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INTRODUCTION 
 
Staffs of the Columbia Basin Agricultural Research Center (CBARC, Oregon State University 
[OSU], Pendleton and Sherman Stations) and the Columbia Plateau Conservation Research 
Center (CPCRC, USDA-Agricultural Research Service [ARS], Pendleton) are pleased to present 
some of their research results.  This Special Report contains a representative sample of the work 
in progress at these centers.  A collection of Special Reports over a three-year period will give a 
more complete assessment of the productivity and applicability of research and education. 
Special Reports from previous years can be found on the CBARC website 
http://cbarc.aes.oregonstate.edu.  Past issues are available through the extension office and 
USDA. ARS website http://ars.usda.gov/pwa/cpcrc.  Changes in staffing, programming, and 
facilities at these centers during the past year are summarized below. 
 

Promotions and Awards 
 
Within ARS, those receiving performance awards were Richard Greenwalt, David Robertson, 
Katherine Skirvin, Patricia Frank, Robert Correa, Amy Baker and Tami Johlke. 
 
Within OSU, Stephen Machado was promoted from Assistant Professor to Associate Professor 
and was granted tenure. 
 

Staff Changes 
 
ARS:  New for 2007 were: Jean Wise, secretary; Wayne Polumsky, physical science technician; 
and Jessica Kollecker, temporary office automation clerk. 
 
Leaving ARS for 2007 were: Dr. Mark Siemens, Agricultural Engineer, left employment with 
ARS to take a faculty position at University of Arizona; Felicity Dye and Chris Iacoboni. 
 
Summer workers were Charles Martin, Byron Morris, Roxanne Cannon, Cara Wendel, Max 
Anderson and Stephanie Machado.  Bryon Morris was hired through the student summer 
internship program administered by the Confederated Tribes of the Umatilla Indian Reservation.  
Jan Eitel, Ph.D., graduate student with College of Natural Resources, University of Idaho, 
continued his remote sensing research project with Dan Long who serves as co-chair of his thesis 
committee. 
 
CBARC:  Jeron Chatelain was hired in the Club Wheat Breeding/Statewide Variety Testing 
Program. Jeron has a MS in wheat breeding from WSU.  OSU summer workers provide 
invaluable assistance to the research programs and they make a significant contribution to the 
overall success of the research station.  Summer workers were Sam Busskohl, John Campbell, 
Dennis Chryst, Korey Dallman, Jenny English, Chrystal Fakesch, Kaitlynn Fellows, Glenda 
Ganson, Deborah Hyatt, David Imhoff, Daniel Jepsen, Richard Kummer, Lindsey McCoy, 
Jessica Merriman, Nolan Mills, Chelsea Pankratz, Sean Phelps, Tiffany Powell, Meghan Reger, 
Haviland Sheldahl-Thomason, Ashley Spratling, Sarah Spratling, Garrett Swaggert, and Kent 
VanSickle. 
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New Projects and Grants Received 
 
OSU:  Scientists and Extension Specialists at CBARC have been quite successful at writing 
proposals for external grants. The total value of external grants received in 2007 was $587,000; 
the three year average of external grants is $562,000. Grant sources include regional competitive 
grant programs such as STEEP III and the Grass Seed Cropping Systems for Sustainable 
Agriculture; commodity commissions such as the Oregon Wheat Commission and the Columbia 
Basin Grass Seed Association, and private industry. 

Dr. Dick Smiley became a member of Grant Poole's PhD dissertation committee at WSU. This 
PhD work is a direct outgrowth of the work on Fusarium that Dr. Smiley has conducted during 
the last 15 years. It utilizes pathogen cultures and varieties identified and conserved by his 
program at Pendleton. 

ARS:  Scientists with WSU Center for Precision Agricultural Systems, ARS-Prosser, and ARS-
CPCRC received $300,000 from the USDA-CSREES National Research Initiative (sub-
contracted portion to ARS-CPCRC is $69,200) for a three-year project entitled "Biomass 
production: Effects of net primary productivity and residue removal on soil carbon and nitrogen 
transformation". 
 

Facilities and Equipment 
 
OSU: 

• Greenhouse upgrades including removing old glazing and replacing with polycarbonate 
panels, stripping out all old wiring and replacing with new color coded wiring, new 
controllers were installed, and the heaters and exhaust fans were moved to provide for 
better climate control. 

• A Ford 4630 tractor with 79 hours of use was obtained through the federal surplus 
program. The tractor required about $2,000 in repairs and has been integrated into our 
fleet at Pendleton. 

• A new John Deere 5325  tractor was purchased for the Sherman Station by the Sherman 
Station Endowment Fund 

• A used forklift for the Sherman Station was purchased by the Sherman Station 
Endowment Fund. 

• A Chevrolet 7000 truck with a Detroit diesel engine and Allison transmission with 36,000 
miles was obtained through the federal surplus program. The truck had been used to 
refuel airplanes and the pumps, tanks, and hoses were removed and stored. The truck will 
be used to tow our heavy loads, freeing our other heavy duty truck to be used solely for 
grain hauling. 

• A new datalogger for the Weedseeker was fabricated and installed. 
• A shielded sprayer was constructed. 
• A 24 ft wide mower was obtained through the OSU surplus program which will be placed 

at the Sherman Station. 
• The drive system was completely rebuilt and new parts were fabricated for the rod 

weeder. 
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ARS: 

• Purchased grain boxes to be used for short-term storage of grain 
• Ironworker for the shop 
• Mower for the switchgrass plots 
• Pro Spectra grain analyzer 
• Spra-Coupe 3640 high-wheeled sprayer for accessing small biofuel plots and mounting 

sensors for ground-based remote sensing (purchased with appropriated funds) 
• Sprinkler irrigation system (purchased with soft funds) 
• 2008 Chevrolet Impala E85 fueled sedan (purchased with soft funds) 
• Jib booms for heavy lifting in shop 
• Trailer for RTV 
• Installed push bars on doors in room 148 
• New security lock system on the main building 
• Upgraded fire alarm system in shop. 

 
Training 

 
All OSU and ARS employees licensed to apply pesticides and herbicides completed the 
appropriate recertification training. Safety training on specific topics was a regular part of the 
monthly OSU staff meeting. Many ARS and OSU employees participated in first aid, cardio-
pulmonary resuscitation (CPR) and automatic external defibrillator (AED) training. 
 

Outreach 
 

OSU scientists and Extension Specialists made 75 presentations at grower meetings organized by 
Extension agents and private industry, regulatory and advisory agency meetings, outdoor 
workshops, soil judging contests, and others. They also organized 11 professional meetings. 
CBARC scientists and Extension Specialists authored 8 refereed Extension publications and 
were co-authors on 6 more and were authors or co-authors on 18 other outreach publications.  
They also have a total of 12 reports on Oregon Invests!.  In addition, OSU faculty members were 
authors or co-authors on 14 articles in refereed journals. 
  
Stewart Wuest visited Pendleton High School to discuss scientific experiments with the 
Advanced Biology classes. 
 
Katherine Skirvin and Amy Baker were presenters for ARS at the Umatilla-Morrow Education 
Service District's annual Career Showcase at the Pendleton Convention Center. 
 

Visitors 
 

The Center hosted several special events, including numerous research and planning meetings.  
Visitors hosted by the staff at the center included: 
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David Bonfil, Crop Scientist, Agricultural Research Organization, Gilat Research Center, M.P. 
Negev, Israel. 
 

Seminars 
 
David Bonfil, Dryland Crop Scientist, Traditional and new approaches for rain fed field crops 
improvement in Israel, Agricultural Research Organization, Gilat Research Center, M.P. Negev, 
Israel. 
 
Don Wysocki, Extension Soils Specialist, OSU-CBARC, Bioenergy: An Oregon Perspective. 
 
Dan Long, Research Agronomist, New remote sensing techniques for predicting wheat nitrogen 
status, ARS-CPCRC. 
 
Stewart Wuest, Research Soil Scientist, Monitoring the soil Ap horizon for temperature and 
moisture, ARS-CPCRC. 
 
Steve Abrecht, Research Microbiologist, Long-term ARS research at the Pendleton Experiment 
Station, ARS-CPCRC. 
 
Hero Gollany, Research Soil Scientist, GRACEnet Project: Evaluating management scenarios. 
ARS-CPCRC. 
 
Jason Sheedy and Dick Smiley, Plant Pathologists, Yield loss assessment of PNW wheat and 
barley cultivars to root-lesion nematodes, OSU-CBARC. 
 
Steve Machado, Crop Scientist, Long-term cropping systems effects on carbon sequestration, 
OSU-CBARC. 
 

Liaison Committees 
 
Chairpersons Jerry Zahl and Ernie Moore led the Pendleton and Sherman Liaison Committees, 
respectively. These Liaison Committees provide insightful guidance and recommendations on 
research directions, staffing needs, and facilities and equipment needs. They also provide a 
crucial communication link between growers and the research community. We encourage you to 
contact the Liaison Committee chairs with your concerns and suggestions for improvements 
regarding any aspect of the research centers. Stan Timmermann is the chair of the Pendleton 
Station Endowment Fund Committee and has taken an active role in fund-raising for the station. 

 
Expressions of Appreciation 

 
The staff expresses their appreciation to individuals, associations, and corporations that have 
given special assistance for the operation of experimental research plots during this past year, 
2006-2007.  The Oregon Wheat Commission continued to provide crucial funding to the OSU 
programs at the Center, and we gratefully acknowledge their generous support.  We want also to 
express our sincere appreciation to those individuals, groups, and corporations who provided 
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additional equipment, supplies, funds, and labor to help us carry out our mission.  These include: 
Charles Betts, Sheldon King, Bill Jepsen, the Pendleton Flour Mills, Pendleton Grain Growers, 
Agrium, Bayer, and Monsanto.  For continued support, we  thank the Umatilla Soil and Water 
Conservation District- Bev Kopperud and Ray Denny, and the Board of Directors of Oregon 
Wheat Growers League- Tammy Dennee, Mike Noonan, Kevin Porter, Jeff Newtson, and Don 
Coats. 
 
We also want to express our appreciation to those who donated labor, supplies, equipment, or 
funds for the Pendleton Station Field Day.  These include: 
 
BASF Corp. 
Bayer CropScience LP 
Dupont Agricultural Products 
FMC Corp. 
Farm Credit Service 
Farm Equipment Headquarters, Inc. 
Gowan 
Inland Chemical Service, Inc. 
Kuo Testing Labs, Inc. 
The McGregor Co. 
Mainstreet Cowboys 
Mid-Columbia Bus Co. 
Oregon Wheat Commission 
Oregon Wheat Growers League 
Pendleton Flour Mills 
Pendleton Grain Growers, Inc. 
RDO Equipment Co. 
Smith Frozen Foods, Inc. 
Wheatland Insurance 
Wilbur-Ellis Co. 
Wildhorse Foundation 
 
We also want to acknowledge and thank the donors who provided buses, meals, and other 
services for the Sherman Station Field Day at Moro, including: 
Anipro 
Bank of Eastern Oregon 
Bayer CropScience 
Columbia River Bank 
Farm Credit Services 
Klickitat Valley Grain Growers 
Main Street Cowboys 
Mid-Columbia Bus Co. 
Mid Columbia Producers 
Morrow County Grain Growers 
Oregon Wheat Commission 
Oregon Wheat Growers League 
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PROD Inc. 
RDO Equipment 
Richelderfer Air Service 
Seed Prod +   
Sherman Aviation 
Sherman Farm Chemicals 
Wasco Electric Coop 
Wilbur-Ellis 
 
The local county agricultural agents throughout north-central and northeastern Oregon have 
provided invaluable local assistance in locating research sites, coordinating activities with 
farmer-cooperators, and providing input to our research programs. These tireless individuals 
include Mary Corp, Clive Kaiser, and Don Horneck in Umatilla County; Darrin Walenta in 
Union/Baker/Wallowa counties; Larry Lutcher in Morrow County; Sandy Macnab in Sherman 
County; Brian Tuck in Wasco County; and Jordan Maley in Gilliam County. County agricultural 
agents in Washington have also been key members of our team, and we wish to thank Paul 
Carter in Columbia County; Aaron Esser and Dennis Tonks in Adams/Lincoln Counties. 
 
We wish to express special gratitude to the many regional producers who allowed us to work on 
their property during the past year (see separate listing). Not only have they performed field 
operations, loaned equipment, donated chemicals, forfeited yield, and adjusted their practices to 
accommodate our experiments, but they also voiced support for agricultural research at the local, 
regional, and national levels. The locations of these off-station plot sites are shown on the map 
that follows. 
 
We gratefully appreciate the support and encouragement of growers, organizations, and 
businesses with missions common to ours: to serve in the best manner possible the crop 
production and resource conservation needs of our region. As we continue toward this goal, your 
suggestions on how we may improve our efforts are always welcome. 

 
 
 
Steve Petrie      Dan Long 
Superintendent     Research Leader  
OSU-CBARC      USDA-ARS-CPCRC 
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Eastern Oregon - Eastern Washington

Counties

RESEARCH PLOT LOCATIONS

• Off-Station Research Plots

UMATILLA, OR

Clint Reeder
Sherman Reese

Pat Straughan

Bob Johns
Mark Kirsch

Jim Duff

MORROW, OR

Bill Jepsen

Larry Carroll
Dana Heideman

Dwayne Carroll

Loren Heideman

Bob Roselle

Eric Nelson

WALLOWA, OR
Kevin Melville

•Cliff Bracher
Bracher Farms

•Judy Bracher
•Paul Bracher
•Randy Bracher

UNION, OR
Colton Rasmussen
Trico Farms
•Robein Arnoldus
•Dwight Arnoldus

Walla W alla

Sherman

Gilliam
Morrow Um atilla

Union

La Grande

Pe ndleton

Walla Wal la

CBARC

Moro

•

•

•

•
•

•

•

•
•

•
• •

•

Wallowa

•
CBARC

•
•
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Light-activated Sensor Sprayer for Reduced Herbicide Use in No-till Fallow 
 

Daniel A. Ball and Larry Bennett 
 

 
Abstract 

 
 An on-going study is being conducted at the Columbia Basin Agricultural Research Center 
near Pendleton, Oregon to evaluate the efficacy of various herbicide treatments in no-till fallow 
using a light-activated sensor-controlled (LASC) sprayer (trade name WeedSeeker®).  The 
typical, commercial method for weed control in no-till fallow (also known as chemical fallow) is 
with repeated applications of glyphosate herbicide.  As many as four or more glyphosate 
treatments can be required to maintain an acceptable level of weed control during the 14-month 
fallow period that alternates between crops of winter wheat.  This study was designed to 
minimize the quantity of herbicide necessary to maintain a high level of weed control during the 
no-till fallow period through the use of a LASC sprayer.  During 2007, the dominant broadleaf 
weed species in the plot area were tumble pigweed, Russian thistle, and prickly lettuce.  
Glyphosate applied alone as a broadcast application provided acceptable control of these weeds 
in no-till fallow.  Several treatments made with the LASC sprayer were similar to broadcast 
application of glyphosate for weed control.  Effective LASC-applied treatments included a high 
application rate of glyphosate, glyphosate plus pyrasulfotole, or paraquat.  These treatments 
provided acceptable total weed control with a calculated 60 percent savings in spray volume 
compared to the conventional broadcast spray application.  LASC-applied treatments containing 
bromoxynil or 2, 4-D applied alone, or carfentrazone plus dicamba, proved to be the least 
effective herbicides with the LASC sprayer, mainly due to a lack of prickly lettuce control. 
 
Key words: chemical fallow, WeedSeeker, spot treatment, herbicides, weed control, Russian 
thistle, prickly lettuce. 
 
 

Introduction 
 

 Growers in intermediate rainfall zones are increasingly interested in developing no-till fallow 
(chemical fallow) systems to replace the more erosive dust-mulch fallow.  A primary motivation 
for this interest includes the rising cost of diesel fuel necessary for mechanized tillage operations.  
Two primary problems associated with no-till fallow are evaporative losses of soil moisture in 
the shallow seed zone in undisturbed soil, and problems with weed control associated with the 
elimination of tillage and the subsequent reliance on herbicides.  Currently, most growers rely on 
repeated broadcast applications of glyphosate for season-long weed control in no-till fallow.  
Often, control of weeds with glyphosate alone has not been acceptable, and/or greater glyphosate 
application rates are necessary to effectively control weeds.  Dusty conditions sometimes 
contribute to reduced herbicide activity.  Moreover, moisture-stressed weeds that grow later 
during the fallow period often require higher herbicide rates to provide the same level of control 
compared to plants grown under adequate soil moisture.   Another concern with repeated 
herbicide applications in no-till fallow is the development of herbicide-resistant weed 
populations.  One concept for reducing repeated broadcast applications of glyphosate uses light-
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activated sensor controlled (LASC) spot-treatment (“WeedSeeker®”) technology.  This 
technology has the potential to reduce herbicide use and associated costs through the directed 
spot-treatment of weeds.  It also may reduce the concern about dust inhibition of herbicide 
activity because it is possible to greatly increase the concentration of herbicide in the spot-
treatment operation.  
 
 

Methods 
 

 Studies were conducted at the Columbia Basin Agricultural Research Center near Pendleton, 
Oregon to evaluate the efficacy of various herbicides in chemical fallow systems using a LASC 
spot sprayer (WeedSeeker®).  A 10-ft, tractor-mounted, spray boom was fitted with 10 LASC 
spray units on 1-ft spacing.  LASC units were fitted with TeeJet 6502 flat-fan nozzles operating 
at 35 psi.  The spray unit was calibrated to apply 24 gal/acre of a herbicide/water mixture when 
all nozzles were operating.  This boom configuration was compared with herbicide treatments 
applied with a conventional 10-ft broadcast spray boom fitted with TeeJet XR 8002 flat fan 
nozzles operating at 30 psi, and calibrated to apply 16 gal/acre of herbicide spray mixture.  
Tractor operating speed for all treatments was 3.5 mph.  Broadcast and LASC herbicide 
applications were made to a no-till fallow field on June 26, 2007.   The study was arranged as a 
randomized complete block with four replications per treatment.  Individual plots were 10 by 70 
ft in size.  At time of herbicide applications, the dominant broadleaf weed species present were 
prickly lettuce (Lactuca serriola), tumble pigweed (Amaranthus albus), and Russian thistle 
(Salsola iberica).  Weed height at time of application for prickly lettuce was 4-12 inches, tumble 
pigweed was 6-15 inches, and Russian thistle was 4-10 inches.  Weather conditions at time of 
applications were 57°F air temperature, wind at 0-1 mph, clear skies, and a dry, no-till-fallow 
soil surface with approximately 100percent wheat straw residue cover.  Percent visible weed 
control of each weed species was evaluated at 14 days after treatment (DAT).  Total weed 
density and weed dry weight in each plot were obtained at 21 DAT by counting and clipping all 
above-ground weed biomass in two 0.5-m2 quadrats per plot, and oven drying for 48 hours. 
 
 

Results and Discussion 
 

   Visible weed control 14 days after treatment ranged from 86 to 100 percent for Russian 
thistle, 13 to 88 percent for prickly lettuce, and 19 to 100 percent for tumble pigweed (Table 1).  
In general, control of prickly lettuce was less acceptable than that of other weeds.  In dryland 
Pacific Northwest cropping systems, prickly lettuce has been reported to be increasingly difficult 
to control, particularly as a late-season weed in no-till fallow and post-harvest fields.  Glyphosate 
applied as a broadcast treatment at 1.5 lb acid equivalent (ae)/acre (64 oz/acre of a 3-lb/gal 
isopropylamine salt formulation) provided the greatest overall control of weeds present in the 
plot area.  Several spot treatments using the LASC sprayer also provided a high degree of visible 
weed control, including a high spot-treatment rate of glyphosate (3.0 lb ae/acre) applied alone 
and at a lower rate (0.75 lb ae/acre) used in combination with pyrasulfotole plus bromoxynil 
(Huskie®).  Paraquat (Gramoxone®) applied with the LASC sprayer also provided a high level of 
visible weed control (Table 1).  A treatment containing carfentrazone (Aim EW®) plus dicamba 
(Clarity®) provided an intermediate level of weed control.  Treatments containing either 
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bromoxynil (Buctril®) or a solvent-free, acid formulation of 2,4-D (Unison®) were the least 
effective herbicides for control of the weed species present in this study (Table 1).  
Measurements of total weed dry weight and weed density evaluated at 21 DAT also illustrated 
the slightly greater overall weed control from broadcast herbicide application than from the 
LASC applications (Table 2).  However, weed control was very good with glyphosate, or 
glyphosate plus Huskie applied through the LASC sprayer, as compared to the broadcast 
application.  We calculated that the LASC sprayer used 60 percent less spray volume compared 
to broadcast spraying, a significant savings.  The slightly greater weed dry weight was not 
significantly different between the best LASC and broadcast applications, so the savings in 
herbicide use makes this sprayer technology an attractive option for reducing herbicide inputs, 
thereby reducing herbicide application expenses. 
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Table 1.  Comparison of visible weed control 14 days after treatment with a broadcast or light-activated sensor 
sprayer,  Pendleton, OR, 2007. 
 

    

Treatment 1 

 

Rate 
Application 
method 2 

LACSE 3 
control 

SASKR 
control 

AMAAL 
control 

  -- amount/acre --  ----------------- %  ----------------- 

1 glyphosate 1.5 lb ae A 86 100 100 

2 glyphosate 3.0 lb ae B 85 100 99 

3 glyphosate 0.75 lb ae B 73 95 95 

4 glyphosate + Unison 0.75 lb ae + 4 pt B 69 100 97 

5 Unison (2,4-D) 4 pt prod. B 44 *  85 * 76 * 

6 glyphosate + Huskie 0.75 lb ae +15 fl oz B 88 100 97 

7 Huskie 15 fl oz prod. B 86 98 91 

8 glyphosate + Buctril 0.75 lb ae + 0.5 lb ai B 78 100 84 * 

9 Buctril 0.5 lb ai B 13 * 86 * 19 * 

10 glyphosate + Aim EW 
+ Clarity 

0.75 lb ae + 0.031 lb 
ai + 0.25 lb ai 

B 81 98 90 

11 Aim EW + Clarity 0.031 lb ai + 0.25 lb ai B 81 98 84 * 

12 Gramoxone Inteon 3 pt prod. B 86 100 99 

13 Untreated control -- -- 0 * 0 * 0 * 

 LSD (0.05)   13.8 9.7 10.4 

1 All treatments except untreated control received Bronc Max at 1 percent v/v and a non-ionic surfactant at 0.5 percent 
v/v. 

2 A = broadcast sprayer;   B = light-activated, sensor-controlled (LASC)(WeedSeeker) sprayer. 
3  LACSE = prickly lettuce; SASKR = Russian thistle; AMAAL = tumble pigweed. 

*  LASC treatment ratings followed by  ‘*’ are significantly different from the broadcast spray treatment at a 95 percent 

 confidence level. 



 19  

Table 2.  Comparison of total weed biomass and density in chemical fallow with a broadcast or light-activated sensor 
spot sprayer, Pendleton, OR, 2007. 
 

 Treatment 1 Rate Application 
method 2 

Total weed 
dry weight 3 

Total weed 
density 3 

  -- amount/acre --  g/m2 no/m2 

1 glyphosate 1.5 lb ae A 1 * 1 * 

2 glyphosate 3.0 lb ae B 3 * 1 * 

3 glyphosate 0.75 lb ae B 19 * 3 

4 glyphosate + Unison 0.75 lb ae + 4 pt B 42 * 3 

5 Unison (2,4-D) 4 pt prod. B 53 * 5 

6 glyphosate + Huskie 0.75 lb ae +15 fl oz B 22 * 2 * 

7 Huskie 15 fl oz prod. B 46 * 5 

8 glyphosate + Buctril 0.75 lb ae + 0.5 lb ai B 61 * 5 

9 Buctril 0.5 lb ai B 155 8 

10 glyphosate + Aim EW 
+ Clarity 

0.75 lb ae + 0.031 lb 
ai + 0.25 lb ai 

B 83 * 4 

11 Aim EW + Clarity 0.031 lb ai + 0.25 lb ai B 84 * 6 

12 Gramoxone Inteon 3 pt prod. B 34 * 3 

13 Untreated control -- -- 194 5 

 LSD (0.05)   52.8 2.6 

 
1 All treatments except the untreated control received Bronc Max at 1 percent v/v and a non-ionic surfactant at 0.5 
percent v/v. 
2 A = broadcast sprayer; B = light-activated, sensor-controlled (WeedSeeker) sprayer. 
3 Weed dry weight obtained 21 days after treatment (DAT).  Total weed density was obtained 30 DAT. 

* Treatments followed by  ‘*’ are significantly different from the untreated control at a 95 percent confidence level. 
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USDA-ARS Club Wheat Breeding in Oregon 
 

Jeron Chatelain, Kimberly Garland Campbell, Chris Hoagland, and Steve Petrie 
 

 
Abstract 

 
 Club wheat is commonly grown in Washington and northeastern Oregon and usually 
marketed as a mixture with soft white wheat called ‘Western White’.  The goal of the USDA-
Agricultural Research Service Club Wheat Breeding Program is to improve club wheat cultivars, 
especially to increase yields and disease resistance, and to maintain the excellent end-use quality 
that characterizes the class.  The objective of this research was to evaluate preliminary and 
advanced winter club wheat breeding lines in northeastern Oregon to develop competitive winter 
club cultivars suited for these growing conditions.  Four locations were used to evaluate 15 
breeding and 4 Western Regional Cooperative nurseries for winter damage, heading date, height, 
disease, grain yield, test weight, and quality.  Coleoptile length measurements were taken on 
advanced breeding lines to identify genotypes with long coleoptiles to improve deep planting 
emergence. 
 
Key words: club wheat, coleoptile length, Western White, wheat breeding 
 
 

Introduction 
 

 In the 2007 harvest year, club wheat was grown on 12,500 acres in Oregon and more than 
170,000 acres in Washington.  In the United States, club wheat is grown only in the Pacific 
Northwest.  Club wheat is a type of soft white wheat with a compact head morphology.  Club 
wheat produces a characteristic weak gluten, low protein flour with high break flour extraction 
that is desired by the milling and baking industry for cakes and pastries.  Most of the club wheat 
crop produced is exported in a mixture with soft white wheat known as ‘Western White’.  The 
club wheat breeding program has been an important and productive part of the research at the 
Columbia Basin Agricultural Research Center (CBARC) since the 1950’s.  Under the direction 
of Dr. Charles Rohde, several club cultivars that incorporated disease resistance with high test 
weight and early maturity, including ‘Moro’ and ‘Rohde’, were released.  Dr. Pamela Zwer 
directed the program in the early 1990’s.  The USDA-Agricultural Research Service (ARS) 
Wheat Breeding Program under the direction of Dr. Robert E. Allan merged with the club wheat 
breeding program at CBARC in 1996.  The program is now coordinated from the USDA-ARS 
Wheat Genetics, Quality, Physiology, and Disease Research Unit at Pullman, Washington under 
the direction of Dr. Kim Garland Campbell with technical assistance provided by Jeron Chatelain 
at CBARC and Chris Hoagland and L. Murphy at Pullman.  Administrative assistance in Oregon 
is provided by Steve Petrie.  Dr. K. Garland Campbell is also coordinator of the Western 
Regional Cooperative Nurseries.  The goal of the program is to improve emergence, cold 
tolerance, disease resistance, and yield potential of club wheat cultivars to reduce grower risk, as 
well as improve end-use quality.  The objective of this research was to evaluate preliminary and 
advanced winter club wheat breeding lines at several locations in northeastern Oregon with the 
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goal of developing competitive winter club cultivars suited for these growing conditions, with 
high genetic resistance to major disease and excellent end-use quality. 
 
 

Materials and Methods 
 

 Four northeastern Oregon locations (Pendleton, Moro, Lexington, and Hermiston) were used 
for 15 breeding and 4 Western Regional nurseries.  All sites were dryland except Hermiston, 
which was pivot irrigated.  The Pendleton nurseries were located at CBARC and the Moro 
nurseries were at the Sherman Experiment Station.  The other two locations were Madison Farms 
near Hermiston with cooperator Kent Madison, and Starvation Farms north of Lexington with 
cooperator Chris Rauch.  Average annual precipitation for these locations is 17 inches at 
Pendleton, 11 inches at Moro, and about 10 inches at Lexington and Hermiston. 
 
Pendleton 
 Winter wheat nurseries were seeded October 4 and 5, 2006 at CBARC into conventional 
fallow.  Yield trials evaluated included the USDA-ARS Elite, consisting of 36 entries replicated 
3 times, and the Oregon Early and Tall Late with 24 entries and 4 replications each.  Replicated 
trials were designed as partially balanced lattices.  The ARS unreplicated yield trials included 
breeding lines from earlier generations: 205 F7 entries, 75 F6 entries, 41 F7 stripe rust resistant 
entries, 100 purification reselection entries, and 69 F7 Single Seed Descent entries.  The 
unreplicated nurseries included randomly spaced check cultivars ‘Chukar’ and ‘Tubbs’ every 20 
entries on average.  Two cooperative regional nurseries, the Western Regional Soft Winter 
Wheat Nursery and the Western Regional Hard Winter Wheat Nursery, were comprised of 35 
and 30 entries respectively in a randomized complete block design with 3 replications.  All seed 
was treated prior to planting with Dividend Extreme® plus Gaucho® at recommended label rates.  
Seeding rate was approximately 20 seeds/ft2.  Plots were seeded to a depth of 1-1.5 inches using 
a five-row Hege drill with double-disc openers on 12-inch spacing.  Plot size was approximately 
77.5 ft2 and seed was planted into moisture with good emergence.  Eighty pounds of nitrogen (N) 
per acre as anhydrous ammonia and 10 lb/acre of sulfur as Nitrosol® were applied prior to 
planting.  A spring fertilizer application was done in late April with Solution 32 on the Western 
Regional Hard Winter Wheat Nursery at a rate of 20 lbs of N/acre.  Spring broadleaf weeds were 
controlled by spraying plots with Bromac® at a rate of 2 pt/acre and Spreader 90 at 0.25 percent, 
applied at 25 gal/acre, during the mid-tillering stage on April 24.  For the ARS unreplicated F6, 
F7 stripe rust resistant, and F7 Single Seed Descent trials only, Hoelon® was applied at 2.66 
pt/acre and incorporated into the soil prior to planting in September.  Likewise, 10 oz/acre 
Axiom® DF and 2 oz/acre Sencor® 4 were applied pre-emergence on October 12.  Spring weed 
control on these three trials consisted of 1.5 pt/acre Brox® M and 5 oz/acre Sencor 4 on March 9. 
 Plots were evaluated for winter damage, heading date, height, harvested plot length, grain 
yield, and test weight.  Heading date was noted as days from January 1 until 50 percent of the 
plot had headed.  The only disease notes taken were for physiological leaf spot since there were 
few foliar diseases.  Plots were harvested July 16, and 26 -27, 2007 using a Wintersteiger small-
plot combine.  Grain samples were weighed to determine grain yield, cleaned using a small-
sample Hege seed cleaner, and test weight was measured.  An 800-g sample was saved from the 
first replication of selected trials and sent to the Western Wheat Quality Laboratory in Pullman, 
Washington for quality evaluation. 
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Moro 
 Nurseries evaluated at the Sherman Experiment Station included the USDA-ARS Elite, Tall 
Late, Oregon Early, and the two cooperative regional nurseries, Western Regional Soft Winter 
Wheat Nursery and Western Regional Hard Winter Wheat Nursery.  The three USDA-ARS trials 
were seeded on September 12, 2006 with a 12-inch Gaines tip, hoe opener, deep furrow Hege 
drill, about 3-4 inches deep into moisture.  Regional nurseries were seeded on October 5, 2006 
using a Hege drill with double-disc openers on 12-inch spacing, approximately 1 inch deep into 
moisture.  Plots were seeded at approximately 20 seeds/ft2.  There were 50 lbs N/acre in the soil 
and 80 lbs N/acre was applied as anhydrous ammonia.  Hoelon was applied prior to planting at 
43 oz/acre and incorporated into the soil twice for downy brome control.  Broadleaf weeds were 
controlled in the spring by spraying Harmony® Extra at 0.6 oz/acre with 2,4-D amine at 12 
oz/acre and 0.25 percent surfactant on March 30.  The experimental design and data collected 
were the same as described for the Pendleton Station.  Plots were harvested July 23 and 24, 2007 
using a Wintersteiger small-plot combine. 
 
