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(stationary thresher, brush de-bearder, air screen), to clean seed yield at 22-23lb/bu and 98-99% purity.

Table 1. Experimental herbicide treatments. All applications made in 15 gallons per acre water using air 
induction nozzles producing coarse/extra coarse droplets with MSO (1% v/v) and AMS (8.5lb/100gal). Fall 
applications were made when Kentucky bluegrass (KBG) was at the 2-4 tiller growth stage, and Poa trivialis 
generally 3-6 tillers. Spring applications were made in early April within a week of the first irrigation of the 
year.

Results and Discussion

Roughstalk bluegrass control. Roughstalk bluegrass (Poa trivialis) was present at 3 sites, while a fourth site 
was chosen in a field known to be free of Poa trivialis. In April, a fall-only application of Outrider at 0.76 oz/
ac controlled Poa trivialis at least as well as the standard split application of Beacon at all 3 sites with the 
weed (Figure 1). Control was comparable to Beacon with 0.38oz/ac of fall-applied Outrider at 2 sites, and 
more variable (resulting in a lower average level of control) at the third. Outrider applied in the spring only 
was ineffective for control of large, overwintered Poa trivialis plants. Split applications of Outrider provided 
uniformly good control regardless of rate, matching or slightly exceeding the performance of Beacon. Some 
of these severely injured Poa trivialis were able to survive and recover from herbicide damage later in the 
season, and levels of control at crop heading were lower than expected with both Outrider and Beacon. 
Unfortunately, high levels of variability from plot to plot and the categorical rating used (necessitated by the 
extreme difficulty of accurately identifying individual Poa trivialis plants within lodged stands) precluded 
confident evaluation of final control. From the highly variable, limited data that were collected (Figure 1), 
it appears that fall-only applications of Outrider provide slightly but meaningfully lower levels of control 
than Beacon at the rates tested. Split applications of Outrider gave marginally better control than split 
applications of Beacon, but neither herbicide provided complete control.

(Continued on page 6)

Introduction

Kentucky bluegrass and roughstalk bluegrass (Poa trivialis) have both been successful seed crops in 
central Oregon for decades, 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 primisulfuron, formulated as Beacon. Unfortunately, production of primisulfuron has been 
discontinued and new product is not available anywhere in the supply chain. To supplement existing stocks 
of Beacon in the short term, NorthStar herbicide (a premix of primisulfuron with the Group 4 herbicide 
dicamba) has received supplemental labeling for use in Kentucky bluegrass seed production, but is similarly 
unavailable outside of existing stocks. Registration of a replacement herbicide for primisulfuron is thus 
required to maintain the viability of high value Kentucky bluegrass seed production in many fields in central 
Oregon. Multi-site field trials conducted in new Kentucky bluegrass stands in central Oregon over the 
2018/2019 crop year showed the Group 2 herbicide sulfosulfuron (Outrider) as likely having the selectivity 
and crop safety necessary for this use (Jeliazkova et al. 2019). Field trials were established in newly seeded 
Kentucky bluegrass stands in Jefferson County for the 2020 crop year to replicate these findings, and 
to generate further data to support an eventual 24c registration package for submission to the Oregon 
Department of Agriculture.

Materials and Methods

Field trials were located in four commercial fields of Kentucky bluegrass grown for seed in Jefferson County, 
Oregon. Stands were established with standard production practices in August 2019. After emergence, trials 
were established in a randomized complete block design with 4 replications and an individual plot size of 10’ 
by 30’. Beacon and Outrider were applied at several rates and at 3 application timings: fall-only, spring-only, 
or split applied in both fall and spring (Figure 1). Applications were made with a CO2 powered backpack 
sprayer calibrated to deliver 15 gpa through 110025 Greenleaf TurboDrop air induction nozzles at 32 psi. 
All treatments were applied with MSO at 1% v/v and liquid AMS at the equivalent of 8.5lb AMS/100gal. Fall 
herbicide applications were made in late October to early November when Kentucky bluegrass was at the 
2-4 tiller stage. Roughstalk bluegrass was present at 3 of the 4 sites, and was generally in the 3-6 tiller stage 
at the time of application. Spring applications were made in early April, within a week of the first irrigation 
of the year. Crop safety and weed control were rated in late April, and at Kentucky bluegrass heading in 
early June. Crop injury and weed control in April were rated on a percent scale from 0 to 100, with no effect 
at 0 and complete plant death at 100. In June, accurate assessment of individual Poa trivialis plants was 
extremely challenging, so weed control was rated on a 0 to 3 categorical scale, with 0 indicating absence 
from an individual 10’x30’ plot, 1 and 2 representing those actual numbers of individual, headed P. trivialis 
plants within an individual plot, and 3 representing 3 or more headed individuals. Severely suppressed 
plants that had not produced heads were excluded from evaluation. Values of 2 or above are well in excess 
of any possible tolerance for seed-test contamination levels if extrapolated to a whole-field density. At 
crop maturity, a 6’ by 27’ portion of each plot was swathed, allowed to dry in the field for 2-5 days, and 
threshed with a plot combine. Samples were further processed with experimental scale cleaning equipment 

