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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 three-year period will give a more
complete assessment of the productivity and applicability of research
conducted on behalf of producers in eastern Oregon and comparable
agricultural regions. Changes in staffing, programming, and facilities at
these Centers during the past year are summarized below.

Promotions and Awards 

Gloria Eidam was promoted by OSU from the rank of Clerical Specialist
to Administrative Assistant. Franklin Ball received the College of
Agricultural Sciences Classified Employee of the Year Award, in
recognition of his superb service to the Center and the University.

Promotions within the USDA were earned by Betty Klepper, David Steele
(to Administrative Officer), Roger Goller, Douglas Nelson, Darrell
Johnson, Pat Frank, Julie McClendon, Phaedra Hawkins, and Tami Toll.
Katherine Skirvin and Larry Baarstad received merit salary increases in
recognition of the quality of their work. Dale Wilkins received a merit
award as well as an invention award for his patent on a new drill opener
design. Betty Klepper was selected as Area Scientist of the Year for the
Pacific West Area of the Agricultural Research Service, USDA, in
recognition of her research on cereals and her scientific leadership.
Clyde Douglas was promoted to assistant professor (courtesy) by Oregon
State University.

Staff Changes 

New OSU staff members include Wakar Uddin (Research Assistant in
Plant Pathology), Kelly Thomas (Research Assistant in Plant Breeding), and
Thomas Chastain (Agronomist). Muriel Lytton became an Experimental
Biology Aide (half-time) to complement the half-time appointment she holds
as Clerical Assistant. Theresa Miglioretto resigned as Research Assistant
in Soil Science. Franklin Ball entered early retirement as a result of
illness and his position as facilities and equipment manager is currently
being advertised.

New USDA staff members include Phaedra Hawkins (Federal Junior
Fellow), and Douglas Nelson who filled the Physical Science Technician
position vacated by Gordon Fischbacher. Gail Smead (Federal Junior
Fellow) resigned to complete her internship in pharmacy. Grace Freeman
received a merit-promotion transfer to the U.S. Forest Service in
Pendleton and Sharron Wart took her place as Administrative Clerk. Hal
Collins, who has been working as a Postdoctoral Research Associate in the
soil microbiology program, was selected to fill a two-year temporary
appointment as Research Soil Microbiologist.

Temporary (3 to 6 month) employees for USDA and OSU included Darrell
Johnson, Theresa Miglioretto, Shawn Mallory, Daniel Goldman, Donna Harper,
David Watson, and Karen Morrow.



New Projects 

A new project for the (LISA) Low-Input Sustainable Agriculture
project was initiated in collaboration with five other states (WA, ID, MT,
VT, WY). Paul Rasmussen has summarized over 60 years of data on tillage,
fertility and residue management effects on wheat yield and soil
properties at the research center. The summary will be published as a
bulletin. Ron Rickman initiated research with the SCS Technical Center in
Portland on use of artificial intelligence computer technology in land
management. Clyde Douglas is collaborating with the Southern Plains Area
Conservation and Production Research Laboratory, Bushland, Texas, on a
project to develop and test a residue decomposition prediction model.

Pamela Zwer initiated greenhouse research programs to select and
breed wheats with resistance to the Russian wheat aphid and/or stripe
rust. She also joined collaborative studies to identify characteristics
that enable some club wheats to demonstrate superior stand establishment
when planted under marginal environmental conditions.

Facilities 

Bids are being let to remodel the USDA plant sample preparation room
into a microbiology laboratory equipped to handle radioisotopes and other
specialized chemicals. A computerized system for image analysis, a
scanning spectrophotometer and an automated carbon-hydrogen-nitrogen
analyzer were purchased for the laboratories.

Extensive renovations and maintenance were performed on OSU
facilities. At the Sherman Station these activities included construction
of a retaining wall and spray equipment loading/rinsing platform, and
renovation of the garage, a storage building, an office and lavatory, the
residential unit, and the gravelled roads. At the Pendleton Station
extensive renovations and remodelling were performed on the State Office
Building, seed storage facility, greenhouse, walk-in growth chambers,
plant breeding laboratory, two residential units, grassed waterways and
several grassed and gravelled roads and culverts. A new water well was
drilled, new pump installed, new septic tank installed, and all water
lines to buildings were replaced. Equipment donations included a used JD
55H combine at the Sherman Station and a Yielder 8-foot experimental drill
at the Pendleton Station.

Training

The USDA and OSU staffs initiated a new effort in the teaching of
classes in agricultural science subjects for Saturday Academy; one or two
courses will be taught each year to give young people from 12-18 an
opportunity to become acquainted with our research programs.

USDA staff who received training at Blue Mountain Community College
included Larry Baarstad, James Jerome, Heidi Bornstedt, Roger Goller,
Chris Roager, Carol Brehaut, Pat Frank, Grace Freeman, Sharron Wart, Tami
Toll, Aurora Sombrero, Shigenori Morita, Rich Greenwalt. Courses in
personnel management were taken by Betty Klepper, Carol Brehaut, Joe
Pikul, Hal Collins, Ron Rickman, Dale Wilkins, and Paul Rasmussen. Larry
Baarstad received training on mobile cranes and rigging safety given by
the North American Crane Bureau and in pesticide use. Daryl Haasch and
Dale Wilkins attended pesticide use training and Daryl Haasch attended an
in-depth OSHA-sponsored course in laboratory safety. David Steele
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attended GSA-sponsored courses on property management and sealed bidding.
Dale Wilkins took a course on computer-aided design sponsored by the
American Society of Agricultural Engineers. Doug Nelson received training
on the safe use of neutron probes from CPN Corporation. Rich Greenwalt
took two intensive courses on the Prime minicomputer operating system.
Pat Frank and Carol Brehaut attended a course on successful telephone
techniques. One-third of the staff updated their Red Cross First Aid
training and all eligible staff received an update of CPR training.
Melanie Houser and Kimberley Gilliland received Research Apprenticeships
to permit them to learn about agricultural research at the station over an
8-week period.

Among the OSU staff, Gloria Eidam and Muriel Lytton completed a
course on computer operating systems at Blue Mountain Community College.

Visitors

The laboratory has been fortunate to have two foreign scientists
visiting for the past year. Dr. Aurora Sombrero has come under a
scholarship from the National Institute of Agricultural Research of Spain
to work on environmental physiology with Ron Rickman and Betty Klepper.
Dr. Shigenori Morita, an Assistant Professor at Tokyo University, has come
on sabbatical leave to work on the seminal root system of wheat with Ron
Rickman, Dale Wilkins and Betty Klepper.

Distinguished visitors hosted by staff at the Center included Dan
Niffenegger (Assistant Area Director, Pacific West Area, USDA-ARS),
William Chace (Area Director, Pacific West Area, USDA-ARS), Walter Stern
(University of Western Australia), Ralph Sedgley (University of Western
Australia), Brenton Sharrat (USDA-ARS, Fairbanks, Alaska), Francois
Tardieu (National Institute of Agronomic Research, Paris), John Baker
(Massey University, Palmerston North, New Zealand), Charles Rush, (Texas
Agricultural Experiment Station, Lubbock, Texas), Gerald Still (Director,
USDA-ARS, Plant Gene Laboratory, Albany, California), Elias Fereres
(National Institute of Agricultural Research Laboratory, Cordoba, Spain),
Wayne Smith (Western Australia Department of Agriculture, Perth),
Toshihide Nagano (Tokyo University of Agriculture), Sho Shiozawa (Tokyo
University of Agriculture), T. Ishida (Yamagata University), John Byrne
(President, OSU), Roy Arnold (Dean, College of Agricultural Sciences, OSU)
Thayne Dutson (Director, Oregon Agric. Expt. Stn., Corvallis), James
Zuiches (Director, Washington Agric. Expt. Stn., Pullman), Gary Lee
(Director, Idaho Agri. Expt. Stn., Moscow), Kelvin Koong and Van Volk
(Associate Directors, OAES), Nobel Laureate Norman Borlaug (CIMMYT,
Mexico), U.S. Senator McClure (Idaho), Mario Mellado (Chile), John Axtell
(Purdue Univ., Lafayette, IN), Eugene Saari (CIMMYT, Turkey), Rafael
Jimenez-Diaz (Univ. of Cordoba, Spain), George Bayer (Cornell Univ.,
Ithaca, NY), Juan Berger and Julio Elizondo (Uraguay), L. R. "Pat"
Kandhari (New Delhi, India), B. Shantilal (Bangalore, India), Albert
Ludwick (Potash Institute, Davis, CA), Henry Brandt (Milan, IL), Neal
Donnelly (Chevy Chase, MD), Paul Heisy (Hyattsville, MD), Don Mitchell
(Remington, VA), Frank Martens (Arlington, VA), Chen Zhenping (Editor,
World News Page, Jiefang Daily, Shanghai), and Thomas Poon and Cecil Li
(Hong Kong Flour Mills). Other distinguished visitors included Oregon
State Senators Glenn Otto and Mike Thorne, Oregon State Representatives
Albert Young, Shirley Gold, and Mike Burton, and Oregon Wheat Grower's
League Salem Legislative Advocates Mike and Nan Dewey.
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Department Heads who visited the Centers included Sheldon Ladd (OSU-
Crop Science), Beno Warkentin (OSU-Soil Science), Ralph Berry (OSU-
Entomology) and Duane Miller (WSU-Agronomy and Soils). Other visitors
included numerous representatives of equipment and chemical companies,
news media, and faculty and staff from research and extension programs in
Washington, Idaho and Oregon. Visiting scientists included Jim Cook,
Lloyd Elliott, Duane Miller, Gaylan Campbell, Dave Bezdicek, Ann Kennedy,
Jeff Smith, John Kraft, Walter Kaiser, Keith Saxton, and Alex Ogg from
Washington, Ken Kephart from the University of Idaho, and Warren Kronstad,
Chris Mundt, Floyd Bolton, Russ Karow, Arnold Appleby, and Jim Vomocil
from Oregon.

We hosted a delegation of eight British farmers, a team of plant
breeders and cereal millers from India, and a high-level delegation of
national and provincial science program administrators from China, led by
Eugene Cheng-yen Kuo (Agri-Check, Inc., Umatilla). We also hosted tours
by members of the E. R. Jackman Foundation, Oregon Wheat Commission, and
Oregon Wheat Grower's League, and conducted workshops for representatives
of the technical staffs of the USDA-Soil Conservation Service, and for
McGregor Co.

Seminars 

The seminar series at the Center was coordinated by Joseph Pikul.
Seminars included the following speakers and subjects: John Baker, Massey
University, New Zealand (the New Zealand seed planter), Dale Wilkins
(farming in England and Scotland), Sue Waldman (programming scientific
models), Ron Rickman (estimating solar radiation), Shigenori Morita,
Tokyo, Japan (rice root systems), John Zuzel (water infiltration and
tillage), Kelly Thomas (winter hardiness of wheat), Hal Collins (microbial
activity related to management), Betty Klepper (root characteristics),
Paul Rasmussen (fertility and cereal response), Clyde Douglas (surface
residue and cereal development), Charles Rush, Lubbock, Texas (sugar beet
research), Dale Wilkins (spacing and pea yield), Joseph Pikul (soil
macroporosity), Bob Adelman (food Security Act), Don Wysocki (nitrogen
management), Paul Rasmussen (crop yield related to management), Joseph
Pikul (frozen soil water infiltration), Richard Smiley (root diseases in
cereals), Aaron Skirvin (water management on the Umatilla Indian
Reservation), Christopher Mundt (control of plant disease), Ralph Sedgley,
University of Western Australia, Australia (crops for West Australia
wheatbelt), Tom Chastain (seed quality research), Herbert Reed (nitrogen
uptake in cereals), Jack Moes (tillering and barley yield), Elias Fereres,
Cordoba, Spain (water use by irrigated crops in Spain), Pamela Zwer (host
pathogen interactions).

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 also, at Pendleton, by the Director of the Northwestern Area,
USDA-ARS. These committees provide a primary communication linkage among
growers and industry and the research staff and their parent institutions.
The Committee Chairman 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
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Liaison Committee, led by Chairman John Rea (Touchet, WA.; 509-394-2430),
met on June 15, October 28 and November 25, 1988, and on March 9 and June
7, 1989. The Sherman Station Liaison Committee, led by Chairman Tom McCoy
(Moro: 503-442-5233), held meetings on June 16, October 22 and November
25, 1988, and on January 6, 1989.

Expressions of Appreciation

The staff wishes to express their appreciation to individuals,
associations and corporations who have given special assistance for the
operation of experimental plots on or associated with the Center during
1988-1989. The Oregon Wheat Commission continues to provide the critical
support upon which many of the Center's projects are founded. Thanks are
also given to those who donated equipment for long-term use by the Center
(George Moreau and John Rea), funds and/or chemicals (Monsanto Chem. Co.,
Nor-Am Chem. Co., MSD-AGVET, Ciba-GEIGY, duPont, Sandoz Chem. Co., and
Sherman Farm Chemicals), donated seed (Perfection Seed Co., Pendleton
Grain Growers and Asgrow Seed Co.) or loaned equipment or facilities (John
Rea, Frank Tubbs, Soil Conservation Service).

We also acknowledge those who donated labor, supplies, equipment or
funding for the Pendleton Field Day (Umatilla County Ag Lender's Assoc.
[Oregon Bank, U.S. Bank, Inland Empire Bank, First Interstate Bank, Farm
Credit Services], Wheatland Insurance, Pendleton Grain Growers, Pendleton
Senior Center, Main Street Cowboys, Umatilla County Wheat Growers League,
Western States Equip. Co., Frank Tubbs, and Larry Coppock), the Moro Field
Day (Monsanto Co., Midco Grain Growers, PureGro, Sherman Co-op Grain
Growers, Sherman Farm Chemicals, Condon Grain Growers, Sherman County
School District, and Branding Iron Restaurant), and the OSU Alumni Picnic
(Safeway Stores and Dwight Wolfe).

Cooperative research plots at the Center were operated by Floyd
Bolton, Warren Kronstad, Patrick Hay, Chris Mundt, Russ Karow, Ann
Kennedy, Keith Saxton, and the Soil Conservation Service. We also thank
the SCS District Conservationists in Oregon and Washington for their
assistance. Additionally, we are very thankful for the ever-present
assistance from the Extension Service personnel in all counties of the
region, and especially from Umatilla, Union, Sherman, Morrow, Gilliam,
Wallowa, and Wasco Counties and from Columbia and Walla Walla Counties in
Washington. We also wish to thank the 60 or more farmers who have allowed
us to work on their property during the past year, and who have often gone
the extra mile by performing field operations, loaning equipment, donating
chemicals, and adjusting their practices to accommodate our plots. The
locations of these outlying sites are shown on the map that follows.

We truly appreciated 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 needs of our region. We
welcome your suggestions on how we may continue to improve our attempts to
reach this goal.

Richard Smiley	 Betty Klepper
Superintendent	 Research Leader
OSU-CBARC	 USDA-ARS-CPCRC
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PUBLICATIONS - 1988

The following list consists of publications by personnel of the USDA-ARS,
Columbia Plateau Conservation Research Center and Oregon State University,
Columbia Basin Agricultural Research Center in 1988.

Allmaras, R. R., P. Burford, J. L. Pikul, Jr., and D. E. Wilkins. 1988.
Tillage influences on incorporated wheat residues. p. 445-450. In Proc.
11th ISTRO Conf., Edinburgh, Scotland, 11-15 July.

Allmaras, R. R., J. L. Pikul, Jr., J. M. Kraft, and D. E. Wilkins. 1988. A
method for measuring incorporated crop residue and associated soil
properties. Soil Sci. Soc. Am. J. 52:1128-1133.

Collins, H. P., P. E. Rasmussen, and C. L. Douglas. 1988. Characterization
of microbial activity after 58 years of wheat-fallow cropping. Agronomy
Abstracts, p. 213.

Dick, R. P., P. E. Rasmussen, and E. A. Kerle. 1988. Influence of long-
term residue management on soil enzyme activities in relation to soil
chemical properties of a wheat-fallow system. Bio. Fert. Soils 6:159-164.

Douglas, C. L. Jr., P. E. Rasmussen, R. R. Allmaras, and L. Baarstad. 1988.
Residue distribution behind combines. Abstract, Proc. SWCS, Columbus, Ohio.
p. 10.

Douglas, C. L. Jr., R. W. Rickman, E. L. Klepper, P. E. Rasmussen, R. J.
Cook, L. F. Elliott and A. C. Kennedy. 1988. Surface residue impacts on
winter wheat development. Agronomy Abstracts, p. 274.

Douglas, C. L. Jr., R. W. Rickman, J. F. Zuzel, and B. L. Klepper. 1988.
Criteria for delineation of agronomic zones in the Pacific Northwest. J.
Soil Water Conserv. 43:415-421.

Klepper, B. 1988. Crop response to positional variability in the root zone
of cereals. Agronomy Abstracts, p. 279.

Klepper, Betty. 1988. Review of Book, " Roots, Nutrient and Water Influx,
and Plant Growth" for Field Crops Research 18:210-211.

Klepper, Betty. 1989. Book Review, "The Effects of Low Temperature on
Seedling Growth of Maize Genotypes". Field Crops Research 19:317.

Klepper, Betty and R. W. Rickman. 1988. Plant response to conservation
tillage. 34th Annual Meeting Abstracts; p. 32. Canadian Soc. of Soil Sci.,
Univ. of Calgary, Alberta, August 21,24.

Klepper, Betty and R. W. Rickman. 1988. Plant response
tillage. pp. 227-238. In (J.T. Harapiak, Ed. Land
Conservation Tillage) Proc. of symposia, Inst. of Canada
Calgary.

Klepper, B., D. E. Wilkins, T. R. Toll, and Clinton
Emergence of winter wheat in a dry autumn. pp. 51-56.
Basin Agric. Res., Oregon Agric. Expt. Stn. Rept. 827.

to conservation
Degradation and
Annual Meeting,

Reeder.	 1988.In 1988 Columbia
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Klepper, B., R. W. Rickman, J. F. Zuzel, and S. E. Waldman. 1988. Use of
growing degree days to project sample times for cereal crops. Agron. J.
80:850-852.

McCool, D. K., R. A. Young, and J. F. Zuzel. 1988. Freezing and thawing
effects on soil properties. Agronomy Abstracts, p. 281.

Morrison, J. E
D. C. Erbach,
M. Herron, and
type seeder
4(4):300-309.

. Jr., R. R. Allen, D.
L. P. Herndon, D. L.
D. J. Baumert. 1988.
selection guideline.

E. Wilkins, G. M. Powell, R. D. Grisso,
Murray, G. E. Formanek, D. L. Pfost, M.
Conservation planter, drill and air-
Applied Engineering in Agriculture

Pikul, J. L. Jr., J. F. Zuzel, and R. N. Greenwalt. 1988. Tillage impacts
on water infiltration. p. 46-50. In 1988 Columbia Basin Agric. Res.,
Oregon Agric. Expt. Stn. Spec. Rept. 827.

Pikul, J. L. Jr., J. F. Zuzel, and D. E. Wilkins. 1988. Measurement of
tillage induced soil macroporosity. Am. Soc. Agric. Eng. Paper No. 88-
1641.

Pikul, J. L. Jr., L. Boersma, and R. W. Rickman. 1989. Temperature and
water profiles during diurnal soil freezing and thawing: Field measurements
and simulation. Soil Sci. Soc. Am. J. 53:3-10.

Ramig, R. E. 1988. Rainfall at the Pendleton and Moro Experiment Stations.
pp. 62-67. In 1988 Columbia Basin Agric. Res., Oregon Agric. Expt. Stn.
Spec. Rept. 827.

Ramig, R. E. 1988. Water conservation and use in the semiarid Pacific
Northwest. Abstracts International Conf. on Dryland Farming, p. 40.

Ramig, R. E. and L. G. Ekin. 1988. Should I double fallow? pp. 57-61. In
1988 Columbia Basin Agric. Res., Oregon Agric. Expt. Stn. Spec. Rept. 827.

Rasmussen, Paul E. 1988. Long-term research on soil organic matter. p. 3
4. Small Farm News, May/Jun. Coop. Ext., Univ. of California, Davis, CA.

Rasmussen, P. E. and C. L. Douglas, Jr. 1988. Tillage and cropping-
intensity influence on cereal response to nitrogen, sulfur, and phosphorus.
Agronomy Abstracts, p. 283.

Rasmussen, P. E. and C. R. Rohde. 1988. Long-term tillage and nitrogen
fertilization effects on organic nitrogen and carbon in a semiarid soil.
Soil Sci. Soc. Am. J. 52:1114-1117.

Rasmussen, P. E. and C. R. Rohde. 1988. Stubble burning effects on wheat
yield and nitrogen utilization under semiarid conditions. Agron. J.
80:940-942.

Rasmussen, P. E. and D. E. Wilkins. 1988. Green pea response to lime in a
wheat-pea rotation. p. 43-45. In 1988 Columbia Basin Agric. Res., Oregon
Agric. Expt. Stn. Spec. Rept. 827.
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Rickman, R. W., S. E. Waldman, and J. F. Zuzel. 1988. Estimating daily
solar radiation at the ground surface. Agronomy Abstracts, p. 26.

Rydrych, D. J. October, 1988. Cereal cultivar tolerance to Picloram. pp.
61-64. In Proceedings Oregon Society of Weed Science. Oregon State
University Extension Service, Warm Springs, OR. 69 p.

Rydrych, D. J. November, 1988. The tolerance of Viola arvensis and other
weeds to herbicides. pp. 1-4. In Proceedings of 38th Washington Weed
Conference. Washington State University, Yakima, WA. 200 p.

Rydrych, D. J. 1988.
OSU-CBARC Oregon Agric.

Rydrych, D. J. and D.
OSU-CBARC Oregon Agric.

Rydrych, D. J. 1988.
cereal-fallow rotation.

Cereal cultivar tolerance to Picloram and Tycor.
Exp. Stn. Spec. Rept. 827. pp. 37-39.

E. Wilkins. 1988. Wheel track damage in cereals.
Exp. Stn. Spec. Rept. 827. pp. 40-42.

Grass weed control in minimum tillage systems in a
STEEP Res. Prog. Rept., Portland, OR.

Smiley, R. W., J. Pinkerton, R. Ingham. G. Newcomb, G. Cook, and P. Zwer.
1988. Cereal cyst nematode (Heterodera avenae) research and survey in east-
ern Oregon. pp. 28-31. In Oregon Agric. Expt. Stn. Spec. Rept. 827. 70 p.

Smith, J. L., P. E. Rasmussen, and H. P. Collins. 1988. Nitrogen transfor-
mations as affected by 50 years of residue management treatments. Agronomy
Abstracts. p. 224.

Waldman, S. E. and R. W. Rickman. 1988. Programming techniques to expedite
communication of scientific models. Agronomy Abstracts, p. 28.

Wilkins, D. E. and J. M. Kraft. 1987. Crop residue management and pea root
rot disease. Amer. Soc. Agr. Eng. Paper No. 87-2510.

Wilkins, D. E. 1988. Apparatus for placement of fertilizer below seed with
minimum soil disturbance. U.S. Patent Number 4,765-263. Aug. 23.

Wilkins, D. E., B.L. Klepper, and P. E. Rasmussen. 1988. Management of
grain stubble for conservation tillage systems. Soil & Tillage Res. 12:25-
35.

Wilkins, D. E. and J. M. Kraft. 1988. Managing crop residue and tillage
pans for pea production. In Proc. International Soil & Tillage Research
Organization. pp. 927-932.

