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Abstract: 

Dryland wheat-fallow producers have begun switching to a direct seed tillage system for soil health 
benefits such as reduced runoff, increased water infiltration, increased consistency of crop stands, more 
and longer period of surface cover from crop residue, better soil moisture, and fewer dust clouds at 
planting time. However, this practice often requires increased pesticide and herbicide use. Thus, many 
producers are interested in economically sustainable strategies for reducing pesticide use and further 
improving soil health. In this project, we worked with five producers, who typically farm using a direct 
seed wheat-fallow rotation, to experiment with a more biologically intensive and sustainable 
management system. We hypothesized that integrating cover crops and livestock would improve soil 
health, suppress weeds, and reduce pesticide use.  

Long-term goals of the producers and the project as they relate to the BIOAg Program included: 

1. Increase diversity in an agricultural system that has historically planted a single crop over the 
last 100 years.  

2. Reduce pesticide and synthetic herbicide use and move toward more socially responsible and 
environmentally sound agricultural production systems. 

3. Reduce long-term economic risk, protect soil resources, and increase farm viability through 
more holistic, sustainable, and biologically-based farming practices. 

 
Project Description: 

This project demonstrated and studied the use of a mixed species cover crop in the dryland wheat-
fallow region of Okanogan and Douglas counties in Washington. Four commercial producers used the 
same species mix to grow a summer cover crop, and then grazed it with livestock. We studied soil, crop, 
and livestock parameters to assess and improve success and value of the grazed cover crop. Outreach 
events were held on-farm, at regional meetings, and online. 
 
Outputs 

 Overview of Work Completed:  
o In 2017, we established study sites, planted cover crop, collected above ground biomass, 

weighed livestock on and off grazing cover crop, and collected and analyzed soil samples. 
o In 2018, we established 2018 study sites, planted cover crop, collected above ground 

biomass, weighed livestock on and off grazing cover crop, collected and analyzed soil 
samples, and collected yield data from 2017 treatment plots. 

o In 2019, we collected crop yield data from 2018 treatment plots and conducted analyses.  
o The project included field days, presentations and poster events to increase public 

awareness and adoption. 



 In June 2017 and 2018, an annual cover crop mix was planted at three cooperator farms and 
grazed by livestock after 8-10 weeks of growth. Soil samples were collected at 0-15, 15-30, 30-
60, and 60-90 cm in August or September (See table) and analyzed for nutrient and water 
content, and biological activity (2017 only). Fields remained fallow through winter and were 
planted to spring crops the following year. Yield of grain crop after the grazed cover crop 
treatment was collected in 2018 and 2019.  

 Methods, Results, and Discussion: The Okanogan Conservation District worked with producers 
in Okanogan and Douglas Counties, WA. In 2017 three farm site locations were selected two in 
northern Douglas county (48° 0'15.15"N, 119°29'36.98"W), (47°55'46.74"N, 119°48'18.80"W) 
and one in Okanogan County near Havillah (48°51'16.44"N, 119°11'47.52"W). In 2018, three 
farm sites, two in northern Douglas County (48° 0'23.41"N, 119°29'47.90"W), (47°52'30.51"N, 
119°49'6.74"W), and one in Okanogan county east of the city of Okanogan (48°12'20.96"N, 
119°26'5.16"W) participated.  
 Annual precipitation for the sites was between 19 and 109 cm year, depending on year 
and station, measured between August 1 and July 31 to the nearest weather station (RAWS, 
NOAA, Ag Weather Net). Each site had a different soil series, with most soils being fine sandy 
loams or finer (USDA NRCS 2019).  

Each farmer used their equipment, including no-till drills; sites 004, 006, and 024 used 
the John Deere ConservaPac 1870 and site 008 used a Flexicoil 82 Hoedrill. All sites used a 
wheat-fallow rotation and sites 004, 006, and 008 had used no-till practices between three and 
fifteen years at the start of the project, site 024 used reduced till practices with minimal tillage. 
Each farm planted 12 ha of a multispecies cover crop grazing seed mixture. The mixture was 
selected based on forage quality and adaptability to the region. All seed was mixed and bagged 
at a single facility (Landmark Turf & Native Seed, Airway Heights, WA in 2017 & 2018) to 
maintain uniformity across sites. Producers sprayed with a broad-spectrum herbicide such as 
glyphosate and 2-4, D, 0 to 14 days before planting the cover crop, and according to local 
practice. Starter fertilizer was applied with the seed at time of planting.  

The cover crop species included oats (Avena sativa), forage sorghum (Sorghum bicolor 
L.), purple top turnip (Brassica rapa subsp. Rapa), spring forage peas (Pisum sativum), and proso 
millet (Panicum miliaceum) (Table 1). Mixtures were planted between May 15 and July 1.  

Within each cooperator field, farmers left four random, unseeded skips to serve as 
chemical fallow controls. The controls were approximately 13 m by 30 m, depending on the 
width of the drill and practice of the farmer. The controls were fenced with t-posts and electric 
fencing to prevent livestock from entering the controls. Immediately adjacent to the chemical 
fallow controls were paired plots of equal size in the cover cropped area. All plots were flagged 
and marked with GPS points. 

After 8-10 weeks of growth, the cover crop areas were grazed. Each farm varied the 
number and type of livestock for grazing based on farm practice. The most common was 30 to 
60 cow/calf pairs for three to nine days of grazing.  

Producers in conjunction with Okanogan CD weighed livestock before and after grazing 
the cover crop, where possible. Data are presented for sites and years where reliable could be 
collected (Table 2). In 2017, site 004 hauled six cows and five calves, separately, to nearby truck 
scales before and after grazing to record average weight. Site 006 failed to notify the project 
lead that cows were placed on grazing cover crops, so no weights were recorded. Site 008, 
recorded weights from 18 cows and calves before grazing; however no tag color was recorded 
for repeated tag numbers, so data was not useable. In 2018, site 004 and 006 recorded pre and 
post weights for cow/calf pairs. Site 024 recorded pre and post weights as well as an interim 
weight for more accurate weights.  



In 2017 livestock at site 004 and 006 did not have access to additional forage other than 
the grazing cover crop; at site 008 livestock had access to additional acres of wheat stubble. In 
2018, all sites were encouraged to allow livestock to have access to additional high fiber 
forage—rangeland or wheat stubble if the livestock were more recently coming from rangeland 
feed.  

Producers planted cash crops the following spring; cash crops included spring wheat, 
spring triticale, and spring barley depending on farmer preference. Harvest of cash crops took 
place in late August or September using producer’s harvesters, grain bags, and livestock scale to 
achieve correct weights. We collected grain samples from each treatment and analyzed at the 
local co-op for grain moisture, grain weight, and grain protein (Infratec 1241 Grain Analyzer).    

When possible, we collected aboveground biomass, in one-meter square quadrants, at 
two sites before and after grazing. Each plot with a mixture was clipped in 1 m2 to the soil 
surface; samples were weighed, dried at 50 °C, and reweighed. Percent dry matter, crude 
protein; neutral detergent fiber, acid detergent fiber, organic matter, and ash were assessed by 
WSU.  

Soil samples were collected in September 2017 and 2018. Each plot was sampled from 3 
locations to create a composite sample. In 2017 sites were sampled with hand augers (AMS 4” 
Signature Regular Auger, American Falls, ID) and in 2018 sites were sampled with a giddings 
(XX). No soil samples were collected for site 024 because livestock had not grazed the plots. Soil 
samples were collected at four different depths, 0 to 15 cm, 15 to 30 cm, 30 to 60 cm, 60 to 90 
cm. Persons handling the soil samples wore gloves throughout the sampling procedure and 
cleansed the probe, bucket, and tools between each plot. Subsamples were placed in a bucket, 
mixed, and a portion bagged, 0 to 15 cm samples were sent to WSU for soil microbial analysis 
(acid phosphatase, N-acetyl-β-glucosaminidase, and β-glucosidase). Samples from 0 to 15 cm 
and 15 to 30 cm were sent to Soil Test Farm Consultants (Moses Lake, WA) and analyzed 
samples for macro & micronutrients and soil health metrics, these included: Ammonium 
nitrogen, nitrate nitrogen, phosphorus, potassium, sulfur, magnesium, sulphate, manganese, 
zinc, copper, iron, boron, pH, electrical conductivity, organic matter, effervescence, sodium, 
(Gavlak et al. 2005) and active carbon (Weil et al. 2003, Schindelbeck et al. 2013). Ammonium 
nitrogen, nitrate nitrogen (Gavlak et al. 2005) for 30 to 60 cm and 60 to 90 cm were analyzed at 
WSU as well as gravimetric water content (Gavlak et al. 2005) for all depths.  

