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Abstract: 
Weeds cause extensive loss in agricultural production and are particularly damaging in organic 
systems.  Control generally relies on mechanical cultivation which reduces soil carbon, 
decimates soil fauna, and increases erosion potential.  Cover cropping, a biologically intensive 
practice, can be an effective tool to reduce weed pressure and improve soil quality, but it also 
introduces new challenges as failed or marginal cover crop plantings create fertile ground for 
opportunistic weeds.  This project optimized use of summer cover crops in three different 
Columbia Basin production systems with two different on-farm experiments: 1) sudangrass 
incorporated into a grazing and grain system, and 2) planting dates and rates for sorghum-
sudangrass, mustard, and mixes preceding onions. In addition to cover crop and cash crop 
performance, soil health and weed pressure were analyzed in replicated on-farm experiments 
allowing us to describe soil quality and weed populations in multiple organic agro-ecosystems 
across the Columbia Basin.   
 
Project Description: 
This project explored cover cropping at three Columbia Basin irrigated organic farms 
(Cloudview farms, Lenwood farms, and Andersen organics) via two different strategies: 1) cover 
crop blends and planting dates and 2) animal-integrated cover cropping.  Research questions 
were driven, in part, by weed management concerns, soil health interests, and, with input from 
the three participating producers. 
 
Strategy 1:  After establishing varying cover crop mixes at Lenwood Farms and Andersen 
Organics, biomass (weed and cover crop) and soils collected from research plots were used to 
evaluate treatment effects.  A similar weed analysis was conducted during the spring onion 
crop, prior to any soil disturbance by the grower. 
 
Strategy 2:  At Cloudview Farms similar weed and soil assessments were done in an animal-
integrated cover crop approach.  Here, a mixture of triticale and Austrian winter peas was 
planted and then grazed by goats or mowed.  Biomass and weed samples were collected just 
before the grazing, while soil samples were collected after the cover crop had been removed by 
the animals or by mowing.  Research plots were then planted to oats and peas and prior to 
harvest, weed, cover crop and soil assessments were conducted again. This plan deviated from 



our original goal of grazing sudangrass. In a first attempt, sudangrass was planted, but when 
grazing was attempted the sudangrass was unpalatable to the goats due to an earlier frost. 
 
Our original proposal also included a third strategy to examine cover crop companion planting 
(phacelia (Phacelia tanacetifolia), flax (Linum usitatissimum) and lentils (Lens culinaris Medik) in 
organic carrot production.  Because of the COVID 19 pandemic, the cooperating grower had to 
alter production plans, and this demonstration and associated outreach event had to be 
canceled.  
 
Outputs 
Strategy 1:  Mixes of sorghum-sudangrass (Sorghum bicolor (L.) Moench × S. sudanense cv 
Blackhawk) and mustard (B. juncea + S. alba cv Rojo) were planted at Lenwood Farms and 
Anderson organics at two different dates, early and late, Aug 1 and 2, and August 13 and 14 

2019, respectively (Figure 1).  Soils, and weed and cover crop biomass, were sampled on Oct 3 
and 4, 2019, and the cover crop was worked into the soil the following week.  Biomass samples 
were dried, weighed, and ground.  Weed and soil health analyses were also completed. 
 

Figure 1.  Cover crop 
treatments before incorporation at (A) Lenwood Farms and (B) Andersen Organics. 
 
Strategy 2:  In our first attempt at integrating cover crops with livestock, cover crop (Sorghum 
bicolor (L.)) was planted July 18, 2019 and weed and cover crop biomass were collected on Aug 
27, 2019, followed by mowing, one day later on Aug 28.  Biomasses were sampled again on Oct 
3, 2019, and the following week control plots were mowed and goats were introduced to the 
grazing treatment plots (Figure 2).  However, due to an unexpected early frost, goats would not 
graze the cover crop.  After discussions with Jim Baird at Cloudview, we decided to try a 
different route by planting a different winter cover crop and then grazing in the spring.  To that 
end, on Oct 18, 2019 a ‘no-till’ seed mix of triticale (X Triticosecale Wittmack) and Austrian 
winter peas (Pisum sativum arvense) were re-seeded into the research plots. Biomass samples 
of weed and cover crop were collected in spring 2020, and the new experiment followed the 
original design, except for the soil health assessments were collected in the spring and the cash 
crop was oats and peas planted May 21, 2020. 
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Figure 2.  Mowed triticale and Austrian winter peas 
cover crop (left) and grazing cover crop (right) at Cloudview Farm. Goats are visible at the back of the plot at the 
right.  Photo: Jim Baird. 