Wilkins, D. E., J. M. Kraft, and B. L. Klepper. 1988. Influence of plant
spacing on pea yield. Amer. Soc. Agr. Engr. Paper No. 88-1567.

Zuzel, J. F. and J. L. Pikul, Jr. 1987. Infiltration into a seasonally
frozen agricultural soil. J. Soil and Water Conserv. 42:447-450.

Zuzel, J. F. 1988. Predicting snow course water equivalent. Proc. Western
Snow Conf. p. 155-157.
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Zuzel, J. F. and R. Karow. 1988. Weather Wizard. Oregon State University
Extension Service Software. Special Report 831.

Zuzel, J. F., J. L. Pikul, Jr. and P. E. Rasmussen. 1988. Tillage and fer-
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IMPROVING GRAIN YIELD: 60-YEARS OF PROGRESS

P. E. Rasmussen, C. R. Rohde, and R. W. Smiley'

Variety trials have been conducted at the Pendleton Agricultural
Research Center since 1932. These trials include soft white winter and
spring wheat, 1932-1987; hard red spring wheat, 1963-1987; spring oats,
1951-1985; winter barley, 1956-1987; and spring barley, 1932-1987. All
variety trials are grown after fallow and all have been fertilized for the
past 35 years. In addition, winter wheat has been grown in both wheat/pea
and wheat/wheat rotation in other experiments, so that yield under
different crop rotation can be estimated.

The effect of varietal improvement on soft white winter wheat yield
is shown in Figure 1. The general sequence of winter wheat variety has
been Rex, Rex M-1, Golden, Elgin, Elmar, Omar, Gaines, Nugaines, Hyslop,
Stephens, and Malcolm. Semi-dwarf varieties replaced tall and medium-tall
varieties in the early 1960's. Yield of improved winter wheat varieties
show an almost linear yield increase over time compared to the old
standard 'Kharkof'. Yield increased from 45 bu/ac in the 1930's to over
80 in the 1980's. The variety improvement increase has been about 0.8
bu/ac per year. Surprisingly, the yield increase shows little sign of
abating even though a moisture-deficit restricts yield in most years.

GRAIN (bu/ac)
85

75

65

55

45

35
1932-39 1940-47 1948-55 1956-63 1964-71 1972-79 1979-87

KHARKOF ME IMPROVED VARIETIES

Figure 1. Grain yield of the best winter wheat varieties in relation the
standard check variety; 1932-1987, in 8-year periods. Pendleton
Agricultural Research Center. Nitrogen fertilized. Wheat/fallow
rotation.

1 Soil scientist, USDA-ARS, Columbia Plateau Conservation Research Center;
professor emeritus, and superintendent and professor, Columbia Basin
Agricultural Research Center, Oregon State University, Pendleton, Oregon
97801.
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Table 1 compares winter wheat yield following fallow, peas, and
wheat. The efficient moisture-use ability of the semi-dwarf varieties
since the 1960's is evident; yield under annual cropping has risen even
more steeply than yield after fallow. Prior to 1963, wheat after peas
yielded 64% and wheat after wheat 48% of the yield of wheat following
fallow. Since 1972, the comparable percentages are 78 and 69%,
respectively. It must be noted, however, that precipitation since 1972
has been higher than normal, which tends to favor annual-crop yield more
than yield following fallow.

Table 1. Winter wheat yield following fallow, peas, and wheat, 1932-1987

8-year
period 

Previous crop   
fallow peas	 wheat

bu/ac - - -----

	

1932-39	 45	 29	 21

	

1940-47	 47	 30	 22

	

1948-55	 52	 30	 26

	

1956-63	 58	 41	 29

	

1964-71	 67	 45	 31

	

1972-79	 71	 50	 44

	

1980-87	 83	 71	 63

Table 2 compares the yield of soft white winter wheat with that
of soft white spring wheat, hard red spring wheat, spring oats, spring
barley, and winter barley. None of the spring cereals show the
outstanding yield increase from varietal improvement that has been shown
for winter wheat. Winter barley, grown since 1956, shows increasing yield
with time similar to winter wheat. There is no apparent reason why the
spring crops have not yielded well at Pendleton. Spring cereals at
Pullman, Washington yield much higher and show a varietal-improvement
response. Both total and growing-season precipitation is lower at
Pendleton than Pullman, so late-season drought stress may be a factor.

Table 2. Comparison of yield of winter and spring types of wheat, barley,
and oats, 1932-1987. All crops grown following fallow

8-year	 Soft white wheat	 Hard red	 Oats 	 Barley
period	 winter spring	 spring	 spring	 winter spring

lbs/ac

	

1932-39	 2720	 2210	 2840

	

1940-47	 2840	 2650	 2640

	

1948-55	 3140	 2600	 3110	 3770

	

1956-63	 3460	 2510	 2180	 2830	 3540	 3290

	

1964-71	 4000	 2270	 2320	 2770	 4410	 3330

	

1972-79	 4280	 2410	 2420	 3040	 4980	 3490

	

1980-87	 5000	 2680	 2470	 3890	 5640	 3250
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Yield of spring oats is presently slightly higher than yield of either
spring wheat or spring barley. Yield of hard-red spring wheat is similar
to yield of soft white spring wheat. Yield of spring wheat and spring
barley at the Research Center is presently as high or higher under annual
cropping as when grown following fallow.
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CLUB WHEAT IMPROVEMENT AND ADAPTIVE TESTING PROGRAM:

DESCRIPTION AND PERFORMANCE OF WINTER AND SPRING WHEAT CULTIVARS

P. K. Zwer, C. R. Rohde, and K. J. Thomas'

INTRODUCTION

The primary program objectives include developing widely adapted, high
yielding disease and pest resistant club wheat cultivars as well as gener-
ating and distributing agronomic information concerning winter and spring
cultivars important in northeastern Oregon. The breeding program emphasizes
research concerning the Russian wheat aphid, disease resistance, club wheat
diversification, and quality. The adaptive testing component examines ad-
vanced line and cultivar productivity in diverse agronomic zones around
northeastern Oregon. Winter and spring wheat cultivar descriptions and
yield information are presented in the following paper.

MATERIALS AND METHODS

The Pendleton and Sherman Agricultural Research Stations and six off-
station sites, selected near Arlington, Athena, Helix, Heppner, LaGrande,
and Lexington, represent diverse agronomic zones for yield testing in north-
eastern Oregon. Three yield trials, winter grain, advanced club and spring
grain, each comprised of 30 entries and three replications, were sown at the
off-station sites as well as Pendleton and Moro. Additional yield tests
were sown at Pendleton and include preliminary club wheat yield trials and
the Western Regional Soft White Winter Wheat Yield Test. Table 1 shows the
yield trial sowing and harvesting dates of the respective locations for
1987-88. Plots measured 32 ft 2 with a seeding density of 20 seeds per ft2.
Extensive data, such as reactions to numerous diseases, lodging, shattering,
plant height, grain height, grain yield, and test weight, were collected
from the yield experiments.

Table 1. Sowing and harvesting dates for the winter and spring wheat
and triticale yield trials, 1987-88.

Location
Winter Trials Spring Trials

Sown	 Harvested Sown	 Harvested

Arlington October 22 July 20 March 10 July 20
Athena October 15 August 4 March 15 August 4
Helix October 15 July 25 March 15 July 25
Heppner October 18 August 16 March 8 August 16
LaGrande October 5 August 18 April 14 August 23
Lexington October 22 July 28 March 8 July 28
Moro October 8 July 29 March 10 July 29

I Associate professor, professor emeritus, and research assistant, Columbia
Basin Agricultural Research Center, Oregon State University, Pendleton,
Oregon 97801.
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Table 2.	 Agronomic characteristics for selected winter wheat cultivars	 in Oregon?

Cultivar
Released Emergence2

index
Winter- 2

hardiness Maturity Height3
Lodging4

resistance
Test2
weight

Chaffs
color

Head
typeYear Stater

Common white

Basin 6 1985 Pr 6 6 Midseason SD-M R 8 W Awned
Cashup 6 1985 Pr 7 8 Midseason SD-M R 8 W Awned
Daws 1976 WA 4 8 Midseason SD-M R 6 W Awned
Dusty 1984 WA 5 5 Mid-late SD-M MR 7 W Awned
Hill	 81 1981 OR 5 5 Midseason SD-MT R 7 W Awned
John 1984 WA 6 7 Midseason SD-M R 7 W Awned
Lewjain 1982 WA 6 6 Late SD-M MR 7 W Awned
Madsen 1988 WA 5 4 Midseason SD-MT R 7 W Awned
Malcolm 1987 OR 5 4 Early-mid SD-M R 7 W Awned
Nugaines 1961 WA 5 7 Midseason SD-M R 8 W Awned
Oveson 1987 OR 5 4 Mid-late SD-MT MR 7 W Awned
Sprague 1973 WA 6 7 Early-mid SD-M MS 7 W-B Awned
Stephens 1977 OR 5 4 Early-mid SD-M R 7 W Awned
Yamhill 1969 OR 7 4 Midseason MT-T MR 7 W Awnletted

Club

Crew 1981 WA 6 5 Midseason SD-MT MR 6 W-B Awnless
Faro 1976 OR 6 5 Early-mid SD-MT R 5 B Awnless
Hyak 1988 WA 5 5 Early-mid SD-MT MR 6 W Awnletted
Jacmar 1978 Pr 5 7 Early-mid SD-M R 5 B Awnletted
Moro 1965 OR 8 5 Early-mid MT MS 5 B Awnless
Tres 1984 WA 5 5 Midseason SD-M R 7 W Awnletted
Tyee 1979 WA 5 6 Midseason SD-MT R 5 W Awnless

Hard Red

Batum 1985 WA 5 7 Mid-late SD-SM R 6 W Awned
Hatton 1979 WA 6 9 Mid-late MT MR 8 W Awned
Wanser 1965 WA 6 9 Midseason M MS 8 B Awned
Weston 1978 ID 6 8 Early-mid MT R 8 Awned

iwa = Washington, OR = Oregon, ID = Idaho, Pr = Private
2 Scale of 1 to 10, poor to excellent.

3SD = semidwarf, SM = short-medium, M = medium, MT = medium-tall, I = tall.
4R = resistant, MR = moderately resistant, MS = moderately susceptible.
sW = white, B = brown.
6Information provided by developer, Columbia Basin Seeds
?Table complied by R. Karow, Extension Cereal Specialist, OSU



Table 3.	 Disease reactions for commonly grown winter wheats in Oregon?

Cultivar
Rust Bunt Flag

smut
Cephalo-2
sporium

Sept-
oria

Foot3
rot

Take
all

Snow
moldStripe Leaf Common Dwarf

Common white
Basin 4 R1 R R MR R MR
Cashup 4 R R R S R MR -
Daws MR MS R S MS MS MS MS S S
Dusty MR MS R S MS MS -- S S S
Hill	 81 MR MR R S S MR MT S S -
John MS S S S -- -- -- -- S R
Lewjain
Madsen

R
R

MS
R

R
S

MR
S

MS MR
MS

MT
--

T
R

S 
--

-

Malcolm MR MR R S MS MS MS S S
Nugaines MR S R S MR MR MS MS S S
Oveson R S MR S -- MR MS S S
Sprague S S S S S S S S R
Stephens MR MS R S MS S MS MR S S
Yamhill MS MR S S MR MS MS I S -

Club

Crews MR-S MR R S MS S S S
Faro S S MR S MS S MS MS S
Hyak R R S S -- S R -
Jacmar S S MR MR MS MS MT T S
Moro MS S MR R MR MR MS S
Tres 6 MR-S MR MR S S S MS S
Tyee S S MR S S MR T S

Hard Red

Batum R MS R S MS MS S S S
Hatton MR S R MS -- S S
Wanser
Weston

T
MS

S
MS

R MR MS

I R = resistant, MR = moderately resistant, MS = moderately susceptible. S = susceptible, T = tolerant, MT = moderately
tolerant, -- = reaction unknown.

2 Resistance to cephalosporium stripe seems to vary with environment. Resistance may be due to morphological growth
patterns rather than true genetic resistance.

3 Pseudocercosporella foot rot.
4 Information provided by developer, Columbia Basin Seeds.
5 Crew is a multiline variety composed of ten separate lines, some of which are rust susceptible.
6 Tres is moderately resistant to powdery mildew, A stripe rust race in parts of Eastern Oregon and Washington has
overcome Tres' stripe rust resistance.

7 Table complied by R. Karow, Extension Cereal Specialist, OSU.



Table 4. Yield summary for winter wheat and triticale cultivars grown in northeastern Oregon, 1987-88

Location

Cultivar	 Arlington	 Athena	 Helix	 Heppner	 LaGrande	 Lexington	 Moro 

Common	 	  bushels/acre 	

Basin	 42	 68	 43	 57	 118	 48	 57	 62
Batum	 48	 74	 51	 53	 109	 52	 68	 65
Cashup	 45	 76	 39	 51	 121	 51	 52	 62
Daws	 42	 76	 41	 56	 121	 45	 64	 64
Dusty	 43	 70	 49	 54	 127	 50	 63	 65
Hatton	 47	 67	 47	 55	 104	 45	 48	 59
Hill 81	 41	 81	 46	 56	 113	 49	 48	 62
Lewjain	 47	 81	 43	 60	 125	 50	 54	 66
Madsen	 47	 79	 41	 52	 121	 46	 57	 63
Malcolm	 40	 82	 48	 57	 125	 51	 68	 67
Oveson	 50	 76	 54	 54	 119	 48	 61	 66
Stephens	 48	 81	 49	 64	 111	 55	 65	 68
Survivor	 42	 51	 41	 44	 79	 45	 38	 49
Wanser	 44	 57	 43	 50	 93	 39	 38	 52

Club	 	  bushels/acre 	

Crew	 42	 70	 48	 52	 115	 47	 54	 61
Hyak	 49	 69	 45	 57	 112	 44	 55	 62
Tres	 41	 84	 51	 56	 99	 53	 53	 62

Nursery z	 45	 73	 46	 55	 114	 48	 55

Triticale	 	  lbs/acre
Flora	 2598	 4329	 3222	 3111	 6924	 2765	 3860



RESULTS AND DISCUSSION

The diverse agronomic zones intrinsic to northeastern Oregon mandate
the use of different cultivars in each region for the greatest productivity.
Decisions are based on many factors including, agronomic characteristics and
disease reaction. Tables 2 and 3 outline this information for winter wheat
cultivars. Yield data are presented for the 1987-88 growing season for
seven locations in Table 4. In addition, a six year yield average (Table 5)
was summarized for winter wheat cultivars grown at five locations during
this time period.

Tables 6 and 7 summarize agronomic characteristics and disease reac-
tions for spring wheat cultivars. Yield data for the 1987-88 growing season
are presented in Table 8 and a six year average for a small subset of spring
wheat cultivars are shown in Table 9.

Table 5. Six year average of winter wheat cultivars grown in diverse
northeastern Oregon agronomic zones, 1982-88.

Location 
Cultivar	 Arlington	 Heppner	 LaGrande	 Lexington	 Moro
	  bu/acre 	

Common

Daws	 41	 48	 99	 47	 59
Dusty	 40	 49	 101	 50	 60
Hill 81	 41	 48	 97	 49	 50
Lewjain	 43	 50	 98	 50	 52
Malcolm	 40	 52	 102	 52	 62
Oveson	 43	 47	 98	 49	 56
Stephens	 45	 56	 92	 55	 60

Club

Crew	 42	 46	 95	 48	 53
Tres	 41	 47	 62	 51	 52
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Table 6.	 Agronomic characteristics for selected spring wheat cultivars in Oregon6

Cultivar
Released

Maturity Height2
Lodging 3

resistance
Test4

weight
Chaff 5
color

Head
type

Year	 State'

Soft white common

Dirkwin
Edwall
Owens
Penawawa
Twin
Wadual
Wakanz

1978
1984
1981
1985
1971
1988
1988

ID
WA
ID
WA
ID
WA
WA

Early-mid
Early-mid
Midseason
Midseason
Mid-late
Midseason
Midseason

SD-M
SD-M
SD-M
SD-M
SD-M
SD-M
SD-M

MR
R
R
R

--
R
R

6
7
8
8
5
9
8

W
W
W
W
W
W
W

Awnless
Awned
Awned
Awned
Awnless
Awned
Awned

Hard red common

Bronze Chief
Kodiak
McKay
Spillman
Westbred 906R
Westbred 926
Yecora Rojo

1985
1985
1981
1989
1982
1987
1975

Pr
Pr
ID
WA
Pr
Pr
CA

Early
Early
Midseason
Midseason
Early-mid
Early-mid
Early

SD-M
SD-S
SD-M
SD-M
SD-M
SD-M
SD-S

R
R
R
R
R
R
R

8
6
8
8
8
8
8

B
W
W
W
W
W
W

Awned
Awned
Awned
Awned
Awned
Awned
Awned

1 CA = California, ID = Idaho OR = Oregon, WA = Washington, Pr = Private.
2 SD = semidwarf, S = short, SM = Short-medium, M = medium, MT = medium-tall,
R = resistant, MR = moderately resistant, MS = moderately susceptible

4 Scale of 1 to 10, poor to excellent.
5 W = white, B	 brown.
6 Data taken from C. R. Rohde and Washington State Crop Improvement Assn. 

= tall.



Table 7.	 Disease reactions for selected spring wheat
cultivars in Oregon and Washington'

Cultivar
Rust2

Stripe Leaf Stem

Soft white common

Dirkwin R VS R
Edwall MR MR R
Owens R S R
Penawawa MR MR R
Twin R S
Wadual MR MR -MR
Wakanz MR MR MR

Hard red common

Bronze Chief MR MS R
Kodiak MS MS MS
McKay R R R
Spillman R R
Westbred 906R R R
Westbred 926 R R
Yecora Rojo S R R

'Data collected from C. R. Rohde and Washington State
Crop Improvement Assn.

2R - resistant, MR - moderately resistant, MS -
moderately susceptible, S - susceptible, and VS
very susceptible.
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Table 8. Yield summary for spring wheat and triticale cultivars grown in northeastern Oregon,
1987-88

Location 

Cultivar	 Arlington	 Athena	 Helix	 Heppner	 LaGrande	 Lexington	 Moro	 i

Wheat	 	  bushels/acre 	

Bronze Chief	 35	 56	 37	 37	 73	 39	 55	 47
Oirkwin	 40	 59	 47	 33	 11	 50	 51	 50
Kodiak	 38	 53	 28	 39	 71	 34	 53	 45
McKay	 39	 60	 43	 37	 80	 39	 58	 51
Owens	 40	 59	 49	 36	 85	 48	 58	 54
Spillman	 37	 59	 45	 40	 83	 41	 50	 51
Twin	 42	 66	 53	 38	 81	 45	 63	 55

	

Westbred 906R 40	 55	 33	 41	 83	 45	 56	 50
Yecora Rojo	 39	 55	 32	 40	 79	 38	 53	 48

Nusery i a 	 39	 59	 41	 39	 79	 42	 54

Triticale	 	  lbs/acre 	

Grace	 1972	 2918	 3603	 1705	 3689	 2657	 2796	 2763
Juan	 2476	 2960	 4297	 2631	 4571	 2894	 3175	 3429
Karl	 2417	 3585	 2739	 2380	 4560	 2843	 3127	 3093
Nutricale	 1831	 2652	 2799	 1528	 3502	 2273	 2377	 2423

-
Nursery x	 2174	 3279	 3360	 2061	 4081	 2667	 2869	 ----

aNursery x of wheat cultivars
b
Nursery x of triticale cultivars



Table 9. Six year average of spring wheat cultivars grown in diverse northeastern
Oregon agronomic zones, 1982-1988.

Location 
Cultivar	 Arlington	 Helix	 Heppner	 LaGrande	 Lexington	 Moro
	  bu/acre 	

Dirkwin	 34	 39	 37	 65	 44	 44
McKay	 32	 36	 36	 66	 35	 47
Owens	 34	 40	 34	 72	 40	 46
Twin	 36	 42	 39	 70	 43	 51

CONCLUSION

The adaptive testing program is an integral element of the club wheat
program as well as providing information to wheat related industries. The
information provides a valuable comparison of cultivars, utilizing consis-
tent experimental procedures, grown in diverse agronomic zones.
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WHEAT VARIETAL DEVELOPMENT: A MARKET PERSPECTIVE

S.L. Broich, M. Verhoeven, N.S. Scott, C. S. Love,
D. Kelly, R. Knight, M. Moore and W. E. Kronstadl

The continued vitality of the wheat industry in Oregon depends upon the
marketplace: current markets, future market trends and the potential of
developing new markets. Markets, in turn, depend upon the end-use products
made from wheat and from the ability of wheat cultivars grown to meet the
quality requirements associated with various end-use products. For the
grower, yield and disease resistance are important, but for the marketplace,
the primary reason to buy the grain is the physical and chemical properties
of flour milled from a wheat cultivar. Varietal development efforts must
include consideration of milling and baking characteristics if a cultivar,
once released, is to have a place in the market.

All winter wheat varieties released for production in the United States
must have acceptable milling quality. Criteria used to assess milling
quality include test weight, flour yield, and flour ash content. A cultivar
is considered to have good milling quality if it has a high test weight and
gives a good yield of normal ash flour.

In terms of end-product use, there are three broad classes of wheats
produced in the world: soft wheats, hard wheats, and durum wheats. The
physical and chemical properties of flour milled from these wheat classes
differ significantly from one another.

Flour milled from soft wheats and club wheats typically has a protein
content of 7.0% to 9.5%, a mixing time of one to three minutes, and a water
absorption capacity ranging from 50% to 57%. Soft wheat flours are used for
baking a variety of products including sponge cakes, oriental noodles,
pastries, cookies, pancakes, waffles, gravy mixes, and some flat breads.

Flour milled from hard wheat must have a protein content of at least
11%, a mixing time greater than three minutes, good mixing stability, and a
water absorption capacity of 57% to 65%. In the United States, hard wheats
are used primarily in yeast-leavened baked goods.

In North America, durum wheats are milled into semolina, a coarse
ground flour used to make pasta products. The protein content of semolina
approaches that of hard wheat flour but, in general, durum wheats do not
have the mixing characteristics of bread wheat flour. The most important
quality characteristic of durum semolina is a high level of yellow pigment,
a desirable characteristic for the production of noodles and macaroni.

'Research associate, instructor, senior instructor, research assistant,
biological aide, senior research assistant, senior research assistant, and
professor, Crop Science Department, Oregon State University, Corvallis,
Oregon 97331.
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Table 1. Long term grain yield in bu/A of three advanced selections of soft
white winter wheat

No.
Location 	 Selection	 Years

Selection
	 Corvallis	 Moro	 Adams	 Average	 Tested

Stephens	 95.7	 57.1	 94.4	 82.4	 15
Malcolm	 93.3	 58.9	 91.1	 81.1	 12
Hill 81	 99.8	 51.7	 94.2	 81.9	 14
Dusty	 86.2	 52.2	 82.6	 73.7	 4
Oveson	 81.7	 52.5	 79.6	 71.2	 2
Tres	 57.0	 63.7	 77.9	 66.2	 3
OR CW 8633	 105.9	 68.3	 98.8	 91.0	 6
OR CW 8724	 109.1	 74.3	 98.4	 93.9	 6
OR 8300801	 116.1	 64.5	 96.3	 92.5	 5
OR 8303725	 113.9	 57.1	 97.2	 89.4	 5
OSU-28	 113.9	 71.5	 91.4	 92.3	 1

Average	 93.9	 60.3	 90.4	 81.5

Table 2. Milling and baking data of three advanced soft white winter wheat
selections

Sponge*
Test	 Flour	 Cookie	 Cake*	 Cake	 No.

