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The Central Oregon Agricultural Research and Extension Center (COAREC) faculty and staff 

are pleased to present this summary of 2019 research activities for your review. The reports 

included in this publication represent a snapshot of the research focus in our region by faculty 

stationed in central Oregon.    
 

Our research center is part of a network of Oregon State University research locations across the 

state (OAES) which operate under the umbrella of the Statewide Public Service Programs.  

These programs include OSU Extension, OAES and the Forest Research Laboratory. Currently, 

we have two faculty researchers working in Plant Pathology and Soil Science at COAREC who 

collaborate with Extension in Deschutes, Crook and Jefferson County at the local level and with 

other counties statewide to ensure we are addressing the most pressing and important needs 

today and far into the future. In addition to our research programs, we have active Extension 

programs in Agriculture Education, Honey Bee and Pollinator Health as well as access to a 

multitude of other programs and information through the OSU Extension system. 
 

Today, our Plant Pathology program is working toward improved and sustainable management 

of plant diseases in central Oregon specialty crops. This includes understanding pathogen 

biology and disease epidemiology, developing tools for disease detection and pathogen 

identification, disease modeling and forecasting, and developing integrated disease management 

strategies. In addition, our Soil Science program is working to find ways to manage soils 

sustainably to ensure the future of central Oregon agriculture. This includes improving soil 

nutrient management to improve plant health and yields and protecting soil resources through 

new and improved soil conservation methods.  
 

In the future, we look forward to these strong, active research programs moving COAREC to the 

forefront of innovative research and finding solutions to growing problems in our area such as 

increased plant disease, insect and weed invasions and finding ways to support honeybees and 

pollinators.  
 

If you have not had the opportunity to visit COAREC in the past or to talk with one of our 

researchers about their work, we invite you to attend an event or visit our location.  Your ideas 

and involvement are a key component to our success.  It is the local community that allows us to 

continue to provide important research and educational opportunities for central Oregon that are 

vital to the agricultural community and local economy.   
 

If you have questions or thoughts, you would like to share with me feel free to call (541-460-

7680), email me (Carol.Tollefson@oregonstate.edu ) or visit COAREC in person. Your feedback 

and comments are appreciated and are helpful as we plan for the upcoming year. 
 

Thank you, 
 

Carol Tollefson, Director 

Central Oregon Agricultural Research and Extension Center 
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Evaluation of Fungicide Sensitivity in Claviceps purpurea, Causal Agent of Ergot in Grasses 

Grown for Seed, 2019 

 

Qunkang Cheng and Jeremiah Dung 

 

Introduction 

 

The fungal pathogen Claviceps purpurea causes ergot in Kentucky bluegrass and perennial 

ryegrass seed crops and can be a major disease issue in irrigated production regions of Oregon. 

The fungus infects the unfertilized flowers of grasses and grains and transforms seed into 

dormant resting structures called sclerotia that overwinter and produce primary inoculum 

(ascospores) the next season. Chemical management of ergot relies heavily on the fungicides 

azoxystrobin and propiconazole, which are typically applied during anthesis to protect ovaries 

from airborne ascospores during flowering. Growers often make multiple fungicide applications 

in an effort to prevent and control the disease. These active ingredients are applied either 

separately or as one of two commercial products that combine both active ingredients in varying 

amounts. These products are protective rather than curative, have similar modes of action, and 

must be applied prior to infection in order to be effective.  

 

Taking into account the repeated applications of fungicides with similar modes of action for 

ergot, powdery mildew, and rust control in grass seed crops, the potential for resistance 

development in fungal pathogens affecting grass seed production exists. The objective of this 

project was to determine the baseline sensitivity of C. purpurea populations to azoxystrobin and 

propiconazole, assess the potential for cross-resistance between azoxystrobin and propiconazole, 

and select a discriminatory concentration for routine sensitivity monitoring. 

 

Materials and Methods 

 

Resistance to quinone outside inhibitors such as azoxystrobin are typically measured by spore 

germination inhibition assays and resistance to demethylation inhibitors like propiconazole are 

typically measured by mycelial growth inhibition assays. In this study, we included both 

methodologies for each fungicide using potato dextrose agar (PDA) amended with technical 

grade azoxystrobin or propiconazole at a final concentration of 0.1, 1, 5, 10, and 50 μg/ml (ppm) 

in acetone. Salicylhydroxamic acid in methanol (SHAM) was also added to PDA at a final 

concentration of 100 μg/ml to block the use of an alternate pathway for cellular respiration. 

Control plates were included that were amended with acetone and SHAM, where concentrations 

of acetone and methanol were each 1% vol/vol.  

 

To measure the inhibitory effect of fungicides on mycelial growth, mycelial plugs (4 mm in 

diameter) of 50 C. purpurea isolates were excised from the edge of 14-day-old colonies and 

placed mycelia side down onto fungicide-amended PDA. Plates were maintained at 18 °C in the 

dark. Average diameters were measured in two perpendicular directions at 7- and 21-days post-

plating and mycelial growth rates (cm/day) were calculated. Three replicate plates were used for 

each combination of isolate and fungicide concentration and the experiment was repeated once. 
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To measure the inhibitory effect of fungicides on spore germination, a conidial spore suspension 

(1 × 104 conidia/ml) of 10 C. purpurea isolates were prepared from a 10-day-old C. purpurea 

culture grown on Claviceps medium (Gilmore et al. 2016). A spore suspension of each isolate 

was spread evenly onto fungicide-amended PDA. Plates were incubated in dark at 18 °C, and 

percent germination was determined after 24 h based on 50 randomly-selected conidia. Three 

replicate plates were used for each combination of isolate and fungicide concentration and the 

experiment was repeated once. 

 

The effective fungicide concentrations to reduce mycelial growth or spore germination by 50% 

(EC50) were calculated in the R package “drc”. A resistance factor, used to measure the 

resistance level of a population, was defined for each fungicide as the ratio of the least sensitive 

isolate’s EC50 value to the median EC50 for that fungicide. Cross-resistance between the two 

fungicides was estimated using the EC50 values for each isolate to generate Spearman correlation 

coefficients for the pair of fungicides. 

 

Results and Discussion 

 

Results for the two mycelial growth inhibition experiments were not significantly different (P = 

0.17), so the results were combined. In the mycelial growth inhibition assay, 50 (100%) and 42 

(84%) C. purpurea isolates demonstrated mycelial growth inhibition by 50% on the medium 

amended with propiconazole and azoxystrobin, respectively (Fig. 1). However, the calculated 

EC50 values for the 50 isolates ranged dramatically, from 0.018 to 0.46 ppm (median 0.18 ppm) 

for propiconazole and from 0.0014 to 751 ppm (median 7.29 ppm) for azoxystrobin (Fig 2; Table 

1). Trends in propiconazole EC50 values were not observed when isolates from 2012, 2013, 2014, 

2017, and 2018 were compared (Fig. 3). The resistance factor for propiconazole and 

azoxystrobin was 2.6 and 99.2 in the mycelial growth assay, respectively. 

 

Results for the two spore germination inhibition experiments were not significantly different (P 

= 0.60), so the results were combined. In the spore germination assay, 10 (100%) and 9 (90%) C. 

purpurea isolates exhibited 50% germination inhibition by azoxystrobin and propiconazole, 

respectively (Fig. 4). However, the isolates exhibited a range of EC50 values from 0.014 to 30.48 

ppm (median 0.39 ppm) for azoxystrobin and from 0.024 to 97.4 ppm (median 2.53 ppm) for 

propiconazole (Table 1). The resistance factor in the spore germination assay for azoxystrobin 

and propiconazole was 78.2 and 38.5, respectively.  

 

A significant correlation between the azoxystrobin spore germination assay and the 

propiconazole mycelial growth assay was not observed (P = 0.07), which suggests that cross-

resistance is not occurring. However, the limited sample size in the spore germination assay may 

have hindered our ability to detect potential cross-resistance with this data set. 

 

Most of the isolates tested in this study were sensitive to azoxystrobin and propiconazole, but 

further research is needed to determine if these results translate to differences in fungicide 

efficacy in the field. Mycelia and conidia responded differently to azoxystrobin and 

propiconazole, which was expected based on the different modes of action of these two 

fungicides. Typically, the spore germination and mycelial growth inhibition assays are 

specifically performed for azoxystrobin and propiconazole, respectively, but the combination of 
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these two testing methods can provide additional information regarding fungicide resistance of 

C. purpurea during infection (spore germination) and colonization (mycelial growth). The results 

generated from the study enable future monitoring efforts for fungicide sensitivity changes in C. 

purpurea populations causing ergot in grass seed crops.  
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Fig 1. Mycelial growth rate of Claviceps purpurea isolates at different concentrations of 

azoxystrobin (A) and propiconazole (B) in a Petri plate assay.  
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Fig 2. Frequency distribution (number of isolates) of effective azoxystrobin (A) and 

propiconazole (B) concentrations needed to inhibit the mycelial growth of Claviceps 

purpurea isolates by 50% (EC50). Some EC50 larger than 50 ppm in (A) were binned into 50 

in the histogram.  

 

 
Fig. 3. Annual mean propiconazole EC50 values for Claviceps purpurea isolates collected 

from Umatilla Co., OR. EC50 values were calculated using a mycelial growth inhibition 

assay. EC50: The effective propiconazole concentration required to reduce mycelial growth 

by 50%. 
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Fig 4. Conidia germination of Claviceps purpurea isolates at different concentrations of 

azoxystrobin (A) and propiconazole (B) in a Petri plate assay.  

 

Table 1. Claviceps purpurea isolates from Kentucky bluegrass seed crops in Jefferson Co., 

Oregon, their year of isolation, and corresponding EC50 values from mycelium growth 

assays and conidia germination assays for azoxystrobin and propiconazole.z  

 

    Azoxystrobin EC50   Propiconazole EC50 

Isolate Year Mycelia Conidia   Mycelia Conidia 

KBG1 2010 36.4 NDy  0.14 ND 

KBG2 2010 115 ND  0.28 ND 

KBG3 2015 77.8 ND  0.13 ND 

KBG4 2017 0.032 ND   ND 

KBG5 2017 0.46 ND  0.18 ND 

KBG6 2017 0.76 ND  0.11 28.5 

KBG7 2017 0.57 ND  0.43 97.4 

KBG8 2017 17.4 ND  0.14 ND 

KBG9 2018 ND ND  0.38 ND 

KBG10 2018 145 ND   0.33 ND 

  Mean 43.7 ND   0.2 ND 
z EC50: The effective fungicide concentration required to reduce mycelial growth or spore 

germination by 50%.  
y ND: Not determined. 
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Table 2. Claviceps purpurea isolates from perennial ryegrass seed crops in Umatilla Co.,  

Oregon, their year of isolation, and corresponding EC50 values from mycelium growth 

assays and conidia germination assays for azoxystrobin and propiconazole.  
    Azoxystrobin EC50   Propiconazole EC50 

Isolate Year Mycelia Conidia   Mycelia Conidia 

PRG1 2011 16.24 .  0.37 . 

PRG2 2012 0.51 .  0.16 . 

PRG3 2012 0.0014 .  0.39 . 

PRG4 2012 0.19 .  0.1 . 

PRG5 2012 7.24 .  0.19 . 

PRG6 2012 7.84 .  0.13 . 

PRG7 2012 1.97 0.42  0.11 0.13 

PRG8 2012 . 0.41  0.41 2.05 

PRG9 2012 9.46 .  0.4 . 

PRG10 2012 27.2 0.022  0.18 0.024 

PRG11 2012 1.38 .  0.09 . 

PRG12 2012 0.14 .  0.07 . 

PRG13 2013 751 .  0.4 . 

PRG14 2013 126 .  0.23 . 

PRG15 2013 6.82 0.37  0.09 39.6 

PRG16 2013 1.15 .  0.37 . 

PRG17 2013 5.16 .  0.32 1.93 

PRG18 2013 10 .  0.45 . 

PRG19 2013 318 .  0.46 . 

PRG20 2013 1.34 .  0.36 3.19 

PRG21 2013 3.09 .  0.33 . 

PRG22 2013 0.7 .  0.15 . 

PRG23 2013 14.67 .  0.14 . 

PRG24 2013 7.29 .  0.09 . 

PRG25 2013 3.18 .  0.39 . 

PRG26 2013 252 .  0.07 . 

PRG27 2013 50.1 .  0.13 . 

PRG28 2013 . .  0.13 . 

PRG29 2014 212 .  0.15 . 

PRG30 2014 327 .  0.21 . 

PRG31 2014 61.6 .  0.13 . 

PRG32 2014 6.42 .  0.16 . 

PRG33 2014 6.26 .  0.2 . 

PRG34 2017 3.54 .  0.19 . 

PRG35 2017 5.52 30.48  0.02 3.01 
PRG36 2017 6.5 .  0.1 . 

PRG37 2017 134 0.014  0.41 0.033 

PRG38 2017 258 .  0.39 . 

PRG39 2018 . .  . . 

PRG40 2018 12.34 .  0.44 . 

PRG41 2018 29.6 .   0.14 . 

  Mean 70.7 5.3   0.2 6.2 
z EC50: The effective fungicide concentration required to reduce mycelial growth or spore 

germination by 50%.  
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Evaluation of Fungicides for Control of Ergot in Cool Season Grass Seed Production, 2019 

 

Qunkang Cheng, Kenneth Frost, and Jeremiah Dung 

 

Introduction 

 

Fungicide applications are an important part of an ergot integrated pest management program for 

grass seed production. To date, there are few commercial cultivars with high levels of resistance 

to ergot and growers typically apply fungicides to protect the flowers from infection. Depending 

on the cultivar and environmental conditions, up to three fungicide applications may be made to 

prevent the disease throughout the growing season. Additionally, the same or similar fungicides 

are also used for control of powdery mildew and/or rust in grass seed crops. The repeated use of 

fungicides with similar modes of action can select for increased resistance among pathogens and 

consequently lead to lack of control. Therefore, new or alternative fungicide chemistries need to 

be tested for their ability to reduce ergot in grass seed crops. The objective of this research is to 

screen novel, unlabeled fungicide chemistries for potential ergot control during flowering. 

 

Materials and Methods 

 

Plots (20 × 3.5 ft.) of Kentucky bluegrass (cv. ‘Shamrock’) and perennial ryegrass (cv. 

‘Pavilion’) were established in Madras and Hermiston, respectively, in August 2018. Plots were 

arranged in a randomized complete block design with 3 ft. buffer zones and replicated 5 times. 

Plots were artificially infested with ergot sclerotia in October 2018. Treatments were applied 

during anthesis on June 2, 2019 (Hermiston) and June 8, 2019 (Madras) using a CO2-pressurized 

backpack sprayer equipped with a handheld boom, three XR11002-VS XR TeeJet nozzles, and 

calibrated to apply the products in a total volume of 20 gallons/A at 28 psi. Eight treatments were 

included: Aproach® (picoxystrobin; FRAC 11; Corteva Agriscience); Aproach® + Propimax® 

(propiconazole; FRAC 3; Corteva Agriscience), Badge SC® (copper oxychloride + copper 

hydroxide; FRAC M01; Gowan), Fontelis® (penthiopyrad; FRAC 7; Corteva Agriscience), 

Miravis® (pydiflumetofen; FRAC 7; Syngenta), Miravis Neo® (propiconazole + pydiflumetofen 

+ azoxystrobin; FRAC 3 +7+11; Syngenta); Priaxor® (fluxapyroxad + pyraclostrobin; FRAC 

7+11; BASF), and Trivapro® (propiconazole + benzovindiflupyr + azoxystrobin; FRAC 3 

+7+11; Syngenta). An industry standard treatment of Quilt Xcel (propiconazole + azoxystrobin; 

FRAC 3+11; Syngenta) and a non-treated control were included for comparison. All products 

were applied with Induce® (Corteva Agriscience), a nonionic surfactant, at 0.25% v/v. Ergot 

incidence and severity were calculated based on the number of seed heads containing sclerotia 

and the number of sclerotia present, respectively, in 100 seed heads collected from each plot. 

Data were analyzed using ANOVA and multiple comparisons were made using Tukey’s test in 

SAS.  

 

Results and Discussion 

 

Although the presence of inoculum was confirmed during anthesis at field plots in Madras and 

Hermiston, ergot incidence and severity was low at both locations. Consequently, a significant 

effect of fungicide treatment was not detected in either trial (P > 0.05) (Table 1). However, all of 
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the fungicide products except the Aproach + Propimax tank mix reduced ergot incidence 

compared to the non-treated control, and most treatments reduced ergot severity (Table 1).  
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Table. 1. Effect of fungicide applications at anthesis on ergot incidence and severity in Kentucky bluegrass and perennial 

ryegrass at Madras and Hermiston, respectively 

      

  Grass  

seed 

label? 

Kentucky bluegrass  Perennial ryegrass 

Treatment (FRAC)z 

Rate 

(oz/acre) 

Ergot  

incidencey 

Ergot  

severityy 

 Ergot 

incidence 

Ergot 

severity 

Non-treated control NAx NA 8%  4.3   9%  7.4  

QuiltXcel (3+11) 26.0 Yes 6%  3.0   5%  3.8  

Aproach (11) + Propimax (3) 9.0 + 4.0 Yes 9%  10.0   13%  19.4  

Aproach (11) 9.0 Yes 7% 6.7   6%  4.6  

Priaxor (7+11) 6.0 Yes 2%  1.3   3%  1.8  

Trivapro (3+7+11) 13.7 Yes 5%  2.7   2%  2.0  

Badge SC (M01) 34.6 Now 1%  1.0   6%  4.4  

Fontelis (7) 24.0 No 3%  2.7   3%  1.4  

Miravis (7) 3.8 No 5%  2.3   5%  4.0  

Miravis Neo (3+7+11) 13.7 No 1%  0.3   2%  1.4   
 P-value 0.30 0.50  0.17 0.23 

        
z 
All products were applied with Induce®, a nonionic surfactant, at 0.25% v/v. 

y Ergot incidence and severity were calculated based on the number of seed heads containing sclerotia and the number of sclerotia 

present, respectively, in 100 seed heads collected from each plot. 
x NA: Not applicable. 
w 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. In addition, such an application may also result in illegal residues that could subject the crop to seizure or embargo 

action by ODA and/or the U.S. 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. Use of commercial and trade names does not imply approval or 

constitute endorsement by Oregon State University. 
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Replacing Beacon for Control of Roughstalk Bluegrass During Kentucky Bluegrass Stand 

Establishment  

 

Rich Affeldt, Ekaterina Jeliazkova, John Spring 

 

Introduction 

 

Kentucky bluegrass and roughstalk bluegrass have both been successful seed crops in central 

Oregon for over 30 years, despite the fact that most Kentucky bluegrass markets tolerate little or 

no contamination from roughstalk bluegrass. While volunteer roughstalk bluegrass is a common 

weed in seedling Kentucky bluegrass in the region, it has been successfully controlled with the 

ALS inhibitor (Group 2) herbicide Beacon (primisulfuron) for many years. The most common use 

is a split application of Beacon, once in late fall after stand establishment and again in early spring, 

typically at 0.38oz/ac of Beacon for each application. 

 

Unfortunately, Beacon is no longer in production and new product is not available anywhere in 

the supply chain. To supplement existing stocks of Beacon in the short term, NorthStar herbicide 

has received supplemental labeling for use in Kentucky bluegrass seed production. NorthStar is a 

premix of primisulfuron and dicamba (e.g. Banvel), and with appropriate rate adjustment can be 

substituted directly for Beacon in existing use. Longer term, however, registration of a replacement 

herbicide for primisulfuron is required to maintain the viability of Kentucky bluegrass seed 

production in many fields in central Oregon. Preliminary greenhouse screening experiments 

identified the Group 2 herbicides Outrider (sulfosulfuron) and Olympus (propoxycarbazone) as 

potentially having the selectivity and crop safety required for this use, along with pre-existing 

federal tolerance levels in grasses grown for seed, a necessary prerequisite for Special Local Needs 

(24c) registration (Jeliazkova et al. 2018). Field trials were established in newly seeded Kentucky 

bluegrass stands in Jefferson County for the 2019 crop year to evaluate the performance and crop 

safety of these herbicides under field conditions 

 

Methods 

 

Field trials were located in five commercial fields of Kentucky bluegrass grown for seed near 

Madras, Oregon. All stands were seeded by cooperating growers using standard production 

practices in August 2018, after which trials were established in a randomized complete block 

design with 4 replications and an individual plot size of 10’ x 30’. Beacon, Outrider, and Olympus 

were applied at several rates and application timings (Table 1) with a CO2 powered backpack 

sprayer calibrated to deliver 20 gpa through 11002 Greenleaf TurboDrop air induction nozzles at 

40 psi. All treatments were applied with MSO at 1% v/v and liquid AMS at the equivalent of 8lb 

dry AMS/100gal. One of the sites (Site 4) included an additional 2 treatments with NorthStar 

herbicide that were not included at the other sites. Fall herbicide applications were made in mid to 

late October when Kentucky bluegrass was at the 2-4 tiller stage. Spring applications were made 

in April. One of the trial sites was inadvertently over-sprayed with Beacon along with the rest of 

the field it was located in (in addition to the experimental applications) and is not further 

considered due to the confounding effect of multiple herbicide applications. Crop safety and weed 

control (where applicable) were rated in November, April, and at Kentucky bluegrass heading in 

May/June. At crop maturity, a 6 by 30 foot portion of each plot was swathed, allowed to dry for 
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2-3 days, and threshed with a Wintersteiger plot combine. Samples were further processed with 

experimental-scale equipment to obtain clean seed yields.  

 

Results and Discussion 

 

Roughstalk bluegrass control. Roughstalk bluegrass was present at only 2 of the 4 sites. At Site 1, 

the population density of roughstalk bluegrass was low, and all fall herbicide treatments provided 

complete or nearly complete control by April (Table 1). By heading, no roughstalk bluegrass was 

detected in any of the plots treated with Beacon or fall-applied Outrider. Despite the high levels of 

control visually apparent in April, a few roughstalk bluegrass plants survived in at least some of 

the plots treated with Olympus, and would have required hand rouging in a field situation. At Site 

4, control was lower in all treatments in April, although fall applications of Outrider and Olympus 

both gave visually equivalent or better control than fall-applied Beacon (Table 1). Roughstalk 

bluegrass densities were higher at this site, and roughstalk bluegrass plants were slightly larger at 

the time of fall applications relative to Site 1 (4-6 tillers at Site 1 and 7-10 tillers at Site 4). At 

heading, only 3 treatments eliminated all roughstalk bluegrass from treated plots: Beacon, the fall 

+ spring split application of 0.38 oz/ac Outrider, and the lower rate of NorthStar (but not the higher 

rate of NorthStar, presumably a result of random error as the higher rate would be expected to give 

equivalent or better control). In all other treatments, at least some individual roughstalk bluegrass 

plants survived, although their size and seed production were greatly reduced in most cases. 

Speculatively, Outrider activity may be more sensitive to fairly small differences in roughstalk 

bluegrass growth stage at the time of application relative to Beacon, although more data is needed 

before this can be concluded with any confidence. At both sites, the spring-only application of 

Outrider provided no control of roughstalk bluegrass whatsoever, presumably due to much larger 

plants treated at the spring application timing. 

 

Kentucky bluegrass safety and yield. Olympus caused moderate to severe crop injury across sites 

at the fall and spring evaluations, particularly at Sites 3 and 4 (Table 2). While visual injury 

symptoms had declined to acceptable or nearly acceptable levels at most of the sites by heading, 

injury was still severe at Site 3. Given the relatively high levels of early injury observed at most 

sites, and the severity of injury seen at Site 3 through the growing season, it was concluded that 

the likelihood of severe crop injury and yield loss with Olympus is unacceptably high, and yields 

were not taken for Olympus treatments.  

 

Fall applications of Outrider had better crop safety than Olympus, but caused meaningfully more 

injury than Beacon. Visual symptoms of crop injury (mostly stunting and growth stage delays) 

were present at earlier rating dates and tended to increase in severity with increasing Outrider rate. 

Severity of injury declined with time after application, and plants had largely recovered by heading 

at all but Site 3 (Table 2). Meaningful visual injury at crop heading, if present, was seen at the 0.75 

oz/ac Outrider rate, in the fall + spring split application, and in the spring Outrider application, 

although injury was inconsistent across sites. Overall, visually apparent levels of injury from 

Outrider were largely within commercially acceptable limits (if barely) at Sites 1, 2, and 4. Site 3 

had more severe injury than the remaining sites. Kentucky bluegrass plants at Site 3 were 

noticeably less vigorous than at the other sites. Although the cause of this reduced vigor is not 

known, a later than optimal planting date and low initial soil fertility are suspected to be the major 
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contributors. It is assumed that extraneous stress reduced the ability of Kentucky bluegrass to 

properly metabolize Outrider, resulting in increased injury. 

 

Clean seed yield of Kentucky bluegrass was generally reduced by Outrider applied in the fall, 

although the magnitude of reduction was 10% or less for most rates at Sites 1, 2, and 4 (Table 3). 

Site 3 had higher levels of yield reduction (ca 25%) for most rates of Outrider, consistent with the 

more severe visual injury observed throughout the season at that site. Again, the cause of this 

inconsistency is not known with certainty but is attributed to the lower crop vigor at Site 3. Crop 

yield response to the split (fall + spring) Outrider treatment was also inconsistent between sites, 

with negligible yield reduction observed at Sites 1 and 4, and approximately 30% yield reduction 

at Sites 2 and 3. As this treatment appears to give the most effective control of roughstalk 

bluegrass, better determining the factors behind this inconsistent crop response is of high interest 

for future studies. 

 

Conclusions. After an initial season of field testing, Outrider (sulfosulfuron) appears to offer 

potential as a workable replacement for Beacon (primisulfuron) to control roughstalk bluegrass in 

seedling stands of Kentucky bluegrass in central Oregon. Inconsistent results between sites for 

both roughstalk bluegrass control and Kentucky bluegrass safety indicate that further work is 

needed to develop safe and reliable use recommendations for Outrider. Trials have been 

established for the 2020 crop season in 4 new bluegrass stands in the vicinity of Madras, OR to 

investigate the crop safety and efficacy of a wider range of Outrider rates, and further compare 

split (fall + spring) applications to fall-only applications. 
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Tables 

 

Table 1. Herbicide treatments for all sites, and roughstalk bluegrass control at the 2 sites with 

roughstalk bluegrass present. Percent control data are visual estimates of herbicide efficacy taken 

in late April on a scale from 0 (no visible symptoms) to 100 (compete plant death). Proportion at 

heading is the proportion of individual plots assigned to a treatment with detectable roughstalk 

bluegrass heads at full heading of Kentucky bluegrass stand. A value of 1 indicates roughstalk 

bluegrass plants were present in all plots within a treatment, and a value of 0 indicates no plants 

detected in any plots within a treatment. Intermediate values indicate a mix of presence/absence 

within individual plots assigned to the treatment. 

 

% control, April Proportion  at heading % control, April Proportion at heading

Non-treated Check 0 1 0 1

Beacon, 0.38 oz/ac, fall 99 0 78 0

Outrider, 0.25 oz/ac, fall 100 0 88 1

Outrider, 0.38 oz/ac, fall 100 0 88 1

Outrider, 0.5 oz/ac, fall 100 0 90 0.5

Outrider, 0.75 oz/ac, fall 100 0 92 0.75

Outrider 0.38 oz/ac fall + 

Outrider 0.38 oz/ac spring
100 0 85 0

Outrider, 0.38 oz/ac, spring 0 0 0 0.75

Olympus, 0.25 oz/ac, fall 100 0.25 83 1

Olympus, 0.38 oz/ac, fall 99 0.25 83 1

Olympus, 0.5 oz/ac, fall 100 0 80 1

Olympus, 0.75 oz/ac, fall 100 0.25 88 0.75

NorthStar 3.8 oz/ac, fall na na 83 0

NorthStar 5 oz/ac, fall na na 80 0.25

Herbicide, Rate, Timing
Site 1 Site 4
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Table 2. Median Kentucky bluegrass injury estimated visually in November (fall), April (spring), and at full crop heading (heading). 

Injury estimates are made on a scale from 0 (no injury) to 100 (complete plant death). 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

fall spring heading fall spring heading fall spring heading fall spring heading

Non-treated Check 0 0 0 0 0 0 0 0 0 0 0 0

Beacon, 0.38 oz/ac, fall 10 10 0 13 8 0 7 20 13 5 10 0

Outrider, 0.25 oz/ac, fall 15 23 0 23 8 0 18 30 25 18 23 0

Outrider, 0.38 oz/ac, fall 20 40 0 23 5 0 28 38 28 33 28 0

Outrider, 0.5 oz/ac, fall 28 58 5 30 15 0 28 38 40 30 23 0

Outrider, 0.75 oz/ac, fall 28 78 30 35 15 0 35 38 40 38 20 0

Outrider 0.38 oz/ac fall + 

Outrider 0.38 oz/ac spring
15 33 17.5 20 18 65 28 25 33 33 30 0

Outrider, 0.38 oz/ac, spring - - 0 - - 55 - - 17.5 - - 0

Olympus, 0.25 oz/ac, fall 13 18 0 33 13 0 30 50 63 20 35 0

Olympus, 0.38 oz/ac, fall 25 25 0 30 8 0 48 63 73 38 43 5

Olympus, 0.5 oz/ac, fall 20 35 10 33 15 0 48 65 83 45 48 5

Olympus, 0.75 oz/ac, fall 33 53 12.5 40 20 5 58 83 90 68 55 28

NorthStar 3.8 oz/ac, fall na na na na na na na na na 5 10 0

NorthStar 5 oz/ac, fall na na na na na na na na na 5 8 0

Site 1 Site 2 Site 3 Site 4
Herbicide, Rate, Timing
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Table 3. Median clean seed yield for Kentucky bluegrass. 

 
†Olympus treatments were not taken to yield at any site due to severe crop injury observed early in season. 

Median yield 
(lb/ac)

% of Beacon
Median yield 

(lb/ac)
% of Beacon

Median yield 
(lb/ac)

% of Beacon
Median yield 

(lb/ac)
% of Beacon

Non-treated Check 2290 84 1185 95 1130 101 1510 95

Beacon, 0.38 oz/ac, fall 2717 - 1244 - 1124 - 1588 -

Outrider, 0.25 oz/ac, fall 2653 98 1046 84 878 78 1378 87

Outrider, 0.38 oz/ac, fall 2565 94 1169 94 799 71 1497 94

Outrider, 0.5 oz/ac, fall 1944 72 1167 94 726 65 1505 95

Outrider, 0.75 oz/ac, fall 1672 62 1149 92 859 76 1493 94

Outrider 0.38 oz/ac fall + 

Outrider 0.38 oz/ac spring
2580 95 860 70 761 68 1540 97

Outrider, 0.38 oz/ac, spring 2361 87 701 56 1017 90 1278 80

†Olympus, 0.25 oz/ac, fall - - - - - - - -

Olympus, 0.38 oz/ac, fall - - - - - - - -

Olympus, 0.5 oz/ac, fall - - - - - - - -

Olympus, 0.75 oz/ac, fall - - - - - - - -

NorthStar 3.8 oz/ac, fall na na na na na na 1467 92

NorthStar 5 oz/ac, fall na na na na na na 1401 88

Site 1 Site 2 Site 3 Site 4

Herbicide, Rate, Timing
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Comparison of Copper Products for Bacterial Blight Control in Carrot Seed Production, 

2019 

Jeremiah Dung, Jeness Scott, and John Weber 

Introduction 

Bacterial blight is an important seedborne disease of carrot. The bacterial blight pathogen, 

Xanthomonas hortorum pv. carotae (or Xhc), can survive and reproduce epiphytically, causing 

disease symptoms when large population are attained on foliage (> 106 CFU/g leaf tissue). To 

date, ManKocide® (mancozeb + copper hydroxide) has been the best available tool for 

controlling bacterial blight in carrot seed crops in Central Oregon.  It has been shown in trials to 

provide some measure of protection from disease and reduce epiphytic populations of Xhc.  

However, it does have drawbacks.  First, growers are not always able to apply ManKocide® 

every 2 weeks (as recommended by the label) and they cannot apply it during pollination when 

honeybees are in the field.  In addition, Xhc populations may reach or surpass the pre-application 

numbers in between applications.  With the current level of adoption, ManKocide® use is not 

resulting in seed lots which test below the threshold of 105 Xhc CFU/gram of seed, even if a 

ManKocide® application is made post-pollination.  Finally, ManKocide® can be difficult to mix 

and keep in suspension, can have phytotoxic effects, and each application costs $20/A, all of 

which contribute either to reduced adoption or fewer ManKocide® applications by growers.  

Therefore, there is an opportunity to find alternative compounds that may be locally systemic, 

have longer lasting effects, whose effects might continue during bloom, are cheaper, and/or 

easier to use, all of which may contribute to better bacterial blight control. The objective of this 

project was to evaluate various copper products for control of bacterial blight in carrot seed 

crops. 

Materials and Methods 

A field trial was established at the Central Oregon Agricultural Research and Extension Center 

consisting of plots of a proprietary female hybrid carrot seed line. Each plot consisted of four 

rows of carrots spaced 30 inches apart that were 30 ft. in length with 3 ft. buffers in between plots. 

Plots were drip-irrigated and standard management practices for seed-to-seed hybrid carrot seed 

crops were followed.  

Copper treatments were applied using a CO2-pressurized backpack sprayer equipped with a 

handheld boom, six XR11002-VS XR TeeJet nozzles, and calibrated to apply the products in a 

total volume of 20 gallons/A at 28 psi . Treatments were applied during the growing season on 

April 30, May 24, and June 19. Bactericides were not applied between mid-July to early August, 

when bees were present for the pollination of seed crops. Treatments included applications of 

ManKocide® (15% mancozeb, 46% copper hydroxide; Certis USA) at 2.5 lb./A, MasterCop® 

(21.46% copper sulfate pentahydrate; Adama) at 1.5 pints/A, Badge SC® (16.81% copper 

oxychloride, 15.36% copper hydroxide; Gowan) at 4 pints/A, and Instill® (21.27% copper sulfate 

pentahydrate; Sym-Agro) at 20 oz./A. A tank-mix of ManKocide® at 2.5 lb./A and Aviv® (0.08% 

Bacillus subtilis strain IAB/BS03; Sym-Agro) at 25 oz./A was also tested. A non-treated control 
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was included for comparison. The experiment was arranged as a randomized complete block 

design with six replications. 

Samples of foliage (approximately 50 leaves taken from 50 different plants in the center of each 

plot) were randomly collected and assayed for Xhc 1 to 4 days before the application of each 

treatment (April 26, May 23, and June 18) to assess pre-treatment populations. Post-treatment 

foliage samples were collected on May 6, May 30, and June 25 to assess the reduction in 

epiphytic Xhc populations due to each treatment. Leaf samples were also collected on July 16 to 

assess the residual activity of the treatments prior to bee pollination. A “clean-up” spray was 

conducted after pollination on August 15; in this case, umbels were sampled one day before and 

six days after treatments were applied. All samples were finely chopped and subsamples were 

incubated in flasks filled with a solution of phosphate buffer + Tween20 (surfactant) for 2 hours at 

room temperature, followed by a 5-minute incubation at 25° C on an orbital shaker at 250 RPM. 

To prevent the detection of dead Xhc cells, the samples were treated with propidium monoazide, a 

cell membrane-impermeable DNA binding dye, according to the manufacturer’s protocol. DNA 

was extracted from the washate and subjected to viability qPCR according to Temple et al. 

(2013). Each sample was dried at 35° C for at least 4 days and weighed to calculate the mean 

number of CFU/g plant material.  

CFU data were log10-transformed and subjected to analysis of variance for each of the sampling 

time points. Multiple pairwise comparisons of the treatments were conducted using Tukey’s test. 

Results and Discussion 

All treatments reduced Xhc populations on carrot foliage compared to the non-treated control, 

although some treatments (ManKocide, ManKocide + Aviv, and Badge SC) exhibited greater 

efficacy than others overall. For the first and third applications, Badge SC reduced Xhc 

populations to 101 CFU/g. Relatively cool and wet conditions surrounding the second application 

period likely resulted in low Xhc populations in the pre-treatment samples; this was followed by 

relatively warm and wet conditions which may have favored Xhc growth on carrot foliage. 

Samples prior to the pollination period showed reduced Xhc levels on all treatments compared to 

the non-treated control. Xhc levels were slightly higher in post-treatment umbel samples 

compared to pre-treatment samples, but trends were consistent with previous sampling dates. 

Data are summarized in Table 1. 
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Table 1. Log10-transformed colony forming units of Xanthomonas hortorum pv. carotae before and after applications of 

bactericides. 

 Foliage  Umbels 

 

Application #1 

(April 30) 

Application #2 

(May 24) 

Application #3 

(June 19)  

 Application #4 

(Aug 15) 

Treatment 

Pre 

(April 26) 

Post 

(May 6) 

Pre 

(May 23) 

Post 

(May 30) 

Pre 

(June 18) 

Post 

(June 25) 

Pre- 

pollination 

(July 16) 

 

Pre 

(Aug 14) 

Post 

(Aug 21) 

Non-treated 4.60 4.82 a z 2.59 3.66 4.88 7.55 a 7.63  3.40 5.51 a 

ManKocide® 5.47 4.43 a 0.82 3.35 4.21 2.05 bc 3.90  0.00 1.21 b 

ManKocide® + Aviv® 5.38 3.96 ab 0.54 2.73 2.44 0.93 c 3.91  1.22 1.18 b 

MasterCop® 4.35 3.54 ab 3.37 3.05 4.29 6.31 ab 4.95  1.73 3.24 ab 

Badge SC® 4.08 1.20 b 2.12 3.22 4.11 1.30 c 4.77  2.01 2.07 b 

Instill® 4.52 3.30 ab 2.86 3.65 6.32 5.16 abc 5.55  1.93 4.24 ab 

P-value 0.82 0.01 0.12 0.98 0.29 0.0001 0.22  0.18 < 0.001 

z Treatments followed by the same letters are not significantly different from each other using Tukey’s test. 
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Exploring Cover Crop Options for Central Oregon – Fall Trial 

 

Clare Sullivan and Markus Kleber 

 

Introduction 

 

High value cropping systems in central Oregon include specialty seed production and fresh 

market vegetable farms. These annual cropping systems are intensively managed and require 

excellent soil quality in order to be successful. Central Oregon soils are particularly vulnerable to 

soil degradation since they are shallow, rocky, low in organic matter, irrigated, and subject to 

frequent tillage. Therefore, progressive growers are seeking economic, feasible ways to improve 

soil health, and one such way is through cover cropping. 

 

There is an abundance of information in academic literature and from seed companies on the 

merits of cover crops; however, no data exists on cover crops' effects on soil parameters in 

central Oregon. Growers are curious about cover crop use, but want to know that the purported 

soil health benefits outweigh the irrigation, seed, and lost crop opportunity costs. The objectives 

of this study were to: 1) observe how cover crop overwintered and performed the following 

spring; and 2) demonstrate that selected cover crops can improve soil health indicator values in 

central Oregon. 

 

Materials and Methods 

 

The trial was planted at the Central Oregon Agriculture Research and Extension Center 

(COAREC) in Madras on 9/14/18 using a 5-ft cone seeder with 7-inch row spacing. The 

experiment was a randomized complete block design with three replicates, individual plot size 

measured 10 x 60ft. Pre-plant soil test revealed high soil test K, moderate nitrate-N, and low soil 

test P and S. Cover crop fertility requirements were met with broadcasted poultry manure (20lbs 

N/ac, 20lbs P/ac, 20lbs K/ac), feather meal (20lbs N/ac), and gypsum (150lbs/ac). The trial was 

managed using organic practices over the growing season.  

 

There were nine replicated cover crop treatments: 1) Purple top turnip; 2) Anaconda radish; 3) 

Austrian winter pea; 4) Horizon spring pea; 5) Frosty berseem clover; 6) Merit hairy vetch; 7) 

Hairy vetch + cereal rye; 8) Crimson clover + triticale; and 9) Fallow control (see Table 1 for 

seeding rates). There were also eight demonstration plots planted without replication, including 

Attack mustard, Icicle winter pea, Fixation balansa clover, Crimson clover, and several 

legume/cereal combinations.  

 

Cover crop growth was evaluated throughout the fall, winter and spring, and cover crops were 

terminated at full flower in May of 2019 (~8 months after planting). The plots were irrigated 

twice between planting and mid-October, and then were not irrigated again until termination. 

Cover crop biomass samples and weed counts were collected from two, 0.5m2 (1.6ft2) quadrats 

per plot at full flower prior to termination. The plots were terminated using a flail mower and 

then disked twice; turnips were terminated on 5/9/19, and the rest of the plots were terminated on 

5/23/19.  
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Soil samples and in situ assessment of field indicators were taken three weeks after termination. 

Five soil subsamples (0-2” depth) were taken per plot in an M-shaped pattern and composited to 

be analyzed for 16 physical, chemical and biological soil health indicators. Three bulk density 

samples were taken per plot using soil cores that collected 90ml (3oz) of soil from ~0-2” depth. 

Three infiltrometer rings per plots were used to measure water infiltration rates, and three root 

density measurements were taken per plot by counting the number of roots on a 15-sq. in. soil 

sample at 0-6” depth. Data were subjected to analysis of variance, and treatment means were 

compared using Tukey’s honest significant difference test (P < 0.05).  

 

Results and Discussion 

 

Establishment and Overwintering  

All treatments had emerged 10 days after planting, but the brassica and cereal species were the 

quickest to establish. The legume species were slow to emerge and put on growth, especially the 

small-seeded clovers. Crimson clover emerged in late September, but most of it died by early 

October. Other growers have had success with crimson clover planted in the fall; it is suspected 

the crop failure had to do with soil moisture conditions.  

 

The brassica species provided the most coverage and weed suppression early (Fig 1), but some of 

the lower leaves died out over the winter and the ground cover was lost. While the turnip plots 

survived the winter, the radish plots lost a lot of growth from winter damage, and the mustard 

demo plot was completely dead by March 2019. The cereal species (cereal rye and triticale) 

provided the most ground cover through the winter, as they experienced less winter damage than 

the other species (Fig 2). Both pea varieties experienced some winter damage. Winter damage 

was more significant in the spring pea plots, resulting in lower crop biomass and higher weed 

density than the winter pea plots. The small-seeded clovers (berseem and balansa) remained very 

small through the winter and there was a high density of weeds going into spring.  

 

Spring Growth to Termination 

It was not until April that the cover crops started putting on growth, with the cereal mixes 

leading the way (Fig 3). All of the cover crops experienced more than three-fold growth between 

mid-April to early-May as soil and air temperatures warmed. The turnip plots were the first to 

flower in early May and were terminated two weeks earlier than the other treatments (Fig 4).  

 

The mixes that included a cereal produced the most aboveground biomass, the greatest crop 

height, and the lowest weed counts at termination (Table 1). Triticale produced the greatest 

overall biomass (5500 lbs/ac), hairy vetch produced the most biomass of the legumes (3720 

lbs/ac), and turnip produced the most biomass of the brassicas (2270 lbs/ac). The weed 

suppression in turnip and hairy vetch plots was comparable to the cereal mixes (Table 1). 

Although not replicated, Fixation balansa clover had similar results to the berseem clover: 

biomass of 2510 lbs/ac, 1 weed/ft2, and a predicated plant available nitrogen of 21 lbs/ac. 

 

Soil Health Indicators (preliminary results)  

More than 20 indicators of soil health were measured and observed three weeks after cover crop 

termination, but this report will only focus on root density, soil bulk density, water infiltration, 

and potentially mineralizable nitrogen.   
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Soil bulk density is of interest because it characterizes total pore space, which is where plant and 

microbial growth and water movement happen in the soil. It can be assumed that lower bulk 

density equates to more space for important soil processes, resulting in a ‘healthier soil’. In the 

fall cover crop trial, all of the cover crop treatments tended to increase pore space (decrease bulk 

density) over the fallow control (Table 2). The winter and spring peas significantly reduced bulk 

density compared to the fallow. 

 

Pore space is one of the factors that influences water infiltration through soil; therefore, we 

assumed that cover crop treatments with improved bulk density would also have improved water 

infiltration as compared to the fallow control. However, only three cover crop treatments 

improved water infiltration compared to fallow: the peas and the crimson clover + triticale 

treatment (Table 2).  

 

Why would the peas stand out amongst treatments for improving bulk density and water 

infiltration? Our assumption was that these soil improvements would be related to root density 

and aboveground biomass: more fine roots and organic residues would loosen soil and increase 

porosity. Table 2 is arranged in ascending order of cover crop biomass production in order to see 

the relationship between aboveground biomass and indicators of soil health. While root density 

tended to increase in relation to cover crop biomass (Table 2), neither aboveground biomass nor 

root density explain the influence on bulk density and water infiltration. The two pea species had 

unimpressive aboveground biomass and root density, and the treatment that added the most 

biomass back to the soil (crimson clover + cereal rye, 54960 lbs/ac) did not significantly alter 

bulk density.  

 

Costs and Returns 

In considering a cover crop planting one must assess the costs and benefits. Costs include the 

cover crop seed, the time and labor needed to plant the cover crop, and any lost opportunity cost 

for the land area. Benefits of cover crops may include the addition of carbon and nitrogen to the 

soil, a decrease in soil bulk density, increased soil biological activity, etc.  

 

Plant available nitrogen (PAN) released from a cover crop after termination is predicted based on 

total percent nitrogen (N) and biomass of a cover crop sample. Plants with >2% total N (legumes 

and young crops) will be a good source of N release, while plants with <2% total N (cereals and 

mature crops) will release little to no N. All of the legumes tested in this trial had >2.5 total N 

measured in their biomass, and PAN ranged from 12 to 46 lbs N/ac (Table 2). Results from this 

trial showed an inverse relationship between % total N and C to N ratio (to be expected), and 

PAN tended to increase with % total N (Table 2). While PAN is a prediction based on plant 

measurements, potentially mineralizable nitrogen (PMN) predicts soil-available nitrogen based 

on a 28-day laboratory incubation. Incubation results of soil sampled three weeks after 

termination, show that PMN and PAN were closely correlated in this study (Pearson’s r = 0.96). 

Potentially mineralizable N and PAN tended to be higher in the legume plots than the other 

treatments, and PMN of hairy vetch was significantly higher than all other plots (Table 3). 

 

Based on the seeding rates used in this trial (Table 1), hairy vetch was one of the most expensive 

cover crops to plant ($45/ac), while turnip and radish were the least expensive (Table 3). 
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However, hairy vetch produced a large biomass and had the highest %N, resulting in the greatest 

PAN overall (46 lbs N/ac). The cereal mixes produced the largest biomass and would provide the 

highest carbon input to the soil, but would release very little N to the soil (Table 3), and could 

temporarily immobilize N. 

 

See the Extension Publication PNW 636, “Estimating Plant-Available Nitrogen Release from 

Cover Crops” for more information: https://catalog.extension.oregonstate.edu/pnw636 

 

Conclusions/Thoughts so Far 

There were several species and varieties tested in the fall trial that overwintered well in the 

Madras area, and results highlight the importance of a grower knowing why they want to plant a 

cover crop. For winter cover and aboveground biomass production, a cereal only or cereal-

legume mixture would be the best cover crop option. If N release following cover crop 

termination is a top priority, then hairy vetch was the best choice based on these preliminary 

results. Winter pea and berseem clover are also good options and may be easier to terminate than 

vetch. 

 

Turnip was the only brassica tested in this trial that overwintered well, and had the added benefit 

of flowering early. Early flowers are critical for pollinators, and also facilitate earlier termination 

and rotation to cash crops. The cereal mixes were also good options for early termination 

because they accumulated more biomass earlier than the other treatments. 

 

It is important to note that the trial was terminated at full flower, but a grower could choose to 

terminate the cover crops at any time that suits their needs. If focused on N contribution, growers 

may want to terminate earlier because the amount of N (lb/ac) fixed by legumes reaches a 

maximum at early flowering. If focused on carbon contribution, growers will aim for maximum 

biomass production and terminate cover crops later. The cover crops in this trial did not start 

accumulating significant biomass until mid-April. 

 

In comparison to the spring and summer trials of 2018, the winter cereals in the fall trial 

produced significantly greater aboveground biomass. The fall-planted winter peas produced a 

similar amount of biomass as the spring-planted peas, but required less irrigation and were 

terminated earlier (May vs. June).  

 

Based on the preliminary results, cover crops do have potential to improve soil health in central 

Oregon. The underlying mechanisms in the relationship between cover crops and soil health need 

to be better understood in order to avoid disappointing outcomes. Future reports will include 

analysis of additional soil health results.  
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Table 1 – Seeding rate, aboveground biomass, crop height, and weed count at termination 

of eight cover crop treatments planted on Sep 14, 2018 at COAREC. Data in table are 

arranged by plant family (shaded column).  

Cover crop 
Crop 

family 

Seeding 

rate (lb/ac) 

Biomass 

(lb/ac)1 

Crop height 

(inches) 

Weed count 

(weed/ft2) 

Forage turnip Brassica 10 2270 b2 40 0.7 

Anaconda 

radish 
Brassica 10 1570 b 27 1.5 

Austrian winter 

pea 
Legume 70 2420 b 28 1.1 

Horizon spring 

pea 
Legume 90 1510 b 16 1.4 

Berseem clover Legume 15 1960 b 21 1.1 

Hairy vetch Legume 20 3720 ab 31 0.7 

Hairy vetch + 

Cereal rye 

Legume + 

cereal 

15(HV) + 

50(CR) 
4300 ab 46 + 51 0.4 

Crimson clover 

+ Triticale 

Legume + 

cereal 

13(C) + 

50(T) 
55003 a 

0 (no crimson) 

+ 41 
0.5 

1 Divide by 44 to get biomass in lb/1000ft2 

2 Means in the same column followed by a different letter are significantly different at P < 0.05 
3 Biomass was primarily triticale, very little crimson clover 
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Figure 1. Eight cover crop treatments 25 days after planting (Oct 9, 2018). Figure includes crop height (inches). 

Turnip ~1” 

Crimson 0” + Triticale 3” Vetch 2”+ Rye 3”  

Spring pea  ~2” Winter pea  ~1.5” 

Vetch  ~2” 

Radish  ~1.5” 

Berseem clover ~1/4” 
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Figure 2. Frost damage to eight cover crop treatments four months after planting (Jan 15, 2019). Figure includes crop height 

(inches). 

Turnip ~4” 

Crimson 0” + Triticale 5” Vetch 3.5”+ Rye 4”  

Spring pea  ~6” Winter pea  ~4” 

Vetch  ~4” 

Radish  ~4” 

Berseem clover <1” 
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Figure 3. Spring growth of eight cover crop treatments seven months after planting (Apr 15, 2019). Figure includes crop 

height (inches). 

Turnip ~7” 

Crimson 0” + Triticale 12” Vetch 8”+ Rye 10”  

Spring pea ~5” Winter pea ~5” 

Vetch  ~8” 

Radish ~4” 

Berseem clover ~3” 
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Figure 4. Cover crop treatments at termination. Turnips terminated May 8, 2019, all others terminated May 23, 2019.   

Crimson 0” + Triticale 41” Vetch 46”+ Rye 51”  Vetch  ~31” Berseem clover ~21” 

Turnip ~40” Spring pea ~16” Winter pea ~28” Radish  ~27” 
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Table 2 – Aboveground biomass at termination and soil health indicators measured three 

weeks after termination of eight cover crop treatments planted on Sep 14, 2018 at 

COAREC. Data are presented in ascending order of cover crop biomass (shaded column). 

  Soil Health Indicators 

Cover crop 
Biomass 

(lb/ac) 

Root density 

(#/15 sq. in.) 

Soil bulk 

density (kg/L) 

Water infiltration 

(ln seconds)1 

Fallow control - 8 d2 1.28 a 4.7 

Horizon spring 

pea 
1513 b 18 cd 1.08 bc 3.6 

Anaconda 

radish 
1573 b 18 cd 1.22 a 5.2 

Berseem clover 1963 b 31 b 1.20 ab 4.7 

Forage turnip 2270 b 24 bc 1.27 a 5.5 

Austrian winter 

pea 
2424 b 24 bc 1.04 c 3.9 

Hairy vetch 3718 ab 22 bc 1.22 a 4.7 

Hairy vetch + 

Cereal rye 
4297 ab 59 a 1.27 a 4.7 

Crimson clover 

+ Triticale 
54962 a 49 a 1.19 ab 3.7 

1 Data were transformed using a natural logarithm 
2 Means in the same column followed by a different letter are significantly different at P < 0.05 
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Table 3 – Measured and predicted plant-available N from cover crop vs. seed cost of eight 

cover crop treatments planted on Sep 14, 2018 at COAREC. Data are presented in 

ascending order of percent nitrogen in biomass (shaded column). 

Cover crop 
Total N in 

biomass (%) 

C to N 

ratio 

Predicted 

PAN1 (lb/ac) 

PMN2 (ppm 

/4 weeks) 

Seed cost 

($/ac)3 

Fallow control - - - 19.6 de4 - 

Crimson clover 

+ Triticale 
0.8 58 0 11.2 e $35.80  

Hairy vetch + 

Cereal rye 
1.3 34 4 28.0 cde $48.25  

Anaconda 

radish 
1.5 29 3 33.6 cde $23.50  

Forage turnip 1.5 27 5 22.4 cde $20.00  

Horizon spring 

pea 
2.5 17 12 42.0 bcd $45.00  

Austrian winter 

pea 
2.8 15 24 61.6 ab $40.60  

Berseem clover 2.9 14 21 44.8 bc $33.75  

Hairy vetch 3.1 13 46 81.2 a $45.00  
1 PAN = Plant available nitrogen after 10 weeks, estimated by the OSU Cover Crop Calculator equation 
2 PMN = Potentially mineralizable nitrogen as measured in 28-day lab incubation on moist soil at room temperature 
3 Seed cost per acre based on the seeding rates in Table 1 and retail seed purchase prices 
4 Means in the same column followed by a different letter are significantly different at P < 0.05 
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Exploring Cover Crop Options for Central Oregon – Spring and Summer Trials 

 

Clare Sullivan 

 

Introduction 

 

Cover crops receive a lot of attention for the many benefits they can provide, such as: weed 

suppression, erosion prevention, improved water infiltration and water holding capacity, 

improved nutrient cycling, and the creation of pollinator habitat. There is an abundance of 

information in academic literature and from seed companies on the use of cover crops; however, 

there is only anecdotal evidence of cover crop performance in central Oregon. In addition, there 

are so many options including species, varieties, and planting time that it can be hard to decide 

which cover crops are right for a farm. Three trials were planted in 2018 to demonstrate cover 

crop species establishment, weed competition and crop biomass production at three planting 

times in central Oregon: spring, summer and fall. This report will cover results from the spring 

and summer trials. Results from the fall trial can be found in a second report.  

 

Materials and Methods 

 

Two cover crop trials were established in 2018 at the Central Oregon Agriculture Research and 

Extension Center (COAREC) in Madras, OR. The field was in orchardgrass and clover pasture 

for two years and then plowed winter 2017 and disked spring 2018 before planting. The trial was 

managed using organic practices in order for results to be relevant to commercial small farmers. 

Pre-plant soil test revealed high soil test K, moderate nitrate-N, and low soil test P and S. Cover 

crop fertility requirements were met with broadcasted poultry manure (20lbs N/ac, 20lbs P/ac, 

20lbs K/ac), feather meal (20lbs N/ac), and gypsum (150lbs/ac). The experimental design for 

both trials was a randomized complete block design with three replicates, and plot size measured 

10 x 60ft. Cover crops were drilled using a 5-ft cone seeder with 7-inch row spacing. Crops were 

irrigated throughout the trial with hand line.  

 

Spring Trial 

The spring trial was planted on 4/16/18 with six replicated treatments: Anaconda radish, Attack 

mustard, Caliente mustard, crimson clover, Horizon spring pea, and cereal rye (see Table 1 for 

seeding rates). Caliente mustard plots did not emerge (determined seed old and not viable, not 

representative of variety), and crimson clover was taken over by weeds due to slow 

establishment. The Caliente mustard and crimson clover plots were removed from the study. 

Crop emergence and growth of the four remaining treatments were monitored weekly, and cover 

crop aboveground biomass samples and weed counts were taken from two, 0.5m2 quadrats per 

plot at termination. Aboveground biomass samples were sent to the lab for %N and %C content. 

The plots were terminated at full flower using a flail mower and then disked into the soil. The 

mustard and radish plots were terminated 8 weeks after planting (6/12/18); and cereal rye and 

pea plots were terminated 9 weeks after planting (6/19/18).  

 

Summer Trial 

The summer trial was planted on 6/6/18 with six replicated treatments: Attack mustard, 

buckwheat, cow pea, phacelia, sorghum, and sudangrass (see Table 2 for seeding rates). The 
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sorghum plots did not establish, and it was determined the germination rate for the seedlot was 

very low (<15%). The cow pea plots also established poorly, likely due to temperatures not being 

warm enough. Both sorghum and cow pea plots were discounted as treatments, leaving four 

replicated species to be evaluated. Sampling and termination were conducted as per the spring 

trial. Cover crop biomass samples were collected 7 weeks after planting (7/25/18) at full flower 

prior to termination.    

 

Data were subjected to analysis of variance, and treatment means were compared using Tukey’s 

honest significant difference test (P < 0.05).  

 

Results and Discussion 

 

Comparing crop emergence and weed suppression among species was a top priority, as weed 

control is one of the main concerns for organic farmers. 

Spring Trial 

The cereal rye and spring pea grew quickest in cool soils early on (~50-60F), but the mustard 

and radish caught up as soils warmed later in May. All four species were competitive against 

weeds (<2 weeds/ft2), but radish excelled at weed suppression with its broadleaf canopy (Table 

1). The mustard and spring pea plots had more upright growth habits that allowed for more weed 

growth. Of the four replicated treatments, Horizon spring pea produced the greatest aboveground 

biomass (2690 lb/ac), followed closely by radish and mustard. Cereal rye produced significantly 

less biomass than the other species (Table 1). Austrian winter peas were planted in a 

demonstration plot, and although not replicated, the winter peas provided comparable biomass 

(2670 lb/ac) to the spring pea, and improved weed suppression (0.5 weeds/ft2, data not shown). 

 

Based on C to N ratios and biomass production, it is estimated the spring pea crop would release 

~40lbs N/ac over the summer. The other three cover crops would only release ~8-15lbs N/ac. 

These estimatation are based on the OSU Cover Crop Calculator 

(https://catalog.extension.oregonstate.edu/em9235) 

 

Summer Trial 

Cover crop emergence was less successful in the summer planting than the spring trial. Weed 

pressure was very heavy from summer annuals, especially redroot pigweed (Amaranthus 

retroflexus). Summer-planted cover crops were not as competitive against summer annual weeds 

as the spring-planted covers, but phacelia provided the most weed competition (2.8 weeds/ft2). 

Of the four replicated treatments, buckwheat and sudangrass produced the most biomass (~2100 

lb/ac), and mustard and phacelia produced slightly less (Table 2).  

 

Based on C to N ratios and biomass production, it is estimated buckwheat would release the most 

N to the system, ~20lbs N/ac through the summer. The other three cover crops would release 

~10-15lbs N/ac (based on OSU Cover Crop Calculator). 

 

In selecting a cover crop, it is important for growers to first know why they want to use a cover 

crop, and what species fit in their rotation. Once a grower knows the functional benefit they want 

https://catalog.extension.oregonstate.edu/em9235
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out of their cover crop (i.e. N fixation, weed suppression, biomass production), local data on 

cover crop performance can help decide between varieties and species. Based on the preliminary 

cover crop trials conducted in central Oregon, Anaconda radish and Austrian winter pea appear 

to be great spring-planted cover crop choices. Both species establish quickly and have prostrate 

growth habits that help suppress weeds. Planted at only 10lb/ac, radish costs approximately 

$10/ac less than planting a pea crop (Table 1); however, if N fixation is a goal, spring or winter 

peas would be a better choice.   

 

The summer cover crops have the benefit of being able to fit in a tight growing window (~6 

weeks). Of the cover crops tested, buckwheat and sudangrass came out on top for producing the 

most biomass in the shortest period of time. At the planting rates used in this study, a buckwheat 

cover crops costs more than double the cost of planting sudangrass (Table 2); however, 

buckwheat offers pollinator benefits that sudangrass does not. While phacelia did not produce as 

much biomass as the other species, it provided the best weed suppression and provides excellent 

pollinator habitat.  
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Table 1 – Seeding rate, seeding costs, aboveground biomass and crop height at termination, 

biomass carbon to nitrogen ratio, and weed count results of four cover crop species planted 

on April 16, 2018 at COAREC and terminated 8 weeks after planting. Results are averages 

of three replicates. 

Cover 

crop 

Seeding 

rate (lb/ac) 

Seed cost 

($/lb) 

Biomass 

(lb/ac)1 

Crop height 

(inches) 

C to N 

ratio 

Weed count 

(plant/ft2) 

Anaconda 

radish 
10 $2.35 2320 a2 32 23 a 0.6 

Attack 

mustard 
10 $2.60 2270 a 40 27 a 1.7 

Cereal rye 70 $0.29 1340 b 8 22 a 1.1 

Horizon 

spring pea 
70 $0.50 2690 a 28 13 b 1.8 

1 Divide by 44 to get biomass in lb/1000 sq ft 
2 Results in the same column followed by a different letter are significantly different at P < 0.05 

 

 

 

Table 2 – Seeding rate, seeding costs, aboveground biomass and crop height at termination, 

biomass carbon to nitrogen ratio, and weed count results of four cover crop species planted 

on June 6, 2018 at COAREC and terminated 7 weeks after planting. Results are averages 

of three replicates. 

Cover 

crop 

Seeding 

rate (lb/ac) 

Seed cost 

($/lb) 

Biomass 

(lb/ac)1 

Crop height 

(inches) 

C to N 

ratio 

Weed count 

plant/ft2 

Attack 

mustard 
10 $2.60 1810 38 21 ab2 5.3 

Buckwheat 60 $0.85 2140 35 17 b 4.1 

Phacelia 5 $5.00 1750 23 17 b 2.8 

Sudangrass 35 $0.65 2100 46 35 a 4.0 
1 Divide by 44 to get biomass in lb/1000 sq ft 
2 Results in the same column followed by a different letter are significantly different at P < 0.05 
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2019 Potato Extension Project Report 

 

Carol Tollefson, Heike Williams and Jeremiah Dung 

   

Abstract 

 

Aphids, potato psyllids, and beet leafhoppers were collected and counted weekly in 13 seed 

potato fields in Jefferson County from June 25 to September 3, 2019, and tuberworm moths from 

June 25 to September 17, 2019.  Counts were conducted to monitor pest populations and assess 

potential risk of disease transmission. The 2019 season was the fifth year of including beet 

leafhoppers in the monitoring program. Collection methods included water buckets for aphid 

collection, delta traps for potato tuberworm moths, and yellow sticky cards for psyllid and beet 

leafhopper trapping.  Weekly findings were distributed to growers, crop consultants and industry 

representatives through reports. Aphid numbers peaked in the third week of the monitoring 

period but stayed overall at a low level. Green peach aphid numbers remained in the single digits 

per field and potato aphids were detected at levels of 5 or less per field, while counts of other 

aphids were between 50 and 110 in 9 of 13 locations. Aphid populations peaked from July 9 to 

16, after which numbers fell continuously to very low levels. No potato tuberworm moths were 

detected during the monitoring period. Counts of one to three potato psyllids per sticky card were 

found sporadically in July but were more wide spread (in five to ten of thirteen fields) in August, 

reaching levels of up to 5 specimens per trap. All identified psyllids tested negative for the 

pathogen causing zebra chip disease. Beet leafhoppers were identified throughout the entire 

monitoring period in all fields. Even though infestation levels were high and very high in a few 

fields, none of the specimens sampled from sticky cards tested positive for the phytoplasma that 

causes potato purple top disease. Early blight prediction modeling and crop water use data 

provided helpful information for seed potato management. Plants emerging on June 3 and June 

10 reached the 300 P-day mark on July 18 and July 23, respectively.  

 

Procedures 

 

1. Aphid, Potato Tuberworm, Psyllid, and Beet Leafhopper trapping IPM project 

 

Aphids.  Aphids are important pests in potato crops and can affect yield by removing nutrients 

from plants, stunting growth, or transmitting disease.  Aphids are known vectors for several 

viruses, with the most important for our area being Potato Virus Y (PVY).  Weekly monitoring 

of aphid traps serves as a tool to determine when aphid populations are increasing and when field 

treatment becomes necessary.  

 

A yellow bucket filled with water was used as a trap in each commercial potato field throughout 

Central Oregon to collect winged aphids.  Traps were distributed on June 25, 2019 in 11 of 13 

fields and a week later in the two remaining locations. Final collections occurred at the end of the 

week following vine kill from August 20 to September 3, 2019. Trapped aphids were collected 

weekly by straining the aphids from the water using a fish net and collecting trapped insects in 4-

ounce specimen cups. Cups were transported to the COAREC laboratory and kept refrigerated 

until examination. Aphids were separated from other insects and identified as green peach 
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aphids, potato aphids or other aphids using a microscope. Counts, dates and locations were used 

to identify aphid movement in the area. 

 

Potato Tuberworm. The potato tuberworm is one of the most important pests that infest potatoes 

worldwide.  Potato tuberworm moths appeared in the area in 2013. Their larval stage has the 

potential to impact production due to larvae mining in tubers.  In the past, the presence of potato 

tuberworm in central Oregon was sporadic but increased to weekly detection in 2014.  

 

Pheromone delta traps were placed at the edge of thirteen commercial potato fields from June 25 

to September 17. Delta traps consist of a triangle shaped trap, removable sticky liner bottom, and 

a lure impregnated with the pheromone of the female potato tuberworm moth. Sticky liners were 

removed weekly and inspected for presence of male moths. Pheromone lures were replaced 

every 4 weeks. Unlike traps for other pests, delta traps stayed in place throughout vine kill until 

harvest, which occurred in weeks 11 and 12 (September 3 to 17) of the monitoring period.  

 

Potato Psyllid.  The Pacific Northwest potato industry was alerted of the finding of zebra chip 

(ZC) disease in 2011.  The pathogen causing ZC is ‘Candidatus Liberibacter solanacearum’ 

(Lso), a type of bacterium vectored by the potato psyllid (Bactericera cockerelli Sulc). 

 

On June 25 and July 2, 2019 a total of thirteen sticky traps were distributed in commercial fields 

and left until the vines were killed. Double-sided yellow sticky cards measuring 4” x 6” were 

placed 5 to 10 feet inside the field of planted potatoes at canopy height and replaced weekly for 

potato psyllid activity monitoring. Vine kill and subsequent sticky card removal started August 

20 and ended September 3.  

 

Beet Leafhopper. Beet leafhoppers continue to be a concern for the potato industry. According to 

information provided by the Washington State Potato Commission, beet leafhoppers transmit the 

disease called potato purple top disease, which is caused by the beet leafhopper-transmitted 

virescence agent phytoplasma, or BLTVA phytoplasma.  Terminal leaves of infected plants turn 

reddish or purplish and curl, causing infected plants to die early. In addition, nodes swell and 

turn purplish, internodes are shortened, and aerial tubers may form. The disease is likely 

transmitted mostly in early summer. This project included monitoring for this pest and testing for 

BLTVA of identified beet leafhoppers. 

 

To trap beet leafhoppers yellow sticky cards measuring 4” x 6” were placed at the edge of eleven 

commercial potato fields, out of range of irrigation water, and preferably near weeds. Yellow 

sticky cards were collected and changed on a weekly basis. Sticky card placement and removal 

followed the same schedule as for aphid and psyllid traps (June 25 to September 3). 

  

2. Generate early blight prediction model and weekly water use data information.  

 

Weekly early blight prediction models were published using observed emergence dates. The 

model predicts the first seasonal rise in the number of spores of the early blight fungus based on 

the accumulation of 300 physiological days (P-days) from emergence. Once 300 P-days have 

accumulated, the first fungicide for early blight control should be applied. This usually occurs 

when rows have closed.   
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Water use data information was included in the weekly newsletter using daily evapotranspiration 

data published by the Bureau of Reclamation https://www.usbr.gov/pn/agrimet/.   The 

information is intended to assist growers in irrigation management decisions. Potato is a moisture 

sensitive crop with a shallow active root zone compared to cereals and forages. Availability of 

moisture in the root zone is crucial for high yields and is influenced by soil properties such as 

texture and percent organic matter.  Moisture demand increases as the crop begins to develop 

after emergence and peaks 7-9 weeks later during the tuber bulking growth stage.   

 

3. Create seasonal, weekly newsletter to provide growers with insect and disease updates. 

 

A weekly newsletter was sent to potato industry participants from the week of July 2 to the week 

of September 10, 2019. It included the early blight prediction model, weekly water use data, 

weekly aphid identification, as well as potato tuberworm moth, potato psyllid, and beet 

leafhopper population numbers. Locations of trap sites and population numbers were identified 

for grower use only.  

 

Accomplishments 

 

Aphids.  Weekly aphid populations in Central Oregon ranged from 0 to 118 total aphids per trap, 

compared to 0 to 217 total aphids per trap in 2018.  The number of all aphids identified 

throughout the monitoring period amounted to 2,222 in thirteen fields (avg. 171 per field), 

compared to 1,911 in eleven fields (avg. 173 per field) the previous year, therefore not repeating 

the high numbers found in 2016 (6,958 aphids in 15 fields, avg. 463 per field) for the third year 

in a row. 

 

Looking at weekly population levels in all traps, total numbers of aphids peaked in the third 

week of collection (July 9 to 16) with a count of 829 (mean of 57 aphids per trap), then 

continuously dropped through the second half of July to September. This is similar to last year’s 

population curve, except that the peak in 2018 occurred in the second week of trapping (June 25 

to July 2) (Fig 1). 

 

The population curve of green peach aphids (GPA) and potato aphids (PA) paralleled in most 

part the curve of total aphids but on a much lower level, with GPA being 6% and PA 3% of total 

aphids (Fig. 2). Populations of GPA and PA were highest in week 3 (July 9 to 16) with numbers 

in all fields totaling 59 and 34, respectively, and a mean of 4.5 and 2.6, respectively, per trap. 

Numbers dropped sharply in week 4 and continued to decrease for the remainder of the 

monitoring season. The only exception, a slight rise of GPA in the last week before vine kill 

(Aug. 27 to Sept. 3), was caused by an elevated detection level in one field only. When looking 

at individual fields, potato aphid counts never rose above 5 in any week and green peach aphid 

numbers remained in the single digits with the above mentioned one exception. The population 

of other aphids (OA) peaked in the third week, with numbers of above 700 in all fields and a 

mean of 57 aphids per trap. In the following weeks, numbers continued to drop to very low 

levels (mean of less than 10 aphids per field starting in week 7).  

 

https://www.usbr.gov/pn/agrimet/
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Potato Tuberworm. In 2019, no potato tuberworm moths (PTW) were identified during the entire 

monitoring period. This means a continuation of the trend of the last two seasons where only 

occasionally single PTW moths were detected. 

 

The first confirmed identification of potato tuberworm moth in Central Oregon occurred in 

August 2013.  In 2014, between 1 and 3 PTW moths were found during each week of trapping 

starting July 22 until trap removal on September 17 prior to harvest. The detection level was low 

in 2015. In 2016, PTW numbers reached a high of 28 specimens in all traps at the end of August 

and levels of 7 to 10 PTW in all traps in September.   

 

Potato Psyllid. In 2019, one to three potato psyllids were sporadically detected in one or two 

fields between weeks 3 and 6 (July 9 to August 6). In the latter period, August 6 to September 3, 

psyllid levels ranged from one to five specimens each in five to ten fields. Similar to the year 

before, detections peaked in the third week of August (week 8). These numbers represent a 

slightly higher level compared to 2017 (single specimens in one to three fields from mid-July to 

vine kill) and a contrast to 2016, where in the period of July 26 to the time of vine kill the total 

numbers of psyllids averaged 66 insects per week with a mean of 4.4 specimens per trap.  

 

All psyllids detected in 2019 were sent to OSU-HAREC for Lso testing. All tested negative. 

 

Beet leafhopper. 2019 was the year of beet leafhoppers (BLH). In 2016 and 2017, infestation 

levels were low (1 to 10 BLH per trap) throughout the monitoring level. BLH in 2018 rose to 

moderate (11-25 BLH per trap) to very high (>50 BLH per trap) levels only when vine kill had 

been implemented in most fields. This year, beet leafhoppers were identified in nearly every trap 

every week. Infestation levels ranged from low to very high, and the very high numbers occurred 

only in 3 of 13 fields. BLH levels never rose above 25 (moderate level) in 8 fields. 

 

Due to the high numbers of BLH detected, it was not economical to test all specimens for 

BLTVA especially because the Hermiston Agricultural Research and Extension Center 

(HAREC) reported having found very few positive results in their testing regimen. Between 10 

and 30 BLH per field were sampled from sticky cards and sent to HAREC for analysis. All tested 

negative. 

 

Early blight prediction model. June 3 and 10 were the dates used as emergence dates, the latest 

dates in the last 4 years due to a cold and wet spring. Fields emerging between June 3 and 10 

accumulated 300 P-days by July 18 and July 23, respectively (Fig. 3). The newsletter alerted 

farmers to the recommendation of fungicide application for varieties susceptible to early blight. 

 

Impacts 

 

Weekly potato pest monitoring reports were sent to growers, crop consultants and industry 

participants by email. The information provided opportunities for efficient and economical 

control of pests and disease.  Trapping continues to be an important tool for potato seed 

producing areas to monitor pests capable of transmitting diseases.   
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The yearly survey assists in the prediction of crop water use, which is important for proper crop 

management throughout the growing season and during maturation to assist with harvest and 

prevent storage rot.   Use of the early blight prediction model assists growers and crop 

consultants as they time fungicide sprays to prevent disease outbreaks.   

 

This project identified continued incidences of potato psyllid detection in Jefferson County.  

Specimens were sent to OSU-HAREC for confirmation and were tested for Lso (Candidatus 

‘Liberibacter solanacearum’); all tested negative.  For the fifth year, compound samples of beet 

leafhoppers were tested for BLTVA phytoplasma by OSU-HAREC. All tested negative. 

Early blight prediction modeling and crop water use data provide helpful information for seed 

potato management. Weekly monitoring continues to be a significant source of information for 

integrated pest management in Central Oregon potato fields.  

 

Relation to Other Research 

 

Monitoring potato pests in the area can alert the agricultural industry of increased populations of 

pests that may affect other crops as well.  Virus control efforts center on reducing the source of 

the virus and controlling potential vectors.  Insect monitoring reports are available to central 

Oregon growers of other crops where aphids are considered pests.  
 

 

 
Fig. 1  Total number of aphids trapped weekly in commercial fields in Jefferson County, 

OR, in 2018 and 2019 
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Fig. 2  Total number of aphids per type in commercial fields in Jefferson County, OR, in 

2019 (GPA=Green Peach Aphids, PA=Potato Aphids, OA=Other Aphids) 

 

 

 

 
Fig. 3 Early Blight Prediction Model: P-day Accumulation for Emergence Dates June 3 

and 10, 2019  
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Investigating the Feasibility of Berry Production in Central Oregon Under Protected and 

Unprotected Culture 

 

Clare Sullivan and Kara Young 

 

Introduction 

 

Central Oregon growing conditions are challenging for horticultural production for myriad 

reasons: short growing season (70-100 days); average annual precipitation of ~11 inches; drastic 

swings in diurnal temperatures; possibility of frost any time of year; and sandy soils low in 

organic matter (Detweiler, 2016). Despite the challenging growing conditions, there is fresh-

market produce grown in Central Oregon, and there is strong demand from the community 

through farmer markets, CSAs, restaurant buyers, and wholesale accounts. While some 

vegetables grow well in the region, there is almost no fruit being produced in central Oregon, 

despite strong demand. Raspberries and strawberries are the most suitable berries for Central 

Oregon due to their cold hardiness, but yield loss due to winter injury and frosts are a major 

concern. Elsewhere in the US, protected culture (i.e. high tunnels) has been used to extend the 

berry growing season and improve yields (Rowley et al., 2009 & 2010). In central Oregon, high 

tunnels are currently used to grow multiple high-value vegetable crops in a season; therefore, 

farmers are not likely to plant a perennial crop in a high tunnel unless proven profitable. This 

project aims to determine whether berry production in central OR is an economically viable 

enterprise, and if high tunnels are a justified expense to increase profitability and fruit quality. 

The main objective is to compare strawberry and raspberry production in high tunnels (indoor) 

vs. open field (outdoor). 

 

Materials and Methods 

 

Two berry trials were established on a farm in Alfalfa, OR in May 2019. Each trial was arranged 

using a split-plot design. The main factor was production system (high tunnel vs. open field) and 

the replicated, subplot factor was berry variety. Strawberry subplots were replicated three times, 

and raspberry subplots were replicated four times.  

 

Four strawberry varieties were planted as bare rootstock in a high tunnel (14x45ft structure, Fig 

1) and the open field on May 6. All of the varieties were cold-hardy and day-neutral types: 

‘Albion’, ‘Evie 2’, ‘Mara des Bois’, and ‘Seascape’. Strawberries were planted directly into 

landscape fabric at 1ft-spacing in double rows, with beds spaced 4ft apart. Individual plot size 

measured 10ft indoor, and 20ft outdoor. First inflorescences were removed until early June to 

allow strawberry plants establish vegetatively before entering the reproductive phase. Runners 

were removed all season to maintain each strawberry plant as one mother plant.  

 

Four raspberry varieties were planted as bare rootstock in a separate high tunnel (30x45ft 

structure, Fig 2) and the open field on May 8. All of the raspberry varieties chosen were cold-

hardy and primocane-bearing types: ‘Anne’, ‘Caroline’, ‘Heritage’, and ‘Joan J’. Raspberries 

were planted at 2ft-spacing within rows that were planted 8ft apart, and landscape fabric was 

used between the rows for weed suppression. Individual plot size measured 10ft indoor, and 15ft 

outdoor. Trellis systems were installed to support the raspberries once they were tall enough. 
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The plots were managed using organic practices. Pre-plant soil test revealed high levels of P and 

K, and low levels of nitrate-N, S and Ca. Pre-plant fertility was met with broadcasted poultry 

manure (30lbs N/ac, 24lbs P/ac, 16lbs K/ac), feather meal (40lbs N/ac), gypsum (130lbs/ac), and 

compost (20ton/ac). All plots were fertilized twice over the growing season with liquid fish 

fertilizer (5-1-1) at a rate of 10gal/ac. Liquid fertilizer was applied to the soil at the base of the 

plants using a backpack sprayer. Thrip pressure was very high in mid-July and the plots were 

sprayed once with Mycotrol (1quart/ac), an organic insecticide (active ingredient Beauveria 

bassiana). Plots were irrigated every other day May through September using drip irrigation 

lines with 12” emitter spacing. Strawberry plots had two drip lines per bed, and raspberry plots 

had one drip line per bed.  

 

Berries were harvested once a week when production began, and then twice a week when berries 

were in full production. Harvested berries were separated into ‘marketable’ and ‘unmarketable’ 

in order to calculate percent cull. Marketable and unmarketable berries per plot were then 

counted and weighed to calculate yield per plot and fruit size (weight/berry). In order to compare 

yield across treatments, marketable weight was normalized per 10 plants. Total marketable yield 

per treatment was the accumulated yield over the growing season, normalized per 10 plants. Data 

were subjected to analysis of variance, and treatment means were compared using Tukey’s 

honest significant difference test (P < 0.05).  

 

Results and Discussion 

 

Strawberry Trial 

The first pick of fruit for both outdoor and indoor production was July 19, 2019. It was not until 

mid-August the strawberries started producing consistently, and indoor production increased at a 

faster rate than outdoor production (Fig 3). Three of the strawberry varieties peaked in 

production August 20, but Albion peaked in September (Fig 3). Rain and cold temperatures in 

mid-September resulted in dirty and mushy fruit, which is reflected by a drop in marketable yield 

(Fig 3). Freezing temperatures at the end of September/early October ended the season’s harvest. 

Overall, marketable yield was significantly higher for indoor production (10lbs/10 plants) than 

outdoor production (8lbs/10 plants), and in some varieties total yield increase indoor was more 

than 40% (Table 1). 

 

Strawberry fruit size differed by variety and also by production system (Table 1). Strawberry 

fruit size was on average 18% greater for indoor production (13 g/berry) than outdoor production 

(11 g/berry). Albion and Evie 2 had significantly larger fruit size than Seascape and Mara des 

Bois (Table 1). Mara des Bois is known to be a smaller berry, and in our trials it averaged ~50% 

weight of the other berries. Fruit size is significant for a grower because the larger the berry fruit 

size the fewer berries needed to fill a pint, and the lower the labor requirements.  

 

Evie 2 stood out as the highest yielding variety (12lbs/10 plants), especially grown indoor. 

However, Evie 2 had a softer berry that was easily bruised while handling, and had a 

significantly higher cull rate than other varieties (average 23% cull vs. 12-17%). Also, many 

taste test participants found the flavor of Evie 2 to be bland. Albion had firm fruit and was a 

favorite in many taste tests, but the first-year yield was significantly lower than other berries. 



 

Page 43 

Seascape was not as firm as Albion, but had a very nice flavor and a consistent yield indoor and 

outdoor (Table 1). While many people liked the flavor of Maras des Bois, its small size made 

harvest too time consuming to be profitable.  

 

Raspberry Trial 

Raspberries started fruiting mid-August, but harvest was not consistent until the end of August. 

As with the strawberries, raspberry production increased more quickly in the high tunnel plots 

than the outdoor plots (Fig 4). Raspberry production was steadily increasing in late September, 

but harvest was cut short by freezing temperatures. The last harvest outdoor was September 25, 

and was also the highest yield for all varieties (Fig 4). The indoor plots survived the freezing 

temperatures a little longer, and indoor production peaked September 25. The October 2 harvest 

indoor occurred after a heavy freeze, and nearly all of the berries were culled. Overall, 

marketable yield of raspberries tended to be higher for indoor production (6.8lbs/10 plants) than 

outdoor production (4.1lbs/10 plants). In some varieties total yield increase indoor was more 

than 75% (Table 2). 

 

Raspberry fruit size increased over the growing season in the outdoor plots, from an average of 

2.3 g/berry on Aug 12, to 3.7 g/berry on Sep 25. In contrast, fruit size indoor remained fairly 

steady over the growing season. On average, there was a 12% increase in berry size from outdoor 

to indoor production (Table 2). Variety had a greater effect on fruit size than production system; 

Heritage was significantly smaller than other berries, and Joan J was noticeably larger.  

Joan J stood out as the highest yielding raspberry variety (12.7lbs/10 plants), especially grown 

indoor (Table 2). Over the growing season, Joan J out-yielded the other varieties outdoor by 

250%, and indoor by 350%. Caroline had the smallest yield, which was surprising because it is 

marketed as one of the “most productive primocane-bearing raspberries” and is supposed to fruit 

earlier than Heritage. In our trials, Caroline remained vegetative most of the growing season and 

yield did not start increasing until mid-September. Heritage is an heirloom variety and yielded 

lower than the other modern varieties due to its small fruit size. Anne had large, yellow berries 

and produced fairly well, but the fruit was more delicate and prone to being culled. There was 

not a clear winner in terms of taste for the berry varieties, but most taste testers liked the flavor 

of the outdoor raspberries more than the indoor berries. 

 

Conclusion 

First year results revealed berry yield and quality differences between varieties and production 

systems. Berry variety had the largest influence on the factors measured rather than indoor vs. 

outdoor production. Evie 2 was the highest yielding strawberry, although berry quality (flavor 

and handling) was lower than other berries. Joan J was the highest yielding raspberry and berry 

quality was quite good. Strawberry and raspberry yields tended to improve in high tunnels as 

compared to the field, but data from a second year will help determine whether the high tunnel 

investment is worthwhile. There did appear to be an interaction between production system (high 

tunnel vs. open field) and variety for both crops, which will be followed closely in the second 

year. It is expected that production system will have more of an effect on berry yield and season 

length for second year plants, relative to the first-year results.  
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Figure 1. Inside the strawberry high tunnel, structure is 14 x 45ft. 

 

 

Figure 2. Raspberry high tunnel on the left (30 x 45ft gothic-style), strawberry high tunnel 

on the right. Outdoor raspberries top left, outdoor strawberries foreground of photo.
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Figure 3. Strawberry marketable yield (g/10 plants) over growing season. Indoor vs. outdoor production by variety. 
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Figure 4. Raspberry marketable yield (g/10 plants) over growing season. Indoor vs. outdoor production by variety. 
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Table 1. Strawberry data comparing four varieties grown outdoor (field) vs. indoor (high tunnel). Data is an average of three 

replicates. 

Variety 
Average fruit 

size(g/berry) 

Total marketable 

yield (lbs/10 plants) 

Total % yield 

increase indoor 

Highest single yield 

(lbs/10 plants) 

Total % cull  

(by weight)1 

 Outdoor Indoor Outdoor Indoor  Outdoor Indoor Outdoor Indoor 

Albion 14 a2 16 a 5.6 b 8.1 b 44% 0.9 0.8 8 5 

Evie 2 13 a 15 a 9.7 a 14.2 a 46% 1.1 1.7 10 7 

Mara des Bois 6 c 8 c 8.8 a 9.4 b 7% 1.0 1.3 10 8 

Seascape 12 b 13 b 8.2 a 8.9 b 9% 1.0 0.8 10 5 
1 % cull until Sep 16 harvest, % cull rose dramatically after Sep 16 due to rain and freeze 
2 Results in the same column followed by a different letter are significantly different at P < 0.05 

 

 

 

Table 2. Raspberry data comparing four varieties grown outdoor (field) vs. indoor (high tunnel). Data is an average of four 

replicates. 

Variety 
Average fruit 

size(g/berry) 

Total marketable 

yield (lbs/10 plants) 

Total % yield 

increase indoor 

Highest single yield 

(lbs/10 plants) 

Total % cull  

(by weight) 

 Outdoor Indoor Outdoor Indoor  Outdoor Indoor Outdoor Indoor 

Anne 4.1 ab1 4.3 a  3.3 b 4.4 b 33% 1.1 0.9 20 13 

Caroline 3.0 ab 3.9 a 1.7 b 2.1 b 24% 0.4 0.5 13 7 

Heritage  2.3 b 2.4 b 2.5 b 4.5 b 80% 0.4 0.8 10 8 

Joan J 4.8 a 4.7 a 9.1 a 16.3 a 79% 3.1 3.6 23 10 
1 Results in the same column followed by a different letter are significantly different at P < 0.05  
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