Lexington 
 The USDA-ARS Elite trial was planted on September 27, 2006 using a four-row Hege 1000 
drill with double-disc openers on 14-inch spacing, at approximately 20 seeds/ft2.  Fertilizer and 
herbicide applications were managed by the grower.  Experimental design and data collected 
were the same as described for Pendleton, except no quality samples were taken.  Plots were 
harvested July 11, 2007. 
 
Hermiston 
 USDA-ARS Elite and Oregon Early trials were planted on September 25, 2006 using a 
seven-row Hege 1000 drill with double-disc openers on 8-inch spacing.  Fertilizer and herbicide 
applications were managed by the cooperator and the plots were harvested July 12, 2007.  
Experimental design and data collected were the same as described for Pendleton, except no 
quality samples were taken. 
 
Coleoptile Length Testing 
 Coleoptile length was measured for the advanced club breeding lines from the USDA-ARS 
program.  These were evaluated as described in Hakizimana et al. (2000) with a few 
modifications.  Fifteen seeds were placed on a wet germination towel 1 cm apart with the germ 
end down and about 7 cm from the bottom.  The towel was folded over, rolled loosely, secured 
with a rubber band, and placed upright in a plastic tray.  Samples were placed in a dark incubator 
at 4oC for 4 days and then removed and placed in another dark incubator at 15oC for 16 days.  
Coleoptile lengths were measured to the nearest millimeter and the average length of each 
cultivar was calculated after eliminating the highest and lowest value.  This was used to identify 
genotypes with long coleoptiles that will readily emerge from deep planting. 
 
Results 
 Yield data from Lexington were variable due to late heat stress and variability in plot stands 
by wheel tracks from herbicide application.  Yield variability was extremely high for the Elite 
and Oregon Early nurseries at Moro due to rodent damage to plot stands.  Even with late spring 
heat stress, timely rains produced average yields at Pendleton and above average yields at Moro.  
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Lines ARS960277L and ARS970075-3C were consistently at or near the top for yield at every 
location (except for ARS970075-3C at Lexington), comparable to or better than the check 
‘Tubbs’, a soft white winter wheat (Table 1). 

 
Table 1.  Agronomic trait data for 2007 USDA-ARS Elite Nursery. 
 

 Lexington Hermiston Moro Pendleton Pullmana 
Heading 

dateb Height 
Test 

weight 
 Grain yield (bushels/acre) (fr. 1/1) (cm) (lb/bu) 
ARS00235 45 105 67 95 78 147 88 60.4 
ARS960277L 51 125 88 101 81 146 90 59.11 
ARS970059-2 37 102 81 91 69 146 84 59.79 
ARS970075-3C 43 125 98 99 80 145 90 59.79 
ARS970168-2C 46 120 80 88 78 146 87 61.54 
ARS970175-3C 45 123 88 96 79 146 81 59.49 
ARS970278-2 46 116 74 95 78 145 92 59.65 
ARSC96059-1 40 93 69 93 79 146 95 61.12 
CARA 41 115 85 96 72 147 84 58.41 
CHUKAR 43 126 78 101 77 147 85 58.55 
ELTAN 44 117 75 101 74 147 89 60.1 
FINCHc 41 101 65 95 71 148 83 60.62 
FINCH 40 96 60 94 70 147 90 61.15 
FINCH 40 99 74 100 71 148 89 60.71 
MOHLER 42 113 73 98 75 143 91 60.2 
TUBBS 46 114 74 106 69 142 94 58.97 
TUBBS 47 110 82 100 75 142 99 59.22 
TUBBS 47 116 67 104 74 143 98 59.49 
X960011C 42 117 71 100 88 150 85 59.01 
X960522C 39 124 81 94 77 147 89 59.44 
X970005-2C 42 113 76 90 82 147 86 59.52 
X970012-3C 44 119 76 97 86 148 94 59.47 
X970026-1C 44 113 75 92 74 146 88 60.58 
X970027-1C 44 120 77 98 91 147 87 60.09 
X970042C 40 109 84 99 85 145 91 58.46 
X970048-1C 41 116 82 93 84 145 81 57.01 
X970048-2C 43 115 66 90 81 145 87 58.65 
X970048C 42 113 71 91 90 145 88 59.53 
X970071-1C 43 110 82 95 77 146 89 61.09 
X970071-3C 42 109 81 98 74 146 91 60.34 
X970108-1C 49 116 90 89 87 146 89 57.47 
X970163-3 45 108 79 96 81 146 89 59.99 
X970163-4C 44 118 74 96 84 147 89 60.04 
X970167-1 43 112 72 93 82 142 85 59.38 
X970170-2L 48 104 72 95 77 144 91 60.2 
X970185-1C 46 124 73 96 64 147 86 58.61 
Loc. Average 43 113 77 96 78    

aPullman, WA yield data were reported for reference. 
bHeading date, height, and test weight data are the average over all locations. 
cNamed cultivars are included as checks.  ‘Finch’ and ‘Tubbs’ were included three times as variability checks. 
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 Early heading dates are important for varieties to be well adapted to northeastern Oregon.  
Experimental lines in the Elite Nursery averaged 4 days later than ‘Tubbs’ for heading dates, 
although two lines, X970167-1 and X970170-2L, averaged the same and 2 days later 
respectively.  Lines are continually being screened and developed to have earlier heading dates, 
and more emphasis is being put toward developing varieties with traits like this that will compete 
with the leading varieties in northeastern Oregon. 
 The average coleoptile length among the elite nursery breeding lines was just under 3 inches.  
The longest coleoptile length was the check ‘Edwin’ at 4.3 inches, followed by ARS970278-2 
and X960011C at 3.3 inches, and X96347t348C and the check ‘Bruehl’ at 3.2 inches (Fig. 1).  
Compared to checks ‘Chukar’, ‘Finch’, ‘Eltan’, and ‘Tubbs’ (with lengths of 3.0, 2.9, 2.7, and 
2.6 inches, respectively), many experimental lines were equal to or shorter than ‘Tubbs’.  Using 
varieties such as ‘Edwin’ in crosses could increase coleoptile length in breeding lines and 
improve deep seeding emergence. 
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  Figure 1.  Coleoptile length average of 2008 Washington Elite Nursery cultivars. 
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Early and Delayed Planting Effects on Winter Wheat Variety Performance 
 

Michael Flowers, C. James Peterson, Steven Petrie, Stephen Machado, 
Karl Rhinhart, and Jeron Chatelain 

 
 

Abstract 
 
 Oregon wheat growers are continuing to adopt newly released varieties; however there are 
few data available on how best to incorporate these varieties into individual production systems.  
Therefore, in 2006 a series of experiments were established at the Sherman and Pendleton 
stations of the Columbia Basin Agricultural Research Center located near Moro and Pendleton, 
Oregon, respectively.  The study evaluated the performance of eight soft white winter wheat 
varieties across four planting dates and three seeding rate treatments.  Planting date was found to 
have the largest effect on grain yield and test weight.  The October 3 “on-time” planting date 
generally had the highest grain yields at both Moro and Pendleton.  There were few differences 
among varieties or seeding rates for the September 12 and October 3 plantings.  Delayed planting 
resulted in reduced yields of up to 47 percent.  Increased seeding rates are recommended for 
delayed plantings and resulted in yield increases of 5 to 11.1 bu/acre.  Among the varieties 
evaluated, ‘ORCF-102’ performed the most consistently in delayed plantings when both grain 
yield and test weight were considered. 
 
 

Introduction 
 
 Variety selection is one of the most important agronomic decisions a grower makes.  
Selecting an appropriate variety minimizes the risk from crop diseases and stresses while 
maximizing yield potential.  Statewide variety trials, extension trials, and private company 
variety trials are commonly used by growers and crop consultants to choose adapted and high 
yielding varieties.  However, these trials are limited in that they only compare varieties in a 
single common setting.  In practice, growers may find that varieties perform quite differently in 
their individual production systems, given differences in equipment and planting date.   
 
 Under favorable moisture conditions in eastern Oregon, growers may start planting winter 
wheat in late August or early September.  Due to the typically dry fall weather, many growers 
may not finish planting until late October or early November.  Within this large planting 
window, the crop production challenges that growers face change over time.  Early planted 
wheat has a higher yield potential than later plantings (Thill et al. 1978).  However, crop diseases 
such as Cephalosporium stripe, strawbreaker foot rot, and barley yellow dwarf virus can be 
major production challenges.   Growers can minimize the risk of these diseases and other pests or 
stresses by selecting appropriate varieties for early planting conditions. 

 
 Weather is the primary factor that drives late plantings.  In many years growers must wait for 
rain to have adequate moisture to seed or for “dusted in” seeds to germinate.  Due to the reduced 
time for growth and development in the fall, these late plantings have reduced yield potential 
compared to earlier plantings.  Growers may compensate for this difference by planting varieties 
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that have a high tillering capacity or by increasing the seeding rate.  Bohle et al. (2000) reported 
on the high tillering capacity of ‘Stephens’ wheat.  They found that seeding rates had to be fewer 
than 8 seeds/ft2 to reduce yields.  Similarly, Wysocki and Corp (2006) illustrated how increased 
seeding rates were required to meet yield expectations for later plantings.   

  
 Clearly, information on the performance of varieties under early and late plantings would 
benefit growers in determining how best to use these varieties within their individual production 
system.  Therefore, a series of experiments were initiated in 2006 to evaluate newer Oregon 
winter wheat varieties under a range of planting dates and seeding rates. 
 

Materials and Methods 
 
 The study was conducted in 2006 and 2007 at the Sherman and Pendleton stations of the 
Columbia Basin Agricultural Research Center located near Moro and Pendleton, Oregon, 
respectively.  The soil type at both sites is a Walla Walla silt loam (Typic Haploxerolls).  Moro 
and Pendleton are nonirrigated test sites typical of Pacific Northwest dryland wheat production 
zones. The annual average precipitation at Moro is 11 inches and at Pendleton is 16 inches; about 
75 percent of the precipitation occurs between October 1 and May 1.  
 
 At each site we used a randomized complete block design with three replications, six variety 
treatments, four planting date treatments, and three seeding rate treatments.  In 2006, variety 
treatments consisted of ‘Stephens’, ‘Madsen’, ‘Tubbs’, ‘ORCF-101’, ORCF-102’, and ‘Goetze’.  
In 2007, ‘Madsen’ and ‘Tubbs’ were replaced by ‘Tubbs-06’ and the experimental line 
ORH010085.  Each variety was evaluated under three seeding rate treatments (11, 22, and 33 
seeds/ft2).  Variety and seeding rate treatments were established using a Hege® small plot drill on 
four planting dates (Sept. 14, Oct. 3, Oct. 28, and Nov. 17) spanning the fall sowing season.  Plot 
size was 5 by 20 ft in all trials.  Agronomic practices, including weed control and fertility 
management, were based on local practice.  At maturity, plots were harvested using a Hege® 
small plot combine and we obtained measurements of yield and test weight.  Data were analyzed 
using SAS software and means were separated using least square means. 
 

Results and Discussion 
 
 The environmental conditions at each site led to significant differences between the sites.  
Therefore, the sites were separated into a high rainfall site (Pendleton) and a low rainfall site 
(Moro) for further analysis and discussion. 
 
Low Rainfall – Moro 
 Planting date had the largest impact on grain yield and test weight.  In both 2006 and 2007 
the October 3 “on-time” planting had the highest grain yields (Tables 1 and 2).     Grain yields 
for this date ranged from 69.7 to 80.1 bu/acre in 2006 and 88.9 to 94.8 bu/acre in 2007.  
Compared to the October 3 planting, grain yields were reduced by as much as 14 percent in the 
early (Sept. 12) planting date (Fig. 1).  In fact, no advantage to early planting was found at this 
site in either 2006 or 2007.  This contrasts with previous studies that found yield increases in 
early plantings (Thill et al. 1978).  Disease pressure was low at the site in 2006 and 2007; our 
results are therefore likely due to variable seedbed moisture and equipment limitations that 
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prevented seeding deep enough to reach uniform moisture.  This led to spotty emergence and 
uneven stands in the early planting date that ultimately reduced grain yields.  Emergence and 
stands in the remaining three planting dates were uniform.  
 
 In practice, growers may use tillage and/or specialized equipment such as deep furrow drills 
to place seeds into uniform moisture.  Thus, growers may find that early planting does increase 
grain yield and that our results are not representative of their experiences.  However, our results 
do indicate that early planting is risky and growers should be aware that stands and yield may be 
reduced in these plantings due to lack of moisture and/or disease.   
 
 Delayed planting led to significantly reduced grain yields (Fig. 1).  Compared to the October 
3 planting, grain yields were reduced in the October 27 planting by as much as 47 percent in 
2006 and 29 percent in 2007.  In 2006, the November 20 planting did not emerge at this location.  
In 2007, delaying planting until November 20 led to a reduction in grain yield of 28 to 43 percent 
compared to the October 3 planting.  These results are consistent with other studies that 
documented similar reductions in grain yield in delayed or late plantings (Thill et al. 1978).   
 
 Each individual planting date was further analyzed to determine whether significant 
differences existed among varieties and seeding rates.  There were no significant interactions 
between variety and seeding rate, indicating that within an individual planting date all varieties 
evaluated performed similarly across the seeding rate treatments.  Among varieties, there were 
few differences in the September 12 and October 3 planting dates (Tables 1 and 2).  One notable 
exception was ‘Madsen’, which performed poorly in all planting dates.  For the delayed plantings 
on October 27 and November 20, ‘ORCF-102’ performed the best overall.  Not only did ‘ORCF-
102’ have higher grain yields compared to the other varieties, but it also maintained test weight 
better than the other varieties in these delayed plantings.  In a single year of testing, ORH010085 
appears to perform well in delayed plantings.  Similar to ‘ORCF-102’, ORH010085 also 
maintained its test weight in delayed plantings.  Also performing well in delayed plantings was 
‘Tubbs’ or ‘Tubbs-06’.  However, test weight is a concern for ‘Tubbs’ or ‘Tubbs-06’ when 
planted late.  The varieties ‘Stephens’ and ‘ORCF-101’ performed poorly in the delayed 
plantings.  ‘Goezte’ was inconsistent in delayed plantings; it performed poorly in 2006, but was 
among the best in 2007.   
 
 The 22-seeds/ft2 seeding rate treatment is considered the “normal” seeding rate 
recommendation for soft white winter wheat in Oregon.  In our trial we examined both lower and 
higher seeding rates to determine if significant differences existed.  In both 2006 and 2007 there 
were significant differences among seeding rates at Moro (Tables 1 and 2). Compared to the 22-
seeds/ft2 treatment, the 33-seeds/ft2 treatment had significantly higher grain yields without 
reduction in test weight for the October 27 planting in 2006 and the November 20 planting in 
2007.  This resulted in a yield increase of 5.2 bu/acre in 2006 and 5.5 bu/acre in 2007.  In 2007, a 
significant yield increase of 9.0 bu/acre was found for the 11-seeds/ft2 treatment compared to the 
22-seeds/ft2 treatment for the September 12 planting.  This was reversed in 2006, where the 22-
seeds/ft2 treatment had a significant 7.1 bu/acre increase compared to the 11-seeds/ft2 treatment 
for the September 12 planting.  Clearly, in delayed plantings a higher seeding rate is justified.  In 
early plantings a lower seeding rate may be possible; however, it is risky and success will likely 
depend on the available moisture at the time of planting. 
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High Rainfall – Pendleton 
 Similar to Moro, planting date had the largest effect on grain yield and test weight at 
Pendleton.  In general, the October 3 “on-time” planting had the highest grain yield (Tables 3 
and 4).  Grain yields for the October 3 planting ranged from 91.7 to 105.9 bu/acre in 2006 and 
75.5 to 84.5 bu/acre in 2007.  Unlike at Moro, here the varieties ‘Stephens’ and ‘Tubbs’ or 
‘Tubbs-06’ had increased grain yields in the September 12 planting compared to the October 3 
planting (Fig. 1).  These increases ranged from 1 to 3 percent in 2006 and 1 to 9 percent in 2007.  
Similarly, a yield increase of 3 percent for ‘ORCF-101’ and 11 percent for ‘ORCF-102’ was 
found when comparing the September 12 planting date to the October 3 planting in 2007.  
However, in 2006 yield reductions of up to 21 percent were found for some varieties when we 
compared the September 12 planting to the October 3 planting.  This vast difference between 
years is likely due to the available moisture at planting.  In 2006, the seedbed moisture was 
highly variable, which led to spotty emergence, uneven stands, and reduced yields.  In 2007, 
seedbed moisture was much more uniform and led to uniform stands and higher yields in the 
early planting.  Therefore, when moisture is available and can be seeded into, earlier planting 
may result in increased yield.  This supports previous studies that reported similar results (Thill 
et. al. 1978).   

 
  Grain yield was also significantly reduced at Pendleton by delayed planting (Oct. 27 and 
Nov. 20) (Fig. 1).  Compared to the October 3 planting, yields were reduced between 15 and 31 
percent in 2006 and 6 to 16 percent in 2007 for the October 27 planting.  Similarly, yields were 
reduced between 9 and 26 percent in 2006 and 19 to 41 percent in 2007 in the November 20 
planting compared to the October 3 planting.  These results are consistent with other studies 
(Thill et al. 1978) and document the large yield reductions associated with delayed planting. 
 
 We further analyzed each individual planting date to determine significant differences among 
varieties and seeding rates.  There were no significant interactions between variety and seeding 
rate, indicating that within an individual planting date all varieties evaluated performed similarly 
across the seeding rate treatments.  Among varieties, there were few differences in the September 
12 and October 3 planting dates (Tables 3 and 4).  The most notable exception was ‘Goetze’, 
which performed poorly in the September 12 planting in 2006.  However, ‘Goetze’ performed 
well in this planting date in 2007.  This is most likely due to the facultative nature of ‘Goetze’, 
which makes it more susceptible to winter damage than the other varieties evaluated.  For 
delayed plantings, ‘Tubbs’ or ‘Tubbs-06’, ‘Goetze’, and ‘ORCF-102’ all performed well.  
However, test weight is a concern for ‘Tubbs’ and ‘Tubbs-06’ in delayed plantings.  The 
varieties ‘Stephens’, ‘Madsen’, and ‘ORCF-101’ all performed poorly in late plantings.  In 
limited testing, ORH010085 performed well in the October 27 planting, but had reduced yield in 
the November 20 planting. 

 
 In both 2006 and 2007 there were few significant differences among seeding rates at 
Pendleton (Tables 3 and 4).  In 2006, the 11-seeds/ft2 treatment had a significantly lower grain 
yield compared to the higher seeding rate for the September 12 and October 27 plantings.  This 
yield reduction ranged from 10.0 to 16.3 bu/acre.  In 2007, the 33-seeds/ft2 treatment had a 
significantly higher grain yield of 11.1 and 12.6 bu/acre compared to the 22-seeds/ft2 treatment 
and 11-seeds/ft2 treatment, respectively.  Clearly, increased seeding rates are justified in delayed 
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plantings.  However, unlike at Moro, at Pendleton there appears to be no advantage to lower 
seeding rates in early plantings even when adequate moisture is available. 
 

Conclusion 
 
 Several conclusions can be drawn from these trials.  Among the management factors studied, 
planting date had the greatest effect on grain yield and test weight.  Planting prior to October 1 
resulted in increased, equal, or reduced grain yield compared to the October 3 “on-time” planting 
(Fig. 1).  Our results indicate that early planting is risky and may result in uneven stands and 
lower yields.  However, if diseases can be avoided and seeds placed into uniform moisture, early 
planting may result in increased grain yields.  Delayed planting reduced grain yields between 6 
and 47 percent compared to the October 3 “on-time” planting (Fig. 1).  Therefore, growers 
should strive for timely plantings to maximize yield and profit. 
 
 Among varieties, there were few significant differences for the September 12 and October 3 
planting dates (Tables 1 – 4).  Notable exceptions include ‘Madsen’, which performed poorly for 
most planting dates, and ‘Goetze’, which should not be planted prior to October 1.  For delayed 
plantings, ‘ORCF-102’,  ‘Tubbs’, ‘Tubbs-06’, ‘Goetze’, and ORH010085 all performed well.  
However, of all the varieties evaluated, ‘ORCF-102’ is the most consistent and best variety for 
late plantings when considering both grain yield and test weight at Moro and Pendleton.  
 
 Among seeding rates, the 33-seeds/ft2 seeding rate resulted in yield increases of up to 11.1 
bu/acre in delayed plantings compared to the standard 22-seeds/ft2 recommendation for soft 
white winter wheat (Tables 1 – 4).  However, results will vary depending on environment and 
may not be significant in all years. 
 
 Our results illustrate why growers are adopting these newer Oregon soft white winter wheat 
varieties.  The newer Oregon wheat varieties perform equal to and in many instances better than 
older varieties such as ‘Stephens’ and ‘Madsen’.  In addition, this study should give growers 
several insights into how to properly choose and place these newer wheat varieties on their 
farms.  However, further research is required to better understand the differences between these 
and other new Oregon winter wheat varieties.  In that light, research is continuing on this project 
and new varieties are being added when available.    
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Table 1.  Grain yield and test weight at the Moro site, Columbia Basin Agricultural Research Center, Oregon in 2006. 
 
Variety Planting date 
 9/12 10/3 10/27 11/20 
 Grain 

yield 
Test 

weight 
Grain 
yield 

Test 
weight 

Grain 
yield 

Test 
weight 

Grain 
yield 

Test 
weight 

 bu/acre lbs/bu bu/acre lbs/bu bu/acre lbs/bu bu/acre lbs/bu 
         
Stephens 71.6 a 60.9 ab 74.8 b 60.9 ab 45.8 cd 59.2 ab   
Madsen 59.7 b 60.8 ab 69.7 c 60.3 cd 43.5 d 59.2 ab   
Tubbs 69.7 a 60.6 b 74.7 b 60.0 d 50.5 b 58.7 bc   
ORCF-101 67.5 ab 60.7 ab 76.0 b 60.5 bc 48.7 bc 58.1 c   
ORCF-102 70.6 a 61.1 a 73.7 b 60.8 bc 55.2 a 59.8 a   
Goetze 74.1 a 61.0 ab 80.1 a 61.4 a 42.8 d 58.9 bc   
         
Seeding rate         
         
11 seeds/ft2 63.2 b 60.8 a 73.9 b 60.3 b 44.2 b 58.5 b   
22 seeds/ft2 70.3 a 61.0 a 74.2 ab 60.9 a 46.9 b 59.0 a   
33 seeds/ft2 73.0 a 60.9 a 76.4 a 60.8 a 52.1 a 59.5 a   
Mean comparisons within a column are not significantly different at the 0.05 level if followed by the same letter. 
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Table 2.  Grain yield and test weight at the Moro site, Columbia Basin Agricultural Research Center, Oregon in 2007. 
 
Variety Planting date 
 9/12 10/3 10/27 11/20 
 Grain 

yield 
Test 

weight 
Grain 
yield 

Test 
weight 

Grain 
yield 

Test 
weight 

Grain 
yield 

Test 
weight 

 bu/acre lbs/bu bu/acre lbs/bu bu/acre lbs/bu bu/acre lbs/bu 
         
Stephens 84.6 a 61.3 c 90.3 a 60.9 ab 66.3 ab 59.6 b 53.5 b 57.0 c 
Tubbs-06 90.4 a 61.4 bc 92.3 a 60.6 b 71.3 a 59.5 b 66.2 a 57.5 c 
ORCF-101 87.8 a 61.5 bc 91.6 a 60.7 ab 70.8 a 59.5 b 52.6 b 57.5 c 
ORCF-102 88.3 a 61.8 b 90.1 a 61.0 ab 71.2 a 60.4 a 62.7 a 58.9 a 
Goetze 85.3 a 61.2 c 94.8 a 61.0 ab 68.54 ab 60.0 ab 64.2 a 58.4 b 
ORH010085 89.3 a 62.4 a 88.9 a 61.1 a 63.3 b 60.5 a 67.9 a 59.1 a 
         
Seeding rate         
         
11 seeds/ft2 93.1 a 61.6 a 88.5 a 60.6 b 64.1 b 59.8 a 53.5 c 57.6 b 
22 seeds/ft2 84.1 b 61.4 a 92.5 a 61.0 a 71.5 a 59.9 a 62.3 b 58.3 a 
33 seeds/ft2 85.9 b 61.8 a 93.0 a 61.0 a 70.1 a 60.0 a 67.8 a 58.4 a 
Mean comparisons within a column are not significantly different at the 0.05 level if followed by the same letter. 
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Table 3. Grain yield and test weight at the Pendleton site, Columbia Basin Agricultural Research Center, Oregon in 2006. 
 
Variety Planting date 
 9/12 10/3 10/27 11/20 
 Grain 

yield 
Test 

weight 
Grain 
yield 

Test 
weight 

Grain 
yield 

Test 
weight 

Grain 
yield 

Test 
weight 

 bu/acre lbs/bu bu/acre lbs/bu bu/acre lbs/bu bu/acre lbs/bu 
         
Stephens 94.2 ab 58.1 bc 91.7 b 57.6 bc 78.1 b 54.4 cd 83.6 ab 55.6 ab 
Madsen 86.6 bc 58.7 ab 101.2 a 58.7 ab 69.4 c 55.5 bc 74.8 c 54.7 ab 
Tubbs 103.9 a 87.5 c 102.4 a 57.6 bc 79.5 ab 55.1 bcd 89.1 a 54.9 ab 
ORCF-101 88.9 bc 87.4 c 98.7 ab 55.9 c 72.4 c 53.9 d 78.6 bc 54.5 ab 
ORCF-102 93.3 bc 59.9 a 105.9 a 59.9 a 84.8 a 58.1 a 88.7 a 57.1 a 
Goetze 83.9 c 58.7 ab 105.6 a 57.1 bc 79.4 ab 55.9 b 88.7 a 53.0 b 
         
Seeding rate         
         
11 seeds/ft2 83.0 b 58.3 a 102.2 a 58.2 a 71.6 b 54.8 b 81.2 a 55.7 a 
22 seeds/ft2 93.0 a 58.1 a 101.3 a 57.2 a 82.0 a 56.2 a 85.3 a 54.1 a 
33 seeds/ft2 99.3 a 58.7 a 99.3 a 58.1 a 78.2 a 55.4 ab 85.3 a 55.2 a 
Mean comparisons within a column are not significantly different at the 0.05 level if followed by the same letter. 
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Table 4.  Grain yield and test weight at the Pendleton site, Columbia Basin Agricultural Research Center, Oregon in 2007. 
 
Variety  Planting date 
 9/12 10/3 10/27 11/20 
 Grain 

yield 
Test 

weight 
Grain 
yield 

Test 
weight 

Grain 
yield 

Test 
weight 

Grain 
yield 

Test 
weight 

 bu/acre lbs/bu bu/acre lbs/bu bu/acre lbs/bu bu/acre lbs/bu 
         
Stephens 81.7 a 57.9 bc 80.9 a 55.5 c 70.9 a 56.6 a 48.0 c 54.7 c 
Tubbs-06 83.3 a 57.2 c 76.7 a 56.3 bc 72.0 a 54.9 b 62.2 a 55.0 bc 
ORCF-101 82.1 a 57.7 bc 79.9 a 56.6 b 66.9 a 54.0 b 49.0 bc 53.1 d 
ORCF-102 84.1 a 59.5 a 75.5 a 58.2 a 66.7 a 57.1 a 57.8 ab 56.5 a 
Goetze 80.7 a 58.3 b 84.5 a 58.0 a 71.1 a 56.5 a 62.1 a 55.9 ab 
ORH010085 78.9 a 58.3 b 82.0 a 57.0 b 72.7 a 56.3 a 55.0 b 56.3 a 
         
Seeding rate         
         
11 seeds/ft2 78.9 a 58.2 a 78.9 a 56.9 a 65.9 a 55.9 a 51.0 b 55.4 a 
22 seeds/ft2 80.0 a 58.2 a 83.0 a 57.0 a 71.3 a 55.9 a 52.5 b 55.0 a 
33 seeds/ft2 86.6 a 58.1 a 77.8 a 56.9 a 73.0 a 55.8 a 63.6 a 55.4 a 
Mean comparisons within a column are not significantly different at the 0.05 level if followed by the same letter. 
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Figure 1.  Percent yield gain (+) or reduction (-) of early- or late-planted winter wheat compared to the October 3 planting at the Moro and Pendleton sites, 
Columbia Basin Agricultural Research Center, Oregon. 
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Phosphorus Fertilizer Reduced Hessian Fly Infestation of Spring Wheat in 
Northeastern Oregon 

 
Steve Petrie and Karl Rhinhart 

 
 

Abstract 
 
 Hessian fly is a relatively new pest of dryland wheat in northeastern Oregon but it can 
markedly reduce grain yield in some years. Genetic resistance to Hessian fly is used to minimize 
the damage but some well adapted wheat varieties lack resistance to the fly. Previous field trials 
have shown that phosphorus (P) fertilizer reduced the infestation of spring wheat by Hessian fly 
and the objective of this research was to determine if P fertilizer had an effect on Hessian fly 
infestation in spring wheat. We seeded ‘Alpowa’ (susceptible) and ‘Zak’ (resistant) spring wheat 
in 2006 and 2007 with and without supplemental P fertilization into fields with high soil test P. 
Phosphorus fertilization had little effect on the number of plants or tillers but did reduce the 
number of infested plants, the number of infested fertile and nonfertile tillers, the number of 
pupae, and the number of pupae per infested tiller. Phosphorus fertilization increased ‘Alpowa’ 
grain yield both years but did not increase the grain yield of ‘Zak’. The grain yield of ‘Alpowa’ 
fertilized with P was the same as the grain yield of ‘Zak’ both years.  
 