Developing Outrider for Control of Roughstalk Bluegrass During 
Kentucky Bluegrass Stand Establishment
Rich Affeldt and John Spring



Figure 1. Kentucky bluegrass crop injury, and roughstalk bluegrass (Poa trivialis) control in late April, and 
Kentucky bluegrass injury and Poa trivialis presence at crop heading in early June 2020 across 4 trial locations 
(rows A.-D.). Mean (‘average’) values are shown as circles, and observed range shown with horizontal lines, 
as an estimate of the variability in performance observed within a treatment at each site. Crop injury and Poa 
trivialis control on a percent scale ranging from no visible effect of treatment at 0, to complete plant death at 
100. Presence of headed Poa trivialis plants was evaluated on a 0-3 point categorical scale, with 0 indicating 
absence from an individual 10’x30’ plot, 1 and 2 representing those actual numbers of individual plants within a 
plot, and 3 representing 3 or more confirmed individuals.
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 Kentucky bluegrass crop safety. In April, safety on Kentucky bluegrass was good for fall-only 
applications of Outrider at all sites regardless of rate, and broadly comparable to the safety observed with a 
split application of Beacon (Figure 1). In contrast, spring only applications of Outrider gave higher levels of 
injury at 3 of the 4 sites, particularly at higher rates (Figure 1, A, B, and C.).  Split applications of Outrider 
produced injury similar to or slightly higher than the spring-only applications. At 3 of the 4 sites, injury from 
spring-only and split applications of Outrider reached 20% or higher, primarily crop stunting and delayed 
growth. At crop heading only 2 of the 4 sites could be evaluated (the remaining two had lodged to a degree 
that meaningful comparisons between treatments were not possible), but patterns of crop injury from 
Outrider were largely similar to those seen in April (Figure 1). 
 Kentucky bluegrass yield. Yield in fall-only Outrider treatments was generally equivalent to Beacon, 
with rate having at most a minor influence on final yield (Figure 2). Spring-only applications of Outrider 
yielded similarly to Beacon at 2 sites, slightly less at 1, and substantially less at the final site. Split 
applications yielded similarly to Beacon at 1 site, slightly less at 2, and substantially less at 1. The reasons for 
the variability in injury between sites are not known, but spring-applied Outrider (whether alone or in split 
applications) likely has too high a risk of yield reduction to be recommended in most cases.
 Conclusions. Split applications of Outrider (late fall plus early spring) provided slightly better control 
of Poa trivialis than the current standard Beacon at the rates tested, but with excessive risk of crop injury 
and yield loss. Spring only applications of Outrider were also excessively injurious to the crop, but with 
very poor weed control. When applied in the fall only at 0.38 or 0.76 oz/ac, Outrider had crop safety 
broadly equivalent to Beacon, and provided useful levels of Poa trivialis control, although likely slightly 
lower than typically obtained with Beacon. At this time, it appears that fall applications of Outrider offer 
a workable replacement for Beacon for control of Poa trivialis in irrigated seedling Kentucky bluegrass 
stands, particularly if used in conjunction with hoeing. In fields with heavy Poa trivialis pressure, split 
applications may represent a useful salvage treatment when expected economic loss from contamination 
exceeds the possible yield reduction (ca 20%) from herbicide injury. Initial discussion with representatives 
of the registrant (Valent USA) regarding support for an eventual 24c Special Local Needs label for irrigated 
bluegrass grown in Oregon has been consistently encouraging. It is anticipated that a registration package 
will be submitted to the Oregon Dept. of Agriculture for this use no later than early spring of 2022.