Selection	 Weight	 Yield	 Diameter Volume	 Score site-yrs

lb/bu	 cm	 cc	 1-100

Stephens	 59.5	 72.1	 8.9	 1230	 69	 7
Hill 81	 60.4	 73.3	 9.1	 1235	 71	 4
Dusty	 60.5	 71.9	 9.2	 1320	 77	 5
OR CW 8633	 61.0	 69.6	 9.0	 1240	 69	 3
OR CW 8724	 60.2	 69.7	 8.8	 1300	 77	 3
OR 8300801	 58.1	 68.9	 9.0	 1230	 73	 2

Average	 60.0	 70.9	 9.0	 1259	 73

* 1 year data only
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The Cereal Breeding Project of Oregon State University is working to
develop new varieties of all major types of wheat: soft, hard, and durum.
The purpose of this report is to review these varietal development efforts,
paying particular attention to the market each cultivar will enter and the
end-use product for which the cultivar will be used.

SOFT WHEAT VARIETAL DEVELOPMENT

In the United States, soft wheat is sold under two major market
classes: soft red winter wheat (SRW) and Pacific Northwest white wheat. The
latter category includes three subclasses: soft white winter (SWW) and soft
white spring wheat (SWS), club wheat and western white (WW) wheat, which is
a mixture of SWW and club wheats. The main SRW wheat growing region is in
the eastern United States. In 1988, 12.87 million metric tons (MMT; a
metric ton equals 1,968 lbs) of SRW wheat were produced. In the Pacific
Northwest in 1988, 5.08 MMT of SWW and SWS and 0.42 MMT of club wheat were
produced.

Oregon State University has had a long standing varietal development
program for both SWW and club wheats. SWW wheat varietal development is
based at Oregon State University in Corvallis under the direction of Dr.
Warren Kronstad; club wheat varietal development efforts are based at the
Columbia Basin Experiment Station near Pendleton under the direction of Dr.
Pamela Zwer.

Since 1985, over 2000 crosses have been made for development of im-
proved varieties of SWW wheat at Corvallis. A total of 646 SWW wheat
samples have been submitted for milling and baking at the Western Wheat
Quality Laboratory (WWQL) in Pullman, Washington. At the present time there
are 226 advanced SWW selections in yield trials including 38 selections in
the Soft White Winter Wheat Elite Trials. Yield and quality characteristics
of some promising SWW selections are give in Tables 1 and 2.

Table 3. 1988 crop yield data (bu/a) for two
advanced soft white spring lines

Location 	 Selection
Selection	 Madras Adams	 Average

bu/a

OR8501	 90	 104	 97
4870442	 94	 97	 96
Twin	 87	 91	 89
Dirkwin	 87	 95	 91
Owens	 82	 84	 83

Location
average	 88	 94
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At OSU, a SWS varietal development program is based upon selections ob-
tained through cooperation with the International Maize and Wheat
Improvement Center (CIMMYT) in Mexico. Since 1985, 86 SWS wheat samples
have been submitted to the WWQL. At present, there are seven promising
lines in the SWS Elite Yield Trial. Yields and quality characteristics of
two of these selections in comparison with currently grown cultivars are
given in Tables 3 and 4.

The physical and chemical properties required to produce specific soft
products varies from product to product; traditionally, the milling industry
has met these specific requirements by blending of grain from different
sources. In the future it may be advantageous to develop different
varieties to meet these differing requirements. At OSU steps are being
taken to screen breeding material for specific end-use products.

Frozen waffle and pancakes 

A co-operative research program between the OSU and the Pendleton Flour
Mill is underway to identify selections for milling into flour needed for
domestic frozen pancake and waffle production. Flour used for these par-
ticular end-use products must have a higher water absorption capacity than
traditional SWW cultivars (57%-62%), a minimum viscosity of at least 40
(McMichael Viscometer), flour protein of 9.0% to 11.0%, and a Farinograph

Table 4. Ouality data for two advanced soft white spring lines

Selection
Test
Wt.

Flour
Yield

Flour
Protein

Cookie
Diameter

Cake
Volume

Sponge
Cake

Score
No. of
Years

lb/A cm cc 1-100***

ORS8501 64.2 70.6 9.0 9.0 1230** 69* 6
4870442 62.3 69.7 9.2 8.9 1205* 73* 2
Twin 60.5 69.0 9.5 9.1 1183** 63** 8
Dirkwin 59.9 69.3 9.5 8.8 1203** 66** 6
Owens 62.7 69.0 9.5 9.1 1260** 73** 7

Average 61.9 69.5 9.3 9.0 1216 69

* 1 yr. of data
** 2 yrs. of data
*** 100 excellent, 1 unacceptable
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peak time of less than three minutes. Cultivars meeting these criteria
might be described as "semi-hard" wheats.

To date, a selection technique has been developed for screening breed-
ing material and nine and selections which meet these requirements have been
found (Tables 5 and 6). This program is now in a third year of yield test-
ing and quality evaluations.

Table 5. Two year yield averages in bu/A for nine advanced semi-hard white
winter selections

Variety
Location 	 Average

Corvallis	 Moro	 Adams	 Yield

Stephens	 94.0	 75.5	 115.9	 95.1
Hill 81	 84.8	 64.9	 86.3	 78.6
Malcolm	 103.1	 71.6	 114.7	 96.5
OR8500305P	 65.9	 62.5	 93.7	 74.0
OR8502288H	 97.2	 69.7	 100.1	 89.0
OR8500374H	 79.4	 65.9	 84.5	 76.6
OR8500378H	 81.7	 51.0	 91.0	 74.6
OR8505311P	 103.7	 68.1	 95.6	 89.1
OR860049	 88.1	 69.7	 98.7	 85.5
OR860341	 107.2	 72.5	 114.3	 98.0
OR860471	 97.6	 65.9	 104.9	 89.4
OR860701	 98.3	 68.8	 105.3	 90.8

Location
average	 91.7	 67.1	 100.4

Table 6. Two year averages of milling and baking data for nine semi-hard
white advanced winter selections

Farinograph
Water

Selection	 Absorption
Flour

Protein Viscosity
NIRS

Hardness

McMichael Reflectance
Units

Stephens 55.7 9.2 41.8 27
Hill 81 56.4 9.8 44.5 27
Malcolm 55.7 9.0 48.0 23

Ave. Soft White 55.9 9.3 44.8 26

OR8550305P 61.7 9.7 50.0 91
OR8502288H 57.8 8.3 48.0 20
OR8500374H 58.7 9.0 54.5 18
OR8500378H 58.2 9.1 41.5 67
OR8505311P 59.4 9.8 49.0 83
OR860049 60.5 9.1 33.5 88
OR860341 62.6 10.8 88.5 92
OR860471 60.8 10.0 58.5 86
O8860701 61.8 9.4 53.5 65

Ave. Semi Hard
White 60.4 9.5 54.1 68
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Japanese Udong noodles

At present time "Australian Standard White" wheat (ASW) is used for
most noodle production in Japan. Japanese importers have consistently
reported that Pacific Northwest SWW wheats are less desirable for this end-
product use. A systematic comparison of ASW with Pacific Northwest SWW
wheat is being conducted at the Western Wheat Quality Laboratory.
Preliminary results of this investigation have revealed consistent dif-
ferences in the starch component between ASW and PNW SWW cultivars. New
laboratory methods are being developed to screen SWW selections for improved
noodle quality. This research could eventually result in the release of
cultivars specifically selected to compete with the Australia Standard White
wheat now holding a major share of the market for noodle flour in Japan.

Dual purpose wheat

Interest in dual purpose wheat has increased with the release of the
variety 'Wadual', developed by the spring wheat breeding program at
Washington State University. Low protein flour from a dual purpose wheat
can be used to make pastry products; high protein dual purpose flour can be
baked into bread. Dual purpose wheats can be blended with either class of
flour. Analysis of data returned from the Western Wheat Quality Laboratory
has helped to identify those selections with characteristics appropriate for
a dual purpose type of wheat. One spring selection has been identified as a
possible candidate for release (Tables 7 and 8); this selection and addi-
tional material are currently undergoing further yield and quality
evaluations.

Table 7. 1988 crop yield in bu/A for selection 4870503,
a dual purpose advanced white spring selection

Selection
Madras	 Pendleton	 Average

Twin 87 91 89
McKay 97 79 88
4870503 94 104 99

Location
average 92 91

Table 8. Quality data for selection 4870503, a dual purpose advanced white
spring line.

Test Flour Flour Mixing Loaf Crumb Cookie
Weight Yield Protein Time Volume Score Diameter

lb/A % % min cc 1-9* cm

4870503 64.4 73.1 10.4 3.3 946 2 8.91
McKay 63.9 72.3 11.2 3.0 997 2 -
Twin 61.4 69.4 9.9 - - - 9.09

Average 63.2 71.6 10.5 3.2 972 2 9.00

*1 excellent, 9 unsatisfactory
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HARD WHEAT VARIETAL DEVELOPMENT

In the United States, hard wheat is grown under two major market
classes: hard red winter (HRW) and hard red spring (HRS). In 1988, 24.18
MMT of HRW wheat was produced, primarily in the great plains states of
Kansas, Oklahoma, Texas, Colorado, Nebraska, Montana and South Dakota, and
in California. An additional 4.97 MMT of HRS wheat was grown primarily in
Minnesota, Montana and North and South Dakota, to bring the total 1988
production of hard wheat to 29.15 MMT. In 1988, the Pacific Northwest
produced 0.82 MMT of HRW and 0.70 MMT of HRS wheat.

Beginning in 1985, the Oregon Wheat Commission has invested grower's as-
sessment funds to investigate the feasibility of HRW varietal development
for the PNW. Research has been conducted by OSU to systematically study the
problems associated with hard wheat production in the Pacific Northwest.
These problems include: development of laboratory methods for efficient
selection of lines with the appropriate characteristics for bread baking
quality, selection of lines with increased grain protein content at yields
comparable to soft wheat varieties, and development of production methods to
insure that grain protein levels can be consistently met.

Since 1985, over 2000 crosses have been made for the HRW wheat varietal
development program and 642 HRW wheat samples have been submitted for mill-
ing and baking at the Western Wheat Quality Laboratory. At present, there
are 188 advanced HRW selections being evaluated in yield trials with 28
selections in the elite trial. Yields of these selections compare favorably
with currently grown cultivars (Table 9); quality characteristics of several
OSU selections are comparable to 'Wanser', 'Hatton' and 'Batum' (Table 10).

Table 9. Long term grain yields in bu/A of six advanced selection fo hard
red winter wheat

No. years
Selection Corvallis Moro Adams Ave Tested

Stephens 94.9 59.3 93.8 82.7 15
Wanser 50.0 44.0 53.4 49.1 11
Hatton 62.7 52.7 61.0 58.8 8
Batum 74.9 69.0 82.4 75.4 3
OR CR8313 86.4 67.5 91.3 81.7 10
OR CR8602 99.0 74.1 107.4 93.5 6
OR CR8603 87.8 63.6 101.8 84.4 6
OR8300282 106.8 68.7 107.7 94.4 5
OR8310455 95.5 68.9 93.4 85.9 5
OR8302306 106.2 67.8 101.7 91.9 4

Average 86.4 63.5 89.4 79.8
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Table 10. Long term milling and baking data for six advanced hard red
winter wheat selections

	

Test	 Flour	 Flour	 Mixing	 Loaf Crumb Site Yrs.
Selection	 Wt.	 Yield Protein	 Time	 Volume Score	 Tested

bu/A	 %	 %	 min	 ml

Wanser	 62.8	 70.6	 9.8	 4.1	 857	 3.9	 15
Hatton	 65.1	 71.5	 9.4	 4.3	 849	 3.8	 5
Batum	 59.1	 70.8	 10.9	 2.6	 936	 4.8	 4
OR CR8313	 63.2	 70.9	 10.7	 5.2	 914	 3.0	 13
OR CR8602	 62.4	 67.5	 9.6	 5.5	 780	 4.7	 3
OR CR8603	 62.6	 69.8	 10.2	 3.2	 721	 5.3	 3
OR8300282	 61.7	 69.3	 11.1	 2.6	 763	 4.0	 1
OR8301455	 61.6	 65.3	 9.7	 4.8	 691	 8.0	 1
OR8302306	 59.3	 70.3	 10.6	 2.4	 767	 8.0	 1

Averages	 62.0	 69.6	 10.2	 3.9	 809	 5.1

Table 11. Yield in bu/A and agronomic data of
seven advanced hard red spring lines

Location 	 Selection
Selection	 Madras	 Adams	 Average

McKay	 89	 63	 76
ORS8510	 90	 66	 78
4870355	 94	 87	 90
4870456	 95	 90	 92
4870475	 99	 94	 96
4870293	 91	 79	 85
4870396	 96	 87	 91
4870400	 98	 105	 101
4870401	 96	 92	 94

Location
Average	 94	 84
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OSU is also conducting a Hard Red Spring (HRS) wheat varietal develop-
ment program. Selections obtained from CIMMYT have been yield tested and
since 1985, 508 HRS samples have been submitted for milling and baking at
the Western Wheat Quality Laboratory. Presently, there are 82 selections in
advanced stages of yield and quality testing; a number of these have given
good results in both yield tests and in baking evaluations (Tables 11 and
12)

Table 12. Quality data averaged over years for eight hard red spring lines
and with check variety McKay.

Selection
Test
Wt.

Flour
Yield

Flour
Protein

Mixing
Time

Loaf
Volume

Crumb
Score

No.	 of
Years

lb/A min ml

ORS8510 62.5 69.8 11.5 4.0 964 3 9
4870355 64.6 69.2 13.1 2.7 1006 2 2
4870456 64.6 70.9 10.6 3.2 989 2 2
4870475 61.8 69.9 11.5 2.7 983 3 2
4870293 65.2 70.9 10.5 2.6 844 5 1
4870396 64.0 71.5 10.2 4.3 873 2 1
4870400 66.0 71.3 9.9 3.1 826 2 1
4870401 63.2 70.0 10.0 3.6 850 3 1
McKay 62.6 71.6 10.9 4.3 995 3 34

Average 63.8 70.0 10.9 3.4 925 3

At the present time there is no hard white winter (HWW) or spring (HWS)
wheat produced in the United States but interest in HWW and HWS production
to replace some hard red wheat production has increased greatly in recent
years. Breeding programs in Kansas, Montana, and California have initiated
efforts in the development of HWW wheat varieties. The milling and baking
characteristics of HWW and HWS will be essentially the same as for HRW and
HRS. The advantages of hard white wheat over hard red wheat are: (1)
higher flour extraction rate, (2) higher flour protein content at these ex-
traction rates (therefore, improved nutritional quality), (3) whole wheat
products which are more aesthetically pleasing, (4) color specification for
milling are easier to meet, and (5) potentially more valuable bran.

In response to interest among Oregon wheat producers, OSU has also in-
itiated both a HWW and a HWS varietal development program. Hard, white-
grained wheat selections are being derived from crosses between hard red and
hard white wheats made as part of the HRW breeding effort. Currently, there
are 124 HWW selections under yield testing. Since 1987, 107 HWW samples
have been submitted for milling and baking tests at the WWQL. Yield levels
and results of quality evaluations for the most promising lines are given in
Tables 13 and 14.
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Table 13. Two year yield averages in bu/A for hard white winter wheat
selections with promising baking quality characteristics

	

Location 	 Selection
Selection
	

Corvallis	 Moro	 Adams	 Average

Stephens	 98.2	 75.3	 115.7	 96.4
Batum	 84.8	 64.9	 86.3	 78.6
OR860049	 88.1	 69.1	 98.7	 85.5
OR860154	 82.5	 72.5	 114.0	 89.6
OR860445	 90.8	 66.1	 70.5	 75.8
OR861599	 103.5	 77.9	 111.3	 97.6

Location
average	 91.3	 71.0	 99.4	 87.2

Table 14. First yield milling and baking results for five advanced hard
white winter wheat selections with promising baking quality
characteristics

Selection
Test
Wt.

Flour
Yield

Flour
Protein

Mixing
Time

Loaf
Volume

Crumb
Score

lb/A % % min ml

Batum 59.8 71.0 9.9 2.2 878 4
OR860049 65.2 71.9 10.1 2.5 809 6
OR860154 60.0 69.2 9.3 3.4 863 4
OR860445 63.8 70.0 9.3 2.5 838 6
OR861599 64.4 69.1 9.1 4.1 806 6

Average 62.6 70.2 9.5 2.9 839 5

Table 15.	 Yield in bu/A data for three advanced hard
red spring lines

Selection
Location Selection

AverageMadras Adams

0RS8413 102 72 87
4870235 86 93 89
4870279 92 97 94
McKay 90 65 78

Location
average 92 82
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HWS wheat selections have been obtained through cooperation with CIMMYT;
236 HWS samples have been submitted for milling and baking tests at the
Western Wheat Quality Laboratory. Currently there arte 55 HWS selections in
yield trials. Yield and quality data for the most promising of these lines
are given in Tables 15 and 16.

DURUM WHEAT VARIETAL DEVELOPMENT

In 1988, just under 80% of the U.S. durum wheat production occurred in
Minnesota, Montana, and North and South Dakota with the remaining 20% in
California and Southern Arizona. In 1988, the United States produced 1.26
MMT of durum wheat, down from 2.52 MMT in 1987.

With the encouragement of the Quaker Oat Company and Pendleton Flour
Mills, a durum breeding program has been initiated at OSU. Emphasis is
being placed on developing a winter durum variety with yields competitive
with SWW wheat varieties and with acceptable pasta quality. The breeding
approach will be to cross winter and spring durum lines to achieve the
desired level of winter hardiness with the good quality from spring
materials. To date, 110 durum crosses have been made and 82 spring durum
selections are being evaluated in advanced yield trials. Steps are also
being taken at OSU to develop tests to select for pigment content.

In addition, spring durum lines obtained from CIMMYT are being tested.
Yield results from the 1988 spring crop are given in Table 17.

CONCLUSION

Wheat varietal development with Oregon is a state-wide effort which
covers almost all major market classes and involves efforts at many loca-
tions throughout the state. Selections developed by OSU Cereals Project are
yield tested at Corvallis, Moro, Adams, Pendleton, Hermiston, Ontario,
Madras, Medford, and Klamath Falls. Additional disease screening is carried
out at Flora, Enterprise, and Haines. Ultimately, the entire community of
wheat researchers (breeders, agronomists, and plant pathologists) at OSU and
across the state become involved in these efforts. The goal is to make
Oregon wheat growers competitive in the marketplace (whichever marketplace
they choose to enter) and to minimize the risk and uncertainty in Oregon
Agriculture as it looks toward the new decade.

Table 16. Quality data for three hard white spring advanced lines

	

Test	 Flour	 Flour	 Mixing	 Loaf	 Crumb	 No. of
Selection	 Wt.	 Yield Protein	 Time	 Volume Score	 Years

lb/A	 min	 ml

4870235	 65.0	 69.8	 12.3	 3.9	 915	 2	 2
4870279	 63.7	 68.9	 12-.8	 4.4	 981	 3	 2
ORS8413	 63.4	 69.9	 11.3	 4.7	 931	 4	 11
McKay	 62.6	 71.6	 10.9	 4.3	 995	 3	 34

Average	 63.7	 70.1	 11.7	 4.5	 969	 3
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Table 17.	 1988 yield data (bu/A) for five advanced spring
durum lines grown in Madras and Pendleton compared
with WPB881

Selection
Location

Madras	 Adams
Selection
Average

WPB881 69 77 73
4880139 91 99 95
4880142 100 110 105
4880081 106 111 108
4880092 109 96 102
4880121 117 91 104

Location
average 99 97
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HISTORY OF CLUB WHEAT CULTIVARS IN THE PACIFIC NORTHWEST

P. K. Zwerl

Club wheat, Triticum compactum, has played a significant role in
Pacific Northwest wheat production for almost 100 years. This class of
wheat differs from common wheat, Triticum aestivum, primarily in spike
morphology. Club wheat cultivars possess a laterally compressed, compact
spike, measuring less than 2.5 inches. Common wheat spikes are ap-
proximately two times the length of club wheat spikes. Three to five
seeds are closely situated in the club wheat spikelet, resulting in a
small, laterally compressed kernel. The soft kernel texture and low
protein content suit pastry and biscuit production. Club wheat is blended
with soft white common wheat, producing the Pacific Northwest export
class, Western White. The following narrative presents historical infor-
mation concerning club wheat cultivar development and production in the
Pacific Northwest.

Club wheat production was well suited to the mild, wet winters and
hot, dry summers of the Pacific Northwest and California. The intermoun-
tain region of the Pacific Coast states provided an excellent environment
in comparison to the Great Plains and eastern states, where wet summers
resulted in sprouting damage as well as stem rust infestation and severe
winters affected plant survival. Characteristics, such as strong, stiff
culms that rarely lodged and firm spikes that seldom shattered in spite of
the hot, dry, windy summer weather provided club wheat cultivars with su-
perior adaptation not only to the environment, but also harvest operations
in the intermountain regions. Oregon, Washington, Idaho, and California
represented the significant club wheat producing states. Oregon produc-
tion figures showed the following trends in the percentage of club wheat
produced: 17% in 1929, 40% in 1950, 75% in 1961 and 8% in 1966 (Clark and
Bayles, 1933; Reitz and Hamlin, 1978). Club wheat production dropped sig-
nificantly after the introduction of high yielding, disease resistant,
semidwarf common wheat cultivars.

Two spring club wheat cultivars, Little Club and Big Club, represent
the basis for club wheat cultivar development in the Pacific Coast states.
Little Club was introduced sometime during the period between 1701 and
1845 by Spanish missionaries from Mexico. It was previously believed to
be shipped from Chile during the years 1860 to 1870 (Clark and Bayles,
1935). Little Club was mid-tall to tall, late maturing, and possessed
white seed and glumes. It became an important wheat cultivar in Yolo
County, California by 1878 as well as one of the first wheat cultivars
grown in the Columbia Basin. Little Club was a popular cultivar in the
Palouse and along the foothills of the Oregon Blue Mountains as well as
California and Idaho. The estimated acreage sown to Little Club was
106,100 in 1919, decreasing to 17,517 in 1929. Big Club was documented as
an introduction from Chile during 1860 and 1870. The cultivar possessed
many names, such as Big Four, Crookneck, Chile Club, Montezuma Club, and
Oregon Club.

1 Associate professor, Columbia Basin Agricultural Research Center, Oregon
State University, Pendleton, Oregon 97801.

35



Big Club was mid-tall to tall, midseason maturing, and possessed
white seeds and glumes. It was grown in California in 1866 and Oregon in
1870. Big Club occupied 21,700 acres in 1919, increasing to 50,630 acres
in 1929, primarily due to large acreages in California (Clark and Bayles,
1935). Big Club was also grown in Idaho, Montana, Washington, and Utah.

Little Club and Big Club were replaced by higher yielding club wheat
cultivars developed at the Washington Agricultural Experiment Station. A
series of wheat cultivars, Hybrid 128, Hybrid 143, Hybrid 123, and Hybrid
63 were released from crosses performed by Professor W. J. Spillman in
1899. E. E. Elliot and C. W. Lawrence continued the wheat breeding
program when Spillman left the Washington Agricultural Experiment Station
in 1902 (Clark and Martin, 1923; Clark and Bayles, 1933).

Hybrid 128 was selected from the cross between Little Club and Jones
Fife, a soft red, common winter wheat. The cultivar possessed the follow-
ing characteristics: winter habit, mid-tall to tall, midseason maturity,
soft, white kernels, and white glumes. Hybrid 128 was a high yielding,
common bunt susceptible cultivar.