Keywords:  Hessian fly, phosphorus fertilizer, spring wheat 
 
 

Introduction 
 
 Hessian fly (Mayetiola destructor) is a relatively new pest in northeastern Oregon with the 
first observations reported in 1980, although it has been found in western Oregon since the late 
19th century.  Hessian fly has traditionally been a pest in Oregon in areas where the average 
annual precipitation exceeded 30 inches. Changing cropping patterns, such as increasing 
irrigation and no-tillage production of cereals, have led to increased concern about Hessian fly. 
Yield reductions from Hessian fly have become more common in recent years. 
 
 Several Hessian fly bio-types that represent a small proportion of the total population are 
virulent to resistance genes currently deployed in resistant spring wheat varieties. A shift in 
dominance of biotypes or the entry into the region of new biotypes could overcome the sources 
of genetic resistance currently utilized. Deployment of new resistance genes is required to 
maintain levels of genetic resistance. Wheat breeders and entomologists are working to identify 
biotypes and employ genes with resistance to current and newly emerging threats to the wheat 
industry. 
 
 Hessian flies overwinter on straw as larvae or maggots inside protective cases called 
“flaxseed” (http://extension.missouri.edu/explore/agguides/pests/g07180.htm). 
After spring growth of wheat begins, adults emerge and mate. Adult flies are dark colored, about 
1/8 inch, long and resemble a mosquito. The adults mate and lay eggs on the upper leaf surface. 
After hatching, the maggots feed in the grooves between the leaf sheath and stem of the wheat 
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plant, suck up plant juices with their rasping mouth parts, and cause damage to the plant. 
Maggots mature within 2 weeks, their outer skin hardens into a “flaxseed”, and two or more 
generations occur within a growing season. Hessian fly infestation is more severe in reduced or 
no-tillage plots because overwintered straw is not buried by tillage.    
 
 Field observations in 2002 indicated that spring wheat plants exhibited less infestation with 
Hessian fly when phosphorus (P) fertilizer was applied. Improved plant nutrition has been shown 
to reduce the incidence and severity of some diseases but there is no information on the effect of 
P fertilizer on Hessian fly infestation of spring wheat. The objective of this research was to 
determine if P fertilizer had an effect on Hessian fly infestation in spring wheat.  
 
 

Materials and Methods 
 
 These trials were established at the Columbia Basin Agricultural Research Center near 
Pendleton in northeastern Oregon. The average annual precipitation is about 17 inches and 75 
percent of the precipitation occurs between November 1 and May 31. Winter precipitation plus 
growing season precipitation (Sept. through June) was 19.0 inches in 2006 and 14.5 inches in 
2007. We seeded ‘Alpowa’ and ‘Zak’ spring wheat into a Walla Walla silt loam soil (coarse, 
silty, mixed, mesic, Typic Haploxeroll) in early April. ‘Alpowa’ is susceptible to Hessian fly 
whereas ‘Zak’ is resistant. No insecticidal seed treatments were applied. The seed was sown 1 
inch deep at 25 seeds/ft2. The previous crop was winter wheat both years. Sodium acetate soil 
test P values were 20 ppm in 2006 and 19 ppm in 2007; Oregon State University fertilizer guide 
for spring wheat does not recommend P fertilizer when the soil test P is greater than 15 ppm. 
Phosphorus was applied at 0 or 40 lbs/acre in 2006 and 0 or 20 lbs/acre in 2007. In 2006 the trial 
was seeded using a John Deere 1560 drill; nitrogen was applied as urea-ammonium nitrate 
solution (32-0-0) and P was applied as 10-34-0 between the rows. In 2007 the trial was seeded 
using a Fabro no-till drill. The N was applied as urea between the rows and the P was applied as 
monocalcium phosphate (0-45-0) with the seed. Individual plots were 10 by 50 ft in 2006 and 7.5 
by 30 ft in 2007. The treatments were arranged in a randomized complete block design with four 
replications. When the plants were in the early heading stage of development, samples consisting 
of all the plants from 3 ft of row were collected and the plants were separated into fertile and 
nonfertile tillers and the numbers of pupae per tiller were counted; the mainstem was counted as 
a fertile tiller. The plots were harvested with a Wintersteiger plot combine and yields were 
estimated; subsamples of the harvested grain were used to determine test weight. 
 
 

Results 
 
Spring wheat plant response to P fertilizer 
 ‘Alpowa’ and ‘Zak’ had the same number of plants per 3 ft of row in 2006 and ‘Zak’ had 
more plants than ‘Alpowa’ per 3 ft of row in 2007 (Table 1). The seeding rate was the same for 
each variety each year so the reason for the marked difference in the plant population between 
2006 and 2007 is not clear. Phosphorus fertilization had no effect on the number of plants per 3 
ft of row in either year. There was an average of 94 tillers per 3 ft of row in 2006 and 131 tillers 
per 3 ft of row in 2007. The number of total tillers per 3 ft of row was not affected by the variety 
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seeded or the P fertilizer, nor was the number of fertile tillers per 3 ft of row in 2006. Phosphorus 
fertilization did increase the number of fertile tillers per 3 ft of row in 2007. While the plant 
population varied markedly from 2006 to 2007, the number of fertile tillers per 3 ft of row was 
similar each year. Averaged across varieties and P fertilizer, there were 80 fertile tillers per 3 ft 
of row in 2006 compared to 76 in 2007. The percentage of fertile tillers was increased by the 
application of P fertilizer each year, significantly so in 2007. Interestingly enough, the increase 
in the number of fertile tillers was greater in ‘Zak’, the Hessian fly resistant variety, than in 
‘Alpowa’, the variety that is susceptible to Hessian fly.  
 
Table 1. Effect of variety and phosphorus fertilizer on spring wheat plants in 2006 and 2007, Columbia Basin 
Agricultural Research Center, Pendleton, Oregon. 
 
Year and 
variety 

Hessian fly 
response 

P2O5 
rate 

Total plants Total tillers Fertile 
tillers 

Fertile 
tillers 

2006  lb/acre ---------------- no./3 ft of row ---------------- --- % --- 
       
 Alpowa Susceptible 0 18.7 102.0 82.3 81 
 Alpowa  40 16.0 90.5 78.9 87 
 Zak Resistant 0 23.6 102.2 82.1 80 
 Zak  40 14.0 82.4 75.3 91 
LSD (0.05)   NS NS NS  
       
2007       
 Alpowa Susceptible 0 54.9 128.9 52.1 65 
 Alpowa  20 43.3 118.0 80.3 68 
 Zak Resistant 0 66.1 137.9 75.4 55 
 Zak  20 70.9 139.7 96.9 69 
LSD (0.05)   18.1 NS 23.5  
 
Variety and P fertilizer effects on Hessian fly infestation of spring wheat 
 ‘Zak’ spring wheat has genetic resistance to Hessian fly and this resistance resulted in a 
dramatic impact on Hessian fly infestation (Table 2).  There were fewer infested plants, fewer 
infested fertile and nonfertile tillers, and fewer pupae in the tillers that were infested compared to 
‘Alpowa’ spring wheat, which has no genetic resistance to Hessian fly.  We expected the 
dramatic differences in Hessian fly infestation of ‘Alpowa’ and ‘Zak’ because of the different 
genetic resistance of the two varieties. The Hessian fly infestation was greater in 2006 than in 
2007, as shown by the greater number of infested plants and tillers.  
 
 We continue to be intrigued by the dramatic differences in the Hessian fly infestation of 
‘Alpowa’ fertilized with P compared to the nonfertilized ‘Alpowa’. In both years of the study, P 
fertilization reduced the number of infested plants, the number of infested fertile and nonfertile 
tillers, the number of pupae, and the number of pupae per infested tiller, although the differences 
were not statistically significant in all cases.  
 
 In 2006, P application reduced the number of infested plants from 15.4 to 10.3 per 3 ft of row 
and from 24.2 to 7.3 per 3 ft of row in 2007.  The reduction in infested plants was significant in 
2007 but not in 2006.  There was no statistically significant difference between the number of 
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infested plants of ‘Zak’ and ‘Alpowa’ that received P fertilizer.  The same response was evident 
when considering the percentage of infested plants, and infested tillers, both fertile and 
nonfertile. There was a significant reduction in the number of pupae per 3 ft of row when P was 
applied to ‘Alpowa’. In 2006, there were significantly fewer pupae per infested plant when P 
fertilizer was applied to a susceptible variety, and even fewer when a resistant variety rather then 
a susceptible variety was sown. In 2007, P fertilizer also reduced the number of pupae per 
infested plant but not significantly so. Application of P fertilizer resulted in a significant 
reduction in the number of pupae per fertile and nonfertile tillers. 
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Table 2. Effect of variety and P fertilizer on Hessian fly infestation of spring wheat plants in 2006 and 2007, Columbia Basin Agricultural Research Center, 
Pendleton, Oregon. 
 

Year and 
variety 

P2O5 
rate 

Infested 
plants 

Infested 
plants 

Infested 
tillers 

Infested 
fertile 
tillers 

Infested 
non-

fertile 
tillers 

Pupae Pupae per 
infested 

plant 

Pupae per 
infested  

fertile tiller 

Pupae per 
infested non-
fertile tiller 

2006 lb/acre #/3 ft of row --- % --- --------------- #/3 ft of row --------------- ---------------------- # ---------------------- 
 Alpowa 0 15.4 77.7 42.8 33.8 9.0 253.1 17.8 4.9 10.6 
 Alpowa 40 10.3 55.7 22.4 19.9 2.6 95.0 5.6 2.3 3.8 
 Zak 0 2.7 10.5 3.9 3.7 0.3 5.8 1.5 0.7 2.3 
 Zak 40 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
LSD (0.05)  11.8 31.6 23.6 19.6 11.3 141.4 10.0 2.2 6.6 
           
2007           
 Alpowa 0 24.2 38.5 26.1 6.4 22.3 67.5 2.7 1.4 2.8 
 Alpowa 20 7.3 14.2 8.0 4.6 8.8 14.4 1.4 1.2 1.1 
 Zak 0 3.0 3.7 3.0 2.7 0.8 3.9 1.2 1.2 0.3 
 Zak 20 0.5 0.8 0.5 0.5 0.0 0.7 0.7 0.7 0.0 
LSD (0.05)  12.7 14.4 11.9 6.7(ns) 7.2 29.3 1.4 1.4(ns) 1.0 
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Variety and P fertilizer effects on spring wheat grain yield and quality 
 Phosphorus fertilization significantly increased ‘Alpowa’ grain yield both years but did not 
significantly increase the grain yield of ‘Zak’ either year (Table 3). The grain yield of ‘Alpowa’ 
fertilized with P was the same as the grain yield of ‘Zak’ during both years. Phosphorus fertilization 
had mixed effects on the test weight of ‘Alpowa’; test weight was reduced by P fertilization in 2006 
but increased by P fertilization in 2007.  Test weight of ‘Zak’ spring wheat was unaffected by P 
fertilizer either year. Phosphorus fertilization increased the 1,000-kernel weight of ‘Alpowa’ but not 
‘Zak’. 

 
Table 3. Effect of variety and P fertilizer on grain yield, test weight, and 1,000-kernel weight of spring wheat plants 
in 2006 and 2007, Columbia Basin Agricultural Research Center, Pendleton, Oregon. 
 

Year and variety P2O5 rate Grain yield Test wt. 1,000-kernel wt. 
2006 lb/acre bu/acre lb/bu grams 
 Alpowa 0 40.2 60.6 --- 
 Alpowa 40 48.2 59.9 --- 
 Zak 0 47.9 57.3 --- 
 Zak 40 52.3 57.7 --- 
LSD (0.05)  5.5 0.5 --- 
     
2007     
 Alpowa 0 31.7 57.8 25.8 
 Alpowa 20 40.5 59.1 28.3 
 Zak 0 37.1 58.2 28.2 
 Zak 20 38.8 57.5 27.2 
LSD (0.05)  5.4 0.9 2.0 
 
 

Discussion 
 
 These results confirm the observations in earlier reports (Petrie et al. 2004a,b; Petrie and 
Rhinhart 2007) in which P fertilizer reduced the Hessian fly infestation of spring wheat and 
increased grain yield of a susceptible variety.  The reasons for these responses are not clear. The 
P fertilizer did not simply increase the number of plants or the total number of tillers, although 
there was a tendency for P fertilizer to increase the percentage of fertile tillers.  When P fertilizer 
was applied, the number of infested ‘Alpowa’ plants, tillers, fertile tillers, total pupae, and pupae 
per infested plant per 3 ft of row were not statistically different compared to the results for ‘Zak’.  
There was a significant reduction in the number of pupae per 3 ft of row when P was applied to 
‘Alpowa’. There were markedly more pupae per infested infertile tiller of ‘Alpowa’ than per 
infested fertile tiller; this implies that the higher number of pupae per tiller may have led to the 
infertility of the tiller. The response to P fertilizer is not simply one of greater plant health that 
allows a susceptible plant to somehow overcome the fly infestation. When P fertilizer is applied 
to susceptible plants, the plants seem to escape infestation. 
 
 These results are a challenge to explain. We could find no other reports in the literature in 
which P fertilizer affected Hessian fly infestation of wheat. Scientists with the International Plant 
Nutrition Institute were unaware of any reports of P fertilizer influencing insect infestations of 
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crop plants (R. Mikkelson, personal communication). The soil test levels of P were greater than 
the critical level in both years and no P fertilizer would be recommended based on the Oregon 
State University fertilizer guide for spring cereals (Wysocki et al. 2007). In addition, we delayed 
seeding beyond the optimum date to increase the likelihood of Hessian fly infestation; the 
warmer soil temperature would have made a P response less likely. It is possible that the P 
fertilizer somehow changed the color of the plants and made them more attractive to the Hessian 
fly, although we could not detect any visual difference between the plants that received P and 
those that did not.   
 
 This work has several implications for spring wheat management. First, this will add to the 
tools that we can use against Hessian fly. Currently, our best tool is genetic resistance but there is 
a narrow genetic base of resistance and P fertilizer management may augment this. Second, there 
are situations in which there is limited seed availability and the appropriate use of P fertilizer 
may offer growers an opportunity to seed varieties that lack genetic resistance with less concern 
for Hessian fly. Finally, there are insecticides that can be applied at seeding to help control 
Hessian fly but, compared to P fertilizer, these materials are costly, dangerous to handle and 
apply, and can have adverse effects on the environment. 
 
 The results of these trials need to be confirmed in additional field trials where the use of 
insecticides is incorporated into the experimental design.  More effort must be made to determine 
the potential cause of this phenomenon. 
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Abstract 

 
Root-lesion nematodes (Pratylenchus neglectus and P. thornei) reduce yields of spring and 

winter wheat without causing visual symptoms. Research overseas has demonstrated that groups 
of wheat varieties may vary widely in individual response to these plant-parasitic nematodes, and 
that barley is generally less sensitive (more tolerant). This research was the first examination of 
these attributes in wheat or barley varieties and advanced breeding lines in North America. 
Genetic tolerance responses varied widely for wheat varieties and lines studied in field trials. 
Some entries were ranked highly tolerant to each of the Pratylenchus species, some were ranked 
intolerant (very sensitive) to each species, and some were ranked as tolerant to one species and 
intolerant to the other species. Barley varieties also exhibited a range of tolerance levels. These 
field trials showed that production efficiency can be improved on infested soils by planting 
wheat and barley varieties that are most tolerant to the Pratylenchus species occurring in each 
field. In greenhouse tests to determine levels of genetic resistance, all spring and winter wheat 
lines allowed high levels of multiplication of these nematodes. All current wheat varieties are 
therefore susceptible and have the potential for increasing nematode populations to levels that 
cause an increase in risk to the next crop planted into that field. Several resistant wheat lines 
acquired from international cooperators allowed little or no multiplication. The resistance was 
therefore transferred, through crossing, into 10 Pacific Northwest spring and winter wheat 
varieties. Barley entries exhibited a wide range of resistance reactions to P. thornei, indicating 
the need to also carefully select a barley variety before planting it into fields infested by this 
species.  
 
Key words: barley, genetic tolerance, Pratylenchus neglectus, Pratylenchus thornei, resistance, 
wheat 
 

Introduction 
 
Root-lesion nematodes are microscopic worms that feed and reproduce in roots of a wide 

range of weed species and crops such as wheat, canola, mustard, chickpea, and barley. Many 
species of root-lesion nematodes have been described (Handoo and Golden 1989, Castillo and 
Vovlas 2008) but only two species (Pratylenchus neglectus and P. thornei) are commonly 
detected at potentially damaging population levels in Pacific Northwest (PNW) dryland and 
irrigated fields planted to small grains (Hafez et al. 1992, Smiley et al. 2004, Strausbaugh et al. 
2004). Pratylenchus penetrans and several other species may also be detected in high numbers in 
irrigated fields. 

 
Pratylenchus species have been detected in more than 90 percent of soil samples collected 

from fields where small grains are produced in Idaho, Montana, Oregon, and Washington (Hafez 
et al. 1992; Smiley et al. 2004; Strausbaugh et al. 2004; A. Dyer, Montana State University, 
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personal communication, 2008). Hafez et al. (1992) found P. neglectus and P. thornei in 56 and 
20 percent of soil samples, respectively, in Idaho and eastern Oregon. Strausbaugh et al. (2004) 
determined that P. neglectus and P. thornei comprised 86 and 14 percent of the Pratylenchus 
populations in southeastern Idaho. In central and eastern Oregon and Washington, Smiley et al. 
(2004) detected P. neglectus and P. thornei in 64 and 6 percent, respectively, of fields containing 
only one species, and mixtures of these species in 30 percent of the fields. 

 
Spring wheat yields elsewhere in the world have been reduced by as much as 32 percent by 

P. neglectus and 69 percent by P. thornei (McDonald and Nicol 2005, Smiley and Nicol 2008, 
Thompson et al. 2008, Vanstone et al. 2008). Similar yield losses from these species have been 
reported for spring wheat in Oregon (Smiley et al. 2005a,b). Winter wheat yields were reduced 
32 percent by P. thornei in Colorado (Armstrong et al. 1993) and 67 percent by P. neglectus in 
Oregon (Smiley et al. 2004).  

 
Combinations of management strategies must be considered for improving productivity on 

fields known to have high populations of root-lesion nematodes (Smiley and Nicol 2008, 
Thompson et al. 2008, Vanstone et al. 2008). Combinations of practices are also important to 
avoid an increase in the level of potential damage that could occur in fields that currently have 
low to moderate populations. 

 
Root-lesion nematodes cannot be eradicated from infested fields. Management options are 

intended to reduce the population to a less damaging number. P. neglectus and P. thornei 
generally cause greater damage in dryland than in irrigated fields but high populations of both 
species have been observed in irrigated as well as dryland fields. 

  
Options for profitable crop rotations are limited, particularly for dryland crops. Root-lesion 

nematodes have a broad host range that includes broadleaf as well as monocot plants (Thompson 
et al. 2008, Vanstone et al. 2008). Crops such as barley, safflower, and flax are beneficial 
because they reduce lesion nematode populations and thereby reduce the level of risk to 
subsequent wheat crops. Many varieties of lentil, pea, and chickpea are as favorable as wheat for 
increasing the populations of these nematodes. Mustard and canola are very good hosts for P. 
neglectus but not P. thornei. 

 
Volunteer cereals and grass weeds also serve as hosts and may allow populations of root-

infecting nematodes and fungi to increase during intervals between crops (Smiley et al. 2004). 
From the perspective of a parasitic nematode or pathogenic fungus, overwintering volunteers and 
weed grasses transforms the winter-wheat summer fallow rotation into an annual cropping 
system, and changes the annual spring-cropping system into an annual double-cropping system. 
Fields totally devoid of volunteers can reduce pathogen populations between crops, but this 
sanitizing effect is functionally eliminated in the presence of plants that are allowed to grow for 
up to 5 months (November to March) during the winter and spring. 

 
Application of additional water can reduce the level of plant stress caused by root-lesion 

nematodes, so higher nematode numbers are typically required to cause economic damage in 
irrigated than in dryland fields. Lesion nematodes are unlikely to be controlled by tillage 
because, in general, populations are similar in no-till and cultivated fields (Smiley et al. 2004, 
Strausbaugh et al. 2004). 
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There are no chemical nematicides registered for use on wheat or barley. However, in 

irrigated fields, nematicides and insecticides applied to control potato pests are likely to also be 
beneficial for a following small grain crop. Production of bio-fumigant crops is also possible in 
irrigated fields but is unlikely to be profitable in dryland fields. Bio-fumigant crops must be 
incorporated as seedlings into the soil to achieve the sanitizing effect, a practice not likely to be 
used where water is often the most critically limiting factor, i.e., in dryland agriculture. These 
same crops do not produce the bio-fumigant effect if they are grown to maturity, as when 
harvesting mustard seed. 

 
The most economically viable way to improve productivity of wheat and barley in dryland 

fields is to develop varieties that are both tolerant and resistant. Tolerance describes the ability of 
the plant to maintain adequate yield potential in the presence of these nematodes. Tolerant 
varieties grow and yield well in the presence of high nematode populations, and intolerant 
(sensitive) varieties suffer significant yield loss. Yields of tolerant and intolerant varieties are 
often comparable on fields with low populations of root-lesion nematodes. However, in fields 
with high nematode populations, the intolerant varieties will invariably lose a portion of their 
production efficiency. We have measured yield losses of up to 50 percent in preliminary 
evaluations of intolerant varieties (Smiley et al. 2005a,b). Tolerance levels differ greatly among 
wheat and barley varieties (Vanstone et al. 1998), with barley generally more tolerant than wheat 
but not necessarily more resistant (Thompson et al. 2008, Vanstone et al. 2008). Resistance 
describes the ability of the plant to impede reproduction of the nematode. Resistant varieties can 
be used to reduce populations of these nematodes, thereby reducing the level of risk to 
subsequent crops. Susceptible varieties allow prolific multiplication, causing nematode 
populations to become much higher as the season progresses. Since these nematodes persist very 
well in dry soils, higher populations pose substantial risk to productivity of the next crop. 

  
Development of wheat and barley varieties that are both tolerant and resistant is a complex 

objective. Tolerance and resistance are each controlled by multiple different genes, and the traits 
are inherited independently. A variety can be intolerant and resistant, tolerant and susceptible, or 
any other combination. Further complexity occurs because tolerance and resistance differ for 
each of the Pratylenchus species, meaning a variety with tolerance or resistance to P. neglectus 
is not necessarily tolerant or resistant to P. thornei, and vice versa. These complexities must be 
understood to provide growers the information required to make informed decisions when 
selecting a crop variety to plant in a field that is highly infested with one or both of these root-
lesion nematode species. 

 
The objective of this research was to determine levels of tolerance and resistance of PNW 

spring and winter wheat and barley varieties, and advanced breeding lines, to both P. neglectus 
and P. thornei. The following results and discussion are a summary of 12 technical reports 
published by The American Phytopathology Society in the on-line journal Plant Disease 
Management Reports Vol. 1 (2007) and Vol. 2 (2008). These reports are available by journal 
subscription or, for employees of academic and sponsoring commercial firms, via free access 
through their institutional library.  
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Materials and Methods 
 
Tolerance 
 Field trials were established to determine the tolerance of Idaho, Oregon, Montana, and 
Washington wheat and barley varieties to P. neglectus and P. thornei. Trial locations with high 
populations consisting almost entirely of only one species were identified from an earlier survey 
(Smiley et al. 2004). Additional samplings were performed within 1 to 6 months before these 
field trials were established. Identifications of Pratylenchus species were made using 
morphological (Handoo and Golden 1989) and molecular (Yan et al. 2008) characteristics. 
 
 P. neglectus was studied in annually cropped commercial fields between Heppner and 
Condon, Oregon. The previous crop was mustard (cv ‘Tilney’) in 2006 and spring wheat (cv 
‘Alpowa’) in 2007. P. neglectus populations exceeded the estimated economic threshold level of 
900/lb of soil (2,000/kg) from the surface to a depth of 36 and 18 inches prior to planting crops 
for the 2006 and 2007 harvests, respectively.  
 
 P. thornei was studied in fields at the Columbia Basin Agricultural Research Center, between 
Pendleton and Adams, Oregon. The fields were managed as a 3-year rotation of spring wheat, 
chemical fallow, and winter wheat. Winter wheat (cv ‘Tubbs’) was the crop preceding plantings 
of the spring and winter cereals experiments for the 2006 harvest year, and the spring cereals for 
the 2007 harvest year. Chemical fallow preceded the winter cereals experiment for the 2007 
harvest year. P. thornei populations did not exceed the economic threshold level (where 
significant damage occurs at any depth) prior to planting spring and winter cereals for the 2006 
harvest, but did exceed the threshold level to a depth of 12 inches prior to planting spring and 
winter cereals for the 2007 harvest. 
 
 Each crop was managed by applying preplant fertilizer and preplant and in-crop herbicides 
according to best management practices for each region. Each entry in each test was planted with 
and without Temik® 15G (aldicarb) banded 2 inches below the seed at a product rate of 25 
lbs/acre. This nematicide is not registered for commercial use on small grains and required that 
we destroy all grain produced in these experiments. Each plot (6 by 30 ft) was replicated three 
times in a strip-plot design.  
 
 Winter and spring cereals were planted during October and March, respectively. All plots 
were sown using a John Deere HZ deep-furrow drill equipped with a cone-seeder and four row 
openers with 14-inch spacing. The seed was sown into good moisture at about 2-inch depth. 
Temik was disbursed from a Gandy distributor. Approximately 1 month after planting, soil 
samples were collected from selected plots to determine Pratylenchus populations in treated and 
untreated plots. Plots were harvested with a Hege small-plot combine during July. Genetic 
tolerance was measured by calculating a tolerance index (TI) consisting of untreated grain yield 
divided by treated grain yield, and the result multiplied by 100. Grain yields were averaged over 
the 2 years of testing and analyzed using standard statistical procedures. 
 
Resistance 

Four greenhouse tests were conducted to identify levels of resistance to P. neglectus and P. 
thornei for spring wheat and barley and winter wheat and barley. Defined international entries 
and unplanted, inoculated pots were included as controls in all experiments. All entries were 



 47

replicated three times in a randomized block design and grown in a greenhouse with temperature 
maintained at approximately 72°F. Plants from unvernalized seed were grown in small plastic 
tubes containing 1 lb of partially sterilized Walla Walla silt loam. Pots were inoculated at 
planting with either 450 P. neglectus/lb of soil or 340 P. thornei/lb of soil. Nematodes used as 
inoculum were collected from pure cultures raised on wheat roots in the greenhouse. All pots 
were hand-watered to return them to 25 percent soil water content, as required.  

 
Another experiment was performed in a controlled-environment growth room to examine 

resistances of barley entries in the nation-wide barley Coordinated Agricultural Project (CAP). 
The test was identical to those described above, with the following exceptions. Pots were filled 
with 0.3 lb of soil, inoculated at 900 P. thornei/lb of soil, and watered through capillary action 
from a water reservoir, which maintained the soil at 30 percent water content. 

 
Nematodes from all five experiments were extracted from the soil and roots in each pot after 

16 weeks of growth using a 48-hour Whitehead tray extraction procedure (Whitehead and 
Hemming 1965). Nematode counts were logarithmically transformed before statistical analysis 
and the predicted means were back-transformed after analysis and expressed as number of 
nematodes/lb of oven-dry soil. The nematode multiplication rate (MR), which is an index of 
resistance, was calculated by dividing the number of nematodes extracted from soil and roots 
after 16 weeks of plant growth by the number of nematodes initially placed into the soil. An MR 
of one or less means the variety is totally resistant; e.g., it completely inhibits nematode 
multiplication. An MR above one means the variety enabled the nematode to multiply. For 
example, an MR of 20 indicates that the final number of nematodes increased by a factor of 20 
during the period of the test, indicating a highly susceptible entry. Minor variations in 
temperature, water, light, nematode species, and nematode virulence cause the maximum MR 
value to vary for individual experiments. Fully resistant varieties or lines are described as those 
entries exhibiting an MR value statistically equivalent to the unplanted control pots, where these 
nematodes are unable to multiply due to an absence of living plant tissue. Partially resistant lines 
can lead to populations somewhat higher than the unplanted controls and fully resistant lines.  
but, for practical purposes, be considered as having useful levels of resistance. For practical 
purposes, all entries with low MR numbers may be interpreted as having useful levels of 
resistance. When data are rounded to the nearest whole number, as in the tables presented in this 
report, some entries with a low MR number (1, 2, etc.) may become statistically described as 
resistant or partially resistant and, in the same test, other entries with that same rounded number 
may be described as susceptible. 
 

Results and Discussion 
 
Tolerance 

The upper 12 inches of soil in untreated plots consistently contained much higher populations 
of Pratylenchus than were detected in Temik-treated soil 1 month after planting (data not 
presented). For intolerant wheat entries, these differences were nearly always associated with 
lower grain yields in untreated than treated plots, indicating the likelihood that root-lesion 
nematodes were a yield-limiting factor because no other organisms likely to be affected by the 
nematicide were detected in any of these experiments.  
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 A surprisingly high number of spring wheat entries exhibited rather high levels of 
tolerance to both P. neglectus (Fig. 1) and P. thornei (Fig. 2). Because there has been no 
previous recognition of this yield constraint in PNW cereal breeding efforts, it is likely that the 
generally high levels of tolerance demonstrated in these tests resulted from serendipitous 
selection for root-lesion nematode tolerance when advanced breeding lines are tested across a 
broad range of environments throughout the region. It is logical that lines that perform best 
across environments are advanced for release as commercial varieties, and that root-lesion 
nematodes were an unknown factor leading to selection of those best-performing lines in at least 
some test locations. This conclusion is supported by our observation that a high proportion of 
advanced breeding lines performed poorly in these tests. 
 
 Slopes of regression lines differed (Figs. 1 and 2) for spring wheat entries planted into 
soil treated with nematicide or planted into untreated soil. When soil infested by P. neglectus 
was treated with nematicide, the intolerant varieties and lines yielded the same as for tolerant 
varieties and lines, shown by the level regression line in Figure 1. In contrast, when spring wheat 
was planted into untreated soil, as would occur in commercial agriculture, the intolerant varieties 
yielded much less than the tolerant varieties, shown by a steadily declining slope of the dashed 
regression line in Figure 1. However, when P. thornei-infested soil was treated with nematicide, 
the regression line was not level but the slope did decline at a lower rate than for untreated soil 
(Fig. 2). Reasons for the lesser magnitude of separation for yields in P. thornei-infested than P. 
neglectus-infested soil are still unclear and are being investigated. It is possible that this 
observation relates to the fact that the population of P. thornei was below the estimated 
economic threshold level during the first year of testing, in comparison to two consecutive years 
of testing under high population pressure from P. neglectus. 
 