(Continued on page 8)
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Evaluating Tolpyralate, Tiafenacil, and Saflufenacil as New Weed 
Control Tools in Central Oregon Peppermint
John Spring, Kyle Roerig, Caio Brunharo, Andy Hulting

Introduction

A limited number of herbicide active ingredients are currently registered for use in peppermint. Saflufenacil 
(Sharpen), is a PPO-inhibitor (Group 14) herbicide with strong burndown activity on most broadleaf plants, 
and registrations on a number of crops in OR, including grasses grown for seed. Although it is primarily a 
post-emergent contact product, saflufencacil can exhibit some degree of short-lived soil residual activity at 
higher rates. Previous trial work has shown potential for dormant-season use of saflufencacil in peppermint 
in OR and WA. Tolpyralate and tiafenacil are relatively new active ingredients with potential for registration 
in peppermint. Tolpyralate (Shieldex) is an HPPD-inhibitor (Group 27) with strong burndown activity on 
many broadleaf weeds, as well as activity on some grassy weeds. Tiafenacil (Reviton) is a PPO-inhibitor 
with good broadleaf activity, which received its first US registration in late 2020 for non-selective contact 
burndown pre-plant, in fallow fields, and in non-crop areas. Both herbicides have contact-only activity with 
limited potential for translocation, and thus may have potential for domant burndown use in peppermint, 
particularly as recently imposed restrictions complicate the use of paraquat (Gramoxone). While saflufencacil 
and tiafenacil have the same mode of action as sulfentrazone (Spartan) which is already widely used in 
mint production, the HPPD-inhibitor tolpyralate would represent a new mode of action for peppermint, 
contributing meaningfully to resistance management efforts if registered. As part of a statewide effort led by 
the OSU Corvallis weed science group to evaluate the crop safety and weed control profile of these products 
in peppermint in Oregon, a field trial site was established in central Oregon to complement 2 locations in 
the Willamette Valley for 2020.

Materials and Methods

A small plot trial was established in central Oregon in early March in a second year stand of peppermint 
on a loam soil under center pivot irrigation. Experimental design was a randomized complete block with 
4 replicates, and individual plot size of 10’x30’. Herbicide treatments (Table 1) were applied with a CO2-
powered hand boom delivering 20 gpa at 20 psi in medium-size droplets via 4 Teejet XR11004 nozzles on 
30” centers. A first set of treatments was applied to dormant mint on March 12, 2020, and a second set of 
treatments was applied to 4” height of spring regrowth on April 23. Weed control was estimated by visual 
assessment at 2 and 5 weeks after application, and crop injury by visual assessment on May 23, June 26, 
and immediately prior to swathing on August 24. Assessments were made on a percent scale ranging from 
no visual effect of treatment at 0, to complete plant death at 100. At approximately 30-50% flowering, a 
6’x24’ section of each plot was swathed with a plot scale swather, and allowed to dry in the field for 3 days. 
Samples were then gathered by hand and chopped with a leaf shredder before distilling for oil yield using 
the small-scale stills at the OSU Hyslop farm in Corvallis. Weed control and crop injury data were subjected 
to analysis of deviance using a beta regression model implemented in the R package betareg, and separated 
according to Tukey’s multiple comparison using the package lsmeans. Oil yields were non-informative due to 
extreme variability resulting from severe verticillium wilt within the trial, which was not apparent during the 
first year of the stand, nor during the dormant season when the trial was established.

Results and Discussion

Weed Control - As the experimental herbicides tested in this trial generally display limited or no soil 
residual activity, weed control was assessed only on weeds emerged at the time of application in these 
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treatments. Common groundsel and prickly lettuce were the primary weeds present. Generally, dormant-
season treatments containing either paraquat (Gramoxone) or saflufencacil (Sharpen) gave quick and 
excellent control of both species at any rate. Tiafenacil provided rapid burndown as well, with good to 
excellent control of both species obtained by 2 weeks after treatment (WAT). Tolpyralate was slower acting 
(reflected in low levels of control realized at 2 WAT), but by 5 WAT provided in good control of common 
groundsel and excellent control of prickly lettuce at the early application timing (dormant-season). At the 
later application timing (4” mint regrowth), weeds were excessively large at 8-12” in height. Given these 
challenging conditions, the numerically lower levels of control obtained at this timing represent much better 
performance than a direct comparison to earlier treatments (with properly sized weeds of 2-4” max height) 
might otherwise seem to indicate. Tiafenacil, particularly, gave impressive burndown performance of large 
weeds at this later application timing.