Hybrid 143 was released at about the same time as Hybrid 128, 1907.
It was developed from a cross between Little Club and White Track, a com-
mon, white winter wheat. The cultivar possessed a facultative group
habit, allowing both autumn and spring sowings. Hybrid 143 was short to
mid-tall, mid to late maturing with white glumes and extremely soft ker-
nels.

Hybrid 123 originated from a cross between Little Club and Jones
Fife. The cultivar was also known as Red Hybrid and Red Walla. Hybrid
123 was a spring, mid-tall club wheat cultivar, mid to late maturing, pos-
sessing white glumes and soft to semihard red kernels. The cultivar,
occupying 26,053 acres in 1929, was grown in Sherman. County, Oregon, Latah
County, Idaho, and Whitman and Klickitat Counties, Washington.

Hybrid 63 was also released in 1907. It was developed from a cross
between Little Club and Turkey. This spring club wheat cultivar was com-
monly sown in the autumn. Hybrid 63 was a mid to late maturing, mid-tall
cultivar possessing white glumes and semihard to hard, white kernels.
Hybrid 63 was also known as Turkey Hybrid and White Hybrid. It was grown
in Wasco County, Oregon and Walla Walla County, Washington until 1924.

Club wheat improvement continued with E. F. Gaines, who produced a
club wheat hybrid, later released as Albit. This winter club wheat cul-
tivar, was developed from a cross between Hybrid 128 and White Odessa.
The cultivar possessed white glumes and soft to semihard white kernels.
Albit was resistant to several races of common bunt, therefore it was
widely accepted in the higher rainfall regions of the Palouse.

Several cultivars, including Jenkin, Redchaff, Bluechaff, Dale,
Coppei, Wilbur, Mayview, and Genro were derived as single plant selections
from farmers' fields or have an undetermined origin. Although the origin
of Jenkin is undetermined, it was grown near Wilbur, Washington about
1895. It became an important cultivar in Walla Walla, Washington and
Pendleton, Oregon by 1900 and remained prominent for at least a decade
(Clark and Bayles, 1933, 1935). Jenkin possessed a spring habit, however
it was often sown in the autumn as well as the spring. The cultivar was
tall and late, possessing bronze glumes and soft white kernels. Another
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name used for this club wheat was Jenkin's Club. G. R. Hyslop, Oregon
Agricultural Experiment Station, Corvallis, Oregon selected 175 spikes
from a Umatilla County field sown with the cultivar Jenkin (Clark and
Bayles, 1935). The new cultivar, Hood, resembled Jenkin, but its height
exceeded any club wheat cultivar available at that time.

Another bronze glumed wheat cultivar, Redchaff also had an undeter-
mined origin. The cultivar was widely grown in the Columbia Basin of
Oregon, and Washington during the years 1907 to 1920 (Clark and Martin,
1923; Clark and Bayles, 1933). Redchaff was similar to Jenkin, except for
height and maturity. Bluechaff, originated from a plant found in a wheat
field farmed by A. C. Calvert, Junction City, Oregon in 1897 (Clark and
Martin, 1923). The cultivar was grown in the Willamette Valley, Oregon
for a short time.

The spring club cultivars, Dale, Wilbur and Mayview, were developed
from selections from farmers' fields. Dale originated from a plant
selected by William H. Dale near Helix, Oregon in 1900 (Clark and Martin,
1923). The cultivar was short, early maturing, and possessed bronze
glumes with white kernels. The stem transformed into a purplish-red color
at maturity. The cultivar, primarily grown in northeastern Oregon and
southeastern Washington, was grown on limited acreage. Wilbur, a selec-
tion by W. J. Mariner, was harvested from a wheat field of Jenkin, near
Blalock, Oregon in 1899 (Clark and Martin, 1923). This cultivar possessed
bronze glumes and white kernels. It was sown on limited acreage in east-
ern Oregon. Mayview was selected from a field of either Goldcoin or
Fortyfold near May View, Washington about 1911 or 1912 (Clark and Martin,
1923). The hybrid was most likely the result of a natural field cross be-
tween a club and awned common wheat cultivar. Mayview was an awned,
bronze glumed club wheat with red kernels. The cultivar was commonly sown
in the autumn in spite of the spring growth habit near May View,
Washington.

Coppei and Genro were winter club wheat cultivars selected by farmers
in Washington. Coppei, a natural cross between Little Club and Jones
Fife, was identified by J. L. Harper of Waitsburg in 1907 (Clark and
Bayles, 1933). This cultivar was distinguished by velvety glumes. Genro
was selected by F. C. Sturvey in a field of the common wheat cultivar,
Marquis in 1922 near Penawawa, Washington (Clark and Bayles, 1935). The
cultivar appeared to be the result of a natural field cross between Coppei
and Goldcoin. Genro, a short, midseason club cultivar possessed bronze
glumes and soft, white kernels.

Club wheat improvement was centered at the Washington Agricultural
Experiment Station during the early 1900's. Research efforts however,
were initiated by the Oregon Agricultural Experiment Station in 1919.
Alicel was developed from a cross between Goldcoin and Hybrid 128 at the
Sherman Branch Experiment Station in 1919 (Clark and Bayles, 1942). The
winter wheat cultivar was considered very short and possessed midseason
maturity, white glumes, and soft white kernels. Alicel was distributed in
the Grande Ronde Valley in 1932. However, heterogeneity for height and
stem color prompted plant breeders to reselect Alicel for greater unifor-
mity at the Pendleton Branch Station that same year. A selection
possessing light purple stems and uniform height was released as Elgin and
distributed from the Sand Point Idaho Agricultural Experiment Station in
1942 and the Pendleton and Sherman Branch Stations in 1943. Alicel and
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Elgin were considered synonymous. The cultivar was primarily grown in
Oregon.

The Washington Agricultural Experiment Station and the Crops Research
Division, United States Department of Agriculture remained active in club
wheat cultivar development. Three club wheat cultivars were released be-
tween 1935 and 1959. Dr. E. F. Gaines developed Hymar from a cross
performed in 1923 between Hybrid 128 and Martin (Clark and Bayles, 1942).
Hymar, a winter club, possessed white glumes and soft to semihard white
kernels. It was distributed for commercial production in 1935. Elmar was
developed from a cross between Hymar and Elgin, followed by two back-
crosses to Elgin. The resulting cultivar was almost identical to Elgin
except for resistance to certain races of common bunt. Elmar, a winter
club, possessed white glumes and soft white kernels. The cultivar was
released in the autumn of 1949 and primarily grown in Washington and
Oregon. Omar was developed from a cross between Elgin 19 (Oro x Turkey-
Florence) and several backcrosses with Elgin. The winter club cultivar
was midtall, with brown glumes and soft white kernels. Omar was suscep-
tible to leaf, stem, and stripe rust, and powdery mildew. It was however,
resistant to all races of common bunt characterized at that time. Omar
was developed to replace the previously released common bunt susceptible
club wheat cultivars. The cultivar was released cooperatively by the
Washington, Oregon, and Idaho Agricultural Experiment Stations. Omar was
the leading club wheat cultivar in 1959 (Clark and Bayles, 1951).

Club wheat production in the Pacific Northwest peaked during the
early 1960's. The advent of stripe rust epidemics and the introduction of
high yielding, disease resistant, semidwarf, common wheat cultivars re-
placed the club wheat acreage. Although club wheat production diminished
during the last 25 years, plant breeders continued to develop and release
improved club wheat cultivars. Moro, Paha, Faro, Barbee, Jacmar, Tyee,
Crew, Tres, and Hyak represent the cultivars developed within this time
period (Briggle and Reitz, 1963; Briggle et al., 1982; Siegenthaler et
al., 1986). Renewed emphasis in club wheat production resulted in the es-
tablishment of a wheat breeding program devoted to club wheat improvement
at the Columbia Basin Agricultural Research Center, Pendleton. The
primary goal is to develop disease and pest resistant club wheat cultivars
with superior yielding capabilities, so that club wheat remains an impor-
tant element in Pacific Northwest wheat production.
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STAND ESTABLISHMENT IN CLUB AND COMMON WHEATS

Betty Klepper, Aurora Sombrero, Shigenori Morita, Dale Wilkins,
Ron Rickman and Pamela Zwerl

Both club and common wheats are grown in the Pacific Northwest, but
modern common wheat cultivars generally outyield club wheat cultivars and
therefore have been preferred by growers. However, club wheat cultivars
have three advantages: they are reputed to emerge better from the deep
planting necessary in arid parts of the Pacific Northwest; they have excel-
lent baking and milling qualities and they often command a premium price in
the market place. This study was undertaken to compare club and common
wheats for their ability to produce a stand.

MATERIALS AND METHODS

Two club varieties ('Tres' and 'Moro') and two common varieties
('Stephens' and 'Hill 81') were selected for study. These varieties were
chosen because they differ in head type and in stature, with 'Stephens' and
'Tres' being semi-dwarf and 'Moro' and 'Hill 81' being tall and mid-tall,
respectively. 'Moro', in particular, has an excellent reputation among
growers for emerging well from deep planting in arid areas.

Three plot areas were established: one at Pendleton, one at Moro, and
one near Helix, OR. All four varieties were planted at Pendleton (14
October) and Moro (8 October) with a five-row Hege drill at 21 seed per ft2
of plot area, a row spacing of 12 in. These planting factors gave 33 plants
per meter of row assuming 80% emergence success of planted seed. Two
varieties (Stephens and Tres) were seeded in the Helix plots with a John
Deere HZ deep furrow drill with seven rows and 20 seed per ft2 of plot area,
a row spacing of 36 cm, and 62 plants expected per meter of row assuming 80%
emergence success of planted seed.

Plant emergence rate was measured frequently (daily in warm weather)
and was plotted as a function of growing degree days (calculated as cumula-
tive average centigrade air temperature with negative values being entered
as zeros). Then the degree-days to 50% emergence was calculated. Stand es-
tablishment was evaluated as the number of seedlings, the above-ground dry
weight of seedling shoots, and the mean leaf number of seedlings at ap-
proximately the three-leaf stage (or 400 GDD) in all plots.

'Plant physiologist and research leader, USDA-ARS, Columbia Plateau
Conservation Research Center, Pendleton, OR; agronomist, postdoctoral from
Instituto Nacional De Investigaciones Agrarias, Madrid, Spain; assistant
professor, Faculty of Agriculture, The University of Tokyo, Tokyo 113,
Japan; agricultural engineer and soil scientist, USDA-ARS, Columbia Plateau
Conservation Research Center; and assistant professor, Columbia Basin
Agricultural Research Center, OSU, Pendleton, OR 97-801.
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RESULTS AND DISCUSSION

The results are shown in Tables 1, 2, and 3. The number of growing de-
gree days (GDD) required to achieve 50% of the final stand is an indicator
of seedbed conditions, with a 150 GDD requirement indicating a good to ex-
cellent seedbed. Only the plots at Helix showed good seedbed conditions.
At both Pendleton and Moro, emergence was erratic and occurred over a long
period of time. At Moro, the seedbed was dry, necessitating deep planting;
plants emerged in two groups: one group from seed which was placed into ade-
quate moisture and the other from shallower seed which emerged after the
first rain. The degree days to emergence was not different for club and
common wheats at Helix or Pendleton. The common wheats came up slightly
sooner in the poor seedbed at Moro, although the data are so variable that
these differences are not statistically significant.

Table 1. Emergence (degree days at 50% emergence) and stand establishment
at the 3-leaf stage for four wheat varieties at Pendleton

GDD to	 Stand establishment
Variety	 Type	 50% Emergence	 #/ft2	 lb/A	 leaf #

Stephens	 Semidwarf	 229	 20	 62	 2.5
Hill 81	 Mid-tall	 220	 21	 61	 2.7

Tres	 Semidwarf	 227	 18	 52	 2.6
Moro	 Tall	 225	 19	 58	 2.3

Table 2. Emergence (degree days at 50% emergence) and stand establishment
at the 3-leaf stage for four wheat varieties at Moro

GDD to	 Stand establishment
Variety	 Type	 50% Emergence	 #/ft2	 lb/A	 leaf #

Stephens	 Semidwarf	 378	 10	 87	 3.1
Hill 81	 Mid-tall	 340	 12	 83	 2.9

Tres	 Semidwarf	 424	 9	 74	 3.1
Moro	 Tall	 460	 12	 65	 2.4
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Table 3. Emergence (degree days at 50% emergence) and stand establishment
at the 3-leaf stage for two wheat varieties at Helix

Variety Type
CDD to

50% Emergence
Stand establishment

#/ft	 lb/A leaf #

Stephens
Tres

Semidwarf
Semidwarf

166
164

18	 83
14	 60

2.5
2.6

Stand counts of plants/ft 2 also reflect the different qualities of
these three seedbeds, with plots at Moro showing the lowest counts. Stands
of club and common wheats were not different when compared across all three
sites, but there was a trend for the taller varieties to give a better stand
establishment than the semidwarf varieties, especially from the poor seedbed
at Moro.

These data indicate no clear-cut differences in stand establishment be-
tween club and common wheats, but do indicate that taller varieties may have
an advantage under poor seeding conditions.
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ROOT SYSTEM DEVELOPMENT OF COMMON AND CLUB WHEATS

S. Morita, C.L. Douglas, B.L. Klepper,
R.W. Rickman, A. Sombrero and D.E. Wilkins'

Although the acreage planted to club wheats in Oregon is small (1.5% in
1987), these wheats produce competitively with common wheats in dry wheat-
fallow areas and often command a premium price because of high milling and
baking quality. With either common or club wheat, information on root sys-
tem development is useful for making management decisions. Root system
development of common wheat was previously studied by some of the authors
and a predictive model created based on mean air temperature. The root sys-
tem development of club wheat has not yet been examined. The objectives of
this study are to compare root system development between common and club
wheats, and to investigate whether root system cause better emergence and
establishment of club wheat than common wheat in arid areas.

MATERIALS AND METHODS

`Stephens' (a common wheat) and 'Tres' ( a club wheat) were planted on
Oct. 11, 1988 near Helix, Oregon with a John Deere model HE deep furrow

drill. Planting density was 220 seeds per m2 (20 seeds per ft 2 ) with a row
spacing of 35.6 cm (14 in), and the seeding depth was about 10 cm (4 in).

Undisturbed soil core samples with plants were collected from the field
at 50% emergence using a 30 cm (12 in) in length x 10 cm (4 in) in width x
30 cm (12 in) in height size metal rectangular tube. The samples were taken
to the laboratory and the soils were removed by washing the roots very
gently. The following characteristics were measured: plant height, haun,
crown depth, seed depth, number of primary axes and maximum branching order
of each primary axis.

A second sampling was performed when the plants were at three leaf
stage with a shovel. Plant rows of 30 cm length were dug and the roots were
washed gently in the laboratory. In addition to those characteristics
measured at 50% emergence, total root length including all branch roots were
measured with an intercept method on several selected plants.

'Assistant professor, Faculty of Agriculture, The University of Tokyo, Tokyo
113, Japan; soil scientist, plant physiologist and soil scientist, USDA-
ARS, Columbia Plateau Conservation Research Center, Pendleton, Oregon
97801; agronomist, postdoctoral from Instituto Nacional de Investigaciones
Agrarias, Madrid, Spain; and agricultural engineer, USDA-ARS, Columbia
Plateau Conservation Research Center, Pendleton, Oregon 97801.
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A third sampling was done for five leaf stage plants of 20 cm long rows
the same way as the second sampling. Additionally, the number of first-
order branch roots on each primary axis of several vigorous plants were also
counted.

These root characteristics were used to calculate "branching index"
which shows the degree of root branching. "Branching index" was defined as
follows:

"branching index" – (TRL-TPL)/TPL
where TRL and TPL were total root length including all branch roots and to-
tal primary axis length, respectively. The "branching index" is the product
of two terms:

"branching index" – (TRL-TPL)/TPL
(TRL-TPL) BRN x BRN/TPL

where BRN is total number of first-order branch roots along the primary
axes. The first factor indicates average length of root on each primary
branch, including both first- and higher-order branches. The second factor
is the number of first-order branch roots per unit length of primary axis.

RESULTS AND DISCUSSION

1. Shoot growth

No significant difference was found in plant height and haun between
common and club wheats regardless of developmental stage examined (Table 1).
Number of culms and sum of every culm's haun on each plant (total leaf num-
ber per plant) were also about the same (Table 1). There was not any
significant difference between common and club wheat shoot growth at least
up to five leaf stage.

Table 1. Comparison of shoot growth between common and club wheat

Growth stage
	

Plant height	 Main stem haun	 Number of culms	 Haun sum

	

common club	 common club	 common club	 common club

culms/plant
	

leaves/plant

50% emergence 6.2 7.0 1.0 1.0
3-leaf stage 11.5 12.4 2.5 2.6 1.0 1.0 2.5 2.6
5-leaf stage 12.6 13.8 4.4 4.4 3.2 3.1 6.5 6.5

44



Table 2. Comparison of root growth between common and club wheat

Growth stage	 Seminal root number
	

Nodal root number	 "Branching index"
common	 club	 common	 club	 common	 club

50% emergence
	

3.2
	

4.0**
	

0.0
	

0.0
3-leaf stage
	

5.2
	

5.2
	

0.0
	

0.7
	

8.3**	 5.1
5-leaf stage
	

5.4
	

5.6
	

2.0
	

3.2*
	

7.4**	 4.4

Differences are significantly different at the 99% level (**) or 95% level(*).

2. Root Number

At 50% emergence, club wheat had significantly higher numbers of semi-
nal roots than common wheat and neither type had any nodal roots (Table 2).
There was, however, no significant difference in the number of seminal roots
at three and five leaf stages. On the other hand, club wheat had more nodal
roots than common wheat at three and five leaf stage.

3. Root branching

The "branching index" was used to compare degree of branching between
common and club wheats at three and five leaf stages. At both stages the
"branching index" was much larger in common wheat than in club wheat (Table
2). Both the mean branch root length ((TRL-TPL)/BRN) and the number of
first-order branch roots per unit length of primary axis (BRN/TPL) were
larger in common wheat than in club wheat. The primary difference occurs
because of the longer branch root length in common wheat where the dif-
ference was statistically significant.

In conclusion, at early developmental stages, club wheat had about the
same number of seminal roots, less-developed root branching, more nodal
roots and similar shoot growth as common wheat. There is a need to study
further the relationships among root system of club wheat, environmental
factors and stand establishment.
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COMPARISON OF CLUB AND COMMON WHEAT YIELD COMPONENTS

AT TWO LOCATIONS, PENDLETON AND MORO

A. Sombrero, P. K. Zwer, B. Klepper, and R. Rickman'

Club wheat (Triticum compactum), represents a class of wheat with
historical and economic importance in the Pacific Northwest. Superior
quality and comparable yielding potential with common wheat cultivars
favored the club wheat cultivars, Elmar, Elgin, and Omar from 1950 to
1960. Club wheat production declined between 1960 and 1964 as a
consequence of stripe rust epidemics and the introduction of the new high-
yielding semi-dwarf, common wheat cultivar, Gaines. Common wheat
cultivars have continued to predominate.

Club wheat plays an important albeit small role in Pacific Northwest
wheat production today. Distinguishing traits, such as emergence and
stand establishment are reported to render this class well-adapted to
dryland production areas with extremely low annual precipitation. This
study was conducted to assess differences in the yield components, tiller
number, kernel number, and kernel weight in club and common wheat, and
relate these differences to environments possessing differing
precipitation regimes.

MATERIALS AND METHODS

Historical variety trial yield data for five cultivars for five
different years from one relatively wet site (Pendleton - annual average
precipitation 16.3 in) and one relatively dry site (Moro - annual average
precipitation 11.5 in) were analyzed for yield trends with regression
analysis. The locations selected represent a range of soil and climatic
conditions characteristic of northeastern Oregon dryland wheat growing
regions (Tables 1 and 2). Yields from the variety trials were from the
machine harvest of 40 ft 2 plots. Based on the observed yield trends, a
more detailed investigation of yield components of the cultivars was begun
in an attempt to explain the differing yield trends between some of the
common and club cultivars. Three common wheat cultivars, Stephens, Dusty,
and Hill 81 and two club wheat cultivars, Moro and Tres were selected to
represent the two classes for yield component analysis. The experiments
were planted at Pendleton on October 14, 1987 and at Moro on October 8,
1987, with a four row drill at 18 plants per ft 2 , with a 12 in row
spacing. At harvest, a one meter sample was collected from each four-row
plot and detailed data collected for the following characteristics: plant
number, tiller number, spike number per plant, kernel number per spike,
and kernel weight.

'Agronomist, postdoctoral from Instituto Nacional De Investigaciones
Agrarias, Madrid, Spain; assistant professor, Columbia Basin Agricultural
Research Center, Oregon State University; plant physiologist and soil
scientist, USDA-ARS, Columbia Plateau Conservation Research Center,
Pendleton, OR 97801.
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Table 1. Range of precipitation at Pendleton and Moro for 1987-88.

Month
Location Sep	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug

	  precipitation, inches 	

Pendleton 0.04	 0.00	 1.43	 1.60	 2.60	 0.32	 1.65	 2.59	 1.79	 0.34	 0.00	 0.00

Moro	 0.07	 0.01	 0.66	 3.23	 1.60	 0.21	 1.25	 2.25	 0.55	 1.02	 0.00	 0.00

Table 2. Range of precipitation at Pendleton and Moro for 20 years average

Month
Location Sep	 Oct	 Nov	 Dec	 Jan	 Feb	 Mar	 Apr	 May	 Jun	 Jul	 Aug

	  precipitation, inches 	

Pendleton 1.01	 1.34	 2.20	 2.27	 1.91	 1.69	 1.67	 1.49	 1.32	 1.05	 0.40	 0.75

Moro	 0.61	 0.80	 1.67	 1.70	 1.70	 1.10	 1.04	 0.67	 0.78	 0.66	 0.30	 0.47

RESULTS AND DISCUSSION

The regression technique provides excellent visual assessment of a
cultivar's adaptive potential as well as yield potential over several
environments. Figures 1 and 2 show the regression analysis for the common
varieties Stephens, Dusty, and Hill 81, and the club varieties Tres and
Moro. Cultivar yield performance was compared to the mean yield of all
cultivars present in the same yield trial. The slope of the cultivar
performance line compared to the mean yield indicates cultivar stability
and responsiveness to different growing environments.
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Figure 1. Yield response of three common cultivars relative

to mean of yield trials

Stephens (Figure 1) represents a cultivar possessing wide
adaptability over high and low yield environments. This cultivar yielded
slightly above the yield trial nursery mean at Moro and responded to
higher yield potential environments, such as Pendleton. Dusty also showed
wide adaptability with a greater yield potential than Stephens in higher
yielding environments. Hill 81 was at a slight yield disadvantage in
lower yielding environments (Moro). However, the cultivar responded with
slightly higher than average yields at Pendleton. Differences in plant
numbers and tiller number per plant were evident between locations (Tables
3 and 4) and may explain this instability. Additional data are necessary
for confirmation.

Tres (Figure 2) represents a club wheat that responds poorly in lower
yield environments such as the Moro location. However, it expresses
greater yield potential than the previous common wheat cultivars at
Pendleton. Thus Tres would perform well in higher yield environments.
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Figure 2.	 Yield response of two club cultivars relative to
mean of yield trials.