 Spring cereal varieties and lines that ranked within the top 50 percent of tolerance ratings 
against both P. neglectus and P. thornei included, in alphabetic order, ‘Buck Pronto’, ‘Hollis’, 
‘Jefferson’, ‘Jerome’, ‘Louise’, ‘Otis’, ‘Scarlet’, ‘Tara 2002’, WA7998, and ‘Zak’. Varieties and 
lines that performed consistently in the lower 50 percent of tolerance ratings against both 
Pratylenchus species included, in alphabetic order, ‘Alpowa’, IDO377S, OR4201019, 
OR4201219, OR4201261, OR42001104, OR4201027, ‘Outlook’, ‘Penawawa’, and WA7964. 
The poorest performing entries produced yields in nematicide-treated soil that were essentially 
double the yields in the untreated P. neglectus-infested soil, indicating that this nematode caused 
a 50 percent reduction in yield for those intolerant varieties or lines at that site.  
 
 As noted elsewhere in the world (Vanstone et al. 1998), some spring-planted entries in 
these tests performed quite well when challenged by one but not the other Pratylenchus species. 
Varieties that performed well when challenged by P. neglectus but not by P. thornei included, in 
alphabetic order, ‘Calorwa’, ‘Eden’, ‘McNeal’, and ‘Wakanz’. Varieties that performed well 
when challenged by P. thornei but not by P. neglectus included ‘Macon’, ‘Vida’, and 
‘Wawawai’. In these situations, the identity of the root-lesion nematode species is of great 
importance in determining whether a variety planted on that particular field produces efficiently, 
as expected, or poorly, causing disappointment. In the latter scenario, the poor performance is 
likely to have been attributed to a weather, nutritional, or seed quality problem. In these 
instances, soil tests are especially important so that growers and their agri-business advisors 
become aware of the root-lesion nematode population level as well as the identity of the primary 
species. Guidance for testing soils and selecting a commercial nematode diagnostic laboratory to 
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make this determination is available in an Oregon State University Extension Service bulletin 
(Smiley 2005). 

  
Spring barley entries (Fig. 3) generally exhibited a higher level of tolerance than most spring 

wheat entries (Figs. 1 and 2). It has been noted previously that spring barley produces more 
efficiently than spring wheat on fields near those we found to be highly infested with either P. 
neglectus (Bob Jepsen, personal communication, 2007) or P. thornei (Machado et al. 2007). 
However, in these tests we also measured differences among barley entries. The most tolerant 
entries (‘Camas’, WA15279-00, and WA8569-99) did not respond significantly to nematicide 
application in fields infested with either P. neglectus or P. thornei. In contrast, ‘Bob’, ‘Radiant, 
and WA10701-99 produced greater yields following nematicide application, indicating lower 
levels of tolerance compared to a variety such as ‘Camas’. Selection of a barley variety is as 
important as selection of a wheat variety to maintain optimum production efficiency on highly 
infested fields. 
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Figure 1. Spring wheat tolerance indices and grain yields for Pratylenchus neglectus-infested fields between 
Heppner and Condon, Oregon. Data are 2-year means from 2006 and 2007 in nematicide-treated soil (▲, continuous 
trend line) and in untreated soil (■, dashed trend line). Tolerance indices (vertical bars) were calculated as 
percentage yield in untreated compared to treated soil. 
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Figure 2. Spring wheat tolerance indices and grain yields for Pratylenchus thornei-infested fields between Pendleton 
and Adams, Oregon. Data are 2-year means from 2006 and 2007 in nematicide-treated soil (▲, continuous trend 
line) and in untreated soil (■, dashed trend line). Tolerance indices (vertical bars) were calculated as percentage 
yield in untreated compared to treated soil. 
 

0

20

40

60

80

100

W
A

15
27

9-
00

W
A

85
69

-9
9

C
am

as

B
ob

W
A

10
70

1-
99

R
ad

ia
nt

C
am

as

W
A

15
27

9-
00

W
A

85
69

-9
9

W
A

10
70

1-
99

R
ad

ia
nt

B
ob

To
le

ra
nc

e 
in

de
x

2,000

2,500

3,000

3,500

4,000

4,500

5,000

5,500
Y

ie
ld

 (l
b/

ac
)

 
Figure 3. Spring barley tolerance indices and grain yields for Pratylenchus thornei-infested fields between Pendleton 
and Adams (left side) and Pratylenchus neglectus-infested fields between Heppner and Condon, Oregon (right side).  
Yield data are 2-year means from 2006 and 2007 in nematicide-treated soil (▲) and in untreated soil (■). Tolerance 
indices (vertical bars) were calculated as percentage yield in untreated compared to treated soil. 
 

Figure 4 shows results of fall-planted wheat challenged by P. neglectus. Moderate 
improvements in yield (up to 14 percent) were measured in nematicide-treated compared to 
untreated soil. These results indicated that most of the fall-planted entries exhibited 
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comparatively high levels of tolerance to P. neglectus, and that the range in tolerance level was 
more modest than for spring wheat. Slopes of regression lines for yields in treated and untreated 
soils were similar. Additional tests are being conducted to determine if this is an inherent trait of 
the winter wheat germplasm, resulting from selection pressure exerted during development and 
production, or whether this interpretation is an artifact of our testing protocol. The nematicide 
used in these experiments has an estimated effective life varying from 2 weeks to 3 months, 
depending on temperature, moisture and soil organic matter (Jones and Estes 1995). Sampling 
the surface 3 ft of soil in two winter wheat experiments during March 2008 (unreported data) 
revealed that populations of Pratylenchus were essentially the same at all depths in untreated soil 
and in soil treated with the nematicide 5 months earlier. It appears likely that the nematicide does 
not adequately prevent nematode damage in roots of winter wheat during the entire winter 
period. This new information is being used to refine our experimental protocol in an attempt to 
increase the range of responses for the most intolerant fall-planted entries, as has already been 
achieved for spring wheat. 

 
Variability among tolerance ratings was also detected for fall-planted barley entries planted 

into soil infested with P. neglectus (Fig. 5).  Strider significantly responded to application of 
nematicide and the other four entries were unaffected by the treatment. 

 
Tolerance ratings for fall-planted cereals on fields infested with P. thornei are not reported in 

this paper. The first year of testing (2006 harvest) was performed on soil with only moderate 
numbers of P. thornei, and a plugged drill opener caused irreparable harm to the integrity of the 
2007 experiment. The tests are being repeated and we anticipate the availability of valid 
evaluations by late 2008 or 2009.  
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Figure 4. Winter wheat tolerance indices and grain yields for Pratylenchus neglectus-infested fields between 
Heppner and Condon, Oregon.  Data are 2-year means from 2006 and 2007 in nematicide-treated soil (▲, 
continuous trend line) and in untreated soil (■, dashed trend line). Tolerance indices (vertical bars) were calculated 
as percentage yield in untreated compared to treated soil. 
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Figure 5. Winter barley tolerance indices and grain yields for Pratylenchus neglectus-infested fields between 
Heppner and Condon, Oregon.  Yield data are 2-year means from 2006 and 2007 in nematicide-treated soil (▲) and 
in untreated soil (■). Tolerance indices (vertical bars) were calculated as percentage yield in untreated compared to 
treated soil. 
 
Resistance 
 These experiments were the first assessments of wheat and barley resistance to P. neglectus 
and P. thornei in North America. Notably, all of the PNW wheat varieties and breeding lines 
examined were found to be susceptible to both species (Tables 1 and 2). In contrast, the resistant 
standard, ‘Persia 20’ (syn. CItr11283, AUS5205), was the most resistant wheat entry, performing 
similarly to the unplanted soil control when challenged by both P. neglectus and P. thornei 
(Tables 1 and 2). The Iranian landrace wheat AUS28451R (reselected AUS28451, syn. 
PI621458) also demonstrated a high level of resistance to each species, and the wheat lines 
GS50A and OS55 exhibited useful levels of resistance to P. thornei. 
 
 Crosses have been made to introduce P. neglectus and P. thornei resistances into the PNW 
spring wheat varieties ‘Alpowa’, ‘Louise’, and ‘Otis’, and the winter wheat varieties and lines 
‘Brundage 96’, ‘Goetze’, ORSS1757, ORH010085, ‘Stephens’, and ‘Tubbs 06’ (Table 3). Wheat 
lines from these crosses will continue to be evaluated, advanced, and supplied to wheat breeders 
throughout North America and other continents. Some of the crosses are being advanced as 
mapping populations for use in studies to identify and characterize the resistance genes, and to 
serve as a resource for developing molecular markers that may greatly simplify efforts to track 
the inheritance of these genes in breeding programs.   
 
 Although Pratylenchus multiplication was generally lower on barley than on wheat, the 
range of barley resistance to P. thornei was also highly variable among varieties and lines. This 
was shown most clearly by the diversity of germplasm reactions for entries in the barley 
Coordinated Agriculture Project (CAP, Table 4). ‘Steptoe’, ‘Kaputar’, and ‘Tallon’ were 
especially favorable for multiplication of P. thornei, and varieties such as ‘Baronesse’, ‘Chariot’, 
‘Eight-Twelve’, and ‘Orca’ exhibited high levels of resistance. However, it was also clear that 
useful levels of resistance are present in varieties such as ‘Bob’, ‘Camas’, ‘Hundred’, ‘Kold’, 
‘Merlin’, and ‘Radiant’ (Tables 1, 2, and 4). These results show that barley varieties range from 
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resistant to susceptible and that varietal selection is important to minimize multiplication of P. 
thornei. The results also lend credence to observations that barley is useful as a rotation crop on 
highly infested fields, in part because many barley varieties are more resistant than wheat.  
  

In conclusion, the high level of field tolerance measured in PNW wheat germplasm was 
unrelated to the low level of resistance exhibited by those same varieties and lines. Therefore, a 
variety may be highly tolerant and produce adequate yields in an infested field, but at the same 
time produce an increased level of risk for an intolerant variety or crop species planted as the 
next crop in that field. Successful progress in this research will lead to development of varieties 
that are both tolerant and resistant to these species of root-lesion nematodes. 
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Table 1. Resistance of spring cereals to Pratylenchus neglectus and P. thornei, as expressed by 16-week incubations 
of planted pots in the greenhouse, from which a nematode multiplication factor was calculated by dividing the final 
population by the initial population in soil plus roots for each pot. Entries having final populations of one or both 
Pratylenchus species statistically (P < 0.05) equal to the unplanted control are shown in bold format. 
 

Variety or line a Class b Multiplication rate  Variety or line a Class b Multiplication rate 
  P. neglectus P. thornei    P. neglectus P. thornei 
Alturas SWS 26 15  Vida HRS 12 13 
Alpowa SWS 25 13  OR42001104 HWS 11 10 
Calorwa Club 20 10  OR4201262 HWS 11 12 
ID-2150 HWS 19 9  Macon HWS 11 7 
Tara 2002 HRS 19 11  OR4201019 HRS 11 7 
Wakanz SWS 19 12  Vasco* HWS 10 24 
Sunvale* HWS 18 11  Pronto HRS 10 9 
Choteau HRS 18 12  WA7964 SWS 10 13 
Outlook HRS 18 15  Seri* HWS 10 27 
Wawawai SWS 18 30  6R(6D)* HWS 10 27 
OR4201219 HRS 18 9  Jerome HRS 10 12 
Penawawa SWS 17 15  OR4990114 HRS 9 7 
Louise SWS 16 23  OS55* HWS 9 2 
Yecora Rojo HRS 16 9  Krichauff* HWS 8 9 
WA7998 HRS 16 5  Eden Club 8 12 
Janz* HWS 15 10  McNeal HRS 8 29 
Hollis HRS 15 7  Camas Barley 8 8 
Otis SWS 15 23  WA15279-00 Barley 8 6 
OR4201261 HWS 15 17  WA10701-99 Barley 7 7 
OR4201027 HRS 14 11  OR4201080 HWS 7 23 
Machete* HWS 14 9  Bob Barley 7 7 
Lolo HWS 14 16  Gatcher* HWS 7 22 
Zak SWS 14 31  Radiant Barley 3 4 
Pelsart* HWS 13 12  WA8569-99 Barley 3 5 
Jefferson HRS 12 13  AUS28451R* HWS 0 1 
GS50A* HWS 12 4  Persia 20* HWF 0 1 
IDO377S HWS 12 7      
Scarlet HRS 12 23  Unplanted  0 0 

a Except where indicated by an asterisk ‘*’, entries are from the Pacific Northwest. 
b Wheat market classes include hard white spring (HWS), soft white spring (SWS), hard red spring (HRS), hard 
white facultative (HWF), and soft white spring club (Club). 
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Table 2. Resistance of winter cereals to Pratylenchus neglectus and P. thornei, as expressed by 16-week incubations 
of planted pots in the greenhouse, from which a nematode multiplication factor was calculated by dividing the final 
population by the initial population in soil plus roots for each pot. Entries having final populations of one or both 
Pratylenchus species statistically (P < 0.05) equal to the unplanted control are shown in bold format. 
 

Variety or line a Class b Multiplication rate  Variety or line a Class b Multiplication rate 
  P. neglectus P. thornei    P. neglectus P. thornei 
MDM HWW 35 6  Temple Club 19 11 
Coda Club 34 11  Cashup SWW 19 12 
Chukar Club 34 9  Tubbs 06 SWW 19 17 
Goetze SWW 34 7  Simon SWW 18 8 
ORH010085 SWW 32 11  Weatherford SWW 18 8 
Bauermeister HRW 32 15  Weston HRW 17 11 
ORH010083 SWW 32 10  Krichauff* HWS 17 5 
Golden Spike HWW 31 18  Gene SWW 17 13 
Brundage 96 SWW 31 10  88 Ab 536 Barley 16 4 
Eltan SWW 31 15  ORH010918 SWW 16 7 
Westbred 528 SWW 31 15  Finch SWW 15 18 
ORCF-102 SWW 29 7  Gatcher* HWS 14 6 
OS55* HWS 28 2  Seri* HWS 14 8 
Idaho 587 SWW 28 27  Finley HRW 13 5 
ORSS-1757 SWW 26 17  Madsen SWW 13 18 
Gary HWW 26 13  Strider Barley 12 7 
Malcolm SWW 26 22  Janz* HWS 11 6 
OR2010241 SWW 25 8  Stab 113 Barley 10 7 
OR2010239 SWW 25 7  Stephens SWW 10 10 
ORCF-101 SWW 24 9  Kold Barley 8 6 
Rod SWW 24 7  Sunvale* HWS 8 5 
Lambert SWW 24 23  Hundred Barley 7 3 
Moehler SWW 23 22  Eight-Twelve Barley 6 1 
Masami SWW 22 9  GS50A* HWS 4 1 
Vasco* HWS 22 8  AUS28451R* HWS 1 0 

Machete* HWS 22 3  Persia 20* HWF 0 0 

Bruehl Club 20 9      
Tubbs SWW 20 13  Unplanted  1 0 

a Except where indicated by an asterisk ‘*’, entries are from the Pacific Northwest. 
b Wheat market classes include hard white winter (HWW), soft white winter (SWW), hard red winter (HRW), hard 
white facultative (HWF), and soft white winter club (Club). 
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Table 3. Summary and status (as of March 2007) of crosses to transfer root-lesion nematode resistance (Pn = 
Pratylenchus neglectus, Pt = Pratylenchus thornei) into wheat varieties and lines adapted to the Pacific Northwest; 
X = F1 cross completed, ■ = being advanced to F2 stage, ▲ = being advanced to F3 stage, ♥ = F2 cross completed, ♣ 
= crosses in BC1F1 stage, ♦ = being advanced to BC1F2 stage. 

 
Source of resistance and the Pratylenchus species 

PNW variety or line, 
and market classa AUS28451R

(Pn & Pt) 
CPI133872
(Pn & Pt) 

GS50A
(Pt) 

OS55
(Pt) 

Persia 20 
(Pn & Pt) 

Virest 
(Pn) 

Alpowa (SWS) ■  ♥  ♥ X 

Brundage 96 (SWW)  ■ X  X  

Goetze (SWW) ♣   X ♣  

Janz (HWS)  X     

Louise (SWS) ■ ■ ▲, ♣ ♦ ▲ X 

ORH010085 (SWW)   X X X, ♣  

Otis (HWS) ■ ■ ▲ ♦ ■ X 

Stephens (SWW)  ■  ♣ ♣  

Tara 2002 (HRS)  X X  X  

Tubbs 06 (SWW) ♣   ♣ X  
a Wheat market classes include soft white spring (SWS), soft white winter (SWW), and hard white spring (HWS), 
and hard red spring (HRS). 
 
 
Table 4. Resistance to P. thornei by entries in the barley Coordinated Agricultural Project (CAP), as expressed by 
16-week incubations of planted pots in the greenhouse, from which a nematode multiplication rate (MR) was 
calculated by dividing the final population in soil plus roots by the initial population (900/lb of soil) for each pot. 
Entries having final nematode populations statistically (P  < 0.05) equal to the unplanted control are shown in bold 
format. 
 

Entry MR  Entry MR 
Steptoe 23  UTWB940628 5 
WA10701-99 16  Luca 5 
Kaputar 14  Radiant 4 
Tallon 14  Lindwall 4 
Doyce 12  Stab 47/Kab 51-20 4 
J2-5-2 12  Camas 3 
Strider 10  Kold 3 
WA15279-00 10  Merlin 3 
Hundred 8  S113/K50-21 2 
J2-5-1 8  Baronesse 2 
Harrington 8  Stab 113 2 
WA8569-99 8  StabBC 42-3-11 2 
Waxbar 7  Orca 2 
Gilbert 6  Eight-Twelve 2 
88 Ab 536 6  Chariot 1 
Bob 6  Stab 47/Kab 51-7 1 
StabBC 182-6-5 5    
Grimmet 5  Unplanted 0 
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Abstract 
 
  Changes in soil property resulting from crop production practices are not often readily 
apparent after a few years or decades. The objective of the research reported here was to evaluate 
soil erodibility in treatments representing past and current cultural practices in a winter wheat-
fallow field experiment established in 1931 near Pendleton, Oregon. Five treatments were 
evaluated: 1) fall-burned residue/0 lb N/acre/crop (no fertilizer); 2) spring-burned residue/0 lb 
N/acre/crop (no fertilizer); 3) spring-burned residue /80 lb N/acre/crop commercial fertilizer; 4) 
residue not burned/80 lb N/acre/crop commercial fertilizer; and 5) residue not burned/100 lb 
N/acre/crop from manure. All treatments were moldboard plowed by multiple passes with 
secondary tillage equipment. Weirs, stage recorders, and sediment samplers were used to collect 
data from January through March of 1998, 1999, and 2000. Grab samples (1 qt) were collected to 
confirm digital stage data. Measured soil erosion increased from plots with standing stubble 
(0.04 tons/acre/year), to plots in crop with manure and commercial fertilizer amendments with 
and without the crop residue burned (0.38 tons/acre/year), to plots in crop with crop residue 
burned and no fertilizer (1.47 tons/acre/year). These results provide direct evidence of the 
relationship between reduced soil organic matter and increasing erodibility, and demonstrate the 
importance of maintaining soil organic matter levels in semiarid dryland soils. 
 
Keywords: cropping systems, erodibility, fallow, silt loam, soil loss, soil resource 
 
 Dryland winter wheat (Triticum aestivum L.) is the predominant crop throughout the low 10- 
to 13-inch and intermediate 13- to 18-inch precipitation areas on the Columbia Plateau of the 
inland Pacific Northwest, and grain yields average from 17 to 70 bu/acre (Rasmussen and Parton 
1994, Papendick 1996). Between 1995 and 2005, 10 percent of the small grain producing 
acreage was in no-till, but the adoption rate has slowed, and mechanical tillage remains the 
practice for soil water, weed, and disease control (Smiley et al. 2005, Kok 2007). Generally, crop 
rotations in this region correspond to three annual precipitation zones: winter wheat-fallow, less 
than 13 inches, winter wheat-spring cereal-fallow in 13 to 18 inches, and annual cropping with a 
range of crops (small grains, pulses, and oil seed crops) in more than 18 inches. A notable 
exception to this distribution occurs in the southeastern area of the region near Pendleton, 
Oregon, where winter wheat-fallow is predominately practiced through the intermediate 
precipitation zones. Economic stability and consistent yields (Schillinger et al. 2006) contribute 
to the popularity of this rotation. In this Mediterranean climate, where 88 percent of the 
precipitation falls from September through May, many producers still use mechanical tillage 
(disk, chisel, and moldboard plows) to prepare summer fallow, manage residue, and control 
weeds. Typically, wheat is harvested in July, stubble is left standing over winter and primary 
tillage takes place in spring, with secondary tillage to control weeds used as needed. Fields are 
sown to winter wheat in the autumn. Soils fallowed in this manner are nearly devoid of surface 
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residue when the next crop is planted. Soil loss from recurrent wind and water erosion is often in 
excess of tens of tons per acre (Papendick 1996). 
 
 The combination of winter precipitation, frozen soil, poor soil condition, and lack of surface 
residue contribute to high rates of soil erosion. Zuzel (1994) observed up to seven events per 
year where warm low intensity rain contributed to rapid snowmelt, runoff, and considerable soil 
loss. Soils in this semiarid region are loess derived with silt loam textures. They have low soil 
organic matter (SOM) and weak soil structure, and few water stable peds. Soil macropores are 
especially vulnerable to destruction by mechanical disturbance. Many of the soils in this region 
are less than 3 ft deep, and soils can reach field capacity by late fall or early winter of the crop 
year. 
 
 Several options available to growers can counter these conditions. Annual cropping, 
marginally successful in the intermediate rainfall zone, slows or reverses SOM loss because it 
returns crop residues each year and uses soil water effectively (Rasmussen and Parton 1994). 
Planting spring crops leaves fields covered with stubble through the winter when soils are most 
prone to water erosion, but annual-cropped spring wheat yields are significantly lower than those 
of winter wheat after summer fallow (Schillinger et al. 2006). No-till management reduces soil 
loss (Williams et al. 2004), but adoption is hampered by problems of soil water availability in the 
seed-zone at planting, and weed and disease control. It is likely that the winter wheat-fallow 
system will continue as the cropping system of choice in many regions on the Columbia Plateau. 
 
 Evidence of effect of management practice impact on semiarid croplands is slow to emerge, 
as demonstrated by a number of long-term experiments conducted in western the United States 
and Canada (Rasmussen et al. 1989, Campbell et al. 1991, Rasmussen and Parton 1994, Dormaar 
et al.1997, Rasmussen et al. 1998, Rickman et al. 2001). Consistently, these authors reported that 
intensive tillage combined with fallow depleted soil organic matter and nitrogen. The objective 
of this research was to evaluate the erodibility of soils cultivated for nearly seven decades using 
five different combinations of residue and nutrient amendment treatments in the intermediate 
precipitation zone of the Columbia Plateau. 
 
 

Materials and Methods 
 

Study Site  
 This research was conducted at the USDA-Agricultural Research Service (ARS) Columbia 
Plateau Conservation Research Center (CPCRC) and Oregon State University Columbia Basin 
Agricultural Research Center (CBARC), located approximately 9 miles northeast of Pendleton, 
Oregon (45°43’N, 118°38’W). The elevation at the site is 1,500 ft.  
 
Meteorological Records and Soil.  
 Meteorological records at the CPCRC/CBARC show minimum, maximum, and mean annual 
air temperatures of -29°F, 115°F, and 52°F, respectively. Annually, 135 to 170 days are frost-
free. Approximately 70 percent of precipitation occurs between November and April and results 
from maritime fronts that produce low intensity storms with a median duration of 3 hours, and 50 
percent with duration ranging from 1 to 7 hours. The maximum recorded 1-hour storm intensity 
is 0.51 inch/hour and median rainfall of 0.06 inch occurring at 0.02 inch/hour (Brown et al. 



 60

1983). Seventy years of records at CPCRC/CBARC show mean annual precipitation is 16.61 
inches, with extremes of 9.57 inches (minimum) and 22.95 inches (maximum) at the research 
site. Snow water equivalent depends upon whether the storm developed from continental or 
maritime fronts. Snow cover is transient and subject to rapid melting by frequent, warm maritime 
fronts. A meteorological station immediately adjacent to the plots recorded precipitation, wind 
speed and direction, solar radiation, relative humidity, and air and soil temperature each crop 
year, (1 September-31 August), of this study. Soil frost tubes were used to measure soil-freezing 
depth (Ricard et al. 1976).  
 
 The soil type is a Walla Walla silt loam (coarse-silty, mixed, mesic, superactive Typic 
Haploxerolls-US; Kastanozems-FAO). Slope ranges from 2 to 6 percent on a northeast aspect. 
(Johnson and Makinson 1988). As found at CBARC, these soils are deeper than 3 ft. Ground 
cover comprised of current year’s growth and previous year’s residue was measured in February, 
2000 using a digital adaptation of the cross-hair frame method developed by Floyd and Anderson 
(1982). 
 
Cropping System and Tillage Operations 
 Initiated in 1931, the intent of the long-term crop residue and nutrient management (LTCR) 
experiment was to determine the influence of residue management and nutrient amendments on 
grain yields and soil fertility. The LTCR experiment is described in detail by Rasmussen and 
Parton (1994). Plot dimensions are 39 ft by 131 ft. Five combinations of residue management 
and fertilizer application were evaluated during the crop phase of the winter wheat-fallow 
rotation (Fig. 1): 1) fall-burned residue/0 lb N/acre/crop (no fertilizer); 2) spring-burned 
residue/0 lb N acre/crop (no fertilizer); 3) spring-burned residue/80 lb N/acre/crop commercial 
fertilizer; 4) residue not burned/80 lb N/acre/crop commercial fertilizer; and 5) residue not 
burned/100 lb N/acre/crop from manure (Table 1). Evaluation of the fallow phase of the rotation 
included treatments 4 and 5, but not burn or no-fertilizer treatments 1, 2, or 3 described above. 
These treatments were chosen because they represent extremes in nutrient additions and residue 
management and potential for water and soil loss or conservation in the original LTCR 
experiment.  A local cattle feed lot has supplied partially dried, mixed straw and manure for the 
manure treatment since 1931, which has been applied at a rate of 10 ton/acre/crop. These 
treatments represented typical farming practices in the 1930’s. The crop rotation in all plots was 
soft white winter wheat, harvested in mid-July, followed by a fallow period of about 15 months. 
Primary tillage occurs in April using a moldboard plow (depth: 8-10 inches), followed by a field 
cultivator to smooth the plots, and then numerous (2 to 5) passes throughout the summer with a 
rodweeder to control weeds. Commercial fertilizer was applied as dry ammonium sulfate, dry 
urea, or gaseous ammonia (NH3-H) between July and October. The same tillage and residue 
management practices, in combination with the 80-lb N/acre/crop commercial fertilizer 
application rate, are still commonly used in 2006. 
 
Measurements  
 A weather station at the site recorded soil and air temperature, wind speed, and precipitation. 
Lister furrows (small ditches made by a single-bottom moldboard plow) separated treatments to 
prevent overland flow from one treatment to the next (Brakensiek et al. 1979). Lister furrows are 
similar to end furrows that cross and capture flow from other furrows in fields with complex 
slopes, and represent one part of the farming practice being investigated. An erosion event was 
recorded each time one or more treatments produced overland flow. Digital stage recorders fitted 



 61

to drop-box weirs (Bonta 1998) at the furrow outfall recorded the depth of overland flow (Fig. 
2). 
 
 Flow rates were calculated from standard stage/flow rating curves developed by Bonta 
(1998). Grab samples were collected in 1-liter bottles, timed using a stopwatch, and the flow and 
total eroded material (TEM) loss rates calculated to provide quality control for digital stage data 
and erosion samples collected by automated storm water samplers. 
 
Experimental Design and Analysis 
 Each treatment was duplicated on two slopes, 2 percent and 6 percent (Fig. 1). In crop year 
1998, 4 treatments in the crop phase of the winter wheat-fallow rotation and 1 standing stubble 
fallow plot were monitored, for a total of 10 plots. In crop years 1999 and 2000, 5 treatments in 
the crop phase of the winter wheat-fallow rotation and 2 standing stubble-fallow plots were 
monitored, for a total of 14 plots (Table 1). Data were analyzed in two sets; crop years 1998 
through 2000, and crop years 1999 and 2000.  
 
 Analysis of values of TEM from treatments monitored for 3 years were based on 45 events, 
and values for 2 years were based on 28 events. Plot and treatment assignment layout from 1931 
predate now standard experimental and statistical designs (Fig. 1), because treatments or 
crop/fallow rotations were not randomly assigned (Hurlbert 1984, Janzen 1995). With 
acknowledgment of these limitations and how they might violate assumptions of ANOVA, we 
tested data for normality, performed a log transformation to meet the assumption of normality, 
and conducted an analysis using ANOVA (SAS Mixed Procedure) type 3 tests of fixed effects (Р 
≤ 0.05) (SAS. 1998, Williams 2004). TEM data were pooled by treatment per year, in 2-year and 
3-year sets, and analyzed. Where variance was found to be significantly different among 
treatments, mean separation tests were performed using least squares analysis (SAS 1998). Mean 
separation P values are presented to demonstrate the comparative probability of TEM loss 
among treatments. 
 

 
Results and Discussion 

 
 Eighty-three percent of the soil erosion events recorded from fall 1997 through spring of 
2000 occurred on unfrozen soil (Table 2). With three exceptions, monthly precipitation values 
during the 3 years of monitoring were within the 95 percent confidence intervals established by 
the previous 67 years of weather data (Table 3). The exceptions were above-average 
precipitation in November, 1998 and February and March, 2000.  Measurements of two early 
season overland flow events were missed during each of the 3 years of study. 
 