Crop Safety - The crop safety of most dormant season treatments appeared equivalent to ‘industry standard’ 
reference treatments (Treatments 2 and 14, Table 1). The only exception was the high rate of saflufencacil 
(Sharpen at 6 oz/ac), which resulted in moderately high crop damage through most of the growing season, 
likely due to meaningful levels of soil residual activity present in this high rate range. Initiation of mint 
regrowth was slower than expected in the field, but otherwise did not appear abnormal through the May 
evaluation date. Unfortunately, as temperatures rose shortly thereafter it became clear that the field was 
suffering from severe verticillium wilt, which was not apparent in the first year of production, nor when 
the trial was located. While later crop safety ratings were made in relation to the nontreated check (also 
diseased), it is assumed that reduced plant vigor from disease altered the ability of the crop to process 
herbicides to some degree, and June and August crop safety ratings likely do not reflect an entirely ‘normal’ 
crop response. Despite this confounding effect, it was still quite clear that all experimental treatments 
applied after mint initiated regrowth were highly injurious (treatments 10-13, Table 1). Tiafenacil applied 
to mint regrowth killed all aboveground tissue. Regrowth was quite slow, and stand thinning resulting from 
outright kill of crowns was also present (data not shown). It is speculated that reduced vigor from disease 
was the cause of crown death, as at 2 disease-free sites in the Willamette Valley the crop was able to fully 
regrow from the same treatments prior to harvest, and oil yields in did not differ significantly from reference 
treatments or the nontreated check. Tolpyralate caused similarly high levels of injury shortly after treatment, 
but by harvest these plots had regrown. Interestingly, the visual severity of verticillium wilt symptoms 
was notably reduced in plots where tolpyralate was applied post-emergence (but not in dormant season 
applications). This effect was striking enough that further trials are warranted to attempt to replicate the 
effect.

Conclusions – Post-emergence control of common groundsel and prickly lettuce in central Oregon 
peppermint was excellent with the experimental PPO-inhibitor herbicides saflufencacil and tiafenacil, and 
good with the HPPD-inhibitor tolpyralate. All appeared to provide adequate early-season crop safety when 
applied to dormant peppermint, although confounding from severe verticillium wilt at the site prevented 
meaningful evaluation of final oil yield for confirmation. Tiafenacil and tolpyralate both caused high levels of 
crop injury when applied to mint regrowth at 4” height. Mint treated with tiafenacil was not able to recover 
from this injury by harvest, however, it is thought that stress from disease considerably intensified crop 
injury. Mint regrowth treated with tolpyralate was also heavily injured shortly after application, but was 
largely able to recover by harvest. Interestingly, post-emergence tolpyralate treatments substantially reduced 
visual severity of verticillium wilt symptoms, and warrant further investigation in this context.

Figure 1. Weed control and crop safety of experimental and reference herbicide treatments in irrigated 
peppermint in central Oregon.

Formulations applied were: paraquat (Gramoxone SL 2.0), tolpyralate (Shieldex), tiafenacil (experimental), 
saflufencacil (Sharpen), clomazone (Command 3ME), sulfentrazone (Spartan 4F), terbacil (Sinbar WDG), clopyralid 
(Stinger).
Within a column, means followed by the same letter(s) are not significantly different (Tukey’s multiple comparison 
procedure, P=0.05.)

* WAT= weeks after treatment. Evaluation made only on weeds emerged at the time of application. Weeds were at 
optimum size at dormant application timing (2-4” height), but quite large at time of later applications (8-12” height), 
so performance at this timing was considerably better than direct numerical comparison might seem to indicate.
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Early Post-emergence Herbicide Options for Sudangrass
Hoyt Downing, John Spring

