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2025 Field Days and Tours

ﬂf’ WASHINGTON STATE
‘V UNI VERSITY

Western Wheat Workers Field Tour - May 29 Cook Agronomy Farm Spring Canola Crop
Horse Heaven Crop Tour - June 3 Tour - June 20

Ritzville Crop Tour - June 5 Eureka Crop Tour - June 23
Harrington Crop Tour - June 9 Walla Walla Crop Tour - June 23
WSU Weed Tour - June 11 Waitsburg Crop Tour - June 2.4

Lind Field Day - June 12 Reardan Crop Tour - June 24

Moses Lake Crop Tour - June 16 Almira Crop Tour - June 24

Mayview (Cereals) Crop Tour - June 17 WSU Potato Field Day - June 26
Mayview (Spring Canola) Crop Tour - June 17 WSU Wilke Farm Field Day - June 26
Fairfield Crop Tour - June 18 Dayton Crop Tour - June 27
Farmington Crop Tour - Junc 18 St. John Crop Tour - June 30

Palouse Crop Tour - June 20 Bickleton Field Day - July 1

For more information on Washington State University events, see the Events Calendar on the Dept. of Crop and Soil

Sciences site: https:/ css.wsu.edu events

Pendleton Station Field Day - Junc 10

Sherman Station Field Day - June 11

For more information on Oregon State University events, sce the 2023 Field Day page on the Columbia Basin

Agricultural Research Center site: https: agsci.oregonstate.edu cbare field-days 2025-field-days

Winter Canola Crop Tour; Camas Prairie Area - June 3
Lewiston Twilight Tour - June16
UL & McGregor Crop Tour at Bonners Ferry - June 18
Ul /Limagrain Cereal Sceds Collaborative Crop Tour; Genesee Area - June 23
Prairie Area Crop and Conservation Tour - June 2.4
Ul /Palouse CD Conservation Tour - June 25

For more information on University of Idaho events, sce the Events page on the College of Agriculture and Life

Sciences site: https:  uidaho.edu cals news calendar
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Washington State University
Cooperative Personnel and Area of Activity

Elizabeth Cantwell
Wendy Powers

Lynne Carpenter-Boggs
Scot 'L TTulbert

Vicki McCracken

Luz Maria Gordillo
Nancy Deringer

President, Washington State University

Cashup Davis Family Endowed Dean of the College of Agricultural, Human, and Natural Resource Sciences
Chair, Department of Crop and Soil Sciences

Senior Associate Dean for Operations; Associate Dean for Research

Associate Dean & Director, Extension

Assistant Dean for Diversity, Equity, and Inclusive Excellence

Interim Associate Dean of Student Success & Academic Programs

Agronomy, Conservation Systems, Soil Fertility, and Oilsceds

J. Antonangelo 509-335-4877. joao.antonangelo@wsu.edu
1.C. Burke 509-335-2858
A. Esser. 509-660-0566
J. Ford 509-990-6316.
D. Huggins, USDA 509-335-3379)
RT. Koenig 509-335-2726
C. Neely. 509-335-1205
M.M. Neft. 5093357705
S. Singh 005-592-0413
S. Singh 509-677-3671
R. Wieme 509-524-2685 rachel.wieme @wsu.edu
D Appct, J. Braden, A. Heathman, C. Hoffman, /. Morse, O. Raabe, . Reardon, S. Schofstoll, R. Sloot, . Warner

icburke@wsu.edu
aarons@wsu.cdu
jesse.fordawsu.edu

dhuggins@wsu.edu
richk@wsu.cdu
clark.neelvi@wsu.edu
mmneffi@wsu.edu
shikha.singh@wsu.cdu

surendra.singh@wsu.edu

Breeding and Genetics of Pulse Crops
DRY PEAS, LENTILS, AND CHICKPEAS
G. Vandemark, USDA 509-335-7728
1! Chen, J. Haines, S.L. McGrew; J. Pfafi, N. Picrre-Pierre, A. Stanley
DRry BEANS
P. Miklas, USDA
P Mcagher

ocorgevandemark @usda.gov

509-786-9258 phil.miklas @usda.gov

Cereal Breeding, Genetics, and Physiology
WHEAT BREEDING & GENETICS

K. Garland-Campbell, USDA

509-335-0582

A.H. Carter.

kim.garland-campbell@usda.gov

509-335-6198

K.S. Gill

509-335-4666

ksgillawsu.edu

S.S. Jones

360-416-5210

joness@wsu.edu

M.M. Neff.

509-33577705

Joness@wsu.edu
mmneffi@awsu.cdu

M.O. Pumphrey.

509-335-0500.

m.pumphrey@wsu.edu

karen .san;zui net@wsu.edu

K. Sanguinet
D.R. See, USDA

509-335-3062
509-335-3632

deven.sec@wsu.edu

C. Steber, USDA
A. Thompson, USDA

509-335-2887.

camille.steber@usda.gov

alison.thompson@usda.gov

BARLEY BREEDING & GENETICS
B. Brueggeman

509-336-5194

O, Avegbidun, M. Baldrige, K. Balow; B. Bellinger; S. Conrad, B. Conway; . DeMacon, 12 DeMacon, J. Jenkins, V. Jitkov;
B. Kelley; E. Klarquist, M. Lenssen, K. Leonard, B, Libey; S. Lyon, G. Mikhaylenko, W, Nvongesa, R. Parveen, S. Peery; K. Ferson,
D, Renteria, M. Russo, S. Rvnearson, R. Sloot, A. Waziri, N. Wen, /. Wheeler; M. White, M. Wood, D. Zborowski

bob.brucggeman@wsu.cdu

S Clare, K. Klein
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Crop Discases - Soilborne Pathogens
WHEAT HEALTH

D. Mavrodi, USDA 509-335-0582 dmitri.mavrodii@usda.gov
T. Paulitz, USDA 509-335-7077 timothy.paulitz @usda.gov
L. Thomashow, USDA 509-335-0930. linda.thomashow@usda.gov
D. Weller, USDA 509-335-6210. david.weller@usda.gov
RUSTS, SMUTS; FOLIAR, VIRUS AND BACTERIAL DISEASES

W. Chen, USDA 509-335-9178 weidong.chen@usda.gov
X.M. Chen, USDA 509-335-8086. xianming.chen @usda.gov
K. Evans, USDA 509-335-8715 kent.evans@usda.gov
M.N. Wang 509-335-1596 mcinan_wang@wsu.cdu

Soil Microbiology

L. Carpenter-Boggs 509-335-1533 Icboggs @wsu.edu
M. Friesen 509-335-5805 m.fricsen@wsu.cdu
J.C. Hansen, USDA 509-335-7028 jeremy.hansen@usda.gov
T. Sullivan 509-335-4837. tsullivan@wsu.cdu

A. Almesmari, H, Delgado

Weed Management

1.C. Burke 509-335-2858 icburke@wsu.edu
O. Landau, USDA 847-345-5931 olivia.landau@usda.gov
DJ. Lyon 509-335-2901 drew.lyon@wsu.cdu

D Appel, 1. Lanc, R. Sloot, M. Thorne

Wheat Quality and Variety Evaluation
WHEAT QUALITY
S. Finnie, USDA 509-335-4062 scan.finnic@usda.gov
G. Alfaro, K. Bodcau, S, Daba, M. Harlan, /. Jenkins, V.J. Kelley; E. Klarquist, S. Lenssen, K. Leonard, A. Kiszonas, J. Luna,
1! McGuire, J. Mclane, G. Mikhayvienko, G. Peden, M. Russo, R. Saam, S. Svkes, D, Zborowski
WSU EXTENSION CEREAL VARIETY TESTING

B. Brueggeman 509-336-5194 bob.brucggeman @wsu.cdu
K. Garland-Campbell, USDA 509-335-0582 kim.garland-campbell@usda.gov
A.H. Carter. 500-335-6198 ahcarter@wsu.cdu
K. Effertz 701-471-2063 karl.effertzawsu.cdu
M.O. Pumphrey. 509-335-0509. m.pumphrey@wsu.cdu

A. Brown, P DeMacon, V. Jitkov

WSCIA Foundation Seed Service & Certification

rebecca@washingtoncrop.com

chevana@ \\"dShin;{t( NCrop.com

aaron@ \\"dShin;{t( NCrop.com

R. Hulsey-Griftith 509-334-0461
C. James 509-592-4515
A. Jeschke 509-334-0461
D. Krause 509-592-4515
C. Loomis 509-334-0461
K. Whetzel 509-334-0461

darryl@washingtoncrop.com
chris@washingtoncrop.com

Field Stations
WSU LIND DRYLAND RESEARCH STATION
C. Odegaard, Farm Manager. 509-677-3071

katic@washingtoncrop.com

carson.odegaard @wsu.cdu

WSU PLANT PATHOLOGY FARM, SPILLMAN FARM, AND COOK FARM
WSU/USDA-ARS PALOUSE CONSERVATION FIELD STATION

F. Ankerson, Farm Manager: 509-335-3081
WSU WILKE FARM
A. Esser, Adams Co. Director: 509-659-3210.

fca@wsu.cdu
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C. Scott Green
Michael P. Parrella
Matt Powell
Barbara Petty

President, University of Idaho
Dean, College of Agricultural and Life Sciences

Interim Associate Dean of Research & Director of Idaho Agricultural Experiment Station

Associate Dean & Director of Extension

D. Finkelnburg
X. Liang

208-799-3096
208-397-7000X110

xliang @uidaho.edu

imarshall@uidaho.cdu

J. Marshall
N. Olsen

208-529-8376.
208-423-6034

norao@uidaho.cdu

K. Schroeder.

kschroeder@uidaho.edu

208-885-5020

J. Spackman

208-844-6323

jspackman@uidaho.cdu

R. Spear.

208-397-7000

rhetts@uidaho.edu

J.Chen

. Beek, M. Greany; A. Kinzer; C. Lowder; R. Portenicr; C. Poulson, L. Schrocder; L. Woodcll

208-397-4162 X229

jchen@uidaho.edu

kkhadka@uidaho.cdu

K. Khadka
J. Marshall

208-885-6710.
208-529-8376

jmarshall @uidaho.edu

K. Schroeder.

kschroeder@uidaho.edu

208-885-5020.

Y. Wang

208-885-9110.

ywang@uidaho.cdu

L-M. Dandurand

M. Greany; C. Horsch, A. Kinzer;

7. Uhlenkort, S. Windes

Imd@uidaho.cdu

K. Duellman

208-885-6080
208-529-8376.

kduellman@uidaho.cdu

akarasevi@uidaho.cdu

A. Karasev.
J. Marshall

208-885-2350.
208-529-8376.

jmarshall @uidaho.edu

B. Schroeder.

bschroeder@uidaho.cdu

208-339-5230.

K. Schroeder.

208-885-5020

kschroeder@uidaho.cdu

P. Wharton

208-397-7000 X108

pwharton@uidaho.edu

208-722-6701

jwoodhall@uidaho.cdu

J. Woodhall

C. Pizolotto

S. Adhikari

B. Amiri, M. Chikh Al /. Chojnacky; J. Dahan, M. Harrington, A. Kud, M. Lent, . Malek, K. Malek, M. Murdock, G. Orellana,

subodha@uidaho.cdu

sanforde @uidaho.cdu

S. Eigenbrode
M. Schwarzliender:

208-885-2972
208-885-9319

markschw@uidaho.cdu

E. Wenninger.

208-423-6677.

D, Carmona, I Garcia, B. Harmon, S. Odubivi, D. Sirengo, L. Standley; A. Stanzak

criki@uidaho.cdu
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E. Brooks 208-885-6562 cbrooks@uidaho.cdu
J. L 208-885-1015 liujunl@uidaho.cdu
R. Mahler. 208-885-7025 bmahler@uidaho.cdu
J. Spackman 208-844-6323 jspackman@uidaho.cdu
D. Strawn 208-885-2713 dgstrawn @uidaho.cdu
A. Crump

A. Adjesiwor. 208-423-6616 aadjesiwor@uidaho.edu
J. Campbell 208-8835-7730 jecampbel @uidaho.edu
T. Prather. 208-885-9246 tprather@uidaho.cdu

B Beutler, /. Gromm, L. Jones, 1. keeth, 1" Rauch

UI PARKER FARM
R. Patten, Farm Manager. 208-885-3276. rovp@uidaho.edu
Ul KAMBITSCH FARM

A. Pope, Farm Supervisor. 208-790-5007. austinp@uidaho.cdu

Photo by Tristan Blain.
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Jayathi Murthy
Staci Simonich

Oregon State University
Cooperative Personnel and Area of Activity

President, Oregon State University
Dean and Rueb Long Professor, College of Agricultural Sciences

Director, Oregon Agricultural Experiment Station

Shawn Donkin

Associate Dean of Rescarch, College of Agricultural Sciences

Associate Director, Oregon Agricultural Experiment Station

Manoj Shukla
Joey Spatafora
Francisco Calderon

Agronomy

Department Head, Crop and Soil Science
Department Head, Botany and Plant Pathology
Director, Columbia Basin Agricultural Rescarch Center

D. Long, USDA (retired) 541-969-6122
S. Machado. 541-278-4416

junco.hyemalis @prontonmail.com

stephen.machado@oregonstate.cdu

R. Chambers, L. Kricte, L. Pritchetr

Wheat Breeding

K. Garland Campbell, USDA 208-310-9876

kim.garland-campbelli@usda.cov

Chemistry - Wheat

sam.birikorang@usda.gov

gracbner@oregon state.cdu

larry.lutcher@oregonstate.cdu

jordan.malevi@oregonstate.cdu

jacob.powell@oregonstate.edu

darrinawalenta@oregonstate.cdu

A. Ross 541-278-4403
Extension
R. Gracbner. 3541-359-7151
L. Lutcher. 541-676-9642
J- Maley. 541-384-2271
J. Powell 341-208-3581
D. Walenta 341-963-1010.
D. Wysocki 541-969-2014

M. THunt. D, Rudomctkin, A. Wernsing

Soil Microbiology
C. Reardon, USDA 541-278-4392

dwysocki@oregonstate.cdu

catherine.reardon @usda.gov

C. Camera, A. Galvin

Soil Science

francisco.calderon@oregonstate.cdu
hero.gollanvi@usda.gov

I Calderon 541-278-4415
H. Gollany, USDA S541-278-4410
S. Wuest, USDA 541-278-4397.

stewart.wuest@usda.gov

V. Fernandez-Alos, V. Moran Villa, R. Plunkett, W. Polumsky; I2 Ramirez, D. Robertson

Plant Pathology

curtis.b.adams@usda.gov

christina.hagertyvi@oregonstate.cdu

C. Adams, USDA 541_278_44]7
C. Hagerty. 541-278-4396
C. Mundt 541_737_5256

mundtca@science IIrCLC( nstate.edu

/. Cosncr; G Mahato, Gi. Namdar; N, Ven

Weed Management
P. Berry. 417375754

pete.berrvi@oregonstate.cdu

J. Barroso 541-278-4394
J. Gourlie, V. Ndou

judit.barroso@oregonstate.edu
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Part 1. Agronomy and Soils

Optimizing Soil pH: Lessons from the First Year of
On-Farm Trials in Walla Walla 2023-24

SURENDRA SINGH', STEPHEN MACHADO?, FRANCISCO CALDERON? RACHEL WIEME3, AND RACHAEL PLUNKETT?
'"LIND DRYLAND RESEARCH STATION, WSU, 2COLUMBIA BASIN AGRICULTURAL RESEARCH CENTER, OSU;3WSU
EXTENSION

Soil pll is a fundamental property influencing nutrient availability, microbial activity, and overall crop productivity. Soil acidity is a
growing concern in dryland wheat production systems, especially in the inland Pacific Northwest, where continuous
cropping and ammonium-based fertilizers accelerate soil acidification. This poses a significant challenge to sustainable
yicld improvement. Suboptimal pH levels can lead to aluminum and manganese toxicity, reduce phosphorus availability,
decrease nitrogen use efficiency, and impair root growth - ultimately constraining wheat yield potential and soil function.
This trial cvaluates the cffectiveness of various liming products and soil amendments in correcting soil pH and improving
chemical balance in acidic soils. The treatments include a range of liming agents and soil amendments including:

1. Ag-Grade Lime (1000 Ibjac) using finely ground prilled lime (200 pm size)

2. Ag-Grade Lime + Boron (B) (1000 Iblime + 4.8 B (1050 Ib/ac))
3. Alkaline Biochar (10 tons/ac)
4. Calsync Maxx (6 gallons/ac) (ground CaCO; with boron and humic acid; 3 gal = 500 Ib lime equivalent)

5. Regen Plus (rock phosphate coated with GSR calcium; 800 Ibjac ).

6. Control
This report summarizes the setup and preliminary observations from the first year of trial, focusing on cach amendment’s potential
to raise soil pll and support winter wheat yield in Walla Walla, WA. This trial was initiated in September 2023 with 6 treatments
and 4 replications with cach plot size 100 x 300 ft. Initial soil pH ranged from 4.77-5.34 in 0-4” and 4.72-5.05 in the 4-8” depth. Soil
sampling was done on April 29, 2024, and March 28, 2023, from 3 depths (0-4, 4-8, and 8-12 in.). Soil samples were analyzed at Best-
“Test Analytical Services, Moses Lakes, WA for an array of soil properties but only soil pH, Al, Mn, B, and Fe are shown here. Crop
yvields were collected using weigh wagon during harvest. Grain samples were analyzed for protein, starch, gluten, zeleny (baking
quality ), and test weight. In addition, random 1-m cut was taken and analyzed for 1000 grain weight, spike density, and straw biomass.
Among tested soil properties in 2024, only soil B varied under all treatments across all depths while pll, Al, Mn and Fe did not show
any significant differences among treatments (Fig.1). In 2023, soil pH, Al and B varied significantly at p<0.05 while soil Fe and Mn varied
at p-0.1 under different treatments. In 2023, Lime, lime with B, and alkaline biochar treatments increased the soil pll significantly as
compared to control treatment with greatest increase under lime treatment in top 4 in. Control treatment also showed greater Al, Fe,
and Mn concentrations in top 4 in. soil. Soil B was highest in treatment lime with B in both years across all depths. Lime, lime with B, and

alkaline biochar treatments resulted in significantly lower Al, Fe and Mn concentrations as compared to control in 0-4 in depth in 2023.

In general, soil pll was higher in year 2025 than 2024 across all treatments

showing various liming agents and soil amendments are slowly increasing soil pHl.




Part 1. Agronomy and Soils

Soil pH 0-4 in. Fe 0-4in.
m2024 (P=0.53) m2025 (P =0.045) m2024 (P=090) m2025(P=0.052)
58 A 120
5.7 AB AB A
. a a AB 100 B B B AB
56 a a _ a a a a a a
= BC c 80
5.5 BC & 60
T 54 a a € 5
53 = 40
52 20
5.1 0
Alkaline Calsync Control Lime+ Lime Regen Alkaline Calsync Control Lime + Lime Regen
Biochar  Maxx Boron Plus Biochar  Maxx Boron Plus
Al 0-4 in. Mn 0-4 in.
m2024 (P=042) 52025 (P=0.02) m2024 (P=0.393) 2025 (P = 0.064)
12 A 35 a
10 AB a 30
T8 g2 aag 20 AB AB
g 4 ABC £.20 a a -
o 6 a BC a = B B
& a RS
= a C = 15
< 4 C =10
- | || s
0 0
Alkaline Calsync Control Lime+ Lime Regen Plus Alkaline Calsync Control  Lime + Lime Regen Plus
Biochar  Maxx Boron Biochar  Maxx Boron
i Treatments
B 0-4 in.
12024 (P <0.0001) 2025 (P <0.0001)
12
1 a
~0.8
g 0.6 A
mos 0o
02 I l ¢ C c C cC cC
0 im mm EE Em
Alkaline Calsync Control Lime + Lime Regen
Biochar  Maxx Boron Plus
Treatments

Figure 1. Soil pH, Fe, AL M, and B under different treatments in 2024 and 2025. Bars with different lower-case letters show significant difference

among treatments within year 2024. Bars with different capital letters show significant difference among treatments within year 2025.

Lime, lime with B, and Regen Plus showed significantly higher wheat yields (p-0.1) than control treatment (Fig. 2). Grain protein was

highest in alkaline biochar treatment as compared to all the treatments. Test weight, 1000 grain weight, straw biomass and spike density

Wheat yield (bu/ac) Grain protein (%)
P value = 0.059 P value = 0.007
166 a 13.1 a
165 a . 13.0
164 ab 2o
£ 163 ab gs - . -
< 162 £ 127
= b 2126 b b
T 161 ]
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160 124
159 12.3
158 12.2
Alkaline Calsync Control Lime + Lime Regen Plus Alkaline Calsync Control Lime + Lime Regen Plus
Biochar Maxx Boron Biochar Maxx Boron
Treatments Treatments

Figure 2. Wheat yiclds and grain protein under different liming treatments after one year of application. Different lower-case letters show

significantly different means.
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did not vary under any treatments (Table 1). The research team looks forward to monitoring the experiment to document long term

cffects of the different treatments. Upcoming data will include soil microbiology and also an economic analysis of the different treatments.

Table 1. Different yield components and grain properties under different liming treatments after one year of application.

Zcleny
- y o Test wt. Spike density 1000 grain  Straw biomass
Treatments Starch (%) Gluten (%) (Baking T )
o T (Ib) (spike/ft*) wt. (g) (Ib/ac)
quality) () \ o -
Alkaline Biochar 71.5 b* 29.3 a 45.2 64.0 a 26.6 a 46.7 a 82345 a
Calsync Maxx 72.1 a 277 b 411 64.2 a 27.6 a 473 a 8431.2 a
Control 72.0 a 27.9 b 41.7 64.1 a 25.6 a 46.5 a 6755.1 a
Lime + Boron 71.9 a 28.2 b 42.5 64.2 a 30.7 a 478 a 8227.2 a
Lime 72.0 a 28.2, b 42.2 64.3 a 26.7 a 479 a 8754.7 a
Regen Plus 71.9 a 28.2 b 42.5 64.1 a 26.8 a 484 a 87260 a
p value 0.041 0.025 0.013 0.764 0.866 0.420 0.518

*Different lower-case letters show significantly different means within column at p<0.05.

Understanding the Role of Cover Crops in Dryland
Wheat Systems

C. Apams', P. BERRY?, F. CALDERON3, N. DURFEE', GG. MAHATO3, GG. NAMDARS, R. PLUNKETT3, C. REARDON', AND C.
HAGERTY?

'"USDA-ARS, COLUMBIA PLATEAU CONSERVATION RESEARCH CENTER; *DEPT. OF CROP AND SOIL SCIENCE, OSU;
3COLUMBIA BASIN AGRICULTURAL RESEARCH CENTER, OSU

#Resilient Dryland Farming Alliance; Non-Assistance Cooperative Agreement 58-2074-3-006

The Resilient Dryland Farming Alliance (RDFA) is exploring
how cover crops can benefit wheat growers in the inland Pacific
Northwest. While cover crops are widely used in other regions to
improve soil health and reduce the negative cffects of fallow, rescarch
in regional dryland wheat systems has been limited. Recent findings
show that wheat yiclds after cover crops can be comparable to or
even better than those following fallow, depending on precipitation
zone. Different cover crop species offer unique benefits—such as
improving soil cover, fixing nitrogen, and enhancing soil health—
making it important to understand which species or mixes work best
over time. Current RDFA work is digging deeper into the dynamics

of cover cropping in long-term wheat cropping systems rescarch.

Dr: Curtis Adams sampling barley cover crop biomass at Starcation

Farms, Morrow County, Oregon.
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Soil Water and Cover Crops
Water is scarce in dryland farming, thus understanding how cover crops affect soil moisture is crucial. RDFA rescarch is providing farmers

with practical information on how cover crops influence soil water use, retention, and infiltration across different precipitation zones.

Soil Biology and Nutrient Availability
Healthy soils are key to productive wheat farming. Cover crops may stimulate or modify soil biology, helping to
release  important  nutrients  like nitrogen, phosphorus, and  sulfur—potentially  reducing  fertilizer costs. RDFA is

cvaluating how different cover crops can boost soil microbial activity and enhance nutrient availability for future crops.

Integrated Weed Management
Weeds cost dryland wheat growers in the Pacific Northwest approximately $190 million annually. Integrated weed management
strategies that combine cover crops with herbicides are being investigated in RDFA. This research aims to provide practical solutions

for controlling weeds during the growing scason while reducing future infestations and improving long-term farm sustainability.

Managing Soilborne Discases
Soilborne discases pose a major threat to winter wheat vields, especially with the rise of no-till practices. Initial RDFA research shows that
short-term cover crop rotations do not reduce discase pressure and, in some cases, may increase pathogen levels. These findings highlight

the need for long-term studies to understand whether cover crops can cffectively manage soilborne discases while promoting soil health.
In Conclusion

Through ongoing rescarch, the RDFA is dclivering actionable insights to help wheat producers make informed

decisions about integrating cover crops into their farming systems for improved productivity and long-term resilience.

The WSU Wilke Research and Extension Farm
Long-Term Rotation Summary

AARON ESSER AND DEREK APPEL
WSU EXTENSION

The WSU Wilke Research and Extension Farm is located on the eastern edge of Davenport, WA. Washington State University
maintains and operates this facility. The farm is in a direct sced cropping system utilizing no-till fallow, winter wheat,
spring cereals and broadleaf crops. Broadleaf crops are incorporated when weed pressures and market prices create
opportunities for profitable production. The predominant cropping system practiced by farmers in this region is a
3-vear rotation, which includes summer fallow, winter wheat, and spring cereals. Farmers are interested in intensifying

rotations to reduce fallow years and increase crop diversity to improve long-term agronomic and cconomic stability.

The south side of the farm is divided into seven plots; three plots are in a traditional 3-year crop rotation that includes fallow, winter
wheat and spring wheat. Four plots are in an intensified 4-vear crop rotation that include fallow, winter wheat, spring broadleaf, and
continuous winter wheat. The north side remains in an intensified rotation that forgoes summer fallow and is in a continuous crop

production system. The field around the homesite of the farm was also brought into this rotation in 2023. Economic return over input
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costs (seed, fertilizer, pesticides, and crop insurance ) is
analyzed in three-year averages to help remove some of
the year-to year variability (Fig.1 ). Fixed cost associated
with the farm are not included because of the variability
from farm to farm across the region. Over the last six
years, the fouryear rotation and continuous rotation
have averaged returns above input costs of $175 and
$169 per acre, respectively, and are not significantly
different. The three-year rotation has averaged $143/
acre return above costs during this period and is
significantly less than both the continuous rotation

and the four-year rotation. More information and

reports can be found at http: wilkefarmawsu.cdu .

Figure 1. Three=year average economic return over input costs of 3-vear, 4=year, and
continuous cropping systems at the WSU Wilke Farm. Costs do not include fixed
costs associated with the farm. Means within columns assigned different case letter are

significantly different (P<0.10).

A Smartchip for Soil Health

MAREN L. FRIESEN', HANNA DELGADO', T1m PAuLITZ? DOUG COLLINS3, XIUFEN L1
'DEPT. OF PLANT PATHOLOGY, WSU; 2USDA-ARS; 3WSU EXTENSION; *CURRENTLY NMSU

High-throughput, low-cost diagnostics arc nceded in order to manage soil biology in the interest of soil health. These assays are
important to maximize the ability of rescarchers to understand soil health processes and for farmers to effectively adopt soil health
management practices. Across many growing regions of WA, soilborne discases are a major limitation and given their patchy nature a
large number of samples is required to detect their presence in fields. This project will optimize a high-throughput low-cost molecular
screen for discase-causing agents, focusing on those relevant to (1) dryland cereal-legume-oilsced cropping systems in E WA and
(2) organic production systems in W WA. We focus on the pathogens Fhveophthora, Pyvthium, Rhizoctonia, Verticillium, Fusarium,
and Plasmodiophora brassicac. The platform we are focusing on is the Takara SmartChip, which can run over 5000 samples at
once, allowing a high degree of parallelization as well as completely customizable primer sets that could be expanded to screen for

any desired sequence-based marker. Testing is currently underway and we hope to have results to share with the community soon!
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Hyperspectral Imaging and Liming Performance
Evaluation in Low Soil pl1 Wheat Production

KWAKU OPUKU-WARE', JOHNNY LI', TRISTAN BLAIN?, AND KURTIS SCHROEDER>
'DEPT. OF SOIL AND WATER SYSTEMS, Ul; 2DEPT. OF PLANT SCIENCES, Ul

Aluminum toxicity in wheat plants grown in acidic soils remains a persistent challenge for wheat productions in the Pacific Northwest
region. We are investigating whether modern sensing technologies can help evaluate wheat varictal responses to liming amendments
in low soil pl1 conditions in the Palouse region. Our ficld trials near Lenville, Idaho examined two contrasting winter wheat varietics —
Eltan (aluminum-sensitive) and UL'WSU Huffman (aluminum-tolerant) -- under four different liming rates (0, 1, 2, and 3 tons/acre ) with
four replications. Using drone-mounted multispectral imaging sensors, we collected NDVI/NDRE vegetation indices and compared these
measurements with Ieaf-level hyperspectral data. Our goal is to determine if these technologices can effectively detect differences in plant
responsc and potentially guide precision liming strategies in acidic soils. Moving forward, our rescarch will focus on three key objectives: (1)
Comparing drone-based vegetation indices with ground-level hyperspectral measurements to see which technology better captures plant
responses to aluminum stress and liming treatments; (2) Correlating both the drone data and hyperspectral measurements with actual
wheat performance metrics (like spike number and yield ) to determine which sensing approach is more practical for farmers. (3 ) Developing
methods to distinguish between wheat varieties and different liming treatments using these technologices, which could help farmers make
more precise decisions about liming applications. What makes this rescarch valuable for Palouse wheat growers is the potential to use
remote sensing to quickly identify aluminum-tolerant varictics and optimize liming applications, saving both time and resources while
improving wheat productivity inacidicsoil conditions. Fromagrower’s perspective,imagery throughoutawhole ficld willbe able to pinpoint

areas of highest concern for soil adjustment, maximizing soil improvements in areas where large-scale lime applications are not feasible.

This research is supported by the Idaho Wheat Commission.

Figure 1. Aerial drone mapping (left) and hyperspectral response (right) of wheat liming
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Evaluating the Impact of the Seed Applied
Biofertilizer MycoGold with Variable Fertilizer
Rates on Winter Wheat in North Central Oregon

JacoB POWELL
OSU EXTENSION

Biological products arc increasingly being marketed to the agricultural industry to improve crop nutrient efficiency. Biofertilizers usually do
not contain fertilizers, but contain microbes that can increase nutrient cycling and nutrient availability for crops. One biofertilizer product,
MycoGold, was examined in soft white winter wheat at the Sherman Experiment Station in Moro, OR in North Central Oregon during the
2023-2024 crop year under five different nitrogen fertilizer rates. MycoGold Wheat Blend isan endomycorrhizal fungi wheat seed treatment
produced by MycoGold LLC out of Amelia, OH. It contains two strains of fungi and seven different bacteria strains. It also contains trace
amounts of micro and macro nutrients. MycoGold was mixed in with sced packets prior to being seeded with a plot drill. Prior to planting
total soil nitrogen averaged 82 1bs per acre. Fertilizer rates included a total of 6,23, 40, 57,and 74 Ibs of nitrogen per acre, including nitrogen
from 110 Ibs per acre of 16-20-0 (ammonium phosphate ) starter fertilizer. Treatments were replicated four times with plots measuring 50
ft by 5 ft. Grain yicld, grain quality, soil nutrients, wheat root size and weight, tissue nutrients, NDVI, and cconomic return on investment
were examined. Neither MycoGold or fertilizer rate caused any significant response to grain yield and quality (Fig.1 ). MycoGold did have a
significant impact on soil phosphorus levels, though this did not correlate with increased phosphorus levels in wheat tissue (Fig.2 ). Tissue
nitrogen and nitrogen uptake were almost increased significantly by MycoGold (p-0.09 and p-0.06). NDVI was significantly correlated
with fertilizer rate. Wheat roots were notssignificantly influenced by fertilizer rate or treatment. MycoGold did not provide a positive return
on investment. The results of this rescarch are similar to other research in Canada where most studies do not show a positive return on

investment. If producers arc interested in using these products they should be cautious and test first on small arcas before wide spread use.

Figure 1. Grain yield for plots with five rates of nitrogen fertilizer with Figure 2. Soil phosphorus in the top foot in plots with five rates of
and without MycoGold with 91 lbs of soil nitrogen. nitrogen fertilizer with and without MycoGold with 91 1bs of soil

nitrogen.
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Evaluating the Impact of the Seed Applied
Biofertilizer MycoGold with Variable Fertilizer
Rates on Spring Wheat in Eastern Oregon

JACOB POWELL
OSU EXTENSION

Biological products arc increasingly being marketed to the agricultural industry to improve crop nutrient cfficiency. Biofertilizers usually
do not contain fertilizers, but contain microbes that can increase nutrient cycling and nutrient availability for crops. One biofertilizer
product, MycoGold, was examined in soft white spring wheat at the Pendleton Experiment Station in Pendleton, OR in Eastern Oregon
during the 2023-2024 crop year under two different rates (labeled rate and doubled rate) and three different fertilizer rates. MycoGold
Wheat Blend is an endomycorrhizal fungi wheat sced treatment produced by MycoGold LLC out of Amelia, OH. It contains two strains
of fungi and seven different bacteria strains. It also contains trace amounts of micro and macro nutrients. MycoGold was mixed in with
sced packets prior to being seeded with a plot drill. Prior to planting 69 Ibs per acre of nitrogen was added. Starter fertilizer rates included
0, 40, and 80 Ibs of 16-20-0 per acre (ammonium phosphate ). Plots were 5 ft by 20 ft with each treatment replicated three times using a
split plot design. Grain vicld, grain quality, soil nutrients, tissue nutrients, and economic return on investment were examined. Yield was
significantly increased with the 80 Ib per acre rate of 16-20-0 in control treatments in the double rate split plots (Fig.1 ). Grain protein was
significantly lowered by starter fertilizer rate. Soil phosphorus, soil potassium, and soil organic matter were all increased significantly by
MycoGold applied at double the suggested rate. Phosphorus and potassium tissue levels were increased significantly by MycoGold at the
labeled rate. Despite some significant impacts on soil nutrients and wheat tissue nutrients, MycoGold did not provide a positive return on

investment. If producers are interested in using these products they should be cautious and test first on small arcas before wide spread use.

Figure 1. Spring wheat grain yield for plots with three rates of 16-20-0 starter fertilizer with and without

MycoGold mixed in with sced at planting with 69 bs of nitrogen fertilizer applied prior to seeding
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Evaluating the Impact of the Nitrogen Fixing
Biofertilizer Utrisha-N Under Variable Fertilizer
Rates

JACOB POWELL
OSU EXTENSION

Biological products are increasingly being marketed to the agricultural industry to improve crop nutrient cfficiency. Biofertilizers
typically do not contain any fertilizers, but contain microbes that can increase nutrient cycling and nutrient availability for crops.
One biofertilizer product, Utrisha-N, was examined in soft white winter wheat at the Sherman Experiment Station in Moro, OR in
North Central Oregon during the 2023-2024 crop year under five different nitrogen fertilizer rates. Utrisha-N is a foliar spring applicd
commercial product produced by Corteva Agriscience LLC containing a naturally occurring nitrogen fixing bacteria, Mcthyvlobacterium
symbioticum. Prior to planting total soil nitrogen averaged 82 Ibs per acre. Fertilizer rates included a total of 6, 23, 40, 57, and 74 Ibs
of nitrogen per acre, including nitrogen from 110 Ibs per acre of 16-20-0 (ammonium phosphate) starter fertilizer. Treatments were
replicated 3 times with plots measuring 50 ft by 5 ft. Grain yield, grain quality, soil nutrients, tissuc nutrients, NDVI, and economic
return on investment were examined to determine the effectiveness of using Utrisha in dryland wheat. Utrisha did not significantly
increase vield (Fig. 1), protein (Fig. 2), or test weight, though fertilizer rate significantly increased grain yield and quality. The only
soil variable that showed a significant response was potassium, which increased with fertilizer rate. The only nutrients in wheat
tissue that showed a significant response was sulfur and calcium. Sulfur levels increased significantly with fertilizer rate and calcium
was significantly lowered by Utrisha. NDVI was significantly correlated with fertilizer rate, but not biofertilizers, supporting the
lack of response in nutrients in wheat tissue and other examined variables. The results of this rescarch are similar to other research
in Canada where most studics do not show a positive return on investment. If producers are interested in using these products

they should do test strips first before using on large arcas as crop impacts will likely not be economical or may be highly variable.

Figure 1. Grain yield for plots with five rates of nitrogen Figure 2. Grain protein for plots with five rates of nitrogen
Jertilizer with and without the bigfertilizer Utrisha with o1 [bs Jertilizer with and without the bigfertilizer Utrisha with o1 [bs

of soil nitrogen. of soil nitrogen.
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Evaluating the Impact of the Nitrogen Fixing
Biofertilizer Envita Under Variable Fertilizer Rates

JAcoB POWELL
OSU EXTENSION

Biological products arc increasingly being marketed to the agricultural industry to improve crop nutrient cfficiency. Biofertilizers
typically do not contain any fertilizers, but contain microbes that can increase nutrient cycling and nutrient availability for crops. Most
biofertilizer products were initially developed for use in corn and soybeans and have not been investigated as intensively in wheat or
in the arid growing regions of the inland Pacific Northwest. One biofertilizer product, Envita, was examined in soft white winter
wheat at the Sherman Experiment Station in Moro, OR in North Central Oregon during the 2023-2024 crop year under five different
nitrogen fertilizer rates. Envita is a foliar spring applicd commercial product produced by Azotic North America LTD containing a
naturally occurring nitrogen fixing bacteria, Gluconacctobacter diazotrophicus. Prior to planting total soil nitrogen averaged 91 Ibs per
acre. Fertilizer rates included a total of 0, 12, 29, 43, and 57 Ibs of nitrogen per acre, including 75 Ibs of 16-20-0 (ammonium phosphatc)
starter fertilizer. Treatments were replicated 6 times with plots measuring 50 ft by 12 ft. Grain yield, grain quality, soil nutrients, wheat
roots, nitrogen tissuc concentration, NDVI, and cconomic return on investment were examined to determine the effectiveness of using
Envita in dryland wheat. Grain yield was significantly influenced by fertilizer rate, but not Envita (Fig.1). Both grain protein and test
weight increased with fertilizer rate, while protein was significantly lowered with Envita (Fig.2). Envita significantly reduced soil organic
matter, but did not impact any other soil nutrients. Envita and fertilizer rate did not impact wheat root size and weight or nitrogen
tissuc concentration. Drone imagery in carly June found that NDVI increased significantly with higher fertilizer rates, but was not
impacted by Envita. The best return on investment was the control treatment with 29 Ibs of added nitrogen with a total of 120 Ibs of
crop available nitrogen. Envita failed to provide a positive return on investment. Findings during the 2024 crop year were similar to

results from 2023. Farmers should be cautious to test new biofertilizer products on small arcas before considering widespread adoption.

Figure 1. Grain yield for plots with five rates of nitrogen Figure 2. Grain protein for plots with five rates of nitrogen
Jertilizer with and without the bigfertilizer Envita with 91 fertilizer with and without the biofertilizer Envita with 91

1bs of soil nitrogen. Ibs of soil nitrogen.
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Does Spring Wheat Yield Better After Winter
Wheat or Winter Pea in the Drylands?

SOLOMON AMISSAH, SURENDRA SINGH, SHIKHA SINGH, AND BILL SCHILLINGER
LIND DRYLAND RESEARCH STATION, WSU

Winter wheat (WW -fallow (F) remains the predominant cropping system in the low precipitation zone (<12 inches annual
precipitation) of the Pacific Northwest (PNW ). Despite reliable yields, the lack of diversity makes the WW-F cropping system
vulnerable to winter annual weeds, fungal discases, and other pressures. Increasing crop diversity and implementing crop rotation can
help break pest cycles and control weeds. Winter Pea (WP) is a viable alternative to WW in the PNW due to its excellent emergence
from deep sowing depths, winter hardiness, and ability to reach physiological maturity before the onsct of high temperatures.
A 14-year field experiment investigated the performance of two 3-year rotations, WP-spring wheat (SW)-F versus WW-SW-F,
The experiment was conducted at the Ron Jirava farm ncar Ritzville, WA, from 2011 to 2024. The WP and WW were sown in
the last week of August or the first week of September. Spring wheat was sown in late March. Fertilizer application was based on

the initial nutrient status of the soil. Data collected included grain yield and soil moisture content in carly August and in mid-March.

Table 1. Yield of spring wheat following cither winter pea or winter wheat.

Grain yield bujac

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 Avg.
WP-SW-F 30 44 16 34 47 33 44 26 45 13 12 12 31
WW-SW-F 32 41 14 25 46 33 42 33 46 9 23 21 32

p-value 0381 0051 0481 0005 0377 0411 0.653 0130 0344 0001 0048 0039 0456

WP-SW-I: 3-year rotation of winter pea-spring wheat-fallow. WW-SW-F: 3-year rotation of winter wheat-spring wheat-fallow.
Within columns, means with different small letters are significantly different at p < 0.03.

Grain yields of the 3-year rotation of WP-SW-F and WW-SW-F both varied significantly across years. The yield of SW after
WP was significantly higher than SW after WW in 2015 and 2021. Conversely, SW after WW produced the highest yicld in
2022 and 2023 (Table 1). The yield of SW after WP ranged from 11.90 to 46.85 bu/ac, whereas the yield of SW after WW ranged
from 8.77 to 46.13 bu/ac. When averaged over 12 years, the yield of SW was not significantly different with cither WP or WW
as the previous crop. The average soil water content in August after harvest was 0.51 inch higher for WP compared to WW (p
<0.000) (Table 2). However, there was no significant difference in soil moisture content in mid-March in WP versus WW stubble.

The superior overwinter precipitation storage efficiency of WW stubble can be attributed to the reduced residue produced

by WP compared to WW. The overwinter precipitation storage cfficiency for WP was 471 %, while that of WW was 55.5 .

Table 2. Soil water content after winter pea and winter wheat at time of harvest and in late March, soil overwinter gain
and precipitation storage cfficiency (PSE .

Soil water content

August (inches) March (inches) Overwinter gain (inches) PSE (%)
Winter pea 3.31a 9.69a 4.37b 471
Winter wheat 480b 9.92a 516a 35.5
p-value <0.000 0.144 0.000

PSE: precipitation storage cfficiency. Within columns, means with different small letters are significantly different at p < 0.05.
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The average yield of SW after WW was comparable to that of SW after WW. However, due to ample and upright stubble of WW, it
had significantly greater overwinter precipitation storage compared to WP, which produces much less residue. Comparable yields of

SW after WP and WW can be attributed to nitrogen fixation of WP leading to the clevated levels of nitrate-N on WP plots vs WW.

Overall, SV vicld was slightly more stable after WW compared to SW yield after WP (Table 3). Additionally, results from the partial lcast

squares regression indicate that SW after WW is more temperature-sensitive than SW yield after WP, which is more responsive to rainfall.

Table 3. Stability indices

CV Beta PLS_Temperature PLS_Precipitation
SW-WP 453 1.03 -0.382 0.978
SW-WW 41.2 0.966 -0.538 0.870

CV: Coefticient of Variation. Beta: The Finlay-Wilkinson model explains sensitivity to environmental variability. PLS: Partial Least
Squares Regression.

Can Agronomic Biofortification Enhance Wheat
Grain Micronutrient Concentration?

GAGANDEEP KAUR, CLARK NEELY, GABRIEL T. LAHUE, HALY L. NEELY, AND KEVIN M. MURPHY
DEPT. OF CROP AND SOIL SCIENCES, WSU

Micronutrientsarc animportant constituent of the human dict and are vital for growth and development. Approximately twobillion people
in the world face micronutrient deficiency. Agricultural production has been majorly focused on increasing crop vields compromising
grain nutritional quality. Agronomic biofortification is an approach to enhance nutrient concentration in crops using agronomic practices.

The objective of this research trial was to increase winter wheat and spring field pea grain micronutrient concentration by altering the

timing of micronutrient fertilizer application. The
winter wheat trial was in Pullman, WA during the
2022-2023 and 2023-24 growing scasons and the
spring field pea trial was conducted in Pullman,
WA and Davenport, WA in 2024. The study
design for both trials was a split plot design with
four replicates and comprised three winter wheat
varictics (LCS Shine, Purl, and Norwest Ducet) and
three spring ficld pea varieties (Hampton, Passion,
and Banner ). The four fertility treatments were no
micronutrient fertilizer application, micronutrient

fertilizer soil applied at planting, spring topdressing

of micronutrient fertilizer near jointing, and foliar
application of micronutrient fertilizer at heading  Figure 1. Graph showing grain Zn concentration of LCS Shine, Purl, and Norwest Duet soft
stage. Grain micronutrient concentration was white winter wheat varictics for four different micronutrient application timing treatments in
analyzed using Agilent MP-AES 4200 (Agilent 202324 The means followed by different uppercase letter are significantly different from cach

Technologies, Santa Clara, CA, USA ). The winter  other (p-0.03).
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wheat trial resultsindicated the micronutrient fertilizer application treatment had no significant impact on winter wheat grain yield, though
variety was significant (p-0.003 in 2023, p<0.0001 in 2024 ). Soil application at planting and topdressing of micronutrient fertilizer did not
translate into enhanced grain micronutrient concentration in both 2022-23 and 2023-24. However, micronutrient fertilizer application
at heading stage resulted in higher grain micronutrient concentration. The grain zinc concentration was significantly impacted by
micronutrient fertilizer application treatment (p-0.036 in 2023, p<0.0001 in 2024 ) and varicty (p-0.007 in 2023, p-0.0005 in 2024 ) (Fig.1 ).

In conclusion, foliar application of micronutrient fertilizer at heading stage can enhance winter wheat grain micronutrient concentration.

Compost Teas for Enhanced Nutrient Cycling

LYNNE CARPENTER-BOGGS', MAREN L. FRIESEN?, CAROL MCFARLAND', HANNA DELGADO? AND SYED HAMID!
'"DEPT. OF CROP AND SOIL SCIENCES, WSU; 2DEPT. OF PLANT PATHOLOGY, WSU

With increasing fertilizer and fuel costs, producers are increasingly keen to improve on-farm nutrient cycling through biologically

intensive methods. Currently, poor plant-soil-microbe interactions do not support healthy nutrient flow, which limits crop yield and

favors fertilizer-dependent farming. Slow residue breakdown also
inhibits dircct sceding adoption and adherence since heavy residue
at sceding time impedes direct sceding and may inhibit seedling
emergence. The use of compost teas might address all of these goals

while increasing economic, environmental, and social sustainability.

Our team will conduct on-farm interviews of growers who use
compost tea to document current practices and grower observations.
‘We will collect samples of farm-brewed teas and previously rescarched
lab-brewed teas and characterize their chemical makeup and microbial
communities. Lab studies will determine effects of teas on residue

breakdown rate and nutrient availability, two producer driven goals.

Ancedotal conversations support that growers appreciate the Compost tea trials brewing in the Carpenter-Boggs lab at WSU.
empowerment, and decreased dependence that comes along with

producing more of their own inputs and that for many it would create feelings of pride

in stewarding their land in alignment with their conservation goals. Decreasing the use of
synthetic  inputs and  incrcasing  conservation  practices can  result  in
incrcased  marketing  opportunitics  that have the potential to  command

a pricc premium resulting in  morc  sustainable  on-farm  cconomics.
Cooperators:  Clay Erskine, Brentley Uhlorn, Darrel  Uhlorn (Uhlorn  Family

Farms), Sheryl Zakarison, Douglas Poole, Greg Friedstads, Lindsay Myron, and

Jesse Bruner are producers who have used compost teas or arc highly interested.

Straww ready for residue decomposition experiment.
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Short-Term Effects of Cover Crops on Winter
Wheat Yield and Protein Content in Dryland
Cropping System

GENA MAHATO', CURTIS B. ADAMS?, RACHAEL PLUNKETT', SURENDRA SINGIS, JUDIT BARROSO', STEPHEN MACHADO',
GRAYSON NAMDAR', RYAN GRAEBNER', NICOLE DURFEE?, FRANCISCO CALDERON', CATHERINE L. REARDON?, AND
CHRISTINA HAGERTY'

'COLUMBIA BASIN AGRICULTURAL RESEARCH CENTER, OSUj; *USDA-ARS COLUMBIA PLATEAU CONSERVATION
RESEARCH CENTER; 3LIND DRYLAND RESEARCH STATION, WSU

Dryland cropping systems of the Pacific Northwest (PNW) are challenged by limited precipitation, loss of soil organic matter, and weed
and soilborne disease pressures. The Resilient Dryland Farming Alliance (RDFA ) is a research collaboration aimed at providing viable
solutions to the issues threatening the sustainability and profitability of dryland cropping system of the PNW. A current focus is integrating

cover crops in winter wheat — fallow rotation to improve nutrient cycling, soil health, soil water infiltration, and weed suppression.