 Soil erosion was not significantly different among years. The lowest soil erosion values were 
recorded in fallow plots with standing stubble (Fig. 3). In the crop phase of the rotation, soil 
erosion increased as SOM (Fig. 4), ground cover (Table 4), and N application rates decreased 
across treatments, with the strongest statistical probabilities of differences between treatments at 
opposite ends of the treatment spectrum.  
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Previous Research on the Columbia Plateau 
 Zuzel et al. (1993) recorded an average of 1.20 ton eroded material/acre/year from three 
treatments at a research location known as the Kirk site, only 9 miles from the LTCR plots, but 
on a steeper slope (16 percent), with higher precipitation, and 810 ft higher elevation (2,300 ft), 
located in a different agronomic zone (Douglas et al. 1990), and in the southernmost extent of the 
Palouse geophysical region. Eroded material from 80 lb N/acre commercial fertilizer and no-
burn or spring-burn residue management were, respectively, 0.33 to 0.64 ton/acre/year, or an 
average 0.48 ton/acre/year, 84 percent the 0.58 ton/acre/year from winter wheat-fallow recorded 
by Zuzel et al. (1993). In this study, the highest erosion rates, 1.20 and 1.74 ton/acre/year (Fig. 
3), resulted from 0 lb N/acre, residue-burned treatments. These soil erosion values are 
considerably lower than the 2.41 ton/acre/year recorded by Zuzel et al. (1993) from plots kept 
bare with regular tillage and not seeded. All these values are lower than the long-term erosion 
values obtained by Nagle and Ritchie (2004), who measured field concentrations of Cesium-137 
accumulated since 1963 within a 10-mile radius of the CPCRC. They reported erosion rates of 
1.34 ton/acre/year from conventionally tilled fields from 5 percent slopes, 3.35 ton/acre/year 
from 5 percent slopes in pasture since 1971, and 2.96 ton/acre/year from 12 percent slopes that 
were no-tilled for 10 years. They attributed the high rates of erosion from the grass pasture and 
no-till field to erosion that took place before those sites were taken out of conventional 
management practices. 
 
Soil erosion and frozen soil in the Pacific Northwest. 
 Erosion events associated with frozen soil events are often spectacular, with large amounts 
of soil and water flowing from fields and filling ditches and streams. In a brief period during 
January and February 1980, Zuzel et al. (1982) reported that 50 to 100 percent of the erosion 
events on the southeastern Columbia Plateau were related to frozen soils, with soil losses from 
2.2 to 13.8 ton/acre/crop. Of the 46 erosion events recorded between November and April during 
crop years 1998 through 2000, only 12 (26 percent) occurred with frozen soil conditions. The 
chronic frequency of erosion events resulting from rain on nonfrozen soil in these 3 years 
produced more eroded material than any combination of conditions with frozen soil (Fig. 5). Fall 
and winter air temperatures during 1998  through 2000 were within the 95 percent confidence 
interval of values recorded since 1931 (Table 3). The frequency of frozen soil events reported 
here is similar to that recorded since soil temperature records began at CPCRC in 1963. 
 
Residue and nutrient management, SOM, and soil erosion. 
 The small amount of soil erosion from standing stubble fallow and treatments 4 (no-burn, 80 
lb commercial fertilizer) and  5 (no-burn, manure fertilizer), results from superior hydrologic 
conditions created by nearly complete ground cover, little soil moisture after the previous crop, 
and subsequent rapid infiltration. In the crop phase of the rotation, the effects of SOM 
concentrations (Fig. 4) and ground cover (Table 4) can be seen in the trend of increasing soil 
erosion (Fig. 3). Straw residue, responsible for at least half of the ground cover from November 
through March after fall seeding (Table 4), and SOC are negatively affected by low rates of N 
application. Since 1931, SOC loss in all but the manure treatments has been chronic (Rasmussen 
and Parton 1994, Rickman et al. 2001) and has resulted in the inability of crop growth to return 
organic matter lost by erosion and SOC mineralization (Rasmussen et al. 1989, 1998). Growers 
began adding fertilizer to  commercial crops in the 1930’s with complete adoption of the practice 
in the 1950’s. However, the tillage practices described here, in combination with commercial 
fertilizer rates used in this experiment, are still common on the Columbia Plateau, and are 
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associated with declining concentrations of total carbon, total nitrogen, and SOM (Rasmussen 
and Parton 1994; Rasmussen et al. 1989, 1998). 
 
 Soil nutrient levels play a substantial role in aggregate stability (Bird et al. 2007), and by 
extension an important role in the erodibility of soils.  Rain falls on the Columbia Plateau with a 
relatively small drop size and low energy (Brown et al. 1983). Consequently, soil surface sealing 
results from slaking, or exfoliation of soil peds, not from destruction by direct raindrop impact. 
Working with soils from the plots used in this paper and other long-term plots managed by 
CBARC and CPCRC, Wuest et al. (2005) reported that aggregate stability was determined 
primarily by levels of total carbon and total nitrogen, and secondarily by stubble management 
and nitrogen fertilization rates. They showed that small differences in aggregate stability had 
profound effects on infiltration rates, with impaired infiltration corresponding to treatments with 
increased runoff (Williams 2004), and increased soil erosion (Fig. 3). The key to reducing soil 
erosion in the winter wheat-fallow cropping system in the low and intermediate precipitation 
zones of the Columbia Plateau will be the management of factors that contribute to soil 
aggregate stability. 
 
 

Summary and Conclusions 
 

 The purpose of this research was to evaluate the long-term effects on soil erodibility of 
common crop residue and fertilizer amendment management found in the dryland crop area of 
the Columbia Plateau. My results complement the findings of previous research conducted on 
these specific plots and link soil ecological processes described in recent publications to small-
field-scale erosion processes. Less soil was eroded from treatments with manure and commercial 
fertilizer amendments than from no fertility (0 lb N/acre) treatments where crop residue from the 
previous crop had been burned. Although the soil loss values reported here are relatively low, 
they represent chronic loss of a productive soil resource. Management to maintain good soil 
structural development and stability, as demonstrated by the manure amendment and commercial 
fertilizer treatments, reduces soil loss to levels not much greater than plots in stubble with 100 
percent cover. These conditions increase soil water availability and provide a rich environment to 
maintain grain yields. 
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Figure 1.  Treatment layout for a crop/fallow cycle in a long-term crop residue and nutrient 
management study, Pendleton, Oregon.   
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Note: Columns A and B depict the same area.  Column A shows plots sampled during crop year 
1999, column B shows plots sampled during 1998 and 2000.  Treatments are duplicated between 
2 percent and 6 percent slopes. Fallow ground has standing stubble from previous year’s crop.  
Shaded area between crop and fallow plots is equipment traffic area.   
Treatment key: C/F = crop/fallow; NB, SB, and FB = no-burn, spring-burn, and fall-burn; 0, 80, 
and Man are 0 lb N/acre, 80 lb N/acre commercial nitrogen, and manure (100 lb N/acre).  
Example: C-SB-0: C = in crop, SB = spring-burn, 0 = 0 lb N/acre.  F-NB-Man and C-FB-0 were 
monitored 2 years (1999 and 2000 crop years), all others were monitored 3 years (1998, 1999, 
and 2000 crop years). 
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Figure 2.  Lister furrow leading into drop-box weir and digital stage recorder in long-term crop 
residue and nutrient management study, Pendleton, Oregon.  
 

 
Note: Overland flow shown resulted from a rainstorm (duration 18 hours, average intensity 0.16 
inch/hour, three peaks of 0.59 inch/hour intensity for a total of 10 minutes, total event 1.18 
inches), on thawed soil in C-FB-0 treatment, 14 February 2000.  Peak flow coincided with peak 
rainfall intensities in the ninth and tenth hours of the storm. 
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Figure 3.  Average annual soil loss, measured as total eroded material (TEM) with standard error 
(0.05) bars from long-term crop residue and nutrient management study, Pendleton, Oregon.  
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Note:  Treatments F-NB-Man and C-FB-0 were instrumented only during crop years 1999 and 
2000, all other treatments were monitored during crop years 1998-2000.   
Treatment key: C/F = crop/fallow; NB, SB, and FB = no-burn, spring-burn, and fall-burn; 0, 80, 
and Man = 0 lb N/acre, 80 lb N/acre commercial nitrogen, and manure (100 lb N/acre). 
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Figure 4.  Soil organic matter decline in winter wheat-fallow cropping system.  
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Note: Treatment key: N, S, and F = no-burn, spring-burn, and fall-burn; 0, 80, and Man = no nutrient amendment, 
80 lb N/acre commercial nitrogen, and manure (100 lb N/acre). 
Source: Rasmussen and Parton, 1994; P.E. Rasmussen, unpublished data. 
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Figure 5.  Total eroded material (TEM) from 3 years of monitoring, by erosion event type, all 
treatments combined, and the sum of 3 years of data, in a long-term crop residue and nutrient 
management study, Pendleton, Oregon.  
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Table 1.  Winter wheat-fallow treatments where overland flow was measured.  Treatments were 
established in 1931, near Pendleton, Oregon. 
 
Treatment      Amendments/fertilizer Years measured 
Fallow*, no burn, manure amendment   F-NB-Man† 1999, 2000 
Fallow, no burn, commercial fertilizer   F-NB-80‡ 1998, 1999, 2000 
Crop, no burn, manure amendment    C-NB-Man 1998, 1999, 2000 
Crop, no burn, commercial fertilizer    C-NB-80 1998, 1999, 2000 
Crop, spring burn, commercial amendment  C-SB-80  1998, 1999, 2000 
Crop, spring burn, no nutrients added    C-SB-0 1998, 1999, 2000 
Crop, fall burn, no nutrients added    C-FB-0 1999, 2000 
*Standing stubble following harvest. 
†Manure amendments average N application of 100 lb/acre/crop year from livestock manure. 
‡Commercial fertilizer average N application of 80 lb/acre/crop year, F-NB-Man, and F-NB-80 
treatments were in fallow with standing stubble.  These plots, in alternate years, were the C-NB-
Man and C-NB-80 treatments.  Overland flow was captured only during crop years in treatments 
C-SB-80, C-SB-0, and C-FB-0.   
Treatment key: C/F = crop/fallow; N, S, and F = no-burn, spring-burn, and fall-burn; 0, 80, and 
Man = no nutrient amendment, 80 lb N/acre commercial nitrogen, and manure (100 lb N/acre). 
 
 
 
 
Table 2.  Soil and climate conditions associated with frequency of overland flow events. 

Crop year Event type 1997-1998 1998-1999 1999-2000 3 years 

Frozen soil, snowmelt 0 0 0 0 
Frozen soil, rain, snowmelt 2 2 1 5 
Frozen soil, rain 1 1 0 7 
Not frozen soil, snowmelt 0 0 1 1 
Not frozen soil, rain, snowmelt 0 0 1 1 
Not frozen soil, rain 15 11 11 32 
Totals 18 14 14 46 
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Table 3.  Total precipitation and temperature values for 67-year weather records (1930-1997) and during 1998-2000, 
Pendleton, Oregon. 

  67-year    
  record    1997-98       1998-99      1999-2000 
  average 
Precipitation (inches) 
 November   2.09 ± 1.06 1.57 4.72* 2.17 
 December   2.05 ± 0.24 1.42  2.95 1.89 
 January   1.97 ± 0.94 2.83  1.18 2.40 
 February   1.54 ± 1.54 0.87  2.17 3.35 * 
 March   1.69 ± 1.69 1.42  1.22 3.39 * 
Minimum temperature (ºF) 
 November   23 ± 15 25 25 27 
 December   17 ± 19 28 -5* 22 
 January   10 ± 19 3 22 23 
 February   12 ± 16 23 15 25 
 March   19 ± 8 23 24 25 
Maximum temperature (ºF) 
 November  66 ± 5 67 64 78 * 
 December  60 ± 5 60 58 59 
 January  58 ± 6 59 60 57 
 February  61 ± 5 62 61 63 
 March  69 ± 5 68 66 71 
 
Notes: Precipitation and temperature conditions averaged for the 3 years of study, or the combined erosion season 
(November-March), were not different from the previous 67 years of record.  
* Numerical values outside of one standard deviation of 68 years of record. 
 
 
 
 
Table 4.  Ground cover in winter wheat-fallow cropping system, February 2000, Pendleton, 
Oregon. 
 

Cover type (percent) 

Treatment* Bare soil Residue Wheat Total cover 

NB-Man 43 ± 19 43 ± 14 15 ± 5 58 

NB-80 44 ± 12 44 ± 4 13 ± 8 57 

SB-80 55 ± 38 29 ± 13 17 ± 27 46 

SB-0 59 ± 17 21 ± 6 21 ± 12 42 

FB-0 77 ± 4 10 ± 1 13 ±3 43 
*Treatment key: N, S, and F = no-burn, spring-burn, and fall-burn; 0, 80, and Man = 0 lb 
N/acre, 80 lb N/acre commercial nitrogen, and manure (100 lb N/acre). 
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Comparison of Runoff and Soil Erosion from No-till and Inversion Tillage 
Production Systems 

 
Stewart B. Wuest, John D. Williams, Hero T. Gollany, Mark C. Siemens, and Dan S. Long 

 

 

Abstract 
 

 Conservation tillage systems that prevent soil erosion and maintain or increase soil carbon 
offer long-term benefits for producers in the inland Pacific Northwest (PNW) of the United 
States. Our objective was to compare conventional tillage and no-till for runoff and soil erosion. 
Two neighboring drainages in the 13-inch precipitation zone of northeastern Oregon were 
instrumented to record rainfall, runoff, and erosion over a 4-year period (2001-2004). One 
drainage was cropped to a winter wheat-fallow rotation and received inversion tillage. The 
second drainage was cropped in a 4-year no-till rotation: winter wheat-chemical fallow-winter 
wheat-chickpea. We recorded 13 runoff events from the inversion tillage drainage and 3 from the 
no-till drainage. Runoff totaled 0.20 inch and erosion 0.19 tons/acre from inversion tillage, 
versus 0.03 inch and 0.00 tons/acre from no-till. Small, 11-ft2 runoff collectors placed on the hill 
slopes measured large amounts of water and soil moving down slope under inversion tillage. The 
no-till cropping system was very effective in reducing soil and water movement. 
 
Keywords: conservation assessment, crop rotation, direct seeding, erosion, no-till, Pacific 
Northwest, runoff, small grain production 
 
 

Introduction 
 

 More than 2.2 million acres are planted to winter wheat following fallow each year in the 
interior Pacific Northwest (PNW) of the United States (Smiley 1992). Soil erosion in this system 
has been recognized as early as 1909 (McGregor and Greer 1982), with average rates ranging 
from 1.3 to 22.3 tons/acre/year (Nagle and Ritchie 2004, Zuzel et al. 1982). In most areas of the 
region this exceeds the USDA soil loss tolerance limits of 1.0 to 5.0 tons/acre/year established 
for sustained economic productivity (Renard et al. 1997).  
 
 No-till leaves the soil undisturbed from harvest to planting. This practice also leaves crop 
residues on the surface after planting, which promotes infiltration of rain falling during winter 
months when crop cover is minimal (McCool et al. 1995). Water runoff and soil erosion can be 
reduced by 40 to 80% by leaving 0.5 to 0.9 tons/acre of crop residue on the surface compared to 
bare soil (McCool et al. 1995). In a study in northeastern Oregon, Zuzel and Pikul (1993) 
similarly reported that percent straw cover and soil loss were inversely correlated (r = 0.99). 
No-till research in the dryland region of the PNW has been limited to small plot experiments, 
and the runoff occurred only in conjunction with frozen soil (Khalid and Chen 2003). We found 
no other reports in the literature in which no-till and its soil conservation effects were 
investigated at the field scale using drainages or small watersheds in the PNW. 
 
 The objectives of this study were to compare runoff and soil erosion from conventional 
winter wheat-fallow with intensive tillage versus a 4-year cropping system with no tillage. The 
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results presented here emphasize water movement and soil erosion in two drainages typical of 
the steep rolling terrain found within the inland PNW. 
 
 

Methods 
 
Site Description 
 The research began in October 2000 and was conducted for 4 years within two small 
neighboring ephemeral drainages in the Wildhorse Creek watershed (45°49'0.43"N, 
118°38'35.46"W) in northeastern Oregon (Fig. 1). We installed instruments to record runoff and 
erosion. The soils were well drained Walla Walla silt loams (coarse-silty, mixed, superactive, 
mesic Typic Haploxerolls). Ground cover, comprised of current year growth and previous year 
residue, was measured in 2002, 2003, and 2004 using a digital adaptation of the cross-hair frame 
method developed by Floyd and Anderson (1982).  
 
 
Figure 1.  Location of paired drainage research sites within Wildhorse Creek watershed in northeastern Oregon. 
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Cultural Practices and Field Plots 
 One drainage was divided into four plots (Fig. 2) to accommodate all phases of a 4-year 
rotation (winter wheat-chemical fallow-winter wheat-chickpea) each year (Table 1). The second 
drainage was not divided, but farmed using conventional inversion tillage in a 2-year, winter 
wheat-fallow rotation. Fertilizer was applied at time of seeding using a Conserva Pak drill in the 
no-till drainage, and in May preceding the fall planting of wheat in the inversion tillage drainage. 
 
 
Figure 2. Plot layout and topography of paired drainages, Wildhorse Creek watershed, northeastern Oregon. 
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Monitoring and Sampling Procedures 
 A meteorological station located on the ridge between the drainages recorded precipitation, 
air temperature, soil temperature at 1-inch and 2-inch depths, wind speed and direction, solar 
radiation, and relative humidity (Oviatt and Wilkins 2002).  
 
 Runoff was measured at the bottom of each drainage with 9-inch Parshall flumes (Fig. 2). 
Flow stage was recorded using ultrasonic distance sensors, and flow rate was calculated using a 
standard rating curve (Oratech Controls Inc. 2001). Runoff samples were collected using flow 
activated, commercial storm water samplers using a liquid level switch at a stage of 0.5 inch or 
greater. Samples of 0.1 gal were collected every 40 minutes, for up to 8 hours of continuous 
runoff. Samples were analyzed for suspended sediment concentrations (Glysson and Grays 
2002).  
 
 In addition to measuring runoff and erosion at the drainage bottoms, during crop years 2003 
and 2004 runoff and suspended sediments were collected in plastic containers connected to 11-ft2 
steel frames. Six to eight frames were placed on back-slope positions in each drainage. The 
containers were emptied periodically to determine total water and suspended sediment. 
Collection times from these hill-slope runoff collectors did not correspond to runoff events 
recorded at the drainage scale, but rather were after multiple events. 
Each of the plots was harvested using a Case IH 1470 rotary combine equipped with a 25-ft 
header. Grain weights were determined using certified truck scales at time of delivery to the local 
elevator. 
 
Experimental Design and Statistical Procedures 
 This study was designed as a field scale, 8-year, side-by-side, unreplicated comparison of 
two tillage types in adjoining headwater drainages. The experimental units are the drainages.  
The results reported here are from the first complete 4-year rotation. One-way Analysis of 
Variance (ANOVA) was used to compute a standard error of the mean in each treatment and to 
test for variance differences between treatments for runoff and soil erosion (SAS Inst. 1990). 
Difference in treatment means (P < 0.05) were then analyzed using an appropriate “t” test. 
Annual data were analyzed for runoff and soil loss from 11-ft2 plots for 2003 and 2004 (n = 2). 
Individual event data were used for analysis of runoff and soil loss at the drainage scale. Crop 
yield data from 2001 were not reported because this was the year the treatments were first set up. 

Table 1. Rotation assigned to no-till and inversion tillage drainages for crop years 2001 through 2004, 
Wildhorse Creek watershed, northeastern Oregon. 

No-till  Inversion-till 
 
Crop-year Plot 1 Plot 2 Plot 3 Plot 4  Plot 5 
2001 Ch† CF SW WW  F 
2002 WW WW CF Ch  WW 
2003 CF Ch WW WW  F 
2004 WW WW Ch CF  WW 
 
†Ch = chickpeas; CF = chemical fallow; F = fallow (inversion tillage); SW = spring wheat; WW = winter 
wheat. 
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Results and Discussion 
 

 An examination of monthly precipitation for January through February in 2001 and 
December through May in 2002 shows that the erosion seasons during these 2 years were drier 
than normal, accounting for the lack of runoff during this period (see precipitation in appendix, 
this issue). Conditions were wetter than normal during 2003.  Although it was cooler and wetter 
than normal during the winter of 2004, this did not lead to highly erosive rain-on-frozen-soil 
events. Large soil losses in this region typically result from either rain on frozen soil, with or 
without snow cover, or rain on snow-covered, unfrozen soil. These types of events are expected 
to occur from one to five times each year (Zuzel et al. 1986). Tilled, unprotected soil may also 
move down slope in the absence of rainfall when the top inch or two of soil thaws and becomes a 
viscous, flowing slurry (Zuzel and Pikul 1987). Conditions of deep frozen soil did not occur at 
any time within 2001-2004. As expected, residue cover was significantly greater in the no-till 
(67%) than in the inversion tillage plots (5%). 
 
 Dry autumns in 2002, 2003, and 2004 resulted in late seeding of the no-till winter wheat 
compared to seeding under conventional tillage.  Wheat yields in both tillage systems were 
depressed as a result of the dry 2001 and 2002 winters and springs. Lower than normal spring 
precipitation also contributed to very low chickpea production in those years. 
 
Drainage-scale Runoff and Soil Erosion 
 There were 13 runoff and soil erosion events that reached the flumes during the 4 years of 
study (Table 2). During four of the events, runoff and erosion were observed in the inversion 
tillage drainage but not measured due to equipment failure. This means the annual soil loss 
values reported for the inversion tillage drainage are lower than what actually occurred. 
 
 Four-year runoff and soil erosion values at the drainage scale were significantly less in the 
no-till system (Fig. 3). In 2003, the inversion tillage drainage had been fall burned and 
moldboard plowed, leaving a bare but rough surface that helped trap water and sediment. In the 
no-till drainage, the crop rotation nearest the flume was winter-wheat following chickpeas. In 
2004, the inversion tillage drainage was cultivated once, fertilized, and rod-weeded twice before 
fall seeding. The plot nearest the flume in the no-till drainage was fallow in 2004. 
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Table 2.  Runoff and erosion events at bottom of inversion tillage and no-till drainages during  2001-2004, 
Wildhorse Creek watershed, northeastern Oregon. 
 
 Precipitation  Measurements at drainage bottom 
   Intensity Event Inversion tillage No-till 
 Total Duration Maximum Mean Type* Runoff Erosion Runoff Erosion 
 inches hours in/hour in/hour  inches tons/acre inches tons/acre 
26 Jan 03 0.61 21:43 0.24 0.08 NFS 0.012 0.004 0.000 0.000 
29 Jan 03 0.57 13:46 0.17 0.07 NFS 0.016 0.009 0.004 <0.01 
30 Jan 03 0.57 21:10 0.31 0.09 NFS 0.020 0.031 0.008 <0.01 
31 Jan 03 0.67 16:04 0.46 0.11 NFS † 0.013 0.008 <0.01 
23 Jan 04 1.05 31:15 0.14 0.05 RS † † 0.000 0.000 
26 Jan 04 0.09 49:54 0.04 0.02 RS 0.012 0.00 0.000 0.000 
28 Jan 04 0.77 39:24 0.45 0.09 RS 0.024 0.018 0.000 0.000 
6 Feb 04 0.41 21:15 0.20 0.07 NFS 0.012 0.004 <0.1 0.000 
16 Feb 04 0.45 39:41 0.17 0.07 NFS 0.024 0.062 0.000 0.000 
17 Feb 04 0.30 15:08 0.22 0.07 NFS 0.012 0.022 0.000 0.000 
24 Feb 04 0.36 9:54 0.69 0.17 NFS 0.012 0.022 0.000 0.000 
15 Apr 04 0.98 8:29 0.56 0.18 NFS 0.012 † 0.000 0.000 
8 Jun 04 0.93 15:32 0.60 0.19 NFS 0.051 † 0.000 0.000 

 
*Event types: NFS = rain on non-frozen soil, RS = rain on snow (discontinuous patches of frozen soil). 
† Event observed but no data collected. 
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Figure 3. Average yearly runoff (a) and erosion (b) for flumes at the bottoms of drainages managed with no-till or 
inversion tillage during crop years 2001 through 2004, Wildhorse Creek watershed, northeastern Oregon. Error bars, 
where visible, show standard error of the mean (n = 4). 
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Runoff and Soil Erosion in 11-ft2 Collector Plots 
 In plots with the 11-ft2 collectors, the inversion tillage system produced 3.5 times more 
runoff and 52 times more eroded material than the no-till production system (P ≤ 0.05, Fig. 4). 
This can be attributed to a complete lack of cover after the residue was burned and the soil 
plowed in the fall of 2002. Inversion tillage with residue burning is a common practice in the 
PNW region to control weeds, especially downy brome (Bromus tectorum). 
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Figure 4. Average yearly runoff (a) and erosion (b) measured by 11-ft2 collectors on hill slopes of the drainages 
managed with no-till or inversion tillage during crop years 2003 and 2004, Wildhorse Creek watershed, northeastern 
Oregon. Error bars show standard error of the mean (n = 2). 
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 In a concurrent study, runoff and soil erosion were monitored at three drainages within 6 
miles of this research site through the same set of weather events. Each had a long history (100 
years) of winter wheat-summer fallow managed with inversion tillage resulting in severe soil 
erosion before the research began. All three were no-till systems during crop years 2001-2004, 
and no runoff or erosion was measured or observed. This supports the conclusion that no-till 
greatly reduces runoff and erosion. 
 
 As noted previously, weather conditions typically associated with large erosion events did 
not occur during this study period.  Three events occurred with rainfall on snow-covered soil 
frozen in patches, but the total accumulated soil loss during these three events ranked below the 
fourth largest event recorded during 2001-2004. The three largest erosion events were rain on 
unfrozen soils at moderate rainfall intensity and accumulation. 
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Comparing Response of Plots with 11-ft2 Collectors vs. Entire Drainage 
 Substantially more runoff per unit area was recorded from 11-ft2 collectors than from flumes 
at the bottom of either drainage. The average runoff leaving the inversion tillage drainage in 
2003-2004 was 0.10 inch, approximately 1 percent of the 10.30-inch erosion-season 
precipitation. In contrast, hill slope water movement measured in the 11-ft2 collectors was 3.11 
inches, or 30 percent of precipitation. The difference between hill slope and drainage runoff 
leaves 3 inches of water that apparently infiltrated into the lower slope and drainage bottom 
before reaching the flume. This represents a substantial redistribution of water. With less 
localized runoff, the no-till system maintains a more uniform distribution of precipitation across 
the landscape, resulting in more stored water on hill slopes. 
 
 At the field scale, the dominant erosion process in the PNW is concentration of runoff and 
formation of rills (Zuzel et al. 1982). We observed a classic example of this process in the 
inversion tillage drainage in 2004. Less soil was measured leaving the bottom of the inversion 
tillage drainage in 2003 after rough plowing than in 2004 after the winter wheat was planted. 
This was because the rough surface following moldboard plowing restricted soil and water 
movement to the nearest drainage bottom. In 2004, after rod-weeding, planting and weathering 
reduced surface roughness and rills developed on the sides of the drainage, which in turn 
coalesced into a concentrated channel down the drainage bottom. In contrast, results from the 11-
ft2 plots indicated more soil movement downhill after rough plowing than after the winter wheat 
was planted. This indicates that, in the inversion tillage system, both rough and smooth surface 
conditions allow substantial amounts of soil to move downhill, but under smoother conditions 
more soil is delivered out of the drainage bottom. We never observed rills in the no-till system.  
Our soil erosion data can be compared to values reported in recent soil erosion research 
conducted within the Wildhorse watershed, which encompasses the drainages where our study 
was located. In other research, the authors recorded erosion values of 0.33 tons/acre/year and 
0.64 tons/acre/year in winter wheat-summer fallow inversion tillage systems where residue was 
plowed under or burned on 2-6 percent slopes (J. D. Williams, personal communication). Nagle 
and Ritchie (2004) conducted a landscape-scale evaluation of soil erosion in the Wildhorse 
watershed, using 137Cs and other nucleotides resulting from radioactive fallout. They reported a 
rate of 2.3 tons/acre/year from a winter wheat-summer fallow field on a 5 percent slope. This 
value represents an integration of large and small soil erosion events that have occurred since 
atmospheric testing of nuclear weapons ended in 1963, whereas the values we report are from a 
relatively mild meteorological period. 
 
Crop Yields 
 Mean yield of winter wheat ranged from 46 bu/acre to 81 bu/acre (Table 3) in accordance 
with yearly rainfall, which was 10.16 inches in 2002, 13.82 inches in 2003, and 17.32 inches in 
2004. Mean yields of winter wheat by cropping system were 71 bu/acre following tilled summer 
fallow versus 65 bu/acre following chemical fallow and 47 bu/acre following chickpea under no-
till. In this experiment the no-till winter wheat crops were seeded each year between 15 and 20 
October whereas the crop in the inversion tillage could be seeded in early October. We do not 
have enough data to perform meaningful statistics on these crop yields. We also caution that the 
no-till rotation and farming techniques are relatively new to the region and may not have been 
optimal. 
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Table 3. Winter wheat yields, Wildhorse Creek watershed, northeastern Oregon, 2002-2004. 
 

Cropping System 2002 2003 2004 Mean Yield 

 ----------------------bu/acre------------------ 

Inversion Tillage 

Summer Fallow-Winter Wheat 65 (fallow) 78 71 

No-Till 

Chemical Fallow-Winter Wheat 58 52 87 65 

Chickpea-Winter Wheat 17 45 78 47 

Mean Yield  46 48 81  

 
 

Summary and Conclusions 
 

 A field scale, side-by-side comparison of runoff and erosion was undertaken for a 
conventional inversion tillage system and a no-till system using two small drainages in 
northeastern Oregon. Significantly less runoff and soil erosion occurred within the no-till 
drainage. This was not only true at the drainage scale, but also at a localized 11-ft2 scale on mid 
slopes. Under certain conditions, winter wheat yield from the no-till fallow system was similar to 
that of the tilled fallow system, but we did not generate enough data to draw conclusions on yield 
or economics. Nevertheless, this study demonstrates that adoption of no-till production systems 
in the semiarid wheat producing region of interior Oregon and Washington will provide 
substantial soil and water conservation benefits. In addition, this study brings to light the 
substantial amount of water and soil that moves down slope in inversion tillage systems even 
without the development of rills or loss of soil from the drainage. Although the total amount of 
soil lost from these drainages during the 4-year period of study may seem small compared to 
published tolerance values, the continual shift of soil toward drainage bottoms represents a 
persistent and permanent loss of productive capacity at a rate far exceeding soil replacement 
rates. 
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Camelina, a Potential Oilseed Crop for Semiarid Oregon 
 

Don Wysocki and Nick Sirovatka 
 
 

Abstract 
 

 The cool-season oilseed plant camelina (Camelina sativa) has valuable agronomic attributes 
that make it attractive as a spring-sown rotation crop for semiarid regions of the Pacific 
Northwest.  Camelina is more drought and cold tolerant than other cool-season oilseed crops and 
it can be direct combined.  In 2007 field trials at Pendleton and Moro, Oregon, camelina yielded 
well, even at low seeding rates.  Camelina did not respond to nitrogen at rates equal to or above 
those used on spring wheat.  The specific nitrogen need for camelina is not yet established, but 
appears to be less than for spring cereals.  Several soil-persistent herbicides used in wheat have a 
long plant-back period for crops such as camelina.  The small seed size of camelina requires 
careful metering during planting and proper handling at harvest.  Market development for oil and 
meal must accompany agronomic research to provide a fit for this crop. 
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Introduction 
 

 Camelina (Camelina sativa) is a potential rotation crop for dryland Oregon that has been 
receiving much interest recently. Camelina is a member of the Brassicaceae family, but it does 
not cross pollinate with canola or mustard.  Camelina can be grown as a summer or winter 
annual plant. The crop is also called Leindotter, False Flax, or Gold of Pleasure.  Camelina is 
thought to have originated in Central Asia.  According to Putnam et al. (1993), cultivation of 
camelina probably began as early as 3,000 B.C. in Mediterranean areas.  Camelina then spread 
into areas of Europe.  It was grown as early as 600 B.C. along the Rhine River Valley.  The 
Romans cultivated camelina for lamp and massage oil and for cooking.  Production of camelina 
in Europe declined as canola and sunflower production increased.  Small amounts of camelina 
are presently grown in Germany, Poland, and Russia.  Dr. Duane Johnson, formerly with 
Montana State University, began developing camelina for use in Montana about 10 years ago.  
Estimates of area in camelina production in Montana were 7,000 to 20,000 acres in 2006 and 
24,000 acres in 2007 (McVay and Lamb 2008).  Production acreage is being contracted in 
Oregon by at least two private companies in 2008. 
 