Introduction

Sudangrass and sorghum-sudangrass hybrids grown for silage or hay are well known for good drought 
tolerance and have shown good potential as a relatively low input, water-efficient, high tonnage annual 
forage crop in Central Oregon. Silage yields of 14 ton/acre on 18 inches of applied water are in the typical 
range for crops grown at COAREC over the past few years. Sudangrass is a vigorous and quick-establishing 
crop under suitable growing conditions, and the early canopy closure of drilled stands usually means that 
it is able to outgrow most weeds and effectively suppress them without herbicide inputs. Tolerance of cool 
conditions is very poor, however, and if soil temperatures fall below 60-65 F for very long between planting 
and the early seedling stage (~ V2), emergence and early growth are halted or slowed severely. While plants 
are able to slowly resume normal growth as temperatures rise in most cases, this pause in growth often 
allows more cold tolerant broadleaf weeds to outgrow the crop and become highly competitive. As the crop 
is stressed, its capacity to process herbicides is often reduced as well, and it becomes much more susceptible 
to damage from chemistries that are safe under normal growth. This scenario is not uncommon in central 
Oregon in many years, with suitable soil temperatures reached early in the calendar window for planting 
(mid-late May), only to have a later following cold front push temperatures well below optimal for several 
weeks during the critical establishment stage of the crop. There is a need for information on what herbicides 
may effectively control or suppress broadleaf weeds but maintain adequate safety on an already-stressed 
crop under these conditions. As very little information is currently available, trials were established to screen 
several candidate herbicides in this context.

Materials and Methods

Two trials were established under this scenario in Central Oregon in late June 2020, one in a stand of 
sudangrass at COAREC and the second on-farm in a mixed stand of sudangrass and forage sorghum. At 
COAREC, ‘Piper’ sudangrass was drilled at 20lb/ac at 7” spacing on June 8 under pivot irrigation. On-
farm, a Pioneer sorghum-sudangrass hybrid was drilled at 25 lb/ac at 7” spacing on May 23 under pivot 
irrigation. Due to stand reduction from thunderstorm runoff, this stand was cross drilled with 20 lb/ac 
of ‘Piper’ sudangrass on June 5, resulting in a mixed stand of sudangras with an understory of stressed 
sorghum-sudan at the time of trial establishment. In both fields, early crop growth was quite slow due to 
sub-optimal temperatures, and broadleaf weed populations (primarily redroot and tumble pigweed, common 
lambsquarters, and hairy nightshade) were able establish and compete with the crop. Herbicide treatments 
(Table 1) were applied at the V2-V3 (2-3 fully expanded leaf collars) stage and weeds 4-8” height on June 
30 at the on-farm site, and on July 1 at the V2 stage and weeds 2-4” height at COAREC. Experimental 
design at both sites was a randomized complete block with 4 replicates, and individual plot size of 10’x30’. 
Herbicides were applied with a CO2-powered hand boom delivering 15gpa at 25 psi (medium droplet) via 4 
Teejet XR11003 nozzles on 30” centers. Crop injury and weed control was estimated by visual assessment at 
4 weeks after treatment on a percent scale of 0 to 100 (with no observable effect at 0 and complete plant 
death at 100). 

Table 1. Herbicide treatments.

*Note: only Brox 2EC and Starane Ultra are labelled for application to sudangrass. Brox, Starane Ultra, and Weedar 
64 are labelled for application to forage sorghum. Other treatments were applied under an Experimental Use 
Exemption, and are not legal for use in production of sudangrass, forage sorghum, sudangrass hybrids

Results and Discussion

Crop injury and weed control data are shown in Figure 1. Both sites suffered from a considerable amount of 
unexplained variability within the trial. While results are still informative in a preliminary manner, care should 
be taken not to over-interpret these limited data by drawing overly firm or precise conclusions. With that 
established, Weedar 64 (2,4-D amine), and Brox 2EC (bronoxynil) had consistent safety and reasonably good 
weed control at both sites, and likely represent the best options for use on small, cold-stressed sudangrass, 
forage sorghum, or sorghum-sudan hybrids. At site B, lower levels of weed control reflect overly large weeds 
at application (4-8” height), rather than poor performance of these well-known products per se. Vendetta 
(bromoxynil + mcpa) had unexpectedly high crop damage at site B, but was consistently safe at site A. Injury 
appeared much more severe on the sudangrass than on the sorghum-sudan hybrid at site B, although the 
cause of this difference is not known. Affinity Broadspec (thifensulfuron + tribenuron) resulted in severe 
stunting – essentially halting crop growth at the time of application – and is unsafe in either crop. Damage 
to the sudangrass was notably worse than to the sorghum-sudan hybrid at site B, although unacceptably 
high on both species. Callisto (mesotrione) resulted in considerable bleaching and bronzing of crop leaves 
at 2 weeks after application (data not shown). While this damage was transitory in these trials, and plants 
had largely grown out of this damage by the 4th week after application, Callisto likely has excessive injury 
potential on stressed crops to fit well for use in this context. Similar observations have been made in the 
field with Huskie, which includes the same Group 27 mode of action as Callisto. Finally, despite being 
labelled for application to both crops, Starane Ultra (fluroxypyr) had surprisingly high crop injury at site B, 
although the cause of this likely atypical crop response is unknown. At both sites, weed control with Starane 
was lower than expected as well.

(Continued on page 14)



1514

Figure 1. Crop injury and weed control of experimental treatments 4 weeks after application to 
sudangrass (A.), and a mixed stand of sudangrass + a sorghum-sudan hybrid (B.). Weed control is an 
aggregate rating across broadleaf species, predominantly redroot pigweed and common lambsquarters. 
Each point within a treatment represents an individual plot (replicate), with the spread between points 
illustrating the amount of variability observed in the treatment.

Evaluating Spore Trap Technologies for Ergot Monitoring in Grass 
Seed Production
Qunkang Cheng, Darrin Walenta, Kenneth E. Frost, and Jeremiah Dung

Introduction

Ergot is an economically important seed replacement disease of Kentucky bluegrass and perennial ryegrass 
in irrigated seed production regions of central and eastern Oregon. The ergot fungus (Claviceps purpurea) 
infects unfertilized flowers of grasses and transforms ovaries into dormant resting structures (sclerotia), 
which overwinter and produce spores the following season. The disease reduces yield and can be difficult 
to manage with fungicides alone. Additional yield losses are incurred during subsequent seed cleaning to 
remove ergot. 
Ergot has recently become a disease of concern in irrigated production regions of the upper Columbia Basin 
in Washington. The disease has also been recently reported in dryland production regions. As reports of 
ergot expand, a need exists for expanding disease monitoring and modeling efforts. In response to increasing 
interest from grass seed growers who want to conduct spore monitoring in their own fields, our group has 
been exploring the use of simple and inexpensive (< $100) rotating-arm samplers to detect airborne ergot 
spores. 

Materials and Methods

We conducted two years of validation experiments to test rotating-arm samplers, which are relatively 
inexpensive (< $100) and easy to build and maintain, for ergot monitoring. Validation of the rotating-arm 
samplers was performed in three replicated plots at an infested field at COAREC in 2019 and 2020. Each 
plot consisted of three rotating-arm samplers placed at different heights (2-, 3-, and 4 ft. above ground level) 
alongside a Burkard sampler, which collects at a height of 2 ft. (Fig. 1). Monitoring intervals of 3-, 4-, and 
7 days were also compared to evaluate the sampling period required to collect reliable air samples. Spores 
counts were obtained using quantitative PCR. The number of false negatives, which were defined as days 
on which ergot spores were not detected by an individual sampler but were detected by at least one other 
sampler in the array during the same sampling period, were also determined. Additionally, rotating-arm 
samplers were distributed to grower cooperators in the Grande Ronde Valley of Oregon and the Columbia 
Basin of Oregon and Washington to pilot the rotating-arm samplers on their farms. 

Results and Discussion

A total of 351 sampling events were performed during the two years of validation, and ergot spores were 
detected in 98.9% of the sampling events. There were no statistical differences among collection heights 
and Burkard sampler (P = 0.36), indicating that rotating-arm samplers performed equally at different 
collection heights and were comparable to the standard Burkard spore sampler. It was noted that as the 
season progressed, the rotating-arm samplers placed at 2 ft. heights were compromised by the crop canopy, 
so it would be recommended that rotating-arm samplers be placed above the expected canopy height 
at anthesis. Samples from rotating-arm samplers and Burkard samplers collected on 3-, 4-, and 7 day air 
monitoring intervals were compared and there was no significant difference among sampling intervals (P = 
0.37).                     (Continued on page 16)
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Overall results from the rotating-arm samplers were consistent with results from the Burkard spore sampler 
(Table 1), suggesting that the rotating-arm spore samplers can be used to effectively collect airborne ergot 
ascospores. Rotating-arm spore samplers were also deployed near Paterson, WA, Echo, OR, and La Grande, 
OR as a preliminary test of the new system in commercial seed production fields. Overall grower feedback 
was positive, and helpful suggestions were received that will be used towards the improvement of future 
rotating-arm samplers. Additional traps will be offered to growers for the 2021 field season to help expand 
the monitoring network. 
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Table 1. Number of days on which ergot spores were detected or not detected using rotating-arm 
samplers placed at various heights and Burkard spore samplers in the 2019 and 2020 growing seasons.

Fig 1. Three rotating-arm samplers were placed at different sampling heights (2 ft., 3 ft., and 4 ft. above the 

* False negatives were defined as days on which ergot spores were not detected by a sampler but were detect-
ed by at least one other sampler during the same sampling period.

Evaluation of fungicides for control of powdery mildew on Kentucky 
bluegrass in central Oregon, 2020

Jeremiah Dung and Hoyt Downing

Introduction

Powdery mildew caused by Blumeria graminis f. sp. poae is common foliar disease in Kentucky bluegrass 

seed production systems of the Pacific Northwest. They are controlled primarily with fungicides, of which 

there are at least a dozen labeled for use in Kentucky bluegrass seed production. A study was initiated in 

the spring of 2020 to compare the efficacy of fungicides on powdery mildew in Kentucky bluegrass grown 

for seed. 

Materials and Methods

The trial was established in a first-year commercial Kentucky bluegrass seed production field (cv. ‘Rhythm’) 

in Madras, OR. The field was planted in August 2019 in beds 2.5 ft wide (three rows of plants per bed) and 

was furrow-irrigated. Plots were 30 ft long by 10 ft wide with 5 ft buffers. The experimental design was a 

randomized complete block with four replicates and eight treatments including a non-treated control. 

Fungicides were applied when plants were 2 to 5 in. height (8 April 2020) and again at late boot to early 

heading (7 May 2020). Applications were made using a CO2-charged spray boom configured with six 

TP8002VS flat fan nozzles spaced 18-in. apart delivering 20 gal/A at 28 psi. Powdery mildew infection 

was evaluated on 18 April, 23 April, 29 April, 6 May, and 14 May 2020 using a 0 to 5 scale, where 0 = no 

disease present; 1 = 1 to 10% infection; 2 = 11 to 30% infection; 3 = 31 to 70% infection; 4 = 71 to 90% 

infection; and 5 = 91 to 100% infection. Powdery mildew infection was recorded in five 10 ft2 subplots 

located in the center two beds of each plot and the mean rating was used for subsequent analyses, 

including calculations of area under disease progress curve (AUDPC) values. The center two beds of each 

plot were swathed on 10 July 2020 and combined on 28 July 2020, and seed was cleaned and conditioned 

using laboratory-scale seed cleaning equipment. 

Results and Discussion

A significant effect of fungicide treatment was observed at all evaluation dates and for AUDPC values 

(P < 0.0001). Quilt Xcel SE, Aproach 2.08 SC, Aproach 2.08 SC + PropiMax EC (both rates), and Tilt 3.6E 

significantly reduced powdery mildew at all evaluation dates compared to the control. All of the fungicide 

products significantly reduced AUDPC values compared to the non-treated control, with the exception of 

Headline SC. Although not significant, fungicide treatments increased yields by 41.3 to 73.4% compared 

(Continued on page 18)
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to the non-treated control. Significant (P < 0.05) negative correlations were observed between yield and 

powdery mildew ratings collected on 23 April, 29 April, 6 May, and 14 May, as well as final AUDPC values.
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Table 1. Ergot incidence and severity for early-, mid-, and late-flowering Kentucky bluegrass cultivars 

grown in artificially-infested plots in Madras and Hermiston, OR*

z All products were applied with Induce®, a nonionic surfactant, at 0.25% v/v.
y Disease rating and AUDPC data were subjected to analysis of variance using PROC MIXED in SAS 9.4 (SAS 
Institute, Cary, NC) and treatment means were compared using Tukey’s honest significant difference test 
(α=0.05). Column means followed by the same letter are not significantly different.
x Yield data were subjected to the Kruskal-Wallis test using PROC NPAR1WAY in SAS. The Kruskal-Wallis chi-
square statistic and corresponding P-value are presented.

Table 2. Correlations and corresponding P-values between yield and in-season powdery mildew ratings 
and final area under disease progress curve (AUDPC) values

Comparison of fungicides for control of white rot on garlic in Oregon, 
2019-2020
Gia Khuong Hoang Hua and Jeremiah Dung

Introduction

White rot, caused by soil fungal pathogen Sclerotium cepivorum, is a serious disease of onions, garlic and 

other Allium species. This disease was first reported in the United States from Oregon in 1918. Since then, 

the disease has spread to other Allium production regions and caused significant yield losses in this country. 