 
 

Methods:  
Strategy 1: The study was designed as a two factor (variety mix and timing), full factorial with 
three replications per site.  Cover crop treatments include sorghum-sudangrass and mustard 
planted at varying proportions (i.e., 100% of each, 66 and 33% mix, and vice versa) including a 
control, for a total of five treatments.  The proportionate planting mixes were calculated from 
the farmer recommended full rate of 44 and 9 kg ha-1 for sorghum-sudangrass and mustard, 
respectively, and, at Lenwood Farms and Andersen Organics, cover crop treatments were 
planted at two different time periods, Aug. 1st and 2nd (early) and August 13th and 14th (late).   

 
From each of 30 plots per site, aboveground biomass was collected from within two randomly 
placed 0.25 m2 sections, combined in the field, and later separated by cover crop variety and 
weed.  Following separation from the cover crop, specific weed populations were estimated by 
visual inspection and recorded.  All biomass was dried at 80 C for 72 hours, weighed, and then 
recorded. 
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At each site and from the early planting date only, two soil cores (5 x 15 cm) were collected in 
October 2019 from each of two treatments (100% mustard and control) in three replications, 
homogenized, and sieved to 9 mm before being dried in a forced air oven at 50 C.   
 
Strategy 2:  On October 18, 2019, a seed mix of triticale and Austrian winter peas was no-till 
drilled into the research plots at 110 and 45 lbs a-1, respectively.  Plots were mowed on May 15, 
2020 and grazed on May 16, 2020.  Plots were seeded to a 50:50 mix of oats and pea at 150 lbs 
a-1 on May 21, 2020. 
 
Results: 
The total aboveground biomass was reduced by about half when the cover crop planting date 
was delayed by two weeks.  Cover crops planted on August 1st and 2nd, and August 13th and 
14th, produced 5824 and 3203 lb a-1 aboveground biomass, respectively (Figure 3).  Statistical 
analysis indicated little difference in aboveground biomass production between treatments 
planted on the same date, except for sorghum sudangrass at Lenwood farms with a late 
planting (Figure 3). 

 
Figure 3.  Total cover crop biomass from each of four cover crop treatments at two planting dates (Early, August 1 

and 2, 2019; Late, August 13 and 14, 2019) and two farm sites (Andersen and Lenwood).  

 
All cover crop treatments reduced weed biomass relative to the control treatment (Figure 4).  
Time of planting did not affect weed biomass, but there was a significant site effect with more 
weed pressure at Andersen Organics than at Lenwood Farms. The dominant weeds at Lenwood 
were henbit and lambsquarter with some volunteer vetch.  The dominant weeds at Andersen 
were grass and lambsquarter. 
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Due to the COVID-19 pandemic, onion yield was obtained only from Lenwood Farm (Figure 5). 
The largest yields were obtained from the 100% sorghum-sudangrass planted at the early date.  
Yields with this treatment were significantly greater than with late planted mustard, late-
planted 66% sorghum-sudangrass/33% mustard mix, and early-planted 33% sorghum-
sudangrass/66% mustard mix, but not significantly better than the no cover crop control.  
 
Figure 4.  Total weed biomass from each of five cover crop treatments, including a control, at two planting dates 
(Early, August 1 and 2, 2019; Late, August 13 and 14, 2019) and two farm sites (Andersen and Lenwood).

 

Figure 5.  Onion yield at Lenwood Farm. Means with the same letter are not significantly different at p<0.05. 



 
At Cloudview EcoFarm, there were only 2 replications so statistical analysis could not be completed.  
However, the crop planted following grazing (oats and pea mix) was evaluated for aboveground biomass 
and nitrogen content.  Both biomass and N content were slightly larger in the grazed treatment (Figure 
6). 
 
Figure 6.  Aboveground biomass (A) and total nitrogen content (B) of oats and peas following grazing or mowing at 
Cloudview EcoFarm, July 7, 2020.  

 



              

 
Soil health parameters were evaluated October 2019 prior to incorporation of cover crops at Andersen 
and Lenwood and following cover crop grazing before planting oats and peas at Cloudview.  

 
One of our objectives in assessing soil health parameters was to characterize the range of soil physical 
and chemical parameters across the region.  We also evaluated soil texture at each site. Anderson was a 
sandy loam with 70% sand and 6% clay; Lenwood was a silt loam with 43% sand and 7% clay; and 
Cloudview was a loam with 39% sand and 15% clay.  Total C and N were generally highest at Cloudview, 
followed by Andersen and then Lenwood (Figure 7).  Interstingly, POX C was highest at Andersen. At 
Andersen, cover crop seemed to decrease C, N, and POX C, while at Lenwood there was a general 
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increase in C, N, and POX C with cover crops. No clear trends were visible in C, N, and POXC with grazing 
compared to mowing, though only two replicates were included in the study   
 
Water stable aggregates (WSA) were only evaluated and Andersen and Lenwood. Mustard cover crop 
increased WSA at Lenwood, but there was no effect at Andersen. 
 