Cover crops offer several ecological benefits that may influence subsequent cash crop vield and quality, vet their effect on winter wheat yield
and sced quality remain underexplored in the dryland cropping systems of the PWN. This study cvaluated the impact of three fall-planted
and six spring-planted cover crops and a fallow control on subsequent winter wheat yield and grain protein content,among other variables.
The trial was sct up at two locations in northecastern Oregon — Adams (16 inches annual precipitation) and Lexington (9 inches annual

precipitation ). Cover crops were plantedin crop years 2021and 2022,and winter wheat was planted in following crop years in 2022 and 2023.

Cover crops had significant cffect on winter wheat vield with
significant location » cover crop interactions, indicating variable
cover crop cffect across locations. Cover crops resulted in similar
vield compared to fallow control at Adams (Fig. 1). On the other
hand, winter pea and fall mix cover crops resulted in lower
vicld than fallow control at the drier Lexington site, though the
remaining cover crops had no detectable effect (Fig. 1). Grain
protcin content was influenced by location » cover crop and ycar
< cover crop interactions. In 2022, winter wheat grain protein
was similar following all cover crops and the fallow control at
both sites (Fig. 2). At Adams in 2023, winter wheat grain protein

was higher following yellow mustard compared to fallow control.

At Lexington in 2023, winter wheat grain protein was higher

A A . A . L. o1y Teld of winter whe. ollowing various cover crops and fallow at / N
following winter pea than fallow, while grain protein was similar Figure 1. Yield of winter wheat following carious cover crops and fallow at Adams

- . ad Lexington, OR. The data is averaged across two years (2022 and 2023).
among all remaining cover crops and fallow. It is noteworthy and Lexington, OR. "The data is averaged across two years (2022 and 2023

that cover crop biomass production was low across all site- The horizontal line and triangle within the boxplot indicate the median and

. - . . . mean values, respectioely. The lowercase letters ve each box indicate statistic
years except for winter pea and fall mix at Lexington in 2022. mean values, respectively. The lowercase letters above cach box indicate statistical

differences, with treatments given the same letter being statistically the same.
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The cffect of cover crops on subsequent wheat yiceld depends on precipitation, but any positive or negative cffects we observed
were subtle.  The decision to integrate cover cropping into the fallow phase should be based on  multiple
factors, including various impacts on soil.  More dctails about the rescarch  project can  be  found at

following link: https:/ ‘agsci-labs.oregonstate.edu cerealpathology resilient-drvland-farming-alliance

Figure 2. Grain protein concentration in wheat following various cover crops and fallow in 2022 and 2023 at
Adams and Lexington following cover crops. The horizontal line and triangle within the boxplot indicate the
median and mean values, respectively. The lowercase letters above each box indicate statistical differences, with

treatments given the same letter being statistically the same.

"Table 1. List of cover crops treatments used in the trial.

Seeding time Cover crop
Fall-planted Winter lentil
Winter pea

Fall mix (consisted of winter barley, Austrian pea, and yellow mustard)
Spring-planted ~ Common vetch
Phacelia
Spring barley
Tillage radish
Yellow mustard
Spring mix (consisted of Austrian pea, yellow mustard, spring barley, phacelia, tillage radish, and common vetch)
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Exploring On-Farm Experimentation in the iPNW
with The On-Farm Trials Podcast

CAROL MCFARLAND', CARLOS FLORES', AND DAVE HUGGINS?
"WASHINGTON STATE UNIVERSITY; 2USDA-ARS

The On-Farm Trials Podcast is a collaborative
cffort being conducted by the PNW Farmers’
Network to explore and highlight on-farm
experimentation  and  cropping  system
innovation within the agricultural community
of the inland Pacific Northwest(iPNW). The
podcast highlights a compendium of casce
studics showcasing producers and the ‘what,
how, and why’ of getting the most out of on-
farm trials in rain-fed grain production. The
featured interviews from this project cover a

spectrum of on-farm experimentation  from

‘farmer-led trials’ to those done in association
with rescarchers or other partners. Emergent
themes in this work include soil health and conservation, crop and market diversification, increasing the cfficiency of inputs, and
innovation as a tool in adapting to changing environmental, social, and cconomic conditions. The podcast is available through the
PNW Farmers’ Network website and on all podcasting platforms. The audience for this work is predominantly in castern Washington,

north Idaho, and northcastern Oregon, continues to grow, and is cross-cutting throughout scctors of the agricultural community.

Evaluation of Lime Requirement for Acidic Soil
from Inland Pacific Northwest

BISHAL LAMSAL', DEEPANJAN MRIDHA', CAWAYNE B. BRYAN', JOAQUIN CASANOVA?, RICHARD T. KOENIG', AND JOAO A.
ANTONANGELO'
'DEPT. OF CROP AND SOIL SCIENCES, WSU; *USDA-ARS NORTHWEST AGROECOSYSTEM RESEARCH UNIT

Soil acidification affects nearly 407 of the global arable land and around 307 of farmlands in Washington (WA) state.
While natural factors like high precipitation contribute to soil acidification, anthropogenic influences largely accelerate this
process. The use of nitrogen (N) fertilizer is one of the major contributors. Hydrogen ions are released into the soil during
nitrification of N fertilizers, causing soil acidification. One of the major impacts of low pll in the soil is that it solubilizes
aluminum (Al). High Al concentration in soil negatively impacts root development and nutrient uptake, ultimately affecting

plant growth and yield. However, the issue of soil acidification and Al toxicity can be alleviated with the help of lime (CaCO;).
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An incubation experiment was performed with soil collected at a 0-6 inch depth from Rockford, WA, a dryland agricultural
arca in castern Washington. The experiment aimed to study the soil pH response to increasing lime rates. The collected soils
were air-dried, passed through a 2 mm sieve, and treated with six lime rates (0, 0.5, 1, 2.5, 5, and 10 t/acre) with three replications
per treatment. Each pot containing 200 g soil was maintained at 707 ficld capacity, which compares to typical winter-spring
soil moisture, given that the annual precipitation of Rockford is 16.7 inches, with necarly 707 occurring in winter to spring.
The lime used was ground very fine, and the pH was measured after 9 days of incubation. Despite its high solubility, in the

farmlands, the original paletted lime should be applied a few months (4-6) before the crop cultivation to fully ameliorate the pH.

A regression model was used to analyze the response of soil
pHtothelimeapplication (Fig.1). The model, withastrong R2
value, suggests that increasing the lime rate initially increases
the soil pH, but the effect platcaus at a certain threshold lime
rate (5.1 t’ha=2.27 t/acre) with a pH value of 6.37. The model
also demonstrates that to get the desired soil pH, farmers
need to apply only a certain amount of CaCO3, and applying
beyond that point might yicld diminishing results since
lime is costly. Beyond pH adjustment, the lime application
significantly reduced the Al concentration while increasing
sulfur (S) availability (Fig. 2). The results are particularly

beneficial for canola cultivation, as it almost always requires

S. In our study, the S came from the lime coating itsclf.
Figure 1. Segmented quadratic-cith-plateau regression model (1t/ha ~ 04406 tons|

Since lime requires water to react with the soil effectively 7€

and given the dryland agricultural arca, incorporating

the lime is the best idea. Our incubation experiment showed a rapid lime response (within 9 days) in thorough mixing, mirroring

the field scale incorporation in tilled agricultural systems. However, fall application can leverage the winter precipitation and

allow for a longer soil-to-lime contact, facilitating lime movement and cffective interaction with the soil, even at no-till systems.

The authors are thankful for the financial support provided by the Washington Oilsced Cropping System to conduct this project.

Figure 2. Soil nutrients and Al response to increasing lime rates treatment. L.ach measurement was
normalized by dividing it by the average value of the entire dataset to illustrate trends in soil chemical

attributes.
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Building Resilient Soils: Insights from Long-Term
Field Data and Climate Scenario Modeling in
Eastern Oregon

PAULINA B. RAMIREZ, VANESSA MORAN, FRANCISCO CALDERON, STEPHEN MACHADO
COLUMBIA BASIN AGRICULTURAL RESEARCH CENTER, OSU

The potential for enhancing carbon (C) storage in dryland croplands remains an active research focus, with limited data on long-term
retention under conservation practices. This study assesses soil C sequestration and stabilization following legume integration in the
traditional wheat systems in Eastern Oregon. Using long-term experiments at CBARC, we compared conventional tillage (CT) winter
wheat-summer fallow (WW-SF) with winter wheat-spring pea (WW-SP) rotations under C'T and no-till (NT). Total C and mincral-
associated organic matter (MAOM ) were measured in samples from the WW-SF system collected in 1976-1977 and 2015-2016, while those
from the WW-SP system were collected in 1985 and 2021. Simulations using the DayCent model under moderate (RCP 4.5) and high-
emissions (RCP 8.5) climate scenarios projected long-term soil C dynamics. Results showed annual soil carbon gainsof 0.15t Cha 'yr 'under
CTWW-SP and0.16 tCha 'yr 'under NT WW-SP cropping systems and soil carbonloss of -0.11 t Cha 'yr 'under CT'WW-SF in the 0-30
cm bulk soil fraction. MAOM followed a similar trend with gains of 0.03 and 0.07 t C ha-1 yr-1 under CT and N'T WW-SP, respectively, in
the 0-30 cmsoil depth profile. Under CT WW-SE, MAOM showed aloss of -0.28 t Cha 'yr . These findings demonstrate the susceptibility
of WW-SF systems to carbon losses while demonstrating that legume-based rotations not only enhance overall soil carbon levels but also
promote the accumulation of stable, long-lasting carbon (MAOM). In addition, there are few differences between CT WW-SP and N'T
WW-SP in terms of bulk SOC and MAOM. This indicates that cropping intensity has a more significant impact on soil organic carbon

(SOC) accumulation than tillage. CT and N'T influence SOC distribution, but the total in the 30 cm soil depth profile is almost the same.

"Table 1. Annual soil C sequestration rates (t Cha 'yr ') in bulk soil and MAOM (0-30 cm ) under CT WW=SE, CT WW-SP, and
NT WW-SP systems.

CT WW-SF CT WW-5p NT WW-Sp
Depth Bulk soil MAOM Bulk soil MAOM Bulk soil MAOM
cm tCha'yr' tCha'y"1 tha'yr! tCha'yr' tha'yr' tCha'yr'
0-10 -0.13 10.03 -0.17:0.03 0.02:0.04 -0.05:0.03 0.11:0.04 0.00:0.03
1020 0.00:0.03 -0.06:0.03 0.08:0.04 0.0410.05 0.01:0.02 0.02:0.02
20-30 0.02:0.02 -0.0210.02 0.05:0.06 0.05:0.04 0.0410.05 0.0410.01
0-30 o1 -0.28 0.15 0.03 0.16 0.07

To further examine long-term impacts under changing climate conditions, we used the DayCent model to simulate soil carbon dynamics
across contrasting scenarios. Results indicate that NT WW-SP systems demonstrated greater resilicnce and a more substantial capacity
to mitigate carbon losses under the moderate RCP 4.5 scenario compared to WW-=SE systems (Fig. 1). Under the high-emissions
RCP 8.5 scenario, however, the cffectiveness of N'T' practices declined due to increased climate variability—such as crratic rainfall,
temperature extremes, and drought—which can accelerate decomposition and reduce biological inputs. These findings emphasize the

need to investigate alternative adaptive strategices, including cover crops, organic amendments, and drought-resilient rotations, especially
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under heightened climate stress. While long-term field data and simulations affirm the benefits of NT WW-=SP for soil resilience

and carbon storage, maintaining these gains under extreme scenarios will require more comprehensive conservation approaches.

Figure 1. Projected soil carbon content (g/n?) from 1950 to 2100 under two climate scenarios—RCP 4.5 and RCP
8.5—for NT WW=SP and CT WW=SF cropping systems. This figure illustrates how future climate trajectories
may shape soil C dynamics, emphasizing the critical need for proactive and adaptive management strategies in

dryland agricultural regions.

Employing ‘Soil to Society’ Approach for
Sustainable Agriculture in the Palouse

GAGANDEEP KAUR, CLARK NEELY, GABRIEL T. LAHUE, HALY L. NEELY, AND KEVIN M. MURPHY
DEPT. OF CROP AND SOIL SCIENCES, WSU

The Palouse is a unique geographical region located in the northwest part of the United States. It is characterized by rolling hills, highly
productive soils, and one of the most productive dryland wheat growing areas in the world. However, agricultural production in the
Palousc is challenged by several soil conservation and agronomic challenges such as soil acidification, limited water availability, decreasing
soil organic matter content, soil erosion, and runoff. Soil to Society is a unique approach designed to track the flow of nutrients from soil
to the human dict to develop a sustainable food production system. It is an interdisciplinary pipcline that aims to prioritize both soil and
human health. To achieve agronomic sustainability, it is crucial to optimize crop production and soil management to produce nutritionally
dense crops. The objective of this rescarch project is to understand how cropping system and soil management practices affect crop
nutritional quality and soil health metrics. A field trial started in fall 2021 at the Palouse Conservation Field Station (PCFS) in Pullman,
WA. Pullman has a mediterrancan climate with a mean annual precipitation of 533 mm and soil pH of 5.3. The trial consists of a winter
wheat (Triticum aestivum ) - spring barley (Hordeum vulgare ) - spring field pea ( Pisum sativum ) crop rotation and comprised of a strip plot

randomized complete block design (RCBD ) with four replicates. The treatments include 1) Conventional till + no lime + no residue (CT-
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NL-NR),2) No-till + lime + no residue (N'T-
L-NR),3) No-till + lime + residue (NT-L-R ),
4) No-till + no lime + no residue (NT-NL-
NR), and 5) No-till + no lime + residue
(N'T-NL-R ). The soil samples are analyzed
for physical, chemical, and biological
parameters  including  macronutrients,
micronutrients, soil pH, soil bulk density,
soil organic matter, wet aggregate
stability, saturated hydraulic conductivity,
mincralizable  carbon,  permanganate

oxidizable carbon, phospholipid fatty

acids, and soil enzymes. Crops arc R . . . . o \
Figure 1. Graphs showing the variation of soil pH for a) 2021 and b) 2024 with soil depth (0-120 cm) for

analyzed for grain and biomass yicld, grain =~ ) ) ) ) I o o o
: Conventional till + no lime + no residue (CT-NL-NR ), No-till + lime - no residue (NT-L-NR ), No-till

test weight, grain protein content, and ) o o ) ) I o ) ]
+lime + residue (N'I-L-R ), No-till + no lime + no residue (N'T=-NL-NR), and No-till + no lime + residuc

grain nutrient concentration. The results
(NT-NL-R) treatments.

indicated an increase in soil pH from <5

to 6.1 in 0-7 cm soil depth in lime application treatments
and the pll was highly stratificd in 07 ¢m soil depth
(Fig.1). Soil organic matter content showed a consistent
trend downward in the top 0-7 cm across all treatments,
though differences were only significant for CT-NL-NR
and N'T-NL-NR (7 g kg decline for both). The percentage
of Arbuscular Mycorrhizal Fungi and gram-positive
bacteria  were  significantly impacted by treatment
(p-values 0.004 and 0.0001, respectively) and crops
(p-values <0.0001 and 0.024, respectively (Fig.2)). No
significant difference was observed between treatments
for crop yields and grain protein content, so the growers
in the Palouse may be able to transition to conservation

agricultural practices without inflicting a vicld penalty.

Figure 2. Graphs showing variation in the a) percentage () of Arbuscular mycorrhizal fungi with treatments, b) percentage () of Arbuscular mycorrhizal

7O/

Jungi with crops, ) ) percentage () of Gram-positioe bacteria with treatments, and d) percentage (%) of Gram-positive bacteria with crops.
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Advancing Dryland Spring Wheat Yield Prediction
using IHigh-Resolution Satellite and Weather Data
using Long-Term Trial

CHAMAPORN PAIBOONVORACHAT', SURENDRA SINGH?, WILLIAM F. SCHILLINGER?, AND SINDHUJA SANKARAN'
'"DEPT OF BIOLOGICAL SYSTEMS ENGINEERING, WSU; 2LLIND DRYLAND RESEARCH STATION, WSU

Crop rotations and environmental factors significantly influence wheat productivity, yet their combined cffects on yield prediction using
satellite-based vegetation indices remain understudied, especially for the dryland region of castern WA. This rescarch investigates how
different crop rotations affect spring wheat vield and evaluates the accuracy of satellite-based vegetation indices in predicting yields
across growing scasons (2017-2024 ) and rotations. The study was conducted by leveraging an ongoing long-term crop rotations trial at

Ron Jirava Farm Near Ritzville, WA. This trial was initiated in 1997 and consisted of six different crop rotations: (i) Tilled fallow-winter

wheat-spring wheat (TF-WW-SW), (ii) Winter
canola-spring wheat-chemical fallow (Canola-SW-
CF), (iii) Chemical fallow-winter triticale-spring
wheat (CF-WT-SW), (iv) Continuous spring wheat
(Cont. SW)
WW ), and (vi) Spring barley-spring wheat (SB-SW .

(v) Tilled fallow-winter wheat (TF-

The analysis integrated vegetation indices with
weather paramcters  (precipitation, temperature,
solar radiation, and humidity) collected at ten time
points from March to August each year. Results
showed that spring wheat in CF-WT-SW rotation
produced the highest vields throughout the years
of study, while Canola-SW-CF* yiclded the lowest,
highlighting the importance of rotation selection Figure 1. Mean differences in spring wheat yield compared among crop rotation systems across

in spring wheat production systems. Vegetation Jears.

indices measured from early June (heading stage)

through late July (maturity stage) demonstrated the strongest correlations with vield, with predictive accuracy improving as more
years of data accumulated, capturing more significant variability in both yields and vegetation indices. Predictive modeling using
lincar regression and machine learning algorithms, such as the random forest and the extreme gradient boosting, demonstrated that
integrating vegetation indices with weather variables outperformed models based on vegetation indices alone. The machine learning
approaches provided superior yicld predictions compared to lincar regression, particularly when using vegetation indices alone.
Vegetation indices have a complex, nonlinear relationship with yield that machine learning models can capture cffectively. In contrast,
weather variables like rainfall usually have a direct linear relationship with vield. Integrating vegetation indices with weather data cnables
machine learning to leverage both nonlincar relationships and direct patterns. Although the advantage of machine learning is slightly
reduced with weather data included, the integration still yiclds strong predictions. This difference may occur from the uniformity of
weather data across plots, while vegetation indices provide plot-specific variability, which provides more accurate predictions at
the plot level. This rescarch underscores the value of integrating remote sensing technology with environmental data to enhance

vield prediction accuracy across diverse growing scasons and farming practices. These findings give growers practical insights into
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Figure 2. A sample of a strong relationship beteween the vegetation index and

spring wheat yield, with the MCARI2 showing the lhighest correlation to yield

in early July.

implementing optimal rotation systems and help rescarchers develop more robust predictive tools. Future work will refine feature

sclection, optimize models, and conduct temporal validation to improve prediction reliability across variable growing conditions.

Table 1. Predictions of spring wheat yields present the top five best features and time points for each model.
pring ) p P p

Model

Training Datasct

Testing Dataset

Time Point Feature | Gingle ~ Weather VI Single Weather VI -
VI Variables Weather VI Variables Weather
Lincar Regression - june GNDVI 037 0.80 0.46 084
Late June MCARI2 0.34 0.81 0.46 0.85
0.80 0.84
Late June NDVI 0.33 0.80 0.45 0.84
Late June NDWI 0.37 0.80 0.46 0.84
Early July MCARI2 0.51 0.66 0.75 0.49 0.68 0.77
Random Forest Early July CIGreen 0.61 0.90 0.66 0.85
Early July EVI1 0.69 0.90 0.66 0.86
Early July LAT 0.69 0.81 0.90 0.66 0.88 0.86
Early July MCARI2 071 0.87 0.69 0.87
Early July WDRVI 0.61 0.90 0.05 0.85
Extreme Gradient e EVI 070 0.88 064 0.86
Boosting ST
Early July EVI2 0.76 0.89 0.62 0.85
Early July LAI 0.70 0.81 0.88 0.64 0.87 0.86
Early July MCARI2 0.77 0.89 0.69 0.87
Early July SR 0.71 0.88 0.63 0.85




2025 Field Day Abstracts: Highlights of Research Progress

Role of Nitrogen-Fixing Bacteria in Wheat-Based
Cropping Systems: Implications for Plant and Soil
Health

KaviraJ SINGH KAHLON, RENEE H. PETIPAS, AND MAREN L. FRIESEN
DEPT. OF PLANT PATHOLOGY, WSU

Biological nitrogen fixation ( BNF ) isanatural process whereby nitrogen-fixing bacteria convert
atmosphcric dinitrogen (N,) into a usable form for plants. The cfficiency and distribution
of nitrogen-fixing bacteria can be influenced by various management practices. This study
investigates the cffects of two contrasting tillage systems-conventional tillage vs no-till-on
the nitrogen-fixing bacterial communities within a wheat-based cropping system at the Cook
Farm LTAR (Long-Term Agroccosystem Rescarch). We find that no-till and conventional
tillage systems cach harbor distinct diazotrophic communitics, with the relative abundance
of nitrogen-fixing bacteria differing significantly between these systems. Bradyrhizobiaceace
and Rhodocyclaccac were more abundant in no-till soils, while Spirochactaccac and
Methylocystaccac dominated conventional tillage soils. Interestingly, conventional tillage soils
exhibited significantly higher species richness. We also saw a positive correlation between

certain bacterial familics and soil health indicators, such as organic matter content, plant

available nitrogen, and the Haney Soil Health Score. These findings emphasize the need to ) e

i o Diazotroph commumnitics differ between
consider soil microbial communitics, particularly nitrogen-fixing bacteria, when cvaluating ) o
: conventional and no-till fields at the Cook

agricultural management practices. Understanding these relationships can help guide more o LTAR
arm LTAR.

sustainable farming practices that promote plant and soil health and optimize nitrogen cycling.

Living Mulch and Grazing Techniques to Improve
Soil Health and Weed Control for Farmers
Transitioning to Organic Farming Across Climatic
Zones

QQUINN YATES, SURENDRA SINGH, AVA HEATHMAN, AND SHIKHA SINGH
LIND DRYLAND RESEARCH STATION, WSU

The demand for organic food and arcas under organic production have exponentially grown in the last few years. While organic products
fetch premium prices, conversion of conventional farms to an organic system also helps prevent soil degradation and enhance soil health.

However, the rate of this conversion is lower among growers duc to yield gaps, economic and sustainable nitrogen sources, and weed
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management strategics. In theinland Pacific Northwest (iPNW ), where winter wheat is the major
crop, the suitability of its organic production is less explored, especially during the transition
phase from conventional to organic systems. A four-year study was initiated in 2024 in Adams,
Oregon to determine the feasibility of organic production of winter wheat using leguminous
living mulch and grazing strategies to provide N and better weed control. However, the utilization
of perennial cover crops as living mulch remains a challenge, owing to the lack of sufficient

information on the intercropping ability of different cover crop species and establishment

methods for wide geographical regions in the U.S. Thercfore, similar studies were also initiated in
Southeastern and Northeastern United States to investigate the same in different climatic zones — Figure 1. Plots on date of fall soil sample

The trial in Adams, Oregon is led by rescarchers from WSU and OSU in which we are lookingat - (2024/09/26).

the impacts of living mulch and integrated livestock grazing on crop and livestock performance

along with soil health and carbon sequestration. The treatments include (i) Aberlasting clover (perennial ) with grazing /no grazing (ii) Red

clover (annual) with grazing/no grazing (iii) cover crop mix (757 pea, 12.5% oats and 12.57 triticale) with grazing no grazing, and (iv) no

living mulch, no grazing (control ). In this study, we are looking at crop and livestock performance, soil health and carbon sequestration, and
weed management. We will be creating educational materials and disseminate the findings to growers and stakeholders. Soil health will
be analyzed through a suite of soil physical, chemical and biological attributes including soil organic carbon (SOC), wet aggregate stability
(size distribution and stability ), potential of C mincralization and microbial community structure, and soil nutrient status. The total
carbon fluxes from the soil surface will always be recorded throughout the summer. Additionally, we will be monitoring weed population
and management, due to the increased difficulty managing weeds in organic cropping systems. This experiment was initiated in 2024 and is

currently in progress. We anticipate abeneficial increase in the soil health indicators above with these organic practices being implemented.

Predicting Soil Available Nutrients Using Portable
XRF (pXRF) Technology in Dryland Soils from the
Inland Pacific Northwest

DEEPANJAN MRIDHA, JOAO A. ANTONANGELO, BISHAL LAMSAL, CAWAYNE B. BASIL, SHIKHA SINGH, AND SURENDRA
SINGH
DEPT. OF CROP AND SOIL SCIENCES, WSU

Conventional soil testing protocols are widely accepted worldwide and considered generally accurate. Precision agriculture provides
detailed information on the spatial variability of soil propertics, including nutrient content, allowing for local-specific decision making.
Portable X-ray fluorescence (pXRE) spectrometry can quantify several elements of the periodic table in seconds. Elements determined
by pXRF have been used to predict exchangeable available nutrient contents and other soil propertices. Thus, pXRF clemental results and
the development of prediction models can reduce the cost and time required for traditional wet chemistry laboratory analyses of nutrient
contents. The objective of this study is to assess the viability of utilizing X-ray Fluorescence (XRF) as a predictive tool for plant-available
nutrient estimation. A total of 30 soil samples were collected from a depth of 0-30 cm in canola fields across castern Washington, USA (Fig.
1). Prior to analyzing the collected ficld samples, an incubation experiment was conducted using increasing lime application rates (0, 0.5,
1.0,2.5,5,and 10 t/ac) on soil from Rockford, WA (pH - 4.5) to create a calcium (Ca ) and magnesium ( Mg) gradient for calibrating the pXRF

instrument for subsequent analysis of the 30 ficld samples collected in the castern Washington. Both the incubated soils and ficld samples
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wereanalyzed using wet chemistry foravailable nutrient fractionsand pXR F for total elemental concentrations. The incubation experiment
showed that Ca (R*=0.84 ) hasabetter correlation than Mg (R*= 0.27 ). Further, the results from the incubation data served as the ‘training’
datasctformodelcalibration. The calibration provided valuableinsightsintopredictingavailable nutrient concentrationfromtotal clemental
data obtained via pXRF. The data analysis showed the predictive accuracy for Ca (R* = 0.36, p<0.0001) was more reliable than the Mg (R* =

0.18,p-0.01) (Fig. 1. Therefore, further optimization and exploration of alternative models are warranted to improve prediction accuracy.

The authors are  thankful for the financial support provided by the Washington Oilsced  Cropping

System,  Washington  Oilsced ~ Commission, and ~ Washington ~ Grain ~ Commission to  conduct this  project.

Figure 1. The graphical representation of this study.

Nitrogen Stabilizer Impacts on Nitrous Oxide
Emissions

CLAIRE PHILLIPS', FABIO SCARPARE?, ROBERT MEADOWS?, IAN LESLIE', LEAH AMAZING BROWN CHIDZIWE?, AND
DAVE HUGGINS'

'"USDA-ARS NORTHWEST SUSTAINABLE AGROECOSYSTEMS RESEARCH UNIT; 2DEPT. OF CROP AND SOIL SCIENCES,
WSU

A field trial was initiated in Pullman, Washington in September 2023 to evaluate the impact of a nitrification inhibitor (pronitridine,

TMC LockdowN) on winter wheat growth, nitrogen usc cfficiency, and nitrous oxide emissions. Pronitridine is a nitrification
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inhibitor that prevents microbial transformation of ammonia to nitrate. We hypothesized that pronitridine would reduce
soil N losses and reduce nitrous oxide emissions. Here we report findings from harvest year (HY) 2024 and carly HY 20235.
Treatments consisted of a no-N control to estimate soil mineralization, a standard fall application of 140 Ibs/acre N
(liquid urca) subsurfacc banded at planting, the standard fall application with pronitridine (1.85 gal'ton fertilizer), and
a split application with 707 of N banded in fall and 30% surface-applied in carly March as dry urca. Each treatment was
replicated 4 times in a randomized block design on ground previously planted in garbanzos. Plots were 50 ft long < 7 ft

wide, and were sited on a footslope where soil moisture, and therefore nitrous oxide emissions, were expected to be high.

Crop Response and N Performance

InHY2024 we found nobenefitof
the N stabilizer in terms of grain
yicld or protein concentration
(Fig. 1). Nitrogen performance,
expressed as N balance index (N
in grain | N applied in fertilizer)
was unexpectedly lower in plots
with stabilizer than without (Fig.
1C). However, these results may
be influenced by higher amounts
of pre-plant N in the non-
stabilized plots (average 60 Ibs
N/acre higher than in stabilized
plots, measured to 5 ft depth).
This bias was inadvertent, and
was duc to high spatial variability

in soil N over small distances.

We constructed an N budget by

summing N sources supplied

. Figure 1. Crop response and N performance in winter wheat under alternative N management. (A ) Grain yield,
over the growing  scason '

. . (B) grain protein, (C) N balance index, and (D) unaccounted (lost) N, estimated using a N budget approach.
(ie. pre-plant soil profile N + gramp A e (050 S secapp

o onte 0t <l > same letter were statistically different (v > 0.05). N.S. = not statistically sionificant N
fertilizer N - N mincralized in Treatments not sharing the same letter were statistically different (p > 0.05). N.S. = not statistically significant. NO
=no N fertilizer, NFALL = 140 [bs N acre at fall planting, NFALLSTAB = 140 lbs N acre in fall plus pronitridine,

the no-N plots) and subtracting
NSPLIT =100 lbs N at fall planting, 40 lbs N in early March..

N remaining in the crop and
soil at harvest (N in grain +
N in residue + post-harvest soil profile N). N supply consistently exceeded N remaining at harvest, and showed an average
of 93 Ibs Njacre was lost to the environment. While the treatments were not statistically different, there was a trend

towards smaller losses in the stabilized and split-N treatments relative to standard non-stabilized fall application (Fig. 1D).

Nitrous oxide emissions

Nitrous oxide (N20), which is a potent greenhouse gas, had highest emissions in the standard practice in HY24, and
considerably lower emissions in the stabilized and split-N  treatments. In HY25 we ensured there were no
treatment  biases in  pre-plant  soil profile  N. We found no treatment differences in - N20O  emissions in  the

fall, but found that the stabilized treatment had the highest N20 emissions following winter snowmelt.
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Conclusions
This trial has so far not shown a benefit of pronitridine for N performance in winter wheat in the high rainfall zone. Impacts
on N20 emissions were inconclusive due to inconsistent levels of pre-plant soil N in HY24. We expect shoulder and summit

positions of hillslopes that are more prone to N loss may be a better target for N stabilizers than the footslope position studied here.

Figure 2. Nitrous oxide flux chambers in (A) winter and (B) spring. Monthly average nitrous oxide emissions
Jor (C) harvest year 2024, and (D) fall through spring of harcest year 2025. The first year had a relatively
wet fall and the 2nd year was comparatively dry. Note the difference in scales for C and D, and the very high

uwes on thaw days i in Mar-April 2025,

Inter-Specific Interactions and Crop Productivity
in Cereal-Pea Intercropping Systems

HANSOL LEEY, SAMIRA KAZEMT, JULIA PIASKOWSKI?, XI LIANG', ZACHARY KAYLER3, LINDA SCHOTT3, PATRICK
HATZENBUEHLER*

'DEPT. OF PLANT SCIENCES, UL; 2STATISTICAL PROGRAMS, UL 3DEPT. OF SOIL AND WATER SYSTEMS, Ul; *DEPT. OF
AGRICULTURAL ECONOMICS & RURAL SOCIOLOGY, Ul

Intercropping is an agricultural practice of growing two or more crop species together, improving resource use efficiencies and

productivity. However, how species interactions enhance resource use cfficiencies is not well understood. We thus examined how
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barley and wheat interact with neighboring peas in cereal-pea intercropping
systems under drought-stressed conditions, pertaining to dryland arcas. A ficld
experiment was conducted at the University of Idaho’s Aberdeen Research
& Extension Center. We established experimental plots of monoculture and
intercropping of spring barley, spring wheat, and spring pea under drought-stressed
(507 crop evapotranspiration (E'T)) and well-watered conditions (1007 ET'). The
intercropping treatments included barley or wheat at 757 of their monocropping
seeding rates intercropped with peas at 257%, 507, and 757 of their monocropping

seeding rate, as well as 507 of cereals intercropped with 507 peas (Fig. 1).

Aboveground biomass significantly differed in barley-pea and wheat-pea cropping
systemsp<0.0001forboth),butwasnotsignificantlyaffectedby watcravailability (p >

0.05). Grainyield differedbetween water regimes only inbarley-peasystems (p- 0.04 ).

At physiological maturity, biomass-based relative interaction index (RII) revealed
different patterns between cereals and peas (Fig. 2). Both barley and wheat

maintained positive RII values when intercropped with 757 pea under drought

stress, however, these values were near zero or negative under well-watered Figure 1. A barley-pea intercropping plot at the Unicersity
/Sl - 3 ! [ I Pl 4 Sy

conditions. Pea RII values were near zero in systems with 257 pea seeding of Idaho Aberdeen Rescarch & Extension Center:
/ 1 Sed X AY4 Lenier.

rate, but consistently negative at higher seeding

rates (5

5 and 757, regardless of water regime.

Land equivalent ratio (LER) analysis revealed yicld

advantages in specific combinations (Figure 3). In

(e}

barley-pea systems, only the 7574 barley + 757 pea

treatment under drought stress achieved a total
LER significantly greater than 1 (p — 0.04). Wheat-
pea intercropping showed LERs exceeding 1 in 75%
wheat + 257 pea under well-watered conditions,
75> wheat + 757 pea under drought stress, and 507
wheat + 50% pea under both water conditions (p

< 0.05). No cereal partial LERs exceeded 1, and

all pea partial LERs were significantly below 1.
Figure 2. Relative interaction index (R11) on biomass of barley-pea and wheat-pea

o/ \

intercropping systems by pea ratios (757 cereal intercropped with 25, 50 and 75 pea) - These findings suggest that cereal-pea intercropping,

at physiological maturity. The RI11 quantifics interaction intensity between plant species,

ranging from -1 (strong competitive inhibition) to 1 strong facilitation ), indicating whether

each plant expericnces negative or positive effects from neighboring plants.

particularly at higher sceding rates under drought
conditions, can provide yicld advantages over
monoculturesystems. Thepositive Rl valuesfor cereals
coupled with negative RII values for peas indicate

asymmetric competitive interactions that benefit cereal
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productivity at the expensc of pea performance. This competitive dynamic appears to drive the observed vield advantages in intercropping
systems. Despite the competitive suppression of peas, the overall productivity benefits demonstrated by total LER values exceeding 1 suggest

thatstrategiccercal-legumeintercroppingcouldimproveresourcecuscefticiencyandcroppingsystemresilienceinwater-limitedenvironments.

1190 iy er, oA o1t vatin CT T oo ]-nen tererOnInG exeteme I e Hap R MO IR N
Figure 3. Grain-based land equivalent ratio (LER ) of cereal-pea intercropping systems. LIER compares the land area required under
monocropping to the land area under intercropping needed to produce equivalent yields under the same management conditions. Values
are calculated as the sum of component crops’ partial LERS (the fraction of each intercrop yield relative to its monoculture yicld). LER > 1

indicates intercropping yield advantage over monoculture. Asterisks (*) indicate LR significantly higher than 1 (p < 0.05).
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Part 2. Oilseeds and Other Alternative Crops

Response of Winter Canola Cultivars to Cabbage
Seed Weevils

GIFTY K. BEMPONG', KAMAL KHADKA?, AND SUBODH ADHIKART'
'DEPT. OF ENTOMOLOGY, PLANT PATHOLOGY AND NEMATOLOGY, Ul; 2DEPT. OF PLANT SCIENCES, Ul

Canola ( Brassica napusl..)is an oilsced crop commonly used as an edible oil (canola ), biofuel (industrial rapesced ), and livestock feed. Both
spring (ie., spring-seeded) and winter (i.., fall-seeded) canola are vulnerable to a wide range of insect pests including cabbage seedpod
weevil ( Ceutorhynchus obstrictus). Cabbage scedpod weevil moves into the canola crops to feed on their buds, flowers, and developing
pods resulting in significant reduction in crop yield. While management of this pest using chemical, mechanical or biological methods
arc recommended, having cultivars resistant to cabbage scedpod weevil can help minimize crop losses and contribute to integrated

pest management. Therefore, in this study, we assessed five winter canola cultivars for their response against cabbage scedpod weevil.

Figure 1. (A) Cabbage seedpod weevil larca, (B) Cabbage seedpod weevil adult, (C) Cabbage  scedpod weewil exit hole and seed damage.

The study was conducted using the “Pacific Northwest Winter Canola Variety Trials” managed by “Canola, Rapeseed and Mustard
Breeding Program” of University of Idaho. The trials were in three locations: Parker Research Farm, Moscow, 1D; Kambitsch Research
Farm, Genesee, ID and a grower’s farm at Craigmont, ID. The trials were conducted using a randomized complete block design (RCBD)
with four replications. Out of 40 cultivars tested in the variety trials, five cultivars including Durola, Erica, CP320W RR, Surfire, and
Messi, were selected to estimate the response to cabbage seedpod weevil damage. When the crop was ready for harvest, the primary
racemes were collected from five randomly selected canola plants in cach plot for all five sclected cultivars. All pods in cach raceme
were carefully examined for the cabbage scedpod weevil exit holes in the laboratory. Each raceme was threshed individually after

examining and counting the cabbage scedpod weevil exit holes. The sceds were weighed to determine the seed yield per raceme.

Our results showed that in Craigmont farm trials that Durola had the highest exit hole numbers while Erica had the lowest, but the
cultivars did not ditfer from each other (Fig.2). In the Kambitsch Farm trial, CP320W.RR had the highest numbers of exit holes whereas

Messi had the lowest, yet again the cultivar response was not significantly different. At Parker Farm, the highest numbers of exit holes
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were observed in CP320W.RR while Erica had the lowest and was significantly different among the cultivars. Preliminary results showed
variations in winter canola cultivar response to cabbage seedpod weevil infestation across the sites. Cultivars that showed little to no
impact from the damage could be duc to the cultivar being tolerant to the cabbage seedpod weevil damage. Other factors like farming
history or landscape composition may have influenced the weevil impacts. We are repeating the same experiment for the 20242025

scason in the same three locations, and we expect results that will help us explain the variations observed across the experimental sites.

Figure 2. Preliminary results of winter canola cultivar response to cabbage seedpod weevil across thiee sites. Bars indicate the means and whiskers indicate the
standard errors. Bars with the same letters indicate that means are not significantly different between the number of weeails exit holes and cultivars according to
Tukeys multiple comparison test (p < 0.05).

Automated Detection and Quantification of Flea
Beetle Damage in Canola

MD SABID HASANY, JOUNNY LiI', KAMAL KHADKA? AND SUBODH ADHIKARI
'DEPT. OF SOIL AND WATER SYSTEMS, UL *DEPT. OF PLANT SCIENCES, UL 3DEPT. OF ENTOMOLOGY, PLANT
PATHOLOGY AND NEMATOLOGY, Ul

The canola growers in the Pacific Northwest encounter considerable challenges associated with flea beetle management. Among different
species, Phyllotreta cruciferace ranks as the most stubborn and harmful insect pests affecting canola production. The feeding behavior of
fleabeetlesis unique: they chew and damage the stems, cotyledons, and young true leaves. The harm manifests as indentations, depressions,

and perforated patterns, all of which obstruct proper seedling growth. The extent of damage differs, yet in many instances, it results
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in hindered plant growth, diminished defenses, and reduced crop production. On average, loss in seed yield duc to flea beetle damage

can be up to 357 During severe outbreaks, the damage potentially results in the loss of millions of dollars throughout North America.

Acknowledging the immediate need for improved and efficient management techniques to tackle flea beetle infestations, this study
presents an innovative solution: a computer vision-driven method for the automated identification and measurement of fleabecetle damage
on canolaleaves. In this rescarch, the proportion of fleca beetle damage was assessed by using deep learning models, particularly YOLOv10
with a customized datasct. We have used 180 high-resolution images of plants with beetles and beetle damage. 707 of the images from the
datasctarc usedin training and 257 of the images are used in testing, and the rest of the images are used for validation purposes. The primary
innovation of this method is the capability to delincate and compute the damaged Ieaf arca on a pixel-by-pixel basis. The deep learning
models were trained to identify and categorize three main components: fleabeetle damage, healthy leaf tissue, and the occurrence of crucifer
fleabeetles. This segmentation approach provides a more accurate and thorough assessment of the damage in comparison to conventional
scouting techniques. The YOLOvV1O model’s test results showcased remarkable performance, attaining 997 overall accuracy, with 987

accuracy in detecting beetle damage, 1007 accuracy in leaf detection, and 1007 accuracy in recognizing the presence of crucifer flcabectles.

Figure 1. Smart phone and Al-enabled flea beetle damage (FBD) detection and quantification.

The timing for assessing crop damage is particularly critical since the action threshold for applying insccticides is usually
established at 257 damage to the total surface arca of cotyledons and young lcaves. After this stage, the damage can quickly worsen,
with defoliation rates passing cconomic injury levels in just a day or two during intense infestations. The current visual scouting
techniques are labor-intensive yet not precise, which may differ based on the observer, site conditions, and environmental factors.
This inconsistency can result in a delay in recognizing infestations and executing prompt spray interventions. The automated system
created in this study could provide major benefits to PNW canola growers by minimizing these issucs. This study shows a huge

potential of using Al in significantly improving flea beetle management efficiency by offering growers more precise information.

Evaluating the Response of Canola and Mustard
Cultivars to Flea Beetle Damage

GreTy K. BEMPONG!, SUBODH ADHIKARIY, CAITLYN HORSCH?, JAMES UHLENKOTT2, AND KAMAL KHADKA®
'DEPT. OF ENTOMOLOGY, PLANT PATHOLOGY AND NEMATOLOGY, UlL; *DEPT. OF PLANT SCIENCES, Ul

Canola ( Brassica napusL..) and mustard (¢.g., Sinapis alba, and B, juncca) arc ecconomically important crops in North America. Fleabectles

(Coleoptera: Chrysomelidac ) are the majorinsectsincanolaand mustardsin the Pacific Northwest. Fleabeetleschew leavesand tender stems,
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making potholes (Fig.1). Reports show that if unmanaged, up to 357 vield loss could occur duc to flea beetle damage, although crop cultivar

responses could highly vary. [Hence, our rescarch aim was to evaluate the response of canola and mustard cultivars to flea beetle damage.

Figure 1. Damage caused by flea beetles to mustard and canola at different growth stages. Leaf defoliation and unique shot-hole feeding patterns are caused by

Mlea bectle feeding (photos by Subodh Adhikari).

The experiment was conducted in the summer of 2024 at Ul-Parker Research Farm, Moscow Idaho, using a split-plot design with
four replications. Among the six cultivars tested, four of them were canola | CP9978TE, CS2600.CR-T, DynaGro280CL, Industrious
(industrial rapeseed) |, and two were mustard cultivars (IdaGold: Sinapus alba and Pacific Gold: B. juncea). The Industrious cultivar
was tested with (ic., IndustriousT) and without sced treatment (i.c., IndustriousN ), while all the other cultivar sceds were treated
with Helix Vibrance at 23 fl oz per 100 Ibs of seed. The main plots included foliar spray (SP) and no spray (NS) for flea beetles.
Spraying was done with Grizzly Too (ai: lambda-cyhalothrin). The individual plot sizes were: 5 ft X 16.5 ft. Planting was done on
April 24, 2024, and foliar spray trcatments were applied on May 14 and June 08, 2024. The variables measured included percentage
damage and crop vield. Damage was recorded by proportion of leaf damage to total leaf arca (ic., 0 - 1007%) based on the protocol
developed by Canola Council of Canada. Randomly selected seedlings from each experimental plot (20 per plot) were observed

for flca beetle damage weekly for four weeks. The statistical test used was a mixed cffects model in R using /merand g/mer tunctions.

The first flea beetle damage data was
assessed on May 13 before applying the
foliar spray trcatment on May 14. The
sccond damage assessment was done on
May 21. The results showed that CS2600-
CR-T had the lowest damage among
cultivars, but no significant difference
between control and treated plants across
cultivars before spray treatments (Fig.2;
left pancl). However, spray treatment had
signigicant cffects on percentage damage

across all cultivars (Fig.2; right panel),

with a stronger cffects on some cultivars ™ . '
such as  IndustriousT, Industrious\. Figure 2. Percentage damage of leaves by flea beetles. The bars in green represents cultivars that were
and Pacific Gold. Compared to other not sprayed (NS ) and the bars in blue represent cultivars that weiie spraved (SP) with Grizzly Too. The
cultivars, 1daGold had the lowest flea vertical green dotted line indicates foliar spray date on May 14. We found a strong cultivar, spray, and spray
bectle damage in both control and by cultivar differences (P=<0.0001 for all).

treated plants (Fig.2; right panel).
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Overall, we found a cultivar-specific responses to flea beetle damage. For example, CS2600-CR-T cultivar showed the highest yield with or
withoutfoliarspray forfleabeetles Fig.3). IdaGoldhad ahigher yield comparedto Pacific Goldunder control conditions. Theresultindicated
that CS2600-CR-T and IdaGoldare relatively resistant to fleabeetles compared to other cultivars. Pacific Gold was preferredby fleabeetles,
but spraying was cffective in managing becetles and maintaining similar yield to canola cultivars such as CP9978TF and DynaGro280CL.
Industrious with treated seeds had ahigher vield compared to non-treated Industrious, butacombination of aseed treatmentand foliar spray

reduced flea beetle damage and increased yield most effectively, indicating the significance of these treatments in flea beetle management.

Figure 3. Brassica cultivar yield. The blue bars represents cultivars that were not sprayed (NS ) and the green bars
represents cultivars that were sprayed (SP) with Grizzly Too. The first three cultivars are canola, followed by ldaGold

(Sinapus alba) and Pacific Gold (Brassica juncea) which are mustards, whereas Industrious is a rapeseed.

Pealina: Investigating the Intercrop Potential of
Camelina and Pea

WILSON CRAINE' AND SURENDRA SINGH?
'DEPT. OF PLANT PATHOLOGY, WSU; *LIND DRYLAND RESEARCH STATION, WSU

Intercropping is an agricultural practice where two or more different crops are grown simultancously in the same field, and
can lead to higher overall yiclds, increased crop resilience, improved soil health, and more sustainable farming practices by
optimizing space, reducing input costs, and minimizing cnvironmental impact. Intercropping legumes and oilsceds creates
a synergistic partnership duc to their different growth habits and plant architecture. The nitrogen-fixing ability of legumes
enriches the soil, while reducing reliance on synthetic fertilizers normally required for the nutrient-demanding oilsced crops.

This partnership can improve water and nutrient cfficiency, suppress weeds, minimize pest and discase risks, and stabilize yiclds.

This “Pealiina” research project investigates the potential of intercropping fall-sceded peas and camelina in the dryland wheat-
fallow zone. The goal is to explore different agronomic protocols to optimize this intercrop system and guide future rescarch

cfforts. Specifically, this project utilizes different seeding rates, methods, and depths in addition to variable nitrogen application
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rates to better understand agronomic practices critical to cstablishing this intercrop
and how these practices can impact sced yield. The protocols established by

this rescarch  project will facilitate  future Pealina intercrop rotation  studics.

The ultimate vision of this project is to determine if a Pealina intercrop is
able sustainably intensify the wheat-fallow rotation by transitioning a 3-year
Winter Wheat - Pealina - Fallow rotation. Conscquently, all Pealina plots

were sceded with a “no-till” plot drill, into wheat stubble from the previous year.

The winter pea used for this trial was “Vail”. There are both winter and spring camelina
biotypes that exhibit different growth habits, so a check varicety for both spring and winter
camelina was used to determine which performed better and best matched the
maturity timing of the peas. The table below describes the various types of treatments

being investigated. There are 3 replicate plots for cach treatment combination.

Peal.ina on 4/16/25.

Treatment Details
Camelina Biotype Winter = “Joelle”; Spring = “Calena”
. . P Yy
Seeding Method Cameclina aliiaflz(:lstae;:g :;?aiig(fl;[;fgl;fll’ind(;lesctef)(,j(ljr:ln;;ll?niea?er Viindeep
Nitrogen applied olbs/acre; 40lbs acre; 8olbs/acre; 1201lbs/acre
Seeding Rate* 1007 Camelina; 2/3 Camelina+1/3 Pea; 1/2 Camelina+ 1/2 Pea; 1/3 Camelina+ 2/3 Pea; 1007 Pea

*Seeding rate = 7 of full seeding rate**
1007 camelina = 6.5lbs acre
#1007 pea = 132lbs /acre (352,000 sceds acre)

Optimizing Canola Production through Depth-
Specific Lime Application in the Dryland Palouse
Region

CAWAYNE B. BRYAN', DEEPANJAN MRIDHA', BISHAL LAMSAL', JOAQUIN CASANOVA?, RICHARD T. KOENIG', AND JOAO A.
ANTONANGELO'
'DEPT. OF CROP AND SOIL SCIENCES, WSU; 2USDA-ARS NORTHWEST AGROECOSYSTEM RESEARCH UNIT

Canola (Brassica napus 1.) is onc of the most important crops grown in the Pacific Northwest due to its
ceconomic  significance and importance in rotational farming systems. The acidic soil conditions common @ to
this region often posc limitations on canola productivity due to aluminum toxicity and nutrient imbalances.

Soil acidity has become stratified, with a highly acidified layer at the depth of fertilizer application. Stratification becomes
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worse over time in no-till systems, since residues are not reincorporated. This rescarch aims to address the problem of
pll stratification, which may affect canola root growth and nutrient absorption. A depth-specific approach is idecal for
correcting soil pH and subsequently improving soil-available nutrients and root growth. This will be achieved by testing
the effectiveness of depth-specific lime application versus conventional techniques, where lime is applied to the surface
and incorporated into the soil. This integrated study utilizes two primary methodologices: a controlled greenhouse study at

the WSU wheat rescarch greenhouse facility, and a field study at the Palouse Conservation Field Station (PCFS), Pullman.

A preliminary incubation study was conducted on soil (pH - 4.5)
collected from a depth of 0-6 inches in Rockford, WA (the same
source as the greenhouse experiment soil), a dryland farming
arca in Eastern Washington, to derive the optimal lime dosages
for the subsequent experiments. This investigation focused on
the pll response of soil to six levels of finely ground lime (the
cquivalent of 0, 0.5, 1, 2.5, 5, and 10 t/acre). The observations
obtained from the experiments suggested that while lime
application increased soil pH it plateaued at approximately 6.37
with a rate of 2.28 tiacre (Fig. 1). In addition, the incubation
showed that lime application reasonably reduced aluminum

concentration and increased the amount of plant-available

sulfur which is a primary component of the lignin coating binder == — :
. . . . . Figure 1. Presents the segmented quadratic-with-plateau regression model
which encapsulated the lime that was applied to the soil. which — © R . o ‘
. . . . . employed fo assess the relationship between lime application rate (1 tha — 0446
is especially advantageous for canola as it tends to require this

. . . tiacre) and soil .
nutrient. Such results formed the rationale for the lime treatments

in the primary greenhouse experiment conducted afterwards.

The authors are thankful for the financial support provided by the Washington Oilsced Commission to conduct this project.

Yield Performance and Stability of Spring Canola
Cultivars under Acidic Soil Conditions

BiMOCHANA G.C", KURTIS SCHROEDER', SURENDRA SINGH?, JAMES UHLENKOTT!, CAITLYN HORSCH', AND KAMAL
KHADKA'
'DEPT. OF PLANT SCIENCES, Ul; 2DEPT. OF CROP AND SOIL SCIENCES, WSU

Soil acidification is a significant global issuc that negatively affects crop productivity. It has emerged as a potential threat to growers in the
Pacific Northwest, particularly in the Palouse regions of Washington and Idaho. Over the past 25 years, soil in Northern Idaho and Eastern
Washington has experienced rapid acidification due to high ammonium fertilizer inputs. Canola, which has become an integral part of the
rotation in the cercal-based cropping systems of the region, is sensitive to soil acidity. Aluminum and manganese toxicity associated with
acidic soil reduces root development and root density, ultimately affecting canola yield. Unfortunately, there have been limited efforts in the
past to breed acid-tolerant canola cultivars. Therefore, we evaluated a set of 38 spring canola cultivars to identify stable and high-yiclding

cultivars under different acidic soil environments to provide the growers with options to select the best genetics suitable for their farm soil.
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We  cvaluated the cultivars in  randomized complete block design  studies at three different  locations:  Moscow
(pH ~ 44, Al = 426 ppm), Rockford, WA (pll - 436, Al - 189ppm), and Pullman, WA (pll - 476, Al - 40 ppm).
Additive  Main  Effects and  Multiplicative  Interaction  (AMMI),  Genotype and  Genotype by  Environment

Interaction (GGE) biplots, and stability parameters were computed to identify stable and high-vielding cultivars.

An AMMI analysis of sced yield variance revealed a significant effect of genotype, environment, and genotype by environment
intcraction, accounting for 14.37%, 66.7%, and 7.0% of the total variation, respectively. Based on AMMI1 biplot (Fig. 1), Pullman, WA
was the highest vielding location, which has a slightly higher pll and lowest Al concentration compared to Rockford, WA, and
Moscow, ID. The which -won- where view of the GGE biplot analysis showed three distinct mega-cnvironments with different
winning cultivars: V22 (Colette.CL) in Pullman, WA; V32 (21. SC.28A.2), V36 (Goldrush), and V37 (Gem) in Moscow, 1D; and
V25 (StarFlexTF) in Rockford, WA. In addition, based on the AMMI stability value (ASV) and Yicld Stability Index (YSI), the
top vielding and stable cultivars across locations were Vi (InVigorLR344PC), V18 (NC527CRTF), V26 (CP9978TF), V29

(CP7250LL), and V6 (InVigor..350PC). These cultivars will be further evaluated for one more scason to confirm these results.

Figure 1. AMMI1 biplot based on PC1 and mean yield showing Figure 2. The “which-won-where” view of the GGE biplot showing
genotype by environment interaction of 38 spring canola cultivars which cultivars performed best in which mega-cnvironment.

across three test environments

Elucidating the Effect of Metal Lactate, a Potential
Plant Bio-Stimulant on Different Canola Varieties

EKOM-OBONG IDO AND KAREN A. SANGUINET
DEPT. OF CROP AND SOIL SCIENCES, WSU

The global agricultural landscape faces pressure from the demands of escalating food production, which has sparked a surge to find ways
to boost crop yicld and enhance growth. Metal lactates have emerged as candidate plant bio-stimulants that offer a sustainable alternative
to inorganic micronutrients required for optimal crop growth, they provide both a labile carbon source and mineral nutrition for plantand
microbial growth. To gain knowledge about how canola responses to metal lactate, we investigated the impact of metal lactate treatment on

the primary root length growth of two canola (Brassica napus) varieties, Hyclass and Plurax, by comparing treated seedlings to untreated
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controls using quantitative root length measurement. Also, to test if the two varicties will utilize metal lactates differently, reflecting varictal
differences in metal uptake and utilization efficiency. Our results showed that a lower concentration (0.5pM and 1pM ) of metal lactate
enhances the root length and overall biomass of canola, and the root length of the Plurax variety was enhanced than the Hyclass variety.

This finding provides evidence to support metal lactate as a crop bio-stimulant due to its ability to provide nutrients and enhance growth.

Optimizing Seed and Nitrogen Rates for Pea
and Canola Intercropping in the Inland Pacific
Northwest

LAUREN R. STUBBS™, SHIKHA SINGH"™, SURENDRA SINGH"™, DON WYSOCKI?, GARETT HEINECK3, AND HALY NEELY#
"LIND DRYLAND RESEARCH STATION, WSU; 20SU EXTENSION; 3PROSSER IRRIGATED AGRICULTURE RESEARCH AND
EXTENSION CENTER, WSU; #DEPT. OF CROP AND SOIL SCIENCES, WSU

The purposc of this study is to evaluate the effect of varied seeding rates and nitrogen fertility regimes in an intercropped spring pea-canola

(peaola)system. Thefirstiterationof this trial was establishedon April15th,2024,at WSU’s Wilke Research Farmin Davenport, WA. Toassess
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the suitability of the system under intermediate rainfall conditions, vield and seed quality attributes, land equivalency ratios, soil moisture
and nutrient availability, microbial biomass and arbuscular mycorrhizal fungi colonization, biological N fixation, and soil carbon fractions
will be studied. The winter pea cultivar Vail (2,700 seeds/1b.) and spring canola cultivar NCC101S (86,000 sceds/1b. ) were used in this study,

with pcaand canola planted in cach row. Experimental treatments consist of 1/3 pea + 2/3 canola, 1/2 pea + 1/2 canola, 2/3 pea - 1/3 canola, pca

monoculture, and canola monoculture seeding rates, in addition to N applications that range from 0, 507, and 1007 of the reccommended

Ib./ac. rate for canola (Table 1). Based on regional data, the canola N rate requirement (1007 N was determined to be 67 Ib./ac (Table 1).

Table 1. Experimental treatments, listed numerically by treatment 1D, ratio of pea-to-canola seeded, sceding rate in Ib./ac., N fertilizer
input, and rate of N applied in Ib. /ac.

Treatment 1D Seed Ratio / Sccsiing Rate \ N Fertilizer N Fct/‘tilizcr\ Rate

(Pea -+ Canola, Ib./ac.) Input (Ib.jac.)

Treatment 1 Canola monoculture check 0+5 100% N 67
Treatment 2 1/3pea -+ 2/3 canola 50 3.3 0% N 0o
Treatment 3 1/2pea +1/2 canola 75+ 2.5 0% N (¢}
‘Treatment 4 2/3pea +1/3 canola 100 + 1.75 07N (o}
Treatment 5 1/3 pea - 2/3 canola 50135 507N 22
Treatment 6 12 pea +1/2 canola 75+ 2.5 507N 17
Treatment 7 2/3 pea +1/3 canola 100 + 1.75 507N 11
Treatment 8 1/3pea + 2/3 canola 50+3.5 100% N 45
Treatment 9 1/2 pea+1/2 canola 75+ 2.5 1007 N 33.5
Treatment 10 2/3pea+1/3 canola 100 + 1.75 1007 N 22.3
Treatment 11 Pea monoculture check 150 + O 0% N 0]

From grain vicld data collected in 2024, we observed that generally, canola-dominant treatments outyiclded pea-dominant treatments,

with Treatment 1 as the highest-viclding treatment, and Treatment 11 yiclding the least (Fig. 1). Additionally, treatments that received

at least half the required N rate outyiclded treatments that received
no additional N (checks excluded ), with Treatments 3 and 10 as the
only exceptions (Fig. 1). Similarly, the highest vielding intercropped
treatment was Treatment 8, which received the full N application
and was canola-dominant, while the lowest yielding intercropped
treatment was Treatment 10, which also received the full N
application, but was pea-dominant (Figure 1). While none of the
intercropped treatments outyiclded the canola monoculture check,
there is no significant difference between the vields of Treatment
1 and Treatments 8, 5, and 9. Converscly, there is a significant
difference between the lowest-yielding intercropped treatment and

the pea monoculture (Fig. 1). Thercfore, preliminary data indicates

there is some yield advantage to intercropping, at least in regard

. - . L. Lioure 1. ‘lotal yields of each treatment in [b.|ac., with the highest-yieldin,
to pea production. The data collection and analyses of soil health J e ‘ : g grest.yicang

. .. . . treatment on the far left, and the lowest-vielding treatment on the far right.
attributes is still ongoing—we plan to report full results in 2026. T : e

Letters shared between treatinents indicate that yields are not considered to be

significantly different.
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Weed Infestation in a Winter Wheat-Spring Pea
Rotation: Insights from a Three-Year Study of
Tillage Regimes in the Pacific Northwest

VHUTHU NDOU', FERNANDO OREJAZ, JENNIFER GOURLIE', STEPHEN MACHADO', LARRY PRITCHETT', FRANCISCO
CALDERON', AND JUDIT BARROSO!

'COLUMBIA BASIN AGRICULTURAL RESEARCH STATION, OSU; *DEPT. OF PLANT AND ENVIRONMENTAL SCIENCES,
CLEMSON UNIVERSITY

Compared to conventional tillage, no-till reduces soil and water crosion and appears more sustainable under dryland conditions of
thePacificNorthwest. However,weedcontrolinthissystemreliesheavilyonherbicides,leadingtoanincreascinherbicide-resistantweeds. Using
anestablishedwinterwheat-springpearotationinitiatedin1964atthe ColumbiaBasin Agricultural RescarchCenternear Adams,Oregon, this

studyinvestigatedtheeffectofthedifferenttillagetreatmentsincludedinthatlong-termexperimentonweedinfestationin2021,2023,and202.4.

The experimental design was a split-plot in a randomized complete block arrangement with four replications. The tillage treatments
were (a) fall moldboard plow, (b) spring moldboard plow, (¢) maximum tillage (disk + chisel), and (d) no-tillage. Fall plowing treatment

is characterized by moldboard plowing in the fall after cach crop harvest. Spring plowing differentiates from fall plowing in that the

moldboard plowing after winter wheat is conducted in the spring (before
the pea seeding) instead of in the fall. Maximum tillage treatment is similar
in timing to the fall plowing but substitutes the moldboard plow with a disk
and a chisel plow. Under the no-till treatment, weeds are controlled only
using herbicides. All tillage treatments have herbicides applied at seeding
in both the wheat and pea phase and in-crop for the wheat phase. Weed
percentage cover was cvaluated before weed control in the wheat phase

cach year using ten random sampling frames (1 x 4 ft) per plot (24 x 120 ft).

Weed percentage cover was affected by the year and the tillage treatment

(P < 0.001). Downy brome, the predominant weed species, was higher in

2021 (317) and 2024 (237%) than in 2023 (672). A similar trend was observed

in total weeds. However, regardless of the year, weed cover was always

Figure 1. Total weed cover () under different tillage treatments

higher in the no-till treatment compared to the other tillage treatments.

5 . . . (fall moldboard plow, maxinuumn tillage (disk + chisel), no tillage
For example, in 2024, the total weed cover in no-till was 337 compared (f Pt R / ©

0 . P and spring moldboard plow) during in the 2021, 2023 and 2024
to 9%, 13%, and 15% in treatments a, b, and ¢, respectively (Fig. 1). Winter e o) s 2 4

wheat yield was not significantly different with the year, but it was with growing seasons. Boves indicate the distribution of 50° of the data.
o . o o 4 .

. ) - . . The solid black line indicates the median. Bars with different letters
the tillage treatment (P < 0.001). The highest wheat yicld was observed ' vith
indicate significant differences between years based on Tukeys

HSD (p<0.03).

in the spring plow treatment (63 bu/A), although it was not significantly
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different from the fall plow treatment (57 bu/A) or the maximum tillage
treatment (54 bu/A). Yield in the no-till treatment (47 bu/A) was the lowest

but only statistically different from the spring plow trecatment (Fig. 2.

The reduced wheat yiceld in the no-till treatment might have been caused
by the higher downy brome infestation in this treatment. Furthermore, it is
possible that the high downy brome cover was due to resistance of this weed
to imazamox, which has been used to control grassy weed species like downy
brome for the past decade in this long-term winter wheat-pea rotation.
However, a dose-response study will be necessary to confirm resistance in

downy brome in this experiment. In summary, the usc of herbicides alone

may not control downy brome in the long-term and can increase herbicide

resistance in weeds. This study also indicates that tillage timing may be ] o ] ]
. o . ) o Figure 2. Wheat yield (bu/A) under different tillage treatments
important in effective weed control. Further studies have been initiated to ) ) ) . o
o . . . ] (fall and spring moldboard plow, maximum tillage ( disk +chisel)
cevaluate conservation tillage systems in controlling herbicide-resistant weeds. ) ] o
and no tillage in 2021, 2023, and 2024 seasons. Boxes indicate
the distribution of 0% of the data. The dashed line inside the
boxes indicates the mean and the solid line is the median. Different
letters on top of the boxes indicate significant differences between

treatments according to Tukeys HSD (p < 0.05).

Fungicide Application at Herbicide Timing in
Dryland Winter Wheat

A.D. ESSER
WSU EXTENSION

The application of fungicides with herbicide timing is a common practice for winter wheat ( 7riticum acstivum) farmers across castern
Washington for stripe rust and Strawbreaker foot rot (commonly called eyespot ) control. They commonly cite ‘free ride’, ‘cheap insurance’,
and ‘plant health’ as justification for this approach. However, this approach increases costs, potentially antagonizes grassy weed control,
and rescarch is needed on the impact fungicide application on soil health. Washington State University and USDA/ARS scientists devote
resources into assessing and rating wheat cultivars for susceptibility to both these discases, so growers can make more informed decisions
about fungicide application. This datais widely available via print, web,and verbal communication. In 2020, an on-farm trial was established
at the WSU Wilke Rescarch and Extension Farm to examine the feasibility of fungicide application, and this study has been repeated cach
year through the 2024 crop (5 yearsand 7 site years ). Plots are 200 ftlongand 30 ft wide with 4 replications and a randomized complete block
design. Three treatments were established: 1) 10 gal/ac water (check ), 2) 14 0z/ac Quilt Xcel fungicide, and 3) 18 g /ac PiKSi dust (potassium
silicate ). Quilt Xcelhasbothstripe rustand Strawbreaker footrotonitslabelat the 14 0z /acapplicationrate. Variety selectionis very important
and has varied from year to year. In 2020 and 2021 Resilience CL+ was grown, in 2022 and 2023 Piranha CL+ was grown, and in 2024 both
Sockeye CL+and Kraken AX were grown. There were no agronomic differences within all three treatments over the 5 years the study

was completed despite multiple growing scasons and varicties planted. Winter wheat yielded 88.4 bu/acre over the duration of the study.
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Post-harvest Russian Thistle Control in Spring
Wheat Stubble

MARK THORNE AND DREW LYON
DEPT. OF CROP AND SOIL SCIENCES, WSU

Russian thistle is a warm scason introduced annual forb and is a major weed problem in both winter and spring wheat and will

flourish in wheat stubble following harvest if left uncontrolled (Fig. 1). Previous rescarch has found that post-harvest late-scason Russian

thistle root growth can remove as much as 26 gallons of water
per plantand deplete mostall the available soil water toadepth
of at least 6 feet. Paraquat, a contact herbicide, can provide
cffective control of Russian thistle after wheat harvest but it is
very toxic and can posc health risks to applicators. Glyphosate,
a systemic herbicide, can provide effective control of actively
growing Russian thistle after wheat harvest but can be less
cffective if applied at too low of a rate for the size of the plants
being treated, to plants that are stressed and not growing
rapidly, or to plants that arc glyphosate-resistant. Group 14
herbicides (Inhibitors of PPO) have burndown activity and

can be tank mixed with glyphosate for increased cfficacy.

We  compared  BAS  85101H, an  experimental  Figure 1. Russian thistle in spring wheat stubble one week after harvest at the WSU
Group 14 herbicide, with and without  Land Dryland Research Station, Lind, WA.

PowerMax®  (glyphosate)  for  post-harvest — Russian

thistle control. We also compared tank mixes with Sharpen® (saflufenacil, Group 14), Distinct® (diflufenzopyr,

Group 19 + dicamba, Group 4), and Weedone® 638 (24-D, Group 4). Sec Table 1 for application rates.

Table 1. Herbicide treatments and rates.

Treatments* Rates™
(0z/A)

PowerMax 64

BAS 851011 1.4
BAS 8351011 + PowerMax 1.4 +32
Sharpen + PowerMax 2.0+32
Distinct + Weedone 638 + PowerMax 2.5+22+32
Distinct + Sharpen + PowerMax 4.0+1.0+32

*All treatments included ammonium sulfate (AMS ) at 17 Ib/100 gal and methylated seed oil (MSO) at 1.07 v/v.

*Rates in fluid ounces except Distinct, which is a dry granular product.
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The study location was on the WSU Lind Dryland Rescarch Station ncar Lind, WA, and all trcatments
were applied on  August 1, 2024, a week after the spring wheat had been harvested. The wheat stubble

height was 10 inches at the time of application and the Russian thistle plant heights were up to 15 inches.

Treatments were applied with a CO2-pressurized backpack sprayer and 10-ft hand-held spray boom with six TT110015
TeeJet® nozzles. Spray output was 15 gpa with 45 psi nozzle pressure and 3 mph ground speed. The experimental design
was a randomized complete block with four replicates per treatment and 10- by 30-ft plots. All treatments included
ammonium sulfate (AMS) at 17 Ib100 gal and methylated sced oil (MSO) at 17 v/v. Treatments were visually cvaluated

at 1, 2, and 4 weceks after trcatment (WAT) and compared as a percentage of control compared to the nontreated check.

By 1 WAT, Russian thistle burndown and control with
BAS 85101H and BAS 851011 + PowerMax was 1007,
and was greater than all other treatments. PowerMax
by itsclf had only resulted in 127 control but then
increased to 707 by 4 WAT (Fig. 2). Some regrowth
occurred after application and by 2 WAT, BAS 85101H
control had declined to 937 and then 80 by 4 WAT;
however, at 4 WAT BAS 8510111 + PowerMax resulted

in 877 control, which was the best control observed at 4
WAT. Control at 4 WAT averaged between 70-757 with

all other treatments that did not include BAS 85101H.

Ligure 2.
Off-Label or Experimental-Use Disclaimer

Some of the pesticides discussed in this presentation were tested under an experimental use permit granted by WSDA.
Application of a pesticide to a crop or site that is not on the label is a violation of pesticide law and may subject the
applicator to civil penalties up to $73500. In addition, such an application may also result in illegal residues that could
subject the crop to scizure or cmbargo action by WSDA andor the US. Food and Drug Administration. It is your

responsibility to check the label before using the product to ensure lawful use and obtain all necessary permits in advance.

Comparing Root-Lesion Nematode Abundance
in Long-Term Cropping Regimes in the Dryland
Pacific Northwest’s Rainfed Cereal Crops

RACHAEL PLUNKETT, PAULINA B. RAMIREZ, RICHARD W. SMILEY, AND FRANCISCO CALDERON
COLUMBIA BASIN AGRICULTURAL RESEARCH CENTER (CBARC), OSU

Root-lesion (RL) nematodes ( Pratvicnchus spp.) are persistent pests of the dryland Pacific Northwest’s rainfed cereal crops. Pratyvienchus
feed on and damage the root structures of crops, making them more susceptible to discases and reducing the efficiency of nutrient and

water uptake, leading to plant stress and decreased crop yields. We quantified RL nematodes in three long-term experiments ( LTE’s; since
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1930 located at the Columbia Basin Agricultural Rescarch Center (CBARC) to determine the effects of conventional crop management
on plant-parasitic nematodes in rainfed cereal crops. Given that nematodes are well-established indicators of soil health, we hypothesize
that the obscerved differences are primarily driven by the effects of crop management practices on soil health. We considered three
fertilizer treatments (nitrogen (N; 40-80 Ibs.), manure, peavine ), two burn treatments (spring burn, fall burn), three tillage treatments
(minimum tillage, fall tillage, conventional tillage ), and three controls (no additions, no burn, no-till) in three winter wheat experiments.
Nematodes were collected via soil sampling and quantified pre-harvest in 2022 and 2024. In 2022, more RL's were observed in the
spring burn compared to the no burn control, the non-fertilized control compared to the 80 Ibs. N addition, and no-till compared to
conventional tillage. There were no observed differences between organic vs. inorganic N amendments, minimum tillage vs. fall tillage,
and fall burn vs. spring burn or no burn control. In 2024, there were no observed differences between fertilizer and burn treatments, but
more RI's were again observed in the no-till vs. the conventional tillage control. As hypothesized, we expect that management effects on
soil health are driving these differences but varied rainfall between our two study years may be causing inconsistent results. Thus, more
rescarch is needed to determine if the inconsistencies between years of data collection persist. With additional field samples, we aim to
gain a deeper understanding of how agricultural management practices in wheat-based cropping systems influence Pratylenchus spp.

populations. This knowledge will help growers make informed, data-driven decisions to better manage soil health and crop productivity.

Image 1. Soil core samples from which Image 2. A live Pratylenchus spp.
nematodes were extracted. Cores were nematode collected from CBARC
taken with a slide hanmer using a 2x6 in observed under a light microscope. The
plastic slecue. mouth and stylet are clearly visible.

Integrated Weed Control for Cereal Grain
Cropping Systems

A.D. ESSER
WSU EXTENSION

Weeds and herbicide resistant weeds are the single greatest barrier farmers in the dryland cereal grain cropping region of the Inland
Pacific Northwest face in today’s agriculture and is a large threat to conservation tillage moving forward. I have dedicated a large portion

of my time to providing and facilitating rescarch and outreach to this significant challenge farmers face. In my region, downy brome
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(Bromus tectorum) resistant to Group 2 and Group 9 herbicides is the biggest issue; however, my program is focused on the larger
problem across eastern Washington. My efforts include using the WSU Wilke Research and Extension Farm and large-scale research
to ‘show-and tell’ farms how they can cconomically usc a long-term cropping plan to get multiple cffective herbicides onto the ground,
and how to use targeted tillage to enhance winter annual weed control for an integrated approach. My program is also looking at
biological weed control for enhanced long-term control in a series of large-scale demonstrations across the dryland wheat producing
region of Adams County. This barrier farmers face will truly take a combination of chemical, physical and potentially biological methods
to maintain cconomically viable winter wheat production. Over the last two winter grower meeting scasons I have presented trial

results and WSU Wilke Farm experiences at 37 meetings to over 2,200 participants and have started to see adoption of these practices.

Stripe Rust Management and Research in 2024

X.M. CHEN", K.C. Evans™, M.N. WANG?, A. UPADHAYA?, PM. MESSERLIE", . MERRILL, AND N. FATIMA
'USDA-ARS WHEAT HEALTH, GENETICS, AND QUALITY RESEARCH UNIT; *DEPT OF PLANT PATHOLOGY, WSU

Stripe rust was accurately forecasted in early January and March based on the 2023-24 winter weather data and monitored in the
Pacific Northwest throughout the crop season. Rust updates and recommendations were provided to growers throughout the crop
season. Stripe rust of wheat was severe on winter wheat in the eastern Pacific Northwest due to the early start of the disease. Based
on the forecasts, rust updates, and recommendations, the application of fungicides in the carly growth scason prevented cpidemics
and unnecessary use of fungicides, saving growers multimillion dollars in 2024. We tested 15 fungicide treatments in a randomized
complete block design experiment with four replications on a susceptible winter wheat variety (PS 279 near Pullman, Washington
(WA under natural infection of the stripe rust pathogen. The first fungicide application timing at the carly jointing stage (Feckes 5)
was made on May 15 when stripe rust was 1 to 4 severity in all plots. The second application at the boot stage (Feckes 10) was
conducted on May 30 when stripe rust was 30 to 557 severity in unsprayed plots. Rust severity was assessed four times for each plot
during the rust scason. The plots were harvested individually on August 1, and rain yield and test weight were measured for cach
plot. Arca under discase progress curve (AUDPC) was calculated for cach plot using the five sets of severity data. Relative AUDPC
(rAUDPC) was calculated as percent of the non-treated check. Rust severity, rAUDPC, grain test weight, and yield data were

subjected to analysis of variance, and means were separated by Fisher’s protected LSD test. The results are summarized in Table 1.
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We tested 23 commercially grown winter wheat varieties, plus susceptible check PS 279 near Pullman under natural infection of the stripe

rust pathogen. The 24 entries were arranged in a randomized split-block design with four replications. Quilt Xcel was sprayed at the rate of

14.0floz/A atthe carly jointing stage ( Feckes 5) on May 15 when stripe rust was just appearing (0-0.17% severity ) and sprayed again at the same
ratc on May 30 when plants were at the boot stage ( Feckes 10) and stripe rust in the non-sprayed PS 279 plots was 25-407 severity. Stripe
rust severity was assessed four times from cach plot during the rust scason. The plots were harvested on August 2, and grain yicld and test

weight were measured for each plot. The data analyses were done in similar ways as described above. The results are summarized in Table 2.

In 2024, we evaluated more than 16,000 wheat and barley entries for resistance to stripe rust. Through these tests, susceptible breeding
lines can be climinated, which should prevent risk of releasing susceptible varicties and assisted breeding programs to release new
varictics of high yicld and quality, good adaptation, and cffective discase resistance. We collaborated with public breeding programs
in releasing and registered seven wheat varicties. Varieties developed by private breeding programs were also tested for stripe rust
resistance in our program. we identified a new gene for high-temperature adult-plant (HTAP) resistance to stripe rust in a wheat line
carrying all-stage resistance Yr8. Using the GWAS (genome-wide association study) and marker-assisted detection approaches, we
identified 39 stripe rust resistance loci in a HTAP resistance pancl of 463 winter wheat entries and developed Kompetitive allele specific
PCR (KASP) markers for cight loci conferring strong HTAP resistance. We completed a study of GWAS mapping of 44 loci associated
to stripe rust resistance in a spring barley pancl of 318 accessions and developed KASP markers for cight broad spectrum resistance

loci. These markers can be used in marker-assisted sclection for developing new wheat and barley varicties with stripe rust resistance.
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Effects of Climate-Smart Agriculture on Pest and
Beneficial Soil Arthropod Communities

RAKSHYA ARYAL AND SUBODH ADHIKARI
DEPT. OF ENTOMOLOGY, PLANT PATHOLOGY AND NEMATOLOGY, Ul

Climate change has presented a significant challenge to agricultural systems, particularly in dryland regions. Reported impacts on soil
biodiversity and health have directly affected crop production. As major components of soil biodiversity, soil arthropods serve as crucial
indicators of soil health. They contribute to the decomposition of organic matter, nutrient cycling, and enhancing the resilience of soil
ccosystems. While adopting climate-smart practices to mitigate and adapt to climate change is essential, the effects of these agricultural
strategies on soil arthropods remain under-rescarched. Therefore, this study aims to investigate the effects of eight different climate-smart

agriculture practices on soil arthropod biodiversity, crop performance, and soil health within the Pacific Northwest dryland farming system.

The rescarch is being carried out at the University of Idaho (Ul Moscow benchmark farm as part of the Innovative Agriculture and

Marketing Partnership (IAMP ), Idaho’s climate-smart agriculture project. Eight climate-smart treatments are: (i) Business as Usual (BAU:

Typical rotation with winter wheat and tillage), (i) compost treatment in which 157 of nitrogen is sourced from compost, (iii) BAU

with no fertilizer, (iv) inter-seed with pea and canola, (v) reduced nitrogen levels by 157 for winter wheat and spring barley, (vi) spring

cover crop, (vii) BAU canola, and (viii) BAU peas. These treatments are implemented using a randomized complete block design (Fig. 1).

Figure 1. Research Site-UI Moscow benclhmanrk farm with eight climate-smart agricultural practices and 43 plots
(15 plots of 30 m x 80 m length and 28 of 10 m x 80 m length). Chickpeas were planted on all plots i 2024 and
soil arthropod samples for bascline data were collected after harvest. Soil arthropod samples will be collected in

2025 afler implementing climate-smart agricultural practices.

We hypothesized that after implementing climate-smart agricultural practices, the soil arthropod composition would show divergence
duc to the creation of different microhabitats that influence the diversity of soil arthropod communities. Thercefore, in the fall of 2024
ten soil cores from cach of the 43 plots were collected to extract the soil arthropod communities using Berlese-Tullgren funnels to obtain

baseline data before applying climate-smart agricultural practices (Fig. 2). Arthropods were identified to assess community composition.
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The bascline results indicate that the soil arthropod community structure was similar across the
experimental plots, with considerable overlap in composition. Mites (Oribatida: 287, Mesostigmata:

267,and Prostigmata:8 . ) andspringtails/ Collembola: 307 ) dominatedthearthropodspecimens(Fig.3 ).

Data will be collected after implementing climate-smart practices in the summer of 20235
to assess the differences from the 2024 bascline results. Based on field data, soil arthropod
sampling, and soil parameter measurements will be conducted. Soil health will be evaluated
using soil arthropods as biological indicators through the QBS-ar index (Soil Biological Quality

Arthropods ), which is based on the ccological-morphological adaptive features of soil arthropods.

The rescarch  findings  will  benefit  farmers  and  the  scientific  community by

facilitating informed decisions regarding management practices that can enhance

soil arthropod communitics, therecby improving soil health and crop performance.
Figure 2. Berlese-Tullgren Funnel,

where soil is placed with a bulb at top

Jor the arthropod extraction.

Figure 3 Baseline result before the application of treatments climate-smart
practices. This is the representative figure of the arthropod community

composition where the Acari and Collembola groups are in highest number:

Influence of Soil pIH on Weed Growth and Crop
Competition in Northern Idaho

TRISTAN BLAIN AND KURTIS SCHROEDER
DEPT. OF PLANT SCIENCES, Ul

Continual use of ammonium-based nitrogen fertilizers has led to the acidification of arable land in northern Idaho. In some of these
acidified soils, concentrations of soluble aluminum have increased resulting in plant toxicity and reductions in crop yield. Application of
calcium carbonate (lime) has long been shown to ameliorate low soil pH, reducing and reversing the harmful eftects of soil acidification.

The aim of this project is to understand how problematic weeds of the arca respond to changes in soil pH, and how soil pH impacts
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the competition between crops and weeds. Two separate trials were established in ficlds with a pl1 below 5.0 in northern Idaho to
determine whether amending soil with lime has any impact on weed density and crop competition. These field trials, located at Potlatch
and Lenville, were established in 2016 and 2023, respectively, and were both subject to variable rates of ground limestone (No lime, 1, 2,
and 3 tons/A ). Both locations were planted with winter wheat in the fall of 2023. Soils were sampled at four depths (0-3,3-6, 6-9,and 9-12
inches) in the spring to determine soil pH and soluble aluminum concentrations. The two locations shared similar results, with soil pH

increasing incrementally and aluminum concentrations decreasing substantially as the lime rate increased, especially in the upper 6 inches.

Weed scedling density surveys were conducted
in late April and utilized a 2.8 ft2 quadrant three
times in each plot to count and identify weed
scedlings present. Weeds appeared to be relatively
uniformly distributed throughout plots of similar
liming treatments. Mayweed chamomile was the
dominant weed present at both locations and was
significantly reduced with the application of lime
at both locations (Fig. 1. Prior to harvest, weed
biomass measurements were made, separating the
biomass into grassy weed or broadleaf weed (Fig.

2). The dry weight of grassy and broadlcaf weeds

at the Potlatch site was significantly reduced with
increasing lime rates, particularly the grassy weeds Figure 1. Mayeveed chamomile seedling counts at (@) Lenville and (b) Potlatch. Treatments with
at the 3 ton/A rate and broadleaf weeds, namely e same letter are not significantly different using Tukeys HSD (@ =0.05).

mayweed chamomile. Weed biomass at Lenville

was quitelow and notinfluencedby lime treatment.

To assess crop health and competitiveness with
weeds, tiller counts, maturc biomass and yicld
were assessed (Table 1). Although there was no
significant difference in any of the measurements
at the Lenville site, tiller number, dry wheat
biomass and yicld all significantly incrcased with
higher lime rates at Potlatch. While weed seedling
densities differed between treatments at Lenville,
canopy closure occurred relatively uniformly
across the entire site, driving increased crop
competition, uniform yields, and the reduction in

the pre-harvest weed biomass. At the Potlatch site,

' , - i - ,  mayweed chamomile, Italian ryegrass, and wild
Figure 2. Biomass of grassy and broadleaf weeds at (@) Lenville and (b) Potlatch. Treatments with .
) o _ o ‘ oat were abundant and competed strongly with
the same letter are not significantly different using Tukeys HSD (a=0.05). . . w o
\ the winter wheat in the “no lime” treatments,

likely contributing to or resulting from the
poor plant growth and ability to compete. The weed seedbank from each of these locations is currently being assessed to determine
the additional contribution of increased crop competition on reducing weed sced populations. Preliminary results from the first

season of this study indicate that liming to increase soil pH suppresses weed growth and improves crop competition through improved
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plant health. Growers can use this information as another picce of evidence supporting the benefits of lime application. In addition to
improved crop yield, there may be an improvement in the effectiveness of herbicide applications, slowing the spread of herbicide-resistant

weeds. The continuation of this rescarch will provide insight into optimizing soil pH for wheat production and weed management.

Table 1. Number of tillers, dry biomass and seed vield for winter wheat at Potlatch and Lenville.

Location Treatment Tillers (tillers ft*) Dry Biomass (oz/ft*) Yield (bu/A)
Potlatch No Lime 13 a* 1.7a 19a

1-Ton 19b 3.0b 35b

2-Ton 18 ab 3.5bc 43¢

3-Ton 22b 44¢C 46¢
Lenville No Lime 37 6.2 74

1-Ton 43 7.1 73

2-Ton 41 7.2 78

3-Ton 39 6.9 75

“Means within a column followed by the same letter are not significantly different using Tukey’s HSD (a=0.05 ). The two locations
were analyzed separately.

Herbicide Resistant Wild Oat Survey in Northern
Idaho and Eastern Washington

TRACI RAUCH AND JOAN CAMPBELL
DEpPT. OF PLANT SCIENCES, Ul

The Pacific Northwest of the United States is a productive wheat growing region with significant yield loss from annual grass weeds.
Persistent use of herbicides with the same modes of action has resulted in the selection of many herbicide-resistant weeds. Resistance
to herbicides used for annual grass control is a problem for farmers in the region. A survey in 2023 of 59 ficlds in northern Idaho
and castern Washington was conducted to determine the extent of wild oat resistance to grass herbicides commonly used in winter
wheat-cropping systems. Plants were grown from collected sced samples in a greenhouse and were tested for resistance to Osprey,
Aggressor, Tacoma, Axial XL, Shadow, FarGo, Sonalan and Roundup Power Max 3. Osprey is an ALS-inhibiting herbicide used
in wheat and resistance was observed at 347 of the populations tested. Aggressor, an ACCase-inhibiting non-selective herbicide
in grass crops, is used in CoAXium® wheat. CoAXium wheat has been selected for tolerance to Aggressor. Resistance occurred
in 17% of the tested populations. Tacoma and Axial XL are ACCasc-inhibiting herbicides used in wheat and barley and resistance
was obscerved at 22 and 157, respectively. FarGo, a pre-emergent lipid synthesis inhibiting herbicide used in wheat and legume crops,
had 47 resistant populations. All populations tested were susceptible to Shadow and Sonalan, both herbicides are used in wheat-
cropping system rotational crops. Populations susceptible to all four ACCase inhibiting herbicides occurred at 637, Populations are

still being screened with Roundup Power Max 3. Currently, 417 of populations tested are susceptible to all cight herbicides tested.
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Plant Derived Herbicides to Combat Problem
Weeds in Dryland Cropping Systems

AARON B. APPLEBY AND LYNNE CARPENTER-BOGGS
DEPT. OF CROP AND SOIL SCIENCES, WSU

The dryland cropping systems of the inland Pacific Northwest (PNW ) are good candidates for the adoption of effective plant derived
herbicides. Especially those practicing conservation tillage and relying on herbicides for weed management. This reliance on herbicides
has resulted in several herbicide resistant weeds in the region. There are very few options for combating resistant weeds other than
tillage; however, tillage could result in increased soil erosion due to the region’s unique topography and weather patterns. The lack of
viable weed management options, facilitates plant derived herbicides to more scamlessly integrate into existing weed management
compared to other technology. Two herbicides registered for use in certified organic production utilizing plant derived active ingredients,

capric + caprylic acid (CAP) and d-limonene (LIM), have unique modes of action not targeted by commercial synthetic herbicides.

In a greenhouse study, different life stages (small, medium, large) of problem weeds, including ltalian rye grass (Lolium
multiflorum) and Mayweed chamomile (Anthemis cotula), were treated with CAP and LIM herbicides at different labeled
concentrations (lo, med, hi) to evaluate burndown and weed growth after treatment. IHerbicides were compared to cutting
weeds at the soil surface and a do-nothing control. Both herbicides were comparable to cutting when weeds were small,
but less effective at controlling very large weeds. Each herbicide’s unique mode of action affected grass and broadleaf weeds
differently. LIM performed better on grass weeds with less growback, while CAP performed better on broadleaf weeds

reducing weed biomass. These herbicides give farmers more options for controlling difficult weeds in dryland cropping systems.
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From Plot to Composite: Evaluating a New Test
for Low Falling Number at Different Levels in the
‘Grain Chain’

ANNA J. CARROLLY, JOHN H. KELLY', ADAM JOHNSON?, CAT SALOIS?, KIRK FREEMAN, LIMAN LIU>, JAYNE BOCK?,
ALISON L. THOMPSON®, AND AMBER L. [HAUVERMALE!

'DEPT. OF CROP AND SOIL SCIENCES, WSU; ZENVIROLOGIX INC.; ’THE MCGREGOR COMPANY; * HIGHLINE GRAIN
GROWERS; "WHEAT MARKETING CENTER; CUSDA-ARS — WHEAT HEALTH, GENETICS AND QUALITY RESEARCH

The Hagberg-Perten Falling Number (FN ) is a critical quality parameter in the wheat industry, traditionally assessed using an expensive and
slow laboratory-based method. To address the need for amore rapid and mobile test, a novel lateral flow immunoassay (LFI) was developed
to predict FN (immuno-FN) by quantifying alpha-amylase activity, the enzyme responsible for low FN due to preharvest sprouting or late-
maturity alpha-amylase. To validate the performance of the rapid test across the grain supply chain, a large-scale beta-testing effort was
conductedin2o024acrossdifferentlevelsof whet production. Test performance for soft white wheat (SW )isreportedhere. Plot-level samples
(n=240),sourced fromthe McGregor Co. variety trialsin the Pacific Northwest (PNW ), were tested at Washington State University. Elevator
samples (n-107; HighLine Grain Growers) and PNW composite samples (n-456; Wheat Marketing Center ) were evaluated on-site to assess

performance in broader industry pipelines. All samples were analyzed for immuno-FN, traditional FN, protein, and moisture content.

Figure 1. Map of PNV showing sample source locations.

LF1 test performance was evaluated by comparing the LFI result with the FN. Immuno-FN results that fell within the manufacturer’s
parameters were classified as a “pass” and outside of parameters as a “fail” (Fig. 2). Overall accuracy of the LF1 test was ~837 across

all sample types, with the highest accuracy observed at the composite level (93.427) and more variability at the clevator (88.797) and
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plot (83.757) levels. Factors that may have influenced test reliability include protein content (outside of normal ranges) and starch
propertics. We hypothesize that environmental factors are likely causes of these variables; ongoing work is being done to validate
this. Test performance will continue to be evaluated across different wheat market classes and testing environments to assess the

potential of the new LFI assay as a valuable tool for carly and on-site grain quality assessment throughout the wheat industry.

Figure 2. Graphs showing official falling number vs. immumno-I'N at plot (2a), clevator (2b), and composite (2¢) levels. Green shaded

area indicates a “passing” result and the dotted line indicates a 1:1 match between the immuno-FN and falling number.

Field Year 2024 At a Glance with Falling Number

ALISON L. THOMPSON", AMBER L. HAUVERMALE?, CLARK NEELY?, CAT SALOIS?, RYAN GREABNER*, IKIM GARLAND-
CAMPBELL", MICHAEL O. PUMPHREY?, ARRON H. CARTER?, MAX B. WOOD? BRADY CONWAY?, ANNA CARROLL?,
JonN KELLY?

'"USDA-ARS PULLMAN; 2DEPT. OF CROP AND SOIL SCIENCES, WSU; 3 THE MCGREGOR COMPANY; *CBARC, OSU

In 2024, several locations in the Pacific Northwest (PNW ) experienced one or more, mid to late spring freezing temperatures, prompting

a question: what will be the ramifications on end-use quality? To help answer that question, soft white winter and spring wheat samples
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were  collected from 29
locations in  Washington
(22), Oregon (5), and Idaho
(2) representing 35 varictics
for a total of 164 samples.
Each sample was measured
for protcin content (%),
falling number (seconds %,
alpha-amylasce activity
(Au), and a starch pasting
property  called  sctback
(cP). The resulting dataset
was examined for location
and variety impact on the
mecasured traits, and showed
all traits were influenced by
location and varicty. Further
analysis  identified  five
categories that explained
differences in the collected
samples.  Most  samples
fell into the ‘Acceptable
FN” category where the

average N was above the

00 sccond threshold and . L o o
3 Figure 1 shows the average value, and deviation from the average, for each measured trait within the five identified

within acceptable protein ) o . o
P p categories. The letters above cach bar represent significant differences between the categories within cach measurement.

ranges. In the remainin, ) o . o -
8es ning Categories that have the same letter were not significantly different from each other. The red line indicates the minimum

i ics, h ) . , L
our - catcgorics, onc  had acceplable falling number (300 sec), the alpha-amylase activity associated with a falling number of 300 seconds, the

rotein content above the ) . . ) ) . )
protet ' bov preferred protein range for soft white wheat (8-107), and the starch pasting setback associated with a falling number of 300

referred  8-10%  range, . L ,
p ) 8 seconds when alpha-amylase and protein are within ‘normal’ range.
two had low FN (<300

sec), and the final category had acceptable FN and protein, but had increased alpha-amylase activity (Fig. 1.

Further examination of the two categories with low FN found that one was due to late-maturity alpha-amylase (LMA), the
result of untimely production of the alpha-amylase enzyme in developing grain*. The sccond category with low FN, ‘Unknown
1, did not have clevated alpha-amylase activity excluding LMA and preharvest sprouting®, another source of low FN in the
PNW. Furthermore, samples in ‘Unknown 1" had, on average low protein, less than 87, and increased sctback compared to the
LMA category, providing evidence that ‘Unknown 1’ results from a new cause of low FN (Fig. 1). While a new cause of low FN is
discouraging, the low alpha-amylase activity and increased setback indicate that intentional blending with ‘Unknown 1’ grain lots
should not reduce FN, nor should it significantly impact end-product quality (cakes, cookies etc.). Research is already underway
to evaluate these hypotheses and determine the cause of ‘Unknown 1. The results of this rescarch will be used to understand

genetic factors for varicty improvement, and post-harvest grain management strategics to reduce the financial impact to growers.
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The category with grain above the preferred protein range (‘High P’) presents two major concerns, first soft white wheat over 107 protein
may receive discounts*, as much as $0.50 per bushel. Second, even though the FN in this category was acceptable, the average alpha-amylase
activity washigh. Protcinis known to ‘buffer’a FN because the gluten protein complex will increase viscosity. However, the presence of alpha-
amylasc activity means grain from the ‘High P’ category, when blended, may increase the risk of low FN in otherwise acceptable grain. Extra
carcis needed for intentional blending with ‘High P’ grain. The final category, ‘Unknown 2, presents similar concerns with those of ‘High P
in that increased alpha-amylase activity was detected yet samples had an acceptable FN. As the protein content for ‘Unknown 2’ was within
the preferred range, itis unclear at this time what is causing the FN to remain high in the presence of elevated alpha-amylase. One possibility,
given the high setback results, is that these samples contain amylase resistant starch, however more work is needed to test this hypothesis.
Overall, the 2024 soft white wheat quality for the PNW met preferred market specification with only a few isolated events of
low falling number or high protein. A more in-depth look at the quality of PNW grain can be found in the U.S. Wheat Associates
Crop Quality Report*. The possible identification of a new low falling number cause and amylase resistant starch shows more

work is needed to understand the complexities of falling number and provide improved testing solutions to identify problems.

* Learn more about these topics:

Falling number: https: /wheatlife.org wp-content/uploads 2023/10/10_\WLNov23web.pdf

Late-maturity alpha-amylase: https://acsess.onlinclibrary.awiley.com doi full 10.1002/crs0.20359

Precharvest sprouting: https:/ acsess.onlinclibrary.wiley.com doi full 10.1002 /agj2.21701

Protein discounts: https:/ ' www.fsa.usda.gov;sites/default files documents 2024-Discounts-for-Wheat-Barley-and-Oats.pdf

Crop quality report: https://uswheat.org/crop-quality 2024-soft-white-regional-report-2

The USDA-ARS Western Wheat Quality
Laboratory

DR. SEAN M. FINNIE
USDA-ARS WESTERN WHEAT QUALITY LABORATORY

Sean M. Finnie, Alecia Kiszonas, Gail Peden, William J. Kelley, Shelle Lenssen, Janet Luna, Stacey
Sykes, Robin  Saam, Kelly Leonard, Judene Mclane, Megan Russo, Daniel Zborowski, Gabriely  Alfaro,

Galina  Mikhaylenko, Julic  Jenkins, Emily  Klarquist, Shauna  Flores, Michacla  Schulz, and Sean  Larsen.

The mission of the USDA-ARS Western Wheat Quality Lab is  two-fold: conduct milling, baking, and
end-use quality evaluations on wheat breeding lines, and conduct research on wheat grain quality and

utilization.  Our web  site: http: 'wwqlwsuedu  provides great  access to our rescarch and  publications.

Our current rescarch projects include super soft kernel texture, grain hardness, lipids, starch in field peas, and high-amylose noodles. Our
recent publications include characterization of starch fraction from wet protein isolation process in pea ( Zisum sativum L.) published
in Legume Science. Rescarch on the effects of pea flour substitution and sodium metabisulfite on physical and sensory propertics of
pancake formulations was published in Cereal Chemistry. Research on how protein functionality is critical for the texturization
process during high moisture extrusion cooking was published in ACS Food Science and Technology. A genome-wide association
study on chickpea ( Cicer arictinum 1..) yield and nutritional components was published in Euphytica. Research on the protcomics

analysis of round and wrinkled pea (Pisum sativum 1..) seeds during different development periods was published in Proteomics
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Journal. A study on the development of a novel pressure vessel system for the simulation of starch expansion—methylated and
regular waxy corn behave significantly different with and without cellulose inclusion was published in Starch — Starke. Recent wheat

varicties that have been developed in collaboration with WSU, OSU and USDA ARS scientists include Piranha CL+ and Sockeye CL+.

USDA-ARS Club Wheat Breeding

KM GARLAND-CAMPBELL', OLUFUNKE AYEGBIDUN? BRIAN BELLINGER', PATRICIA DEMACON? RON SLOOT?, NUAN
WEN?, MARITA WHITE? AND AICHA DJIBO WAZIRT?
'"USDA-ARS; *WASHINGTON STATE UNIVERSITY

The focus of the USDA breeding program is to develop high quality club wheat and soft white cultivars, and to incorporate germplasm

for discase resistance into adapted wheat germplasm. The breeding program has vield trials in 13 locations across Eastern Washington,
p germp g prog ) 3 g

Idaho, and Oregon that allow us to test our promising new lines in a
varicty of different climates and endemic discases, so we can release
high-performing varictics adapted to specific PNW  conditions.
Several of these trials are conducted in collaboration with the WSU

Winter Wheat and WSU Cereal Grain Variety Testing Programs.

The top goals for 2025 are to 1) develop earlier maturing club wheat
varictics with improved emergence and snow mold tolerance; 2)
sclect club wheat cultivars that meet the quality specifications of our
export customers; 3) reduce our breeding cycle time using ‘mini-bulk’
generation advance; 4) develop herbicide resistant club wheat cultivars

in collaboration with the WSU Winter Wheat Breeding Program;

. . . .
screen germplasm for footrot, aluminum, stripe rust, and fallin; - . )
5) germp p & ARS1X1114RS-3CBW a potential new club wheat release, grown at
numbers resistance; 6) assess and improve current concentrations of ,
Spillman Iarm 202.4.

IronandZincand other essential nutrientsin club wheat grainand flour.

We evaluate cultivars and breeding lines for cold tolerance using
freezing trials conducted at the WSU Plant Growth Facility. Data
arce provided to the WSU Cereal Variety Testing Program and
regional winter wheat breeders. The mini-bulk rapid breeding
technique allows us to rapidly advance carly generation nurserics
and get them to the field sooner. We are evaluating breeding lines
with two-gene resistance to Beyond® herbicide in the field in all
our 13 locations. We also have two Clearfield clubs in the Variety
Testing CLOAX trials. Additionally, we are evaluating breeding
lines with CO-AX resistance at five locations. Several of these
populations arc also segregating for snow mold resistance. We

screen for resistance to stripe rust and stem rust in collaboration

A e . with Xianming Chen’s and Bob Bruggeman’s groups. We evaluate
Sumimer crew taping single head selections for stripe rust resistance at 8 &8 sroup
. . breeding lines and regional nurseries for foot rot resistance at
Spillman Farm in 202.4.
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Spillman Farm. We evaluate breeding lines for Aluminum tolerance at toxic locations at Rockford, WA, in collaboration with the WSU

Spring Wheat Program, at Moscow, ID with University of Idaho, and at Enid, OK with the Oklahoma State University breeding program.
We have six breeding lines being cevaluated in  the Washington Cereal Varicty ‘Trials in  20235. Four are

in the soft white winter trials and two with the two-gene IMI  resistance trait arc in the CLOAX trials.

We have one breeding line in both the North Idaho and the Oregon State University Variety Trials.

The Washington State University Winter Wheat
Breeding and Genetics Program Update

A. CARTER, K. BALOW, B. LIBEY, R. PERSON, AND J. WHEELER
DEPT. OF CROP AND SOILS SCIENCES, WSU

The Winter Wheat Breeding and Genetics Program at Washington State University remains committed to developing high yiclding,
discase resistant, and high end-use quality cultivars to maintain sustainability of production. In 2024 we filled some vacancies in the
program and now have three full-time technicians focusing on the ficld portion of the breeding program. One of those technicians
also assists in the greenhouse, along with the full-time greenhouse manager, to assist with transitioning material out of the greenhouse
and into ficld evaluations. We are also in the process of filling a vacant molecular laboratory manager, and hope to have that position
filled in the next few months, returning the program to full staff levels. While the past year has been one of change, we welcome

the new technical staff and are excited to continue to work towards developing the best cultivars for the growers of the state.

Within the breeding program, we continue to use the most cfficient and cffective methods to develop new cultivars.  Genomic
sclection prediction, phenomics, and marker-assisted sclection are routine efforts in the breeding program now after years of
testing for cffectiveness and have enhanced our abilities to develop improved cultivars.  We have begun adding environmental data
from cach location where breeding plots are grown to better understand the interaction of lines across locations, identifying the
precise environmental factor that might impact a cultivar. Graduate students are still a strong part of this rescarch, being funded by

USDA competitive grants to perform this research which in turn benefits the development of cultivars within the breeding program.

While we are still focusing on developing soft white and hard red cultivars for the state, our efforts are being enhanced to develop
cultivars with strong herbicide tolerance.  There is a strong pipeline of materials within the program carrying tolerance to
imazamox. We have enhanced our cfforts to develop CoAXium wheat in recent years and have many hard red and soft white
lines in advanced testing for commercial release consideration.  With our first release of Metribuzin tolerance wheat through
Rydrych MZ last year, we have made several crosses with this line and continue to develop improved cultivars with this herbicide
tolerance. In an cffort to continuc to develop herbicide tolerance in wheat adapted to Washington, this fall we will begin
screening 2,800 mutation lines for tolerance to other herbicides that will benefit Washington producers and our diverse cropping
systems. This has been a changing priority for the breeding program, and we are enhancing our cfforts to develop multiple

sources of tolerance to herbicides to provide a variety of options for growers in different cropping systems to rotate through.

We  genuinely  thank  the  growers of  Washington  for  their  support of  the  breeding  program

and  look  forward to  continuing  interaction  with  our  stakcholders in  the  coming  ycars!
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Genetics of Acid Soil Tolerance and the Soil-
Associated Microbiome in Acid Soils in Wheat

MARITA WHITE', TIMOTHY PAULITZ?, KIMBERLY GARLAND-CAMPBELL? RON SLOOT', PATRICIA DEMACON', CODY

WILLMORE? NUAN WEN', AND KURT SCHROEDER?

"WASHINGTON STATE UNIVERSITY; 2USDA-ARS; 3UNIVERSITY OF IDAHO

Use of nitrogen fertilizers acidifies agricultural soil. As soils become increasingly acidic, aluminum normally bound in the soil particles is

madec available to plants, where it causes issues by stunting root growth and hindering uptake of water and nutrients, resulting in decreased

growthandyields. However,some wheat varictics are more tolerant
of acidic soil and aluminum than others. This research aims to 1)
explore the genetic basis foraluminum tolerance inagroup of wheat
linesand 2) compare the wheat-associated soiland root microbiome
in aluminum-toxic and non-aluminum-toxic soils and with wheat
lines that differ gencetically in aluminum tolerance. By doing so, we

hope to find strategies for wheat that is more resilient to acidic soil.

This project uses field sites near Rockford, WA, and Moscow, 1D
for the first aim, and Rockford, WA, Moscow, 1D, Pullman, WA,
Tensed, 1D, and Fairfield, WA for the second aim. These soils have a
range of pH and plant-available aluminum (Al) levels. We explored
the genetic basis for Al tolerance in a group of wheat lines that

were evaluated in the field near Moscow, 1D in 2023 and 2024 and

Figure 1. Four wheat lines grown at Parker Farm near Moscow, 1D (pH < 4.2;

Figure 2. AlumPair-01-S (left), an Al susceptible
wheat line, and AlumPair-01-R (right), its tolerant
counterpart, grown at Parker Farm near Moscow,
1D (pH < 4.2; Al 470 ppm). Note the small root
systems with thickened roots in the susceptible line
compared to the healtly root systems in the tolerant

line.

Al 470 ppm) displaying cariable Al tolerance. From left: moderately tolerant,
Rockford, WA in

2024. This data

tolerant, susceptible, susceptible.

will be combined

with previously collected genetic data as well as previously collected ficld Al tolerance
data on a different group of wheat lines from the USDA and WSU winter wheat breeding
programs. These datascts will then be used to identify regions of the wheat genome
that may be important for Al tolerance, allowing future work by breeders to improve
the Al tolerance of new wheat varictics to help maintain wheat production on acidic
soils. The rhizosphere contains the microbial populations from soil that are closely
associated with plant roots. These microbes are critical for nutrient uptake in plants.
We investigated the wheat microbiome in Al-toxic and non-Al-toxic soils, samples are
collected for DNA extraction from the soil, rhizosphere (soil immediately surrounding
the roots) and roots for identification of fungi and bacteria using DNA sequencing. So far,
soil location and community habitat (soil, rhizosphere, or roots ) are the most important
factors affecting community composition, but changes in certain microbes between
pairs of Al tolerant and susceptible wheat have been observed as well. This data will
provide a better understanding of how soil acidification changes the microbiome, and

whether the Al tolerance of wheat may be partly mediated by soil microbes. A healthy
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soil microbiome is important for plants to acquire nutrients and avoid toxins and pathogens. By characterizing the wheat-associated
soil microbiome in soils with a range of levels of plant-available Al and in wheat lines that differ for Al tolerance, we will gain a better
understanding of how the microbiome is changing under these conditions. This work will lay the groundwork for future studies

that find ways to cultivate and maintain a healthy soil microbiome, keeping our soils healthy and productive for future generations.

Figure 3. Bray-Curtis NMDS plots for bacterial (left) and fungal (right) sequencing data. These data were collected in a greenhouse experiment where 6
Al tolerant lines and 6 Al susceptible lines were grown in the greenhouse. Soil used in the experiment was from Parker Farm, near Moscow, [D (University
of ldaho; pH = 3.83, 359 ppim AL, a grower-collaborator site near Rockford, WA (pl = 3.90, 199 ppm AL, and Spillman Farm, near Pullman, WA
(WSU; pH = 4.86, 7 ppm AL, as well as a standard potting mix (Sungro Professional Growing Mix). Points closer together have more simalar microbial
communitics. Sequencing data were resampled 500 times to a sampling depth of 20,000 for fungi and 250 times to a sampling depth of 40,334 before

analysis was done to account for sampling depth artifacts introduced during the sequencing procedure.

Assessment of the Variation in Arabinoxylan
Concentration in Spring Wheat

AICHATOU D. WAZIRI', MICHAEL O. PUMPHREY', AND KIMBERLY GARLAND-CAMPBELL*
'DEPT. OF CROP AND SOIL SCIENCES, WSU; *USDA-ARS WHEAT HEALTH, GENETICS AND QUALITY RESEARCH UNIT

An estimated 957 of Americans consume less than the recommended fiber (USDA-DGA; Thompson and Brick, 2016 ). On average the
gap in fiber intake in the U.S is half (median intake, 12-14 g/d) the recommended target (28-42 g/d). The dietary fiber of interest in this
study is arabinoxylan because it correlates nearly perfectly with total dictary fiber. In parallel, because of its high rate of consumption,
wheat represents an excellent target to develop varieties with high arabinoxylan content. The gap in fiber intake could be significantly

reduced by increasing the arabinoxylan concentration in wheat, especially if the consumption of whole wheat is increased.

The study population used was created by researchers at Washington State University (WSU ) using a Multi-Parent Advanced
Generation Inter-Cross mating scheme (MAGIC). The MAGIC population was planted in 2023 in paired 1m head rows, spaced 10cM
apart, with two replications of a completely randomized complete block design within cach block, in Pullman, Washington (WSU

Spillman Agricultural research Farm) and Genesee, Idaho ( University of Idaho, Kambitsch Research Farm ). Arabinoxylan quantification

was performed using the method described by Herndndez-Espinosa ct al. (202.4), which has been optimized at the International Maize
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and wheat Improvement Center (CIMMYT).

Both locations presented similar ranges in arabinoxylan concentrations with values between 38mg/g and 82mg/g xylose (Fig. 1). The
distribution of measured values also shows genotypes that had higher concentration of arabinoxylan than all the local variety checks
(JD, Glee, Louise, Kelse, Hollis) evaluated in this field experiment suggesting that progress can be accomplished to create higher fiber
spring wheat. The European Food Safety Agency (EFSA) recognizes the importance of high-arabinoxylan wheat, and the organization
recommends consuming 8g of arabinoxylan-rich fiber per 100 grams of available carbohydrates (EFSA ). Based on clinical trials, that
target quantity of arabinoxylan was recommended to confer health benefits against the risk of discases such as diabetes or cancer. In
this study we identified two lines with the potential to help reach the EFSA target. Genotype 366D’ in the Genescee location had a
xylose content of 82.06 mg/g, and the genotype 1962’ in the Pullman location had a xylose content of 81.04 mg/g. Therefore, 100 grams
of wholemeal of those genotypes reaches the exact target value set by EFSA. Additionally, we investigated the relationship between
xylose content and thousand kernel weight, TKW (a proxy for yicld ). There appears to be no significant correlation between those two
traits (Fig. 2). Although ideally a positive relationship would have been preferable, this observation suggests that selection can still be
performed independently and simultancously without negative effect on cither trait. Noncthceless, an analysis of variance suggested a
significant genotype by environment interaction (p - 0.0021) as reported by previous authors (Tremmel-Bede et al., 2020 ). Therefore,
breeding for high fiber content will likely require defining target environments. Future work will contribute to the understanding of the

genctic control of arabinoxylan in the study population and the development of genomic breeding approach.

Figure 1. Distribution of the grain xylose content in two field experiments in 2023.

Figure 2. Phenotypic correlation between grain xylose content and grain thousand kernel weight of the tuwo field experiments.
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Fortifying Immunity/Resistance to Hessian Fly in
Spring Wheat

[GBAGBOLERE DAVID AND MICHAEL PUMPHREY
DEPT. OF CROP AND SOIL SCIENCES, WSU

Deployment of resistant spring wheat cultivars is an effective way to reduce Hessian fly (HF ) ( Mayetiola destructor) pressure. Studying the
cconomicimpact of HF andbenefit of utilizing resistance genes can only be clearly evaluated with the use of near-isogeniclines (N1Ls ). N1Ls
are identical lines developed to have minimal differences in genetic background except for the chromosomal region containing the specific
resistance genes in this case being studied, enabling a precise comparison of the impact of these genes on yield under various environmental

conditions. Using N1Ls will allow us to isolate the effects of HF resistance genes from other genetic variables that might influence yield.

Experiments with NILs have been used to quantify the phenotypic effect of specific resistance genes in wheat cultivars, providing valuable
insightsinto the gencticbasis of resistance. However, N1Lslong-term effectivenessinreal-world farming conditions remains uncertainduc to
variable environmental factors. Figuring outhow resultsfrom NILsexperimentscanbeused over time, where wheat crops faceunpredictable
challenges, is key. This will help develop spring wheat varieties that can handle climate change and resist HE pressure, supporting the goal of

producingenoughfoodfortheworldby2050. Toaddressthesechallenges, twoprojectsarebeingcarriedoutbythe WSUspringwheatprogram.

Inoneproject we will evaluate the economicimpact of resistance genes on spring wheatyield. Previously, weanalyzed grain yieldand HF data
collectedfromcultivarsinthe WSU Variety Testing Program. Theresults Fig. 1) acrossdifferentlocationsand growing seasonsindicated that
theperformanceofresistantandsusceptiblewheatvarietieswasheavilyinfluencedbyacombinationofstressors,whichincludeenvironmental
conditions, management practices, and HEF pressure. Studies have shown that pests, discases, and changes in their type strains can weaken

the long-term effectiveness of resistance genes. To use findings from NILs experiments in real-world farming, we would be performing

field tests under different locations and weather conditions to see how well these HF resistant genes work in different environments.
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Our second project will investigate the impact of extreme
temperature on resistance genes. It is important to develop
wheat varieties that can maintain resistance to HF in high
temperatures. Extreme temperatures have been shown to reduce
the effectiveness of resistance genes (Fig. 2). Therefore, to
determine the temperature thresholds at which resistance genes
arc upregulated or downregulated, we will perform a greenhouse
experiment to evaluate at what temperatures resistance genes no

longer provide defense against HIF infestation.

Figure 1. Resistant varieties may not aleays outperform susceptible varietics.

Both projects aim to enhance the effectiveness and
cconomic viability of HF management in wheat
production. One looks at how much money farmers
can save by using wheat that resists HE, while the
other studies how temperature affects the strength
of that resistance, thereby informing more targeted
and resilient breeding strategies and farmers can

choose the right wheat for their local weather.

Figure 2. High temperatures can break down resistance in different resistant cultivars (‘lang et al.,

2018; Melson ¢t al., 2024)

Artificial Intelligence-Based Predictions of Variety-
Level Performance

RyAN L. BENKE', LINQIAN HAN? KIMBERLY A. GARLAND-CAMPBELL", AND XIANRAN L1
'USDA-ARS WHEAT HEALTH, GENETICS, AND QUALITY RESEARCH UNIT;?DEPT. OF CROP AND SOIL SCIENCES, WSU

Predictive models that accurately forecast crop performance provide valuable insights for agricultural decision-making. Artificial intelligence
(Al) models optimize the weighting of key factors—such as genetics, weather, and management practices—gencerating strong predictive
tools. However, their reliance on extensive performance evaluations limits their applicability to newly developed varieties. In contrast,
Finlay-Wilkinson (F-W) models—which regress varicty performance against environmental means—capture varicety-specific plasticity
using relatively few evaluations. While effective for characterizing variety performance across tested environments, F-\WW models alone
lack predictive capacity, as environmental means for new environments are unknown. These inherent limitations of Al and F-\WW models in
forecasting variety performance can be reconciled by integrating the two approaches. Specifically, a F-W model can be used to estimate the
plasticity of anew variety—that is, how its performance changes relative to environment—using relatively few evaluations. Meanwhile,an Al
model can be trained to predict the expected environmental mean performance of a new, untested environment using historical weather and

phenotype relationships. By combining these components, it becomes possible to forecast variety-specific performance in new environments
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(Fig. 1). Here, we demonstrate
the utility of this strategy by
predicting performance of 26
spring wheat varieties from the
WSU Wheat and Small Grains
Varicty Testing  Trials.  This
tandem approach  accurately
predicted grain yiclds, hcading
dates, plant heights, and protein
contents of all these varicties
across the 2019-2023 scasons

(Fig. 2). Importantly, prediction

accuracy was not dependent ] '
. Figure 1. Integration of Al and the I'-\V model

on the number of previous

evaluations,  indicating  that

this technique could predict variety performance after as little as one year of testing. The capacity to generate accurate, varicty-

specific predictions has the potential to accelerate the evaluation process of new varieties and to guide future variety selection.

Figure 2. Predicted versus observed trait calues for the 26 varicties across 16 locations from 2019-2023.
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Utilizing High-Throughput Phenotyping to Identify
Metribuzin Tolerance in Winter Wheat

MELINDA ZUBROD', ANDREW W. HERR', PIA M. SPYCHALLA?, ELIJAH PERSSON-GODON?, IAN C. BURKE', AND ARRON
H. CARTER'

'DEPT. OF CROP AND SOIL SCIENCES, WSU; 2SCHOOL OF INTEGRATIVE PLANT SCIENCE, CORNELL UNIVERSITY;
SKANSAS CITY MEDICAL SOCIETY FOUNDATION

Plant breeders and weed scientists collaborate to improve weed management by selecting for herbicide tolerance in breeding programs.
The application of metribuzin, a Group 5 PSll-inhibiting herbicide labeled for use in wheat, often causes crop injury in current wheat
varieties. Developing winter wheat varieties tolerant to metribuzin would enhance integrated weed management strategies by
incorporating multiple modes of action. Traditionally, sclecting for herbicide resistance in crops has relied on visual estimation, which can
be inconsistent and prone to individual bias. This study aimed to improve the accuracy and efficiency of selecting for herbicide tolerance

by using a drone-mounted multispectral sensor. Multispectral data was collected on paired rows and advanced generation lines grown

in paired plot yield trials. Vegetation indices derived from the multispectral
sensor included NDVI, NDRE, TCARI, NWI, and MTVI. Visual assessment
of injury, plant height, and grain yield were also measured. The results suggest
that vegetation indices from multispectral imagery flown at an altitude of
40 m are not reliable indicators of herbicide injury in single rows due to the
small crop canopy not being captured by the sensor (Fig. 1). To improve spatial

resolution, the drone could be flown at a lower altitude and slower speed.

At the plot level, correlations between visual assessment of injury, grain vield,
and vegetation indices varied due to annual differences in temperature and

precipitation, which affected the plant’s ability to recover. NDRE showed

the strongest and most consistent correlation with visual assessment of

injury. However, inconsistencies between vyears in whether the first or ! . . .
v } Figure1. Canopy of plots (left) and single rows (right) after a

threshold to remove soil background was applied.

second injury assessment correlated more strongly with
vegetation indices highlight the importance of recording
multiple assessments for accuracy. NDVI and NDRE
had consistently stronger correlations with grain yield
compared to visual assessments. Rank change analysis
when selecting for yield versus index values suggests that
while index values may not be ideal for sclecting superior
herbicide-tolerant varieties, they may provide a more
accurate measure of metribuzin tolerance than visual

assessments. Linear regression analyses further indicated

that differences in multispectral indices are more reliable
Figure 2. Multiple linear regression of visual assessment of injury and difference of

vegetation index values on yicld difference in plots.
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predictors of yield variability than visual assessment of injury (Fig. 2). Overall, these findings suggest that multispectral analysis

of metribuzin injury in winter wheat breeding plots is a more accurate indicator of yicld loss than visual assessments of injury.

Phenomic Selection as a Low-Cost Alternative to
Genomic Selection of Wheat Quality

PETER SCHMUKER, SHERI RYNEARSON, AND MICHAEL PUMPHREY
DEPT. OF CROP AND SOIL SCIENCES, WSU

Evaluation of wheat end use quality is time consuming, labor intensive, and expensive. For these reasons phenotyping experimental
lines for end use quality is normally delayed until yield trials. Genomic selection models, where dense genome-wide markers are
used to predict quantitative traits, can permit carly generation selection. The cost of genome-wide markers at $15 per sample makes
screening large populations with genomic selection expensive. Phenomic data, like spectral reflectance values measured on intact
grain, can be acquired inexpensively at around $2.50 per sample. Utilizing five years of soft spring wheat breeding lines submitted

for quality evaluation, we compared the prediction accuracies of genomic and phenomic selection models for end use quality traits.

"Table 1. The correlation between predicted and observed values for quality traits by year and the average prediction accuracy over five
years. For cach evaluated year, a set of roughly 150 unique experimental genotypes were used for model validation with the remaining four
vears used for model training. For all traits besides flour swelling volume, phenomic data offered a superior average prediction accuracy.

Trait Method 2019 2020 2021 2022 2023 Average

Genomic Selection 0.15 0.46 0.27 0.43 0.34 0.33

Break Flour Yield
Phenomic Selection 0.68 051 0.60 0.31 0.50 0.56
Genomic Selection 0.33 0.22 0.51 0.56 0.27 0.38

Cookie Diameter
Phenomic Selection 0.54 0.36 0.27 0.67 041 0.45
Genomic Selection 0.10 0.22 0.28 0.22 0.30 0.22

Flour Ash
Phenomic Selection 0.26 0.29 0.31 0.66 0.28 0.36
. Genomic Selection 0.51 0.53 0.52 0.30 0.51 0.47
Flour Swelling Volume
Phenomic Selection 0.49 0.66 0.38 0.10 0.57 0.44
Genomic Selection 0.33 035 0.53 0.60 0.18 0.44
Flour Yield

Phenomic Selection 0.62 0.38 0.73 0.70 0.49 0.58

To compare the cost of implementing cach system, we calculated the expected genetic gain from screening 500 experimental
genotypes with genomic selection and selecting the best 100 lines for advancement based on the average accuracies outlined in Table

1. We then calculated the required selection intensity with phenomic prediction to match the expected gain from genomic selection.
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Table 2. The required selection intensity and associated cost to match the genetic gain from genomic selection with phenomic
selection per quality trait are shown on the top portion of the table. The total cost and selection intensity required per method to make
equivalent progress for all quality traits is shown in the bottom portion of the table.

Phenomic Selection

Trait Sclection Intensity Cost Genetic Gain
Break Flour Yield 100/380 $950 0.79%
Cookie Diameter 100/540 $1350 0.487
Flour Ash 100/385 $962.50 1.22%
Flour Swelling Volume 100 /700 $1,750 4.827
Flour Yield 100/470 S1,175 0.667.
Total Cost
Method Sclection Intensity Cost Average Cost for 17 Gain
Genomic Scelection 100/500 $7,500 84,720
Phenomic Selection 100/700 $1,750 $1,100

The same spectral and genome-wide marker data per sample can be associated with multiple quality traits. This makes the total
cost of genomic selection in our example an additional cost of $7,500 for the breeding program. The total cost of phenomic selection
to match genomic selection is limited by the trait which requires the largest relative increase in selection intensity, flour swelling
volume, leading to a total additional cost of $1,750 annually. These results suggest that adoption of phenomic selection for end use
quality traits in spring wheat could be almost four times less expensive than genomic selection to realize the same genetic gain.
Phenotyping a single genotype for all studied end use quality traits costs $300. For the same investment of phenotyping six genotypes
at $1,800, seven hundred genotypes could be evaluated through NIRS. Phenomic selection during early generation stages will improve

sclection efficiency while leading to the release of cultivars with exceptional end use quality and export value for PNW growers.

Maximizing Wheat Stands and Yields through
Improved Seeding Rate and Seed Size Management

CLARK NEELY, AARON ESSER, DALE WHALEY

Stand establishment is one of the biggest challenges to winter and spring wheat production in the low rainfall production regions of Eastern
Washington. Limited published information is available documenting the degree of impact seed size has on not only emergence, but overall
growth and productivity. Treatments for this project included two varictics, three seeding rates, and three seed sizes and was conducted
for both winter and spring wheat. The overall goal of this project is to improve successful crop establishment and grain vields for dryland
wheat growers in the low rainfall region of Washington by altering sceding decisions based on sced size. Initial results show that varicty and
sced size impacted final grain yield for both winter and spring wheat as well as sceding rate for spring wheat. Variety, seeding rate and sced
size also impacted stand establishment for winter wheat. In most cases increasing seeding rate improved stand establishment of smaller
sced to a comparable stand of larger seed at a lower sceding rate, however this alone did not necessarily translate into increased grain yield.

Because variety accounted for the majority of the variation in observed grain yield for both the winter wheat and spring wheat
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trials, that indicates variety selection was the most influential treatment in the study and had the largest impact on grain vield.
Perhaps more surprising was that sced size played a bigger role in determining grain yield than did sceding rate at Ritzville

and Lind. Samples and data are still being processed for biomass, grain yield components and carly scason canopy cover.

Figure 1. Graphs show impact of winter wheat variety — Figure 2. Graphs show impact of winter wheat Figure 3. Graphs show impact of  spring

(A) and a seed size x seed rate interaction at Douglas — variety (A), seeding rate (B), and seed size (C)at - wheat - variety (A), sceding rate (B), and

B) and Ritzville (C) on winter wheat emergence. Douglas and Ritzville, WA on winter wheat grain - seed size (C) at Lind, WA on spring wheat
K £ & prig
ield during the 2023-24 growing season. grain vield during the 2024 growing scason.

Discovering Late-Maturity Alpha-Amylase (LMA ) in
Spring Wheat

ELL1OTT MARSTON' AND DEVEN SEE"™
'DEPT. OF PLANT PATHOLOGY, WSU; *USDA-ARS, PULLMAN

The enzyme a-amylase, necessary for the degradation of starch and normal germination in plants, can cause undesirable baking
outcomes in high concentrations. The falling number (FN) test is an industry standard for predicting end-use quality of wheat
and indirectly measuring a-amylase activity. Low FN scores (high a-amylase) are traditionally attributed to pre-harvest sprouting
(PHS), but late-maturity a-amylase (LMA) has led to FN discounts for PNW growers since 2016. LMA is not as well studied as
PHS, and genes that provide tolerance are still being identified, which leaves farmers vulnerable to LMA-associated financial losses.

A nested association mapping population of 594 lines was created by crossing SWS wheat line WA8124 (LMA-susceptible) to ten LMA-
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tolerant SWS lines to create ten sub-populations of half-siblings. The population was screened for LMA in a greenhouse setting under

three conditions: 1) warm (25°C day15°C night), 2 a discrete cold shock (12°C day/7°C night for four days at susceptible soft-dough

stage ), and 3) continuous cold (15°C -17'C day13°C -15°C night). The a-amylase activity of material was compared between treatments

and used to perform genetic mapping analysis. Semi-dwarfing genes RhAz-81 and Rht-Di were also assessed for their effect on LMA.

Generally,  lines  had
the lowest a-amylase
activity under warm
temperatures and
the  highest  under
continuous cold
temperature stress (Fig.
1). However, this pattern
varied by subpopulation
as the Tekoa, S0900317,
SW8002-6, and
WAS128 subpopulations
had the highest
a-amylase activity
under  discrete  rather
than continuous cold

N

temperatures  (Fig. 1)

Figure 1. -amylase activity under warm (yellow), discrete cold (teal), and continuous cold (dark blue) conditions by
subpopulation. Subpopulations with higher a-amylase activity under discrete cold than continuous cold are marked with a red

star.

This suggests that tolerance to LMA under discrete vs. continuous temperature stress may be separate mechanisms, akin to

scedling vs. HTAP stripe rust resistance, and require that breeders sclect for both. Semi-dwarf lines carrying cither RAr-Br or

Rht-Dr reduce the incidence and severity of LMA under warm and cold conditions, though R/Az-Dr appears slightly more cffective.

Surprisingly, double dwarf lines carrying both R/r genes appear as susceptible to cold temperature induced LMA as tall lines (Fig. 2.

Figure 2. aampylase activity of combined Rht-Bi and Rhit-Di genotypes by Figure 3. Ven diagram of Q'L mapped using different
temperature treatment. Respectively, warm (yellow), discrete cold (teal), and temperature conditions. Clockwise, starting from the
continuous cold (dark blue) are plotted firom left to right for each Rht genotype lop lefi: Warm|no temperature stress (yellow), discrete

cold (teal), and continuous (dark blue ).
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This experiment identified 83 high interest quantitative trait loci (QTL) - regions of the genome associated with a specific trait -
using a-amylase activity under warm, discrete cold, and continuous cold conditions. Approximately half of these are potentially
novel LMA-associated QTL. Interestingly, QTL tended to cluster in different regions of the genome depending on the temperature
treatment with little overlap between the treatments. Only three QTL were associated with LMA-tolerance across all three
treatments. This indicates that genetic resistance to LMA may be temperature specific. Ideal candidate genes for breeding LMA-
tolerant lines will offer resistance across a wide range of temperatures and should be prioritized for transfer into clite wheat

varictics by wheat breeders. Genetic markers for QTL of interest are being developed for use by WSU wheat breeding programs.

Discovering Late-Maturity Alpha-Amylase (LMA
Tolerance in Winter Wheat

ELL1oTT MARSTON', DEVEN SEE™, AND CAMILLE STEBER?*?
'DEPT. OF PLANT PATHOLOGY, WSU; 2USDA-ARS, PULLMAN; 3DEPT. OF CROP AND SOIL SCIENCES, WSU

The falling number (FN) test is a method for predicting end-use quality of wheat by measuring a-amylase enzyme activity. High levels
of post-harvest a-amylase are associated with undesirable baking qualitics and may be the result of pre-harvest sprouting (PHS ) or late-
maturity a-amylase (LMA). Unlike PHS, LMA is characterized as excess post-harvest a-amylase in the absence of sprouting. While PHS
is well studied and controlled through traditional breeding methods, LMA is a more recently identified source of low FN. Currently,

farmers are unprotected from LMA-associated financial losses and sources of genetic resistance are required to breed LMA-tolerant wheat.

While multiple groups have mapped LMA tolerance in spring wheat, this is the first study to
map LMA tolerance in winter wheat. A biparental mapping population of 180 lines was created
by crossing soft white winter wheat lines Xerpha (LMA-susceptible) and Bobtail (LMA-
tolerant ). The population was screened for LMA from 2019 to 2021 at the Spillman Agronomy
Farm, Pullman, WA by cold shocking (18 C day/7.5 C night for seven days ) field grown material
as lines reached the susceptible soft dough stage of grain filling. The a-amylase activity of
cold-shocked and untreated material was compared and used to perform genetic mapping
analysis. The effects of semi-dwarfing genes RAr-B1and Rht-Dron LMA were also assessed.
Under warm field conditions, most lines had low levels of LMA and lines with one or
more KAt gene had reduced incidence and severity of LMA (Fig. 1 & 2). Exposure to a cold
temperature shock increased a-amylase in LMA-susceptible lines. In 2021, a particularly hot

and dry vear, cold-induction of LMA caused higher levels of a-amylase activity in a greater

proportion of lines, whereas there was no change in untreated material (Fig. 1 & 2). This

. . Lo . Joure 1. Q-amylas ity in cold-shocked (red)
suggests that a larger temperature drop may increase the severity and incidence of LMA. Figure 1. a-amplase activity tn cold-shocked (red)

. . . . nd non-cold-shocked ( blue) material by vear:
Lines carrying cither the R/Az-B1b or Rht-Dib dwarting genes have some resistance to cold- and non-cold-shocked (bluc) material by year

induced LMA, but double dwarf lines carrying both genes may be particularly susceptible. Statistically significant similarity of groups is

indicated by letters. Five LMA-induced replicates
- \ untreaied renlicatee [ — \
“Ten potential Quantitative Trait Loci (QTL) - regions of the genome associated with LMA (= 865) and four untreated replicates (n - 692)

e . . . . were performed in 2019 (n=3518), 2020 (n=
tolerance - were identified by this experiment. Of the ten, five were discovered using a-amylase perf 9 (=51 0

. . . . . . . . ), 0r 2021 (11— 345).
activity data from cold-shocked material, while four were identified with untreated material. 691, 0r 2021 (1 =343)

A major QTL, QLind-wsu-71.2, accounting for 15 of the variation was identified in winter
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wheat. Interestingly, this QTL has never been mapped in spring wheat
and may represent a unique tolerance gene for winter wheat breeding.
Genes that offer resistance across a wide range of temperatures are
idcal candidates for breeding LMA-tolerant wheat. Genetic markers

for these QTL are being developed for use by WSU wheat breeders.

Figure 2. o-ampylase activity of combined Rht-B1 and Rht-D1 genotypes by year and
treatment type. Respectioely, tall (Rht-Bia/Dia), semi-dewarfs (Rht-B1b/Dia and Rht-
Bia/D1b), and double dewarfs (Rht-B1b/Dib) are plotted firom left to right each year in
orange, green, blue, and purple. Statistically significant similarity of groups is indicated

by letters.

Non-Destructive Estimation of Soft Wheat Milling
Yields

PETER SCHMUKER', ALECIA KISZONAS?, SHERI RYNEARSON', AND MICHAEL PUMPHREY'
'DEPT. OF CROP AND SOIL SCIENCES, WSU; *USDA-ARS WESTERN WHEAT QUALITY LAB

The WSU Spring Wheat Breeding Program secks to release soft wheat cultivars with an exceptional quality and agronomic package. Since
evaluation of end use quality traits such as flour and break flour vields require destruction of wheat kernels, early generation selection
for these traits when sced amounts are limited is not possible. As an alternative, phenomic data, such as Near Infrared Spectroscopy
data collected on intact grain, can be associated with flour and break flour vield to permit nondestructive selection of varieties with
superior milling yields. We have found that total flour yield, break flour yield, and the difference between total flour to break flour yield
can be independently modeled and predicted with spectral data utilizing a robust, multi-vear dataset of common soft wheat samples.

Each facet in Figure 1 displays a target

milling vield phenotype with each group
on the x axis showing what milling
vield phenotype was used to train the
calibration model. For example, with
the left most facet, break flour yield
records are predicted from a spectral
model trained with observations of break
flour yield, flour vield, or the difference
between flour and break flour yield
dubbed milling loss. Models trained with

a mismatched milling vield phenotype

offer a weak shared spectral signal
and resultant low predictive accuracy.  Figure 1. Prediction accuracies when utilizing a spectral calibration to predict seoeral milling yield phenotypes

Notably, the difference between flour and — measured by R squared. R squared represents the percentage of variation explained in true phenotypic

break flour vield cannot be associated obscrvations from predicted phenotypes where values closer to 1 represent perfectly accurate predictions.
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with the spectral prediction of flour yield. Break flour yield appears to be at least as predictable as total flour yield in soft wheat with
an average R2 of 0.78 and 0.73 respectively. This is relevant for growers in the region since a high break flour yield is associated with the
quality profile desired by the oversees export market. Evaluating milling vields at private, third-party laboratories costs around $125 per
sample. Since the breeding programs alrecady own Near Infrared Spectrometers, the spectral based predictions only cost the time of an
undergraduate technician to scan samples at less than $5 per sample. These tools could lead to cost-cffective, non-destructive estimation

of milling yield propertics for experimental genotypes during carly generation evaluations in the WSU Spring Wheat Breeding Program.

Stripe Rust Resistance Genes and QTL from Two
Pakistani Wheat Lines

JussiCA SCHALLON', MARIAH ECKWRIGHT!, MEINAN WANG', XIANMING CHEN?, AND DEVEN SEE?
"WASHINGTON STATE UNIVERSITY; 2UNITED STATES DEPARTMENT OF AGRICULTURE

Stripe rust is an important above ground discase of common wheat which is mainly managed by spraying fungicides that can
control the pathogen or planting cultivars that can better handle exposure to the pathogen. In this study, two plant familics of
common wheat were created by crossing highly discase susceptible and highly discase resistant parents and sclf-pollinating
cach resulting offspring several times. Then, the plant families were inoculated with the fungal pathogen responsible for causing
stripe rust in both the greenhouse and in the field, and later inspected for discase severity. Their DNA was coded to indicate
whether they resembled their susceptible or resistant parent at cach of many genetic landmarks, and later the information
about their discase severity and their coded genctic landmarks were overlayed to help find single resistance genes, and clusters
of resistance genes that all work together, which are called QTL. When separate segments of DNA between genetic landmarks

was compared with individual instances of low discase severity, the segments responsible for low discase severity were located.

Their locations were noted in terms of both the general chromosome and
specific chromosome “arm” on which they were found, with basic chromosome
anatomy diagramed in Figure 1. Position is mcasured moving from the tip
of the short arm to the middle of the chromosome, called the centromere,

and them from middle of the chromosome to the tip of the long arm.

Figure 1.

Figure 2 and 3 show a couple examples of results, one
from cach plant family, of a pcak that rosc above a
cutoff line, which indicates the DNA segment shown

just beneath it is likely to help plants resist discasc.

While only one from cach plant family
are shown above, five were found in each

plant family, so ten genetic segments total

were found to reduce plant discase severity.
Figure 2. "The graph shows a QTL from plant family 1 on chromosome 2B5 short arm (“SA”).
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Once the location of these segments and their closest right and left landmarks are made known, breeders can casily find and use them

to make new resistant cultivars so farmers can expect more reliable yields, which will help protect both financial and food sccurity.

Figure 3. The graph shows a QT'L from plant family 2 on chromosome 2B% long arm (“LA”).

Unraveling Late-Maturity Alpha-amylase
and Prcharvest Sprouting in Wheat Seeds: A
Proteomics Approach

JonN H. KELLY', ANNA BERIM?, REHANA PARVEEN', CAMILLE M. STEBER*, ALISON L. THOMPSON*, ANDY MCCUBBIN?,
AARON CARTER', MIKE PUMPHREY', AND AMBER L. HAUVERMALE'

'DEPT. OF CROP AND SOIL SCIENCES, WSU; *TISSUE IMAGING, METABOLOMICS, AND PROTEOMICS L.AB, WS U
3SCHOOL OF BIOLOGICAL SCIENCES, WSU; *USDA-ARS, WHEAT HEALTH, GENETICS AND QUALITY RESEARCH

Late-maturity alpha-amylase (LMA) and preharvest sprouting (PHS) are two issues in wheat caused by genetics and weather.
LMA develops with cold snaps, or dramatic temperature fluctuations during the soft-dough stage of grain development.

PHS occurs when mature grain gets wet from rain or fog. Both result in higher levels of an enzyme called alpha-amylasc.

Alpha-amylase digests starch in the wheat endosperm into the smaller sugars, maltodextrin and maltose. Starch breakdown is
important for fucling a developing seedling, but can lower the quality of food products, causing significant financial losses for farmers.
Sclecting for wheat varictics that are less susceptible to LMA and PHS induction, along with developing new ways to manage these
problems is important, and would benefit from a better understanding of how cach event works. Past studies have primarily aimed to
understand alpha-amylase expression in LMA and PHS. However, this is scldom done by looking at cach in the context of the whole
sced protcome. Therefore, we do not fully understand how proteins other than alpha-amylase are involved in LMA or PLIS, and
details are lacking as to which specific alpha-amylase isoforms are active during cach event. Therefore, this study used a protecomics
approach to compare proteins in the wheat varieties Jasper and Seahawk under three conditions: Sound (no treatment), LMA

(induced in a greenhouse ), PHS (sprouted grain). Samples were analyzed using Liquid-Chromatography Mass-Spectrometry (LCMS ).
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Results of the study found that many of the
proteins recovered were the same across
all three conditions and in both varictics,
suggesting that the physiological differences
between LMA and PHS occur from changes
in a few important proteins (Fig. 1A&B.).
Four protcins were identified as differentially
expressed in PIHS  samples across both
varictics: alpha-amylase isoform 1, galactinol-
sucrose  galactosyltransferase, heat  shock
70 kDa protein, and S-adenosylmethionine

synthase (Table 1; Fig. 1C&D). Two proteins

were identified to be differentially expressed
during LMA: beta-amylase and alpha-amylase Figure 1. (A) Venn diagrams that include the number of all proteins identified in PHS, LMA and
> (Table 1 Fig. 1C&D . Identified proteins Sound samples for Jasper and Seahawk. (B) Venn diagrams that include the number of proteins in
could serve as preliminary candidates for each treatment found in Jasper, Seahawk or both. (CED) Differentially expressed proteins in PHS
use in future immunological tests that can and LMA found in both Jasper and Seahawk. 1D corresponds with ‘lable 1 protein identification.
distinguish between LMA and PLHS, or help

clucidate the underlying physiological processes that occur during both events. Validation of these protein targets is on-going.

"Table 1. Summary of proteins differentially expressed in PHS and LMA.

D Name ’ 7SC* /PSMs**
(Jasper/Seahawk ) (Jasper/Scahawk)

PHS 1 Alpha-amylase 1 14/6 6/4

2 Galactinol—sucrose galactosyltransferase 2/2 54

3 Heat shock 70 kDa protein, mitochondrial 10/7 49/58

4 S-adenosylmethionine synthase 31/30 22/22
LMA 5 Alpha-amylase 2 3/3 2/2

6 Beta-amylase 19119 156/214
*Sequence Coverage

*Peptide Sequence Matches

Unlocking Wheat’s Potential: Combining Yield-
Related Gene in High-Biomass Lines

ADELE JAMALZEI', SHERI RYNEARSON', MICHAEL O. PUMPHREY', ARRON H. CARTER', AND J.GIMENO?
'DEPT. OF CROP AND SOIL SCIENCES, WSU; >)CIMMYT, EL BATAN, TEXCOCO, MEXICO

Improving wheat yicld is key for future food production. In this project, we tested a gene on chromosome 4AL from two spring wheat
varietics, ‘Kelse’and ‘Scarlet,’ that increases grain number and size. We introduced this yield-related gene into five high-biomass wheat lines

developed by CIMMY'T (International Maize and Wheat Improvement Center ) in Obregon, Mexico, because we believed this combination




Part 4. Breeding, Genetic Improvement, and Variety Evaluation

could maximize yield potential. Iligh-biomass lines have a strong capacity to produce more energy
through photosynthesis due to their larger vegetative growth (Zhang et al., 2010 . By adding the
gence to high-biomass lines, we aimed to enhance their ability to support higher grain production.
Wecreated 24 wheatlines, 12 with the geneand 12 without (Fig. 1). Scarlet wasbackerossed with five
high biomass lines, cach has four progenies (two withand two without ), and Kelse wasbackerossed
with only one high biomass line and similarly has four progenies (two with and two without ).
Field trials in Obregon, Mexico, were done across three growing scasons (2021-2022, 2022-2023,

and 2023-2024), covering two early and two late planting dates. In Washington State, trials

were conducted in Pullman and Almota in 2022 and Pullman, Almota, Lind, and Dayton in 2023.

Figure 1. Breeding strategy.

We collected yield and vyiceld-related traits and agronomic and weather data at cach

location to better understand how wheat performs under different conditions. We performed statistical analyses separately for cach
location to assess whether the gene improves yield. Within cach location, we analyzed Kelse and Scarlet backgrounds scparately.
The cffects of the 4AL gene varied across environments and genetic backgrounds, based on the results from both the CIMMY'T trials in
Obregon, Mexico and the Washington State ficld trials. From the Obregon, Mexico, trials, the Scarlet background (Fig. 2) shows that in
the 20222023 scason, especially under both regular and late planting, the gene helped increase overall grain vield. Over all years, the gene
consistently led to heavier grains (grain weight) with longer and wider sceds (sced length and width), which helps make bigger grains.
Ultimately, this leads to fewer but heavier grains, suggesting a trade-off between grain number and grain size, as the gene did not affect

grain number in our study. Because of this, the total yield was not different across environments. The gene did not affect maturity time.

However, when comparing Scarlet and Kelse backgrounds that were crossed to the same high biomass line (501), the 4AL gene

improved yield in Scarlet across most cnvironments. This indicates that the gene can increase vield when placed in a
compatible genctic background, such as high biomass 501. The gene positively improved grain weight, sced length and width
across all environments in both backgrounds. The gene effects in Scarlet data in Washington (Fig. 3) were more variable and
cnvironment-specific. While Almota 2022 and Pullman 2022 saw modest yield increases in gene-positive lines, Pullman 2023
and Lind 2023 showed higher yields in lines without the QTL. Test weight, however, showed more consistent improvement
with the gene in most environments except Pullman 2023. These variable results across traits and years highlight the importance

of environmental conditions; the same gene may influence traits differently depending on the environmental conditions.

These  results  show  that  the effects of this  4AL gene  depend on  the genetic  background into

which it is introduced and the environment in  which it is tested. This means that breeders nced to

Figure 2. Scarlet Dataset-Obregon Mexico-Iiffect of QT'L | Gene Presence on Traits-With gene (red)/ Without gene(green.).
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consider not just which gene to use but also the genctic makeup of the recipient lines and the environments in which they will grow.

Yicld improvements can be achieved by matching genes with compatible genetic backgrounds and under appropriate conditions.

Figure 3. Scarlet Dataset-Washington, USA, Effect of QT'L Gene Presence on Traits-With

gene (red) Without gene(green).
Integrated Phenomic, Genomic, and Environmental
Analyses Unveil Modes of Altered Phenotypic
Plasticity During Wheat Improvement

LINQIAN HAN', XTAOMING WANG?, RYAN BENKE?, LAURA TI1BBS-CORTES?, PENG ZHAO?*, KAREN A. SANGUINET', ZHIWU
ZHANG', SHENGBAO XU?, JIANMING YU*, AND XIANRAN L1"3

'"DEPT. OF CROP AND SOIL SCIENCES, WSU; 2STATE KEY LABORATORY FOR CROP STRESS RESISTANCE AND HIGH-
EFFICIENCY PRODUCTION, COLLEGE OF AGRONOMY, NORTHWEST A&F UNIVERSITY; SUSDA-ARS, WHEAT HEALTH,
GENETICS, AND QUALITY RESEARCH UNIT;*DEPT. OF AGRONOMY, [OWA STATE UNIVERSITY

Wheat plays a critical role in global food security. A whole suite of traits has been modified to achieve the goal of higher yield of modern
cultivars than landraces. However, changes of wheat in responding to environmental conditions, or phenotypic plasticity, during this
improvement remains to be clucidated. Comprehensive understanding of phenotypic plasticity is essential for sustainable wheat
improvement under changing environmental conditions. We measured 17 traits from a large wheat population consisting of landraces and
modern cultivars over 10 environments. With the identified environmental index for cach trait, two reaction-norm parameters (intercept
and slope ) concisely described how cach accession responded to external environmental conditions to produce different phenotypic values.
An integration of environmental index;, intercept and slope, and genomic prediction accurately predicted traits values in various scenarios.
GWAS identified loci significantly associated with phenotypic plasticity variations. For two Green Revolution genes, Rht-D1 significantly
altered intercept and slope for more traits than Rht-B1. We discovered that, out of nine possible modes in changing intercept and slope
from landraces to modern cultivars, three modes contributed to 88 of evaluated wheat traits. Our evaluations shed insights into wheat

improvement and underscores the importance of linking phenotypic plasticity with crop improvement to optimize crop in changing climate.







PHOTO CREDITS

Front Cover 1 - Rachael Plunkett Back Cover 1 - Susan Addleman
2 — Rachel Wieme 2 — Gagandeep Kaur
3 — Traci Rauch 3 — Subodh Adhikari

Washington State University Extension engages people, organizations and communities to advance knowledge, economic well-being
and quality of life by fostering inquiry, and the application of research. Cooperating agencies: Washington State University, U.S. Dept.
of Agriculture, and the Dept. of Crop and Soil Sciences. Extension programs and employment are available to all without discrimination.




	Dryland Field Day Abstracts Cover 25
	FDA2025.pdf