 Development and growth of camelina are similar to other plants in the Brassicaceae family.  
In Oregon, the crop matures relatively early when sown in spring (90-100 days).  Seedlings 
emerge and form small rosettes.  The growing point remains in the rosette until the plant begins 
elongation.  At this stage, the plant sends up a bolt and develops numerous branches.  Camelina 
produces numerous small, pale yellow or greenish-yellow flowers consisting of four petals. 
Seeds are small, having a diameter of less than 1/16 inch and a seed weight of approximately 
350,000 seeds/pound.  The seed is pale yellow-brown, oblong and rough with a ridged surface 
and is borne in small pods along the branches.  Oil content of the seed is typically 34-36 percent 
on a weight basis, but it may vary by cultivar and growing conditions.   Seed pods are 
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approximately 0.25 inch long and contain 10-16 seeds/pod.  Camelina is considered more 
drought tolerant than spring canola or mustard and is less susceptible to freezing in the seedling 
stage.  For these reasons, it may fit well into semiarid areas of the Pacific Northwest (PNW).  In 
addition, the cold-tolerant germplasm of camelina offers the possibility of fall planting in 
Oregon.  However, these lines appear less agronomically adapted so more research is needed 
before fall planting recommendations can be made.  Camelina research at the University of Idaho 
(Guy and Lauver 2007) and Montana State University prompted us to begin work at the 
Columbia Basin Agricultural Research Center at Pendleton and Moro, Oregon. The objectives of 
this research were to 1) test camelina germplasm in Oregon, 2) determine basic nitrogen needs 
and 3 ) test response to sowing rate. 
 

 
Materials and Methods 

 
 During the 2007 growing season we conducted seeding rate, nitrogen fertilizer rate, and 
cultivar testing experiments on camelina at Pendleton and Moro, Oregon.  Each experiment used 
a randomized complete block design with four replications. The trials were managed the same as 
spring wheat--this is a common reference for growers throughout the region.  Sites at Pendleton 
and Moro were both conventionally cultivated.  Soil samples were taken and residual nitrogen 
was evaluated.  Residual levels of nitrogen in the top 3 ft of soil were 55 lb/acre at Pendleton and 
60 lb/acre at Moro.  Glyphosate applications and preplant tillage took place within 7 days of 
planting at each location.  Trials at Pendleton followed a winter wheat crop that was harvested 
July of 2006.  At Moro, trials were sown on ground that had been summer fallowed in 2006 and 
had not been seeded the previous fall.  Soil at each location is a Walla Walla silt loam, Coarse-
Silty, Mixed, Superactive, Mesic Typic Haploxeroll.  All three trials at Pendleton were harvested 
with a Wintersteiger Elite combine equipped with an adjustable bottom sieve set at full closure.  
Sieve openings at full closure are approximately 0.2 inches.  All three trials at Moro were 
harvested with a Hege 140 combine using a bottom sieve that was covered with 1/8-inch 
hardware cloth.   
 
Seeding Rate Trial  
 This experiment had treatments of 1.5, 3.0, 4.5, and 6.0 lb seed/acre of the cultivar ‘Calena’.  
The experiments were sown with a 5-ft-wide Hege plot drill with 9 double disk openers on 6-
inch spacing.  Plot dimensions were 5 by 20 ft.  Seed was sown 0.25 inch deep with moderate 
down pressure from a rubber packer wheel over the row.  Nitrogen was broadcast as dry urea 
over the entire plot area and incorporated with a cultivator. Nitrogen was applied at rates of 40 
and 60 lb/acre respectively at Moro and Pendleton.  Trials at Pendleton and Moro were planted 
on March 15 and 19 and harvested on July 15 and 25, respectively.   
 
Nitrogen Rate Trial 
 This experiment had treatments of 60, 80, 100, and 120 lb N/acre at Pendleton and 40, 60, 80 
and 100 lb N/acre at Moro.  The initial rate at each site was broadcast as dry urea over the entire 
plot area.  Additional nitrogen was applied to individual plots as dry urea with the Hege drill 
without packing in a separate operation prior to planting.  The experiments were sown with a 5-
ft-wide Hege plot drill with 9 double disk openers on 6-inch spacing.  Plot dimensions were 5 by 
20 ft.  Camela (cv. ‘Calena’) was sown 0.25 inch deep with moderate down pressure from a 
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rubber packer wheel over the row.  Trials at Pendleton and Moro were planted on March 15 and 
19 and harvested on July 15 and 25 respectively.  Plots were harvested as previously described. 
 
Cultivar Trial  
 The cultivar experiment included 12 lines of spring camelina provided by Dr. Fernando 
Gullien-Portal of Barkley Ag Enterprises, Bozeman, Montana.  The experiments were sown with 
a 5-ft-wide Hege plot drill with 9 double disk openers on 6-inch spacing.  Plot dimensions were 5 
by 20 ft.  Seed was sown 0.25 inch deep with moderate down pressure from a rubber packer 
wheel over the row.  Nitrogen was broadcast as dry urea over the entire plot area and 
incorporated with a cultivator. Nitrogen was applied at rates of 40 and 60 lb/acre respectively at 
Moro and Pendleton.  Trials at Pendleton and Moro were planted on March 15 and 19 and 
harvested on July 15 and 25 respectively.  Plots were harvested as previously described. 
 
 

Results and Discussion 
 
 Results of the seeding rate trials are shown in Table 1.  Statistically there was no response to 
seeding rate over the range applied. Yields were similar among all seeding rates with a trend 
toward slightly higher yields with increasing seeding rate.  However, this trend was not 
statistically significant.  Plant stands and crop canopy appeared adequate even at the lowest 
sowing rate. 
 
 Results of the nitrogen rate trials are shown in Table2.  Statistically there was no response to 
nitrogen rates used in these experiments.  We speculate that the decision to manage nitrogen 
similar to spring wheat overshot the nitrogen need of camelina.  We saw no response to nitrogen 
applied above the initial field rate, and less nitrogen probably could have been applied.  
Additional research is underway in 2008 at several locations in the PNW to determine optimum 
nitrogen rates.   
 
 Results of these variety trials are reported in Table 3.  Variation in yield was observed with 
the 12 cultivars sown.  Cultivar response was different at each location; ranking of lines and 
yields varied at each location.  To determine the suitability of cultivars, more trials will be 
needed over several locations.  Additional cooperative research between Oregon State 
University, University of Idaho, and Washington State University is underway in 2008 at several 
locations in the PNW to determine cultivar suitability. 
 
Table 1.  Yields from camelina seeding rate trials, 2007.  

Location Seeding rate (lb/acre) 

Pendleton Moro 
1.5 1,183 2,007 
3.0 1,197 2,130 
4.5 1,293 2,287 
6.0 1,200 2,321 

LSD NS NS 
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Table 2.  Yields from camelina nitrogen fertility trials, 2007.  

Yield (lb/acre) N added above the field 
rate (lb/acre) Pendleton Moro 

field rate 1,465 2,352 
20 1,390 2,411 
40 1,549 2,292 
60 1,472 2,433 

LSD NS NS 
 
 
 
Table 3.  Yields from camelina variety trial, 2007. 

Yield (lb/acre) Rank Variety  
Pendleton Moro Pendleton Moro 

1 1,169 1,765 7 7 
2 1,123 1,637 9 11 
3 1,008 2,079 12 5 
4 1,032 2,204 11 2 
5 1,058 2,138 10 3 
6 1,168 1,713 8 9 
7 1,402 1,912 1 7 
8 1,291 1,525 4 12 
9 1,214 2,113 5 4 
10 1,213 2,278 6 1 
11 1,301 2,054 3 6 
12 1,322 1,752 2 10 
LSD 327 338     

 
 

Recommendations for Growing Camelina 
 
 Interest in growing and processing camelina continues to increase.  Although more research 
is needed to refine various aspects of camelina production, it is important to have some basic 
advisory recommendations.  Based on our experience in Oregon and work in Montana (Bergman 
2006, Jackson and Miller 2005, Kephart et al. 2006) and Idaho, we offer these recommendations. 
 
Field History 
 Previously applied herbicides and field weediness should be considered when planting 
camelina.  Most soil-active herbicides used on wheat have plant-back restrictions of months to 
years, but, because camelina is a new crop, herbicide labels will not include it in their plant-back 
recommendations.  It is probably best to follow the plant restrictions identified for canola or 
rapeseed on herbicide labels.  Depending on specific herbicides, these restrictions may be as long 
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as 4 years.  If in doubt about a field, a bioassay should be conducted.   Field weediness should be 
considered because currently there are no registered herbicides for camelina.  Very weedy fields 
should be avoided, unless weeds can be controlled prior to planting.   
 
Sowing Rates and Timing 
 Camelina can be sown very early in the spring.  Planting dates in Oregon can be as early as 
late February, if the soil is not too wet for traffic.  Camelina should be planted as early as is 
feasible.  Late spring plantings have shown decreased yields (McVay and Lamb 2008).  Early 
planting is probably most critical in drier areas.   
 
 Sowing rates for camelina are 3-5 lb/acre.  Although sowing rates as low as 1.5 lb/acre 
produced adequate yields, the risk of a poor stand is too high to consistently produce good yields.  
The seed should be sown at shallow depth (0.25 inch) into firm soil.  Direct seeding of camelina 
has worked well.  Broadcasting followed by harrowing to mix seed and soil has been used in 
Montana.  However, drilling has been more widely used and is generally considered more 
effective.  Because camelina seeding rates are low and the seed is very small, drill calibration 
and seed metering are very important.  Fluted cup drills are often difficult to calibrate and may 
vary widely from cup to cup if flute exposure is not uniform.  Where grain drills are not capable 
of metering seed at the low rates recommended for camelina, filler such as corn grit or rice hulls 
can be used to allow for better metering of the drill.   
 
Nitrogen and Sulfur Application 
 Camelina is a short-season crop that requires a modest rate of nitrogen.  Given our 
experience in 2007, it appears that camelina requires less nitrogen than a spring cereal.  In 
Montana, a total of 80-90 lb N/acre of soil N (top 3 ft) and applied fertilizer N are considered 
adequate for camelina (McVay and Lamb 2008).  This seems reasonable for yield expectations 
of 1,400-1,500 lb seed/acre.  If higher or lower yields are expected, nitrogen rates can be 
adjusted accordingly.  As a guide, we suggest using 5.5-6 lb N/acre for each 100 lb of expected 
seed yield/acre.   Available N for 1,000, 1,500 and 2,000 lb/acre seed yield would respectively be 
55-60, 80-90 and 110-120 lb N/acre.  Soil-available nitrogen in the top 3 ft would be subtracted 
from these values to arrive at the appropriate N fertilizer rate.  Work in Montana has shown a 
varied response of camelina to sulfur.  We suggest applying sulfur at 5-10 lb/acre if the field tests 
low for sulfur or if response to sulfur has been observed with spring cereals.   
 
Weed, Disease, and Insect Management 
 Currently, there are no registered pesticides for in-crop use on camelina.  Without registered 
herbicides, weed control in camelina must rely on starting with a relatively clean field, an 
effective preplant burn-down with a nonselective herbicide, and establishment of a uniform, 
competitive stand.  Camelina is competitive with weeds once the crop canopy is established.  
Poor stands and wide row spacing will offer less competition with weeds.  Because camelina is a 
new crop to the region, susceptibility to insect and disease pests is not well understood.  To date, 
insect pests such as flea beetle, aphids, and cabbage seed pod weevil that commonly affect 
canola have not be observed on camelina.    Camelina may be susceptible to diseases such as 
sclerotinia rot, blackleg, and Rhizoctonia.  We observed a minor amount of stem girdling on 
flowering plants that caused plant lodging and stem breakage.  Rhizoctonia was isolated from 
these plants by Dr. Richard Smiley at Columbia Basin Agricultural Research Center.  Downy 
mildew has been observed on camelina near Kalispell, Montana (McVay and Lamb 2008).  To 
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avoid potential disease problems, camelina should be rotated with cereal crops and should not be 
grown following crops like canola or mustard.  Growers should monitor camelina fields for both 
insects and disease pests.   
 
Harvest Recommendations 
 Camelina harvest will occur in early to late July in Oregon, and somewhat later in 
Washington and Idaho.  Sowing date, precipitation, soil depth, and temperature influence harvest 
date.  Camelina can be direct combined with a conventional header when seed moisture reaches 
8 percent.  If using a seed moisture tester without a setting for camelina (most will not have this) 
use the setting for mustard or canola.  Shatter does not appear to a problem if harvest is timely. 
Stems may still be green, but seed will be yellow and pods easily threshed.  For this reason, the 
concave setting can be fairly open to allow better flow of material.  Air settings should be 
adjusted to minimize seed loss.  Separating seed and seed hulls may be difficult unless bottom 
sieve diameter openings are fairly small (less than 0.25 inches).  If stands of camelina are not 
competitive and are infested with weeds such as kochia or Russian thistle, swathing may be 
necessary.  Swathing should take place when seed just begins to turn yellow.   The crop should 
be swathed, leaving as much stem as possible to hold the windrow. 
 
 

Summary 
 

 Camelina is a short-season oil seed that shows promise in semiarid Oregon. It offers a good 
rotation crop for cereals.   It is more drought and cold tolerant than spring mustard or canola.  
Many herbicides applied on wheat have a long plant-back restriction for broadleaf crops.  Be 
sure to check the field history and appropriate product labels when considering this crop.  
Additional field research is under way to determine the optimum planting dates, nitrogen rates, 
and cultivars.  More research is needed on weed control, disease management, insect activity, 
and rotational benefits of this crop.  The lack of registered herbicides is a limitation to wider 
acceptance of this crop.  End uses and markets for camelina oil and meal must also be vigorously 
researched and developed if this crop is to have a niche in the Pacific Northwest.  
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Abstract 

 
Polymerase-chain reaction (PCR) and species-specific primers were used to identify the root-

lesion nematodes Pratylenchus neglectus and P. thornei. These two species can be identified 
from pure culture, mixed populations, and also from samples of field soil that contain other 
plant-parasitic and free-living nematodes. Accurate identification was achieved with different 
life stages of Pratylenchus (adult females, juveniles, and eggs). With the method developed in 
our laboratory, we were able to detect a single juvenile in 1 g of soil. This assay was applicable 
to a range of soil samples with various population densities of Pratylenchus present in Oregon. 
Optimal conditions for real-time PCR assay were established for quantifying populations of P. 
neglectus. Real-time PCR has the potential to eliminate the need for physical separations, 
microscopic identification and counting of Pratylenchus, and to provide a rapid and reliable 
means for simultaneous identification and quantification of P. neglectus and P. thornei from soil. 
PCR and restriction fragment-length polymorphism (RFLP) were used to identify cereal cyst 
nematodes (Heterodera spp.). All samples tested from the Pacific Northwest were identified as 
Heterodera avenae except one from Oregon, which was identified as H. filipjevi, using four 
digestion enzymes and microscopic observations. Our identification was confirmed by USDA 
nematode taxonomists through both morphometric and molecular analyses. Discovery of H. 
filipjevi in Oregon represents a new record for the occurrence of this species in the United States 
and also in North America.   

 
Keywords: Pratylenchus neglectus, Pratylenchus thornei, Heterodera species, molecular 
diagnostics, species-specific PCR, real-time PCR, PCR-RFLP  
 
 

Introduction 
 

The root-lesion nematodes Pratylenchus neglectus and P. thornei and the cereal cyst 
nematode Heterodera avenae are the most important plant-parasitic nematodes in dryland wheat 
fields of the Pacific Northwest (PNW) (Hafez et al. 1992; Smiley et al. 2004, 2005a,b,c;  
Strausbaugh et al. 2004). Growing wheat varieties that are both resistant and tolerant is the best 
approach to control damage from these pathogens. Individual varieties differ in tolerance to these 
nematodes; varieties that exhibit tolerance to one species are not necessarily tolerant to another 
species (Smiley et al. 2008a). Therefore, optimal variety selection requires that the nematode 
species present in each field or region be accurately identified.  
 

Distinguishing P. neglectus from P. thornei, and H. avenae from closely related species 
using traditional morphological characteristics requires detailed microscopic measurements by 
highly trained and experienced individuals. Microscopic identification is also frequently 
unreliable and time-consuming due to difficulties in distinguishing key diagnostic features 
(morphology of the lips, tail, and vulva) for Pratylenchus (Handoo and Golden 1989), and great 
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variability of taxonomic characteristics (size and shape of cyst, fenestral shape, and presence or 
absence of underbridge in vulval cone, etc.) for Heterodera (Bekal et al. 1997, Handoo 2002). It 
is also challenging, time-consuming, and expensive to extract nematodes from large numbers of 
soil samples and then use microscopy to count a particular species of interest among mixed 
populations consisting of other species of plant-parasitic and free-living nematodes. 
  

Molecular diagnostic techniques are becoming valuable tools for the identification and 
quantification of plant pathogens. Molecular techniques will enable laboratory workers to rapidly 
and accurately identify and quantify these pathogens at lower cost. When these procedures 
become commonplace in commercial soil testing laboratories, they will enable grain growers to 
make appropriate management decisions for their cropping systems, including selection of the 
best performing wheat varieties (Smiley et al. 2008a).  
 

Polymerase-chain reaction (PCR) is a widely used DNA-based technique. With PCR it is 
possible to amplify a single or a few copies of a piece of DNA, generating millions of copies of 
this DNA sequence that can be observed visually on stained agarose gel. Species-specific 
primers are short DNA sequences that are inferred from sequence differences between species, 
allowing the production of a specific marker from the target species but not from other species. 
Though not quantitative, PCR using species-specific primers is capable of separating many 
species. Real-time PCR provides opportunities for both detection and quantification of 
microorganisms based on DNA sequence and concentrations. A very small number of the cycles 
(e.g., 4-5 out of 40) in a PCR produce useful information. The quantitative information results 
from those few cycles where the amount of DNA grows logarithmically. The start of the 
logarithmic phase of amplification (threshold cycle, Ct) is identified by monitoring fluorescence 
during the cycling in order to calculate the concentration of target DNA. Specificity can be 
examined by running a melting curve at the end of cycling. PCR-RFLP (restriction fragment-
length polymorphism) uses PCR to amplify a region and produce a fragment that does not show 
polymorphism between species. A restriction enzyme is then used to digest the PCR fragment, 
revealing a level of molecular polymorphism useful for differentiating species.  
 

The objectives of this research were to (1) develop species-specific primers and optimal PCR 
procedures to identify P. neglectus and P. thornei from pure cultures and soil samples, (2) 
develop a real-time PCR assay to quantify these two species directly in DNA extracts from soils, 
and (3) employ PCR-RFLP to distinguish H. avenae from related Heterodera species. 

 
 

Materials and Methods 
 
Pratylenchus  
 
Nematode pure culture and DNA extraction from nematodes 
 Nematodes were extracted from soil samples using the Whitehead tray method (Whitehead 
and Hemming 1965). Adult female nematodes were morphologically identified as either P. 
neglectus or P. thornei, and then established as pure cultures by either placing them around 
young roots of susceptible wheat plants grown in a greenhouse or onto sterilized carrot disks 
incubated in the laboratory. Total DNA was extracted from these pure nematode cultures or from 
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soil samples known to contain Pratylenchus following the protocol described by Waeyenberge et 
al. (2000), with some modification. 

 
Primer selection and evaluation for specificity 
 The species-specific forward primer PTHO and the common reverse primer D3B described 
by Al-Banna et al. (2004) were used to identify P. thornei. The species-specific forward primer 
PNEG described by Al-Banna et al. (2004), and PNEG-F1 and the common reverse primer D3B5 
designed in this study were used to identify P. neglectus. Five isolates of P. neglectus and two 
isolates of P. thornei from Oregon, Washington, or Montana were used to examine the 
specificity of the Pratylenchus primers. Other plant-parasitic nematodes (H. avenae, 
Tylenchorhynchus spp., and Merlinius brevidens) and plant-pathogenic root-infecting fungi 
(Bipolaris sorokiniana, Fusarium culmorum, F. pseudograminearum, Gaeumannomyces 
graminis var. tritici, Rhizoctonia oryzae, and R. solani AG-8) commonly found in PNW soils 
were used as controls. Amplification by PCR was performed under the optimum conditions in a 
DNA thermal cycler. Products of PCR were separated by electrophoresis in 2 percent standard 
agarose gel and the band pattern was photographed under UV light.  

 
Detection and identification of P. neglectus and P. thornei in soil 
 The sensitivity of PCR amplification was evaluated using DNA extracted from soil after 
sieving, autoclaving and inoculating. Soil (2 kg) of the Walla Walla silt loam was collected and 
sieved through a 3-mm sieve and heat-dried in an oven. Thereafter, the soil was autoclaved two 
times for 45 min each. Juveniles of P. neglectus and P. thornei were added separately to 1 g of 
autoclaved soil. The rate of addition was 0, 1, 2, 3, and 5 juveniles/g of soil. The sensitivity of 
PCR amplification was determined by the ability to detect a minimum number of juveniles per g 
of soil. 
  

In 2006 and 2007, 16 soil samples were collected from various fields between Heppner and 
Condon in Morrow County, Oregon, and 14 soil samples were from fields at the Columbia Basin 
Agricultural Research Center near Pendleton, in Umatilla County, Oregon. Nematodes were 
isolated using the Whitehead tray method and then identified and quantified using a microscope. 
Nematodes were identified as P. neglectus, P. thornei, other plant-parasitic nematodes, and non- 
plant-parasitic nematodes (Table 1). The PowerSoil DNA Isolation Kit (MoBio, Carlsbad, CA) 
and a method developed in our laboratory were used to extract DNA from soil. PCR was 
conducted under the optimum conditions for soil samples. The identifications determined by 
PCR assay were compared with morphological identifications. 

 
Real-time PCR assay 
 Three populations of P. neglectus maintained in carrot cultures were used. To obtain a 
standard curve, 1,000 adult females and juveniles were transferred to an Eppendorf tube. DNA 
from these nematodes was extracted following the method described by Waeyenberge et al. 
(2000), and quantified using a spectrophotometer (NanoDrop ND-1000). Nematode DNA was 
serially diluted with water and soil extracts. The series of DNA dilutions were then used in real-
time PCR reactions. To generate a standard curve from soils, juveniles and adults of P. neglectus 
(1, 5, 20, 100, 500, and 1,000) were added separately to 0.25 g of sterilized soil. Total DNA was 
extracted from the soil samples using the PowerSoil DNA Isolation Kit. Amplification reactions 
were performed in real-time using SYBR green I dye and the species-specific primer set PNEG-
F1/D3B5. Real-time PCR was conducted following the program described by Schroeder et al. 
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(2006) with the annealing temperature at 60 oC. Software (LightCycler version 3.5) was used to 
generate amplification curves, standard curves, and melting curves.   

 
Heterodera  

Soils were collected from wheat and barley fields thought to be infested with cereal cyst 
nematodes near St. Anthony, Idaho; Union and Imbler, Oregon; and Palouse and Uniontown, 
Washington. Cysts were hand-picked from roots and moist soil under a microscope. Three to 
eight cysts were broken open and smashed for DNA extraction using a commercial kit (Bio 101 
FastDNA Kit) or the method described by Rivoal et al. (2003). Control DNA of H. avenae, H. 
filipjevi, H. latipons, and H. schachtii were obtained from cooperators in France. DNA was 
amplified using the Heterodera-specific primers and PCR. Species of Heterodera were identified 
by means of RFLP (Bekal et al. 1997, Rivoal et al. 2003) and comparing the banding patterns 
with those of the control species in agarose gels by electrophoresis. Examination of cyst vulval 
cone characteristics (Handoo 2002) was made with a compound light microscope to confirm 
identification. 

 
 

Results and Discussion 
 

Pratylenchus  
 
Species-specific PCR primers 
 The P. neglectus-specific primer PNEG or PNEG-F1 amplified a unique PCR product (141 
bp and 144 bp, respectively; bp = base pairs) from all five isolates of P.  neglectus when 
combined with the common reverse primer D3B5, and did not produce any products from two 
isolates of P. thornei. The P. thornei-specific primer pair PTHO/D3B amplified a specific band 
(288 bp) from all of P. thornei cultures and did not generate any amplification from P. neglectus 
cultures. No PCR product was observed when tested with DNA extracted from three other non-
target nematode species frequently found in local wheat fields, and from six fungal species 
commonly associated with wheat root diseases. Computer-based sequence analysis for 15 other 
common nematodes showed no indication for giving false positives of P. neglectus.   

 
Previously published species-specific primers (Al-Banna et al. 2004) produced PCR 

fragments with very little difference in length for the two species due to the use of a single, 
common reverse primer D3B. Therefore, a common reverse primer D3B5 was designed resulting 
in PCR bands with larger differences in size, which can then be easily separated by agarose gel 
electrophoresis, making interpretation of results easy and more precise.  

 
Identification of Pratylenchus from populations with morphological variation, mixed 
populations, and different life stages 
 Distinction between P. neglectus and P. thornei based on morphological features requires 
detailed microscopic measurements by an experienced nematologist. It is difficult for a skilled 
nematologist to identify nematodes if a species varies in body morphology. The nematodes 
(samples A, B, and C) found in one field site had variation in body length and vulva position 
compared with the control species of P. neglectus, and the identity of these nematodes became 
uncertain because they more resembled P. thornei in some characteristics. Strong bands of PCR 
amplification were obtained for these samples when using the P. neglectus-specific primers, but 
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no amplification was produced when using the P. thornei-specific primers (Fig. 1), which clearly 
demonstrated that the nematodes with variable body morphology at this field site were P. 
neglectus and not P. thornei. 
 
 

 
 
Figure 1. Identification of Pratylenchus neglectus and P. thornei with variation in morphology. Lanes 1-5: 
amplified with the P. thornei-specific primer set PTHO/D3B; lanes 6-10: amplified with the P. neglectus-specific 
primer set PNEG/D3B5; Lanes 1 and 6: positive control of P. neglectus; lanes 2 and 7: positive control of P. 
thornei; lanes 3 and 8: sample A; lanes 4 and 9: sample B; lanes 5 and 10: sample C; M: 100-bp DNA ladder. 
 
 The PCR-based diagnostic method can be used to determine the predominant species in 
mixed populations of P. neglectus and P. thornei. Three nematode samples (D, E, and F) with 
mixed populations were tested with species-specific primers under optimum PCR conditions. 
The intensity of specific bands indicated that P. neglectus and P. thornei were both predominant 
in sample D. In contrast, sample E had mostly P. neglectus and fewer P. thornei, and sample F 
had mostly P. thornei and fewer P. neglectus (Fig. 2). These results were in agreement with the 
findings of morphological examinations using a microscope. 

 
 

 
 
Figure 2. Identification of Pratylenchus neglectus and P. thornei in mixed populations. Lanes 1 and 6: positive 
control of P. thornei; Lanes 2 and 7: sample D (50% P. thornei and 50% P. neglectus); lanes 3 and 8: sample E 
(25% P. thornei and 75% P. neglectus); lanes 4 and 9: sample F (75% P. thornei and 25% P. neglectus); lanes 5 and 
10: positive control of P. neglectus; M: 100-bp DNA ladder.  

Morphological identification of Pratylenchus species relies on observations of a specific 
stage of its life cycle. Examination of adult female specimens rather than eggs and juveniles is 
required. If the nematodes are not mature, the species cannot be determined using light 
microscopy. However, accurate identifications by the PCR-based method can be achieved using 
adults, juveniles, or eggs, or any combination of these life stages. Strong amplification bands 

PNEG+D3B5 PTHO+D3B  
M   1     2    3    4    5    6   7    8    9   10   M    

141 bp 
288 bp 

288 bp 
141 bp 

M   1    2    3    4    5     M   6   7    8    9   10 
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were observed for all of the adult females, juveniles, and eggs (Fig. 3), illustrating that the PCR 
identification is independent of Pratylenchus life stages. These adult females, juveniles, and eggs 
were from the same pure culture derived from a single nematode. 
 

 
 
Figure 3. Identification of Pratylenchus neglectus and P. thornei using juveniles and eggs. Lanes 1-3: from the 
same pure culture of P. neglectus, amplified with the P. neglectus-specific primer set PNEG/D3B5, 1 - adults, 2 - 
juveniles, 3 - eggs; lanes 4-7: from the same pure culture of P. thornei, amplified with the P. thornei-specific primer 
set PTHO/D3B, 4 - adults, 5 - juveniles, 6 - eggs; lane 7: negative control without DNA template; M: 100-bp DNA 
ladder. 
 

 
Detection and discrimination of P. neglectus and P. thornei in soil. 
 Specific bands for each species were produced from all of the inoculated soils even when 
only one juvenile was added (lanes 2 and 7) (Fig. 4). No band was generated from the non-
inoculated control soil (lanes 1 and 6). The PCR test can therefore detect 1 juvenile in 1 g of soil, 
equating to 1,000 juveniles/kg of soil. This would equate to half the estimated economic 
threshold (2,000 nematodes/kg of soil) for natural infestations in dryland fields. The economic 
threshold value represents the estimate of minimum nematode number present in a field that may 
cause economic yield loss.  
 

 
 
Figure 4. Level of detection of root-lesion nematode juveniles (J) by the PCR amplification in artificially inoculated 
soils. Lanes 1-5:  inoculation of Pratylenchus neglectus - zero J (lane 1), one J (lane 2), two J (lane 3), three J (lane 
4), and five J (lane 5); Lanes 6-10: inoculation of P. thornei - zero J (lane 6), one J (lane 7), two J (lane 8), three J 
(lane 9), and five J (lane 10); M: 100-bp DNA ladder. 
  
 The PCR-based method was validated for detecting and discriminating P. neglectus and P. 
thornei in 30 soil samples harboring a wide range of population densities, P. neglectus at 0-
17,959/kg of soil, and P. thornei at 0-15,998/kg of soil. Thirteen of 16 soil samples (S4-S16; 
Table 1) from the Morrow County field sites produced bands with the same size as the positive 
control of P. neglectus (144 bp) when tested with PNEG-F1/D3B5, and the other three samples 

PTHO+D3B PNEG-F1+D3B5 
M   1   2   3   4   5    6   7   8   9 10  M 

288 bp 144 bp 

1      2      3     4      5      6     7    M       

141bp 
288 bp 
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(S1-S3) did not produce PCR products. The limit of PCR detection for P. neglectus was 343/kg 
of soil, as determined by the Whitehead tray method. No specific amplification was produced 
with the P. thornei-specific primer set PTHO/D3B for all except two of these samples. The 
amplifications were fairly strong for these two samples (S8 and S15), which also contained 570 
and 324 P. thornei/kg of soil, respectively. Ten of 14 samples (S21-S30; Table 1) from Umatilla 
County sites generated bands with the same size as the positive control of P. thornei (288 bp) 
when amplified with PTHO/D3B, and no specific amplification was observed with PNEG-
F1/D3B5.  The limit of PCR detection for P. thornei was 126/kg of soil, as determined by the 
Whitehead tray method. Soil samples (S17, S18, and S19) that had no P. neglectus and P. 
thornei did not produce any amplification when tested with both of the primer pairs, confirming 
the specificity of the primers even with the presence of other plant-parasitic and non-parasitic 
nematodes in the soil (Table 1). The banding patterns for DNA extractions from nine soil 
samples tested with both species-specific PCR primers are shown in Figure 5. 
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Table 1. Numbers of Pratylenchus neglectus, P. thornei, and other plant-parasitic and non-parasitic 
nematodes extracted from naturally infested soils using the Whitehead tray and morphological 
identification procedures. 
 

Nematodes/kg soil 

Soil* Year 
collected 

P. neglectus P. thornei Other parasitic Non-parasitic 

S1 2007 87 0 1,136 3,843 

S2 2007 93 0 0 3,988 

S3 2007 113 0 0 10,251 

S4 2007 343 0 2,286 5,373 

S5 2007 815 0 0 4,158 

S6 2007 1,237 0 0 4,948 

S7 2007 2,697 0 0 4,238 

S8 2007 3,609 570 190 30,388 

S9 2006 4,185 0 135 3,240 

S10 2007 4,689 0 408 2,854 

S11 2006 6,740 0 124 3,463 

S12 2007 7,774 0 2,418 11,056 

S13 2007 11,118 0 139 2,085 

S14 2007 13,704 98 196 25,059 

S15 2007 16,836 324 324 8,256 

S16 2007 17,959 0 770 12,828 

S17 2007 0 0 2,575 3,277 

S18 2007 0 0 1,033 2,195 

S19 2007 0 0 898 2,437 

S20 2007 0 117 0 1,756 
S21 2007 0 126 631 1,767 

S22 2006 0 315 473 630 

S23 2007 0 635 741 4,340 

S24 2007 0 1,936 129 1,678 

S25 2007 0 3,277 0 2,622 

S26 2007 0 4,903 0 2,790 

S27 2007 0 7,198 0 1,400 

S28 2007 0 9,430 0 982 

S29 2006 0 13,721 0 1,083 

S30 2007 0 15,998 0 4,081 

 
* Soils were collected in Morrow (S1-S16) and Umatilla (S17-S30) counties of Oregon.  
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Figure 5. Identification of Pratylenchus thornei and P. neglectus in naturally infested soil samples (“S” represents 
the name of soil samples listed in Table 1). A: DNA was amplified with the P. thornei-specific primer set 
PTHO/D3B. B: DNA was amplified with the P. neglectus-specific primer set PNEG-F1/D3B5. Lane 1: S4; lane 2: 
S11; lane 3: S8; lane 4: S12; lane 5: S15; lane 6: S19; lane 7: S21; lane 8: S26; lane 9: S30; lane 10: positive control 
from nematode culture; lane 11: negative control without DNA template; M: 100-bp DNA ladder.  
 

When individual juveniles were added into the sterilized soil, PCR could detect 1 juvenile in 
1 g of soil, equating to 1,000 juveniles/kg of soil. The PCR was able to detect even lower 
densities of nematodes in naturally infested soil, 126 P. thornei/kg of soil and 343 P. 
neglectus/kg of soil, as determined by the Whitehead tray method. The discrepancy for the 
detection limit between artificially inoculated soil and naturally infested soil may be due to the 
different counting methods used. One juvenile was the minimum number of nematodes that can 
be added into sterilized soil, whereas the Whitehead tray method was conducted by counting the 
number of nematodes per ml of soil extract and converting to the number in 1 kg of oven-dry 
soil. Importantly, the detection sensitivity was much lower than the economic threshold level 
(2,000 nematodes/kg of soil) in the PNW, indicating that this method should be useful for 
disease forecast and management. This sensitivity was even better than in recent reports for 
Meloidogyne and Nacobbus, where the level of detection was 5,000 juveniles/kg of soil (Iwahori 
et al. 2006) and 30,000 juveniles/kg of soil (Atkins et al. 2005), respectively. 

 
Although PCR assays to discriminate Pratylenchus species have been previously reported 

(Waeyenberge et al. 2000, Al-Banna et al. 2004, Carrasco-Ballesteros et al. 2007, Subbotin et al. 
2007), they were not tested for detecting P. neglectus and P. thornei directly in soil. During the 
present study, the presence of P. neglectus and P. thornei were successfully detected in the soil 
samples taken from Morrow or Umatilla County. Isolation of the Pratylenchus population by the 
Whitehead tray method, with subsequent morphological identification using the microscope, was 
consistent with identifications using PCR. However, the Whitehead tray method requires a 
minimum of 48 hours to extract approximately 60 percent of the nematode population from a soil 
sample, and it may take as many as 6 days to extract all nematodes (Bell and Watson 2001). 
Additionally, this process requires a minimum of 30 min to identify and quantify nematodes in 
each sample. At present, commercial laboratories either do not provide these highly demanding 
diagnostic services, or they charge as much as $100 per sample for this service. In contrast, DNA 
extraction from soil and PCR amplification and analysis, as used in this study, requires only 5-6 
hours without the need for a technician to be actively present during that entire time interval. The 
PCR diagnostic method we developed is quick, easy, and inexpensive (supplies cost less than $6 
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per sample) for detecting and discriminating populations of P. neglectus and P. thornei in soil. 
This method can be used by anyone trained in standard PCR procedures, which today are taught 
even in high school biology classes.  
  
Preliminary study for quantification of P. neglectus using real-time PCR. 
 The species-specific primer set PNEG-F1/D3B5 was used in the real-time PCR reaction, 
which was performed in a real-time PCR machine (Fig. 6). Melting curve analysis revealed the 
presence of only a single peak (Fig. 7), indicating that the primer set was highly specific and no 
nonspecific product was produced. Melting temperature for the final PCR product was 93.3 oC. 
The real-time PCR did not amplify DNA of P. thornei using the P. neglectus-specific primers, 
confirming the specificity of the primers for detecting P. neglectus.  
 
 
 
 

 
 
Figure 6. The real-time PCR machine Roche LightCycler. One run of real-time PCR requires only 1 hour. 
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Figure 7. Melting curve of the specific PCR product for Pratylenchus neglectus. The presence of a single peak 
indicates the primer set used was very specific and no nonspecific product was produced. 
 

To examine the possible presence of PCR inhibitors in the DNA extracts from soil, nematode 
DNA from pure culture was serially diluted with soil extracts and a standard curve was 
generated, resulting in an amplification efficiency of 82 percent (Fig. 8). This PCR efficiency 
was higher than that obtained from nematode DNA serially diluted with water, indicating that the 
PowerSoil DNA Isolation Kit effectively removed the naturally occurring inhibitors in soil 
extracts during DNA preparation. Therefore, DNA extracted from soil samples by this kit can be 
directly used in real-time PCR without any additional purification step. A standard curve was 
also generated from artificially inoculated soils showing a negative linear regression between Ct 
and Log values of number of nematodes (r2 = 0.92). Validation tests are needed to determine the 
relationship between nematode numbers detected by real-time PCR and the numbers reported by 
commercial diagnostic laboratories using traditional methods. In addition, they are required to 
cross-reference the findings from each procedure. The application of real-time PCR in 
quantification of P. neglectus from naturally infested soils will be investigated in the next stage 
of our research. This will enable laboratories to avoid time-consuming techniques requiring 
physical separations, microscopic identifications, and counting of P. neglectus from field 
samples with mixed populations of other plant-parasitic and non-parasitic nematodes.   
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Figure 8. The real-time PCR assay. A: the standard curve generated using nematode DNA from pure culture diluted 
with soil extracts. PCR amplification efficiency (E) = 10(−1/slope) −1. B: amplification plot of the same experiment.  
 

 
Heterodera  

DNA from all of the control species produced a single, robust band of approximately 1,200 
bp when amplified with the Heterodera-specific primer pair and PCR as reported by Bekal et al. 
(1997) and Rivoal et al. (2003). The cysts from St. Anthony, Idaho; Union and Imbler, Oregon; 
and Palouse, Washington also produced the same single band of 1,200 bp, indicating these cysts 
were from the genus Heterodera. The cysts from Uniontown, Washington showed the similar 
color and shape as those of H. avenae and were thought to be a species of Heterodera.  However, 
PCR amplification with the Heterodera-specific primers showed that the size of the single band 
(900 bp) was different from that of the band (1,200 bp) produced by Heterodera species, ruling 
out the possibility that the samples from Uniontown contained a cyst nematode in the Heterodera 
genus.  Subsequent morphological examination of these “cysts” revealed that they were not 
actually cysts but appeared to be similarly shaped eggs of an unidentified small soil arthropod, 
thus confirming the accuracy of the molecular identification.  

 
RFLP analysis of the PCR products with TaqI revealed that the banding patterns from St. 

Anthony, Palouse, and Union were the same as that of the known control for H. avenae, but were 
different from those of H. filipjevi, H. latipons, and H. schachtii (Fig. 9, A). The cysts from these 
sites were therefore identified as H. avenae, which supports the previous morphological 
identifications. 

 
Perhaps more importantly, these molecular tests have led to the discovery of a cereal cyst 

nematode species not previously documented in North America. The cysts from Imbler revealed 
a PCR-RFLP profile matching H. filipjevi rather than H. avenae when digested with TaqI (Fig. 9, 
A). Furthermore, three other enzymes HinfΙ, PstΙ, and HaeΙΙΙ were used and the PCR-RFLP 
profiles consistently showed that the samples from Imbler produced the same banding pattern as 

A B 

Slope = -3.836 

Intercept: = 41.71 

Error = 0.0500 
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that of H. filipjevi but different from that of H. avenae (Fig. 9, B). These cysts also produced 
banding patterns different than those of the control species H. latipons and H. schachtii when 
digested with TaqI and HaeΙΙΙ, ruling out the possibility that the sample from Imbler could be H. 
latipons or H. schachtii. The Imbler cysts not only consistently showed the same banding 
patterns as those of the known H. filipjevi DNA control, but also matched the published PCR-
RFLP patterns for that species (Bekal et al. 1997, Subbotin et al. 1999, Rivoal et al. 2003, 
Abidou et al. 2005). Bekal et al. (1997) and Subbotin et al. (1999) reported that digestion with 
TaqI clearly differentiated populations of H. filipjevi from other species of the H. avenae group, 
and digestion with PstΙ clearly separated H. filipjevi from H. avenae. Abidou et al. (2005) and 
Subbotin et al. (1999) also reported that digestion with HinfΙ distinguished H. filipjevi from H. 
avenae. Abidou et al. (2005) and Rivoal et al. (2003) also differentiated H. filipjevi from H. 
avenae, H. latipons, and H. schachtii with HaeΙΙΙ based on different PCR-RFLP banding 
patterns. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 9. PCR-RFLP profiles of Heterodera. A: Amplified DNA from St. Anthony, ID; Imbler and Union, OR; 
Palouse, WA, and control species of H. schachtii, H. latipons, H. filipjevi, and H. avenae were digested with TaqΙ 
enzyme. M is the 100-bp DNA ladder. B: Amplified DNA from Imbler and control species of H. filipjevi and H. 
avenae were digested with HinfΙ and PstΙ, and also digested with HaeΙΙΙ along with other control species of H. 
latipons and H. schachtii. 
 

Microscopic comparisons of cyst vulval cones from the Imbler site and known specimens of 
H. avenae revealed a characteristic difference in the underbridge structure (Roger Rivoal, INRA, 
Rennes, France, personal communication, 2002; Subbotin et al. 2003), indicating that the Imbler 
cysts were not specimens of H. avenae (Fig. 10). These morphological characteristics support the 
hypothesis that the cysts from Imbler are H. filipjevi, a cereal cyst nematode not previously 
reported in North America. Our observations were confirmed by nematode taxonomists (Drs. 
Zafar Handoo and Andrea Skantar, USDA-Agricultural Research Service, Nematology 
Laboratory, Beltsville, MD) through both morphometric measurements and molecular analysis. 
Detection of H. filipjevi in Oregon represents a new record for the presence of this species in 
North America (Smiley et al. 2008b).  
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Figure 10. Microscopic views of vulval cones from cysts of Heterodera; images are approximately 40 µm in 
diameter. A: fenestral area without an underbridge from a cyst of H. avenae. B: fenestral area with a distinct 
underbridge (arrow) characteristic of species such as H. filipjevi.  
 
 

The PCR-RFLP is a very useful technique for identifying species of Heterodera, as these 
examples have clearly demonstrated. However, to become more user-friendly and more widely 
adopted, this technique needs to be refined by eliminating the additional step of a restriction 
enzyme digestion. This would then become useful for rapid, large-scale molecular diagnostics 
using a one-step PCR assay with species-specific primers. 
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Abstract 
 

 This project is now in the fourth year and two more crop-years are required for all crop 
rotations to complete a full cycle. This report covers the 2006-2007 crop-year results and 
summaries from the past 3 years. Columbia Basin Agricultural Research Center (CBARC) 
experiment (Moro): Under continuous annual cropping, spring barley, which had a reduced 
population of root-lesion nematodes, produced the highest yields while continuous winter wheat, 
which had high populations of root-lesion nematodes and high downy brome populations, 
produced the lowest yields. Winter wheat after chemical fallow in a 3-year rotation with spring 
barley also had low populations of root-lesion nematodes and produced the highest yields, 
although not significantly different from winter wheat following conventional tillage (CT) 
fallow. Yields from the 3-year rotation and winter wheat-CT fallow rotation were significantly 
higher than the yield of winter wheat following chemical fallow. Under annual cropping, 
continuous spring barley produced the highest yields followed by winter wheat after winter pea. 
An economic analysis was performed by subtracting the costs of all variable inputs (herbicides, 
seed and seeding, fertilizer, equipment costs), including fallow, from the grain value. The 
greatest annualized partial net return was achieved in the conventional fallow winter wheat 
rotation followed by continuous spring barley and then the three-year rotation. The standard 
deviation of partial net return was smallest for the 3-year rotation of winter wheat-spring barley-
chemical fallow. Center of Sustainability (Heppner): Continuous spring barley produced the 
highest grain yields followed by continuous winter wheat and winter wheat following fallow 
(conventional or chemical). The lowest yield was obtained from continuous spring wheat. Yields 
of continuous winter wheat were higher than continuous spring wheat yields. 
 
 

Introduction 
 

 The conventional tillage (CT) winter wheat-summer fallow rotation reduces soil organic 
carbon, exacerbates soil erosion, and is not biologically sustainable (Rasmussen and Parton 
1994). Despite these concerns, adoption of alternate cropping systems, such as intensive 
cropping and direct seeding, has been slow due to lack of long-term research on viability of 
alternate cropping systems in Oregon. Occasional crop failures occurred under long-term 
conventional intensive cropping studies conducted at the Sherman Experiment Station in the 
1940’s to the 1960’s (Hall 1955, 1960, 1963). But with the advent of new varieties and 
agronomic practices such as direct seeding, long-term research is needed to evaluate benefits and 
risks of annual cropping, potential alternate crops, and alternative rotations. The main focus of 
this work is to establish and maintain long-term experiments that compare the conventional 
wheat-fallow system with alternate cropping systems with crop management practices such as 
direct-seeding that reduce wind and water erosion. Specific objectives include developing 
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systems that increase residue cover; increase soil organic matter and biological activity; increase 
water infiltration and available soil moisture; reduce wind and water erosion; reduce soil water 
evaporation; reduce pests; sustain soil and crop productivity; evaluate the variable costs and crop 
value of the cropping systems under evaluation; and extend the results to growers. The research 
is targeted for Agronomic Zones 4 and 5 in north-central Oregon.  
 
 

Methods and Materials 
 

Columbia Basin Agricultural Research Center (CBARC), Moro 
 The experiment was established on a 28-acre site at the Sherman Experiment Station near 
Moro in the fall of 2003. Results from this year, however, are of little value because this was the 
year when the treatments were first established. The rotations started in the 2004-2005 crop year 
and the experiment is now in its fourth year (2007-2008). The soil is a Walla Walla silt loam 
(coarse, silty, mixed, mesic Typic Haploxeroll) and more than 4 ft deep. The station receives an 
average of 11.5 inches of annual precipitation. Rainfall and soil at the station is representative of 
the average conditions in the target area.  
 
Treatments 
 Crop rotations under evaluation are shown in Table 1.  Each phase of each rotation appears 
every year.  The treatments are replicated three times.  There are 14 plots per replication and the 
minimum plot size is 48 by 350 ft, bringing the minimum total experimental area to 13.88 acres.  
Agronomic practices (planting date, planting rate, and fertilizer, herbicides, seed-treatment 
fungicide, and insecticide application) are based on the treatment in question.  Direct seeding is 
conducted using the Fabro® drill purchased with assistance from the Sherman Station 
Endowment Fund. 
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Table 1. Cropping system treatments at the Sherman County Experiment Station, Moro, Oregon. 
 
Rotation 2003 2004 2005 2006 2007 
 Wa Sp Su F W Sp Su F W Sp Su F W Sp Su F W Sp Su F 
1A  S. wheatb W. wheat Conventional fallow W. wheat Conventional fallow  
1B  S. wheat Conventional fallow W. wheat Conventional fallow W. wheat  
2A  S. wheat W. wheat Chemical fallow W. wheat Chemical fallow  
2B  S. wheat Chemical fallow W. wheat Chemical fallow W. wheat  
3  S. wheat W. wheat W. wheat W. wheat W. wheat  
4  S. wheat   S. wheat   S. wheat   S. wheat   S. wheat  
5  S. wheat   S. barley   S. barley   S. barley   S.  barley  
6A  S. wheat W. wheat   S. barley Chemical fallow W. wheat  
6B  S. wheat   S. barley Chemical fallow W. wheat   S. barley  
6C  S. wheat Chemical fallow W. wheat   S. barley Chemical fallow  
7A  S. wheat W. wheat W. peas W. wheat W. peas  
7B  S. wheat W. peas W. wheat W. peas W. wheat  
8  S. wheat                  
9  S. wheat                  
                     
 

aW = winter; Sp = spring; Su = summer; F = fall. 
bS. wheat = spring wheat, W. wheat = winter wheat, and S. barley = spring barley. 
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Field operations: 
 ORCF101 winter wheat, was seeded in rotation 1 on September 26, 2006, using the HZ drill 
at 18 seeds/ft2. ORCF101 was seeded on September 27, 2006 for rotation 2, on October 17, 2006 
for rotation 6, on November 6, 2006 for rotation 7, on November 9 for rotation 3, and on 
November 14, 2006 for rotation 8b (flex), using a Fabro drill at a rate of 20 seeds/ft2 . Winter 
wheat for rotation 1 was seeded on October 10, 2005 using the HZ drill at 18 seeds/ft2). Different 
fertilizer rates were applied to plots of different rotations to bring up the N levels to 80 lbs 
N/acre; fertilizer rates ranged from 30 to 70 lbs N/acre. Winter pea (‘Spector’) for rotation 7 was 
direct-seeded at the rate of 7 peas/ft2 (85 lbs/acre) on November 10, 2006. Granular inoculant 
was applied with the seed at the rate of 57 g/1,000 ft. About 10 lbs N/acre were applied at 
seeding. ‘Camas’ spring barley was direct-seeded for rotations 5 and 6 at 22 seeds/ft2 on April 7, 
2007. ‘Louise’ spring wheat for rotations 4 and 8a (flex) was seeded at 22 seeds/ft2 on April 4, 
2007. Each phase of each rotation is present each year. 
 
 Data on plant stand, phenology, weeds, and diseases were collected. Herbicide application 
history is shown in Table 2. Weed plant counts were taken in March and May of each year. At 
maturity, plots were harvested using a commercial combine with an 18-ft header. The 18-ft 
swath was taken in the center of the 48-ft-wide plot. Grain was weighed using a weigh-wagon to 
determine yield per treatment. 
 
 
Table 2. Herbicide applications in the 2006-2007 crop-year at Moro. 
Treatment Herbicide Date 
   
2,4,5,8,12 Clearmax + NIS + Sol. 32 (1.5 oz + 3.2 oz + 2.5 gal) 3/17/07 
3,6,7,9,13 RT-3 + Quest + NIS (16 oz + 5 pts + 3.2 oz) 3/21/07 
11 Assure ll + COC (12 oz + 19 oz) and Chiptox + Sencor (16 oz + 4 oz) 4/19/07 
14 Clearmax + NIS + Sol. 32 (15 oz + 3.2 oz + 2.5 gal) 4/19/07 
3,10 RT-3 + Quest + NIS (32 oz + 5 pts + 3.2 oz) 5/18/07 
6,7,9,13 Harmony Extra + 2,4-D Amine + NIS(0.6 oz + 12 oz + 3.2oz) 5/18/07 
3,10 RT-3 + Quest + NIS (40 oz + 5 pts + 3.2 oz) 8/7/07 
3,10 RT-3 + Quest + NIS (40 oz + 5 pts + 3.2 oz) 8/17/07 
3,10 RT-3 + Quest + NIS (48 oz + 5 pts + 3.2 oz) 9/17/07 
   
   
Check the rates of NIS, etc. applied 
 
 
 Soil water measurements were taken throughout the growing season using a PR2® probe 
(Delta-T Devices Ltd. Cambridge, England). The probe senses the soil moisture content at 4-, 8-, 
16-, 24-, and 40-inch depths by responding to dielectric properties of the soil. Readings were 
made on two access tubes in each plot. At each reading, two measurements were taken, each 
time with the probe rotated to a different direction. 
 
Economic Analysis 
 A partial net economic analysis of the continuous cereal, wheat fallow, and winter wheat-
spring barley-fallow rotations was performed by subtracting the variable input costs from the 
gross crop value. Variable input costs for herbicides, fertilizer, and seed were based on the 
invoices for the products.  Tillage, herbicide and fertilizer application, and seeding costs were 
based on the Oregon State University Enterprise Budget for Wheat (Macnab 2003); these costs 
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include labor, equipment repairs, depreciation, etc.  The costs in these budgets were adjusted to 
reflect the increased fuel costs from 2004 to 2007.  The costs of flailing and seeding using a 
direct-seed drill were estimated. Costs were broken into crop input (planting through harvest, 
about 10 months) and fallow phase (harvest through seeding, about 14 months).  Crop value was 
determined by multiplying the crop yield by the crop price that was taken from tables prepared 
by Sandy Macnab, Sherman County Agricultural Extension Agent.  The selling price was taken 
to be the average Portland price in October of the year the grain was harvested. The costs in the 
analysis do not include counter-cyclical payments, loan deficiency payments, crop insurance, or 
fixed costs such as cash rent or taxes.  No statistical analysis was performed because of the 
limited data set (3 years) but we did calculate the standard deviation of the average as a measure 
of variability from year to year. 

 
Center of Sustainability (COS), Heppner 
 The experiment is located at the William Jepsen farm near Heppner, Oregon. In the past 5 
years COS has evaluated cropping systems that are similar to the cropping systems at Moro 
(Table 3). The COS site receives crop-year precipitation similar to Moro (11 inches), but it is 
shallower (2 ft deep) than the Moro site (more than 4 ft deep). This makes it possible to 
effectively determine the influence of soil depth on the alternate cropping systems. The cropping 
systems being evaluated at COS were modified in the 2003-2004 season to match most of the 
treatments at Moro. Data collection was the same as at Moro, but the experiment was not 
replicated. However, the experiment has very large plots that measure 80 by 900 ft and it may be 
possible to split the plots and add at least one replication. In the meantime, data will be analyzed 
using statistical methods for unreplicated studies (Perrett and Higgins 2006). 
 
 
Table 3. Cropping and tillage systems under evaluation at the Center of Sustainability (COS) 
study at Bill Jepsen’s farm near Heppner, Oregon.  
Treatment/rotation Description 
1 Conventional winter wheat/conventional fallow 
2 Winter wheat/chemical fallow-direct seeding 
3 Continuous spring barley-direct seeding 
4 Continuous spring wheat-direct seeding 
5 Continuous spring dark northern spring wheat-

direct seeding 
6 Continuous winter wheat-direct seeding 
7 Spring barley/mustard/spring wheat-direct seeding 
8 Winter wheat/mustard/chemical fallow-direct 

seeding 
9a Flex crop 
9b Flex crop 
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Results and Discussion 

 
CBARC, Moro 
Soil Water Measurements 
 Soil moisture content measurements for all winter wheat treatments from March 3, 2006 to 
August 18, 2006 are shown in Figure 1. As expected, fallow treatments retained the highest 
amount of moisture throughout this period. The amount of water stored during fallow was higher 
under conventional tillage fallow (CT fallow) than under chemical fallow. However, the CT 
fallow lost more water (26 percent) than chemical fallow after winter wheat (21 percent) and 
chemical fallow after spring barley (23 percent) from March to September. Similar to the 2005-
2006 crop-year, moisture content of plots under continuous winter wheat was higher than all 
cropped treatments beginning in May onwards, indicating that other factors were preventing the 
crop from utilizing available water. 
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Figure 1. Average soil water content under all rotations in the 0- to 40-inch depth profile from 
March to September, 2007, at Columbia Basin Agricultural Research Center, Moro, Oregon. 
Data shown are in bold for crop/treatment and in italics for the rotation. Arrow shows data on 
continuous winter wheat. 
 
Weeds 
 The weeds team evaluated downy brome (Bromus tectorum) and broadleaf weed control in 
the cropping systems under study. Table 2 shows herbicide application details for each treatment 
for 2007. Results showed that downy brome populations continue to increase in recrop direct-
seeded winter wheat (Table 4). Downy brome populations in all other treatments were negligible 
(fewer than five plants/m2). All broadleaf weed species population numbers were very low in all 
treatments. 
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Table 4. Downy brome populations in different cropping systems after herbicide treatment. 
(Moro, Oregon long-term experiment 2004-2007). 
 

   Downy brome 
 Treatment 5/5/04 5/3/05 5/19/06a 5/17/07 
   --------------no./m2--------------- 
1 WW – convenb 5 2 6 0 
2 Fallow-conven 0 1 0 2 
3 WW – DS 4 2 12 41 
4 Fallow-chem 0 2 0 3 
5 WW – DS 8 11 20 4 
6 SW – DS 0 0 0 2 
7 SB – DS 0 0 2 0 
8 WW – DS 8 0 0 0 
9 SB – DS 0 0 0 1 
10 Fallow-chem 0 5 0 3 
11 WW – DS 8 0 8 2 
12 WP – DS 2 1 0 0 
13c SW 0 0 0 1 
14d SW 0 0 0 1 
 LSD (0.05) 7 4 8 9 

a Treatments no. 1, 3, 5, 9 and 11 did not receive a grass herbicide before 5/19/06.  
bWW = winter wheat, DS = direct seeding, SW = spring wheat, SB = spring barley, WP = winter 
pea. 
cFlex crop in 2004 was spring wheat, in 2005 it was spring barley, and in 2006 it was mustard. 
 d Treatment no. 14 was plowed up in 2006. 
  
 
Diseases 
Fungal diseases of fall-planted crops: 
 All three replicates of six winter wheat and one winter pea treatment were sampled on April 
2, 2007. The incidence of lesions on subcrown internodes, caused by Fusarium crown rot, was 
highest (50-75 percent) where winter wheat was sown into the winter wheat-summer fallow 
rotations, both of which were planted early. Fusarium was much less prevalent or absent on all 
other direct-seeded plots, each of which was sown later when soil temperature was cooler. The 
severity indices for subcrown internode lesions were also highest for the early planted 
treatments. There was no statistical difference among treatments for the incidence and severity of 
Rhizoctonia root rot, Take-all, Fusarium crown rot, and Pythium root rot symptoms on seminal 
or coronal roots. Cotyledons of winter pea that was rotated with winter wheat had a moderate 
incidence (23 percent) of a blackening root rot. The cause was not determined but in previous 
years the blackening symptom was caused by Thielaviopsis basicola. A complex of Rhizoctonia 
and Pythium species caused lesions to occur on only 3 percent of tap roots and the severity of 
lesion development was low (rating of 1.2). As in previous years, vascular browning caused by 
Fusarium wilt was not detected. 
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Fungal diseases of spring-planted crops: 
 There were few or no disease symptoms on subcrown internodes of spring wheat and spring 
barley. Symptoms of infection by Fusarium and Rhizoctonia were present on seminal and 
coronal roots. Fusarium crown rot symptoms were more prevalent on seminal and coronal roots 
of spring barley compared to spring wheat. The incidence and severity of Rhizoctonia did not 
differ among the four rotations sampled. Take-all was essentially absent from these rotations. 
 
Summary of root-lesion nematode densities over treatments and years: 
  Root-lesion nematodes (mixtures of Pratylenchus neglectus and P. thornei) were the primary 
plant-pathogenic species detected in soil samples collected on April 2, 2007. At that time the 
winter crops were well established and spring crops were just being planted. Other nematode 
genera occurring in a few plots were always at very low populations and had no pattern that 
could be associated with crop rotation or the physical location of the 42 plots in the experimental 
block. The other nematodes included root-knot (Meloidogyne chitwoodi, 1 plot), stunt 
(Tylenchorhynchus and/or Geocenamus spp., 3 plots), spiral (Helicotylenchus spp.,1 plot), pin 
(Paratylenchus spp., 1 plot), and ring (Criconemoides spp., 1 plot). 
 
 Root-lesion nematode populations differed significantly among treatments during 2007. 
Populations of root-lesion nematodes were generally low in annual spring barley and in two 
phases of the three 3-year rotation treatments. Populations in winter wheat-summer fallow 
rotations (chemical vs. conventional fallow) were significantly lower in the over-wintering in-
crop phase than in the first 6 months of the fallow phase. Another component of our research 
includes soil sampling to a depth of 4 ft. Results from deep-core sampling indicate that the root-
lesion nematode populations did not significantly decline during the fallow period but became 
more deeply positioned in the soil profile. The deep-lying populations would not have been 
detected by the shallow sampling used for nematode assessments in this long-term experiment.  
 
 Patterns in root-lesion nematode populations over rotational and management sequences have 
become apparent when rotations were analyzed over the most recent 3 or 4 years of the 
experiment. Rotations with consistently lowest populations include annual spring barley and 2 of 
the 3, 3-year rotations (6A and 6B) of winter wheat, spring barley, and chemical fallow. Annual 
winter wheat is generating the highest population of root-lesion nematodes. Since the inception 
of the experiment, rotations 1B and 2B have had consistently lower lesion nematode populations 
than treatments 1A and 2A. This pattern first appeared as the experiment became established and 
may have been maintained in response to the initial year (2004) of fallow in the ‘B’ series, 
compared to 2 years of consecutive winter wheat at the beginning of the ‘A’ series. However, it 
should also be noted that populations have been consistently high in  treatment 6C with an initial 
sequence to treatment 2B. 
 
 Another way to examine the influence of crops and rotations is to evaluate the 3-year data set 
(crop years 2005-2007) for root-lesion nematode densities based on the previous crop or 
management system. That evaluation shows that populations were highest following crops of 
winter wheat, spring wheat, winter pea, and spring mustard, and lowest following spring barley 
or summer fallow, without a difference evident between chemical or conventional fallow. The 
earlier explanation of profile depth sampling indicates that the purported low populations 
following fallow may be an artifact of sampling method. However, that is not the case with 
spring barley, which is a relatively poor host for these nematode species and causes a significant 
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reduction in populations throughout the soil profile. It appears that lesion nematode numbers are 
also being maintained at a high level by winter pea in the winter pea-winter wheat rotation. 
When nematode data for crop years 2005-2007 were evaluated in the same manner as presented 
for 3-year mean grain yields, a significant (P = 0.0008; R2 = 0.8630) negative correlation is 
shown between yield and root-lesion nematode populations (Fig. 2). 
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Figure 2. Relationship between root-lesion nematode populations (RLN; expressed as the log 
transformed number/kg of soil) and yields for winter wheat, spring wheat, and spring barley 
averaged over 3 years (crop years 2005-2007), Columbia Basin Agricultural Research Center, 
Moro, Oregon.   
 
Grain Yield 
 The 2006-2007 crop-year was the fourth cropping season of this experiment. Treatments with 
2-year rotations have completed a full cycle. Two more years are required to complete a full 
cycle for treatments with 3-year rotations. Grain yields of winter wheat, spring wheat, spring 
barley, and winter pea from the 2006-2007 crop year are shown in Table 5. This crop-year had 
the second lowest precipitation (11.06 inches) and this reduced the yields of annual crops 
compared to the previous year when precipitation was high (16.92 inches). Yields of winter 
wheat after fallow were not affected, and in fact were higher than in the 2005-2006 crop-year 
when precipitation was higher. Continuous spring barley produced the highest yield compared to 
winter and spring wheat under annual cropping. This was partly due to a low density of root-
lesion nematodes in continuous spring barley compared to winter wheat, where the density was 
highest. However, continuous annual spring barley yields were not significantly different from 
yields produced by spring barley following winter wheat in the 3-year rotation (rotation 6). 
Highest yields were produced by winter wheat following either conventional or chemical fallow 
and continuous winter wheat produced the lowest yields. Results from the 2006-2007 crop-year 
indicate that soil moisture was not limiting, leading us to conclude that other factors influenced 
the yield of continuous winter wheat. Downy brome population was highest in this treatment 
(Table 2), indicating a problem with grassy weed control in this treatment. Furthermore, there 
were high incidences of root-lesion nematodes in this treatment that could have reduced yields.   
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 Based on the 3-year average (2004-2005 to 2006-2007 crop-years) winter wheat following 
fallow in a 3-year rotation with spring barley produced the highest yields, although these yields 
were not significantly different from yields of wheat after conventional fallow. The high yield 
obtained from winter wheat in the 3-year rotation with spring barley could have been partly 
attributed to low levels of root-lesion nematodes. Yield from these two rotations was 
significantly higher than yield of winter wheat following chemical fallow. Under annual 
cropping, continuous spring barley produced the highest yields followed by winter wheat after 
winter pea. Continuous winter wheat produced the lowest yields over the 3 crop-years. The 
initial yields of the experiment (2003-2004 crop-year) were left out of the averages because this 
was a set-up year and all crops followed spring wheat. 
 
 We conducted an economic analysis of the first 3 years of the trials. The annual cost of 
tillage-based fallow was $22.65 less than the average cost of chemical fallow per acre. The 
variability (standard deviation) in fallow costs was much greater in the chemical fallow than in 
conventional fallow. There were usually as many herbicide applications each year in the 
chemical-fallow treatments as there were rod-weeding operations in the tillage-fallow treatments, 
except that five herbicide applications were made in the summer of 2007 to the chemical-fallow 
treatment. The chemical-fallow cost was greater in 2005-2006 because we applied Spartan® 
herbicide, which increased the cost by $20.88/acre. Use of a less expensive herbicide would have 
reduced overall chemical fallow costs and reduced the cost advantage of tillage fallow. Crop 
value was consistently greater in the tillage fallow because the yields were greater (Table 5); the 
average crop value was $44.69/acre greater in the tillage fallow and conventional seeding than in 
the chemical-fallow and direct-seeding treatments. The crop value in 2007 was more than double 
the crop value in 2005 and 2006 because wheat prices rose to record levels in the fall of 2007.  
The Portland wheat price in October 2007 was $9.25/bu compared to the 36-year average (1970-
2006) of $3.69/bu.  The annualized total 2-year partial net return (crop value – fallow cost) was 
$32.71/acre greater for tillage fallow and conventional seeding compared to chemical fallow and 
direct-seeding, and partial net return was as much as 69 percent of the average value because of 
the record price for wheat in 2007. 
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Table 5. Comparison of fallow costs, variable cost inputs, crop value, and partial net returns from 
winter wheat in conventional fallow and chemical fallow rotations at Moro, Oregon, 2004-2007. 
 

Input Year Average Std Dev 
 2004-05 2005-06 2006-07   
Fallow phase ---------------------------- $/acre ---------------------------- 
   Chemical fallow 40.16 57.02 77.35 58.18 18.60 
   Tillage fallow 38.10 35.76 32.72 35.53 2.70 
     Difference 2.06 21.26 44.63 22.65  
      
Crop value      
   Direct seeding 190.97 228.12 546.67 321.92 195.52 
   Conventional tillage 216.60 291.24 592.00 366.61 198.73 
     Difference 25.63 63.12 45.33 44.69  
      
Crop Input Costs      
   Direct seeding 65.23 65.15 90.42 73.60 14.57 
   Conventional tillage 90.35 53.96 82.28 75.53 19.11 
     Difference 25.12 11.19 8.14 1.93  
      
Partial net return      
   Direct seeding - chem fallow 125.74 162.97 456.25 248.32 181.03 
   Conventional tillage 126.25 237.28 509.72 291.08 197.31 
     Difference 0.51 74.31 53.47 42.76  
      
Annualized partial net return      
   Direct seeding - chem fallow 42.79 52.98 189.45 95.07 81.89 
   Conventional tillage 44.08 100.76 238.50 127.78 99.98 
     Difference 1.29 47.78 49.05 32.71  
 
 
 Continuous cropping using direct-seeding provides essentially continuous soil cover and 
offers the greatest potential to reduce erosion and halt the decline of soil organic matter of the 
cropping systems we are studying in these trials.  Yields were low in 2005 for all cereal crops 
because the crop year precipitation was only 7.88 inches compared to the long-tem average of 
11.9 inches. Annual input costs for continuous winter wheat averaged $69.25/acre (Table 6) 
compared to $56.84/acre for continuous spring wheat and $49.79/acre for continuous spring 
barley. The greater input cost for continuous winter wheat was primarily for additional 
herbicides compared to the continuous spring crops. Input costs for spring wheat were somewhat 
greater than for spring barley due to increased seed cost and slightly higher N rates. The annual 
partial net return for continuous winter wheat was $68.95/acre compared to $116.44/acre for 
continuous spring wheat and $124.41/acre for continuous spring barley.  
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Table 6. Comparison of variable cost inputs, crop value, and partial net returns from continuous 
winter wheat, spring wheat, and spring barley at Moro, Oregon, 2004-2007. 

Input Year Average Std Dev 
Crop 2005 2006 2007   
 ----------------------------- $/acre† ------------------------------ 
Continuous winter wheat      
   Input costs 80.79 59.84 67.13 69.25 10.63 
   Crop value 38.27 91.45 284.90 138.20 129.79 
   Partial net return (42.52) 31.61 217.77 68.95 134.10 
      
Continuous spring wheat      
   Input costs 49.02 51.28 70.22 56.84 11.65 
   Crop value 36.46 187.37 296.00 173.28 130.34 
   Partial net return (12.56) 136.09 225.78 116.44 120.48 
      
Continuous spring barley      
   Input costs 42.32 45.37 61.67 49.79 10.41 
   Crop value 28.70 244.80 249.10 174.20 126.03 
   Partial net return (13.62) 199.43 187.43 124.41 119.69 
† Parentheses indicate loss       
 
 
 
 A 3-year rotation consisting of winter wheat-spring barley-chemical fallow has 2 crops in 3 
years and places the winter wheat immediately after the fallow to maximize the yield potential of 
the higher value cereal in the rotation. The use of 2 crops in 3 years with direct seeding provides 
continuous soil coverage to minimize erosion and the fallow phase provides an opportunity for 
improved weed control in addition to storing moisture for the winter wheat crop. Crop input and 
yield data from all 3 phases of the 3-year rotation are available (Table 7).  The crop value varies 
for each cycle because the crop price varied during the 3 years of the crop cycle, as did the 
fallow costs because of increasing fuel and fertilizer costs.  To assess the crop input costs and 
crop returns during the 3 years, we annualized the partial net return. The average partial net 
return was $119.57/acre with a standard deviation of only $28.41, the smallest standard deviation 
of any rotation we examined. 
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Table 7. Comparison of variable cost inputs, crop value, and partial net returns from the winter 
wheat-spring barley-chemical fallow treatment at Moro, Oregon, 2004-2007. 
 

Crop Cycle Average Std Dev 
 1 2 3   
 ----------------------------- $/acre† ------------------------------ 
      
Fallow 56.81 42.12 53.76 50.90 7.75 
      
Winter wheat      
   Input costs 83.16 61.85 66.73 70.58 11.16 
   Crop value 601.25 282.79 228.15 370.73 201.50 
   Partial net return 518.09 220.94 161.42 300.15 191.07 
      
Spring barley      
   Input costs 42.32 63.83 69.95 58.70 14.51 
   Crop value 31.78 227.90 244.80 168.16 118.41 
   Partial net return (10.54) 164.07 174.85 109.46 104.06 
      
Annualized partial net return 150.25 114.30 94.17 119.57 28.41 
† Parentheses indicate loss       
  
 
 The summary partial net returns for the cereal-based rotations in the study are shown in 
Table 8. Winter wheat tillage-fallow resulted in the largest average partial net return during the 3 
years of the study, followed by continuous spring barley and the 3-year rotation. The standard 
deviations of the partial net returns of continuous cropping are much higher than those for 2- or 
3-year rotations indicating that annual cropping is riskier than cropping systems with 2- or 3-year 
rotations. The 3-year rotation had the lowest standard deviation, indicating that the partial net 
return is most stable over time. 
 
Table 8. Average annualized partial net returns from cereal-based rotations at Moro, Oregon, 
2004-2007. 
 

Rotation 
 

Annual partial net 
return 

Std Dev 

 ------------- $/acre ------------- 
Conventional fallow-winter wheat $127.78 $99.98 
Chemical fallow-direct seed winter wheat $95.07 $81.89 
   
Continuous spring wheat $116.44 $120.48 
Continuous spring barley $124.41 $119.69 
Continuous winter wheat $68.95 $134.10 
   
Winter wheat-spring barley-chemical fallow $119.57 $28.41 
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 These results must be interpreted with caution; we have only 3 years of data and an 
additional 3 years of data will allow for a more accurate comparison of the rotations. This partial 
economic analysis does not include any counter-cyclical payments, loan deficiency payments, 
crop insurance, or fixed costs such as cash rent or taxes, nor does it include any Conservation 
Security Program payments.  The addition of these costs and payments will change the net 
returns in these systems and may affect the overall ranking of the rotations. Finally, and perhaps 
most importantly, this analysis does not include any offsite or societal costs that may result from 
soil erosion, loss of soil organic matter, and other factors. 
 
 
Center of Sustainability, Heppner 
Grain Yield 
 Grain yields obtained in the 2006-2007 crop-year are shown in Table 9. Under continuous 
cropping, spring barley produced the highest yield followed by winter wheat. Dark northern 
spring wheat produced the lowest yield. Under 2-year rotations, winter wheat, following CT 
fallow produced higher yields than winter wheat after chemical fallow. Based on the 3-year 
average (2004-2005 to 2006-2007) annualized yields, continuous spring barley produced the 
highest yields followed by continuous winter wheat (Table 10). Continuous spring wheat 
produced the lowest yields. Winter wheat after either conventional fallow or chemical fallow 
produced much higher yields than continuous crops, but annualized yields were similar to yields 
from continuous winter wheat. The experiments will run for 2 more crop-years for all rotations to 
complete a full cycle.  
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Table 9. Grain yield of winter wheat, spring wheat, spring barley, and winter peas under different 
cropping systems at Columbia Basin Agricultural Research Center, Moro, Oregon. 

Rotation† Grain yield (bu/acre)‡ 
Annual cropping 2003-04 2004-05 2005-06 2006-07 3-year 

average 
Continuous winter wheat† 50.88ab 10.57c 18.41d 30.76ef 19.91e 
Continuous spring wheat 39.39c 10.10c 37.71bc 32.01e 26.61d 
Continuous spring barley 54.31a 11.61c 63.56a 39.31d 38.16c 
2-year rotations      
Conventional fallow-Winter 
wheat 

48.06b 57.99a 58.62a 63.95ab 60.19a 

Chemfallow-Winter wheat 48.83ab 52.91ab 45.88b 59.18b 52.66b 
Winter wheat-winter pea  9.13c 17.13d 9.49g 11.92f 
Winter pea-winter wheat 48.53ab 40.52ab 32.76c 35.96de 36.41c 
3-year rotations      
Chemfallow-winter wheat-spring 
barley 

50.08ab 63.24a 56.93a 65.04a 61.74a 

Winter wheat-spring barley-
chemfallow 

40.61c 12.76c 57.99a 35.81de 35.52c 

Flex Crop      
Spring barley-spring wheat 36.95c 12.87c -   
Spring wheat-spring barley 41.83c 13.83bc -   
Spring wheat-mustard - - 13.61d   
Mustard-spring wheat-    29.00f  
Fallow (canola)-winter wheat    51.47c  
Precipitation (mm) 11.91 7.88 16.92 11.06  
†All plots are direct seeded except the conventional fallow treatments (rotation 1). 
‡ Means with similar letters are not significantly different 
 
 
Table 10. Grain yield (lbs/acre) of winter wheat, spring wheat, and spring barley under different 
cropping systems at the Center of Sustainability, Heppner, Oregon. 
 Continuous cropping 2-year rotations  
Rotation 3 4 5 6 1 2 Precip 

(in) 
Year Cont. 

S barley 
Cont. 

S wheat 
Cont. 
DNSa 

Cont. 
W wheat 

W wheat 
after conv. 

fallow 

W. wheat 
after chem. 

fallow 

Sept-June 

2004-05 42 16 23 25 68 71 9.4 
2005-06 52 29 28 34 47 56 14.5 
2006-07 47 29 25 33 62 56 12.26 
Mean 47 25 25 31 59 61 12.05 
Annual 47 25 25 31 30 31  
aDNS = dark northern spring wheat. 
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AVERAGE MAXIMUM TEMPERATURE SUMMARY - MORO 
 

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

 
 

Crop Yr. Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug MAX 

79 Year 
Average 

75 62 47 39 37 43 51 59 67 74 83 82 111 

1986-87 67 65 48 34 36 44 51 63 70 78 78 82 98 

1987-88 78 68 49 36 35 47 52 59 63 70 83 81 100 

1988-89 74 71 49 39 44 32 48 62 66 76 78 77 99 

1989-90 76 61 51 40 43 45 54 63 64 73 87 82 106 

1990-91 80 60 52 34 39 51 49 58 62 68 83 86 98 

1991-92 78 64 46 40 43 48 57 61 72 81 82 84 103 

1992-93 71 62 46 37 30 35 47 57 71 71 73 80 95 

1993-94 78 66 45 38 48 41 57 62 69 73 88 82 106 

1994-95 80 62 45 42 37 49 52 57 68 71 81 78 96 

1995-96 78 61 53 38 42 40 50 59 61 73 88 84 103 

1996-97 72 61 47 42 40 45 53 57 71 73 80 85 99 

1997-98 76 61 49 41 42 47 52 58 63 73 88 85 106 

1998-99 81 62 50 41 47 48 52 57 64 71 81 83 100 

1999-00 76 62 51 42 37 42 51 62 64 74 80 81 97 

2000-01 72 60 41 36 36 42 54 57 71 72 81 85 100 

2001-02 78 61 49 40 42 47 48 58 65 76 84 81 104 

2002-03 76 61 49 40 43 47 56 57 66 78 88 84 102 

2003-04 78 67 44 38 33 43 57 63 67 77 85 84 100 

2004-05 72 63 51 44 40 48 57 59 50 72 85 86 100 

2005-06 73 62 45 35 45 44 50 59 68 75 87 82 104 

2006-07 77 63 47 37 38 45 55 57 69 74 86 80 95 

2007-08 74 59 48 41 38 48 51 54      

10 Year 
Average 

76 62 48 39 40 45 53 59 65 74 85 83 106 

20 Year 
Average 

75 63 48 39 40 44 52 59 66 74 83 83 106 
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AVERAGE MINIMUM TEMPERATURE SUMMARY - MORO 
 

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

 
 
 

Crop Yr. Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug MIN 

79 Year 
Average 

46 38 31 26 24 28 32 36 42 48 54 53 -24 

1987-88 49 38 32 25 25 29 33 39 41 48 52 50 4 

1988-89 45 42 34 27 29 16 31 38 43 49 53 53 -15 

1989-90 46 37 34 26 31 26 32 39 41 48 56 55 13 

1990-91 49 37 35 17 22 33 30 36 41 46 54 56 -16 

1991-92 47 37 33 30 31 35 35 40 45 53 55 54 12 

1992-93 45 39 33 22 17 20 31 36 46 49 50 51 -3 

1993-94 46 40 22 28 32 25 33 39 45 48 56 54 -3 

1994-95 48 36 30 28 25 32 31 36 45 49 55 50 -2 

1995-96 49 38 36 28 27 23 32 37 40 47 55 52 -15 

1996-97 44 38 31 27 26 29 34 36 45 48 53 56 7 

1997-98 49 38 33 28 27 32 33 36 43 48 57 54 2 

1998-99 50 34 35 25 30 30 30 34 39 47 51 56 -2 

1999-00 44 35 35 30 25 29 33 38 42 46 52 52 13 

2000-01 52 38 27 25 26 26 32 35 43 47 54 56 10 

2001-02 49 36 33 29 29 28 29 35 41 51 55 51 3 

2002-03 45 33 27 33 33 29 35 35 42 50 57 56 7 

2003-04 49 42 27 28 22 29 36 37 44 49 56 58 -6 

2004-05 47 40 31 29 25 26 33 36 45 45 52 54 6 

2005-06 45 39 29 22 32 25 31 36 43 50 57 52 6 

2006-07 45 37 31 24 23 30 34 35 42 49 58 52 4 

2007-08 45 36 29 27 22 30 29 31     5 

10 Year 
Average 

47 37 31 28 27 28 33 36 42 48 55 54 -6 

20 Year 
Average 47 38 32 27 27 28 32 37 43 48 54 54 -16 
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AVERAGE MAXIMUM TEMPERATURE SUMMARY - PENDLETON 
 

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

 
 

Crop Yr. Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug MAX 

78 Year 
Average 

78 65 49 42 40 46 54 62 71 79 89 88 115 

1987-88 83 72 52 41 40 50 56 64 69 77 90 88 102 

1988-89 79 74 52 41 45 33 52 64 69 81 88 83 101 

1989-90 80 65 54 40 44 46 57 68 68 78 92 87 108 

1990-91 85 64 55 35 40 55 52 62 66 73 89 91 100 

1991-92 82 67 48 43 44 51 59 65 76 86 86 89 104 

1992-93 76 67 46 40 33 36 50 61 74 76 79 83 98 

1993-94 81 68 46 41 49 42 58 65 72 78 92 88 107 

1994-95 82 63 46 43 41 52 55 60 70 75 88 84 98 

1995-96 81 63 54 40 43 42 52 63 65 78 92 89 107 

1996-97 75 64 48 44 41 45 55 60 74 77 86 90 102 

1997-98 79 65 50 41 47 53 55 61 67 78 95 92 111 

1998-99 83 66 53 44 50 51 55 61 68 78 88 89 103 

1999-00 80 66 56 45 42 47 53 67 70 78 88 89 105 

2000-01 75 63 44 38 39 44 58 60 75 77 87 91 102 

2001-02 83 65 52 44 46 51 49 62 69 81 93 86 110 

2002-03 80 64 52 45 46 49 58 61 70 84 94 90 107 

2003-04 83 71 49 44 34 48 61 66 67 78 91 89 103 

2004-05 77 67 53 47 44 51 61 64 71 77 91 90 102 

2005-06 78 67 48 39 53 47 54 62 72 79 87 82 104 

2006-07 79 64 52 40 39 47 59 61 72 80 92 86 106 

2007-08 78 64 51 43 40 50 53 60      

10 Year 
Average  

80 66 51 43 44 49 56 62 70 79 91 88 111 

20 Year 
Average 

80 66 51 42 43 47 56 63 70 78 89 88 111 
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AVERAGE MINIMUM TEMPERATURE SUMMARY - PENDLETON 
 

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

 
 
 

Crop Yr. Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug MIN 

78 Year 
Average 

43 35 31 27 24 28 32 36 42 47 51 50 -30 

1987-88 43 29 32 25 24 26 31 39 42 48 51 47 3 

1988-89 42 39 35 27 28 15 33 39 42 48 49 52 -18 

1989-90 41 35 34 26 31 26 31 38 42 49 54 53 -4 

1990-91 45 36 35 14 23 34 31 36 42 46 51 53 -26 

1991-92 42 33 34 30 33 34 32 39 41 51 53 52 11 

1992-93 43 37 34 24 16 21 31 38 47 49 51 50 -12 

1993-94 42 37 19 30 32 26 32 40 45 47 53 51 -4 

1994-95 44 34 32 28 28 31 32 36 42 47 54 47 -5 

1995-96 47 36 36 29 27 22 33 38 41 45 53 51 -21 

1996-97 42 37 31 28 24 30 35 36 44 48 51 53 -3 

1997-98 47 35 34 28 29 33 33 35 43 48 57 52 3 

1998-99 49 33 36 26 32 32 33 32 39 47 49 54 -5 

1999-00 38 32 36 32 29 32 31 37 44 46 51 48 19 

2000-01 45 37 27 27 28 27 32 36 42 47 52 52 16 

2001-02 45 34 34 28 28 29 30 34 40 50 54 48 18 

2002-03 42 29 30 32 34 29 37 37 43 47 53 51 9 

2003-04 46 40 26 29 21 30 34 35 43 48 52 55 -20 

2004-05 44 38 31 30 26 22 32 36 45 45 52 49 11 

2005-06 39 37 31 24 34 25 33 36 40 49 57 52 3 

2006-07 44 33 33 26 23 30 33 34 41 48 55 49 3 

2007-08 41 35 29 28 22 30 31 31     -2 

10 Year 
Average 

44 35 32 28 29 29 33 35 42 47 53 51 -20 

20 Year 
Average 44 35 32 27 28 28 32 37 42 48 53 51 -26 
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PRECIPITATION SUMMARY - PENDLETON 
 

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

 
 

Crop Yr. Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Total 

78 Year 
Average 

 
.72 

 
1.36 

 
2.09 

 
2.05 

 
1.95 

 
1.53 

 
1.74 

 
1.53 

 
1.50 

 
1.23 

 
.33 

 
.46 

 
16.49 

1987-88 .04 0 1.44 1.61 2.60 .32 1.65 2.59 1.79 .94 0 0 12.98 

1988-89 .40 .08 3.65 1.10 2.86 1.55 2.95 1.94 2.19 .33 .15 1.19 18.39 

1989-90 .24 1.00 1.65 .49 1.43 .63 1.89 1.77 2.14 .70 .37 .76 13.07 

1990-91 0 1.37 1.73 1.18 1.15 .86 1.71 1.01 4.73 2.22 .15 .24 16.35 

1991-92 .03 .89 4.18 .97 .96 1.34 .85 1.29 .20 .90 1.74 .78 14.13 

1992-93 .58 1.70 2.61 1.30 2.43 1.04 2.32 2.67 1.58 2.01 .47 2.60 21.31 

1993-94 0 .30 .49 1.91 2.38 1.67 .52 1.18 2.88 .75 .33 .07 12.48 

1994-95 .76 1.44 3.77 1.83 2.75 1.15 2.35 2.92 1.56 1.73 .22 .41 20.89 

1995-96 .93 1.35 2.95 2.37 2.79 2.45 1.49 2.33 2.00 .39 0 .05 19.10 

1996-97 .66 1.99 3.05 4.23 2.74 1.60 3.00 2.46 .46 1.10 .36 .02 21.67 

1997-98 .88 1.34 1.59 1.41 2.84 .87 1.43 1.30 3.12 ..51 .18 .10 15.57 

1998-99 1.24 .40 4.71 2.96 1.18 2.16 1.23 .99 1.65 .61 .04 1.18 18.35 

1999-00 0 1.75 2.17 1.88 2.39 3.35 3.39 .65 1.98 1.39 .31 0 19.26 

2000-01 1.75 3.84 1.61 .84 1.29 .89 1.42 2.13 .75 1.47 .55 0 16.54 

2001-02 .36 1.91 1.88 1.02 1.36 1.33 1.41 1.12 1.02 1.39 .23 0 13.03 

2002-03 .24 .61 1.09 3.06 3.25 2.18 2.20 1.78 1.01 0 0 .23 15.65 

2003-04 .70 .68 1.68 3.33 2.77 2.29 .85 2.03 2.78 1.88 .12 .91 20.02 

2004-05 .54 .75 2.09 1.08 .53 .33 1.76 1.41 2.80 .66 .19 .01 12.15 

2005-06 .06 1.37 1.64 2.14 3.45 1.00 2.50 2.84 1.57 2.18 .11 0 18.86 

2006-07 .73 .84 3.53 2.31 .64 1.76 1.64 1.10 .95 1.15 .32 .36 15.33 

2007-08 .26 1.30 2.10 2.35 1.79 .63 2.22 .50      

10 Year 

Average 

 
.65 

 
1.35 

 
2.20 

 
2.00 

 
1.97 

 
1.62 

 
1.78 

 
1.54 

 
1.76 

 
1.12 

 
.21 

 
.28 

 
16.48 

20 Year 
Average 

 
.51 

 
1.18 

 
2.38 

 
1.85 

 
2.09 

 
1.44 

 
1.83 

 
1.78 

 
1.86 

 
1.12 

 
.29 

 
.45 

 
16.76 
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PRECIPITATION SUMMARY - MORO 
 

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

 
 

Crop Yr. Sept Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Total 

98 Year 
Average 

 
.56 

 
.92 

 
1.69 

 
1.67 

 
1.61 

 
1.15 

 
.95 

 
.80 

 
.84 

 
.68 

 
.22 

 
.28 

 
11.37 

1987-88 .07 .01 .66 3.23 1.60 .21 1.25 2.21 .55 1.02 .04 0 10.85 

1988-89 .56 .02 2.51 .22 1.33 .77 1.91 .84 .91 .08 .11 .50 9.76 

1989-90 .07 .59 .96 .48 1.91 .17 .76 .79 1.36 .39 .15 1.43 9.06 

1990-91 .29 1.27 .61 .74 .87 .60 1.43 .40 .77 1.27 .33 .16 8.74 

1991-92 0 1.40 2.57 1.02 .47 1.64 .64 2.38 .04 .28 .81 .02 11.27 

1992-93 .68 .85 1.50 1.68 1.42 1.47 1.68 1.22 1.42 .87 .39 .30 13.48 

1993-94 .02 .09 .41 .68 1.40 .90 .55 .40 .62 .61 .11 .07 5.86 

1994-95 .19 2.27 1.79 .90 3.67 1.18 1.14 1.95 .97 1.45 1.10 .17 16.78 

1995-96 1.02 .64 3.20 2.20 1.86 2.43 .65 1.57 1.44 .36 .15 .03 15.55 

1996-97 .55 1.56 2.63 4.18 1.57 .84 1.28 1.26 .55 .56 .13 .57 15.68 

1997-98 .46 1.61 .66 .29 2.49 1.30 1.02 .66 3.15 .26 .26 .06 12.22 

1998-99 .38 .16 2.57 1.34 1.34 1.00 .51 .06 .56 .11 .09 .23 8.35 

1999-00 0 .83 1.62 .62 1.77 2.43 .76 .44 .48 .20 0 0 9.15 

2000-01 .30 1.39 .60 .35 .43 .53 .81 .71 .34 .50 .02 .23 6.21 

2001-02 .53 1.03 2.02 1.17 .68 .65 .42 .38 .66 .85 .04 0 8.43 

2002-03 .02 .27 .59 2.65 1.92 1.26 .90 1.00 .21 0 0 .47 9.29 

2003-04 .25 .65 .73 2.44 1.58 1.47 .61 .79 .93 1.11 .29 1.06 11.91 

2004-05 .47 .79 .32 1.55 .42 .12 .77 .75 2.44 .13 .12 0 7.88 

2005-06 .05 1.81 1.88 3.65 2.67 1.05 .63 1.80 1.83 1.49 .06 .02 16.94 

2006-07 .02 .77 3.17 2.51 .84 .78 .66 .93 .34 .55 .04 .45 11.06 

2007-08 .24 2.03 1.75 .72 1.28 .41 .64 .35      

10 Year 
Average 

 
.25 

 
.93 

 
1.42 

 
1.66 

 
1.41 

 
1.06 

 
.71 

 
.75 

 
1.09 

 
.52 

 
.09 

 
.25 

 
10.14 

20 Year 
Average 

 
.30 

 
.90 

 
1.55 

 
1.59 

 
1.51 

 
1.04 

 
.92 

 
1.03 

 
.98 

 
.60 

 
.21 

 
.29 

 
10.92 
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