 

 
 
 
Figure 7. Total carbon, nitrogen, and permanganate oxidizeable carbon (POX C) at Andersen (Oct 2019), 
Lenwood (Oct 2019), and Cloudview (May 2020) Farms. 

 
 
Figure 8. Water stable aggregates at Andersen and Lenwood Farms, Oct 2019. WSA=Water stable 
aggregates. 



 
Discussion: 
Planting date had a clear effect on total aboveground cover crop biomass production.  This 
provides immediate valuable information for those wishing to adopt cover cropping or for those 
who want to improve their current management strategies. Later planted cover crops had less 
biomass, but still provided good weed control. Sorghum-sudangrass was more affected by 
planting date than mustard and mustard may be a better choice for the later planting date. 
Sorghum-sudangrass planted early provided the greatest onion yield. However, when sorghum-
sudangrass was planted late this treatment supported the largest weed biomass among cover 
treatments. There was no obvious benefit to weed control or yield from the two mixes trialed 
here compared to a single planting of sorghum-sudangrass or mustard. 
 
There are numerous opportunities for grazing cover crops and integrating animals into 
production systems in the Columbia Basin. This project provided a demonstration of the 
opportunities by successfully grazing a fall-planted cover crop (triticale and Austrian winter peas) 
and then drilling a crop of oats and peas into the grazed cover crop. Several lessons were 
learned through the process. While grazing summer cover crops such as sudangrass is possible, 
grazing must occur before cold weather (i.e. freezing temperatures) make the crop unpalatable 
to livestock. Spring-grazing of the cover crop was successful, though we observed that the cover 
crop was too tall for effective grazing.  Goats tended to trample much of the cover crop because 
of its height. We estimated that 18 inches or less would be a more ideal height for goat grazing. 
For spring grazing, food safety is also a consideration for the following crop as grazing will leave 
raw manure on the field. 
 
The limited soil health data collected here highlighted the differences between sites regardless 
of treatment, though some site-specific treatment effects were evident.  At the Andersen site, 
mustard cover crop reduced soil C, N, and POXC.  Samples were taken while the cover crop was 
still growing, so these attributes do not capture soil changes after cover crop incorporation. 



Presumably, incorporated cover crop biomass would add to soil carbon and nitrogen.  There was 
an increase in water stable soil aggregates with mustard at the Lenwood site, which could be 
influenced by root exudates while the cover crop was in place.  
 
The differences in soil health metrics between sites indicates the need for understanding 
inherent soil quality across the region. For example, there is almost twice the total C at 
Cloudview than Lenwood farm. This difference may be due to the larger clay content at 
Cloudview.  Continued soil health assessments in the region will be helpful in developing metrics 
for soil health.  

 
Publications, Handouts, Other Text & Web Products: None yet 

 
Outreach & Education Activities: 
Results were shared at two different statewide conferences and one regional webinar. The 
presentations and estimated audiences were:  
 
Collins, D.P. 2021. Cover Crop Research in Irrigated Vegetables, Central WA. Pacific Northwest 

Vegetable Association Conference, Kennewick, WA. 18 Nov 2021. ~60 attendees 
Collins, D.P. 2021. Regenerative Agricultural Practices in Irrigated Vegetable Systems in Central 

Washington. From the Ground Up: Cover Crop Solutions for Western Farmers Webinar. 2 
Mar 2021. ~40 attendees 

Collins, D.P., Baird, J., and B. Bailie. 2020. Regenerative agriculture in Central Washington. Tilth 
Alliance Annual Meeting, online. 9 Nov 2020. ~ 40 attendees [online] : 
https://www.youtube.com/watch?v=lXV6pxVsS5c&list=PLvYjukikPLv7g2WP_eVOr4F9Spqz
-e8Fk&index=2. 

 
An additional grower meeting was held at the PNVA Conference on 17 Nov 2021. Ten producers 
(including Bailie and Andersen who were collaborators on this project) joined Dr. Collins and Dr. 
DuToit (WSU Plant Pathologist) for a 2-hour discussion focused on opportunities and challenges 
for organic regenerative agriculture in the Columbia Basin.  
 