We collected plant samples to estimate stand establishment of the cash crop in the 
spring when the cash crop had reached 10 to 20 cm of growth. The number of plants along a 
one-meter stick was counted and recorded, and three randomly selected heights along the 
meter was recorded. We counted plant establishment five times per plot in both the control and 
treatment, in all four replications.  

Treatment had little to no effect on most soil parameters such as phosphorus, 
potassium, magnesium, boron, zinc, or organic matter. The control significantly decreased 
nitrate nitrogen in the 0-15 cm depth from an average of 22.5 mg/kg across all sites to 10 mg/kg 
in the treatment, and increased ammonium nitrate from 1.8 mg/kg to 3.4 mg/kg (Table 3). This 
was likely due to the uptake of nitrogen by vegetative mass, and returns from livestock. Sulfur in 
the cover crop area declined from 17 mg/kg to 10 mg/kg. Soil pH was slightly higher in cover 
crop areas, most notable in the top 15 cm. Increases in pH have been noted in other cover crop 
studies in the region and may be more prevalent after several years of cover crops. Iron 
decreased in the top 15 cm. Soil moisture was significantly lower in the grazed cover crop than 
the control at the time of soil sampling; however, there was no significant difference between 
plant stand establishment or plant height. Successive spring crop yield showed no significant 
differences between the wheat fallow control and the grazed cover crop (Figure  1). Although 



cover crop would have used some soil water, a lack of significant difference in subsequent crop 
yield suggests that plant available water was similar. This may be due to increased water 
recharge during the winter in the treated plots with more plant roots and avenues for water to 
infiltrate into the soil.   

Producers thought that the animals had good body condition scores when coming off 
the cover crops (Figure 2). Since project completion, producers have continued to plant cover 
crops. The focus for experimentation is winter stock piling and grazing cover crop/crop 
companion mix.  

    
 

 Publications, Handouts, Other Text & Web Products: 
o 2 Facebook posts on Okanogan Conservation District’s page 
o 19 Tweets with 18,686 impressions and 1,215 engagements 

 Outreach & Education Activities: 
o Field tour on soil health (including cover crops and grazing) in dryland systems –20 

attendees: May 2017 – Lincoln, Douglas, and Okanogan Co. 
o Field tour for cover crops and grazing –55 attendees: June 2017 – Douglas Co. 
o Field day with grant participants—13 participants: March 2018—Lazy R Ranch, Cheney, 

WA.  
o Field tour on cover crops and grazing – 45 attendees: October 2018—Douglas & 

Okanogan Co.   
o Field tour on cover crops and grazing – 60 NRCS & CD staff; June 2019 – Douglas Co.  
o Presentation of Project— 

 Jan 2018  D. Poole, L.M. Michel Cover crops and grazing. Pacific Northwest 
Direct Seed Association Conference 

 Feb 2018  L.M. Michel to present at Soil Health Workshop for Producers  
 Oct 2018 L.M. Michel. Meeting the Challenges of Soil Health in Dryland 

Wheat Systems in the West; Webinar. USDA Natural Resource Conservation 
Service—Science &Technology Training 

 Jan 2019 L.M. Michel. Cover Crops in Dryland Eastern Washington. Palouse 
Rock Lake Conservation District Annual Meeting. 50 attendees 

 Mar 2019 L.M. Michel. Cover Crops in Dryland Wheat. Healthy Soil, Healthy 
Region Workshop, Pendleton, OR. 60 attendees 

 Mar 2019 L.M. Michel. Grazing Cover Crops in Dryland Wheat—Panel. 
Roots of Resilience, Pendleton, OR. 120 attendees 

 Mar 2019 L.M. Michel. Cover Crops in Dryland Wheat. Healthy Soil, Healthy 
Region Workshop, Pendleton, OR. 60 attendees 

 July 2019 L.M. Michel. Cover Crop Rotations and Sustainability. Inland 
Northwest Artisan Grains Conference, Moscow, ID. 40 attendees 

o Posters 
 Aug 2018 L.M. Michel, L. Carpenter-Boggs, I.C. Burke, D.P. Collins, N. 

Embertson, T.S. Sullivan, and H. Tao. Cover Crops in Low-Rainfall, Wheat-Fallow 
Region of Eastern Washington. Soil Health Institute, Albuquerque, NM 

 Aug 2018 L.M. Michel, L. Carpenter-Boggs, I.C. Burke, D.P. Collins, N. 
Embertson, T.S. Sullivan, and H. Tao. Cover Crops in Low-Rainfall, Wheat-Fallow 
Region of Eastern Washington. Soil and Water Conservation Society Annual 
Meeting, Albuquerque, NM 



 Jan 2018 L.M. Michel, L. Carpenter-Boggs, T.S. Sullivan, and H. Tao. 
Establishing Cover Crops for Soil Health in Low-Rainfall Eastern Washington. 
Pacific Northwest Direct Seed Association Direct Seed Conference, Kennewick, 
WA. 

 L.M. Michel, L. Carpenter-Boggs, T.S. Sullivan, and H. Tao. Cover Crops for Soil 
Health in Low-Rainfall Eastern Washington. Oregon Society for Soil Science, 
Winter Meeting, Corvallis, OR. 

 Mar 2019 L.M. Michel, L. Carpenter-Boggs, I.C. Burke, D.P. Collins, N. 
Embertson, T. Hudson, K.A. Johnson, T.S. Sullivan, and H. Tao. Grazing Cover 
Crops in the Wheat-Fallow Region of North Central Washington. Roots of 
Resilience, Pendleton, OR. 

 Mar 2019 L.M. Michel, L. Carpenter-Boggs, I.C. Burke, D.P. Collins, N. 
Embertson, T. Hudson, K.A. Johnson, T.S. Sullivan, and H. Tao. Grazing Cover 
Crops in the Wheat-Fallow Region of North Central Washington. Healthy Soil, 
Healthy Region Workshop, Pendleton, OR. 

 Feb 2019 L.M. Michel, L. Carpenter-Boggs, I.C. Burke, D.P. Collins, N. 
Embertson, T. Hudson, K.A. Johnson, T.S. Sullivan, and H. Tao. Grazing Cover 
Crops in the Wheat-Fallow Region of North Central Washington. BIOAg 
Symposium, Pullman, WA 

o  
 

Impacts  
 Short-Term: Increased knowledge by dryland wheat fallow producers and regional ag 

professionals, based on results from field trials and analysis. Knowledge includes appropriate 
cover crop mixes, seeding rates, and management; and how incorporating cover crops into crop 
rotation affect moisture, yield, herbicide applications, soil nutrients, and livestock weight gain. 
Information provided producers with an understanding of how cover crops are impacting their 
production system.  

 Intermediate-Term (anticipated): Dryland wheat-fallow producers may become increasingly 
interested in adding diversity to their rotation. Early adopters incorporate cover crops and grazing 
into their operations. The addition of cover crops and livestock provide farmers with additional 
resources and tools to diversify rotations, break up weed and disease patterns, improve soil 
health, and reduce herbicide inputs.  

 Long-Term (anticipated): Producers use new knowledge and tools to improve soil health and 
economic sustainability in their production system. Diversification is implemented to improve soil 
health and help mitigate long-term risk against drought and climate change.  

 
Additional funding applied for/secured: 

 Western SARE: Sustainable Crop-Livestock Integration for System Health in the Dryland Inland 
Pacific Northwest – USU Sub Award # 200592-409 FUNDED $49,722. 

 
Graduate students funded: 

 Leslie Michel – M.S. Soil Science  
 
Recommendations for future research: 
Producers in dryland wheat remain interested in incorporating livestock into their rotation to improve 
soil health and diversify profitably. Further trials utilizing low-cost multi-benefit options should be 
continued. For instance, winter stock piling a cover crop (grown during the summer and consumed by 



livestock during the winter) may prove profitable for producers interested in reducing feed costs while 
improving soil health. Producer 004 tested two of his stockpile mixtures in early December and found 
17% protein. In another option, summer cover crop may be companion planted with the following crop. 
For instance, companion warm season cover crop mix and triticale by producer 004 provided grazing, 
winterkill, and a successive cash crop without replanting. Producer 004 experienced lower than normal 
triticale yields, however received grazing benefit from the field. Producer 004 anticipates they will utilize 
this method again in the future.  
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Table 1. Cover crop mixture for all sites in 2017 and 2018. Cover crop mixture was mixed at a single 
facility and distributed to the farmers to provide uniformity across sites and years. 

Variety Common Name Scientific Name Seeds 
Pure 
Live 
Seed 

Total 
Seeds Seeds 

      lb  lb ac-1 ac-1 ft-2 
Everleaf 126 Oat Avena sativa 16,000 10 160,000 3.67 
HoneySweet  Forage Sorghum Sorghum bicolor L. 21,000 10 210,000 4.82 
VNS Purple Top Turnip Brassica rapa subsp. Rapa 220,000 1 220,000 5.05 
Horizon Spring Forage Pea Pisum sativum 5,000 20 100,000 2.3 
Black Oil Sunflower Helianthus annuus 7,000 6 42,000 0.96 
VNS Proso Millet Panicum miliaceum 80,000 2 160,000 3.67 
        49   20.48 

 
Table 2. Livestock weights grazed on cover crops. 

Year Site Animal Dates Days Average Livestock 
Weights  

Daily 
Gain 

      kg  

      Pre Post   Pre Post   

2017 

004 
Cows 

7/22/2017 7/31/2017 9 
582 582 0.0 

Calves 223 219 -0.5 
006 Cows 7/28/2017 8/5/2017 8 - -   

008 
Cows 

8/4/2017 8/9/2017 5 
- -   

Calves - -   

2018 

004 
Cows 

7/27/2018 8/7/2018 11 
469 490 1.9 

Calves 154 170 1.5 

006 
Cows 

8/27/2018 8/30/2018 3 
453 444 -3.2 

Calves 194 184 -3.4 

024 
Heifer 

10/12/2018 11/6/2018 25 
452 496 1.8 

Steer 498 547 1.9 
  



Table 3. Inorganic N at four soil depths in control (CO, bare fallow) and grazed summer cover crop (SU). 
No soil samples were taken for site 024. 

Year Site Depth Nitrate N Ammonium N 

      ̶̶̶̶̶ ̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶ ̶ mg/kg   ̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶̶̶ ̶̶ ̶ 
   CO SU CO SU 

2017 

004 

0 to 15 cm 17 14 1 3 
15 to 30 cm 5 4 0 1 
30 to 60 cm 4 4 0 0 
60 to 90 cm 3 6 0 0 

006 

0 to 15 cm 37 21 4 10 
15 to 30 cm 7 4 1 1 
30 to 60 cm 6 3 0 0 
60 to 90 cm 5 3 0 0 

008 

0 to 15 cm 42 12 2 2 
15 to 30 cm 9 6 1 0 
30 to 60 cm 8 4 0 0 
60 to 90 cm 9 10 0 0 

2018 

004 

0 to 15 cm 9 4 1 1 
15 to 30 cm 6 3 1 1 
30 to 60 cm 9 16 1 1 
60 to 90 cm 13 13 1 1 

006 

0 to 15 cm 7 2 1 1 
15 to 30 cm 3 1 1 1 
30 to 60 cm 7 1 0 1 
60 to 90 cm 6 6 1 1 

  



Figure 1.  Crop yield (spring wheat, spring triticale, or spring barley) following control (CO, bare fallow) 
or grazed summer cover crop (SU). 
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Sampling above ground biomass before 
introducing livestock 

Figure 2. Photos taken by Okanogan Conservation District: Courtesy of Leslie Michel 

Livestock moving onto cover crop field 

Soil sampling after grazing 

Setting up fence in Control plots Sampling cover crop biomass before grazing 



 

Baled cover crop at 024 9/12/2018 

Harvest at 006 9/12/2018 

Height of cover crop at 024. 8/24/2018 Calves after being weighed at 006 8/27/18 
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