Table 3. Yield components observed at Pendleton, Oregon, 1987-88

No. plants No. heads No. kernels Yield

Varieties ft2 plant head Seeds/pound bu/ac

Stephens 9.5 4.5 34 9,276 114

Dusty 14.8 4.9 33 13,774 126

Hill 81 11.6 3.2 53 12,987 110

Moro 18.9 2.1 37 13,368 79

Tres 13.7 2.3 38 12,626 69

Table 4. Yield components observed at Moro, Oregon, 1987-88

No. plants No. heads No. kernels Yield

Varieties ft2 plant head Seeds/pound bu/ac

Stephens 12.4 3.3 26 9,276 83
Dusty 13.5 4.8 29 12,987 105
Hill 81 9.3 4.2 44 12,287 102

Moro 18.3 2.7 31 13,774 81

Tres 13.9 3.3 37 12,287 101
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It is interesting that the yield components remained similar over
both environments, however, the cultivar yielded less at Moro and more at
Pendleton than the site mean yields, respectively. The cultivar Moro
performed significantly different than all other cultivars in this study.
This club wheat cultivar possessed superior yield capacity at the lower
yielding site, Moro and greatly inferior yielding potential at a higher
yielding site. Thus Moro responded less to the inputs and environment
more suited to high yields.

Cultivar yield represents a balance between tiller number, kernel
number, and kernel weight (Tables 3 and 4). An increase in one of these
components is often offset by a decrease in another. This relationship
was explored using club and common wheat cultivars in environments
representing high and low moisture conditions for northeastern Oregon.

The common wheat cultivars, Stephens and Hill 81 had the fewest
plants per square foot, whereas Moro produced the most. Dusty and the
club cultivar, Tres, had intermediate stands. Tiller production by the
cultivars was not directly related to stand. Dusty had the greatest
number of tillers at both locations. Stephens and Hill 81 had an
intermediate number while Tres and Moro had the fewest. Kernel number and
kernel weight produced by the combinations of stand and tillering at the
two locations provide some insight into the yield responsiveness of the
cultivars.

All cultivars produced fewer kernels per head at Moro than at
Pendleton. Kernel number is determined during inflorescence development
before anthesis. This occurred in May when the rainfall at Moro was below
average and at Pendleton was above average (Tables 1 and 2). The range of
values of kernels per head was greatest at Moro. Stephens appeared to be
the most sensitive, forming only 26 kernels per head compared to a mean
value of 33.4 for all cultivars. At Pendleton, Stephens produced 34
kernels per head compared to an average of 39 for all cultivars. Hill 81
produced the greatest number of kernels per head. The ratio of kernels
per head to average kernels per head was consistent at about 1.3 at both
locations. The other cultivars produced consistent intermediate kernel
number ratios ranging from 0.85 for Dusty to 1.1 for Tres.

Kernel weights also illustrated the response to specific
environmental conditions during grain fill. Normally, greater kernel size
is expected at the wetter location. During June, Moro received greater
than average rainfall while Pendleton precipitation fell below average.
Kernel weight was generally greater and was less variable in Moro than in
Pendleton. Stephens produced its characteristically large kernel of 9300
per pound at both sites. The other cultivars produced much smaller
kernels ranging from 13800 per pound for Dusty at Moro and the cultivar
Moro at Pendleton to 12300 for Tres and Moro.

Yield comparisons will not be discussed for one year of data, however
Tables 3 and 4 show the results. Yield comparisons between the classes,
indicated no significant differences. However significant differences
were present among the club wheat cultivars, Tres and Moro, as well as
differences among the common wheat cultivars, Stephens, Hill 81, and
Dusty, between locations.
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CONCLUSIONS

Cultivar stability and adaptive potential were discussed in
relationship to differences in yield components. Stephens, producing
heavier kernel weight, and Dusty, yielding greater tiller numbers,
possessed wide adaptability over high and low yield potential
environments. Hill 81, producing greater kernel numbers per spike, was at
a slight disadvantage when grown in Moro, however the cultivar yielded
slightly higher than the mean at Pendleton. The club wheat cultivar,
Tres, yielded above the mean at Pendleton, however cultivar performance
was less stable at Moro. Tres and Hill 81 possessed similar adaptive
potential and trends in yield components. Tres produced more kernel
numbers per spike than Stephens, Dusty, and Moro at both locations.
Kernel weight was also similar to Hill 81. Tres paralleled Moro primarily
in tiller number per plant. The club wheat cultivar, Moro, responded in a
stable, yet unresponsive manner when compared to the other cultivars.
Yield components differing significantly among cultivars include plant
number per ft 2 and tillers per plant. The components differing
significantly between locations were kernel number per head and kernel
size. Specific rainfall patterns in May and June were probably causes of
the observed shifts in relative values of the various yield components.

Additional data being collected this year will aid in determining the
effect of contrasting agronomic zones on the yield component balance of
club and common wheat cultivars.
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LIQUID STARTER FERTILIZERS ON WINTER WHEAT

AND BARLEY IN NO-TILL PLANTINGS

F. E. Bolton'

INTRODUCTION

The use of starter fertilizers in winter cereals have shown little or
no response in yield during the past 20 years in dryland central arid
eastern Oregon. Spring-planted cereals in the same area have shown a more
consistent response, particularly when soils remain cool and wet over
extended periods. In recent years, however, starter fertilizers,
especially those containing phosphorous, have begin to show significant
yield responses. It appears that after 80 to 100 years of cultivation,
soils in eastern Oregon may be depleted in available phosphorous required
for sustained grain yields.

METHODS

Stephens winter wheat and Hesk winter barley were seeded in no-till
fallow with a strip-till planter which tilled a 4-inch wide seed row set
on 16-inch centers. Nitrogen fertilizers as Solution 32 was applied
between rows with a spray boom attached to the front of the planter unit
ahead of the row tiller blades. The herbicide atrazine, applied at 0.5
lb/A, was added to the fertilizer solution and applied simultaneously.
Liquid starter fertilizer was applied slightly above the seed in the seed
row using a separate manifold system.

Trials were seeded on September 18, 1985, September 30, 1986, and
September 28, 1987. In the 1985 and 1986 seasons, plots emerged to
uniform stands within 12 days. The 1987 plantings were delayed in
emergence until about mid-November due to dry soil conditions.

RESULTS

Wheat and barley showed a good response to 50 pounds of nitrogen
applied at seeding with Solution 32 (Table 1). Stephens wheat responded
to phosphorous in 1986 and 1987, but to sulfur in 1988. The three year
average showed about a three bushel increase to the combination of
phosphorous and sulfur.

Hesk barley showed a response to phosphorous or the combination of
phosphorous and sulfur each of the three years, but was statistically
significant only in 1987. The three year average yield was higher for the
combination starter fertilizer (phosphorous and sulfur), but was not
significantly different from nitrogen alone.

'Associate Professor of Agronomy, Department of Crop Science, Oregon State
University, Corvallis, OR 97331.
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SUMMARY

Significant responses to starter fertilizers containing both
phosphorous and sulfur are occurring with greater frequency than in the
past. Liquid starter fertilizers are a convenient, efficient method of
applying these materials.

Table 1. Liquid starter fertilizer trial -- Moro Station -- 1986, 1987,
and 1989

Fertilize ri/
treatment

Year
Ave 1986-881986 1987 1988

Stephens winter wheat (bu/A)

1 25.9 A2/	 1	 49.1 A	 1	 45.4 A 1 40.1 A
4 40.6 B 4 55.3 B 3 51.6 AB 3 50.4 B
2 40.7 B 5 55.9 CB 2 55.5 B 2 51.0 CB
3 42.1 CB 2 57.2 CB 4 59.6 CB 4 51.8 CB
5 42.7 C 3 57.6 C 5 65.2 C 5 54.5 C

Hesk winter barley (lbs/A)

1 1981 A	 1	 4199 A	 1	 2990 A 1 3090 A
2 2766 B 2 4761 AB 4 4065 B 4 3897 B
4 2866 B 4 4761 AB 3 4128 B 2 3900 B
3 2926 B 5 4799 BC 2 4174 B 3 4101 B
5 3236 B 3 5248 C 5 4323 B 5 4120 B

1/ 1 – 0 nitrogen, 0 starter fertilizer (Control).
2 – 50 pounds nitrogen applied with Solution 32 at planting between

rows
3 – Same as above + 3.5N-12P (10-34) per acre dribbled in row.
4 – Same as above + 3.9N-8.6S (12-0-0-26, ThioSul) per acre dribbled in

row.
5 – Same as above + 7.5N-8.6S (10-34 + 12-0-0-26) per acre dribbled in

row.

Means with the same letter are not significantly different at P – 0.05
level.

53



NITROGEN AND HERBICIDE APPLICATION METHODS IN WINTER WHEAT

F.E. Boltonl

INTRODUCTION

The economic control of cheatgrass (Bromus spp.) in dryland cereal
production continues to be a serious problem. The promising results of the
1987 trial and the registration of the herbicide Cheat Stop 90 WDG prompted
the current trial with repeated treatments, the addition of higher rate of
atrazine, and more replications. The Cheat Stop 90 WDG label shows two ap-
proved methods of application. Method I is a broadcast application just
prior to seeding, using a deep-furrow shovel drill to move treated soil from
the planted row. Method II is a band application between rows using a
nitrogen fertilizer mix (Solution 32) or water as a carrier for the her-
bicide. It is applied at seeding with spray boom attached to the grain
drill. This paper reports the results of two seasons using Method II with
two nitrogen sources: anhydrous ammonia and Solution 32.

METHODS

Plot design was a randomized split block with five replications using
nitrogen application method as main plots. Anhydrous ammonia (50 lbs N/A)
was injected about two months prior to seeding. Solution 32 (50 lbs N/A)
was applied through a spray boom attached to the drill during seeding. All
plots were on conventionally prepared stubble-mulch land and seeded to
Stephens winter wheat at 65 lb/A with a John Deere HZ split packer grain
drill with 16 inch row spacing. Herbicides were applied with a spray boom
attached to the drill frame ahead of the planting shoes. Flat fan nozzles
were centered between the planted rows and positioned so the spray pattern
met at the middle of the seed row without overlapping, giving a lower rate
of liquid over the planted row.

RESULTS

The 1988 yield data presented in Table 1 show that no applied nitrogen
with atrazine applied for grass and broadleaf control is equivalent to
either source of nitrogen without weed control. Both sources of nitrogen
gave equal yields when atrazine was applied at either 0.5 or 1.0 lbs active
ingredient (a.i.)/A.

IAssociate Professor of Agronomy, Department of Crop Science, Oregon State
Univ., Corvallis, OR 97331.
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Table 1. Source and method of nitrogen and herbicide applications in winter
wheat, Moro, 1988.

Nitrogeni Atrazine	 Carrier	 Stephens wheat--1988	 LSD*
Source	 Rate (lbs ai/A)	 solution	 Grain yield (bu/A)

Solution 32 0 --- 42.5 A
0 0.5 water 45.3 AB
A.A. 0 --- 45.8 AB
A.A. 0.5 water 48.9 B
Solution 32 0.5 Solution 32 49.1 B
A.A. 1.0 water 49.1 B
Solution 32 1.0 Solution 32 49.8 B

1All nitrogen rates were 50 lb/A. Anhydrous Ammonia (A.A.) was injected 1
month prior to seeding and Solution 32 was band sprayed at seeding with
spray boom attached to grain drill.

*Means followed by the same letter are not significantly different using LSD
at .05 level of probability.

Table 2. Source and method of nitrogen application, Moro.

Source of N	 Method	 Rate	 1987	 1988

lb/A	 - - bu/A - -

0
	

0	 45.7	 45.3
Anhydrous Ammonia	 Injected
	

50	 47.4	 48.9
Solution 32
	

Band-sprayed
	

50	 50.5	 49.1

Table 3. Effect of herbicide carrier solutions on winter wheat yields,
Moro.

Carrier	 Source	 Rate	 Yield
1
bu/A 

Solution	 of N	 Herbicide	 (lb ai/A)	 1987	 1988

Water	 Anhydrous Ammonia	 Atrazine	 0.5
	

46.4
	

48.9
Solution 32	 Solution 32	 Atrazine	 0.5

	
52.7
	

49.1
Water	 Anhydrous Ammonia Atrazine 	 1.0

	
49.1

Solution 32	 Solution 32	 Atrazine	 1.0
	

49.8

1All treatments received 50 lbs N/A as anhydrous ammonia, soil injected,
(water-herbicide) or solution 32 (herbicide carrier) band-sprayed at seed-
ing.
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Table 2 presents two years (1987-1988) of data that show the sources of
nitrogen to be equivalent for producing yield. Nitrogen treatment produced
higher yields than the 0-nitrogen treatment (control). The Solution 32
source of nitrogen produced higher but not statistically different grain
yields (P	 .05) for both years.

The effect of the carrier solutions and sources of nitrogen were about
equal during both years (Table 3). The 1.0 lb a.i./A of atrazine was the
same as 0.5 a.i./A rate (P .05), indicating that the 0.5 lb rate was ade-
quate for weed control and the 1.0 lb rate produced no injury to the crop.

SUMMARY

Two years of data show that anhydrous ammonia and Solution 32 produced
statistically equal yields. Using water or Solution 32 as a herbicide car-
rier gave equal weed control results.

56



RESPONSE OF WINTER WHEAT TO YIELD-ENHANCING AGENTS

D. F. Grabe, F. E. Bolton, C. Garbacik and J. DeNomal

Several products and processes on the market are advertised to produce
substantial yield increases when applied to wheat seed. The scientific
basis for some of these claims is not always clear. The purpose of these
trials is to provide Oregon growers with unbiased information for making
decisions on whether to invest in these products and processes.

Trials were conducted for the third successive year to determine the
effect of these products and processes on seedling growth and grain yield of
soft white winter wheat. The trials included seven treatments and three
varieties and were located at Corvallis (45 in annual rainfall) in the
Willamette Valley, and at Moro (11 in annual rainfall) in central Oregon.
The varieties were Stephens, Hill 81 and Malcolm, which together are planted
on over 80% of the Oregon wheat acreage. The products tested were YEA!,
containing chitosan, a crabshell derivative; Amplify-D, containing adenosine
monophosphate (AMP) with sodium phosphate buffers; and Car-Dak, a super ab-
sorbent starch graft polymer with graphite. Another treatment consisted of
passing the seed through a Bio-Mag seed treater.

Seed moisturizing was included as a treatment in the trials this year
for the first time. Commercial moisturizing equipment has been developed in
Canada as a way of increasing crop yields. The seed moisturizing process
involves soaking seed in water under vacuum for 6 min and under pressure for
6 min, followed by an 8-hr moisture equilibration period. With this
machine, 200 bushels per hour can be moisturized, making it feasible on a
commercial scale.

The products were applied to Vitavax-treated seed at rates recommended
by the suppliers. Seed moisturizing was done with laboratory-model
equipment supplied by the manufacturer. Controls consisted of untreated
seed and seed treated with Vitavax-200. Standard plot techniques ap-
propriate for each location were employed. Plots were planted in a
randomized block design with four replications. Planting dates were
September 29, 1987 at Moro and October 9, 1987 at Corvallis. Laboratory
studies were also conducted to determine the effects of treatments on ger-
mination and early seedling growth.

'Professor, associate professor, research assistant, and graduate student,
Crop Science Department, Oregon State University, Corvallis, Oregon 97331.
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Seedling Growth

Seedling growth rate in germination towels was measured as milligrams
of dry weight per seedling seven days after germination. The results are
shown in Table 1.

Table 1. Effect of yield-enhancing agents on seed-
ling growth rate of Stephens wheat.

Yield-enhancing agent 	 Seedling growth rate

mg/seedling

Untreated	 13.19 as
CarDak	 13.14 ab
Bio-Mag	 13.47 ab
Amplify-D	 13.78 ab
YEA!	 13.85 b
Vitavax-200	 15.18 c

a Numbers followed by the same letter are not
significantly different from one another. P 	 .05

Car-Dak, Bio-Mag and Amplify-D had no effect on seedling growth rate.
YEA! had a small, but significant positive effect on seedling growth.
Vitavax-200, while normally applied for its fungicidal effects, increased
growth rate by 15%.

We have begun to study the mechanism of the Vacu-Pressure Seed
Moisturizer and to compare its effects to simply soaking seeds in water. In
the commercial apparatus, the treatment is a two-step process. In the first
step, seed is soaked in a large tank under vacuum for six min. In the
second step, the machine releases the vacuum and applies five pounds pres-
sure for six min. The seed is then dumped in a truck for about eight hr,
during which time the moisture equilibrates throughout the seed and is
surface-dried so it will run through a drill. We duplicated this process
with our laboratory model, and compared moisture uptake, germination per-
centage, and seedling growth rate with seeds that had been merely soaked in
water for similar lengths of time. Some of our results are shown in Table
2.
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Table 2.	 Effects of various methods of soaking on moisture uptake and seed
performance of Stephens wheat.

Soaking treatment
Moisture
content Germination

Seedling	 growth
rate

mg/seedling

No soaking control 13 97 16.5

6 min vacuum +
6 min pressure 23 97 17.3

12 min vacuum 22 97 16.2

12 min pressure 24 99 15.2

12 min soak in open
container 20 99 17.3

6 min vacuum +
6 min pressured
followed by 8 hr
equilibration (com-
mercial method) 34 99 17.3

4 hr soak in open
container 27 97 18.5

8 hr soak in open
container 31 98 16.2

16 hr soak in open
container 36 97 16.9

24 hr soak in open
container 38 100 16.0

These early results indicate that moisture uptake may be a little
faster under vacuum, but not very much. Total moisture uptake by mois-
turized seed after standing eight hr may be a little higher than with an
eight hr soak in an open container, but not much. Germination and seedling
growth rate were relatively unaffected by any of the treatments.

Questions have arisen regarding the fate of soaked seeds planted in
soil that is too dry to sustain germination and continued seedling growth.
We planted soaked seeds (about 25% moisture content) and dug them up at in-
tervals to compare their moisture content with seeds planted dry. The field
soil contained 3.5% moisture during this period. Results are shown in Table
3.
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Table 3. Changes in moisture content of moisturized and dry seeds after
planting in dry soil.

Moisture content

Wheat At	 Days after planting
planting	 1	 2	 5 7variety Treatment

%	 %	 %	 % %

Stephens Moisturized 25	 18	 19	 21 22

Dry 8 20

Hill-81 Moisturized 23	 18	 18	 20 19

Dry 8 22

Malcolm Moisturized 25	 16	 17	 21 18

Dry 10 22

Moisturized seeds quickly lost moisture to the dry soil but moisture
content was stabilized after one day. Both moisturized and dry seeds equi-
librated with the soil moisture at about 20-21% moisture at seven days.
This moisture content is too low for seeds to germinate.

Yield

None of the treatments positively or negatively affected wheat yields
at either location (Table 4), confirming the results obtained in 1986 and
1987. The increased yield of Amplify-treated Stephens at Corvallis is ob-
viously a spurious result as this was the only occurrence in three years of
testing. Because of the dry fall, plantings at Moro were quite small in the
spring, but stands were uniform at both locations. The dry conditions
should have provided a good test of the treatments under stress since two of
the procedures were designed to provide better moisture conditions for seed
germination and early growth.

In summary, there were no indications of beneficial effects from treat-
ing wheat seed with these purported yield-enhancing agents.
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Table 4. Yields of winter wheat treated with yield-enhancing
agents. 1988.

Seed
Treatment	 Stephens	 Hill-81	 Malcolm	 Ave

bu/A

Corvallis

YEA!	 92.5	 114.6	 91.7	 99.6
Cardak	 91.1	 106.2	 97.9	 98.4
Amplify	 97.3	 105.8	 97.4	 100.2
Moisturizer	 89.0	 114.6	 95.0	 99.5
Bio-Mag	 85.8	 108.8	 100.5	 98.4
Vitavax-200	 88.6	 99.1	 91.7	 93.1
Untreated	 87.0	 115.0	 92.8	 98.2

Average	 90.2	 109.2	 95.3	 98.3

LSD	 9.0	 NAa	 NS	 NS0.05

YEA!	 56.8	 58.8	 64.5	 60.0
Cardak	 56.9	 60.0	 61.2	 59.4
Amplify	 58.7	 60.1	 60.9	 59.9
Moisturizer	 55.3	 57.0	 58.4	 56.9
Bio-Mag	 58.1	 57.5	 63.5	 59.7
Vitavax-200	 55.3	 57.9	 62.0	 58.4
Untreated	 57.3	 59.7	 60.5	 59.2

Average	 56.9	 58.7	 61.6	 59.1

LSD	 NS	 NS	 NS	 NS0.05

a
NS - none of the yields in the column are
significantly different from the untreated check.
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ATRAZINE USE IN WINTER CEREALS UNDER THREE TILLAGE SYSTEMS

F. E. Bolton'

INTRODUCTION

Different tillage systems and different crops may affect how a weed
control practice may work in each season. What may successfully control
grasses or broadleaf weeds in one tillage system or one type of crop may
not control them in another system. Control of grassy weeds, especially
cheatgrass (Bromus spp.) is a continuing problem in dryland cereals.
Atrazine at relatively low rates (0.4 to 0.5 lbs a.i./A) has shown good
control of cheatgrass and some broadleaf weeds in conventional tillage
systems. The objective of this trial is to determine how well the
herbicide practice works under both tillage and crop variables.

METHODS

Long-term tillage trials involving conventional (plow and stubble-
mulch) systems as compared to a no-till system have been conducted since
1981. Large main plots (tillage systems) allow for division into subplots
of crop and weed control methods. Atrazine, an herbicide at the rate of
0.5 or 1.0 lbs active ingredient (a.i.)/A and a control (no herbicide) was
applied in both the conventional and no-till systems for three seasons.
In the conventional systems, planting was accomplished using a John Deere
HZ deep furrow drill with spray boom attached and atrazine mixed in water
was applied as a band between rows at seeding. Under no-till, atrazine
application was similar, but the carrier used was a fertilizer mix of
Solution 32. Solution 32 was the source of nitrogen for the no-till
treatment and anhydrous ammonia, soil-injected about one month before
seeding, was the nitrogen source for the conventional systems.

RESULTS

The three year average grain yield was always higher for the atrazine
herbicide treatment for each of the three crops in the trial (Table 1).
The yield level varied according to crop and tillage system. For example,
in Stephens wheat, difference in yield due to atrazine treatment was 8.3
bushels/A under no-till as compared to 0.6 bushels for stubble-mulch. The
yield difference under the no-till system, due to atrazine treatment, was
always greater than under the other tillage systems. This indicates a
level of grass weeds (mostly cheatgrass) that is usually present under
minimum and no-till systems.

The plow and stubble-mulch tillage systems yielded better than no-
till over the three year period. However, the no-till system was not
always significantly lower than the stubble-mulch system. The differences
were about the same for all three crops, indicating a similar response to
both tillage and herbicide treatments.

'Associate Professor of Agronomy, Department of Crop Science, Oregon State
University, Corvallis, OR 97331.
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SUMMARY

Herbicide and tillage treatments showed a similar response in three
different crops over a three year period. Grain yields were always
greater when atrazine was used preemergence for grass and broadleaf
control. The plow tillage systems always produced higher yield than
either stubble-mulch or no-till systems.

Table 1. Atrazine use in cereals under three tillage systems - Moro
Experiment Station 1986 to 1988

Tillage	 Herbicide	 Harvest Year--Grain Yield--Bu/Acre 
system	 application	 1986	 1987	 1988	 3-year ave.

(at seeding)
Stephens wheat 

Plow	 Atrazine	 63.4	 65.6	 69.8	 66.3 A
None	 58.5	 66.1	 62.2	 62.3 B

Stubble mulch	 Atrazine	 57.4 *60.2 *63.9	 60.5 A
None	 59.4	 58.4	 61.9	 59.9 A

No-till	 Atrazine	 *55.3	 *43.3	 54.8	 51.1 A
None	 50.6	 35.3	 43.1	 43.0 B

Club wheat 

Moro	 Tres	 Tres

Plow	 Atrazine	 *54.6	 *64.1	 61.3	 60.0 A
None	 50.7	 59.7	 53.1	 54.5 B

Stubble mulch	 Atrazine	 55.2 *55.2 *62.6	 57.7 A
None	 55.4	 55.0	 49.8	 53.4 B

No-till	 Atrazine	 55.8	 46.3	 *61.0	 54.4 A
None	 51.9	 29.0	 41.0	 40.6 B

Hesk winter barley 
(lbs/Acre)

Plow	 Atrazine	 *4486 *4934 *4392	 4604 A
None	 3827	 4973	 3036	 3945 B

Stubble mulch	 Atrazine	 *3994 *4939	 3652	 4095 A
None	 2938	 4651	 3444	 3678 B

No-till	 Atrazine	 *3411 *3912 *3760	 3694 A
None	 2908	 3346	 2273	 2842 B

* 1.0 lbs a.i./acre rate of Atrazine produced a higher grain yield (1987-
1988) than 0.5 lbs a.i./acre rate. In 1986 harvest year, Extrazine
(0.25 + 0.5 a.i./acre--Atrazine + Bladex) was applied.

Means followed by the same letter are not significantly different at
P=.05.
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A HISTORY OF "INVERSION" - A SUCCESSFUL TECHNIQUE

FOR WEEDY BROME CONTROL IN CEREALS

Donald J. Rydrychl

INTRODUCTION

For the past 60 years Pacific Northwest farmers have tried numerous
cultural, chemical, and mechanical methods to eliminate competition from
weed pests. Grass weeds such as downy brome (cheatgrass), ripgut brome,
volunteer rye, bulbous bluegrass, wild oat and jointed goatgrass can be
controlled by cultural methods such as tillage, crop rotation, and spring
crop management. Some cultural methods cause considerable soil erosion
and adjustments in management practices specifically for weed control of-
ten reduced potential crop yield. Increased cultivation helped control
weed problems but caused considerable soil losses with corresponding
reductions in soil moisture. These problems caused farmers to seek better
solutions to weed pest management and encouraged the wheat commissions of
Oregon and Washington to provide some research support for projects such
as "Inversion".

WHEAT COMMISSION CONTRIBUTIONS

The history of wheat commission involvement in research projects for
weed control started in the early 1960's when few registered products were
available for testing and evaluation. Early in the 1960's the Washington
Wheat Commission established a $6,000 research grant for downy brome re-
search in cereals at Pullman, Washington. In 1963 extensive chemical
screening tests were set up throughout eastern Washington. In addition,
the first experiments by Don Rydrych were initiated at Lind and Pullman,
Washington to test a herbicide placement system known as pre-plant drill
incorporated seedbed preparation. This system was formally named the
"Inversion" system while working on it in Oregon. The first experiments
with Inversion included diallate (Fargo), simazine (Princep), and atrazine
(Aatrex) using deep-furrow and double disk drills. This testing was put
on hold when damage to seedings developed using old style planters and
strong objections arose to the use of weed compounds that were residual in
the soil. In addition there was a great deal of uncertainty about
registrations on crops that had lower economic value. In the late 1960's
the cheatgrass research was suspended in Washington and the entire project
was relocated to the OSU - Columbia Basin Agricultural Research Center at
Pendleton with the same project leader and with supplemental funds sup-
plied by the Oregon Wheat Commission.

'Professor, Columbia Basin Agricultural Research Center, Oregon State
University, Pendleton, Oregon 97801.
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WHAT IS "INVERSION?"

Inversion as currently practiced is a preplant rearrangement of the
surface soil by a grain drill opener that greatly improves crop safety for
soil applied herbicides. It can be used in conventional or no-till seed-
beds. The system re-orients soil particles to include (1) surface, (2)
preemergence, and (3) soil inverted distribution of the herbicide. A
safety band is created behind the drill opener as the equipment is pulled
through the soil. The opener throws treated soil away from the seed zone
and a trailing packer wheel compacts the furrows so treated soil does not
roll over the wheat seed. A hoe drill is mandatory to obtain sufficient
soil movement when using non-selective herbicides such as atrazine or tri-
fluralin. Double disk drills can be used only where we have excellent
crop tolerance with herbicides such as diclofop (Hoelon) and triallate
(Avadex). The Inversion system was designed to reduce tillage require-
ments for soil applied herbicides and is uniquely adapted for conservation
tillage programs.

Inversion is different from standard soil incorporation in several
ways. Incorporation allows mixture of the herbicide to a uniform depth of
2 to 4 inches. In addition, incorporation requires maximum soil tillage
and generally two additional operations are required. Inversion does not
require additional tillage and the herbicides are randomly distributed in
the soil.

A typical Inversion program consists of a regulated tillage and weed
control program. First, the entire field should be free of all emerged
weeds. A chemical fallow treatment for seedbed preparation is a standard
practice in no-till or a tillage is used (rod-weeder) in reduced or con-
ventional tillage. Second, a herbicide is broadcast on the soil surface
prior to planting the winter wheat. The next operation is the actual
Inversion process where the grain drill opener clears a path in which the
seed is planted and at the same time distributes the herbicide treated
soil from the furrows onto the soil between the furrows.

REGISTRATIONS

The downy brome problem in the Pacific Northwest got progressively
worse during the 1970's and the development of conservation tillage and
no-till was delayed because a safe selective herbicide had not been
developed. Testing was continued on the Inversion system to see if exist-
ing herbicides such as atrazine, simazine, pronamide, and terbutryn could
be registered in winter cereals. In the late 1970's the early 1980's
several important weed control registrations were completed for selective
downy brome control in winter wheat. Trifluralin was registered as a soil
incorporated cheatgrass herbicide. This was followed by metribuzin which
was the first postemergence downy brome herbicide to be registered in the
Pacific Northwest. Diclofop was also registered during this period for
soil incorporated control of wild oat and downy brome. The registration
of these products was a very important event because it enabled growers to
start developing reduced tillage and no-till management. This was very
important for improved soil conservation and erosion control programs be-
cause downy brome could be selectively controlled in cereals.

However, the need for improved crop safety encouraged the development
of Inversion for several existing herbicides. Tests at Pendleton and
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throughout eastern Oregon showed that Inversion was successful with
metribuzin, atrazine, diclofop, IPC, and ethyl metribuzin. Finally in
1988 the first commercial registration of a product using the Inversion
system was established in Oregon and Washington. Cheat-stop (atrazine)
was registered under a private label because it is economical and is ac-
tive on downy brome and other weeds in winter cereals. The product does
have some risks associated with crop tolerance in low organic soils with a
high salt concentration. The active ingredient in cheat-stop (atrazine)
is being investigated in 1989 by EPA as a possible hazard to ground water.
For this reason alternate compounds should be considered for new registra-
tions using Inversion.

EXPERIMENTAL RESULTS

Products that are scheduled to be included in the Inversion program
as soon as they can be registered include metribuzin, clomazone (Command),
chlorsulfuron (Glean), and ethyl metribuzin (Tycor). Some of the 1988
tests using the Inversion system are recorded in Table 1 and 2. The
cheatgrass trial (Table 1) shows that Tycor, metribuzin, Command, and
Hoelon mixtures are good prospects for the replacement of atrazine using
Inversion. Cheatgrass control was effective enough for increased wheat
yield and crop safety was excellent.

The result of the ripgut brome trial are recorded in Table 2. Ripgut
brome control was excellent using Tycor, Cheat-stop, and metribuzin with
good crop safety.

Table 1. Cheatgrass control in winter wheat using "Inversion" - OSU -
CBARC - Pendleton Station, Oregon - 1988

Cheatgrass	 Crop	 Wheat
Treatments'	 Rate/A	 Control	 Injury	 Yield

lb/A	 lb/A

Tycor (Inversion) 1.50 90 0 4200
Tycor (Post-Dec) 1.50 99 0 4030
Tycor (Post-Feb) 1.50 80 0 3930
Cheat-stop (Inversion)* .50 50 0 3460
Metribuzin (Inversion) .50 60 0 3200
Metribuzin (Post-Dec) .50 99 0 4670
Command (Inversion) .12 80 0 4250
Hoelon + Glean (Inversion) 1.00 + .25 oz 70 0 3530
Control 0 0 2590

I Treated (Inversion) - 6 Oct 87 (Stephens) preplant surface.
Post - 4 Dec 87, Wheat - 6 to 8 leaf, 1 to 2 tiller; cheat - 1 leaf
Post - 10 Feb 88, Wheat - 6 to 9 leaf, 3 to 4 tiller; cheat - 2 leaf

* Cheat-stop – atrazine 90% wp
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Table 2. Ripgut brome control in . winter wheat using "Inversion" - OSU -
CBARC - Pendleton Station, Oregon 1988

Treatments' Rate/A
Ripgut
Control

Crop
Injury

Wheat
Yield

lb/A lb/A

Tycor (Inversion) 1.50 99 0 4140
Tycor (Post-Dec) 1.50 100 0 4240
Tycor (Post-Feb) 1.50 95 0 4200
Cheat-stop (Inversion) .50 99 1 4160
Metribuzin + Tycor
(Inversion) .25 +	 .75 98 0 3860
Metribuzin (Post-Dec) .33 99 0 3720
Metribuzin (Post-Feb) .33 70 0 3660
Hoelon (Inversion) 1.00 60 0 3910
Control 0 0 3490

I Treated - (Inversion) 5 Oct 87 (Stephens) preplant surface
Post - 2 Dec 87, Wheat - 4 to 5 leaf, 2 tiller; Rigput - 1 leaf
Post - 11 Feb 88, Wheat - 6 to 9 leaf, 3 tiller; Ripgut - 3 leaf

The Inversion system is adapted to the dryland areas of eastern
Oregon and the Pacific Northwest. Downy brome herbicides that are non-
selective such as atrazine require the use of hoe drills, while other
products such as diclofop (Hoelon), ethyl metribuzin (Tycor), and chlor-
sulfuron have excellent wheat tolerance and can be used with double or
single disk drills.

There are some precautions that have to be considered in an Inversion
program. The process does not work safely on steep hillsides with non-
selective herbicides such as atrazine. However, the more selective
herbicides such as diclofop or chlorsulfuron work well on hillsides.
Inversion programs have to start with clean seedbeds with either chemical
fallow (no-till) or tillage (conventional). Herbicides have to be applied
prior to the planting operation which means that most farmers have to
begin in September or early October. Herbicides for Inversion cannot be
applied after planting. In addition, the economic factor is important
with an Inversion program. Herbicides are expensive and this makes it
difficult to justify programs in low-production areas. Yet it is in the
low production areas that have the downy brome problem and control
programs are desperately needed. The (ongoing or current) research
programs are concentrating on products such as atrazine, clomazone, and
chlorsulfuron that can be used in marginal areas with reasonable crop
safety and good economic balance.

The combined efforts of the Oregon and Washington Wheat Commission,
the many farm cooperators, and industry helped make many of these weed
programs and Inversion a part of our farm management systems in the
Pacific Northwest.
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RHIZOCTONIA ROOT ROT OF WHEAT AND BARLEY

Richard Smiley, Dale Wilkins, Wakar Uddin,
Sandra Ott, Karl Rhinhart, and Scott Casel

HISTORY AND OCCURRENCE

Rhizoctonia root rot is an important disease of wheat and barley in
the Pacific Northwest. The disease was first confirmed and fully charac-
terized in the United States during 1984, when it was found to affect
growth of wheat and barley in Oregon, Washington and Idaho (Weller et al.,
1986). Rhizoctonia root rot was among the most prevalent of root and
crown diseases on dryland wheat and barley crops in northeastern and
northcentral Oregon during 1986 (survey conducted by Smiley and
Colleagues). Patches of affected plants were relatively common in barley
crops but no such patches were observed in any wheat field. More typi-
cally, however, the disease caused rotting of roots without causing acute
stunting or patchiness in the wheat and barley crops, or caused stunting
of individual plants that were well dispersed and therefore disguised
within rows of plants with normal heights. In this chronic diseased con-
dition, affected plants cannot be diagnosed by observing only the foliar
growth. During 1987 the disease was more prevalent and damaging than in
1986. Bare patch symptoms occurred on both wheat and barley, and were
found in fields managed either as a wheat/fallow rotation or a no-till
system.

Rhizoctonia root rot is now considered to be the most severe root
disease of barley in the Pacific Northwest. The disease is more important
than take-all and Pythium root rot on wheat produced in drier production
zones (< 16 in) and almost as important in irrigated and high rainfall
zones. These three diseases and those caused by nematodes often co-exist
as a root disease complex. Prominence depends upon the cropping sequence
and management and the soil and climatic conditions.

Preliminary evidence from long-term crop and soil management plots at
the Columbia Basin Agricultural Research Center indicates that different
farming systems are unlikely to invoke useful differences in the inherent
biological resistances of soils to survival and activity of pathogenic
species of Rhizoctonia. This finding was achieved through bioassays of 15
different long-term (20 to 58 years) cropping systems that were either in-
oculated or not inoculated with the pathogen. Variables included
fertilizer history (0 to 80 pounds N/ac), stubble burning or not, addi-
tions of animal manure to every crop, no-till vs. conventional tillage,
liming soil vs. fertilizer-induced acidified soil, and permanent pasture.

1 Superintendent and professor, Columbia Basin Agricultural Research
Center, Oregon State University; agricultural engineer, USDA-ARS,
Columbia Plateau Conservation Research Center, Pendleton, Oregon 97801;
and research assistant, biological aide, research assistant, and re-
search assistant, Columbia Basin Agricultural Research Center, Oregon
State University, Pendleton, Oregon 97801, and Moro, Oregon 97039.

68



SYMPTOMS AND PATHOGENS

Low to moderate levels of damage by Rhizoctonia are unlikely to be
noticed by casual observation. Diagnosis of the disease usually requires
careful examination of washed roots under magnifications of 20X or more.
Infected roots become girdled and severed (pruned) at the point of infec-
tion. Severed roots typically have a diagnostic tapering of the rotted
area from the normal root diameter to a finely pointed tip; this damage is
called a "spear tip". The pathogens, Rhizoctonia solani and R. oryzae,
survive between crops as colonists in roots and crowns that became in-
fected while they were living. These pathogens may also grow through soil
to colonizing straw and other organic residues. The pathogens use these
residues for survival and for further growth through soil. Most of the
pathogen's inoculum is contained in the upper 2- to 6-in of soil, depend-
ing on the tillage implements used on the field. The pathogen then
infects new roots that grow nearby. R. solani is much more damaging than
R. oryzae at root-zone soil temperatures below 60°F and the opposite is
true at root-zone temperatures above 60°F.

Crops of autumn-sown plants often go into the winter looking per-
fectly uniform and healthy. In the spring, as growth begins, patches of
severely infected plants or individual plants fail to start growing at the
same rate as the rest of the field. Patches of distinctly stunted plants
may develop, and seedlings are sometimes killed, hence the reason why
Rhizoctonia root rot is sometimes also referred to as "bare patch". If
seedlings are not killed, and if environmental conditions (these are
poorly defined) are more favorable for production of new roots than for
the occurrence of spring-time infections by the pathogen, then the in-
fected plants can sometimes produce enough new roots to partially recover
from the seedling infection. Yield losses would be expected under such
conditions, even though the crop height may reach normality. This is so
because the early infection also causes early tillers to abort, and these
tillers contribute significantly to yield.

Rhizoctonia root rot frequently occurs without the presence of
patches of stunted plants. Unstunted plants in these situations often
have low to moderate levels of root pruning. Another way in which this
disease can occur is in severely stunted plants that are masked by ad-
jacent unstunted plants in the same row. The crop will appear perfectly
normal even though there is a high level of root rot and stunting on a
small percentage of well dispersed individual plants. Plants with few
pruned roots appear to grow and yield normally, although the potentially
damaging combination of minor root pruning and late-season moisture stress
has not been researched under field conditions. It is likely that any im-
pairment in the plant's ability to obtain moisture and nutrients at the
critical stage of heading should be expected to cause at least a low level
of crop damage.

ECONOMIC DAMAGE TO CROPS

Pumphrey et al. (1987) determined in 1984 that Rhizoctonia root rot
reduced wheat yields by up to 3% (equal to $10/acre) on an irrigated sandy
loam at the Hermiston Agricultural Research and Extension Center (Table
1). Crop damage assessments by Smiley and colleagues, in Umatilla County
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Table 1. Characteristics of bare patch-affected and unaffected winter
wheat plants (average of three experiments) on an irrigated
loamy sand at the Hermiston Agricultural Research and Extension
Center in 1984

Plant character Bare patch No bare patch

Grain yield (bu/ac) 50 109
Straw (t/ac) 1.9 4.6
Straw/grain ratio 1.3 1.4
Heads/square foot 21 49
1,000 kernel weight (g) 46 48
Plant height (inches) 25 34

The no-till, sweep and plowed seedbeds had 5, 	 and 1% of their area af-
fected by bare patch.

Table 2.	 Crop damage assessments for bare patch in Dusty winter wheat and
Steptoe spring barley on a non-irrigated silt loam near Helix
during 1987

Parameter Dusty Steptoe

Patch-affected area (%) 8 17
Yield in patches (bu/ac) 38 22
Yield outside patches (bu/ac) 79 48
Yield loss in patches (%) 52 54
Yield reduction (bu/ac) 3.3 4.0
Yield reduction/acre (%) 4 8
Value of loss ($/ac at then

current prices) 15 9

Dusty winter wheat was produced in a wheat/fallow rotation and Steptoe
barley in a conventionally tilled annual recrop system.

During 1987, found that Rhizoctonia root rot reduced wheat and barley
yields by at least 4 and 8% ($15 and $9/acre), respectively, on heavily
affected non-irrigated fields (Table 2). These estimates are based on
comparative yields inside and outside the bare patches, and do not include
potential yield constraints that may have been caused by the root rot
phase present on the surrounding "normal appearing" crop. Refined
measurements are anticipated to reveal yield constraints considerably
higher than those documented thus far.
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CROP SPECIES AND ROTATIONS

R. J. Cook and colleagues, at Pullman, WA determined from greenhouse
tests that most rotational crops produced in our region are susceptible to
Rhizoctonia. Such crops included wheat, barley, peas, chickpeas, lentils,
and rapeseed. It was also noted, however, that patch symptoms seldom oc-
cur on the broad-leaf rotational crops under field conditions, and that
patchiness is less on small grains that follow a legume than on those that
follow a small grain. We have observed that barley is much more suscep-
tible than wheat when these crops are grown side by side in the field in
Oregon. This was true for winter-sown as well as spring-sown barley.

There are no known tolerant or resistant cultivars of winter wheat,
although some variation in tolerance is now known to exist among spring
wheat, barley and oat cultivars in Australia. During the 1987-1988 crop
year we developed a procedure for inoculating single rows or large areas
of fields with Rhizoctonia so that we could search for tolerances among
winter wheat cultivars. In that test, conducted with six entries (two
soft white common types, two soft white club types, and two hard red
wheats), useful levels of tolerance were not measured. Nevertheless, the
system proved to be very successful (Table 3) and we now have more than
100 entries in a tolerance test at Pendleton and over 400 entries in a
similar test at Moro. These screening studies place emphasis on the ac-
tivity of only one pathogen, R. solani. This strategy was selected
because we found that R. solani is most damaging at the root-zone tempera-
tures (less than 60°F) that typically exist when most winter and spring
wheat and barley crops are becoming established. Damage to grain produc-
tion is likely to be more severe when seedlings become infected, as
compared to infections that first occur on more mature plants.

TILLAGE AND RESIDUE MANAGEMENT

The influence of tillage systems on Rhizoctonia root rot is well es-
tablished. the frequency of occurrence (incidence) and amount of damage
(severity) of the disease are almost always highest in fields managed un-
der a no-till system. The disease is somewhat less damaging in
wheat/fallow systems where moderate to high amounts of residue are kept
near or on the soil surface, and is typically unimportant in fields where
the residue has been thoroughly buried. The influence of the disease on
the yield of grain from crops grown under various tillage systems is less
clear because of over-riding effects of the tillage systems on water-use
efficiency and other factors. It is, for instance, sometimes observed
that the yield is higher under no-till than conventional tillage, even
though the incidence and severity of root rot is always highest in the no-
till.
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Table 3. Influence of inoculum of Rhizoctonia solani AG8 and R. oryzae on
growth and yield of six winter wheats grown on a non-irrigated
silt loam at the Columbia Basin Agricultural Research Center at
Pendleton

Inoculum

Plant
height
(in.)

Tillers/
plant

Roots at
5-cm depth

Root rot rating Yield
(bu/ac)seminal coronal

None
R. oryzae
R. solani

23
22
11

3.1
3.1
1.0

30
25
7

2.2	 .3
2.6	 .8
4.9	 3.8

140
130

9

All measurements except yield were made on seedlings; Haun Stage 5. Root
rot ratings scales were 0 (none) to 5 (> 50% of roots severed) for seminal
roots and 0 (none) to 4 (> 75% of roots affected) for coronal roots.

The planting date was October 27, 1987, at which time the soil temperature
(at 4-inch depth) had declined to 50°F. The soil temperature increased to
60°F, a temperature favorable to R. orvzae, on April 14, 1988.

Pumphrey et al. (1987) determined that the incidence of bare patches
was 0, 8, 25, and 41 percent, respectively, in plots of irrigated wheat
produced on a sandy soil that had been moldboard plowed, tilled at 6-in
depth with horizontal sweeps, disrupted with a Paraplow, or not tilled.
In a follow-up experiment on non-irrigated crops, we are attempting to
determine how often a primary tillage tool such as the moldboard plow may
be required in an annual cropping system to adequately manage Rhizoctonia
root rot. We are presently in the third crop of this four-crop study
being conducted at two locations in Umatilla County. Observations made
thus far indicate that the disease is always most severe in the no-till
plots, as compared with the conventionally tilled (plow plus disk) plots.
Nevertheless, at one of the test sites the crop yields have been highest
where the no-till system is practiced. This is thought to be the result
of differences in water-use efficiency in the two tillage systems at the
two experimental sites. More complete conclusions from this work will be-
come available during 1991.

72



The preceding comments could be interpreted to mean that Rhizoctonia
root rot should not become important in wheat/fallow systems where tillage
is used for moisture conservation, residue incorporation, and weed and
disease control. This is not always true in eastern Oregon. The wheat
field used for the economic damage assessments reported earlier (Smiley
and others, during 1987) was subjected to the practices described below.
The stubble was burned in August after the 1985 crop was harvested. A
chisel plow was used shortly after the burn and again in April, 1986. The
field was also cultivated in April. Fertilizer was applied in May. Rod
weedings occurred during May, July, August, and September. A pre-plant
application of Chem-Hoe and Glean was made on September 17 and Dusty
winter wheat was seeded on September 25. A spring application of urea was
applied in February, 1987. The damage from Rhizoctonia root rot was es-
timated at 3.3 bu/acre ($15/acre).

It is also possible that earlier comments could be interpreted to
mean that Rhizoctonia root rot is inevitable in no-till systems. While
the disease does occur with more frequency as the amount of shallow
residue is increased, this does not necessarily relate directly to observ-
able crop damage. Two observations can be described to illustrate this
point. After three years of no-till annual cropping on a farm in Umatilla
County, Rhizoctonia root rot became highly debilitating to crops of spring
barley but not noticeably on winter wheat. The pathogen caused root rot
on the wheat but there were no stunted patches and the grain yields were
satisfactory. On another wheat farm, also in Umatilla County, fields are
currently in their twelfth year of annual recrop or conventional wheat-
fallow rotation. The recropped field was divided six years ago into
conventionally tilled and no-till segments. The five year average yields
from the fields are 43 bu/ac on the no-till crop, 45 bu/ac on the conven-
tional till recrop, and 69 bu/ac on the wheat/fallow rotation.
Rhizoctonia root rot assessments were made on two of these fields during
1987. There were no patches of stunted plants in the crop, but there were
stunted plants randomly dispersed within the rows. Stunted plants were
disguised by the normal-height neighboring plants. Wheat grown on the
conventionally tilled wheat/fallow rotation had 5% of its plant population
stunted as a result of Rhizoctonia root rot. In contrast, the annual
cropped no-till field had 38% stunted plants in areas planted with the
Yielder drill and 23% stunted plants in areas planted with Dr. Floyd
Bolton's experimental drill. The latter drill rototills a narrow seedbed
within an otherwise no-till field. The seed is planted into the tilled
strip. Crop yields in the recropped no-till and wheat/fallow fields were
62 and 85 bu/ac, respectively.

The relatively minor occurrence of the disease and the high yield
performance of crops on this set of fields provides sharp contrast with
heavily damaged crops on minimally tilled fields only a short distance
away. This illustrates our sparsity of knowledge regarding the deter-
minants of Rhizoctonia root rot under various farming systems and climatic
and soil conditions.
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SOIL FERTILITY

We do not anticipate that adjustments of fertilizer rates will have
any important influence on the occurrence of Rhizoctonia root rot on ir-
rigated or non-irrigated fields in the Pacific Northwest. Pumphrey et al.
(1987) determined that rates and timing of applied nitrogen within the ac-
ceptable agronomic practices, did not influence the incidence of the bare
patch phase on an irrigated sandy soil at Hermiston (Table 4). It is
known, however, that nutrient deficient soils in Australia cause dramatic
increases in Rhizoctonia root rot, and that the disease can be reduced
with applications of nitrogen and phosphorus. We think that this is un-
likely to occur in the Pacific Northwest because most of our soils have a
much higher phosphorus supplying capacity than in the areas where fer-
tilizer studies were conducted in Australia. Second, our producers
commonly apply fertilizers to their crops, whereas the most heavily dis-
eased crops in Australia re produced in legume-small grain rotations in
which little if any inorganic nitrogen is applied.

Table 4. Effect of nitrogen fertilizer on the incidence of bare patch in
irrigated winter wheat on a loamy sand at the Hermiston
Agricultural Research and Extension Center in 1984

Nitrogen (lbs/ac)	 Plots with patches
at planting	 at late-tillering	 (%)

	

0	 0	 31

	

0	 150	 40

	

50	 150	 40

	

50	 200	 23

CHEMICAL CONTROL

Fourteen fungicidal seed treatment studies at four locations have
been performed by Smiley and colleagues during the past three years. The
experiments included winter wheat, and barley planted in the autumn and
spring. None of the fungicides have provided effective or reliable reduc-
tions in Rhizoctonia root rot under field conditions. Many of the
fungicides examined in these tests are highly inhibitory to growth of
Rhizoctonia. The inefficiency of the seed treatments can be attributed to
three possible reasons. First, these chemicals are systemically translo-
cated only upward in plants. Placement on the seed may not be effective
in protecting root segments just beyond the influence of the seed.
Second, these chemicals are more precisely defined as fungistats rather
than fungicides. That means that they inhibit fungal growth only while
the chemical concentration is above some threshold value. The pathogens
are not killed (as occurs with chemicals strictly defined as fungicides),
and may resume growth once the fungistat's concentration has subsided
through degradation or dilution via plant translocation. Third, it is
possible that the fungistats could cause a mild phytotoxic reaction in the
seedlings, and that this toxic reaction could be offsetting any beneficial
effects achieved through its protection against root infection.
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Current emphasis on chemical control has shifted to placement of the
fungistat with a starter fertilizer carrier either directly in or under
the seed row. This application strategy has proven very effective for
controlling some root diseases elsewhere in the world. The fertilizer ap-
parently attracts the seedling roots to the fungistat. When the fungistat
is absorbed it theoretically is more capable of protecting larger segments
of roots than comparable rates of the same compound placed on the seed.
The first of these fungicide placement studies is currently in progress.
Foliar applications and soil treatments with fungicides are not being in-
vestigated because they are expected to be highly ineffective and/or
expensive.

HERBICIDES

Recent findings have indicated that detrimental herbicide-disease in-
teractions can occur in fields where the pathogen is present. Two types
of interactions appear to occur. Certain soil-active herbicides ap-
parently can cause sub-clinical stresses to occur in the small grain
plants. This causes the plants to become more attractive to the
pathogens, which then infect and cause disease with greater frequency
and/or severity. In another scenario, it is clear that killing the in-
fected plants (volunteer or weeds) just prior to planting a crop may lead
to encouragement of the pathogen to transfer from the dying plants to the
seedlings of the newly planted crop. This information was determined
through the use of several very different classes of herbicides, but it
appears possible that the principal could also be extended to the use of
shallow tillages, such as with the rod weeder just prior to planting.
Further details on examples of these findings follow.

Chlorsulfuron

Australian scientists reported in 1986 that the use of chlorsulfuron
(Glean) on wheat and barley fields caused a dramatic increase in the in-
cidence and severity of Rhizoctonia root rot. The applicability of those
results to the Pacific Northwest has been uncertain because the observa-
tions in Australia were based on soils with a pH exceeding 8.0. The
herbicide is not registered for use on soils with pH above 7.2 in North
America, and most soils used for production of wheat and barley in the
Pacific Northwest do not exceed those limits. Nevertheless, such reports
must be examined to determine how or if they relate to the local condi-
tions. We are therefore performing studies under greenhouse and field
conditions. Our progress to this point indicates that the pre-emergence
applications of chlorsulfuron (Note: this is no longer a legal use) do
indeed increase the severity of Rhizoctonia root rot in all of our tests,
and that post-emergence applications have given variable (perhaps field or
site specific) responses (Table 5). As of this writing, however, we have
not documented any reductions in grain yield in experimental plots that
have been treated with chlorsulfuron. Our field plots designed to examine
this question were considered a failure due to drought during the 1987-
1988 crop year. Follow-up plots at two Rhizoctonia-affected sites will be
planted in the autumn of 1989. It should also be noted that an applica-
tion of chlorsulfuron on fields where Rhizoctonia root rot is not a
problem typically provide substantial increases in yield due to the ef-
ficiency of the herbicide in managing the weed population. The
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Table 5. Influence of pre- and post-emergence applications of chlorsulfuron
(Glean) on growth and yield of winter wheat at two non-irrigated loca-
tions where Rhizoctonia root rot was known to occur on annually recropped

fields

Parameter

Site 1 Site 2

no-till	 tilled no-till tilled

none pre- post- none pre- post- none pre- post- none pre- post-

Haun 4.3 4.0 4.1 3.7 4.1 4.3 4.5 4.5 4.3 4.9 4.8 4.7

Height (in) 19 18 17 15 15 16 21 20 20 20 18 19

Root density
(# at 5 cm) 9 9 10 6 5 7 9 7 8 8 9 6

Shoot wt.	 (g) 83 65 85 61 53 70 117 102 88 125 96 99

Tillers .7 .2 .7 .5 .1 .6 .7 .6 .4 1.4 .9 1.0

Dis. index 3.6 4.3 3.9 3.6 4.6 3.9 3.3 4.4 4.1 3.8 4.4 4.2

Yield (bu/ac) 12 13 14 11 9 8 18 20 20 20 22 23

All measurements except yield were from seedlings in early spring, 1988. Root rot
rating scale was 0 (none) to 5 (> 50% of roots severed). Crop was considered a
failure due to drought and lack of stored soil water.

detrimental interaction only occurs when the Rhizoctonia fungus also
causes a problem in the treated fields. It is quite possible, however,
that the advantages of weed control may be more important to the produc-
tion of grain than the damage caused by Rhizoctonia root rot. This trade-
off will have to be evaluated in field research trials.

Glyphosate 

Australian scientists also reported that applications of a mixture of
paraquat and diquat to weeds and volunteer wheat or barley just prior to
seeding a new crop greatly enhanced the severity of Rhizoctonia root rot.
This effect only occurred in soils where the pathogen was active, and was
not a direct response of new seedlings to the chemical. Our producers of-
ten use glyphosate (Roundup) for similar purposes when planting a spring
crop, or when adjusting their acreages planted to winter wheat and spring
barley. We considered it important to determine if the principal
described in Australia is applicable to our conditions.
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An autumn-seeded crop of winter wheat was killed with glyphosate (32
oz Roundup/ac) applied at various intervals prior to the direct seeding of
Steptoe barley with a John Deere HZ drill on March 30, 1987. The applica-
tion dates for glyphosate were at approximately weekly intervals from six
weeks before seeding to one day after seeding. Table 6 illustrates the
reduction in yield that occurred when the winter wheat crop was killed
within two weeks before planting the spring barley crop. The principal
described in Australia was substantiated under our conditions. The
precise reasons for this effect are still unclear, but they may be related
to the ability of root pathogens to detect that their host is being killed
by a herbicide, and they move over to the roots produced by the seedlings
of the newly seeded crop. These mechanisms are currently being inves-
tigated by Drs. Alex Ogg and Jim Cook (USDA-ARS weed scientist and
pathologist) at Pullman, WA.

Table 6. Influence of the timing interval between applying glyphosate
(Roundup) and seeding spring barley (on March 30, 1987) into a
field with a history of Rhizoctonia root rot at the Columbia
Basin Agricultural Research Center

Spray date Stunted plants (%) Yield (t/ac)

February 20 21 1.70
27 25 1.83

March 6 36 1.69
18 49 1.60
27 60 1.13

April 1 14 1.77

lsd (.05) 24

A refined version of our glyphosate study (using 16 oz Roundup/ac)
was performed at Pendleton during 1989. In this study the glyphosate was
applied at weekly intervals starting three weeks prior to planting.
Figure 1 illustrates that the reduction in time between application of the
herbicide and seeding spring barley causes decisive reductions in plant
growth and yield, an an increase in root rot. In this instance, it was
determined that the root rot was a complex of Rhizoctonia root rot and
Pythium root rot. Yield reductions up to 29% were illustrated by this
study. We think that it is important for producers to realize that a
glyphosate application on fields known to harbor these root pathogens is
likely to damage the crop yield if the spraying and seeding practices are
made within two weeks of one another. However, we are also aware that
weather, soil moisture, labor supply, and other factors must also be con-
sidered in the ultimate decisions regarding activities during the spring
work period. Applications of glyphosate at any time prior to seeding
should not affect crop yield if root pathogens are not active in the
field.
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Figure 1. Influence of the timing interval between applying glyphosate
(Roundup) and seeding spring barley on March 18, 1988 into a
field with a history of Rhizoctonia root rot at the Columbia
Basin Agricultural Research Center (plant characteristics in
plots sprayed 21 days before seeding are used as the basis for
comparisons).

SYNOPSIS OF MANAGEMENT CONSIDERATIONS FOR PROBLEM FIELDS

CROP ROTATIONS
1. Annual Crop Areas - Wheat is more tolerant than barley, and
winter plantings appear more tolerant than plantings of spring
grains.
2. Crop/Fallow Areas - Legumes and other non-grain crops appear to
reduce the amount of carry-over inoculum of the pathogen, even though
these rotational crops are themselves susceptible to inflection.
Spring barley following winter wheat in a 3-year rotation could be
hazardous on fields with a history of this disease.
3. Irrigated Fields - Tight rotations to small grains should be
avoided in the same manner that is used to manage take-all. Break
crops of potatoes, alfalfa and similar crops should minimize the
level of damage, if the grassy weeds are kept under control.

RESISTANT OR TOLERANT CULTIVARS
There are no known resistant or tolerant cultivars of winter or
spring cereals in the Pacific Northwest. The potential for detecting
tolerance appears high in view of the differences recognized among
cultivars of spring wheat and spring barley in Australia.

	

shoot	 roots

	

wt.	
C(

tillers

TILLAGE AND RESIDUE
Root rot is usually reduced as the frequency of tillage is increased
and the amount of residue on or near the surface is reduced.
Exceptions do occur. Complete burial of infected roots, crowns, and
of clean straw appears useful for managing this disease.
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DRILL DESIGN
Evidence overseas indicates that opener designs causing maximum soil
disturbance at seeding assist in managing this disease. These
openers presumably act by pushing the infected root and crown
residues away from the seed and developing seedling.

PLANTING DATE
Information is not yet available. Rhizoctonia solani is capable of
active growth over a wide temperature range, and is especially
pathogenic at soil temperatures below 60°F. Rhizoctonia oryzae, grows
best and causes the most disease at temperatures above 60°F.

PLANTING RATE
Information is unavailable.

FERTILIZERS
Application rates and timings should not be altered in an attempt to
manage this disease. Within the normal limits of production in east-
ern Oregon, soil fertility management appears to be unimportant. It
is well known, however, that nutrient deficiencies exacerbate this
and other diseases of plant roots.

CHEMICAL CONTROL
Acceptable fungicides or application strategies are not yet avail-
able.

HERBICIDES
Closely monitor fields treated with soil-active herbicides.
Especially note areas that have been either overlapped or skipped to
determine if more or less disease occurs in those areas. Intended
"check" strips in selected fields are advisable. Within the limits
of spring work schedules and weather, attempt to kill volunteer and
weeds at least two weeks before planting a spring grain.
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STRAW TO GRAIN RATIOS OF STEPHENS WINTER WHEAT

D. E. Wilkins, P. E. Rasmussen, and H. P. Collins'

Cereal crop residue on the soil surface is necessary to control soil
erosion on much of our farm land in the Pacific Northwest (Allmaras et
al., 1985). Guides are available for estimating the amount of crop
residue remaining on the soil surface after one or more tillage operations
(Allmaras et al., 1985; Bauder, 1983; Colvin et al., 1986, and Soil
Conservation Service, 1988). To use these guides, the initial amount of
residue must be measured or estimated. The amount of winter wheat residue
on the soil surface is often estimated based on grain yield. A rule of
thumb that there are 100 pounds of straw for every bushel of wheat
produced has been used to estimate the initial amount of residue (Engle et
al., 1980; Ramig and Maxwell, 1984; McClellan et al., 1987, and Collins et
al., 1988) found that this often over-estimates the amount of residue
produced by semidwarf winter wheat varieties yielding from 70 to 100 bu/A.
SCS (1988) now recommends using 80 lbs of residue per bushel of wheat to
estimate the initial amount of winter wheat residue.

MATERIALS AND METHODS

This research was undertaken to evaluate the variation in straw to
grain ratio (S/G) of Stephens winter wheat grown in northeastern Oregon
and southeastern Washington.

Data were collected from long-term Crop Residue Management (CRM)
plots at the Columbia Basin Agricultural Research Center (CBARC) and
Integrated Pest Management (IPM) field plots designed to study the
relationships among weed control, insect control, tillage, crop residue
management and pea root rot diseases in a wheat-pea rotation. Table 1
shows the soils and expected precipitation at CBARC and three IPM sites.
Whole plant samples were hand harvested from an 8 ft area and bundled for
each IPM plot. Thirty two plots were sampled at each IPM site in 1985,
1986, and 1987. In 1988 only sites 1 and 2 were sampled. The CRM
experiment is a summer fallow/winter wheat rotation that was started in
1931. Data were selected from two replications of five treatments from
1978-87 when Stephens winter wheat was grown. These treatments consisted
of 0, 40, and 80 lbs/A of broadcast nitrogen fertilizer, 10 tons/A per
crop year of manure (equivalent of 99 lbs/A of nitrogen) and 1 ton/A per
crop year of pea vines (equivalent of 30 lbs/A of nitrogen). Whole plant

samples were harvested from a 13 ft 2 area in each plot and bundled. These
samples were weighed, threshed, and the grain weighed. Straw to grain
ratios were calculated based on the following equation:

S/G = (bundle weight - grain weight)/(grain weight)

' Agricultural engineer, soil scientist, and microbiologist, USDA-ARS,
Columbia Plateau Conservation Research Center, Pendleton, Oregon 97801.
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Table 1. Soil Characteristics of field plots

IPM	 1	 Walla Walla

IPM	 2	 Umatilla

IPM	 3	 Walla Walla

Crop Residue 4	 Umatilla

State
Annual

Elevation precip.
Soil
type

Soil
depth

(ft) (inches) (ft)

WA 2100 23 Palouse silt
loam

5-6

OR 1970 19 Athena silt
loam

3-4

WA 1140 16 Walla Walla
silt loam

>10

OR 1500 16 Walla Walla
silt loam

4-5

Experiment Site	 County

sTPHENS WHEAT
PM SITES 

---- 100 LB/BU
• 11..6 •■• 80 L3/BU

ERROR BARS = STAND. ERROR

0      
84	 85	 86	 87	 88	 89

YEAR
Figure 1. Variation in straw/grain ratio for 1985-1988 in IPM

plots located in northeastern Oregon and southwestern
Washington.
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RESULTS AND DISCUSSION

Figure 1 shows the mean S/G ratios at the IPM sites in 1985-88 and
also the S/G ratio assuming 100 and 80 lbs of residue per bu of wheat.
Variation in S/G was greater from year to year than between locations for
any given year. In three of four years, the assumption of 100 lbs/bu
would over-estimate the initial amount of residue. In 1988, this
assumption would under-estimate the initial amount of residue by 25%.

-J

Figure 2. Variation in straw/grain ratio for 1978-1988 in crop
residue management experiment at the Columbia Basin
Agricultural Research Center.

82



STEPHENS WHEAT
IPM EXP.

Iwo
• •

• •
a

•

•
Iwo

• •
a

Figure 2 illustrates the variation of S/G ratio from 1978-87 for the
CRM experiment. These S/G results in 1985-87 were similar to the results
for the IPM experiment. An assumption of 80 lbs of straw per bu of wheat
was very close for these years, but only two of the previous 7 years had
S/G ratios below 1.67 (100 lbs per bu). Even with the wide range in the
amount of applied nitrogen (0 to 99 lbs/A) in the CRM experiment, the year
to year variation in S/G was greater than the variation within any given
year.

Figure 3 illustrates the relationship between S/G and grain yield for
the IPM plots. There was a trend for the S/G ratio to decrease as the
yield increased from 60 to 130 bu/A. This is consistent with the results
observed by McClellan et al., 1987. There was no clear functional
relationship between S/G ratio and yield for the CRM experiment (Figure
4).
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Figure 3. Influence of grain yield on straw/grain ratio for IPM
plots located in northeastern Oregon and southeastern
Washington.
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The variation in S/G ratios from year to year are related to weather
conditions during the growing season. Soil moisture is usually the
limiting factor in dryland wheat production in this region. Figure 5
shows how the S/G ratio in the CRM experiment was influenced by annual
precipitation. S/G ratio generally increased as the annual precipitation
increased. Exceptions include the 1982 crop year with the annual
precipitation over 20 inches and a S/G less than 1.6.

Grain yield is determined during both vegetative and reproductive
development but straw yield is determined during the vegetative production
period. Often, ideal weather conditions prior to head development result
in large vigorous plants that deplete soil water to the extent that there
isn't sufficient water for adequate kernel fill. On the other hand, small
plants produce large heads with plump kernels, often resulting from timely
late season rain. In 1988, the drought limited available soil water.
Consequently heads and kernels were small and the S/G ratio was over 2.
Distribution, as well as the total amount of precipitation, influences the
S/G ratio.
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Figure 4. Influence of grain yield on straw/grain ratio for

crop residue management experiment at the Columbia
Basin Agricultural Research Center.
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CONCLUSIONS

The S/G ratio of Stephens winter wheat grown under dryland conditions
varies from year to year depending on the quantity and distribution of
annual precipitation. S/C ratio increased as precipitation decreased.
Because S/C varied as much as 100% from year to year, estimates of straw
yield based on grain yield are not accurate.
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KOCHIA - A POTENTIAL PROBLEM IN CEREALS

D. J. Rydrychl

INTRODUCTION

Kochia (Kochia scoparia) is a spring annual broadleaf weed that has
rapidly become established in the cereal growing areas of eastern Oregon.
It is a native of Asia and was introduced from Europe as an ornamental
years ago. It has escaped from cultivation as an ornamental and is now
common in North America. Kochia can germinate at any time during the
growing season especially when supplemental rainfall or irrigation is
available. It resembles lambsquarter and when undisturbed can grow one to
six feet tall. The upper leaves are covered with soft hairs, leaves are
alternate and lance shaped. When the top matures in the fall the wind
moves them considerable distances like a tumble weed. Kochia seed can be
spread great distances by the movement of the plant tops and stems.

The distribution of Kochia is widespread in eastern Oregon. It is
very common along roadsides, ditches, and waste areas and is frequently a
problem in winter and spring wheat fields and in Conservation Reserve
Program perennial grass stands throughout the region. Kochia remains
green well into the season and often makes harvesting difficult due to
large amounts of immature vegetation. In some cases the field has to be
cut and swathed before it can be combined. Kochia is adapted to alkaline
soils and will dominate the area when other broadleaf weeds are unable to
survive. It is also very drouth tolerant and has the ability to extract
moisture from soil when other plants cannot. Kochia is relatively easy to
control with herbicides or by cultivation in the seedling stage. However,
it has the ability to germinate repeatedly throughout the growing season
and early eradication does not mean it will not return.

Since the weed is considered a potential problem throughout the area
it was determined that specific research was needed to develop economical
control programs. The result of the 1988 research is summarized in this
report.

MATERIALS AND METHODS

Research was conducted in Union County on silt loam soils that ex-
ceeded pH 7.5. Spring wheat was tested for tolerance to herbicides.
Kochia control was evaluated on the basis of season long weed control be-
cause of the multiple germination factor. 'Owens' spring wheat was
planted in a split-plot experimental design with three replications.
Herbicides were applied post-emergence on 5 May 1988 when spring wheat had
two to three tillers with six to eight leaves, and Kochia had eight 8 to
10 leaves and was .5" to 1 " diameter. Weed control was evaluated in June
and again in August to see if the original evaluations had changed and if
season long weed control was possible.

1 Professor, Columbia Basin Agricultural Research Center, Oregon State
University, Pendleton, Oregon 97801.
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RESULTS AND DISCUSSION

The results of the 1988 Kochia weed control experiments in spring
wheat are recorded in Table 1. The treatments controlled Kochia for the
entire season. Harmony and Bronate were the most effective compounds based
on total yield, Kochia control, and good spring wheat safety. Some injury
was observed in the Harmony mixtures and Harmony Extra. Warm, humid
weather following application may have contributed to mild chlorosis.
Metribuzin has also been effective on Kochia when combined with bromoxynil.
Apparently, the metribuzin-Harmony mixture is overly active on spring
grains. Metribuzin provides excellent residual control which is essential
for the prevention of late season Kochia germination.

Kochia has also shown resistance to Glean after repeated exposure.
Harmony does not have the same mode of action as Glean and is not as likely
to develop Kochia resistance. In addition, Glean can not be used in some
spring rotational crops such as barley, peas, and other legumes. Harmony
can be used in most spring rotations because it is not soil active.
Bronate is very effective on Kochia but does not have the soil residual
characteristics that are needed for season long weed control.

Kochia competition can be quite serious in spring grains. Significant
spring wheat yield reductions were recorded in the non-treated control
(Table 1). Good Kochia control is essential for normal yield. Make sure
that surfactants are used when Harmony is in the mixture and treat Kochia
before it exceeds 2-3 inches in diameter. Several failures were reported
in 1987 when MCPA was applied on Kochia that was too large. If Kochia is
not controlled properly it can cause maturity problems and sometimes swath-
ing is necessary to harvest the crop. Kochia does not mature early and can
remain green and wet until fall.

Table 1.	 Kochia control in spring wheat - La Grande, OR 1988

Treatmentl/

Kochia

Rate	 control

Crop

injury

Ave wheat

yield

oz (or) lb/A lb/A

Harmony .50 oz 99 0 5160
Harmony + dicamba .33 oz + 2 oz 98 4 4690
Harmony Extra .50 oz 97 4 4980
Metribuzin + Harmony .25 lb + .25 oz 99 4 4560
Metribuzin + bromoxynil .25 lb + .251b 98 0 5310
Bronate .38 lb 80 0 5290
Control 0 0 3440

1/Treated Post - 5 May 88, Spring wheat (Owens) 6 to 8 leaf, 2 to 3 tiller
Kochia - 21 plants/ft 2 , 8 to 10 leaf, .5 in to 1 in dia.
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FALL TILLAGE TO IMPROVE WATER INFILTRATION IN FROZEN SOIL

J. L. Pikul, Jr., J. F. Zuzel, and D. E. Wilkins'

Frozen soil is a major factor contributing to surface water runoff
and soil erosion in the inland Pacific Northwest. A frozen soil layer,
much like a compacted soil layer, reduces internal water movement and
predisposes the field to surface runoff. Shallow tillage in the fall of
the year has been practiced to improve water infiltration, especially in
areas where frozen soil is anticipated.

The freezing process causes an upward movement of soil water from un-
frozen subsoil to the freezing front. Ice formation results in a blockage
of water flow pathways and consequently a decrease in water infiltration.
Soil frozen with a high water content may be nearly impermeable in con-
trast to soil frozen with low water water content. Tillage creates a
continuous system of large cracks, termed macropores, that are important
for water infiltration especially when the soil is frozen. Macropores
remain drained of water and ice free even though the surrounding soil may
be frozen. As a result, macropores provide open pathways for water to
travel through the frozen layer to the unfrozen subsoil.

This research focuses on the macropore system created by tillage.
Soil type, soil water content at the time of tillage, speed of travel, and
type of tillage tool are all variables that need consideration when making
recommendations of the type of tillage required to produce a stable soil
structure with high infiltration. Our long term goals are to develop til-
lage recommendations for maximum water infiltration with minimum power
requirements. The objective for this experiment was to determine the ef-
fect of tillage-induced soil macroporosity on water infiltration in frozen
and unfrozen soil.

METHODS

Water infiltration into unchiseled soil and soil tilled to a depth of
8 in with a single 2-in wide chisel was measured on a Walla Walla silt
loam at the Pendleton Experiment Station. Historically the soil had been
in a winter wheat - summer fallow rotation. Primary tillage occurred in
the spring with the moldboard plow, however in 1986 primary tillage was
changed to chisel plow. Secondary tillage included spring tooth harrow
and rodweeding during the summer. In June 1988 winter wheat (Tres)
planted in the fall of 1987 was mowed and removed from a 103' by 123' ex-
perimental area, leaving only standing stubble on the infiltration site.
The single chisel was pulled through the site at 1 mile/hr on 20 ft spac-
ing. Soil water content, on a weight basis, of the 0- to 6 and 6- to 12-
in layer was 20 and 15%, respectively at the time of chiseling.

1 Soil scientist, hydrologist, and agricultural engineer, USDA-ARS,
Columbia Plateau Conservation Research Center, Pendleton, Oregon 97801.
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The Palouse rainfall simulator was used as a sprinkler infiltrometer
to apply water at a controllable constant rate. Water drop size created
by the simulator emulates natural rain drop size for storms in the inland
Pacific Northwest. Infiltration measurements were conducted soon after
tillage in July 1988, and during two different soil freezing events in
December 1988 and February 1989. In the case of the chisel treatment, in-
filtration frames were centered over the chisel furrow.

Soil macroporosity measurements were made using a wax impregnation
method directly after tillage and during a soil thawing period in early
January 1989. Soil bulk density measurements were used to identify com-
pacted soil layers.

RESULTS AND DISCUSSION

Soil bulk density for the stubble treatment is shown in Figure 1.
This depth distribution of bulk density represents the physical condition
of the soil prior to chiseling. Subsequent chiseling, at a depth of 8
inches, was not deep enough to fracture the high density layer which oc-
curs between 6 and 10 inches. Depth of tillage is shown as a dashed line
in Figure 1.
Average cumulative water infiltration for two replications of the chisel
and standing stubble treatment is shown in Figure 2. The conclusion drawn
from Figure 2 is that the chisel treatment did not improve water infiltra-
tion.

Additional infiltration measurements were made during December 1988
when soil was frozen was 5 in deep on both the chisel and stubble treat-
ments. Water content, was near saturation in the tillage zone.
Cumulative water infiltration for the chisel and standing stubble treat-
ment is shown in Figure 3. There was no infiltration, only surface water
storage, on the standing stubble treatment. In contrast water infiltrated
at a rate of nearly, 1 in/hr on the chisel treatment. Macroporosity
measurements taken on soil cores, after the soil thawed, attested to the
presence of surface connected macropore pathways, and it was these path-
ways that provided for the high infiltration rates shown for the chisel
treatment in Figure 3.

Water infiltration measurements were made during February 1989 when
the soil was frozen 14 in deep on both the chisel treatment and stubble
treatment (Figure 4). These measurements provide a basis for comparing
infiltration of the chisel and standing stubble treatments when the depth
of soil frost exceeds the depth of tillage. The conclusion drawn from
Figure 4 is that chiseling does not improve water infiltration when the
depth of frost exceeds the depth of tillage.

SUMMARY

Water infiltration measurements were conducted when the soil was un-
frozen, when the soil was frozen to a depth that did not exceed the depth
of tillage, and when the soil was frozen to a depth that exceeded the til-
lage depth. Standing stubble with no tillage was compared to chiseling
where the effects of only one shank were being evaluated. A compacted
soil layer occurred between 6 and 10 inches; tillage depth was 8 inches.
We found that:
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1. Chiseling did not improve water infiltration for the unfrozen
soil case.

2. Chiseling improved water infiltration when the depth of frost was
less than the depth of tillage.

3. Chiseling did not improve water infiltration when the depth of
frost was greater than the depth of tillage.
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VARIABILITY OF CROP-YEAR PRECIPITATION

Robert E. Ramigl

Sample data in many fields of research when plotted in a frequency
histogram closely fit a mathematical curve called the normal distribution
or normal frequency curve (see Figure 1). This curve has the appearance
of a symmetrical bell shaped curve. The shape of the curve is determined
by two values: the sample average or mean (x), and the standard deviation
(s). The mean determines the location of a curve on the horizontal or x-
axis and represents the arithmetic average of all the sample points. The
standard deviation determines the amount of spread or dispersion among the
measured sample points.

Figure 1 shows the theoretical normal distribution of 100 data
points. Thirty-four of the data points occurred as the arithmetic average
or mean(x); 24 data points occurred at one standard deviation (-s) to the
left of the mean, and 24 data points occurred at one standard deviation
(+s) to the right of the mean. The area under the curve from -s to +s
represents 68% of the total area under the curve. Therefore, in a nor-
mally distributed sample we would expect to find 68 of the 100 data points
(68%) in this area under the curve: 34% to the left of the mean and 34% to
the right of the mean. If we continue to plot the remaining data points,
we find 8 at -2s and 8 at +2s. Approximately 95 of the 100 data points
(95%) will be found in the area under the curve from -2s to +2s: 47.5% (34
+ 13.5) to the left of the mean; and 47.5% (34 + 13.5) to the right of the
mean. When we continue to plot the last data points we have one at -3s
and one at +3s. Now approximately 99 of the 100 data points (99%) will be
in the area under the curve from -3s to +3s; 49.5% (34 + 13.5 + 2) to the
left and to the right of the mean.

I have examined records of crop-year precipitation from Walla Walla,
WA; Pendleton, OR Research Center; Moro, OR Experiment Station; Rew
Elevator 10 miles west of Pendleton, OR; and the Charles Doherty ranch at
Ella, OR, to determine if the data "approximately fit" a normal curve.
Data from all five locations exhibited normality (Ryan and Joiner). Crop-
year precipitation is the precipitation for the 12-months from September 1
through August 31.

I have arbitrarily called crop-years with precipitation values that
fall in the area under the normal curve between -s and +s as "normal"
precipitation crop-years (see Figure 2). This should be about 68% of the
years. Crop-years with precipitation values between -ls and -2s are
called "dry" crop-years and should total about 13.5% of the sample years.
Crop-years with precipitation less than -2s are called "very dry" years
and should total about 2% of the years. Similar logic for the right side
of the normal curve would result in "wet" and "very wet" years.

1 Soil Scientist, USDA-ARS, Columbia Plateau Conservation Research Center,
Pendleton, Oregon 97801.
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Figure 3 shows the distribution of 114 crop-year precipitation values
at Walla Walla, WA. Note that no years were classified as "very dry" with
less than 9.82 inches of precipitation (x -2s). Seventeen of the 114
crop-years (15%) were "dry" years with 9.82 to 13.16 inches of precipita-
tion (-2s to -1s); 79 years (69%) were "normal" years with 13.16 to 19.84
inches of precipitation (x ± s); 14 years (12%) were "wet" years with
19.84 to 23.18 inches of precipitation (+s to +2s); and four years (4%)
were "very wet" years with 23.18 to 26.52 inches of precipitation (+2s to
+3s).

The dates of occurrence of the 17 "dry" crop-years at Walla Walla
with their rainfall and the rainfall of the succeeding crop-year in inches
and percentage of the mean crop-year rainfall are presented in Table 1.
Note that three consecutive crop-years (1935, 1936, and 1937) were "dry"
years. In no other instance were there two or more consecutive "dry"
years. In 10 of the 17 "dry" years, the precipitation of the succeeding
year was 100% of the longtime mean or greater, allowing recovery from the
drouth year.

Number of Crop-years40

3.14	 6.48	 9.82	 13.16	 18.6	 19.84	 23.18 28.52 29 88
Crop-year precipitation (inches)

Figure 3. Distribution of crop-year precipitation at Walla Walla, WA (1875-1988).
Years of record, N	 114. R	 16.50 inches; s ■. 3.34 inches. Driest year was 10.09
inches in 1977; wettest year was 26.10 inches in 1894.
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Table 1. Year of occurrence and amount of precipitation for 17 "dry"
crop-years at Walla Walla, WA with the precipitation amount for
the succeeding crop-year in inches and as a percentage of the
1875-1988 mean crop-year precipitation

"Dry" crop-year Pptn.,
inches

Pptn. of succeeding crop-year
inches	 % of mean

1876 12.41 24.57 149
1908 12.37 15.00 91
1919 12.70 18.48 112
1926 11.99 18.29 111
1929 10.26 13.41 81
1935 * 12.99 11.38 69
1936 11.38 12.25 76
1937 12.55 15.07 91
1939 12.15 16.45 100
1944 12.15 16.10 98
1949 11.51 16.92 103
1955 11.52 20.37 123
1964 12.27 20.00 121
1966 12.08 14.23 86
1968 11.65 20.34 123
1973 10.51 20.65 125
1977 10.09 20.09 122

]* = Consecutive "dry" crop-years.

Figures 4-7 show similar distributions of crop-year precipitation at
the Pendleton Research Center, Moro Experiment Station, Rew Elevator site,
and Charles Doherty ranch at Ella, OR respectively. Note that the years
of record (N), means (x), and standard deviations (s) differ among loca-
tions. However, the percentage years in each classification ("very dry",
"dry", "normal", "wet", and "very wet") approximately fit the percentages
given in the theoretical normal distribution curve (Figure 2). This
graphically verifies the goodness of fit correlations calculated for all
five locations by the method of Ryan and Joiner (1). Data are not
presented.

In a like manner, Tables 2-5 present years of occurrence of "dry"
crop years with their rainfall and succeeding crop year precipitation in
inches and percentage of the mean precipitation for the above locations in
Oregon. None of the ten "dry" years in 59 years of record at the
Pendleton Research Center were consecutive and half of them were followed
by years of average or above precipitation (Figure 4 and Table 2).

Sixteen of 79 crop-years at Moro were "dry" years with only 1929 and
1930 being consecutive (Figure 5 and Table 3). Twelve of the 16 "dry"
crop-years were followed by years of above average precipitation.

Seven of the 36 crop-years of record at the Rew Elevator site were
"dry" years with 1976 and 1977 being consecutive (Figure 6 and Table 4).
Four of six succeeding crop-years had precipitation that exceeded the
average crop-year precipitation.
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Only five of the 33 crop-years of record at the C. Doherty ranch at
Ella, OR were "dry" years with none occurring consecutively (Figure 7 and
Table 5). Three of the succeeding crop-years had above average precipita-
tion, a blessing in this low rainfall area.

Drouths sometimes occur over large areas; sometimes they are more lo-
cal in extent. Examinations of the "dry" crop-years on record at the five
locations (Tables 1-5) reveals that of the 17 "dry" crop years at Walla
Walla, Washington (Table 1), eight were common to the other locations
where length of record permits comparisons as follows: a "dry" crop-year
occurred at both Walla Walla and Moro in 1929, and at Walla Walla,

Table 2. Years of occurrence and amount of precipitation for 10 "dry"
crop-years at Pendleton, OR Research Center with the precipita-
tion amount for the succeeding crop-year in inches and as a
percentage of the 1930-1988 mean crop-year precipitation

"Dry" crop-year Pptn.,
inches

Pptn. of succeeding crop-year
inches	 % of mean

1930 12.75 13.88 85
1934 12.86 13.32 82
1939 12.43 16.08 99
1944 11.88 15.51 95
1955 12.89 22.18 136
1964 12.34 18.25 112
1966 11.46 14.49 89
1968 11.04 15.76 97
1973 9.63 23.71 145
1977 10.02 20.13 123

Table 3. Years of occurrence and amount of precipitation for 16 "dry" crop-
years at Moro, OR Experiment Station with the precipitation amount
for the succeeding crop-years in inches and as a percentage of the
1910-1988 mean crop-year precipitation

"Dry" crop-year Pptn.,
inches

Pptn. of succeeding crop-year
inches	 % of mean

1911 8.47 14.19 123
1917 8.62 12.55 109
1924 7.72 12.07 105
19291* 8.07 7.78 68
1930] 7.78 9.47 82
1939 7.67 12.14 106
1947 8.35 17.65 154
1955 8.55 17.04 148
1960 8.80 13.74 120
1964 8.45 13.84 120
1966 8.31 9.86 86
1968 7.16 12.87 112
1973 6.13 14.99 130
1977 6.41 15.37 134
1979 8.57 15.98 139
1985 8.54 11.08 96

]* = Consecutive crop-years.
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Table 4. Years of occurrence and amount of precipitation for seven "dry"
crop-years near Rew Elevator, 10 miles west of Pendleton, OR with
the precipitation amount for the succeeding crop-year in inches
and as a percentage of the 1953-1988 mean crop-year precipitation

"Dry" crop-year Pptn.,
inches

Pptn. of succeeding crop-year
inches	 % of mean

1966 7.70 8.75 83
1968 7.18 12.88 123
1973 7.19 16.52 158

19761* 7.95 6.37 61
1977) 6.37 11.75 112
1985 8.05 11.04 105

1988 7.27

]* – Consecutive crop-years.

Table 5. Years of occurrence and amount of precipitation for five "dry"
crop-years at C. Doherty farm, Ella, OR with the precipitation
amount for the succeeding crop-year in inches and as a percentage
of the 1956-1988 mean crop-year precipitation

"Dry" crop-year 	 Pptn.,	 Pptn. of succeeding crop-year
inches	 inches	 % of mean

1966 6.93 7.91 81
1968 5.66 9.30 95
1973 4.73 13.82 142

1977 5.14 13.05 134
1985 6.69 10.84 111
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	1870'st	 1

	

1880's	 0

	

1890's	 0

	

1900's	 1

	

1910's	 1

	

1920's	 2

	

1930's	 4

	

1940's	 2

	

1950's	 1

	

1960's	 3

	

1970's	 2

	

1980'st	 0

Table 6. Occurrence of "dry" crop-years at Walla Walla, WA, and in north
central Oregon area by location and decade. A "dry" crop-year had
precipitation less than the mean crop-year precipitation for the

location minus one standard deviation (i-s)

Occurrence of "Dry" crop years at: 
Decade	 Walla Walla	 Pendleton	 Moro	 Rew	 C. Doherty

WA	 Res. Ctr.	 Exp. Sta.	 Elevator	 Ranch

NR NR NR
NR NR NR
NR NR NR
NR NR NR
2# NR NR
2 NR NR
2 NR NR
1 NR NR
1 Ott Ottt
4 2 2
3 2 2
1 2 1

t from 1785; t through 1988; 	 NR – no record;	 from 1930; # from 1910;
tt from 1953; ttt from 1956.

Pendleton Research Center, and Moro in 1939, 1955, and 1964. "Dry" years oc-
curred at all five locations in 1966, 1968, 1973, and 1977. The remaining
"dry" years noted were probably more local in extent (Tables 1-5).

Finally, in an attempt to determine whether drouth years occur in a
cyclical pattern in the north central Oregon area, "dry" crop-years were
tabled by location and decade of occurrence in Table 6. Examination of Table
6 indicates concentration of "dry" crop-years in the decades of 1920 and 1930
and again in the decades of 1960 and 1970. However, data are insufficient to
safely predict a periodicity of approximately 20 years.
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and tests for normality. pp. 1-19. Penn. State University
Statistics Department, University Park, PA. In Minitab Data Analysis
Software, Minitab, Inc. 3081 Enterprise Drive, State College, PA
16801.
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PRECIPITATION SUMMARY - PENDLETON

CBARC - Pendleton Station - Pendleton. Oregon
(Crop year basis, ie; September 1 through August 31 of following year.)

C 0
59 Year
Average 

1968-69

I

I	 .77

.83

_

I
11.35

1.36

I

1

1.94

2.71

---

I

12.15

2.65

.......

I

11.91

2.62

..,

I

11.53

.78

"ma

I
11.70

.43

nya.

I
11.49

2.31

ilar
I

11.38

1.26

Jun
I

11.26

.75

JuL
I

.34

aug	 total
I	 I
I

	
.46	 116.30

.06 0 15.76

1969-70 .65 1.41 .44 2.39 5.23 1.50 1.87 1.05 .62 .85 .11 .05 16.17

1970-71 1.02 1.40 2.22 1.02 1.44 .77 1.28 1.65 1.66 3.14 .63 .33 16.56

1971-72 1.42 1.72 3.14 3.93 1.15 1.70 2.11 1.35 1.50 .91 .76 .35 20.04

1972-73 .49 .66 1.14 2.47 .89 .89 1.27 .58 1.03 .12 0 .09 9.63

1973-74 1.77 1.24 5.86 4.40 1.29 2.00 1.50 3.66 .38 .33 1.30 0 23.71

1974-75 .02 .35 1.56 1.76 3.73 1.68 .97 1.72 .68 .69 .05 1.38 14.59

1975-76 0 2.16 1.47 3.40 2.13 1.09 1.69 1.65 1.21 .58 .04 2.58 18.00

1976-77 .44 .53 .47 .59 .90 .57 1.72 .46 1.70 .31 .12 2.21 10.02

1977-78 1.54 .69 1.79 3.19 2.27 1.71 1.40 3.50 .81 1.27 .59 1.37 20.13

1978-79 1.61 0 1.68 2.28 1.31 1.54 1.74 1.82 1.15 .18 .12 2.08 15.51

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 0.05 .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
1 120 Year I I

Average .98 1.28 2	 21	 12.32 2.00 1.58 1.81 1.61 1.38 1.04 .38 .72	 117.32	 1

*Not included in 20 year average figures.
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I	 I	 I
.62	 [	 .91	 11.70	 11.71

.40 1.04 2.67 2.09

.52 .76 .53 2.00

.13 .68 2.36 1.21

1.36 .45 1.50 1.03

.57 .43 .83 1.60

.90 .85 3.70 3.99

0 .37 1.02 1.39

0 1.17 1.34 1.26

.04 .10 .43 .20

.88 .22 2.00 3.22

.33 .01 .79 .69

.53 2.59 2.23 .65

.42 .79 1.73 2.95

.92 .82 1.90 4.73

1.42 1.96 1.08 1.89

.52 .62 2.45 2.31

.53 .86 3.18 .41

1.11 1.09 1.19 1.12

1.52 .45 1.53 .78

.07 .01 .66 3.23

.56	 1 .02 2.51	 I .22

I
.61	 1	 ,76 1.66 	1.84

I
11.63

1.93

3.06

1.63

2.25

1.09

1.29

2.01

1.25

.18

2.80

1.59

3.41

1.52

1.10

1.40

.17

I .27

1.84

1.68

1.60

1.33

I
I1.65

I

79 Year I
Average 1

1968-69

1969-70

1970-71

1971-72

1972-73

1973-74

1974-75

1975-76

1976-77

1977-78

1978-79

1979-80

1980-81

1981-82

1982-83

1983-84

1984-85

1985-86

1986-87

1987-88

*1988-89

20 Year
Average i

Crop Yr. Sept Oct Nov Dec Jan

0

.20

.07

0

Jul Aug Total
I	 II
1 .22 I .28 111.49

0	 0 12.87

0

.09

.55

.07

	

.41	 0

.40 1.26

.79 1.06

	

.37	 .90

	

.59	 1.32

	

.07	 1.12

	

.16	 .11

	

.20	 0

	

.21	 .40

	

.80	 .60

	

.17	 0

10.85

10.28

11.46

6.13

14.99

11.00

10.01

6.41

15.37

8.57

15.98

12.10

14.41

17.28

12.95

	

I
.05	 .14	 8.54

	

.54	 .07	 11.08

	

.78	 .11	 11.05

	

.04	 0 10.85

I	 I	 I
I .29 I .39 111.61

PRECIPITATION SUMMARY - MORO

CBARC - Sherman Station - Moro. Oreeon
(Crop year basis, ie; September 1 through August 31 of following year.)

Feb	 Mar	 Am"	 May	 Jun
I	 I	 I	 I	 I
11.17	 1	 .97	 .76	 1	 .82	 1	 .70

.44 .63 .84 .84 1.99

1.27 .88 .38 .33 .22

.12 1.28 .84 .93 .81

.26 1.44 .40 .45 1.70

.34 .40 .21 .34 .25

.97 1.30 1.18 .38 .02

1.47 1.25 .46 .53 .84

.93 .95 1.06 .14 .06

.63 .50 .08 2.70 .28

1.31 .74 1.42 .43 .44

1.54 .99 1.06 .28 .10

1.83 .94 .89 1.27 1.37

1.22 .65 .41 1.06 1.15

.72 .55 1.45 .37 1.15

2.43 2.74 .61 1.96 .39

1.07 2.34 1.32 .89 1.09

.97 .44 .14 .63 .92

2.39 .98 .34 .35 .06

1.10 1.54 .28 .99 .29

1.25 2.21 .55 1.02

I	 .77	 11.91

I	 I	 I	 I	 I
1 1	 06	 11.09	 1	 .78	 I	 .77	 I	 .71

*Not included in 20 year average figures.
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