Some ideas highlighted in the discussion were that interest in regenerative agriculture is driven 
by carbon sequestration; regenerative ag is considered to take anthropogenic carbon out of the 
atmosphere. It was assumed that buyers may insist on regenerative practices in the future.  
 
Challenges to increased implementation of regenerative agriculture included that in organic 
there is a constant need for weed striking (cultivation). Clean fields are an ideal in organic and 
the pressure to reduce tillage with regenerative agriculture will make that difficult. It is very 
difficult to accomplish reduced tillage techniques with small seed crops.  
  
Opportunities identified included that regenerative does not outlaw tillage. Strip tilling is an 
opportunity that has previously been tried. For example, mow cover crops and strip till in 
October, plant onions in strips in spring.  Also, strip-planted sudangrass or sorghum-sudangrass 
in tire tracks and guest rows, mustard in the strips where planning to plant.  Dr. DuToit also 
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https://urldefense.com/v3/__https:/www.youtube.com/watch?v=lXV6pxVsS5c&list=PLvYjukikPLv7g2WP_eVOr4F9Spqz-e8Fk&index=2__;!!JmPEgBY0HMszNaDT!6tNBFzoIv4-xsm6E8Dor4MAevyg1EHH7dJlVfjbQ5BHS4pAGcKozqOMLbRyL7f1N$


commented that she observes fewer “wipeouts” in organic (i.e. excessive disease). There are 
many opportunities for cover crops that build on this project, including multispecies cover crops, 
cover crop rotations (i.e. summer cover crop followed by winter cover crop). Several growers 
found that summer cover cropping is a struggle, especially because of purslane and water grass. 
 
Impacts  
Short-term impacts (knowledge gains) and intermediate term impacts (intention to change 
practices) were assessed with an evaluation instrument delivered to attendees of the Tilth 
Alliance presentation.  Twenty-six attendees completed the evaluation. Fifty-eight percent of 
attendees indicated that they greatly increased their knowledge. Ninety-two percent indicated 
that the presenters were knowledgeable about the subject matter.  Nineteen percent of the 
attendees indicated that they planned to make changes based on something they learned from 
the presentation. 
 
Long-Term: Long-term impacts were not evaluated as part of this project. However, interest in 
cover crops and livestock-integrated systems is high in the Columbia Basin.  Also, interest in 
“Regenerative” agriculture is high as evidenced by the November, 2021 grower meeting in 
Kennewick, WA. Market pressures are predicted to favor increased adoption of cover crops and 
other regenerative organic agriculture practices. 
 
Additional funding applied for/secured: None yet 
 
Graduate students funded: None 
 
Recommendations for future research: 

• Continue to identify possibilities for animal-integrated research. Cooperating farmers 
involved in this project found opportunities to graze animals on cover crops during the 
duration of the project. Interest is high in how to find synergy between animals and 
cover crops. 

• The grower meeting in Nov 2021 indicated significant interest in reduced tillage and 
regenerative farming research in organic cropping systems in the Columbia Basin. Weed 
management strategies compatible with reduced tillage need to be developed. Longer 
or sequential cover cropping plans, perhaps combined with animal integration are a 
possible strategy. 

• The timing for soil health assessments used in this study did not capture the effects of 
cover crop incorporation. Soil health assessments are relatively expensive. If sampling 
cannot be done multiple times, deciding on the single best time to evaluate soil health – 
especially as affected by a management practice – is difficult.  


	Title:
	Rotating out of weeds and into soil health: Optimizing cover crops in three Columbia Basin organic production systems
	Principal Investigator(s) and Cooperator(s):
	Doug Collins (PI), Nathan Stacey, Ian Burke, Chris Benedict, and Tim Waters
	Abstract:
	Weeds cause extensive loss in agricultural production and are particularly damaging in organic systems.  Control generally relies on mechanical cultivation which reduces soil carbon, decimates soil fauna, and increases erosion potential.  Cover croppi...
	Project Description:
	Outputs
	Some ideas highlighted in the discussion were that interest in regenerative agriculture is driven by carbon sequestration; regenerative ag is considered to take anthropogenic carbon out of the atmosphere. It was assumed that buyers may insist on regen...
	Challenges to increased implementation of regenerative agriculture included that in organic there is a constant need for weed striking (cultivation). Clean fields are an ideal in organic and the pressure to reduce tillage with regenerative agriculture...
	Opportunities identified included that regenerative does not outlaw tillage. Strip tilling is an opportunity that has previously been tried. For example, mow cover crops and strip till in October, plant onions in strips in spring.  Also, strip-planted...

	Impacts
	Additional funding applied for/secured: None yet
	Graduate students funded: None
	Recommendations for future research:

