, Weed
Scientist, OSU, Columbia Basin
Agricultural Research Center, Pendleton,
OR; 22 November.

• Introduction to Indian Culture; Mr. Louie
Dick, Jr., member of the Confederated
Tribes of the Umatilla Indian Reservation,
Cayuse, OR; 24 November.

• Irrigated Canola Insecticide Trials; Ms.
Mary Corp, Cereal Crop Agent, Oregon
Extension Service, Pendleton, OR; 7
December.

• Demonstration of Two Soil Moisture
Probes: The Diviner 2000 and the
EnviroSCAN; John Monagle of the Simplot
Corporation, Umatilla, OR; 1 February.

LIAISON COMMITTEES

The Pendleton and Sherman Station
Liaison Committees have region-wide
representation and provide guidance in

decisions on staffing, programming, and
facilities and equipment improvement at the
Stations. Membership is by appointment by
the Director of the Oregon Agricultural
Experiment Station and, at Pendleton, by the
Director of the Pacific West Area, USDA-
ARS. These committees provide a primary
communication link between growers and
industry and the research staff and their parent
institutions. The Committee Chairs and OSU
and USDA administrators encourage and
welcome your concerns and suggestions for
improvements needed in any aspect of the
research centers or their staffs.

The Pendleton Station Liaison
Committee is coordinated by Chairman Kay
Simpson (Pendleton: 541-276-3507). The
Sherman Station Liaison Committee is
coordinated by Chairman Ernie Moore (Moro:
503-565-3635).

EXPRESSIONS OF APPRECIATION

The staff wishes to express its
appreciation to individuals, associations, and
corporations who have given special
assistance for the operation of experimental
plots on or associated with the Center during
1999-2000. The Oregon Wheat Commission
continued to provide the critical support upon
which the Center's OSU projects are founded.
Thanks also are given to those who donated
additional equipment, funds, labor, and/or
supplies (Charlie Betts Ranch, Richard
Lieuallen, Leroy and Cathie Martin, Arlene
Strong, AgrEvo, American Cyanamid Co.,
BASF Corp., Bayer Corp., E. I du Pont de
Nemours & Co., FMC Corp., Monsanto Co.,
Novartis Crop Protection, Pendleton Grain
Growers, Rhone Poulenc, Umatilla-Morrow
Community Corrections Work-Release
Program, & Zeneca Ag Products, Haus
Barhyte Co., Rod Anderson Construction, &
Marsh Aviation Co./Denton Aircraft) or
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loaned equipment, services, or facilities
(Oregon Department. of Transportation).

We express our appreciation and
thanks to those who donated labor, supplies,
equipment, or funding for the Pendleton
Station Field Day (AgrEvo, Agri-Check,
American Cyanamid Co., Bank of the West,
Bayer Corp., Columbia River Bank, E. I. du
Pont de Nemours & Co., Farm Credit Service,
FMC Corp., Gustafson, Huntington-Price,
Inland Chemical Service, Inland Empire
Bank, Kuo Testing Labs, Monsanto Co.,
Novartis Crop Protection, Novartis Seed
Treatment, Pendleton Bus Co., Pendleton
Flour Mills, Pendleton Grain Growers,
Pendleton Main Street Cowboys, Rhone
Poulenc Sedagri, Smith Frozen Foods, The
McGregor Co., Walla Walla Farmers Coop.,
Western Farm Service, Western States
Equipment, Wheatland Insurance, Wilbur-
Ellis, and Zeneca Ag Products).

We also appreciate and thank donors
who provided buses, meals, and other services
for the Sherman Station Field Day at Moro
(Ag West Supply, Cargill, Cascade Ranchers,
Columbia River Bank, Farm Credit Services,
Gustafson, Klamath 1st Federal, Mid-
Columbia Bus Co., Mid-Columbia Producers,
Monsanto Co., Morrow County Grain
Growers, Novartis Crop Protection,
Richelderfer Air Service, Safeway, Sherman
Aviation, Sherman High School, Unified
Sewerage Agency, Wasco Electric Coop,
Western Tillage Equipment, and Wilbur-
Ellis).

Cooperative research plots at the
Center were operated by OSU scientists

Richard Smiley
Superintendent
OSU-CBARC

Richard Dick, Patrick Hayes, Chris Mundt,
Russ Karow, and Jim Peterson, and by WSU,
UL and ARS-Pullman scientists Joe Yenish,
Frank Young, Don Thill, Rollie Line, and
Kim Campbell. Additionally, we are very
thankful for the ever-present assistance from
the Extension Service personnel in all counties
of the region, and especially from the
following counties: Umatilla (Mary Corp,
Tom Darnell, and Jeff McMorran),
Union/Baker/Wallowa (Gordon Cook),
Morrow (Kathryn Kettel), Sherman (Sandy
Macnab), Wasco (Brian Tuck), and Gilliam
(Jordan Maley) counties in Oregon; and
Columbia (Roland Schirman), Adams/Lincoln
(Bill Schillinger), Walla Walla (Walt Gary),
and Whitman (John Burns) counties in
Washington.

We wish to express special thanks to
the 30 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 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 on our
endeavors towards reaching this goal.

Dale Wilkins
Research Leader
USDA-ARS-CPCRC
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EFFECTS OF TILLAGE ON SOIL CARBON IN SEMIARID CROPLAND

Stephan L. Albrecht, David F. Bezdicek, Mary F. Fauci,
Katherine W. Skirvin, and RonW. Rickman

Introduction

Maintenance of soil organic matter
(SOM) is of prime concern in semiarid
croplands because of its beneficial effect on
soil physical, chemical, and biological
properties (Black and Siddoway, 1979).
Soils in the Pacific Northwest are very
susceptible to the loss of SOM (Rasmussen
and Rhode, 1988). Several factors may
contribute to this loss, including wind and
water erosion, removal of crop residue,
poor or inconsistent yields, and the use of a
summer fallow rotation (Bauer and Black,
1981; Campbell and Souster, 1982).
Summer fallow can be especially
detrimental to SOM because there is no
residue (i.e., carbon) input to the soil during
the fallow year, and soil conditions, mainly
moisture and temperature, are ideal for
elevated rates of microbial respiration.

Microbial respiration is an oxidative
reaction that provides energy for the growth
and reproduction of bacteria and fungi. In
the soil, carbon containing compounds
(including SOM) and oxygen are consumed
by aerobic microorganisms during
respiration, and carbon dioxide (CO2) is
generated as a by-product (Alexander,
1998). The emission of CO2 from the soil,
or soil respiration, contributes substantially
to greenhouse gas accumulation.
Measuring soil respiration in laboratory
incubations enables us to estimate different
pools of soil C that exist in the field. High
respiration in a laboratory incubation means
there was a labile pool of soil C available to

the microorganisms which had not been
utilized in the field. It suggests that soil C is
accruing under that management system.

The objective of this study was to
evaluate long-term conventional and no-till
agroecosystems to determine the effect of
tillage on soil carbon, soil respiration, and
different types of carbon-containing material
in the soil.

Materials and Methods

Soil samples were taken from five of
the long-term experiments at the Pendleton
Agricultural Research Center, including
Grass Pasture (GP), Wheat/Pea (WP), Crop
Residue Management (CR), No-Till (NT)
and Continuous Cereals (CW). The Center is
11 miles northeast of Pendleton, OR. The
soil is a Walla Walla silt loam (coarse-silty,
mixed, mesic Typic Haploxeroll), with a pH
of 6.5 and is composed of about 70 percent
silt, 18 percent clay, and 2 percent sand.
Elevation at the Center is 1,495 feet above
sea level. Average annual precipitation is
16.5 inches, which falls mainly as rain
between October and April. Samples were
taken from treatments with similar nitrogen
fertility. Tillage and fertilization of these
experiments are presented in Table 1. The
long-term experiments were described in
detail by Rasmussen and Smiley (1994).

In late spring, 1998, soil samples
were taken from the top eight inches in three
increments (0 to 2, 2 to 4, and 4 to 8 inches),
dried, crushed, and passed through a
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Table 1. Long-Term Experiments at Pendleton, Oregon
Name Symbol Initiated Tillage Rotation Fertility

Grass Pasture GP 1931 None Perennial Grass None

Continuous
Cereal

CW 1931 Fall Plow Annual Wheat 80 lb N/acre

Crop Residue
Management

CR 1931 Fall Plow Summer Fallow/
Wheat

80 lb N/acre

Wheat Pea 1963 Fall Plow Wheat/Pea 80 lb N/acre

No-till Wheat 1982 None Summer Fallow/ 80 lb N/acre
No-till Wheat

0.08-inch screen. A minimum of three
samples were taken for each treatment. To
determine soil respiration, distilled water
was added to 0.35 ounces of dry soil to bring
the soil to near saturation before incubation
at 72°F. Soil respiration was monitored for
365 days in the laboratory by following CO2
flux from the soil. Carbon dioxide levels
were measured with a Hewlett Packard
model 5370A gas chromatograph and
expressed as ounces CO2-carbon per pound
of soil carbon. Total soil carbon was
determined on a Fisons model NA 1500
carbon-nitrogen analyzer and expressed as
ounces carbon per pound of soil.

Results and Discussion

Total soil carbon content decreased
with depth in both no-till and grass pasture
soils, but was evenly distributed in the
conventional tillage (CR, CW, and WP)
experiments down to eight inches (data not
shown). Inversion and mixing of residue
during tillage operations contribute to a
more even distribution in conventional
tillage systems. However, this incorporation
is absent in no-till or pasture systems,

resulting in the accumulation of carbon in
the upper soil layers. Overall soil C levels
were greater in the no-till and grass pasture
soils.

Respiration of all soil samples
sharply decreased during the first 10 days of
incubation but remained relatively stable
during the last 340 days of the incubation
period (Figure 1). The highest soil
respiration rates were observed in the 0 to 2-
inch depth fraction of the grass pasture
system. Elevated soil respiration rates
indicate the presence of active, or labile,
carbon, which - under ideal conditions - is
mineralized easily or respired (i.e.,
converted to CO2 by soil microorganisms).
The respiration rates of soils taken from the
conventionally-tilled, long-term experiments
were similar to one another. However, the
rate measured for the no-till experiment was
higher than any of the conventionally-tilled
experiments. The Crop Residue
Management soils displayed similar
respiration rates at all depths because tillage
mixed soil and crop residues, resulting in a
more even distribution of C in the profile
(Table 2). This type of respiration pattern
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Figure 1. Soil respiration from long-term experiments, Pendleton, OR. NT = no-till winter
wheat/summer fallow rotation; CR = crop residue, conventional tillage, summer/fallow
rotation; GP = grass pasture; WP = wheat pea rotation; CWW = continuous cereal,
conventional tillage, winter wheat. Soils came from the 0 to 2-inch depth.

Table 2. Cumulative CO 2-C respired in 365 days on soil basis and on a soil C basis (adjusted for
the amount of C).

Soil basis Carbon basis

depth NT 1	CR2 NT	 CR

oz. CO2-C/ton soil	 oz. CO2-C/ton soil C

also was observed in other soils that utilized
conventional tillage (data not shown). In a
no-till or pasture system, the carbon-
containing material at the soil surface is
mineralized easily by soil microorganisms,
especially when disturbed and analyzed in
the laboratory. This material contains a
substantial amount of fresh residue that is
susceptible to decay, compared to carbon-
containing material deeper in the soil profile.
The older material has been exposed to

microbial decay, thus much of the easily
mineralizable carbon has already been
converted to CO2, and the remaining
material is less reactive. Under conventional
tillage, the availability of active or labile soil
carbon is similar at all depths; therefore,
respiration rates are also similar due to
mixing of fresh residues by tillage (Table 2).

Most systems exhibited three or four
changes in respiration rates during the 365-
day incubation period (Figure 1), suggesting
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the presence of distinct soil carbon pools.
To estimate the contribution of each pool,
the total cumulative CO2 respired was
plotted using an exponential decay function
(Figure 2). Each of the component pools
then were determined, utilizing
experimentally-generated decay rates (k).
Finally, the contribution of all the
components was summed to generate a best
fit solution to the overall equation.

Summary

Total soil C, soil respiration, and C pools
were compared in long-term conventional,
no-till, and grass pasture management
systems. Respiration in conventionally-
managed soils exhibited similar rates. Soil
from long term no-till wheat plots had
slightly elevated soil respiration rates when

compared with other management systems;
soil from the grass pasture system exhibited
the highest rate. Soil respiration in samples
taken from conventional-tilled plots was
similar at different soil depths due to the soil
inversion and mixing done by the plow.
Respiration measured in soils from no-till or
pasture systems was greater in the upper two
inches. These laboratory determinations
reflect the potential of a management system
to accrue soil C. Because the measurements
are conducted with optimal soil moisture
and a constant temperature, soil C is the
main factor being evaluated. Hence, soils
with low respiration rates are indicative of
low soil C, while soils that can maintain
elevated respiration rates tend to have
increased levels of C. These observations
suggest that, with respect to soil C, a no-till
or grass pasture agroecosystem has the
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Figure 2. Soil respiration plotted as a logarithmic decay function with four individual
components. Exponents represent theoretically-derived decay rates.
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ability to retain more soil C than
conventional management systems.
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ORGANIC MATTER FRACTIONS FROM PACIFIC NORTHWEST
SOILS: DEPTH AND TILLAGE EFFECTS

Stephan L. Albrecht, Mary F. Fauci, Katherine W. Skirvin, and David F. Bezdicek

Introduction

Organic matter is an important
soil component. Grassland soils are
noted for their high levels of soil
organic matter (SOM) and high
structural stability. Unfortunately,
when grasslands are converted to
croplands, most traditional agricultural
management systems degrade SOM.
The rapid loss of SOM with cultivation
is well documented. Soil organic matter
impacts water infiltration and water
holding capacity, nutrient-holding
capacity, structure, and buffering
capacity, making SOM of prime
importance in any agroecosystem (de
Jong, 1981; Elliott, 1986; Janzen, 1987;
Low, 1972; Monreal et al., 1995). The
loss of SOM increases the possibility of
erosion by wind and water, decreases
overall soil quality, and ultimately
reduces agricultural sustainability.

Soil organic matter can be
considered as an array, or succession, of
components that are difficult to
distinguish from one another. However,
the movement of organic material into
and out of SOM fractions can be
estimated using either chemical or
physical methods (Christensen, 1992).
In some cases, the fractions have been
characterized by decomposition rate
(Jenkinson and Raynor, 1977).

To describe SOM dynamics
adequately, it is important to isolate and
characterize biologically active
fractions from soil (Cambardella and
Elliott, 1994; Christensen, 1995). The

active fractions consist of living and
dead organic materials that are subject
to rapid biological transformations. It
has been shown that the acid hydrolysis
of soil provides a reasonable estimate of
active and stable SOM fractions (Xu et
al., 1997).

Organic matter can be isolated
by purely physical means. Particulate
organic matter (POM), that fraction of
the organic matter larger than 0.002
inch, can be obtained using a
standardized sieving technique.
Cambardella and Elliott (1992) suggest
that POM fractions can match selected
SOM fractions (e.g., decomposable
SOM, stabilized SOM) that have been
utilized in SOM simulation models.

The extensive use of tillage for
weed control and seedbed preparation
has caused a loss of SOM and a
deterioration in soil quality in the
semiarid Columbia Basin. Concern
about this loss has stimulated interest in
no-till agriculture. As sustainable soil
management practices are being
implemented across the Pacific
Northwest (Veseth, 1999), the ability to
estimate SOM fractions quantitatively
in both conventional and no-till soil
management practices is especially
important for understanding SOM
dynamics. Our objectives were to
determine the distribution of SOM
fractions within the soil and to assess
the impact of long-term management
systems on these fractions. Soil from
long-term conventional and no-till sites
was evaluated for total soil carbon (C),

19



POM, POM-supported microbial
respiration, and stable SOM.

Materials and Methods

In spring 1998, soil samples
were collected from five of the long-
term experiments at the Pendleton
Agricultural Research Center 11 miles
northeast of Pendleton, OR. These
experiments have a documented history
of tillage cultivar, soil amendments, and
yield. They have been described in
detail by Rasmussen and Smiley (1994).

Samples were taken from the
following treatments:
Continuous Cereals (CW)—

Established in 1931, cropped
annually to winter wheat (Triticum
aestivum L.), the site was modified
in 1982 to include spring wheat and
spring barley (Hordeum vulgare
L.). The experiment is moldboard
plowed and receives both chemical
and mechanical weed control.

Grass Pasture (GP)—Maintained as
permanent pasture since 1931, it
was grazed until 1985 but has not
been grazed since. It is clipped
once or twice a year, and the
clippings remain on the field. It is
reseeded periodically with
introduced grass cultivars and
fertilized occasionally.

No-Till (NT)—Started in 1982, it was
cropped annually (wheat) from
1982 to 1988, then converted to
winter wheat/summer fallow.
Wheat stubble is flailed and left on
the field. There are five levels of N
fertilization.

Residue	 Management	 (CR)--
Established in 1931, the rotation is

winter wheat/fallow. The tillage is
moldboard plowed, and residue is
burned in the spring.

Soil samples were taken from
the top eight inches in three increments
(0 to 2, 2 to 4, and 4 to 8 inches), oven-
dried, crushed, and passed through a
0.08-inch screen. Soil samples were
composites (ca. 1 pound total) of six
subsamples taken from each treatment
replication. There were at least three
replications for each treatment. The
particulate organic matter (POM) size
fraction from the soils was isolated by
shaking for 16 hours in a dispersing
agent and passing over a 0.002 inch
sieve. The POM remaining on the sieve
was analyzed for total carbon and
nitrogen, correcting for sand in the
sample.

To determine POM respiration,
distilled water was added to 0.35 ounce,
dry POM material to bring it to near
saturation before incubation at 72°F.
Carbon dioxide (CO2) flux from the
POM was measured by a Hewlett
Packard	 model	 5370A	 gas
chromatograph. To determine the
stable carbon fraction, soil was treated
with boiling acid (six molar
hydrochloric acid) for 18 hours (H.C.
Collins, personal communication). The
residual acid was removed by repeated
washing with distilled water and
collection of the soil by centrifugation
(Sorvall, RC-5B with SS-34 rotor). The
acid-treated soil was dried, ground in a
mortar and pestle, and analyzed for total
carbon and nitrogen. Total carbon and
nitrogen were determined on a Fisons
model NA 1500 carbon-nitrogen
analyzer.
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Results and Discussion

Particulate organic matter
carbon accumulates at the surface in the
pasture and no-till soils. Tillage created
an even distribution of POM-C
throughout the profile (Figure 1).

CR CW GP NT

Treatments

Figure 1. Particulate organic matter at
different depths from long-term
experiments near Pendleton, OR. CR =
Crop Residue; CW = Annual Winter
Wheat; GP = Grass Pasture; NT = No-
Till

Particulate organic matter-C
increased as a percentage of total soil
carbon under reduced tillage (data not
shown). The amount of POM-C in the
soil was linearly related to the soil C
content and was related to the type of
tillage.

The cumulative amount of
POM-C respired at 50 days was highest
at the surface of pasture and no-till
soils. Under conventional tillage, the
POM was evenly distributed throughout
the profile and had similar
mineralization rates (Figure 2). The 50-
day POM-carbon respiration
measurements from lower soil depths in
reduced tillage treatments is more
recalcitrant than surface POM. Under
conventional	 tillage,	 POM
mineralization (i.e., the conversion of

POM to CO2 by the action of soil
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Figure 2. Particulate organic matter
respiration, at three depths (0-2, 2-4
and 4-8 inches), from the Crop
Residue (CR) and No-Till (NT) long-
term experiments near Pendleton, OR.

microorganisms) is similar at all depths
within the tillage zone and POM
respiration is intermediate between that
of the surface and lower depths of no-
till systems. Particulate organic matter-
carbon respiration reflected the amount
of POM-carbon in the soil. Overall, on a
POM-carbon basis, POM-carbon was
more labile at the surface than from
lower depths.

The amount of stable carbon is
relatively uniform to a depth of eight
inches in a conventionally-tilled
wheat/summer fallow (CR) system
(Figure 3). However, in an undisturbed
location (GP), at the upper soil depth,
the stable carbon content is greater than
in a tilled system. The amount of stable
carbon, in relation to total carbon, was
less in the grass pasture system (Figure
4), indicating that an active fraction
increases, especially at the upper soil
depths, as tillage intensity decreases.
Reducing tillage and eliminating fallow
increased carbon sequestration in soils
as measured by soil C.
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Figure 3. Comparison of total and the
stable carbon fraction from the Crop
Residue (CR) experiment near
Pendleton, OR.
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Figure 4. Comparison of total and the
stable carbon fraction from the Grass
pasture (GP) pasture experiment near
Pendleton, OR.

In the Pacific Northwest, yearly
crop production is recommended
because cropping systems that include
summer/fallow lose SOM over time.
Decreasing tillage intensity can reduce
SOM loss; however, the outcome
usually is not as effective as eliminating
summer/fallow. Carbon loss from
summer fallowed soils is great because
fallowing keeps the soil moisture
content relatively high during the
summer when temperatures are raised,
allowing elevated rates of SOM
mineralization by soil microorganisms.

Under conventional tillage,
POM-carbon was distributed evenly
throughout the soil profile and had
similar mineralization rates. Particulate
organic matter-carbon accumulated at
the surface of pasture and no-till
systems. The POM-carbon that
accumulated at the surface of no-till and
pasture systems was more labile than
the POM-carbon from lower depths.
This suggests that the POM-carbon at
the soil surface had not mineralized, or
decayed, to the extent of material
inverted and mixed by plowing.

Stable carbon (i.e., resistant to
acid treatment) was distributed
uniformly in the top eight inches of soil
subjected to conventional tillage.
However, it accumulated in the upper
levels of soils that were not tilled. This
stable carbon fraction represents the
carbon material that provides many
beneficial soil characteristics. The
aggregation of this material in a no-till
system suggests that reduced tillage
impacts soil quality positively.
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SOIL MICROBIAL ACTIVITY IN ANNUAL SPRING WHEAT
AND WHEAT-FALLOW ROTATIONS IN THE VERY LOW

RAINFALL AREAS OF THE COLUMBIA PLATEAU

Stephan L. Albrecht, William F. Schillinger, and Clyde L. Douglas, Jr.

Introduction

Maintaining or enhancing soil
organic matter (SOM) is essential for
sustaining the soil resources of Pacific
Northwest agroecosystems. Increasing
SOM ameliorates soil health, provides for
enhanced food production, contributes to
soil stabilization, and improves both air and
water quality. In addition, increasing SOM
levels contributes to the capacity of
agricultural soils to sequester carbon (C),
thereby reducing the release of carbon
dioxide (CO2) to the atmosphere.

Soil organic matter content is
affected by many agricultural activities,
including tillage, crop rotations, residue
management, and associated environmental
effects such as erosion. Tillage practices
may have a measurable influence on long-
term soil C storage, and no-till has been
proposed as a means to increase soil C
sequestration (Rasmussen et al., 1998;
Paustian et al., 1997).

Soil organic matter consists of a
range of C based compounds which function
in the structure, nutrient storage, and
biological activity of soils. Not only is
SOM a source of plant nutrients, it is also a
water reservoir for plants. Soil organic
matter serves as a binding agent, making it
important in maintaining soil tilth, aiding the
infiltration of air and water into soil,
providing a soil buffering capacity, and
contributing to erosion reduction (Wagner

and Wolf, 1998). The wheat (Triticum

czestivum L.)/fallow system, which reduces
the risk of crop failure due to inadequate soil
moisture, is subject to rapid SOM loss
during the fallow part of the rotation.

The flux of CO2 to the atmosphere
from soil governs the extent to which C
from plant residues is retained in the soil or
released to the atmosphere. Soil CO 2 fluxes
are primarily dependent on the metabolic
activity of soil microbes, and are strongly
affected by both temperature and moisture.
Soil microbiological activity can be
sensitive to management, including crop
species, tillages, and fertilizers. Soil
disturbance by tillage has been observed to
increase CO2 fluxes in the short-term (Seto,
1982; Reicosky and Lindstrom 1993), but
the long-term contribution of soil
disturbance to CO2 efflux has not been
quantified adequately. If C sequestration is
to be enhanced without increasing C inputs
into the soil, CO2 loss from the soil must be
reduced.

The success of soil conservation
efforts to maintain soil quality depends on
an understanding of how soils respond to
agricultural management systems over time.
Therefore, methods to quantify soil quality
must assess changes in selected soil
attributes over a prescribed period of time
and space. Information on the influence of
management on soil CO2 fluxes is required
to identify practices that maintain soil
productivity and retard the conversion of
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soil C to atmospheric CO2 . The objective of
this study is to evaluate several
microbiological and soil quality parameters
during the transition from a winter
wheat/fallow to an annual no-till spring
wheat management system in a very low
rainfall agroclimatic zone (Douglas, 1992).

Materials and Methods

The experimental plots are on the
Doug Rowell Farm, located on Lincoln
Road in the Horse Heaven Hills southwest
of Prosser, WA. The Warden coarse-silty
loam soils, developed under a grass prairie,
first were tilled in the early 1900s. The
major rotation in the area is winter
wheat/fallow. The Rowell farm site receives
only 6 to 7 inches mean annual precipitation,
which makes it one of the world's driest for
wheat production. Winter wheat yields at
the Rowell test site range from 3 to 42
bushels per acre (bu/a), with a long-term
average of 20 bu/a. Average above-ground
residue production for the 2-year fallow
cycle is about 2,000 pounds per acre.

The plot area covers 8 acres (1,164 x
300 ft). The experiment, initiated in 1996,
has three treatments: (1) annual no-till, hard
red spring wheat (ASW); (2) soft white
winter wheat (in the odd year)/summer-
fallow (WW/F); and (3) summer-fallow (in
the odd year)/soft white winter wheat
(F/WW). The experimental design is a
randomized complete block with six
replications. A primary spring tillage with a
tandem disk or V-blade sweep followed by
two or three rodweedings is typical during
the fallow cycle. No-till spring wheat plots
were sown with an ultra low-disturbance
cross-slot disc drill which delivers seed and
all fertilizer in one pass through the field.

The CO2 flux from the soil in all
treatments was measured in situ on
September 1, 1999, from 9:45 to 11:00 AM
using a LI-COR soil-respiration chamber
and portable infrared gas analyzer (LI-COR,
Lincoln, NE). In addition, soil temperature
at 4 inches, chamber air temperature, and
chamber relative humidity were recorded.
Fluxes, expressed in amount of CO2 per area
per time (lb CO2/acre/day), were calculated
from the increase in the chamber CO2. A
minimum of three CO2 flux rates were
determined for each replication, and the
average was calculated for each
determination. Volumetric soil moisture
content, from 0 to 6 feet of profile, was
determined following harvest on July 12,
1999.

The bacterial populations in the soil
were enumerated by the dilution spread plate
method (Alexander, 1998). Serial dilutions
were plated on nutrient agar and incubated at
77°F. Colonies on each plate were counted
at 24, 48, 72, and 96 hours after plating.
The number of cells per ounce of soil were
estimated by multiplying the average
number of colonies for each replicate by the
reciprocal of the total dilution applied to the
nutrient agar plates and reported as colony
forming units (CFU) per ounce of soil.

Results and Discussion

The soil temperature at 4 inches in
the WW/F treatment averaged 67.9°F, and
was significantly less than that recorded in
the standing stubble of either the F/WW or
the annual SW treatments, which averaged
70.0°F and 72.5°F, respectively. Average
soil temperature for all treatments was
70.2°F.
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Soil moisture data for 0 to 6 inches,
taken on July 12, are presented in Figure 1.

Figure 1. Soil moisture at the 0- to six-
inch depth after wheat harvest at the
Rowell Farm, Horse Heaven Hills,
WA, on July 12, 1999. ASW=Annual
Spring Wheat; WW/F= Winter
Wheat/Fallow; F/WW =
Fallow/Winter Wheat. A difference in
letters indicates that differences by
treatment are significant (P<0.05)

The ASW and WW/F treatments are not
significantly different from each other, but
the F/WW treatment has almost 2.5 times
more moisture, by volume, than the other
treatments, as would be expected after a year
of fallow. Very little rainfall (0.2 inch)
occurred from the time the soil moisture
measurements were taken in July until the
time the CO2 flux determinations were
made, and it was assumed that the moisture
relationships among the treatments on
September 1, 1999 were similar to soil
moisture in July. The greater soil moisture
in the F/WW treatment certainly is due to
the removal by the wheat crops grown in the
other two treatments during the previous
months.

Immediate CO2 flux from the soil,
following the placement of the collection
chamber, was quite rapid and the flux rate
was linear with time (Figure 2). The
average time required for the flux
determination was 106 seconds.	 The

Figure 2. Gradual increase in CO2 in a
chamber placed over the soil on
September 1, 1999, at the Rowell
Farm, Horse Heaven Hills, WA. The
increase in CO2 is linear and due to
the normal microbial respiration in the
soil.

flurates ranged from a low of 9.3 lb
CO2/acre/day to a high of 13.0 lb
CO2/acre/day (Figure 3). The CO 2 flux rate

Figure 3. Carbon dioxide flux from the
soil on September 1, 1999, at the
Rowell Farm, Horse Heaven Hills,
WA. ASW = Annual Spring Wheat;
WW/F = Winter Wheat/Fallow;
F/WW = Fallow/Winter Wheat. A
difference in letters indicates that
differences by treatment are
significant (P < 0.05)

from the F/WW treatment was significantly
greater than from either the WW/F treatment
or the annual SW treatment. The flux rates
are directly proportional to soil moisture and
indicate the effect that increased soil
moisture can have on microbial metabolism
and thus soil respiration.
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While low soil moisture can reduce
soil respiration drastically, as shown in this
study, dry soils do not completely eliminate
the CO2 flux from the soil. This suggests
that microorganisms in very dry soils are
still capable of metabolic activity. It has
long been known that soil microorganisms
are capable of metabolic activity at soil
moisture stresses that would be extremely
detrimental to crop plants (Harris, 1981).

Summer-fallow systems have a two-
fold negative effect on SOM. First, they
generally contribute less residue over a 2-
year period than an annual crop.
This decreases the amount of carbon, which
is the source of SOM, being returned to the
soil. Second, they generally have
substantially more soil moisture than
annually cropped soils. This increase in soil
moisture allows increased metabolic activity
by soil microorganisms, which may come at
the expense of existing SOM, reducing its
concentration in the soil and further
degrading soil quality. In addition, the
annual spring wheat treatment is not tilled,
decreasing the amount of residue inversion.
The inversion of residue promotes
decomposition, because it increases the
surface area available for microbial contact,
and the soil buffers the microorganisms
responsible for residue decomposition from
possible extremes of either temperature or
moisture.

Estimates of soil bacteria (Figure 4)
using the dilution plate count method can be
extremely variable. However, this method is
useful for a first estimate, because many soil
bacteria have relatively simple nutritional
requirements and grow readily on solid
culture media. The estimates of bacteria in
this soil are about 10 times less than what
generally is expected in agricultural soils
(Alexander, 1998). However, the relatively

Figure 4. Estimated populations of soil
bacteria at the Rowell Farm, Horse
Heaven Hills, WA. ASW = Annual
Spring Wheat; WW/F = Winter
Wheat/Fallow; F/WW = Fallow/Winter
Wheat. CFU = colony forming units.

low bacterial populations are not
inappropriate considering that the upper soil
levels have low C and N concentrations
(data not shown) and are subjected to
periods of drought and high temperatures.
There were no significant differences in the
estimated numbers of soil bacteria among
treatments. While this is not consistent with
the CO2 flux results, which indicate
increased microbial activity in the F/WW
treatment with a greater soil water content, it
does suggest that, while the numbers of soil
microorganisms are relatively similar in
each treatment, they cannot maintain similar
metabolic rates.

Summary

Soil moisture and CO2 flux were
greater in the fallow treatment than the
cropped treatments. Microbial activity (in
this case the CO2 flux from the soil), even
though limited by low soil moisture, was not
eliminated completely. This is consistent
with other reports of microbial activity (Stott
et al., 1986) at reduced soil moisture. Many
soil microorganisms can remain active in
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soils that are sufficiently lacking in moisture
to be harmful or even lethal to crops. While
the lack of soil moisture undoubtedly
contributes to the reduction of bacterial
metabolic activity, it did not significantly
alter the numbers of bacteria. However, the
species composition and the distribution of
the bacterial population may have changed
as the soil moisture decreased. The elevated
level of microbial respiration in the fallow
treatment represents a factor that contributes
to the loss of SOM during summer fallow
and may significantly contribute to an
overall reduction in soil quality.
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CONSERVATION CROP ROTATIONS FOR DRYLAND WHEAT IN DOWNY
BROME INFESTED AREAS

Daniel A. Ball, Richard W. Smiley, Donald J. Wysocki, and Michael A. Stoltz

INTRODUCTION

Downy brome is the most troublesome
weed in dryland winter wheat/fallow cropping
systems in the Pacific Northwest. Historically,
control measures have relied on moldboard
plowing and/or wheat stubble burning to bury
or destroy downy brome seed. Although these
practices can keep downy brome at
manageable levels, soil erosion, runoff, and
evaporative water loss can be excessive where
soil is not protected by residue. Non-traditional
crop management practices including spring
cropping, rotations with broadleaf crops such
as canola, chemical fallow techniques, and
utilization of improved residue management
techniques must be developed to provide
cropping systems which maintain profitability
while protecting soil resources.

METHODS

Large replicated plots were established
in spring 1993 on a commercial field near Pilot
Rock, Oregon (Gilliland site) to compare the
effectiveness of several crop rotations for
downy brome control in dryland wheat, soil
and water conservation, and economic
viability. A second location (Shaw site) was
established about 3 miles from the Gilliland
site in spring of 1994. This site was located on
the same soil type and with the same crop
rotation treatments as the Gilliland site. A
conventional plow-based, winter wheat/fallow
crop rotation was compared to cropping
systems designed to optimize downy brome
management and maintain soil residue cover
for soil conservation. The experiment
concluded after 6 years when all plots were
planted to winter wheat (Gilliland site

concluded in 1998, Shaw site in 1999).
Individual plots were approximately 0.5 acre in
size with four replications and were managed
by growers and research station staff using
field scale equipment.

Cropping systems treatments
1. Winter wheat/fallow rotation with chisel
plowing and fall tillage of grain stubble.
2. Winter wheat/fallow rotation with chisel
plowing, and a fall herbicide without stubble
tillage
3. Winter wheat/barley/fallow rotation with
chisel plowing and fall tillage of grain stubble.
4. Winter wheat/barley/fallow with chisel
plowing and a fall herbicide without stubble
tillage.
5. Winter wheat/fallow/canola rotation with
chisel plowing and fall stubble tillage.
6. Winter wheat/fallow rotation with
moldboard plowing and no fall stubble tillage
(conventional).
7. Continuous, no-till hard red spring wheat
(Shaw site only).

Primary tillage
Conservation tillage treatments

(treatments 1 through 5) employed spring
chisel plowing as the primary tillage. This is
compared with the conventional, commercial
practice of spring moldboard plow primary
tillage (treatment 6). At the Shaw site,
continuous no-till hard red spring wheat was
evaluated (treatment 7).

Post-harvest tillage
Chemical fallow treatments (treatments

2 and 4) consisted of a post-harvest herbicide
treatment (Roundup®, Landmaster®, or Sure-
Fire®) in the fall if necessary, and again in the
spring before chiseling for summer fallow
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preparation. The no-till, continuous hard-red
spring wheat plots (treatment 7) received a
post-harvest herbicide treatment (Roundup®,
Landmaster®, or Sure-Fire®) in the fall if
necessary, and again in the spring prior to
seeding.

Tillage fallow treatments (treatments 1,
3, and 5) utilized a shallow, fall post-harvest
disc tillage to "plant" downy brome seed while
maintaining maximum surface residue. If
necessary, a non-residual herbicide treatment
(Roundup®) was used in the spring prior to
chiseling. Wheat stubble was left undisturbed
and no Roundup was applied in the fall on the
conventional wheat/fallow treatment (treatment
6). Roundup was applied as necessary in the
spring prior to moldboard plowing (treatment
6).

Evaluations were made of total weed
populations with emphasis on downy brome at
both sites in late January and again in late April
each year. Total downy brome plants were
counted in four 10-m2 quadrats per plot.
Surface residue cover measurements were
made using a line transect method each
December (Table 3). Crop yields at both sites
were estimated by harvesting the entire plot
area with commercial equipment.

During the early years of this study,
plots were evaluated for general occurrence of
diseases. As the experiment progressed, the
level of sampling became increasingly intense
to assess effects of rotations fully. From 1996
to 1999, diseases in wheat and barley were
evaluated each spring by collecting plants from
each plot, washing soil from the roots, and
evaluating roots, stems, and foliage for the
presence of disease symptoms. Particular
attention was given to symptoms of
strawbreaker foot rot (lesions near the base of
stems), Fusarium foot rot (lesions on subcrown
internodes or rotting of crowns), Rhizoctonia
root rot (rotting of root cortex tissue and "spear
tipping" of crown roots), take-all root rot

(discoloration of vascular tissue mostly on
seminal roots), and root lesion nematode
(rotting of root cortex and restricted root
branching). Disease severity ratings and
percentages of plants or tillers affected by
symptoms were recorded separately for each
disease. A disease index then was derived by
multiplying the average disease severity rating
by the percentage of plants or tillers affected.
During 1999, soil and root samples from the
Shaw site were sent to the Oregon State
University Nematode Diagnostic Laboratory
for an estimate of nematode population levels.

RESULTS

Downy brome
In the wheat/fallow rotations, downy

brome populations differed between plow and
chisel treatments in the last year at the
Gilliland site (1998). Chiselled plots that did
not receive fall stubble disking had much
greater levels of downy brome (52 plants/yd2)
compared to moldboard plowed plots (Table
1). In chiselled plots where grain stubble was
fall harrowed, however, there was only a
slight increase in downy brome infestations.
The 3-year rotation of barley fallow/wheat
had lower levels of downy brome compared to
the wheat/fallow rotations that were chiseled
(Table 1). Canola crops did not result in high
levels of downy brome in subsequent winter
wheat crops since a selective grass control
herbicide (Poast®, Assure n®) was used in the
canola (Table 1). The continuous no-till spring
wheat treatment (treatment 7) had a very low
downy brome density (Table 1). Wild oat
populations increased slightly (data not
shown).

Observing the changing downy brome
severity in these different crop rotation
treatments over the 6-year study period
indicates that several management practices
kept downy brome populations below

30



Table 1. Influence of crop rotations on downy brome at the Gilliland and Shaw sites. Trials were offset by 1 year: treatments at the Shaw site were the same as at
the Gilliland site the previous year.

Crop rotation* at Gilliland (first year shown) and Shaw (second
year shown) sites.

1994
Gill.

1995
Shaw

1995
Gill.

1996
Shaw

1996
Gill.

1997
Shaw

1998
Gill.

1999
Shaw

93/94	 94/95	 95/96 96/97 97/98 98/99 Downy brome per square yard (April )

Chisel

1 TF	 W	 TF W TF W 7 37 0 0 2 3 10 7
2 CF	 W	 CF W CF W 14 42 1 0 5 1 52 10
3 B	 TF	 W B TF W 1 0 65 1 <1 0 4 4
4 B	 CF	 W B CF W 21 19 137 1 <1 0 10 9
5 TF	 Ca	 W TF Ca Ot 4 <1 1 3

Plow

6 CF	 W	 CF W CF W 7 30 0 0 <1 7 1 7

No-Till (at Shaw site only)

7 SW	 SW	 SW SW SW W 0 0 0 2

* TF - Tillage fallow (harrow grain stubble in fall and spray glyphosate in spring as needed).
CF - Chemical fallow (spray glyphosate in fall and spring as needed).
W - Winter wheat, Ca - Winter canola, B - Spring barley, SW - Hard red spring wheat.

t Replanted to spring wheat because of heavy downy brome infestation.
Gill. - Gilliland site.



damaging levels while maintaining adequate
residue cover on the soil surface. Conservation
tillage systems utilizing chisel plowing did not
result in high levels of downy brome if barley
or canola was included in a winter wheat
rotation, or if harrowing of grain stubble was
done in the fall after grain harvest in a winter
wheat /fallow crop rotation.

Crop yields
Initial wheat yields where chiseling

was employed were lower than plots receiving
conventional moldboard plowing. However,
after the second cycle of reduced tillage,
wheat yields were similar regardless of
primary tillage method used (Tables 2a and
2b). Overall winter wheat yields were low in
1999 due to lower than normal growing
season precipitation. Canola yields were
lower than expected due to heavy feeding
from local deer and elk populations and dry
conditions at time of seeding. Problems with
canola stand establishment and insects also
contributed to lower than expected canola
seed yields. Barley yields in the first year
during establishment of the new crop rotation
were less than expected, but they improved as
the rotation progressed (Tables 2a and 2b).
Crop yields of hard-red spring (HRS) wheat are
summarized in Table 2b. HRS yields in the
first year were low (6 bu/a) due to dry
conditions and inadequate fertility during the
initiation of this crop rotation. Yields of HRS
improved in years two through four. Low yield
of HRS in 1998 (21 bu/a) likely was due to
significant frost damage in that year. In the
final year at both sites, all plots were planted to
winter wheat. Low yields of winter wheat due
to reduced soil moisture in rotations following
canola or spring wheat compared to winter
wheat following summer fallow.

Plant Disease
No disease reached epidemic

proportions at either site nor appeared to

restrict yields during this research. In
addition, assessments of individual plant
diseases often did not appear conclusive when
viewed from the perspective of a single site
during a single year. It was only after most of
the experiment had been completed at both
sites that trends became evident. Trends were
seldom statistically significant. Comparisons
of similar treatments at the two sites were
offset by 1 year, thereby helping to eliminate
potential confusion from seasonal changes in
climatic factors. The most common diseases
on winter wheat included Rhizoctonia root
rot, a root disease complex including root
lesion nematode, take-all root rot, and
strawbreaker foot rot. Annual spring wheat at
the Shaw site was affected by the root
diseases (take-all and Rhizoctonia root rot)
but was generally not affected by foot rot.

Strawbreaker foot rot (Table 3) was
present in meaningful, significant amounts
only during the final year at each locations.
This foot rot was more prevalent in 2-year
rotations than in 3-year rotations.
Strawbreaker foot rot was also least prevalent
in the rotation that included canola, compared
to sequences involving only wheat and barley.
Although this disease is seldom important in
spring wheat, it occurred in relatively high
proportions in winter wheat at the Shaw site
during 1999.

During 1996 at the Shaw site, there
was a comparison of three 3-year rotation
treatments. Rhizoctonia root rot (Table 4), the
root disease complex (Table 5), and take-all
(Table 6) tended to be less damaging in the
rotation that included canola than in rotations
that only included cereals. During 1996 and
1997, there was a comparison of winter wheat
in three 2-year rotation treatments.
Rhizoctonia root rot at the Gilliland site was
slightly less damaging in the moldboard plow
system than in the conservation tillage
systems (Table 4). This relationship did not
occur at the Shaw site. Winter wheat was not
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Crop Rotation * 1993	 1994	 1995	 1996	 1997	 1998

`93 '94 '95 '96 '97 '98 	 bu/a **

Chisel

TF W TT W TF W

CF W CF W CF W

B TF W B TF W

B CF W B CF W

TF Ca W F Ca W

Plow

CF W CF W CF W

33	 49	 60

37	 53	 55

0.5 ton/a	 57	 0.99 ton/a	 61

0.5 ton/a	 60	 0.89 ton/a	 61

190 lb/a	 40	 378 lb/a	 41

42
	

53	 59

Table 2a. Influence of crop rotations on crop yields, Gilliland site.

** Units expressed in bu/a for wheat yield, expressed as ton/a for barley, and lb/a for canola.

Table 2b. Influence of crop rotations on crop yields, Shaw site.

Crop Rotation * 1994	 1995	 1996	 1997	 1998	 1999

'94 '95 '96 '97 '98 '99 

Chisel

TF W TF W TF W

CF W CF W CF W

B TF W B TF W

B CF W B CF W

TF Ca W TF Ca W

Plow

CF W CF W CF W

No-Till

SW SW SW SW SW W

	 bu/a ** 	

78	 68	 31

79	 71	 33

0.30 ton/a	 58	 1.5 ton/a	 27

0.35 ton/a	 55	 1.6 ton/a	 32

1380 lb/a	 48	 1095 lb/a	 20

90	 71	 31

6
	

46	 32	 41	 21	 17

* TF – Tillage fallow (harrow grain stubble in the fall spray in spring as needed).
CF – Chemical fallow (spray in fall and spring as needed).
W - Winter wheat, Ca – Winter canola, B – Spring barley, SW – Hard red spring wheat.

** Units expressed in bu/a for wheat yield, and expressed as ton/a for barley, and lb/a for canola.
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Table 3. Influence of crop rotations on strawbreaker foot rot (lesions near base of stem) at the Gilliland and Shaw
sites. Trials were offset by 1 year: treatments at the Shaw site were the same as at the Gilliland site the previous
year.

Crop rotation* at Gilliland (first year
shown) and Shaw (second year shown)
sites

1995
Gill.

1996
Shaw

1996
Gill.

1997
Shaw

1998
Gill.

1999
Shaw

93/	 94/	 95/	 96/

94	 95	 96	 97

97/

98

98/

99

( Strawbreaker foot rot: % plants infected )

Chisel

TF	 W	 TF	 W TF W - 1 8 16 41
CF	 W	 CF	 W CF W 1 4 25 35
B	 TF	 W	 B TF W nd 6 0 0 13 16
B	 CF	 W	 B CF W nd 0 0 0 14 29
TF	 Ca	 W	 TF Ca W nd 0 5 13

Plow

CF	 W	 CF	 W CF W 0 5 10 33

No-Till (at Shaw site only)

SW	 SW	 SW	 SW SW W 0 0 15
LSD (0.05) ns ns nd ns 19

* TF - Tillage fallow (harrow grain stubble in fall and spray glyphosate in spring as needed).
CF - Chemical fallow (spray glyphosate in fall and spring as needed).
W - Winter wheat, Ca - Winter canola, B - Spring barley, SW - Hard red spring wheat
nd = not determined, ns = not significant, "-" = no cereal produced.
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Table 4. Influence of crop rotations on Rhizoctonia root rot (lesions and pruning of crown roots) at the Gilliland and
Shaw sites. Trials were offset by 1 year: treatments at the Shaw site were the same as at the Gilliland site the
previous year.

Crop rotation* at Gilliland (first year
shown) and Shaw (second year shown) sites

1995
Gill.

1996
Shaw

1996
Gill.

1997
Shaw

1998
Shaw

1998
Gill.

1999
Shaw

93/	 94/	 95/	 96/

94	 95	 96	 97

97/	 98/

98	 99

( Disease index for Rhizoctonia root rot: 0=none, 4=severe )

Chisel

TF	 W	 TF	 W TF	 W 0.8 1.5 0.5 1.4
CF	 W	 CF	 W CF	 W - 0.9 1.4 0.5 1.8
B	 TF	 W	 B TF	 W nd 0.9 nd 1.3 0.4 1.3
B	 CF	 W	 B CF	 W nd 1.3 nd 1.8 0.4 1.4
TF	 Ca	 W	 TF Ca	 W nd 0.5 - 0.1 1.8

Plow

CF	 W	 CF	 W CF	 W 0.5 1.5 0.5 1.6

No-Till (at Shaw site only)

SW	 SW	 SW	 SW SW	 W nd 2.8 0.8 1.3
LSD (0.05) 0.2 0.2 nd ns ns

* TF - Tillage fallow (harrow grain stubble in fall and spray glyphosate in spring as needed).
CF - Chemical fallow (spray glyphosate in fall and spring as needed).
W - Winter wheat, Ca - Winter canola, B - Spring barley, SW - Hard red spring wheat
nd = not determined, ns = not significant, "2 = no cereal produced.
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Table 5. Influence of crop rotations on pruning of seminal roots (possibly Rhizoctonia root rot and/or root lesion
nematodes) at the Gilliland and Shaw sites. Trials were offset by 1 year: treatments at the Shaw site were the same
as at the Gilliland site the previous year.

Crop rotation* at Gilliland (first year
shown) and Shaw (second year shown) sites

1995
Gill.

1996
Shaw

1996
Gill.

1997
Shaw

1998
Shaw

1998
Gill.

1999
Shaw

93/	 94/	 95/	 96/

94	 95	 96	 97

97/	 98/

98	 99

( Disease index for seminal root damage: 0=none, 5=severe )

Chisel

TF	 W	 TF	 W TF	 W 2.3 1.4 - 1.1 2.4
CF	 W	 CF	 W CF	 W 1.4 1.0 1.4 2.6
B	 TF	 W	 B IT	 W nd 1.7 nd 2.5 - 1.2 2.9
B	 CF	 W	 B CF	 W nd 2.1 nd 2.7 1.0 2.7
TF	 Ca	 W	 TF Ca	 W nd 1.1 - - 0.7 3.2

Plow

CF	 W	 CF	 W CF	 W 2.2 0.9 1.6 2.7

No-Till (at Shaw site only)

SW	 SW	 SW	 SW SW	 W nd 2.9 2.9 3.4
LSD (0.05) 0.7 0.2 nd 0.6 0.7

* TF - Tillage fallow (harrow grain stubble in fall and spray glyphosate in spring as needed).
CF - Chemical fallow (spray glyphosate in fall and spring as needed).
W - Winter wheat, Ca - Winter canola, B - Spring barley, SW - Hard red spring wheat
nd = not determined, ns = not significant, "-" = no cereal produced.
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Table 6. Influence of crop rotations on take-all root rot (lesions on seminal roots) at the Gilliland and Shaw sites.
Trials were offset by one year: treatments at the Shaw site were the same as at the Gilliland site the previous year.

Crop rotation* at Gilliland (first year shown)
and Shaw (second year shown) sites

1995
Gilli.

1996
Shaw

1996
Gilli.

1997
Shaw

1998
Shaw

1998	 1999
Gilli.	 Shaw

93/	 94/	 95/	 96/

94	 95	 96	 97

97/	 98/

98	 99

( Disease index for take-all root rot: 0"none, 5=severe )

Chisel

TF	 W	 TF	 W TF	 W 1.7 0 0.4 2.0
CF	 W	 CF	 W CF	 W 1.4 0 0.4 1.5
B	 TF	 B TF	 W nd 0.2 nd 0.1 0.2 2.8
B	 CF	 W	 B CF	 W nd 0.5 nd 0.1 0.2 2.0
TF	 Ca	 W	 TF Ca	 W nd 0.1 0.1 2.9

Plow

CF	 W	 CF	 W CF	 W 1.0 0 0.2 2.5

No-Till (at Shaw site only)

SW	 SW	 SW	 SW SW	 W nd 0.3 0.6 2.0

LSD (0.05) 0.3 ns nd 0.2 ns

* TF - Tillage fallow (harrow grain stubble in fall and spray glyphosate in spring as needed).
CF - Chemical fallow (spray glyphosate in fall and spring as needed).
W - Winter wheat, Ca - Winter canola, B - Spring barley, SW - Hard red spring wheat
nd = not determined, ns = not significant, "-" = no cereal produced.

grown on these plots during 1997 at the
Gilliland site or 1998 at the Shaw site. All
six treatments were planted to winter wheat
at these sites during 1998 (Gilliland site) and
1999 (Shaw site). In 1996 at Gilliland's,
take-all was less damaging in 2-year
rotations where the moldboard plow was
used than where conservation tillage had
been practiced. In the 3-year rotations at the
Shaw site during 1996, and at the Gilliland
site in 1998, root diseases were least
damaging where canola was included as the
second crop, compared to spring barley
(Tables 4 to 6).

Residue cover
Percent residue cover in newly

seeded winter wheat was higher in
wheat/fallow rotations utilizing chisel
compared to moldboard plowing (Table 7).
Fall seeded canola provided high amounts of
green cover going into winter. Chemical
fallow during the fall resulted in greater
levels of surface residue than did fallow
treatments receiving fall tillage.

37



Table 7. Influence of crop rotations on crop residue at the Gilliland and Shaw sites. Trials were offset by 1 year: treatments at the Shaw site were the same as at
the Gilliland site the previous year.

Crop rotation* at Gilliland (first year shown) and Shaw	 1993	 1994	 1994	 1995	 1995	 1996	 1996	 1997	 1997	 1998
(second year shown) sites	 Gill.	 Shaw	 Gill.	 Shaw	 Gill.	 Shaw	 Gill.	 Shaw	 Gill.	 Shaw

93/94 94/95	 95/96	 96/97	 97/98	 98/99	 	 % cover 	

Chisel

TF	 W	 TF	 W	 TF	 W	 5	 19	 82	 94	 25	 22	 67	 80	 31	 53
CF	 W	 CF	 W	 CF	 W	 9	 20	 67	 98	 16	 23	 78	 90	 30	 53
B	 TF	 W	 B	 TF	 W	 75	 18	 13	 4	 76	 60	 61	 74	 14	 30
B	 CF	 W	 B	 CF	 W	 89	 30	 22	 5	 77	 62	 69	 83	 14	 33

TF	 Ca	 W	 TF	 Ca	 W	 1	 4	 36	 49	 76	 79	 19	 25	 21	 61

Plow

CF	 W	 CF	 W	 CF	 W	 1	 8	 87	 99	 2	 7	 76	 86	 3	 11

No-Till (at Shaw site only)

SW	 SW	 SW	 SW	 SW	 W	 -	 8	 83	 81	 87	 66

LSD (0.05)	 9	 9	 5	 10	 8	 8	 8	 6	 10

* TF - Tillage fallow (harrow grain stubble in fall and spray glyphosate in spring as needed).
CF - Chemical fallow (spray glyphosate in fall and spring as needed).
W - Winter wheat, Ca - Winter canola, B - Spring barley, SW - Hard red spring wheat



EFFECTS OF SEEDING DATE ON YIELD, WATER USE, AND DISEASE
OF WINTER AND SPRING WHEAT CULTIVARS

Chengci Chen, William A. Payne, Richard W. Smiley,
Lisa M. Patterson, and Karl E. L. Rhinhart

Introduction

Seeding date strongly influences the
environmental conditions encountered by
wheat plants, including temperature,
formation of soil crusts, water availability,
and atmospheric evaporative demand. All of
these influence emergence, growth,
development, water use, and timing of
drought for the wheat plant, and therefore
influence crop yield. Therefore, optimum
seeding date is usually a prerequisite for
optimum yield. Because wheat varieties
respond differently to environmental
conditions such as drought or cold, they may
have different optimal seeding dates.

The presence and severity of several
important wheat diseases also are affected
strongly by seeding date. Diseases such as
Fusarium foot rot, strawbreaker foot rot,
Cephalosporium stripe, and barley yellow
dwarf are most damaging when winter
wheat is seeded early in the fall, between
late-August and mid-September. On the
other hand, diseases such as Pythium root
rot and Rhizoctonia root rot are usually most
damaging when winter wheat is seeded late
in the fall, between late-October and early-
December. Just as wheat varieties respond
differently to the environment, they also
differ in susceptibility to these diseases.

The objective of this study was to
evaluate the effects of seeding date on yield,
water use, and disease incidence of several
winter and spring wheat cultivars.

Materials and Methods

The study was initiated in 1995 at
the Columbia Basin Agricultural Research
Center of Oregon State University,
Pendleton, Oregon. Beginning in 1997, crop
water use was monitored using neutron
probes to measure soil water content. In this
paper, results of yield and water use in 1997-
1998 and 1998-1999 cropping years are
reported. Disease information reported in
this paper includes data from the
experiments conducted in 1995, 1996, and
1998. Six winter wheat cultivars (Stephens,
Rohde, Gene, Madsen, Rod, and Temple)
were seeded on seven dates between 5 Sept.
1997 and 18 Mar. 1998. Two spring
cultivars (Alpowa and ID485) were sown
with winter cultivars on five dates between
10 Oct. 1997 and 18 Mar. 1998. The soil at
the study site is Walla Walla silt loam
(coarse, silty, mixed mesic Typic
Haploxeroll). Fields were summer-fallowed
the previous year. Plots were 10 x 30 ft,
replicated four times, and completely
randomized for each seeding date.

Wheat was seeded at a rate of 18
seeds per square foot for the first two
seeding dates using a John Deere HZ
splitpacker plot drill with a 14-inch row
spacing. A rate of 26 seeds per square foot
was used for the remaining 5 seeding dates,
using a Hege 55 plot drill with double disc
openers on a 6-inch spacing. The John Deere
plot drill was used for the first two seeding
dates because the John Deere HZ drill can
plant seeds deeper to reach moisture at early
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seeding dates when surface soil is dry.
Before sowing, fertilizers were applied as
solutions of anhydrous ammonia and
ammonium polysulfide at rates of 100 lb N/a
and 10 lb S/a using a PGG 22-2 "Raven"
shank applicator. Starter fertilizer
(16:20:0:24) at 60 lb/a was applied with
seeds for the February and March seeding
dates.

Soil water content was measured
periodically for three winter (Stephens,
Madsen, and Temple) and two spring
(Alpowa and ID 485) cultivars in 1997-
1998, and for two winter (Stephens and
Madsen) and two spring (Alpowa and ID
485) cultivars in 1998-1999. Soil water
content was measured using a neutron probe
Model CPN 503DR (CPN Corporation,
Pacheco, CA). One neutron probe tube was
installed in the center of each plot. Soil
water content was measured in 6-inch
increments for the first 2 feet, then 1-foot
increments down to 5 feet, depending on the
depth of the soil profiles.

Disease incidence and severity were
evaluated on 20 plants in each plot during
spring. Special attention was given to
symptoms of Fusarium foot rot (lesions on
subcrown internodes, or rotting of crowns),
strawbreaker foot rot (lesions on stem
bases), Cephalosporium stripe (yellow
stripes on leaves, with associated vascular
discoloration), take-all root rot (blackening
of vascular tissue in seminal roots),
Rhizoctonia root rot (rotting and "spear-
tipping" of crown roots), and root lesion
nematode (deterioration and discoloration of
root cortex, and reduced branching).
Determinations were made for percentages
of plants with symptoms, except that
strawbreaker foot rot was reported as
percentages of affected tillers rather than
plants.

Statistical analysis was performed
with STATGRAPHICS Ver.7.0 (Statistical
Graphics Corporation, 1993). Yield and soil
water data within each seeding date were
analyzed using ANOVA, and then the
differences between varieties were compared
using LSD (P=0.05).

Results and Discussion

In the 1997-1998 cropping year,
highest yields were obtained from seeding
dates from October to November (Figure 1).
The mean yield of September-seeded wheat
was 17 bushels less than October seeded
ones. Yield of winter wheat seeded after
February declined sharply due to lack of
vernalization. All six winter varieties
followed similar trends.

In the 1998-1999 cropping year, the
highest yield was produced by the 5 October
seeding date. Yield of winter wheat seeded
in September tended to be lower than that
seeded on 5 October. Yield declined for all
six winter wheat varieties seeded after 5
October (Figure 1). Decreased yield of
winter wheat with delayed seeding date also
was reported in Saskatchewan (Fowler,
1983) and in the midwestern United States

• (Dahlke et al., 1993).

There was little difference in yield
among varieties for 1997-1998 compared to
the 1998-1999 cropping year (Figure 1). In
1997-1998, all six varieties performed
equally well, producing 76 to 87 bushels on
the seeding dates between October to
November, except Rohde which had
significantly lower yield (70 bu/a) on the 10
October seeding date (P<0.05). There was
relatively less effect of early seeding dates
on yield of Madsen in comparison to other
varieties.
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Figure 1. Yield of six winter wheat varieties in 1997-1998 and 1998-1999 cropping years. The
error bars next to the data points represent ± 1 SE.

In 1998-1999, however, Temple
performed better than other cultivars,
producing significantly higher yield on the 5
October seeding date (P<0.05). Gene
performed relatively poorly, producing
significantly lower yield than Rod and
Temple in all the seeding dates from
September through November (P<0.05). In
1998-1999 (Figure 1), there was relatively

less effect of early seeding date on yield of
Rohde, Madsen, and Rod. In 1998-1999, the
spring rainfall was lower than that in 1997-
1998. It was 3.25 inches from 1 April to 30
June of 1998, and 4.07 inches in the same
period of 1999. Winter wheat might have
experienced more severe terminal water
stress in 1998-1999. Yield differences may
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relate to differential drought tolerance of the
varieties.

Spring wheat seeded in winter,
particularly before November, had unstable
yields (Figure 2). March-seeded spring
wheat tended to have slightly lower yield
compared to February seeded (little change
for Alpowa in 1998-1999). Yield decline
associated with delayed sowing was not as
much as with winter wheat (Figures 1 and

2). Spring wheat seeded in February and
March had lower yields than the winter
wheat seeded in early October (Figures 1
and 2).

Early-seeded winter wheat tended to
have greater amount of water remaining in
the soil profile after harvest (Figure 3)
despite the fact that yields tended to be
greater for October-seeded than late seeded
wheat (Figures 1 and 2). There were similar

1997/1998
	

1993/1999

Figure 2. Yield of two spring wheat varieties in 1997-1998 and 1998-1999 cropping years. The
error bars next to the data points represent ± 1 SE.
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trends in 1997-1998 and 1998-1999 (Figure
3). These data suggested that early-seeded
winter wheat could make more effective use
of fall rains than late-seeded wheat. They
also reached maturity earlier, and thereby
tended to avoid terminal drought. February-
and March-seeded winter and spring wheat
were dependent solely on soil stored water

in the late growing season due to the lack of
spring rainfall. October-seeded winter wheat
varieties had about 1 inch more water
remaining in the soil profile than February-
seeded spring wheat varieties in the 4-feet-
deep soil profile in 1997-1998, and the
winter wheat produced 20 bushels more
grain than spring wheat (Figure 1,2, and 3).

1997/1998*	 1998/1999'

cg A- 8 8	 LI
O N N R

Seedng Date

cg 8 8	 gul	 .02 a RI

Seecing Date

Figure 3. Water remaining in the soil profile after harvest for winter and spring varieties in 1997-
1998 (*in 4-feet soil profile) and 1998-1999 (** in 3-feet soil profile) cropping years. The error
bars next to the data points represent ± 1 SE.
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Decreased yields observed for the
first two early seeding dates of winter wheat
may be related to disease incidence. Tables
1 and 2 show disease incidence for several
varieties as affected by seeding dates during
the years 1995, 1996, and 1998. Fusarium
foot rot, strawbreaker foot rot, and
Cephalosporium stripe generally became
less damaging as seeding dates were
delayed.

During 1998-1999, Fusarium foot rot
was very prevalent, but strawbreaker foot rot
was absent. In 1998-1999, take-all severity
ratings and percentages of plants affected
were high for all dates. Rhizoctonia root rot
severity was low to moderate in these trials,
even when high percentages of plants were
affected. Percentages of plants with
Rhizoctonia root rot increased with delay in
planting until the 20 October, and then
decreased, possibly in response to the rains
in November. Root lesion nematode
incidence also became more severe as
planting was delayed.

Conclusions

The optimum seeding date for winter
wheat was mid-October. The October seeded
winter wheat produced a higher yield and
had a greater amount of water remaining in

the soil profile after harvest than late seeded
winter wheat. The decreased yield of early-
seeded wheat may be associated to disease
infection. Disease (e.g., Fusarium foot rot)
was more severe in winter wheat seeded
before October. The optimum seeding date
for spring wheat was late February, although
the spring wheat may survive and produce
acceptable yield when it is sown in mid-
November in this area. Winter wheat seeded
in October produced a higher yield and left
more water in the soil profile after harvest
than spring wheat seeded in February and
March.
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Table 1. Influence of seeding date on percentages of plants or tillers with symptoms of six
diseases on a single representative winter wheat variety.

Variety, disease
present

Seeding date in 1995

8	 21	 11	 30
Sep	 Sep	 Oct	 Oct

Seeding date in 1996

3	 20	 10	 2
Sep	 Sep	 Oct	 Nov

Seeding date in 1998

8	 22	 5
Sep	 Sep	 Oct

20
Oct

19
Nov

Variety: Rod Stephens Stephens

Percentage of
plants affected:

Fusarium foot rot 57 62 0 0 36 27 27 0 65 73 7 7 7

Strawbreakerfoot
rot f

51 21 0 7 34 14 8 -

Cephalosporium 23 14 5 8 - -
Stripe
Take-all root rot 17 17 0 0 100 100 93 80 79

Rhizoctonia root
rot

69 78 74 56 21 47 57 87 39

Root lesion 13 0 67 62
Nematode

t percentage of tillers

Table 2. Influence of seeding date on percentages of plants or tillers with symptoms of
three diseases on six winter and spring wheat varieties.

Percentage of plants or
tillers with symptoms of:

Seeding date (1996)

3 Sep 20 Sep 10 Oct 2 Nov

Fusarium foot rot
Stephens 36 27 27
Rohde 29 37 29 0
Madsen 50 42 27 0

Strawbreaker foot rot t
Stephens 7 34 14
Rohde 8 , 30 21 8
Madsen 8 12 1 1

Cephalosporium stripe
Stephens 23 14 5
Rohde 14 13 6 6
Madsen 11 15 7 6.
Gene 23 17 8 16
Alpowa - 5 16
ID 485 12 17

t percentage of tillers.
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BURN OR BALE: EFFECT ON BIOMASS AND NUTRIENTS

Clyde L. Douglas, Jr. and Stephan L. Albrecht

Introduction

Burning has been used for years to
reduce residue after harvest. The rationale is
that seeding equipment cannot be effective
when large amounts of residue remain on the
soil surface. Albrecht et al. (1995) reported
that burning volatilized 65 percent of the
stubble biomass. They speculated that 65,
36, 26, 6, and 6 percent of carbon (C),
nitrogen (N), sulfur (S), phosphorus (P), and
potassium (K), respectively, would be lost
during the burn. When residues are burned,
approximately 60 percent are lost as carbon
dioxide (COD immediately, leaving only 40
percent to be oxidized by soil
microorganisms. Thus, when a field is
burned, only 8 percent of the residue can be
incorporated into SOM. Also, burned stems
and grain kernels are less biologically active
in soil than unburned residue, and may not
be viable energy sources for soil
microorganisms (Albrecht et al., 1995). It
has long been known that burning is
deleterious to SOM (Biederbeck et al., 1980;
Rasmussen et al., 1980). Burning also
removes the residue cover on the soil
required to help control soil erosion on
sloping land.

Several industries utilize wheat straw
offsite. The dairy industry uses wheat straw
as bedding material for animals, and
mushroom growers use straw as a nutrient
source. Recently, a number of companies
have evaluated the use of wheat straw as a
component of particleboard. There are now
production plants in Australia, England, and
the U.S. where wheat straw, sugar cane

bagasse, and rice straw are being used as the
primary ingredient in particleboard plants.
One firm indicates they plan to use 60 tons
of straw per day and up to 25,000 tons per
year to produce particleboard (Confederated
Umatilla Journal, 1998). Another firm is
using 50 tons of wheat straw annually to
produce strawboard used in building and
furniture construction (East Oregonian,
1999).

Objectives of this research are to
evaluate the potential differential effects on
the amount of C, N, P, K, and S left in a
field after burning, baling, or non-removal
of straw.

Materials and Methods

Twenty-one combines, each making
at least two passes, were evaluated for
residue distribution in 15 wheat fields
(Allmaras et al., 1985). Before each combine
pass, two bundles of wheat were cut at
ground level from a 16.2-feet-square area for
determination of nutrient distribution
(Douglas et al., 1992). Average straw height
(minus heads) in the 15 fields was 36 inches.
Thirty cuims were separated from each
bundle and weighed. Heads were removed
and straws were dissected into 4-inch
sections from the ground surface. Four-inch
sections from each straw were combined to
give a 30-straw weight for each 4-inch
section, up to 36 inches. This gave nine fl-
inch sections for each 30 straws. Combined
sections were analyzed for nitrogen by
automated analysis after Kjeldahl digestion
(Nelson and Sommers, 1973). Phosphorus
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and	 potassium	 were	 determined
colorimetrically, on an Alpchem
autoanalyzer (Kitson and Mellon, 1944), and
by atomic absorption analysis (Isaac and
Kerber, 1971), respectively. Sulfur was
determined turbidimetrically after
percholoric acid digestion (Blanchar et al.,
1965).

Results and Discussion

Table 1 gives average biomass and
nutrient contents of wheat straw across
Agronomic Zones (AZ) in the Pacific
Northwest (PNW) (Douglas et al., 1990). In
general, precipitation decreases from zone 2
through zone 4. Precipitation is the same in
zone 4 and zone 5, but the soil is shallower
(less than 3 feet deep) in zone 4 than in zone
5(greater than 3 feet deep), and zone 6 is
irrigated. Agronomic zone 1 is not
discussed, because generally soils in this
zone are too cold or too shallow for
cultivation, and only about 10 to 15 percent
is cultivated. However, if wheat were grown
in zone 1, yields would be approximately the
same as zone 5. There were no fields
sampled in zones 3 and 4; therefore, grain
yields were estimated for these zones.
Residue biomass was assumed to be 100
pounds for each bushel of yield in all zones.
Carbon was assumed to be 42 percent in all
residues. Nutrient values are calculated
using actual values determined from straw
samples from zones 2, 5, and 6. Values
given in Table 1 are the amounts of C and
nutrients returned to the soil, providing all
residue is not burned or otherwise removed.

Table 2 compares biomass and
nutrients removed from each AZ if straw
either is baled or burned. In general, nutrient
concentrations in straw increase from the

ground surface to the top of the wheat stem
(data not shown). Average stubble height
after harvest in the 15 fields, across all AZ,
was 16 inches. All vegetative parts of the
plant above the cutter bar height (average of
16 inches in the 15 fields evaluated) go
through the combine and are distributed,
usually unevenly, within the standing
stubble. Much of the stem above 16 inches
is not baled and removed, because it falls to
the ground within the stubble. The standing
stubble is cut approximately 4 inches high
and windrowed to prepare for the baler.
Producers report that approximately 50
percent of above ground residues are left
after baling. Therefore, in order to make
residue removal equal 50 percent of total
residue prior to baling, straw removed
includes stubble from 4 to 16 inches, plus
that part of the straw above 16 inches that
went through the combine during harvest.
The fraction of each nutrient in each 4-inch
section above 16 inches was multiplied by
the total nutrient in these sections and
summed. Half of this sum was added to the
sum for the 4- to 16-inch sections and
subtracted from the sum of the stem sections
above 16 inches to equate to 50 percent
residue retention.

In general, baling removes
approximately the same amount of N and S
but more P and K than burning (Table 2).
However, more nutrients can be lost if wind
or water removes ash after burning. Average
N, S, P, and K removed from a field by
baling is 36, 35, 42, and 39 percent and
burning 35, 26, 6, and 6 percent,
respectively, of the total nutrients present in
wheat straw. However, burning removes
more straw biomass, and thus C, than does
baling.
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Table 1. Average biomass and nutrient contents in straw for agronomic zones of the dry-land
wheat growing areas of the Pacific Northwest.

Measured
Parameter 

Agronomic Zonest
2 3	 4	 5	 6
	 Pounds/Acre	

Residues	8,390	 8,000	 4,000	 8,100	 15,961
Carbon	 3,524	 3,360	 1,680	 3,400	 6,704
Nitrogen	 34	 26	 11	 24	 97
Sulfur	 6	 4	 2	 3	 26
Phosphorus	 4	 3	 1	 3	 21
Potassium	 116	 82	 32	 74	 356

t Agronomic Zones from Douglas et al., 1990. Agronomic zone 1 was not included, as
only 10 to 15 percent of this zone is cultivated.

s Yields were estimated to be 80 and 40 bushels per acre for agronomic zones 3 and 4,
respectively.-Residue was assumed to be 100 pounds per bushel grain yield. Residue
carbon was assumed to be 42 percent. Nutrient values are calculated from 10-cm straw
sections from 15 fields across all agronomic zones 2, 5, and 6.

Table 2. Comparison of biomass and nutrients removed by baling or burning.

Agronomic Zones

Measured 	 2	 3	 4	 5	 6 

Parameter	 Bale	 Burnt	Bale	 Burn	 Bale	 Burn	 Bale	 Burn	 Bale	 Burn

	 Pounds/acre	

Biomass	 4,195	 5,454	 4,000	 5,200	 2,000	 2,600	 4,050	 5,265	 7,980	 10,375
Carbon	 1,762	 2,291	 1,680	 2,184	 840	 1,092	 1,701	 2,211	 3,352	 4,358
Nitrogen	 11.8	 12.1	 11.8	 9.2	 5.0	 4.0	 8.6	 8.8	 37.7	 35.1
Sulfur	 2.4	 1.7	 1.8	 1.1	 0.6	 0.4	 1.2	 0.8	 11.0	 6.7
Phosphorus	 1.1	 0.2	 1.4	 0.2	 0.6	 0.1	 0.9	 0.1	 7.7	 1.3
Potassium	 50.5	 7.0	 40.9	 4.9	 16.0	 1.9	 30.8	 4.4	 142.4	 21.4 

Agronomic Zones from Douglas et al. (1990).
$ Yields were estimated as 80 and 40 bushels per acre for zones 3 and 4.
Assumed 100 pounds of residue per bushel of grain yield. Assumed burning removed
65, 65, 36, 26, 6, and 6 percent of biomass, carbon (C), nitrogen (N), sulfur (S),
phosphorus (P), and potassium (K), respectively (Albrecht et al., 1995).
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Residue 2 3

Total 8,390 8,000

Bale 4,195 4,000

Burn 2,936 2,800

Agronomic Zones

	

4,000	 8,100

	

2,000	 4,050

	

1,400	 2,835

15,961

7,980

5,586

4
	

5	 6
Pounds/Acre

More residues are left on the soil
surface when residue is baled than when it is
burned. Increased surface residue equates to
increased erosion control, increased C input
into SOM, and increased potential to
maintain or increase SOM. Research on
long-term plots in Pendleton indicates it
takes approximately 4,300 pounds of wheat
residue per acre per year to maintain SOM
(Rasmussen et al., 1980). Larson and
coworkers (1972), found it required
approximately the same amount of corn
residue (4,300 lb/a/yr) to keep SOM stable
in Iowa. These results suggest that
independent of location or climate, residue
required to maintain a stable SOM content is
constant. Table 3 gives the amount of
residue left on fields in each AZ after baling
or burning. If 4,300 pounds of residue per

acre per year is required to keep SOM
stable, then baling residue from annual
cropped fields in zones 2 and 6 and possibly
zone 3 will leave enough residue to maintain
SOM. Burning leaves less than 4,300
pounds of residue per acre in all zones
except zone 6, even if fields are annual
cropped. Wheat/fallow systems result in one
crop every 2 years; therefore, the data for
baling in Table 3 must be decreased by 50
percent. Thus, baling or burning in
wheat/fallow systems would result in annual
residue returns much lower than required to
maintain SOM. Wheat/fallow is the norm in
zone 4, zone 5, and often zone 3, which
makes removal of residue by both baling and
burning extremely undesirable in these
zones.

Table 3. Residue left after baling or burning.

Summary

Baling removes an average of 36, 35, 42,
and 39 percent of the N, S, P, and K,
respectively, present in residue in all AZ in
the PNW. Burning removes approximately
the same percentage of N and S but less P
and K than baling. Baling removes fewer
residues and therefore less C than burning.
Thus, if approximately 50 percent of
residues in the field are removed by baling,

burning has the potential to decrease SOM
more than does baling. Only zone 6, and
possibly zones 2 and 5, produce enough
residue to allow the removal of 50 percent of
the residue by baling and still have enough
left to stabilize SOM.

However, this is true only in an
annual cropping system. If wheat/fallow
were the system of choice, the amount of
residue left after either baling or burning
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would not be sufficient to stabilize SOM in
any agronomic zone. If residue reduction
were required, baling would be preferred
over burning in all agronomic zones in the
PNW. Baling would leave more residues on
the soil surface, which gives a better
potential for controlling soil erosion and for
maintaining or increasing SOM, and does
not have many of the negative
environmental effects of burning.
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CLUB WHEAT BREEDING PROGRAM

Scott W. McDonald, Kimberly G. Campbell, and Lisa M. Patterson

The Club Wheat Breeding Program
is based in Pullman, WA at the USDA-ARS
Wheat Genetics, Quality, Physiology, and
Disease Research Unit. Kimberly Garland
Campbell is head of the club wheat breeding
and coordinator of the Western Regional
Variety Nurseries. Dr. Campbell replaced
Dr. Jim Anderson as USDA-ARS geneticist
in July of 1999. In March of 1999, Scott W.
McDonald became the coordinator of the
breeding efforts in Pendleton, replacing
Karen Morrow (who resigned in October
1998) and interim coordinator Lisa
Patterson.

In the fall of 1998, the Club Wheat
Breeding Program planted materials at four
locations (Pendleton, Echo, Lexington, and
Moro) in Northeastern Oregon. The
Pendleton and Moro sites contained the
majority of the yield trials. Additional early
generation breeding lines were included in
the fall 1999 plantings at the Pendleton
station for the purpose of developing
cultivars suited for the environmental
conditions unique to the lower Columbia
Basin.

The crossing program is using the
resources available at both Pendleton and
Pullman to improve disease resistance,
agronomic characteristics, and yield.
Crossing and evaluation of growth habit was
done in the greenhouse located at the
Columbia Basin Agricultural Research
Center (CBARC) during the winter of 1999-
2000. Two hundred crosses were made to
provide F 1 seed for additional crosses that
will be done in Pullman during the summer
of 2000. Two specific objectives of these

crosses are to incorporate a new dwarfing
gene into the germplasm which does not
adversely affect coleoptile length and to add
two leaf rust resistance genes.

A spring club breeding project
started by Dr. Pam Zwer, former club wheat
breeder at CBARC, was revived in the fall
of 1999 with F 1 crosses that were made be
Dr. Zwer. F2 seed will be planted into
headrows in the spring of 2000 to determine
adapted types and to make selections of
promising germplasm.

The absence of a spring club variety
limits grower options. In years when winter-
kill is a problem, spring clubs could be
planted to fill in bare patches in winter club
wheat fields. They also could be used in
conventional rotations where common
spring wheats are planted, or they can be
used in direct seeding applications.
Additional crosses will be made as these
spring club lines are advanced through the
breeding program.

In conjunction with the spring clubs,
work has been started to determine growth
habit (facultative or winter) of the breeding
lines presently in the club wheat breeding
program. Facultative wheats (winter wheats
that do not have a vernalization requirement)
may be used in the breeding of either spring
or winter club wheats. Facultative types
provide growers with alternatives by
allowing for early planting in late winter or
early spring as conditions in the field
become favorable. These greenhouse efforts
will provide material and information useful
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for the improvement of all wheat types
grown in the Pacific Northwest.

Presently, a number of advanced
breeding lines have shown promise for
future release (Tables land 2). Of these
lines, WA7853 and WA7855 are of the
greatest interest because of their yield
potential, disease resistance, and end use
quality. Recent club releases (Coda,
Temple) have shown good potential for high
yield, disease resistance, and milling quality.
Breeding lines 93CL0081 and 95CL0156
still need further observation but have good
qualities that are desirable for variety
release. Also, the common wheat line
A96105 has shown some potential for
release because of its ability to emerge well
from deep seeding.

In the future, the Club Wheat
Breeding Program will be doing

strawbreaker foot rot (Pseudocercosporella
herpotrichiodes) disease screenings at
Pendleton. These screenings will help ensure
that all wheats developed in this program
will contain foot rot resistance. Stripe rust
resistance continues to be a priority.
Breeding of lines that have resistance to
diseases associated with direct seeding, such
as pythium, also will be initiated. Hessian
fly resistance screenings will be conduced
on material sent to the USDA lab in Indiana.

The Club Wheat Breeding Program
continues its goal to produce cultivars that
are productive for the grower and are of
superior quality for various end uses.
Though many changes have taken place in
the past few years, the focus of the program
has remained constant. With the infusion of
new ideas, it is better prepared to fulfill
these goals.
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Table 1. Club wheat yields for three locations in Oregon, 1999.
Variety or line Pendleton* Moro* Hermiston* Average yield Test Weight Avg

bu/acre bu/acre bu/acre bu/acre lb/bu
MORO 53.0 46.4 39.0 49.3 58.7

PAHA 61.8 52.3 73.7 66.1 60.4

TRES 70.2 54.1 72.2 68.3 59.7

RELY 76.0 59.5 75.3 74.3 59.9

ROHDE 69.7 63.7 75.0 70.3 61.7

HILLER 88.1 73.4 74.4 81.5 59.1

CODA 86.6 59.9 85.1 84.5 60.8

TEMPLE 71.0 52.1 70.5 70.5 60.2

WA7855 76.4 60.1 85.2 82.2 59.2

A9647 73.5 55.4 72.7 72.6 58.4

A9655 78.3 57.6 67.4 73.3 59.7

A9658 78.6 57.7 86.4 77.5 59.2

92CL0003 79.4 59.3 85.9 78.6 59.4

92CL0007 83.4 62.8 70.6 72.3 61.4

93CL0081 89.5 58.7 78.8 81.8 61.0

95CL0156 74.6 64.3 103.4 86.1 59.6

A96139 88.8 59.7 78.7 81.1 60.7

A96148 78.9 56.1 75.2 75.9 59.0

A96158 84.0 52.4 85.9 81.1 58.8

A96173 85.6 63.3 88.9 84.7 60.0

A96191 81.5 57.0 86.8 80.9 58.7

A96236 85.2 56.9 71.1 76.6 59.4

A96246 83.2 59.9 80.5 84.5 60.4

A97119 67.4 61.9 95.1 81.2 59.2

A97123 80.2 65.1 81.9 79.7 59.0

95CL0054 81.5 64.4 75.5 76.2 58.4

95CL0336 75.9 63.6 84.8 77.1 58.5

96CL0020 82.2 65.1 83.0 79.1 58.2

96CL0025 79.6 70.9 99.6 83.9 59.6

96CL0101 80.9 63.5 108.0 88.8 58.5

96CL0108 74.5 62.2 96.4 81.0 56.0

ELTAN 91.0 62.3 79.2 80.6 60.6

ROD 87.8 59.2 87.3 85.0 59.9

MADSEN 83.0 69.7 73.0 77.4 60.1

STEPHENS 72.0 66.1 75.8 72.2 59.7

A96105 76.4 57.4 83.1 78.7 59.1

WA7853 84.5 61.2 81.1 79.4 61.0

A96277 85.7 65.9 84.1 82.5 61.2

Avg 78.9 60.5 80.8 77.8 59.6

CV 10.1 8.4 8.2

LSD 13.0 8.2 10.7

Min 53.0 46.4 39.0 49.3 56.0

Max 91.0 73.4 108.0 88.8 61.7
* Moro and Pendleton are dryland and Hermiston is irrigated.
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Table 2. Club Wheat Elite disease and hardiness scores.
Variety or line Plant Height

Inches

Heading Date % Lodging in
strawbreaker

screening
Start Jan. 1	 lower = better

White Heads

low=better

Physiological LT50 - Cold
Leaf spot	 Hardiness*
1-5 scale

low=better	 low=better

MORO 36 159 50 2.0 1.0 -11.65
PAHA 35 162 31 2.0 1.0
TRES 33 162 49 2.0 1.0 -12.19
RELY 35 161 23 2.0 1.0 -13.17
ROHDE 33 157 15 1.8 1.7 -10.73
HILLER 33 160 26 2.2 1.0
CODA 34 161 0 2.3 1.0 -11.21
TEMPLE 34 157 0 2.3 1.3 -12.88
WA7855 33 162 0 2.0 1.0 -14.88
A9647 34 160 0 2.2 1.3 -13.31
A9655 32 160 0 2.8 1.7 -12.87
A9658 34 162 1 2.5 1.7 -13.55
92CL0003 34 155 1 2.0 1.3 -12.59
92CL0007 32 157 0 2.2 3.0 -14.04
93CL0081 33 160 6 2.3 1.0 -15.08
95CL0156 33 163 0 1.3 2.0 -15.07
A96139 33 160 0 1.7 1.0 -12.46
A96148 35 159 3 2.0 1.0 -11.17
A96158 34 161 2 2.0 1.0 -14.36
A96173 32 161 1 2.0 3.7 -12.97
A96191 34 161 14 2.2 1.3 -12.51
A96236 35 163 1 2.8 1.0 -11.36
A96246 35 159 32 2.0 1.0 -12.64
A97119 33 163 0 2.7 1.0 -14.85
A97123 35 160 0 2.8 1.0 -13.61
95CL0054 35 161 0 2.3 1.0 -13.41
95CL0336 33 164 1 2.7 1.3 -13.57
96CL0020 28 164 0 3.0 2.0 -9.96
96CL0025 32 161 0 3.2 4.7 -9.54
96CL0101 29 162 1 3.0 2.0 -11.44
96CL0108 27 163 1 3.0 2.0 -9.96
ELTAN 34 164 66 1.0 1.0 -17.92
ROD 31 161 48 2.0 2.3 -11.89
MADSEN 32 159 6 2.0 2.7 -12.14
STEPHENS 32 156 4 2.2 4.0 -11.99
A96105 34 164 0 1.7 3.3 -14.06
WA7853 34 163 0 2.0 1.3 -11.04
A96277 33 157 1 1.8 4.3 -12.31

Avg 33 161 2.2 1.7 -12.7
CV 5 34.0

LSD 3 1.0
Min 27 155 1.0 1.0
Max 37 164 3.2 4.7

* Hardiness is determined by applying a numerical value to a visual assessment. This results in a value that is somewhat subjective but
gives some indication a lines merit in the breeding program.
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STATEWIDE CEREAL VARIETY TESTING PROGRAM

Scott W. McDonald, Russell S. Karow,
Ernie Marx, Lisa M. Patterson, and Richard W. Smiley

Introduction

The statewide cereal variety trials
were started in 1992 to provide information
to producers on which varieties best suit the
differing environments found throughout
Oregon. Of the 10 trials located throughout
the state, 5 are conducted in the Columbia
Basin. Of these five, two are irrigated
(Hermiston, La Grande) and three are rain
fed (Moro, Lexington, Pendleton). Russ
Karow, Extension cereals specialist, and
Ernie Marx, research assistant, both with the
Department of Crop and Soil Science,
Oregon State University, coordinate the
statewide program. Scott W. McDonald,
research assistant, is the trial coordinator for
the Columbia Basin sites. Site trials are
planted, managed, and harvested by the trial
coordinators with cooperation from growers.
Trial locations, coordinators, and grower-
cooperators are found in Table 1.

The harvested grain is processed,
data are analyzed, and summary data are
provided to Extension agents, seed dealers,
agricultural field representatives, and
growers around the state and throughout the
region. The Lexington site replaced the
Heppner site in 1999 in Morrow County.
Data from the Heppner site has been
combined with the data from the Lexington
site and is referred to as Morrow County in
the data tables.

Yield data reported in this article is
for the Columbia Basin only. More complete
data, including test weights and protein, are
located	 on	 the	 internet

(www.css.orst.edu/cereals/) and in various
publications (Karow and Marx, 2000),
(Karow et al., 2000).

The program for statewide variety
testing is grower-driven. If you have ideas
about varieties to be included in your area or
have suggestions for program
improvements, please contact Scott W.
McDonald, cereal grains coordinator (541-
278-4353), or Russ Karow , OSU Extension
cereals specialist (541-737-5857).

Materials and Methods

Dryland plots (5 ft x 20 ft) at
Lexington, Pendleton, and Moro were
seeded at 20 seeds/ft2 . Irrigated plots (5 ft x
20 ft) at La Grande and Hermiston were
seeded at 30 seeds/ft2. Seeding rates for
dryland plots ranged from 68 to 134 lb/acre,
depending on the variety, to attain the
desired rate of 20 seeds/ft 2 . Irrigated seeding
rates ranged from 98 to 201 lb/acre. All
trials were arranged in a randomized
complete block design with three
replications. Plots were seeded using small
plot drills. Seeding, harvest, and production
practices were typical for each location.
Winter grain trials at Lexington were
abandoned in 1999 due to poor soil moisture
at planting and freezing temperatures during
December 1998.

Harvested grain was cleaned with a
Pelz rub-bar cleaner. Plot yield, test weight,
protein, and moisture were determined on
cleaned grain samples. Yields are reported
on a 10 percent moisture and 60 lb per
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bushel basis for wheat and triticale and in
pounds per acre for barley. Protein is
reported on a 12 percent moisture basis and
was determined using a Tecator Infratec
1225 whole grain analyzer.

Results and Discussion

Yield information from the 1999
trials and compiled data from 1997-1999 are
included in Tables 2 through 9.
Comparisons between varieties need to be
made over a number of years before any
conclusions can be drawn as to how they
will perform at a particular location. New
lines may do well in the first year in the
trials, but they must be evaluated for at least
3 years to determine general yield levels and
adaptation.

Soft White Common Winter wheat (Tables
2 and 3)

Weatherford became available in fall
1999. This new release continues to yield
well when compared with other productive
varieties such and Madsen or Rod. Heading
date is similar to Madsen but matures later
than Stephens. Grain quality is similar to
current varieties, and winter hardiness is
comparable to Stephens. Weatherford is
moderately disease-resistant to eyespot, foot
rot, powdery mildew, common bunt, leaf
rust, and stripe rust. Ivory is a hard white
winter that is currently under reselection and
purification in Oregon. It is being released
for specific market uses and is scheduled for
release in fall 2000.

Club Winter wheat (Tables 2 and 3)
High yielding club wheats have been

released in the past couple of years. Coda,
Temple, and Hiller have shown that they
yield well in many areas and have resistance
to stripe rust and foot rot. Edwin and Bruehl
are two club wheats that were released last

year by WSU. Edwin is a Moro replacement
with good emergence and yield potential.
Bruehl was released primarily for areas that
have severe snowmold problems. It also has
good yield potential in areas of medium to
high rainfall. Both varieties have good
milling properties. More information will be
available in future years as these varieties
are incorporated into the Oregon variety
trials.

Winter barley (Tables 4 and 5)
Winter barleys recommended for the

Columbia Basin are Strider and Kold. Both
are resistant to barley stripe rust. Foundation
seed for Strider was made available in fall
1999. Registered and certified seed is
available for Kold. Scio has above average
yields at many sites, but tends to have lower
test weights. Another drawback is that Scio
is also susceptible to scald and barley stripe
rust.

Spring wheat (Table 6 and 7)
Rainfed sites had lower yields in

1999 than in past years, likely due to low or
no rainfall during the growing season. The
Lexington (Morrow County) site was not
included in the tables, because there were no
significant yield differences between
varieties.

The hard white spring variety
ID0377S yielded well in 1999 with 3-year
averages being better than most soft white
varieties. Pro-Mar holds the license to
production and must be contacted by
interested growers at 1-888-840-3777

Winsome, a new release form
Oregon State University, is a hard white
spring. Yield is similar to slightly lower than
ID0377S, and heading date is later than
ID0377S. Winsome has shown to be of
superior quality for Asian noodle
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production. Foundation seed was released in
the spring of 2000.

Hard red spring wheats Jefferson
(ID0462) and Scarlet (WA7802) are recent
releases which have performed well at
dryland sites over a 3-year period. Jefferson
is slightly taller and more likely to lodge
than WPB936. Idaho breeders intended
Jefferson for dryland sites. It has performed
well at Pendleton and Moro. Jefferson also
has yielded well at the irrigated Hermiston
site. Protein levels are comparable to
existing hard red varieties. Foundation seed
is available for Jefferson. Scarlet yields
somewhat less than Jefferson and seems to
be best suited for dryland areas. Scarlet
maintains good protein levels across all
Columbia Basin sites.

Spring barley (Tables 8 and 9).
Barley stripe rust (BSR) resistance

has become a primary focus of breeding
programs in the Pacific Northwest. Many
BSR resistant lines have been developed and
have been in the statewide trials for 2 years
(1997 and 1998). Orca and Montana's
Chinook are among the more promising
BSR resistant spring varieties. Valier is a
spring barley developed by the Montana
Agricultural Experiment Station to combine
agronomic performance with improved
cattle feeding characteristics. Tango, a BSR
resistant line intended as a replacement for
Steptoe, has been submitted for release by
OSU.

Conclusion

Grain yields need to be considered
over a number of years for any given
variety. Factors such as hardiness and
disease resistance need to be considered in
addition to yield. While many varieties may
excel in a given location in a given year,

differences between widely grown varieties
are often negligible when data from multiple
years is examined. Before switching to a
new variety, small acreage should be grown
for comparison to old varieties, preferably
for more than 1 year, before making large
shifts in acreage.
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Table 1. Oregon statewide cereal variety testing program, trial locations, site coordinators, and grower-cooperators, 1999.
Trial name
	

Trial type	 Trial location	 Trial coordinator	 Grower cooperator

L
00

Corvallis

Morrow Co. (Lexington)

Hermiston

Klamath Falls

La Grande

Madras

Moro

North Valley (Cornelius)

North Valley (Scio)

Ontario

Pendleton

all grains—dryland
all grains—dryland

all grains—irrigated

all grains—irrigated

all grains—irrigated

all grains—irrigated

all grains—dryland

winter grains—dryland

spring grains—dryland

all grains—irrigated

all grains—dryland

Hyslop Farm

Starvation Farms

Hermiston Exp. Stn.

Klamath Exp. Stn.

Cuthbert Farm

Central OR Exp. Stn.

Sherman Exp. Stn.

Goetze Farm

Haugerud Farm

Malheur Exp. Stn.

Pendleton Exp. Stn.

Russ Karow, Ernie Marx
Scott McDonald

Scott McDonald

Randy Dovel, Greg Chilcote

Scott McDonald

Steve James, Mylen Bohle

Scott McDonald

Russ Karow, Ernie Marx

Russ Karow, Ernie Marx

Eric Eldredge, Clint Shock

Scott McDonald

Chris Rauch

John Cuthbert

Norm Goetze

Carl Haugerud



Table 2. 1999 winter wheat yield data across four Columbia Basin locations.+

Market	 4-site	 4-site
Variety or line*	 class**	 Hermiston	 La Grande***	 Moro	 Pendleton	 Average	 % of Averages

	 Yield (bu/acre) 	

Boundary	 HR	 73	 47	 62	 87	 67	 105
Coda	 Club	 80	 67	 69	 96	 78	 122
Connie	 Durum	 46	 –	 13	 39	 – 
Edwin	 SW	 61	 28	 50	 63	 50	 79
Foote	 SW	 25	 28	 52	 74	 45	 70
Gene	 SW	 73	 24	 50	 75	 55	 87
Hiller	 Club	 70	 38	 64	 91	 66	 103
Hybritech 1021	 SW	 52	 47	 59	 85	 61	 95
1D10085-5	 SW	 56	 51	 56	 84	 62	 97
1D86-10420A	 SW	 55	 53	 62	 107	 69	 108
Ivory	 HW	 55	 46	 54	 82	 59	 93
MacVicar	 SW	 76	 44	 64	 88	 68	 106
Madsen	 SW	 70	 63	 66	 96	 74	 115
Madsen+Stephens	 SW	 79	 53	 59	 80	 68	 106
OR3971244	 SW	 73	 55	 49	 69	 61	 96
OR908387	 SW	 44	 37	 56	 89	 56	 88
OR939515	 SW	 78	 60	 66	 88	 73-	 114
OR939526	 SW	 84	 64	 65	 92	 76	 119
OR939528	 SW	 65	 37	 61	 87	 62	 98
OR943575	 HW	 84	 38	 59	 75	 64	 100
Quantum 7817	 SW	 41	 50	 52	 91	 59	 92
Rely	 Club	 75	 26	 61	 87	 62	 98
Rod	 SW	 96	 61	 64	 92	 78	 122
Rohde	 Club	 64	 41	 66	 78	 62	 97
Stephens	 SW	 72	 47	 63	 85	 67	 105
Stephens - (high seed rate)	 SW	 68	 53	 69	 83	 68	 107
Stephens - (low seed rate)	 SW	 72	 43	 64	 85	 66	 103
Stephens - no Gaucho	 SW	 73	 46	 63	 82	 66	 104
Temple	 Club	 61	 33	 64	 92	 63	 98
Weatherford	 SW	 92	 58	 60	 85	 74	 115
Average	 67	 46	 59	 83	 64	 –
PLSD (5%)	 13	 14	 10	 12	 11
PLSD (10%)	 11	 12	 8	 10	 9
CV	 12	 19	 10	 7	 9
P-value	 0	 0	 0	 0	 0

All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted. Seeding rate was 20 seeds per square foot for low rainfall dryland sites and 30 seeds per square foot for irrigated and high rainfall sites, unless otherwise noted. The
seeding rate was reduced by 10 seeds per square foot for the Stephens low seed rate entry and increased by 10 seeds per square foot for the Stephens high seed rate entry.

" SW-soft white, 11W-hard white, HR=hard red
"* La Grande trials were damaged by hail storms on June 24, 1999.
I Percent of average is the average yield of each variety as a percentage of the average yield of all varieties (in this case, 64 bit/acre).
+ Lexington was not included because the trial was abandoned due to poor stand establishment.



Table 3. 1997-99 winter wheat yield data across six locations in Oregon.

Market	 Morrow	 All sites
Variety or line*	 class** Hermiston	 La Grande	 Moro	 County	 Ontario	 Pendleton	 Average
1997	 	 Yield (bu/acre; 10% moisture) 	
Boundary	 HR	 —	 —	 —	 —	 111	 —	
Coda	 Club	 93	 136	 81	 74	 107	 94	 97
Foote	 SW	 79	 114	 62	 41	 90	 65	 75
Gene	 SW	 96	 103	 81	 49	 124	 61	 86
Hiller	 Club	 103	 135	 93	 60	 124	 79	 99
1D86-10420A	 SW	 75	 —	 65	 46	 109	 73	 74
MacVicar	 SW	 94	 135	 70	 58	 100	 40	 83
Madsen	 SW	 88	 128	 78	 61	 117	 76	 91
Madsen+Stephens	 SW	 86	 116	 82	 58	 104	 70	 86
Quantum 7817	 SW	 91	 121	 63	 53	 104	 74	 84
Rely	 Club	 95	 127	 81	 58	 111	 79	 92
Rod	 SW	 97	 125	 81	 58	 117	 76	 92
Rohde	 Club	 85	 124	 83	 57	 124	 73	 91
Stephens	 SW	 80	 137	 78	 54	 127	 63	 90
Stephens - no Gaucho	 SW	 86	 126	 71	 58	 106	 62	 85
Temple	 Club	 90	 135	 83	 61	 106	 90	 94

ON Weatherford	 SW	 91	 134	 79	 64	 107	 67	 900 
Average yield	 89	 126	 79	 57	 110	 70	 88

1998

Boundary	 HR	 100	 80	 67	 64	 67	 74	 75
Coda	 Club	 95	 86	 71	 60	 98	 83	 82
Foote	 SW	 80	 58	 50	 47	 42	 97	 62
Gene	 SW	 117	 82	 66	 55	 67	 89	 79
Hiller	 Club	 106	 81	 75	 61	 76	 93	 82
1D86-10420A	 SW	 95	 85	 63	 50	 75	 96	 77
MacVicar	 SW	 99	 93	 73	 54	 60	 80	 76
Madsen	 SW	 102	 90	 76	 81	 76	 106	 88
Madsen+Stephens 	 SW	 101	 95	 86	 65	 75	 103	 87
Quantum 7817	 SW	 103	 82	 62	 61	 67	 100	 79
Rely	 Club	 95	 76	 70	 54	 84	 91	 78
Rod	 SW	 117	 78	 67	 55	 102	 80	 83
Rohde	 Club	 104	 70	 66	 65	 85	 85	 79
Stephens	 SW	 113	 83	 82	 65	 73	 97	 85
Stephens - no Gaucho 	 SW	 105	 95	 83	 56	 63	 92	 82
Temple	 Club	 95	 85	 71	 68	 84	 92	 83
Weatherford	 SW	 92	 77	 80	 73	 73	 107	 83

Average yield	 100	 83	 71	 60	 73	 91	 80



Table 3. 1997-99 winter wheat yield data across six locations in Oregon (continued).
Market	 Morrow	 All sites

Variety or line*	 class** Hermiston*** La Grande*** 	 Moro	 County	 Ontario	 Pendleton	 Average
1999	 	 Yield (bu/acre; 10% moisture) 	

Boundary	 HR	 73	 47	 62	 114	 87	 77
Coda	 Club	 80	 67	 69	 107	 96	 84
Foote	 SW	 25	 28	 52	 102	 74	 56
Gene	 SW	 73	 24	 50	 70	 75	 58
Hiller	 Club	 70	 38	 64	 129	 91	 78
1D86-10420A	 SW	 55	 53	 62	 108	 107	 77
MacVicar	 SW	 76	 44	 64	 126	 88	 79
Madsen	 SW	 70	 63	 66	 120	 96	 83
Madsen+Stephens	 SW	 79	 53	 59	 127	 80	 80
Quantum 7817	 SW	 41	 50	 52	 101	 91	 67
Rely	 Club	 75	 26	 61	 117	 87	 73
Rod	 SW	 96	 61	 64	 112	 92	 85
Rohde	 Club	 64	 41	 66	 103	 78	 70
Stephens	 SW	 72	 47	 63	 126	 85	 79
Stephens - no Gaucho	 SW	 73	 46	 63	 111	 82	 75

cT	 Temple	 Club	 61	 33	 64	 107	 92	 71
,—,	 Weatherford	 SW	 92	 58	 60	 112	 85	 81

Average yield	 68	 45	 58	 111	 83	 73
1997-1999
Boundary	 HR	 —	 —	 —	 98	
Coda	 Club	 89	 96	 74	 104	 91	 91
Foote	 SW	 61	 66	 55	 78	 78	 68
Gene	 SW	 95	 70	 65	 87	 75	 78
Hiller	 Club	 93	 85	 77	 110	 87	 90
1D86-10420A	 SW	 75	 —	 63	 97	 92	 82
MacVicar	 SW	 90	 90	 69	 95	 70	 83
Madsen	 SW	 86	 93	 73	 104	 92	 90
Madsen+Stephens 	 SW	 89	 88	 76	 102	 84	 88
Quantum 7817	 SW	 78	 84	 59	 90	 88	 80
Rely	 Club	 89	 76	 71	 104	 86	 85
Rod	 SW	 103	 88	 71	 110	 83	 91
Rohde	 Club	 84	 78	 72	 104	 79	 83
Stephens	 SW	 88	 89	 74	 109	 82	 88
Stephens-no Gaucho	 SW	 88	 89	 72	 93	 79	 84
Temple	 Club	 82	 84	 73	 99	 91	 86
Weatherford	 SW	 92	 90	 73	 97	 86	 88

Average yield 1997-1999	 86	 85	 69	 98	 81	 84



Table 3. 1997-99 winter wheat yield data across six locations in Oregon (continued).
Market

Variety or line*
	

class** Hermiston*** La Grande*** 	 Moro	 Morrow Co.	 Ontario	 Pendleton

1997-1999 percent of site average 	 	 Yield (bu/acre; 10% moisture) 	

Boundary	 HR	 —	 —	 —	 —	 100	

Coda	 Club	 104	 114	 106	 —	 106	 112

Foote	 SW	 72	 78	 79	 —	 80	 97

Gene	 SW	 111	 82	 94	 89	 92

Hiller	 Club	 109	 100	 112	 112	 108

1D86-10420A	 SW	 88	 91	 99	 113

MacVicar	 SW	 105	 107	 99	 97	 86

Madsen	 SW	 101	 110	 105	 107	 114

Madsen+Stephens	 SW	 104	 104	 110	 104	 104

Quantum 7817	 SW	 92	 99	 85	 —	 92	 109

Rely	 Club	 104	 90	 102	 106	 105

ts
ON

	

	 Rod	 SW	 121	 104	 102	 —	 113	 102.)
Rohde	 Club	 99	 93	 103	 106	 97

Stephens	 SW	 103	 105	 107	 —	 111	 101

Stephens - no Gaucho	 SW	 103	 105	 104	 95	 97

Temple	 Club	 96	 100	 105	 —	 101	 112

Weatherford	 SW	 107	 106	 105	 99	 106

* All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted. Seeding rate was 20 seeds per square foot for low rainfall dryland sites and
30 seeds per square foot for irrigated, unless otherwise noted. The seeding rate was reduced by 10 seeds per square foot for the Stephens low seed rate entry and increased by 10
seeds per square foot for the Stephens high seed rate entry.

** SW=soft white, HW=hard white, HR=hard red
***Hermiston and La Grande trials were damaged by hail storms on June 24, 1999.



Table 4. 1999 winter barley yield data across five locations in Oregon.

Market	 5-site**	 5-site**
Variety or line*
	

Class+ Corvallis Hermiston** Moro	 Ontario	 Pendelton average	 % of average

Yield (lb/acre; 10% moisture)
Kold	 6RF	 7,563
OR1957369	 6RF	 7,036	 4,220	 2,346	 3,409	 4,672	 4,895	 99
ORW10	 6RF/M	 7,713	 3,004	 3,077	 2,376	 6,044	 5,017	 101
ORW11	 6RF/M	 7,743	 1,699	 2,476	 2,333	 4,448	 4,668	 94
Scio	 6RF	 7,287	 1,367	 2,752	 3,990	 5,307	 5,239	 106
Strider	 6RF	 7,710	 3,940	 3,430	 4,437	 5,628	 5,638	 114
Kold-untreated	 6RF	 7,893	 3,793	 2,687	 2,015	 5,564	 4,306	 87
Orca***	 2RF	 3,845	 -	 -	 -	 -

(cA

	

	 Average	 7,099	 3,004	 2,795	 3,093	 5,277	 4,960..a
PLSD (5%)	 738	 952	 630	 NS	 782	 NS
PLSD (10%)	 606	 774	 512	 1,497	 636	 NS
CV	 6	 17	 12	 33	 8	 15
P-value	 0.00	 0.00	 0.03	 0.07	 0.01	 0.15

* All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted. Seeding rate was 20 seeds per square foot for low rainfall
dryland sites and 30 seeds per square foot for irrigated.

** Hermiston trial was damaged by hail storms on June 24, 1999 and is not included in 5-site averages.
*** Orca is a spring barley grown as a winter barley in the Willamette Valley trials.
+ 2RM=2 row malt, 2RF=2 row feed, 6RF=6 row feed, F/M= line being considered as a malt type



Table 5. 1997-99 barley yield data across five locations in Oregon.

Market
Variety+	 class**	 Hermiston	 La Grande*	 Moro	 Morrow Co.*
1997	 	 Yield (lb/acre; 10% moisture) 	

Pendleton
All sites
average      

Kold	 6RF	 4,052	 7,564	 3,683	 4,271	 4,067	 4,728
ORW1 0	 6RF	 3,204	 5,894	 3,328	 4,345	 3,895	 4,133
ORW11	 6RF	 4,165	 8,675	 3,619	 5,147	 4,330	 5,187
Scio	 6RF	 4,980	 8,980	 4,232	 4,507	 3,860	 5,312
Strider	 6RF/M	 5,424	 8,470	 4,659	 5,003	 3,717	 ,5,454

Average yield	 4,518	 7,138	 3,942	 3,961	 3,802	 4,672
1998
Kold	 6RF	 4,754	 4,841	 5,904	 5,807	 5,972	 5,456
ORW10	 6RF/M	 3,221	 4,775	 4,201	 5,296	 4,570	 4,413
ORWIl	 6RF/M	 5,500	 4,672	 5,721	 6,137	 5,909	 5,588
Scio	 6RF	 5,402	 4,199	 5,444	 5,893	 5,241	 5,236
Strider	 6RF/M	 4,654	 5,906	 5,793	 5,565	 5,866	 5,557

Average yield	 4,714	 4,890	 5,127	 5,682	 5,120	 5,107
1999
Kold	 6RF	 4,220	 2,346	 4,672	 3,746crn

..	 ORWIO	 6RF/M	 1,699	 2,476	 4,448	 2,874
ORWI1	 6RF/M	 1,367	 2,752	 -	 5,307	 3,142
Scio	 6RF	 3,940	 -	 3,430	 5,628	 4,333
Strider	 6RF	 3,793	 2,687	 5,564	 4,015

Average yield	 3,004	 -	 2,795	 -	 5,277	 3,692

1997-1999
Kold	 6RF	 4,342	 3,978	 4,904	 4,408
ORWIO	 6RF	 2,708	 -	 3,335	 4,304	 3,449
ORWII	 6RF	 3,677	 -	 4,031	 5,182	 4,297
Scio	 6RF	 4,774	 -	 4,369	 -	 4,910	 4,684
Strider	 6RF/M	 4,624	 4,379	 -	 5,049	 4,684

	

Average yield 1997-1999	 4,079	 -	 3,955	 -	 4,733	 4,255

1997-1999 percent of trial average
Kold	 6RF	 106	 -	 101	 104	 101
ORW1 0	 6RF	 66	 -	 84	 91	 87
ORWIl	 6RF	 90	 102	 109	 98
Scio	 6RF	 117	 -	 110	 104	 107
Strider	 6RF/M	 113	 -	 111	 -	 107	 101
* In La Grande and Morrow counties, barleys were killed by a hard freeze in December of 1998.
+ All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted. Seeding rate was 20 seeds per square foot for low rainfall dryland sites and 30 seeds per square foot for irrigated.



Table 6. 1999 spring wheat yields across five locations in Oregon.

	

Market	 Morrow	 5-site
Variety or line*	 class**	 Hermiston*** La Grande***	 Moro	 County	 Pendleton	 Average	 % of average

	 Yield (bu/acre; 10% moisture) 	

Alpowa (Adage)	 SW	 72	 35	 50	 20	 36	 42	 95
Alpowa (Gaucho)	 SW	 74	 41	 44	 18	 34	 42	 97
Alpowa (no Gaucho)	 SW	 76	 34	 49	 16	 36	 42	 94
1D0377S	 HW	 87	 58	 45	 19	 36	 49	 111
1D0506	 SW	 89	 64	 42	 19	 30	 49	 112
1D0523	 HW	 71	 49	 46	 17	 40	 45	 102
1D0525	 SW	 73	 39	 44	 18	 35	 41	 94
1D0526	 SW	 77	 59	 47	 19	 35	 47	 107
ID0533	 HW	 85	 61	 47	 —	 36	 —	 —
Jefferson	 HR	 84	 44	 45	 20	 36	 46	 104
M94-4393	 Triticale	 —	 —	 —	 —	 33	 —	 —
ML455	 HW	 83	 37	 50	 17	 32	 43	 97
OR4920307	 HW	 67	 39	 40	 15	 37	 39	 89
0R942845	 SW	 68	 45	 40	 —	 34	 —	 —
OR942889	 SW	 72	 30	 48	 17	 35	 40	 90

ON	 Penawawa	 SW	 80	 48	 50	 17	 36	 46	 104cm
Penawawa (high seed rate)	 SW	 75	 46	 43	 21	 35	 45	 102
Penawawa (low seed rate)	 SW	 84	 39	 48	 17	 36	 44	 100
Pomerelle	 SW	 90	 57	 41	 20	 36	 50	 113
Scarlet	 HR	 65	 31	 43	 20	 37	 39	 89
Treasure	 SW	 93	 63	 44	 22	 33	 52	 117
WA7850	 SW	 88	 63	 40	 21	 35	 50	 114
Wawawai	 SW	 77	 26	 39	 21	 35	 39	 90
Whitebird	 SW	 80	 48	 40	 19	 35	 45	 103
Winsome	 HW	 74	 49	 41	 17	 35	 44	 100
WPB BZ 692-108	 SW	 88	 40	 48	 20	 40	 47	 108
WPB BZ 992-322	 HR	 71	 51	 46	 18	 34	 44	 99
WPB936	 HR	 60	 34	 45	 19	 32	 38	 86
Yecora Rojo	 HR	 45	 27	 40	 17	 37	 34	 78
Average	 77	 45	 44	 19	 35	 44
PLSD (5%)	 12	 11	 NS	 3	 NS	 NS
PLSD (10%)	 10	 9	 7	 3	 NS	 6
CV	 10	 15	 11	 10	 10	 10.6
P-value	 0	 0	 0.1	 0.01	 0.38	 0.06
* All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted.
** SW=soft white, HW=hard white, HR=hard red
*** Hermiston and La Grande trials were damaged by hail storms on June 24, 1999.



Table 7. 1997-99 spring wheat yields across four locations in Oregon.

Market	 4-site
Variety or line*	 class**	 Hermiston	 La Grande	 Moro	 Pendleton	 average
1997	 	 Yield (bu/acre; 10% moisture) 	
Alpowa (Gaucho)	 SW	 60	 113	 96	 54	 81
Alpowa (no Gaucho)	 SW	 55	 102	 87	 47	 73
1D0377S	 HW	 50	 106	 86	 62	 76
Jefferson (ID0462)	 HR	 55	 86	 77	 48	 67
Penawawa	 SW	 49	 86	 79	 63	 69
Pomerelle	 SW	 54	 102	 80	 58	 74
Scarlet (WA7802)	 HR	 50	 90	 68	 49	 64
Wawawai	 SW	 47	 94	 72	 49	 65
Whitebird	 SW	 37	 82	 80	 45	 61
Winsome (0R4870453)	 HW	 57	 94	 76	 49	 69
WPB936	 HR	 45	 98	 88	 45	 69
Yecora Rojo	 HR	 42	 86	 54	 31	 53

cr%	 Average yield	 47	 95	 75	 49	 67on

1998

Alpowa (Gaucho)	 SW	 36	 67	 54	 47	 51

Alpowa (no Gaucho)	 SW	 36	 60	 51	 39	 47
1D0377S	 HW	 42	 49	 50	 44	 46
Jefferson (ID0462)	 HR	 41	 58	 57	 60	 54
Penawawa	 SW	 46	 54	 53	 43	 49
Pomerelle	 SW	 46	 44	 46	 44	 45
Scarlet (WA7802)	 HR	 38	 63	 50	 54	 51
Wawawai	 SW	 42	 50	 51	 49	 48

Whitebird	 SW	 41	 48	 43	 41	 43

Winsome (OR4870453) 	 11W	 45	 52	 47	 42	 46

WPB936	 HR	 24	 55	 45	 54	 44

Yecora Rojo	 HR	 21	 70	 41	 53	 46

Average yield	 39	 55	 49	 48	 48



Table 7. 1997-99 spring wheat yields across four locations in Oregon (continued). 
Market	 4-site

Variety or line*	 class**	 Hermiston	 La Grande	 Moro	 Pendleton	 average
1999	 	 Yield (bu/acre; 10% moisture) 	
Alpowa (Gaucho)	 SW	 74	 41	 44	 34	 48
Alpowa (no Gaucho)	 SW	 76	 34	 49	 36	 49
1D0377S	 HW	 87	 58	 45	 36	 57
Jefferson	 HR	 84	 44	 45	 36	 52
Penawawa	 SW	 80	 48	 43	 36	 52
Pomerelle	 SW	 90	 57	 41	 36	 56
Scarlet	 HR	 65	 31	 43	 37	 44
Wawawai	 SW	 77	 26	 39	 35	 44
Whitebird	 SW	 80	 48	 40	 35	 51
Winsome	 HW	 74	 49	 41	 35	 50
WPB936	 HR	 60	 34	 48	 32	 44
Yecora Rojo	 HR	 45	 27	 40	 37	 37

Average yield	 77	 45	 43	 35	 50
1997-1999
Alpowa (Gaucho)	 SW	 57	 74	 65	 45	 60
Alpowa (no Gaucho)	 SW	 56	 65	 61	 41	 56
1D0377S	 HW	 60	 71	 60	 47	 59
Jefferson	 HR	 60	 63	 60	 48	 58
Penawawa	 SW	 59	 63	 60	 48	 57
Pomerelle	 SW	 64	 67	 57	 46	 58
Scarlet	 HR	 51	 61	 54	 46	 53
Wawawai	 SW	 55	 56	 54	 44	 52
Whitebird	 SW	 52	 59	 56	 40	 52
Winsome	 HW	 58	 65	 56	 42	 55
WPB936	 HR	 43	 62	 59	 44	 52
Yecora Rojo	 HR	 36	 61	 47	 40	 46

Average yield	 54	 65	 56	 44	 55



Table 7. 1997-99 spring wheat yields across four locations in Oregon (continued).
Market 4-site

Variety or line*	 class**	 Hermiston	 La Grande Moro Pendleton average

1997-1999 percent of trial average
Alpowa (Gaucho)	 SW	 104	 114 102 103 106
Alpowa (no Gaucho) 	 SW	 102	 100 114 93 102

1D0377S	 HW	 109	 109 105 107 108

Jefferson	 HR	 110	 96 105 109 105

Penawawa	 SW	 108	 97 100 108 103

Pomerelle	 SW	 117	 104 95 105 105

Scarlet	 HR	 94	 94 100 106 99

Wawawai	 SW	 102	 87 91 101 95
Whitebird	 SW	 96	 91 93 92 93

Winsome	 HW	 107	 100 95 95 99

WPB936	 HR	 79	 96 112 99 97

Yecora Rojo	 HR	 66	 94 93 92 86

oo	 * All seed was treated with fungicide and Gaucho insecticide unless otherwise noted.
** SW=soft white, HW=hard white, HR=hard red



Table 8. 1999 spring barley yields across five locations in Oregon.

	

Market	 Morrow	 5-site

	

Variety or line* class**	 Hermiston*** La Grande***	 Moro	 County	 Pendleton	 Average	 % of average
Yield (lb/acre; 10% moisture)

Bancroft	 2RM	 3,796	 1,989	 3,093	 1,176	 3,093	 2,629	 86

Baronesse	 2RF	 5,416	 2,388	 3,495	 1,592	 3,495	 3,277	 108

BCD 12	 2RF/M	 5,581	 3,243	 3,259	 1,118	 3,259	 3,292	 108

BCD 22	 2RF/M	 4,926	 3,161	 3,455	 1,266	 3,455	 3,253	 107

BCD 47	 2RF/M	 4,158	 3,718	 2,994	 1,336	 2,994	 -	 -

Chinook	 2RM	 3,610	 2,754	 3,322	 1,374	 3,322	 2,876	 95

MT920073	 2RF/M	 3,684	 2,772	 3,583	 1,452	 3,583	 3,015	 99

Orca	 2RF	 2,994	 3,281	 3,071	 1,314	 3,071	 2,746	 90

Steptoe	 6RF	 3,290	 1,650	 3,641	 1,421	 3,641	 2,729	 90

Tango	 6RF	 3,425	 1,770	 3,617	 1,341	 3,617	 2,754	 91

Valier	 2RF	 4,346	 2,318	 3,284	 1,525	 3,284	 2,951	 97

WA9504-94	 2RF	 5,540	 3,425	 3,110	 1,264	 3,110	 3,290	 108
cA

Xena	 2RF	 4,138	 2,660	 3,343	 1,629	 3,343	 3,022	 99

C-32	 2RM	 5,190.3
Galena	 2RM	 5,261.7
Idagold	 2RF	 6,217.3

Average	 4,473	 2,702	 3,328	 1,370	 3,328	 3,040

PLSD (5%)	 1,000	 816	 297	 157	 297	 513

PLSD (10%)	 831	 676	 246	 130	 246	 426

CV	 13	 18	 5	 7	 5	 10

P-value	 0.00	 0.00	 0.00	 0.00	 0.00	 0.00

* All seed was treated with fungicide and Gaucho insecticidal seed treatment unless otherwise noted.
** 2RM=2 row malt, 2RF=2 row feed, 6RF=6 row feed, F/M= line being considered as a malt type
*** Hermiston and La Grande trials were damaged by hail storms on June 24, 1999.
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Table 9. 1997-99 spring barley yields across 5 locations in Oregon

Bancroft
Baronesse
Chinook
Orca
Steptoe
C-32
Galena
Gallatin
Idagold

1998
Bancroft
Baronesse
Chinook
Orca

o	 Steptoe
C-32
Galena
Gallatin
Idagold

1999
Bancroft
Baronesse
Chinook
Orca
Steptoe
C-32
Galena
Gallatin
Idagold

2RM
2RF
2RM
2RF
6RF
2RM
2RM
2RF
2RF

1997 trial average

2RM
2RF
2RM
2RF
6RF
2RM
2RM
2RF
2RF

1998 trial average

2RM
2RF
2RM
2RF
6RF
2RM
2RM
2RF
2RF

1999 trial average

	2,618	 6,633

	

2,985	 5,801

	

2,967	 5,400

	

2,760	 6,637

	

2,042	 6,574

	

2,970 	 -

	

3,800 	 -

	

2,664	 5,360

	

2,992 	 -
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3,877
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3,495
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3070
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2817
	

2775

	

3,071
	

1,314
	

2801
	

2692

	

3,641
	

1,421
	

3068
	

2614

	

3,328	 1,370	 3328	 3040



Table 9. 1997-99 spring barley yields across 5 locations in Oregon (continued).
Market	 Morrow	 All sites

Variety or line*	 Class**	 Hermiston	 La Grande	 Moro***	 County***	 Pendleton***	 average

1997-1999 average	 	 Yield (lb/acre; 10% moisture) 	

Bancroft	 2RM	 3,450	 4,236	 —	 —	 3,636	 3,774

Baronesse	 2RF	 4,182	 4,086	 —	 3,695	 3,988

Chinook	 2RM	 3,483	 3,818	 3,768	 3,690

Orca	 2RF	 2,942	 4,492	 —	 —	 3,699	 3,711

Steptoe	 6RF	 2,894	 4,042	 3,915	 3,617

C-32	 2RM	 3,923
Galena	 2RM	 4,199	
Gallatin	 2RF 
Idagold	 2RF	 4,212	 —	 —

1997-1999	 3,527	 4,326	 2,757	 1,074	 3,662	 3,069

1996-1998 percent of trial average

---1	 Bancroft	 2RM	 98	 98	 —	 99	 98
,--,

Baronesse	 2RF	 119	 94	 101	 105

Chinook	 2RM	 99	 88	 —	 —	 103	 97

Orca	 2RF	 83	 104	 —	 101	 96

Steptoe	 6RF	 82	 93	 —	 —	 107	 94

C-32	 2RM	 111	 —	 — —
Galena	 2RM	 119	 —	 —	
Gallatin	 2RF	 —	 — —	
Idagold	 2RF	 119	 —	 —	 —

* All seed was treated with fungicide and Gaucho insecticide.
** 2RM=2 row malt, 2RF=2 row feed, 6RF=6 row feed, F/M= line being considered as a malt type
*** 1998 Pendleton, Moro, and Morrow counties spring barley trials had high variability, making variety comparisons meaningless.



HOW MUCH CARBON CAN YOU STORE IN THE SOIL AS ORGANIC
MATTER?

Ronald W. Rickman, Clyde L. Douglas, Jr., and Stephan L. Albrecht

Introduction

There is an international interest in
reducing the release of CO2 (carbon dioxide,
one of the greenhouse gasses) into the
atmosphere. Greenhouse gasses are blamed
by many for global warming, which may
lead to more frequent undesirable, extreme
weather and, if polar ice melts at accelerated
rates, sea level rise (Lal et al., 1998). At the
Kyoto conference on global warming in
1997, representatives of the United States
government agreed to reduce greenhouse gas
emission by the year 2012 to 7 percent
below the emission levels of 1990. The
amount of carbon (C) required to do this was
estimated at 661 million tons annually (600
million metric tonnes of C ). The European
Union and Canada already are considering
taxing atmospheric CO2 emissions in an
effort to slow CO2 release. Industries who
burn large amounts of fossil fuels, thereby
emitting large amounts of CO2 into the air,
have found it will be cheaper in the short run
to pay someone else to save C for them until
they can upgrade or rebuild their current
power generating facilities. These industries
will be the source of a well funded demand
for the capacity to store C.

Governmental subsidies also may be
a source of funding to stimulate C storage.
Among possible methods for reducing CO2
release is to capture it in plants (using
photosynthesis) and store a portion of the
plant material (e.g., stubble or stalks) in the
soil as organic matter (OM) (Lal, 1999).
International negotiations are scheduled for
the fall of 2000 to establish mutually

acceptable standards for predicting and
monitoring soil OM content so that it may
be used as a storage medium to offset
industrial burning of fossil fuels.

An important question often asked
is: How much C can be stored in the soil as
OM? Both field observations and modeling
work conducted at the Columbia Plateau
Conservation Research Center near
Pendleton, Oregon provide answers to those
questions. The objectives of this report are
to describe the natural processes that
influence soil OM formation or loss and to
illustrate the influence of crop management
and tillage practices on the potential for C
storage in soils throughout the Pacific
Northwest.

Discussion

What is C sequestration? It is the net
storage, on a more or less permanent basis,
of C. Sequestration of C in the soil as OM
appears to be one of our more economically
promising options for large scale removal of
CO2 from the atmosphere and then storage
of C (Lal et al., 1998). The soil is one of the
larger natural reservoirs of C. Most C in the
soil occurs as OM. So, what is soil organic
matter (SOM)? It is normally recognized as
stable C containing compounds of animal or
plant origin that remain in the soil after
extensive microbial decomposition of the
original residues. Soil OM is very beneficial
for crop growth as it provides nutrient and
water holding capacity, improved water
infiltration, and the potential to resist
changes in soil pH. It is distinct from
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actively decomposing animal or plant C-
containing compounds whose origin still can
be determined. Identifiable organic debris is
not yet "organic matter" as just defined. It
must be fully decomposed or composted and
intermixed with the mineral soil before it
takes on the stable qualities that make it real
"organic matter."

What do crop production practices
do to SOM? Tillage speeds the breakdown
of crop residues and SOM. Consider the
original need for tillage. The mass of grass
stems and roots in an untilled prairie or in
forested soil make it difficult to plant and
grow most agricultural crops. Tillage helps
to bury and speed the decomposition of
those bothersome residues, and speeds the
decomposition of the OM to release the
nutrients contained in it.

Many, but not all, management
practices accelerate the loss of SOM. It is
not unusual to find in soils that have been
cultivated for 100 years or more only half of
the organic matter present in uncultivated
native grassland. Annual cropping, with the
return of all crop residues to the soil,
infrequent tillage, and addition of
supplemental organic residues such as
manure, can lead to an increase in the OM
content of cultivated soils.

Soil OM content has been observed
regularly over a 60-year interval on long
term experimental plots on the Pendleton
Research Center (Rasmussen et al., 1989). In
all treatments where fallow with no
supplementary residues or residue removal
were practiced, OM content of the soil has
declined continuously. In these summer
fallow systems, only where manure has been
added every other year has the OM content
not fallen. Other long term experiments
(Rasmussen et al., 1998) illustrate that

annual cropping (as compared to any
rotation with a regular fallow year) slows the
decline in SOM.

A residue decomposition model
(`D3R') created at the CPCRC (Douglas and
Rickman, 1992) was calibrated locally and
has been tested successfully throughout the
continental U.S. and internationally. The
model `D3R' accurately has predicted
residue decomposition for a variety of crops
(wheat, barley, corn, soybeans, peas, canola,
red clover) utilizing a number of data sets
from Alaska (Cochran, 1991), Washington
(Stott et al., 1990), Oregon (Douglas et al.,
1980), Idaho (Smith and Peckenpaugh,
1986), Missouri (Broder and Wagner, 1988),
Indiana (Stott et al., 1990), North Carolina
(Buchanan and King, 1993), Georgia
(Thomaston, 1984), Texas (Stott et al.,
1990), Colorado (Liang Ma et al., 1999),
Canada (Moulon and Beckie, 1993, 1994;
Curtin et al., 1998), and Uppsula, Sweden
(Berg et al., 1987). The decomposition
model uses multiple pools of exponentially
decaying compounds. Temperature drives
the decay process, which is modified further
by water and nutrient content of the residue.
Cropping rotations determine the amount
and type of residues returned to the soil, and
tillage practices determine residue burial.

The decomposition model was
expanded to include routines to determine
SOM loss and formation and given the name
"CQESTR." In addition, it was designed to
utilize existing data already contained in
files created for the Revised Universal Soil
Loss Equation (RUSLE, Renard et al.,
1997). CQESTR was calibrated (Rickman et
al., 2000) using the management history and
SOM observations from a crop residue
experiment at the Pendleton Experiment
Station (Rasmussen & Smiley, 1994).
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To use CQESTR to determine the
expected trend in SOM for a specific field,
one needs to provide specific management
information for that field. That information
includes the crop rotation practiced in the
field with expected crop yields, amount and
timing of all tillage practices, local average
daily temperature, past or current OM
content of the soil, and the nitrogen content
of residues added to the soil. Most of the
crop rotation and tillage information are
very conveniently available from c-factor
files created by the RUSLE erosion
prediction equation (Renard et al., 1997).
For this reason, CQESTR is designed to use
those existing c-factor files. Residue
nitrogen content and initial SOM
information can be obtained from available
historic crop residue analyses and county
soil surveys.

To illustrate the possible range of C
storage as SOM, Pullman, Washington,
Pendleton, Oregon, and Moro, Oregon
(located with stars in Figure 1) were selected
to represent three of the major agronomic
zones in the Pacific Northwest (Douglas et
al., 1985). The same rotations of
wheat/fallow and annual cropping with
moldboard plow, sweep till, and no-till are
used in each zone. The actual tillages used in
the rotations are listed in Table 2. It is the
amount of residue burial by the actual tillage
operations that drives the model, not the
type of tillage operation used. For example,
a sweep could bury far less residue than a
heavy no-till drill that causes significant soil
disruption. Table 1 provides the predicted
rates of loss or gain of C for all of the
rotations for all three of the agronomic
zones. Note that it is the actual burial of
residue by tillage implements (Table 2) that
controls the accumulation of OM, not just
the name (e.g., no-till) of the management
system.

Storage of C in cultivated soils of the
Pacific Northwest appears to be possible.
However, the CQESTR model predicts that
the use of fallow in a rotation will make it
very difficult to store C, and this is
consistent with observed results in the
region. Both annual cropping and reduced
burial of crop residues by tillage increase the
chances for long term building of SOM.
Addition of supplemental organic residues
or other organic material can provide a boost
to SOM content.

This analysis is only for the impact
of farming practices and biological
processes on SOM content. Other factors
that may influence trends in OM content in a
field must be considered independently. For
example, soil erosion by water or wind
moves surface soil from one place to
another. The migrating soil almost always is
from the surface, which is richest in OM.
Loss of this soil is a blow to any attempt at
building the average OM content in that
field. However, if soil eroded from one field
can be captured in another, the captured soil
may well be carrying a bonus of OM with it.

As questions about SOM content and
soil C storage become important to
individual farms, the computations available
from the model CQESTR will provide
guidance as to the effect of rotations and
practices on changing SOM.
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Growing
Degree Soil	 Annual

Zone Days	 Depth Pptn.

1 <700

ft

All

in.

>16

111 2 700-1000 All >16

MI 3 700-1000 >3 14-16

4 <1000 <3 10-16

5 <1000 >3 10-14

6 >1000 All <10

Figure 1. Agronomic zones in the Pacific Northwest.

Table 1. Predicted rate of carbon storage (or loss) for several rotation options at three locations in
the Pacific Northwest.

Tillage Moro-AZ` 5 Pendleton-AZ 3 Pullman- Z2
System W/F- Annual W/F Annual W/F Annual

50 bu/a 30 bu/a 80 bu/a 50 bu/a 110 bu/a 70 bu/a
	 Pounds/acre/year in 2 feet of soil-

Plow (-75)	 85 (-185)	 40 (-220)	 255

Sweep 60	 380 15	 500 105	 985

No-till 185	 295 190	 360 400	 775
* AZ = Agronomic zone (see Fig. 1 and Douglas et al., 1992).
** W/F = Wheat-fallow crop rotation.
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Table 2. Tillage operations used in each rotation.

Primary Tillage Moldboard plow Sweep No-till  
Residue
	

Residue
	

Residue
Mo Day Yr.	 Operation	 remaining Operation	 remaining Operation	 remaining

(%)
90
100
100

5
55
75
90
90
90
90

90
100
100

5
75

10	 15	 1	 disk drill
3	 15	 2	 spray weeds
7	 15	 2	 harvest
4	 10 3	 moldboard plow
4	 15	 3	 light disk
4	 20	 3	 field cultivator
5	 15	 3	 rodweeder
6	 10 3	 rodweeder
7	 10 3	 rodweeder
9	 15	 3	 rodweeder

10	 15	 1	 disk drill
3	 15	 2	 spray weeds
7	 15	 2	 harvest
9	 1	 2	 moldboard plow
9	 15	 2	 field cultivator

Wheat Fallow
disk drill
spray weeds
harvest
sweep

field cultivator
rodweeder
rodweeder
rodweeder

Annual Wheat
disk drill
spray weeds
harvest
stubble bust
sweep

Heavy nt drill
spray weeds
harvest
spray weeds

stubble bust

spray weeds
spray weeds

Heavy nt drill
spray weeds
harvest
stubble bust
spray weeds

(%)
90
100
100
85

75
90
90
90

90
100
100
100
85

(%)
65
100
100
100

100

100
100

65
100
100
100
100
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ROOT-LESION NEMATODES IN
EASTERN OREGON DRYLAND CROPS

Richard W. Smiley

Introduction

Nematodes are roundworms that occur
worldwide in all environments. Most of the
estimated 500,000 species are beneficial to
agriculture in that they contribute to
decomposition of organic matter and are
important members in the food chain. Some
species are parasitic to plants or animals.
About 15 percent of the 15,000 nematode
species currently identified are plant parasites.
The plant-parasitic species cause an estimated
annual crop loss valued at $8 billion in the
U.S. and $78 billion worldwide (Barker et al.,
1998). Most of the plant parasites are tiny
(less than one millimeter long; 0.04-inch) and
live in soil (Barker et al., 1998; Evans et al.,
1993; Jenkins and Taylor, 1967). This paper
addresses the parasitic group (Pratylenchus
species) commonly known as root-lesion
nematode (Figure 1). This name relates to the
type of damage they cause on roots. The
species P. penetrans is notorious for causing
extensive damage to a broad range of crops
and ornamentals in western Oregon, and on
irrigated high-value crops such as potato,
mint, and alfalfa in eastern Oregon (Jensen,
1961). Lesions created by nematodes provide
additional opportunities for infection of roots
by fungal pathogens. Special control measures
are required for controlling nematodes in
many crops. A more detailed description of
root-lesion nematodes is provided in the
addendum to this paper.

For many years it has been thought
that root-lesion nematode populations occur at
numbers low enough to be of little concern in
dryland winter wheat/summer fallow rotations

in the inland Pacific Northwest (PNW).
However, there is increasing evidence that
these tiny soil animals can affect non-irrigated
crops adversely, and that damage symptoms
can be confused with symptoms of nutrient
deficiency, thought, or root disease.

Figure 1. Microscopic photographs of two
full-length, mature Pratylenchus females
(body length is 0.5 mm, or 0.02 inch), and a
higher magnification (center) showing the
feeding stylet on the anterior portion for
another Pratylenchus female (modified from
Mai and Lyon, 1975).

Two recent reports describe root-
lesion nematodes as potentially important
parasites of dryland wheat in the PNW. P.
thornei and P. neglectus were detected in
winter wheat near Walla Walla (Mojtahedi et
al., 1986; Mojtahedi and Santo, 1992).
Follow-up tests with P. thornei in the
greenhouse showed that it could reduce
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growth of winter wheat. Both P. thornei and
P. neglectus now are recognized for causing
severe damage to wheat and other crops in
non-irrigated regions of Australia (Doyle et
al., 1987; Taylor et al., 1999; Vanstone et al.,
1998). P. thornei on wheat also causes severe
stunting and reduced grain yield and test
weight in eastern Colorado (Armstrong et al.,
1993), Utah (Sher and Allen, 1953), southern
Ontario (Yu, 1997), the Negev area of Israel
(Doyle et al., 1987), and the Sonora district of
Mexico (Doyle et al., 1987). At least eight
species of root-lesion nematodes in the genus
Pratylenchus have been recorded on small
grains in other regions or countries (Griffin,
1984; Rivoal and Cook, 1993).

This paper brings together several
reports of high lesion nematode populations in
non-irrigated fields in the PNW, and relates
those reports to research findings in
comparable cropping systems in other states
or countries. This paper also summarizes
results of a preliminary survey of lesion
nematode populations in dryland fields in
eastern Oregon during 1999. An intensive
nematode sampling was conducted during the
final year (1999) of a crop rotation experiment
near Pilot Rock. Less intensive samplings also
were performed in other fields and
experiments in eastern Oregon and
Washington.

Methods

Reports prior to 1999
It is common for Extension

pathologists to collect a diverse and quite
random group of reports that may not have
special importance beyond the field
immediately affected. However, trends and
new insights are often possible when these
reports are viewed collectively. A small group
of randomly collected observations are
brought together in this paper.

Sampling in 1999
Soil and plant samples were collected

for assessment of root-lesion nematode
populations at four Oregon locations (Moro,
Echo, Pendleton, Pilot Rock) and one
Washington (Ralston) location during the
summer of 1999.

Nematode Sampling Procedure
At each location, cores of soil plus

roots were collected directly in the crop drill
rows, using the method described by
Armstrong et al. (1993). Cores were 2.5-cm
diam x 10-cm depth (1-inch x 4-inch). Twenty
cores were collected for each plot or field and
were mixed in a single bag. Samples were
stored in a refrigerator and soil was passed
through a 4-mm (0.16-inch; Tyler #5) sieve
and mixed before nematode extraction. At two
locations, 20 root systems in each
experimental treatment also were collected
separately by shovel to an 8-cm (3-inch)
depth. Nematode extraction and identification
were performed by Kathy Merrifield at the
OSU Nematode Diagnostic Lab at Corvallis,
using a standard wet-sieving 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 re-suspended and centrifuged. The pellet is
re-suspended in a sugar solution and
centrifuged again. The liquid containing
nematodes is filtered again and examined
under a microscope. Tedious observations of
nematode body structures and dimensions are
used to determine numbers and identities of
the parasitic and beneficial species. To extract
root parasites the roots are placed in a
chamber and misted for 60 seconds every five
minutes for seven days. Nematodes that
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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 soil
or root mass. All numbers in this paper are
reported as lesion nematodes per kilogram of
soil (e.g., xx/kg soil), or lesion nematodes per
gram of fresh root tissue (e.g., xx/g root). For
comparative purposes, one pound equals 0.45
kg or 454 g.

Pilot Rock
Dr. Dan Ball, OSU weed scientist,

conducted on-farm research at a site in a 300-
mm (12-inch) rainfall zone near Pilot Rock
(Ball et al., 2000). Farm-size equipment was
used for the experiment, and best management
practices were used for tillage, residue
management, fertilizers, varieties, pesticides,
and planting dates. Seven rotation treatments
were established in 1994 and were replicated
four times in a randomized complete block
design. Rotations included continuous no-till
spring wheat, spring barley/fallow/winter
wheat with conventional or chemical fallow,
fallow/canola/winter wheat with chemical
fallow, and winter wheat/fallow with fallow
prepared by moldboard plow, chisel, or
herbicides. Madsen winter wheat was planted
into all plots on September 30, 1998, the sixth
year of the study. Samples of moist soil were
collected on June 28, 1999, several weeks
before harvest and 3 days after a rain (12-mm
[0.5-inch]) in an otherwise very dry summer.
Separate composite soil samples were
collected from two replicates in each of the
seven treatments. Root samples also were
collected from both replicates.

Moro
Four experimental plots were sampled

at the OSU Columbia Basin Agricultural
Research Center (Sherman Station) near
Moro. A single composite soil sample was
collected from each plot. Soil was only

slightly moist at the time of sampling on
August 2. The crops included wheat, canola,
and lupin. The wheat experiments involved
annual no-till spring wheat planted for the
third and fourth consecutive years (Smiley et
al., 1999). Wheat was planted into these plots
during March. The canola and lupin
experiments also were planted during the
spring, and followed summer fallow after
winter wheat.

Echo
No-till spring wheat has been

produced annually for 7 years at the 66 Ranch
(operated by the Mader and Rust families)
between Echo and Lexington (Smiley et al.,
1999). In 1999, Alpowa soft white spring
wheat was planted during March. A single
composite soil sample was collected from the
entire plot area. Soil was only slightly moist
at the time of sampling on August 2.

Pendleton
Samples were collected from 14 plots

at the OSU Columbia Basin Agricultural
Research Center near Pendleton. A sample
also was collected from an adjacent field of
commercial winter wheat. The sites were
selected at random to represent a broad range
of cropping systems and current crops. These
crops are summarized in Table 1. Unless
indicated otherwise, all summer fallow plots
are managed either by chisel plowing in the
spring followed by multiple rod weedings, or
by moldboard plowing followed by disking
and rod weeding. Nematode samples
consisted of a single composite soil sample
for each plot. Soil was only slightly moist at
the time of sampling on July 29.

Ralston
Dr. Frank Young, USDA-ARS weed

scientist at Pullman, conducted on-farm
research on a 20-acre site in a 280-mm (11-
inch) rainfall zone near Ralston, Washington
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(Smiley et al., 1999). Rotations were
established with farm-size equipment during
August 1995. Treatments included continuous
spring wheat and rotations of spring
wheat/spring barley, spring wheat/summer
fallow, and winter wheat/summer fallow. Best
management practices were used for tillage,
residue management, fertilizers, varieties,
pesticides, and planting dates. The plots are
large plots and are replicated four times in a
randomized complete block design. Soil and
root samples were collected for each replicate
of each treatment. Soil was very dry and hard
when collected on July 28.

Results

Reports Prior to 1999
A wheat producer near Touchet,

Washington asked me to assist in diagnosing
reasons for poor crop vigor in no-till, annual
hard-red spring wheat during the spring of
1987. I found Rhizoctonia root rot, but I did
not consider the fungal pathogen entirely
responsible for the absence of branch roots. I
suspected nematode damage and sent a
sample to the diagnostic lab at WSU-Prosser.
Drs. Hassan Mojtahedi and Gerald Santo
responded by sampling the spring wheat and
nine other fields. They found P. neglectus in
high numbers (2,900/g root) in roots of annual
spring wheat, in lower numbers (30 to 440/g
root) in six other fields, and undetected in
three fields.

In the spring of 1988, several wheat
breeding plots at the Columbia Basin
Agricultural Research Center near Pendleton
had poor spring greenup and uneven plant
height. I collected samples from 16 fields at
the center and submitted them for evaluation
at the OSU Nematode Diagnostic Lab at
Corvallis. Nematologists found high
populations of P. thornei in three samples,
including each of the wheat breeding plots

that prompted the sampling. The highest
population detected was 6,800/kg soil.

During the late 1980s, I conducted
research on control measures for the cereal
cyst nematode (Heterodera avenae) in the
Grande Ronde Valley (Smiley et al., 1994).
During the conduct of that research, on a farm
east of La Grande during 1990, I found high
populations of both root-lesion (9,000/kg soil)
and cereal cyst nematodes in a winter
wheat/summer fallow rotation. That same
year, at another farm north of La Grande, I
investigated a field of unthrifty wheat
following a canola crop and found lesion
nematodes in high numbers: 30,800/kg soil.
In 1992, at the research center near Pendleton,
I discovered high populations of P. thornei
(3,950/kg soil) in a sample taken from
unthrifty wheat in a USDA-ARS winter wheat
experiment. Wheat roots and soil collected
from an unthrifty wheat crop in a winter
wheat/green pea rotation near Athena, Oregon
during 1998 were found to have mixtures of
three Pratylenchus species; P. neglectus, P.
penetrans, and P. thornei.

Extension Service faculty have shared
with me several sampling reports indicating
high lesion nematode counts. Gordon Cook,
OSU-Union County, gave me a 1983
sampling report showing a very high
population (25,600/g root) in a grass seed
field that was experiencing production
problems. Mike Stoltz, formerly OSU-
Umatilla County, gave me a 1993 data sheet
showing a high population (34,600/kg soil) in
a seedling alfalfa field experiencing
production problems. Larry Smith, UI-Nez
Perce County (Lewiston), gave me a 1992
report showing high lesion nematode
populations (up to 112,000/kg soil) in a field
recropped to wheat for 20 years.
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Sampling in 1999
Rainfall was sparse during the spring

at locations where samples were collected for
this survey. Moro, for example, had 46
percent less precipitation than the 20-year
seasonal mean for the spring. Therefore, soils
were quite dry when collected at all locations
except Pilot Rock, where sampling occurred 3
days after a rain (12 mm [0.5 inch]) in an
otherwise dry spring and summer. A mixture
of P. neglectus and P. thornei was present at
Pilot Rock (Table 1). P. neglectus was the
only species extracted from roots and was the
dominant lesion nematode in soil. Numbers in
the winter wheat treatments were highest in
the 3-year rotation that included canola
(303/kg soil; 4,369/g wheat root) and lowest
(7 to 25/kg soil; 127 to 305/g wheat root) in
the 3-year rotation that included barley and
summer fallow. Intermediate numbers
(167/kg soil; 1,059/g root) occurred in annual
spring wheat. Nematode numbers were
generally lowest in rotations where winter
wheat was produced once in 3 years rather
than every other year or annually. Although
wheat yield at Pilot Rock was inversely
associated with lesion nematode populations
in roots and soil (Figure 2), it is not clear
whether yields responded more to numbers of
lesion nematodes or to variable soil moisture
available in each treatment. It is interesting,
however, that similar yield versus treatment
trends occurred in these treatments during
earlier years when drought was not a factor.
The relationship between grain yield (y; in
bushels/acre) and the logarithmic
transformation for numbers of nematodes in
roots (x; expressed as log P. neglectus/g root)
or in dry soil (x; log P. neglectus/kg soil) at
Pilot Rock were y = 53.4 - 11.1x for roots
(r2=0.56; p<0.01) and y = 37.7 - 3.6x for soil
(r2=0.35; p=0.03).

P. neglectus was the only lesion
nematode species identified in annual no-till
spring wheat experiments at Moro and Echo
(Table 1). Populations in spring wheat at
Moro (1,090 and 2,570/kg soil) were much
higher than in nearby canola (140/kg) and
lupin (20/kg) crops planted into summer
fallow (14 months) following winter wheat.

Both P. neglectus and P. thornei were
detected at Pendleton. Populations in soil
were highest in the long-term annual spring
(3,970/kg soil) and winter (1,610/kg soil)
wheat experiments (continuous since 1930)
and an experiment with recrop canola
following winter wheat (910/kg soil).
Populations were lowest (less than 50/kg soil)
in rotations of winter wheat following
summer fallow, spring barley following
canola, and no-till spring wheat following
winter wheat.

Lesion nematodes were not detected in
samples from Ralston, even though root
lesions and root pruning typically produced
by root-lesion nematodes were present during
root disease assessments earlier in the spring.

Discussion

Failure of crops to yield to their full
potential because of damage from nematodes
depends on the species and numbers of
nematodes in roots, crop species and variety,
crop growth stage, crop rotation and tillage
management, activity of fungal pathogens,
and soil temperature, moisture and texture.
Models to predict crop damage require
intensive research and are often impossible to
generalize over regions with variable soils,
climates, and cropping systems. Very little
research is conducted on nematode pests of
crops with comparatively low per-acre value.
Prediction	 of	 potential	 damage
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Table 1. Root-lesion nematodes in Oregon fields during July and August 1999.

Nearest	 1998
town	 crop'

1999
crop'

Lesion nematodes2
in soil

Lesion nematodes2
in roots

- no./kg - no./g -
Pendleton	 SW SW 3,970 Pt - -
Moro	 no-till SW no-till SW 2,570 Pn -
Pendleton	 WW WW 1,610 Pn
Moro	 no-till SW no-till SW 1,090 Pn
Pendleton	 WW Canola 910 Pn -
Pendleton	 WW Pea 730 Pt/Pn
Echo	 no-till SW no-till SW 590 Pn -
Pendleton	 Pea WW 570 Pn
Pilot Rock	 Canola WW 303 Pn/Pt 4,369 Pn
Pendleton	 SW no-till SW 290 Pn -
Pilot Rock	 no-till SW no-till SW 167 Pn/Pt 1,059 Pn
Moro	 WW Canola 140 Pn -
Pendleton	 Lupin SW 110 J2 -
Pendleton	 SW no-till SW 100 Pn - -
Pendleton	 SB SB 90 Pn/Pt - -
Pilot Rock	 fallow WW 51 Pn 253 Pn
Pendleton	 WW no-till SW 50 Pt -
Pilot Rock	 fallow WW 39 Pn 244 Pn
Pendleton	 Canola SB 30 Pn
Pendleton	 fallow WW 30 J2
Pendleton	 SW WW 30 J2
Pilot Rock	 fallow WW 29 Pn/Pt 543 Pn
Pilot Rock	 fallow WW 25 Pn 305 Pn
Moro	 WW Lupin 20 Pn
Pendleton	 fallow WW 10 J2
Pilot Rock	 fallow WW 7 Pn 127 Pn

' Crops: SW = spring wheat; SB = spring barley; WW = winter wheat
2 Lesion nematodes: Pn = Pratylenchus neglectus; Pt = P. thornei; J2 = identification of

Pratylenchus species was not possible because juvenile stages were present, but adults
were not.
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Figure 2. Wheat yield and numbers of Pratylenchus neglectus in wheat roots following the 1999
harvest in a crop rotation and weed management study near Pilot Rock, OR; y = yield in
bushels/acre, x = logarithmic transformation for numbers of P. neglectus/g root, r2 = correlation
coefficient, p = degree of statistical confidence.

from lesion nematode population estimates
requires additional research in the region.

Although precise interpretation is not
possible for root-lesion nematode numbers in
dryland crops and soils in eastern Oregon, it is
possible to compare local findings with
perspectives reached through research in other
regions. These comparisons indicated that P.
neglectus and P. thornei were present in
sufficiently high numbers to be considered
potentially damaging in some crops at
Pendleton, Echo, Moro, and Pilot Rock.
Moreover, these nematodes always were
found in combination with additional stresses
from drought and/or fungal pathogens.

Comparisons with Cereals in Other Regions
Doyle et al. (1987) investigated a

situation in which wheat yields were
consistently low on certain fields in Australia.
Wheat plants over entire fields were stunted,

had reduced tillering, and sometimes had
yellowing of the lower leaves. Grain yields
were commonly half of what was expected in
the region. All affected fields had clay soils
and had been cultivated for a minimum of 10
years. Application of the nematicide aldicarb
(Temik®) reduced P. thornei numbers from
400/kg soil to zero and increased yield of
nematode-susceptible wheat by up to 51
percent and nematode-resistant barley by 10
percent. As a comparison, the population of P.
thornei wheat at the Pendleton Station during
1999 was 10 times higher (nearly 4,000/kg
soil) in a plot of long-term annual spring
wheat. Nematicides have not been applied to
the Pendleton plots to determine if lesion
nematodes are restricting yield potential.

Populations of P. thornei in the Negev
area of Israel have been reduced 90 percent by
rotating wheat with 2 years of summer fallow
(Griffin, 1984; Rivoal and Cook, 1993).
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Adequate control of P. thornei and increased
wheat yield in Mexico were achieved with a
combination of crop rotation, planting after
the soil became cooler than 16°C (60°F), and
proper soil fertility (Griffin, 1984). A strong
negative correlation between grain yield and
lesion nematodes (5,300 P. thornei/kg soil)
was reported (Armstrong et al., 1993) in a
winter wheat field recropped a second year
without rotation to summer fallow in
northeast Colorado. Soil fumigation reduced
the nematode count to 500/kg soil and was
correlated with winter wheat yield increases
up to 50 percent. Armstrong et al. urged
agronomists to consider these findings as they
interpret results of field research on winter
wheat in the central Great Plains. At
Pendleton and Pilot Rock during 1999, lesion
nematode populations were also generally
higher as the frequency of wheat in the
rotation was increased. An exception at Pilot
Rock was the high population of nematodes in
the 3-year rotation of summer fallow, winter
canola, and winter wheat. Low levels of soil
disturbance may have contributed to high
lesion nematode numbers in that rotation,
because it was maintained as a chemical-
fallow, high-residue management system.

Wheat roots with lesion nematode
numbers as low as 300/g root have been
considered highly infested in some studies
(Griffin, 1984; Rivoal and Cook, 1993). In a
field with 100/g root at the time of harvest,
fumigation of soil with metham-sodium
controlled root-lesion nematodes and
increased the yield of the following crop by
70 percent. Winter wheat in all rotational
sequences examined in our experiment at
Pilot Rock exceeded the lowest infestation
level (100/g root) known to respond to
nematode control measures in tests reviewed
by Griffin and by Rivoal and Cook.

Interaction of Lesion Nematodes and
Fungal Pathogens

Root tissue wounded by lesion
nematodes often leads to greater damage by
fungal pathogens (Taheri et al., 1994). Cereal
root pathogens favored by interactions with
lesion nematodes include fungi that cause
Rhizoctonia root rot, take-all, Fusarium foot
rot, Pythium root rot, and common root rot. In
southern Ontario, P. neglectus is associated
closely with Rhizoctonia root rot of winter
wheat in lighter soils (Benedict and Mountain,
1956). Although the fungal pathogen was
considered most important, it was thought that
P. neglectus helped initiate the root rot
disease. Multiplication rates of lesion
nematodes also were found to be amplified
when they entered root tissue already
breached by fungal pathogens. For instance,
pathogens causing Rhizoctonia root rot and
take-all each were found to increase lesion
nematode reproduction in roots. However,
when these fungi both occupied the same root
tissue, the combination greatly reduced
nematode reproduction. This apparently
occurred because the roots were so heavily
damaged by the fungi that there were few
healthy cells available for nematode feeding
and multiplication. Interactions of fungal
pathogens and nematode parasites have not
been studied in non-irrigated crops in eastern
Oregon. It is true, however, that fungal
pathogens prevalent at sites sampled for
nematodes during 1999 included those that
cause Rhizoctonia root rot, take-all, Fusarium
foot rot, and Pythium root rot.

Genetic Resistance to Lesion Nematodes in
Cereals

Scientists in South Australia observed
that two wheat varieties exhibited superior
growth over other wheat varieties in field
trials during 1996. Further research revealed
that this was a response to genetic resistance
to root-lesion nematodes. Vanstone et al.
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(1998) reviewed literature showing that wheat
varieties with resistance to P. thornei can
yield twice that of intolerant varieties in soil
with high populations of the nematode. They
also stated that yield losses up to 85 percent
have been reported in infested soils and that
reduced tillage favors development of these
nematodes. Vanstone et al. grew nine wheat
varieties with varying levels of resistance at
three sites infested with 1,000-6,000 P.
neglectus/kg soil and one site with 33,000 P.
thornei/kg soil. The variety Excalibur
(resistant) yielded 20 percent more than Spear
(susceptible) and resulted in 60 to 70 percent
fewer nematodes in roots. Moreover, yields
for the nine varieties were significantly and
inversely correlated with nematode numbers
in soil at the time of heading, 4 months after
planting. Trend lines for correlations in their
wheat variety study (for example, y = 2.47 -
0.01x; where y = grain yield in kg/plot and x
= P. thorneilg dry soil) were similar to that
found in our survey at Pilot Rock.

Farsi et al. (1995) examined the
genetics and sources of resistance to root-
lesion nematodes in wheat, rye, and triticale.
They found the genetic mechanisms
conferring resistance or tolerance to P.
neglectus were not effective against P.
thornei, indicating the necessity for
pyramiding multiple sources of resistance into
varieties produced in areas where both species
may be important. Varietal screening tests
indicated that cereals growing in a naturally
infested field had vastly different levels of
infestation in roots 3 to 4 months after
planting (Vanstone et al., 1994). Different
wheat varieties had 20-fold differences in
numbers of nematodes per gram of root tissue,
indicating very large differences in genetic
potential to restrict P. neglectus multiplication
in roots. Triticale roots contained fewer
nematodes than the majority of wheat
varieties and was recommended as a useful

rotation crop in highly infested soils. Barley,
durum and rye also had lower nematode
reproductive efficiency than the majority of
wheat varieties.

Host Range and Rotational Effects
Lesion nematodes have wide host

ranges. 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). Resistant
varieties reduce nematode multiplication even
though nematodes successfully invade their
root system. Tolerant varieties allow
multiplication and can carry high numbers of
nematodes, but plants remain thrifty and yield
well. Growth and yield are strongly reduced
when roots of susceptible, intolerant varieties
are invaded by nematodes. Knowledge of
these relationships have important
implications for crop rotation strategies, as
production of each crop and variety will result
in varying populations of nematode available
to attack subsequent crops.

Sharon Taylor and Vivien Vanstone
(personal communications; 1999) further
demonstrated in field trials that the effect of
P. neglectus on crop yield is highly dependent
on the type of crop grown. These South
Australian scientists performed their tests by
applying or not applying aldicarb to soil that
had pre-plant P. neglectus populations of
1,000/kg soil. The following ranges in yield
reductions were noted for different varieties
within each crop species: chickpea (0 to 43
percent), canola (0 to 27 percent), wheat (0 to
17 percent), pea (0 to 16 percent), barley (0 to
11 percent), oat (0 to 11 percent), durum (9
percent), and triticale (3 to 6 percent). They
considered rye, triticale, safflower, lupin, and
pea as poor hosts that may help reduce P.
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neglectus numbers in soil for the next crop.
Barley and lentil were intermediate hosts.
Chickpea and wheat varieties were highly
variable, with some being good hosts that
increase P. neglectus numbers in soil.

Hollaway and Eastwood (1997)
reported that plots planted to five barley and
two durum varieties had lower numbers of P.
thornei (800 to 2,000/kg soil) than all except
the most resistant varieties of wheat (1,800 to
9,000/kg soil) in northwest Victoria,
Australia. Six lentil and seven field pea
varieties also had comparatively lower
populations (500 to 2,200/kg soil).
Intermediate populations occurred in plots of
faba bean (3,500 to 4,100/kg soil), and high
populations developed in plots planted with
two vetch varieties (7,800 to 17,000/kg soil).
Holloway and Eastwood considered pea and
lentil as resistant, faba bean moderately
susceptible, and vetch highly susceptible to
multiplication of P. thornei. The nematode
population increased during production of all
wheat varieties except the few with resistance.
Results of research with lesion nematodes on
crops in the wheat belts of South Australia
and Victoria (by S. Taylor, V. Vanstone and
G. Holloway) culminated in a ranking system
that lists crop species according to levels of
resistance to multiplication by either P.
neglectus or P. thornei (Table 2). 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.

In Australia, chickpea commonly is
used as a nurse crop to encourage high
populations of lesion nematodes on sites
where experiments are to be performed.
Chickpea also is used as the susceptible test
crop at the end of rotation experiments to
determine comparative influences on yield
caused by varying populations of lesion

nematodes. Chickpea yield in one test was 7
percent lower (0.1 tonne/hectare; 90
pounds/acre) following two years of a P.
thornei-susceptible wheat variety than two
years of a resistant variety. Nematode
populations were especially high when
chickpea was cropped two years successively
after a P. thornei-susceptible wheat variety,
resulting in 40 percent yield reduction (0.6
tonne/hectare; 550 pound/acre) compared to
chickpea following 2 years of resistant wheat.

Table 2. Suitability of crop species for
multiplication of root-lesion nematodes in
South Australia and Victoria (modified from:
Anon., 2000).

Crop	 Host ability l for:
P. thornei P. neglectus

Chickpea	 S	 S
Wheat	 S-MR	 S-MR

Mustard	 ?	 S
Canola	 MR	 S
Sub-clover	 S	 MR
Durum	 MR	 S-MR
Vetch	 MS-S	 MS-MR
Oat	 ?	 MS-MR
Barley	 MR-R	 MS-MR
Medic	 R	 MS-MR

Lentil	 R	 MS-MR
Lupin	 R	 MR-R

Triticale	 MR-R	 R

Faba bean	 MR-R	 R
Rye	 R	 R
Field pea	 R	 R
Safflower	 R	 R

1 S = susceptible, MS = moderately susceptible,
MR = moderately resistant, R = resistant, ? =
unknown. Resistant lines minimize nematode
multiplication. Individual varieties of each crop
can differ in resistance (e.g., wheat S-MR).
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This report contains two observations
of high P. neglectus numbers in wheat roots
following production of canola: at La Grande
in 1994 and Pilot Rock in 1999. Canola is
considered a good to moderate host for P.
neglectus and a poor host for P. thornei
(Table 2). Canola supports levels of P.
neglectus reproduction similar to susceptible
wheat lines. However, it is also true that
turning young canola into soil as a green
manure can reduce nematode populations, and
that reductions in nematode populations
sometimes have been observed when canola is
grown in rotations. Potter et al. (1998)
examined mechanisms of lesion nematode
suppression by Brassica species. Nematode
suppression was due to release of
glucosinolate compounds during
decomposition, and was much more effective
when released from buried foliar tissue than
from roots. Potter (1997) reported that growth
of Brassica napus resulted in nematode
populations twofold higher than those found
after oats (7,000 vs. 3,000/kg soil,
respectively). However, within 1 week after
the rape had been turned into the soil as a
green manure, the nematode populations in
the rape and oat plots were equal. Rape
varieties that produced amounts of 2-
phenylethyl glucosinolate above a specific
critical level in root tissue resulted in greatly
reduced numbers of lesion nematodes in root
tissue. Concentrations of this natural biocide
are highly variable among Brassica species
and varieties, and among tissues within
individual plants. Further selection of
varieties with high levels of this glucosinolate
in roots may improve the performance of
canola and mustard as rotation crops grown
for seed.

Much of the cultivated land in low-
rainfall regions of the inland PNW currently
is used to produce winter wheat during
alternate years in a wheat/fallow rotation. A

high-residue dust mulch commonly is used as
the fallow, but increasing interest is being
given to systems that include preparing fallow
without tillage, producing spring cereals
annually, and producing winter and spring
wheat in rotation with crops such as canola,
mustard, lupin, or lentil. Land in higher
rainfall regions of the inland PNW typically is
used to produce winter wheat in rotation with
green processing peas, lentils, canola,
mustard, grass seed, spring barley, or other
crops. Further evaluations of root-lesion
nematode populations and damage estimates
appear to be important for cropping systems
in the inland PNW.

Soil Sampling and Testing
Soil was especially dry and fractured

when samples were collected at Ralston
during 1999. No lesion nematodes were
detected at that location, even though root
damage ratings in the spring suggested the
nematodes had been active earlier in the
season. Recovery of root-lesion nematodes
from dry soil is apparently poor and
unreliable, because lesion nematodes survive
dry soil conditions in a dehydrated, brittle
state that is easily broken when dry soil is
disturbed by sample collection procedures
that fracture the soil structure (Taylor and
Evans, 1998). Therefore, it is possible that
population estimates in my survey during
1999 may have been low at most locations
and particularly unreliable at Ralston.

Additional nematode sampling is
recommended for non-irrigated crops in drier
areas of Oregon and Washington, where there
is increasing interest in producing crops with
less frequent or no summer fallow. Nematode
diagnostic services in Oregon are available at
the OSU Nematode Diagnostic Laboratory at
Corvallis (541-737-5540). Samples must be
collected and handled carefully, because
diagnostic procedures are based on extraction
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of living organisms that can be killed by mis-
handling. Descriptions of procedures for
submitting samples to the lab are available at
County Extension Service offices. Diagnostic
services 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 soil
and roots. Information obtained from this
base-level service is restricted to a reporting
of numbers of each genera (Pratylenchus, for
example) in soil or roots, and does not include
identification of species within each nematode
genus. Species identification is available for
an additional cost of $10/genus/sample.

Conclusions
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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 PNW: wheat, oat, barley,
corn, pea, lentil, canola, mustard, potato, alfalfa,
apple, and others. Wheat and chickpea are
especially favorable hosts. Reports of significant
damage to small grains have been recent, mostly
since 1980. Yield losses up to 85 percent have
been measured on wheat in Australia.

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 which
cause more extensive rotting and discoloration.
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.
The main symptoms include reduced numbers or
lack of lateral branches along main roots and dark
lesions on the roots. Outer layers of root tissue
(the cortex) disintegrate. Root symptoms are
difficult to detect in the field, especially for
cereals, 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 easily are confused with nitrogen
deficiency, drought, or barley yellow dwarf.

Yield reductions and root damage cannot be
proven without studies using nematicides, soil
fumigation, or resistant and susceptible varieties.

Relationships between lesion nematode
populations and yield reductions are difficult or
impossible to generalize over large regions,
because yield responses are influenced strongly
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 ("swim") 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 PNW 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 1 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 during

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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BRIDGING THE GAP BETWEEN EDUCATION AND
RESEARCH THROUGH SOIL QUALITY TESTING

Dale E. Wilkins and Erin Heideman

Introduction

Large areas of northeast Oregon and
southeast Washington first were cultivated
in the late 1800s. These lands were highly
fertile at first, but productivity declined with
time. By the early 1900s, farmers were
expressing concerns about lower yields,
greater erosion, and higher production costs.
Rasmussen et al. (1989) documented this
degradation of soil, especially loss of soil
organic matter, in the Columbia Plateau
dryland cropping region. Yield increases
since 1931 (Payne et al., 1997) due to
improved technology have overshadowed
loss in soil productivity.

Soil quality is defined as "the
capacity of a specific kind of soil to
function." In a cropping system, the function
is to support and maintain plant growth.
Assessment includes parameters related to
the physical, chemical, and biological
properties. Agricultural Research Service
(ARS) and Natural Resource Conservation
Service (NRCS) have developed a soil
quality test kit (USDA, 1998). This test kit
provides the equipment and instructions for
evaluating soil respiration, water infiltration,
bulk density, electric conductivity (EC), soil
pH, aggregate stability, soil slaking,
earthworms, water salinity, and nitrate/
nitrite levels.

The Pendleton Field Experiment
Station was established in 1928 with the
objectives of "maintaining soil fertility and
developing more profitable crop production"
(Pumphrey and Rasmussen, 1995). Several
long-term experiments were established at

the Experiment Station as early as 1931 and
continue to operate. These and more recent
long-term experiments at the Agricultural
Research Center were used as a basis for this
project.

The objectives of this project were to
evaluate soil quality in long-term
experiments at the Agricultural Research
Center with the soil quality test kit and to
develop secondary school work samples
(curriculum units) based on the test kit
equipment and procedures. The work
samples would serve as tools to teach soil
quality concepts and principles and help
bridge the gap between agricultural
education and research.

Materials

We used a soil quality testing kit
marketed by Gempler's Inc. (P.O. Box 270,
Belleville, WI 53508) and developed by
USDA-ARS scientists as part of their
mission to sustain natural resources by
developing and disseminating information
and technology. Four long-term experiments
were evaluated with the test kit and eight
curriculum units were developed for Oregon
secondary educators. The long-term
experiments evaluated included grass
pasture (GP), continuous winter wheat
(CW), winter wheat pea (WP), and no-till
winter wheat fallow rotation (NTWF).

Grass Pasture (GP):

This site has been maintained since
1931. It is 150 feet wide and 360 feet long,
and is dissected in the southern half by a
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drainageway. This site approximates near-
virgin grassland. The dominant grass
species is tall fescue. Vegetation is clipped
once or twice during the summer growth,
occasionally fertilized, and infrequently
irrigated. Soil quality tests were conducted
at three sites in the grass pasture.

Continuous Cereal (CT19:

This experiment was established in
1931 and consisted of two adjacent sites on
nearly level land (0 to 1 percent) cropped
annually to winter wheat. One site is
moldboard plowed, field cultivated,
fertilized, and seeded, and the other site was
changed to a no-till system in 1997. There
are no replications in this experiment. Soil
quality tests were made in four locations for
each site. For statistical analysis, the two
sites were treated as a completely
randomized experiment with four
replications and two treatments (no-till and
moldboard plow based tillage system).

Wheat Pea (WP):

This experiment was established in
1963. It is located on nearly level land, and
hosts a winter wheat pea crop rotation with
four tillage systems. The experimental
design is a randomized block with four
replications. Two tillage treatments were
evaluated. One treatment was fall
moldboard plowed, and the other was
minimum tilled (skewtread in the fall before
peas and summer sweep tillage before
winter wheat).

No-Till Wheat (NTWF):

This experiment was created in 1982
and is the newest long-term experiment. It
is located on level land and was previously
cropped to winter wheat fallow with
conventional tillage (moldboard plowed).

NTWF experiment has a no-till winter wheat
fallow rotation, and the only tillage is by
hoe-type openers used to create seed and
fertilizer furrows.

Two adjacent experiments were
designed to study the transition from
intensive tillage to no-till. One of these
experiments is identical to the 1982 no-till
wheat fallow experiment, except it was
initiated 15 years later in (1997). The other
experiment has a traditional moldboard plow
and rod-weed tillage system.

Treatments consist of nitrogen rates
applied during winter wheat seeding.
Treatments are replicated four times in each
of these experiments in randomized block
designs. For the soil quality tests, 0 and 120
lb N/acre treatments were selected for
evaluation.

Soil in all experiments was a well-
drained Walla Walla silt loam from 4 to 6
feet deep. Soil quality tests were conducted
in July and August of 1999. Samples were
collected randomly from each experiment,
and six soil quality tests known as key
indicators were made as outlined in the soil
quality test kit (USDA, 1998). These
included two water infiltration tests, pH,
bulk density, electrical conductivity, and
aggregate stability. Eight work samples
(curriculum units) were developed and
deemed appropriate for classroom learning
and teaching. These units are: measuring
soil quality, soil maps and mapping
principles,	 infiltration, bulk density,
electrical conductivity (EC), pH,
earthworms, and water quality. A brief
outline of the tests is shown in Table 1.

Results and Discussion

Table 2 summarizes test results from
soil quality evaluations made in the six long-
term experiments. The infiltration values
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indicate there is a problem with the
technique. Most of the infiltration rates
exceeded 30 inches per hour. That is not
consistent with more accurate methods.
Wuest et al. (1999) used a double ring
infiltrometer and found infiltration rates in
the same wheat fallow experiments ranged
from 0.04 inches per hour in the intensive
tillage experiment to 5.1 inches per hour in
the 17-year no-till experiment. Infiltration
rates for these tests (Table 2) were more
than 10 times higher than Wuest et al.
(1999) results. The single ring infiltrometer
used in these tests does not limit flow to one
dimension (vertical flow). Lateral flow in
addition to vertical flow may account for the
observed high infiltration rates. Even though
the flow rates were high, low infiltration
rates observed in moldboard plowed
treatments in the continuous wheat and
wheat fallow experiments were consistent
with Wuest et al. (1999) findings.

Bulk density values were consistent
with those taken in the long-term
experiments and reported by Rasmussen et
al. (1994). Bulk density measurements were
taken in the top 3 inches of soil. It is very
difficult to determine accurately the location
of the soil surface, especially if there are
large soil aggregates on the surface;
consequently, the measured soil volume may
be in error. Bulk density accuracy could be
improved if the top 2 or 3 inches of soil
were removed and bulk density measured in
the next 3-inch soil layer. None of the
experiments had bulk density values that
indicated a surface soil compaction problem;
e.g., values exceeding 1.3 g/cm3.

Electrical conductivity (EC) values
ranged from 0.08 to 0.25 dS/m. EC values
from 0 to 0.98 dS/m indicate non-saline soil
that has negligible effect on crop and
organism effects (USDA, 1998). None of the

experiments had EC values close to 0.98
dS/m, the upper limit of non-saline soils.

Aggregate stability in all
experiments were low (Table 2). The most
surprising result was 7 percent water stable
aggregates (mean of three samples) in the
grass pasture experiment. The rest of the
experiments had aggregate stability values
that ranged from 37 to 65 percent. Expected
water stable aggregates for soil with 2
percent organic matter and clay content of
20 percent is 70 to 75% (USDA, 1998).
Walla Walla soil series in the virgin grass
land state has 2 to 3 percent organic matter
and 15 to 17 percent clay (USDA, 1988).
These water stable aggregates are
considered macroaggregates (greater than
25 0 gm).

Macroaggregates form readily under
pasture or forage grasses, but the pasture soil
had the lowest percentage of water stable
aggregates in these tests. It appears that the
last step in the procedure, which is designed
to disperse aggregates with a Calgon®
solution and separate sand from the
aggregates, did not completely disperse the
soil; consequently, some aggregates were
considered sand. Using the data from the
water stable aggregate determinations, the
percent sand was 65 and 50 percent,
respectively, in the pasture and wheat pea
experiments. This much sand in a Walla
Walla silt loam is not possible. Walla Walla
silt loam has a sand content less than 15
percent (USDA, 1988) and the cropping
system should not change the percentage of
sand. Assuming 10 percent sand in both of
these experiments and recalculating water
stable aggregate percentages, the pasture
would have had 75 percent water stable
aggregates and the wheat pea experiment
would have had 60 percent water stable
aggregates.
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The pH tests revealed a serious
problem in the continuous winter wheat
experiment. For the moldboard plow
treatment, pH was 5.2, and no-till pH was
5.5. These values indicate a strong acid
condition. Under strong acid conditions the
availability of nitrogen, potassium,
phosphates, and sulfur are greatly reduced.
Pikul and Allmaras (1986) found repeated
use of ammonium-based fertilizers lowered
the plow layer pH in a long-term wheat
fallow experiment at the Pendleton Research
Center to less than 5.0. Wheat diseases,
strawbreaker foot rot, and Fusarium foot rot
were found to increase as pH decreased in
these long-term experiments (Smiley et al.,
1996). Wheat grain yields in these
continuous wheat experiments would be
expected to increase with liming. The rest of
the experiments had pH values above 6.0
except for the high nitrogen rate in 17-year
no-till experiment which had a treatment
mean of 5.9. A suitable soil pH range for
wheat is 5.5 to 7.0 (Whittaker et al., 1959).

In addition to serving the purpose of
testing long-term plots, educational units for
classroom teachers were created. It was
hoped that we could offer teachers some
useful information to give their students to
create a better understanding of soils and
their importance. Eight work samples were
designed for understanding and measuring
soil and water quality and for understanding
soil survey maps. These work samples
included the targeted benchmarks and
CIM/CAM (Certificate of Initial
Mastery/Certificate of Advanced Mastery)
standards used widely in Oregon education
today, as well as explicit directions,
resources, and anticipatory sets. These work
samples can be found at the
Umatilla/Morrow ESD office in Pendleton,
Oregon and may be checked out along with
the Gempler's Soil Quality Testing Kit.

Conclusions
A secondary school teacher and a

high school student conducted these soil
quality tests with limited background in soil
science. The soil test kit guide served as the
sole source of instruction for conducting the
tests. The kit and instructions were found to
be complete and easy to use for people not
trained in the art and science of soil
measurements. EC, bulk density, and pH
tests gave meaningful data with three to four
samples or replications.

Aggregate stability tests need to be
evaluated, because apparent errors were
introduced in measuring sand content for a
silt loam soil. Possibly clarifications and/or
modifications to the instructions would
solve this problem. Infiltration
measurements provided infiltration rates that
were a factor of 10 or more higher than
more accurate methods provided for the
same experiments. Modifications to the
infiltration procedures and equipment should
be considered for conditions such as in the
Columbia Plateau, where soil water is
usually the limiting factor in crop
production. The soil quality test kit can be
extremely useful as an instructional tool in
secondary schools to study soil processes
and concepts.
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Table 1. Soil quality tests, procedures, and purposes used to evaluate long-term experiments at
Pendleton, Oregon in 1999 and to develop secondary school work samples.

Test
	

Purpose
	 Procedure

Infiltration

Respiration *

Water Quality*

Earthworms*

Bulk Density

Determine the rate that water
enters the soil.

Measure the amount of carbon
dioxide (CO2) given off by
organisms and plant roots in the
soil.

Determine the acidity or alkalinity
of a soil, which effects nutrient
availability, biological activity, and
solubility of soil minerals.

Determine the water salinity,
nitrate and nitrite levels in
drinking, pond, irrigation, or
drainage water associated with
agriculture.

Measure earthworm population.
Earthworms generally increase
microbial activity and fertility, and
enhance soil physical properties.

Determine the dry weight of soil
per unit volume. This is an
indicator of compaction.

The electrical conductivity
measurement detects the amount of
salts in soil solution.

Measure the vulnerability of the
soil aggregates to external
destructive forces.

Drive a 6-inch diameter pipe into the
soil. Measure the time it takes 1 inch of
water to drain through the pipe into the
soil.

Collect gases emitted from the soil
surface through the infiltration pipe 24
hours after infiltration tests, and measure
the % CO2 in the collected gas with a
Draeger tube apparatus.

Make a solution of equal part soil and
water, then measure pH with electronic
meter.

Collect water samples, perform
electrical conductivity, and measure
nitrite and nitrate amount with
nitrate/nitrite strips.

Excavate a cubic foot of soil and count
the number of worms found in the
excavated soil.

Drive a 3-inch diameter tube into the
soil. Remove the tube containing soil
and measure the volume and dry weight
of soil removed.

Mix a solution of equal parts soil and
water, and then measure EC with a
handheld meter.

Wet sieve soil aggregates and measure
the proportion of dry aggregates that
will not pass through a 0.25 mm sieve.

Electrical
Conductivity

(EC) 

Aggregate
Stability

* Indicates tests included in developing work samples (curriculum units) but not used to evaluate
long-term experiments.
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Table 2. Observations made in long-term experiments at Pendleton, Oregon in July and August,
1999 with a soil quality test kit.

Experiment Treatment Infiltration
First-	 Second
App.	 App.

Bulk
Density

EC Aggregate
Stability

pH

inches/hour g/cms dS/m$

Grass Pasture Mean 207 55 1.2 0.12 7 6.4
Std. Dev§ 165 68 0.17 0.12 8 0.25

CVtt 80 124 14.0 100 114 4

Continuous
Winter wheat Plow 29 7 0.78 0.23 49 5.2

No-till 63 17 0.88 0.18 48 5.5
S.E.JI 36 9 0.08 0.07 13 0.25

Sig.ttt ns ns ns ns Ns ns

Wheat fallow
1st yr No-till 0-N# 12 1 1.1 0.10 50 6.4

120-N 517 37 0.6 0.15 60 6.3
S.E. 346 17 0.12 0.02 9 0.09
Sig. ns ns ns ns ns ns

17-yr No-till 0-N 252 92 0.8 0.10 46 6.4
120-N 353 63 0.8 0.08 37 5.9
S.E. 225 69 0.05 0.01 10 0.13
Sig. ns ns ns ns ns ns

Moldboard 0-N 75 2 1.1 0.25 65 6.1
Plow

120-N 126 3 0.9 0.20 45 6.2
S.E. 39 1 0.14 0.03 5 0.12
Sig. ns ns ns ns ns ns

Wheat Pea Fall till 56 18 1.09 0.17 47 6.7
Min till 113 31 1.08 0.16 41 6.2

S.E. 27 9 0.01 0.01 4 0.10
Sig. ns ns ns ns ns ns

t First application measured infiltration rate for first inch of water, and the second application
measured infiltration rate for the second inch of water.
t A unit of electrolytic conductivity (EC), dS/m = decisiemens per meter
§ Std. Dev. = standard deviation
II S.E. = Standard error of a mean
# Rate of nitrogen applied during crop year. 0-N = 0 lb/acre and 120-N = 120 lb/acre.
tt CV = coefficient of variability = (Std. Dev./mean)100
ttt Sig. = Statistical significant (P a 0.05).

100



INTRODUCTION AND DEVELOPMENT OF A DRYLAND
CROP RIPARIAN CONSERVATION PROJECT

John D. Williams, James 0. Loiland, Kelli M. Camara, and Heidi B. Williams

Abstract

Native riparian areas in the dryland
crop regions of the intermountain Pacific
Northwest largely have been eliminated
during the last 140 years. Native riparian
grass, shrub, and tree species found on broad
flood plains have been replaced by
introduced species growing in narrow,
incised channels. Owners of 2.2 km of
Gerking Creek located near Athena, Oregon
are working to reestablish a riparian
community in former cropland, known as
the Gerking Flat project. This effort requires
an evaluation of present conditions and
constraints imposed by existing vegetation,
channel morphology, and management. We
quantified valley bottom landform and
channel development by establishing 22
channel cross-sections and developing a
detailed contour map of the site.
Reestablishment of a riparian community
will depend upon changes in upland and
channel management. Establishment of a
buffer strip between cropland and channel
will address excessive sediment delivery
from the upland area within the project and
the adjoining fields. However, Gerking
Creek will continue to be a source of
considerable sediment and energy associated
with concentrated flow. Channel adjustment
can be expected to continue in the form of
deposition, headcut migration, channel
migration, and bank sloughing. These
processes can tear out newly planted
material and alter soil-water relationships in
the riparian area. Among the alternatives
available for the Gerking Flat Project are:
(1) to leave the channel within the project

area to develop on its own, or (2) to design a
channel with reduced stream slope, a raised
stream bed, and increased meander
frequency.

Keywords: riparian; agriculture;
Conservation Reservation Enhancement
Program

Introduction

Native riparian areas in the dryland
crop region of north central Oregon, eastern
Washington, and western Idaho largely have
been eliminated during the last 140 years.
These areas, characterized by broad, shallow
bottoms occurring on low gradient second
and third order streams, first were used as
pasture land for livestock, particularly draft
horses, mules, and oxen. Judging by the
native vegetation and namesake of some
creeks flowing through these bottomlands
(e.g., Greasewood Creek) the soils were
naturally salt affected. With mechanization,
a few of these pastures were retained for
small herds of cattle and saddle horses, but
most were cleared, plowed, and entered into
the winter wheat (Triticum aestivium,
L.)./summer fallow or annual cropping
systems common in this region. These
channels, often straightened, are cleaned
regularly of vegetation to facilitate the
efficient removal of water and soil from
adjacent roads and fields. Introduced
vegetation now grows on narrow floodplains
in incised channels where native riparian
grass, shrub, and tree species on broad
floodplains once thrived. Storm flow,
concentrated in time and space, causes rapid
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soil loss through bank failure and down
cutting. Excess energy exacerbates problems
downstream during flood events.

In the 1960s, 44.5 ha of native prairie
bottomland on Gerking Flat, near Athena,
Oregon, were brought into production as a
winter wheat/summer fallow rotation.
Although the wheat/fallow system, which is
prevalent in the intermountain Pacific
Northwest (PNW), reduces the risk of crop
failure resulting from inadequate soil
moisture, it exposes soil to erosive forces
(rainfall and wind) during late fallow and
early crop establishment. Soil erodibility is
increased further because of soil organic
matter loss, which occurs during the non-
productive part of the rotation (Rasmussen
et al., 1993).

After the 1964 Christmas flood,
Gerking Creek was straightened to ease use
of farm machinery, to aid in early soil
drainage for equipment access, and to reduce
the impact of salt accumulation on crop
production. Despite these efforts, an increase
in soil pH and a decline in wheat yields were
observed, and barley, a more salt tolerant
crop, was planted. However, by 1998, the
land was removed from production because
barley yields had decreased to such an extent
that it was no longer economical.

Due to environmental concerns
regarding the impact of soil erosion on
watershed fish and wildlife habitat,
landowners' desire to enhance wildlife
habitat, and continued crop production
problems associated with salt affected soil,
this portion of Gerking Flat was entered into
the Conservation Reservation Enhancement
Program (CREP) for 15 years, beginning in
1999. CREPs are managed and funded
through the USDA-Farm Service Agency.
This project is a cooperative effort amongst

landowners, the USDA-Natural Resources
Conservation Service (NRCS), the Umatilla
Soil and Water Conservation Districts
(SWCD), and Pheasants Forever. Concern
that Gerking Creek, an intermittent stream,
can destabilize the current stream banks
during high flows and produce high erosion
rates resulted in a plan to plant the active
stream channel to a population density of
500 live trees per ha, to be assessed 3 years
following planting. The stream was divided
into three vegetation zones: (1) the active
stream channel, which will be planted to
cottonwoods; (2) the floodplain, which will
be planted to willows; and (3) the upland
area, planted to a mix of native grasses and
forbs. A species list is supplied as Appendix
1.

Establishment of a riparian
community requires an evaluation of current
conditions and constraints imposed by
current vegetation composition, channel
morphology, and changes in management.
For example, planting trees in or near the
current channel might result in stabilizing
the channel location, or the shrubs and trees
might trap enough soil to force the channel
well away from the planted area. Although
more sinuosity ultimately might be an
objective, in the early phases of the project,
channel movement away from newly planted
vegetation might be considered a failure.
Our objectives for this paper were to
introduce the Gerking Flat CREP project, its
goals, the initial stages of riparian
community potential and channel analysis,
and the unique research opportunities that
will develop around this and other CREP
projects on the Columbia Plateau. Our
quantification of current channel conditions
will be used to aid in developing a plan to
ensure successful reestablishment of a
riparian corridor and will aid in designing
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changes in channel plan form to create a
more stable channel.

Methods

Gerking Creek is a third order stream
(Strahler 1952) and tributary of Wildhorse
Creek, a tributary of the Umatilla River,
which is a tributary of the Columbia River.
The Gerking Flat CREP is located on
Gerking Creek, approximately 6.4 km from
the confluence of Wildhorse Creek, and 7.2
km west-northwest from Athena, Oregon
(45° 50' 30" N, 118° 32' 30" W). The
portion of Gerking Flat within the project
area is owned by five landowners.

Meteorological records at USDA-
ARS Columbia Plateau Conservation
Center, located approximately 14.4 km
southwest of the research site, show 39-year
minimum, maximum, and mean annual
temperatures of -34°C, 46°C, and 11°C,
respectively. Frost-free days range from 135
to 170. Approximately 70 percent of
precipitation occurs between November and
April, and results from maritime fronts that
produce low intensity storms with a median
duration of 3 hours, 50 percent lasting 1 to 7
hours. From 1994 to 1998, annual
precipitation departures from the 69-year
average (418 mm) recorded at CPCRC were
-24 percent, +27 percent, -16 percent, +32
percent, and +8 percent. Frozen soil, with or
without snow cover, is transient and melts
rapidly with the frequent arrival of warm
maritime fronts. This area experiences from
0 to 7 (median = 3), freeze thaw events
annually (Zuzel 1994).

Soils are Hermiston silt loams
(coarse-silty, mixed, mesic Cumulic
Haploxeroll) formed in silty alluvium from
loess and ash on flood plains and low
terraces, with slopes ranging from 0 to 3

percent (Johnson and Makinson, 1988).
These soils overlie the basalt layers of the
Columbia Plateau, which formed in the
Miocene age.

We surveyed the channel and
associated bottomland with GPS survey
grade equipment. The survey was conducted
using a Trimble GPS TS 4400 and processed
using Trimble and Autodesk software'. Data
used to construct a model of Gerking Flat,
channel cross sections, and headcuts
(vertical channel adjustments) were
collected using real-time kinematic (RTK)
data acquisition with a horizontal precision
of 10 mm ± 2 ppm and a vertical precision
of 20 mm ± 4 ppm.

The results presented below
summarize the data collected for this project
to date; the final analysis and interpretation
of the full data set has yet to be performed.
The current flood plain is interpreted from
the survey data; there are no flow records for
Gerking Creek. We report sinuosity, channel
slopes, headcut locations, width to depth
ratios (w/d) for degree of channel incision
into the valley floor, and bankfull w/d ratios.
Sinuosity is defined as the stream length
divided by valley length (P = k/L), where P
= 1 for a straight channel. Channel slope is
the elevation change over the length of the
studied stream section. Headcuts are sites
where channel slope is adjusting to energy
and stream length relationships. W/d ratios
of channel incision are a description of the,
downcutting into the valley floor by the
stream. Bankfull w/d ratios are determined
from cross-sectional evidence of recently
formed terraces within the incised channel.

' Use of product names does not constitute
endorsement by the USDA, Umatilla SWCD, or
Oregon State University.
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Results

The channel length through the CREP is
2,232 m: 2,072 m composed of a single
thread channel and 160 m in a multiple
thread channel. The project area ranges in
elevation from 571 to 587 m (Figure 1).
Sinuosity is 1.1, and average channel slope
is 0.8 percent, ranging from 0.16 to 4.00
percent within the project (Table 1).
Headcuts were found and measured at river
stations 7.04, 7.41, and 7.56 km, and three
of the 22 established channel cross sections
are located at river stations 6.77, 7.29, and
8.41 km (Figure 2). Nearly the entire length
of single thread channel is incised within
Gerking Flat (Figure 3). Valley form width
to depth (w/d) ratios are — 11.5 into the
valley bottom below the multiple thread

Table 1. Channel slope throughout Gerking
Flat Conservation Reservation Enhancement
Project.

River Elevation Slope Average
Station (m) (%) channel

(m) slope (%)
8,600 586.0 4.00%
8,500 582.0 0.37%
7,550 578.5
7,550 578.0 1.33%
7,400 576.0 0.16%
7,275 575.8 0.32%
7,025 575.0 0.91%
6,750 572.5 1.00%
6,600 571.0 2.00%
6,500 569.0 0.50%
6,400 568.5 0.80%

River station is distance from confluence
with Wildhorse Creek.

section, whereas the w/d ratio above is — 6.1.
Within the multiple thread section, the w/d
ratio is 48.1. The remnant of an abandoned
channel rejoins the current active channel at
6.95 km. This channel currently carries
spring flow and appears to also carry water
during extremely high flows that overtop the
1.5 m channel bank at river station 7.40 km.
Bankfull w/d ratios are — 8.3 below and
22.0 above the multiple thread section, and —
15.9 within the multiple thread section
(Figure 4).

The incised reaches are populated
with cattails (Typha latifolia L.), Russian
thistle (Salsola iberica Sennen & Pau),
Kochia (Kochia scoparia L.), downy brome
(Bromus tectorum), and drop seed. The
multiple thread section, farmed until 1998,
contains both downy brome and Sand
dropseed (Sporobolus cryptandrus Torn),
and a mix of native
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572 rn

Figure 1. Gerking Flat Conservation Reserve Enhancement Project area, contour interval
0.25 m. West side of project area bounded by low hills and cropland, east side bounded by
county road and cropland. Predominate channel form is incised single thread.
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Figure 3. Gerking Creek incision into Gerking Flat within Conservation ReserveFigure 3. Gerking Creek incision into Gerking Flat within Conservation Reserve
Enhancement Program area. Flow is from page, vertical exaggeration is 5x. River distanceEnhancement Program area. Flow is from page, vertical exaggeration is 5x. River distance
is from Wildhorse Creek confluence, stream bottom is elevation. Depth measured fromis from Wildhorse Creek confluence, stream bottom is elevation. Depth measured from
estimated pre-incised surface.estimated pre-incised surface.
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Figure 4. Gerking Creek bankfull estimation within Conservation Reserve Enhancement
Program area. Flow is from page, vertical exaggeration is 2x. River distance is from
Wildhorse Creek confluence, stream bottom is elevation.
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grasses and forbs planted earlier in the
project.

Discussion

The opportunity to study the riparian
potential and channel morphology in an
intensively managed agricultural setting, the
Gerking Flat project, is unique. Riparian
research has focused primarily in range and
forest lands, which generally tend to have
higher gradients with extensive land
management practices, and a predominate
focus on channel morphology and riparian
area ecology (Bohn and Buckhouse, 1985;
Kauffman et al., 1995; Belsky et al., 1999).
Alternatively, croplands generally have low
valley gradients, are managed more
intensively by reworking the channel,
plowing, and other crop production
activities. Before crop production, these
valleys were generally deposition areas for
alluvial material. Previous riparian research
in croplands has taken place in western
Oregon and the midwestern and southern
United States. This research has focused on
extraction of nutrients from shallow
groundwater (e.g., Griffith et al., 1997).

Van Haveren and Jackson (1986)
reviewed concepts of riparian structure and
function in range and forest lands during the
last 25 years that serve as a useful guide to
examine rehabilitation of riparian areas in
croplands. In the Pacific Northwest, channel
morphology research has focused on the
impacts of logging in the Coast Range and
Cascade Mountains of Washington and
Oregon (Benda et al., 1997; Montgomery
and Buffington, 1997), and the Sierra
Nevada Mountains of California (Lisle,
1982). Unlike the mountain channels
discussed in the research cited above, many
channels on the Columbia Plateau are soft-
bottomed silt-beds due to the deep alluvial

and loess soils without shallow geologic
control. Therefore, principles developed by
Simon (1989, 1992, and 1995) in larger,
soft-bottomed channels in west Tennessee
might be more applicable to our conditions.

Gerking Creek is typical of many
third order streams on the Columbia Plateau,
in which the sinuosity was largely
eliminated by channelization and the active
flood plain is narrow and confined. This
stream shape functions best for the efficient
movement of water and soil from a site. It
concentrates the stream energy even after
management objectives have changed and a
channel is no longer cleaned mechanically.
Anecdotally, some local producers consider
occasional high flows important for cleaning
and improving the efficiency of similarly
incised channels, especially those channels
thick with cattails or dead weeds.

The incised channel into the project
area will continue to be a source of
considerable sediment and energy due to
concentrated flow. Channel adjustment as a
result of these flows can be expected to
continue in the form of slope adjustment by
upstream headcut migration, channel
jumping to sites of pre-existing channels,
and bank sloughing. These processes have
the potential to remove physically newly
planted material and to alter soil-water
relationships across Gerking Flat. Whether
soil deposited on the active flood plain by
channel forming flows with return periods of
1.2 – 1.5 years (Richards 1982) can be
washed away by flows with a return period
of as little as 5 years is an open question in
these streams.

Natural channels are dynamic; lateral
movement, downcutting, and deposition are
all natural processes. The goal of channel
stabilization is not to create a channel
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wherein the channel never shifts in the
floodplain or has a change in the channel
slope. The purpose of channel stabilization
in this project is to slow the movement of
channel position to rates acceptable to the
landowners and funding agencies. Channel
stabilization also should result in absorbing
stream energy so that channel banks and
bottoms are not eroded downstream in a
watershed.

Establishment of a healthy stand of
riparian shrubs and trees in the incised
channel will result in vegetation capable of
damping the force of flood flows. The
approach of planting three types of
vegetation—which consist of low profile
grasses and forbs, mid-stature shrubs, and
trees—in addition to providing wildlife
habitat, is to provide a foundation for
structural enhancement of the stream
channel. We expect the following scenario.
Establishment of a grass community
provides increased structural stability
through root growth and increased
roughness from stems. During high flows
over the stabilized channel bottom: (1)
energy transfers to stream banks, which
begin to erode; and (2) sediment
accumulates on the grassed terraces. As the
high flows recede, the active channel has a
decreased w/d ratio to carry low flows. The
flood plain builds with subsequent high
flows, in which energy is distributed across
a wider, higher flood plain. On this aggraded
flood plain, the establishment of shrubs and
trees leads to increased roughness, further
absorbing flood energy and increasing soil
deposition. At the same time, energy is no
longer concentrated in the low flow channel,
is not causing downcutting, but allows
deposition in the streambed. This process
contributes to a decreased channel slope and
flow rate. As bank cutting occurs and the
active channel develops, sinuosity increases

(stream length increases), and slope further
decreases. These processes lead to a channel
in dynamic equilibrium, which should
migrate slowly back and forth across the
flood plain.

In	 addition	 to	 withstanding
destruction by high-energy flows,
establishment of shrubs and trees requires
adequate soil/water relations. The bottom of
much of the incised channel remains damp
throughout the year. This near saturated
condition prohibits establishment of most
grass and shrub species. Alternatively,
because the soils in the valley are well
drained but are above the channel bottom,
the ground water level is well below the
rooting zone on the abandoned flood plain
(abandoned due to channel downcutting).
The soil in Gerking Flat also is known to be
salt affected. To create a zone in the soil
profile that has appropriate soil/water
conditions for trees and shrubs but is
adequately drained to prevent the build up of
salts, it might be necessary first to raise the
streambed by designing and constructing the
channel.

The presence of the secondary
channel (confluence at 6.95 km) presents the
potential to lose the sinuosity currently in
the channel. An active headcut is apparent
approximately 100 m from the confluence.
Above the head cut is a nearly linear channel
that has carried channel overflow from river
station 7.40 km. If the headcut continues to
migrate upstream, it will capture the current
main channel. This event will reduce the
stream length further through Gerking Flat,
improving channel efficiency and increasing
the rate of energy transfer downstream.

Changes in stream elevation and
slope must take into account two culverts,
one at the bottom or downstream end of the
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project and a second located approximately
at the 8.20 km. At minimum, the culverts
should have debris guards placed at the
upstream entrances to prevent clogging by
weeds and other debris. Incorporating these
features into planned channel adjustments
complicates the design process, but they are
necessary to for successful implementation
of the project. Alternatively, new culverts
can be installed to accommodate the flow
and expected stream changes. These changes
might include culverts of a different design
(elliptical rather than round) to fit within a
shallower active channel, and with side
culverts to accommodate high flows.

Conclusion

The Gerking Flat CREP project has
the potential to result in reduced soil erosion
and improved water quality and thus to have
a positive impact on aquatic habitat within
the watershed and to meet the landowners'
desire to enhance wildlife habitat. As such, it
is one of the first projects in a dryland-
cropping region and will be watched closely
by other landowners, who will judge its
successes and failures. The Gerking Flat
project also provides a unique opportunity to
help develop and test research hypotheses
concerning riparian and channel
development in the croplands on the
Columbia Plateau.
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Appendix 1. List of species to be planted in rehabilitation of riparian area of the Gerking Flat
Project.

Trees:
American plum / Prunus americana
Black Cottonwood / Populous Trichocarpa
Blue elderberry / Ribus aureum
Choke cherry / Prunus virginiana
Native willow / Salix sp. (on site)
Nankin cherry / Prunis tomentosa

Shrubs:
Bitterbrush, Antelope / Purshia tridentata
Buckbrush / Symphoricarpos orbiculatus
Fourwing saltbush / Atriplex canescens
Greasewood / Sarcobatus vermiculantus
Nookai rose / Rosa nookia
Shadscale saltbush / Atriplex confertifolia
Snowberry / Symphoricarpos albus
Western clemati / Clematis sp.
Woods Rose / Rosa woodsii

Grasses:
Alkali sacaton / Sporobolus airoides
Great Basin W R / Elymus cinereus
Meadow foxtail / Festuca eliator
Western wheatgrass / Agropyron smithii
Streambank wheatgrass / Agropyron riparium
Tall fescue / Festuca arundinacea
Tall Wheatgrass / Agropyron elongatum

Legumes and forbs
Alfalfa / Medicago sativa
YBSC / Meloilotus officinalis
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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 Total

70 Year
Average .74 135 2.10 2.07 1.95 1.51 1.71 1.53 1.49 1.22 35 .49 16.50

1979-80 .17 2.56 2.31 1.05 2.85 1.55 2.12 1.20 2.45 1.42 .23 .18 18.09

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

1999-2000 0 1.75 2.17 1.88 2.39 3.35 3.39

20 Year
Average .78 130 2.61 1.90 2.03 1.64 2.00 1.62 1.90 1.15 39 .56 17.88

114



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 Jul Aug Total

90 Year
Average .59 .92 1.71 1.65 1.64 1.17 .98 .80 .84 .68 .23 .28 11.49

1979-80 .53 2.59 2.23 .65 3.41 1.83 .94 .89 1.27 1.37 .16 .11 15.98

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

1999-2000 0 .83 1.62 .62 1.77 2.43 .76

20 Year
Average .56 .98 1.77 1.59 1.57 1.21 1.15 .96 1.00 .68 .33 .25 12.05
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