White rot is best managed through sanitation and avoidance of infested fields. However, once a field is 

infested, it is necessary to apply fungicides to reduce disease incidence and severity. While there are several 

fungicides labeled for white rot control in garlic, they often are unable to suppress the disease for the entire 

season, resulting in unsatisfactory control and reduced yields by crop maturity. A study was initiated in the 

fall of 2019 to evaluate new fungicides for white rot control in garlic grown for seed. 

Materials and Methods

A white rot fungicide trial was established at the Central Oregon Agricultural Research and Extension 

Center in Madras, OR. The trial was located in a naturally infested area containing approximately 25 

Sclerotium cepivorum sclerotia/250 cc soil. Plots of garlic (Allium sativum cv. ‘California Early’) were 

planted on 20 September 2019 into 30 ft. long beds with 5 ft. buffers. Each bed contained two rows spaced 

30 in. apart that were planted with approximately 18 to 20 cloves per ft. The experimental design was a 

randomized complete block with four replications. Fungicide treatments included benzovindiflupyr (10.5 

oz/A), pydiflumetofen (5.1 oz/A), pyraziflumid at two rates (3.1 and 4.6 fl oz/A), penthiopyrad (24 fl oz/A), 

tebuconazole (20.5 fl oz/A) and and a non-treated control. All fungicides were applied with Induce (0.125% 

v/v) in-furrow at planting using a CO2-charged spray boom configured with one TP8002VS flat fan nozzle 

delivering 50 gal/A at 28 psi. Stand counts, plant height (n=10) and disease incidence were recorded in 10 

ft2 subplots on 11 March 2020. Aboveground symptoms were recorded on a 0 to 5 scale from 20 plants in 

each plot on 21 April 2020. Belowground symptoms were recorded on a 0 to 4 scale from 10 destructively 

sampled plants in each plot on 3 June 2020. Bulbs were harvested from a 10 ft2 subplot on 24 July 2020, 

allowed to dry, and rated as marketable or unmarketable. Data were subjected to analysis of variance and 

treatment comparisons were made using Tukey’s honest significant difference test.

Results and Discussion

A significant (P < 0.05) effect of fungicide treatment was observed for stand counts, plant height, disease 

incidence, disease severity, and yield (Table 1). All of the fungicide treatments significantly increased stand 

counts and reduced aboveground disease incidence and disease severity early in the season compared 

to the non-treated control. However, only the tebuconazole and pyraziflumid treatments significantly 
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increased marketable yields compared to the non-treated control, and, total yields were poor overall under 

the disease pressure used in this study. Overall, the novel fungicide pyraziflumid provided a similar level of 

control to tebuconazole and might be useful for the suppression of white rot as part of an integrated disease 

management program.
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Table 1. Effect of in-furrow fungicide treatments on garlic stand counts, plant height, white rot 

incidence and disease severity index (DSI), and marketable and total yields

z Column means followed by the same letter are not significantly different at α=0.05 as determined by 

Tukey’s honest significant difference test in SAS 9.4 (SAS Institute, Cary, NC).
y Incidence data were log-transformed prior to ANOVA.
x Disease Severity Index (DSI) for April 21: 0 = no leaf symptoms; 1 = chlorosis on 1-2 leaves, 2 = chlorosis on 

3 or more leaves; 3: necrosis on 1-2 leaves; 4 = necrosis on 3 or more leaves; 5 = dead plant. 
w Disease Severity Index (DSI) for June 3: 0 = no bulb symptoms; 1 = mycelium present on bulb; 2 = 

mycelium and immature sclerotia present on bulb; 3 = mycelium and mature sclerotia present on bulb; 4 = 

rotted bulb.

Use of Alliums as Trap Crops to Reduce White Rot Inoculum in 
Infested Soils
Gia Khuong Hoang Hua and Jeremiah Dung

Introduction

White rot, caused by Sclerotium cepivorum, is one of the most important and destructive fungal diseases of 

Allium production worldwide. Fields infested with white rot are often abandoned from Allium production 

because sclerotia, the resting structure of S. cepivorum, can survive for decades in soil. These sclerotia 

remain dormant in the absence of Allium crops and are stimulated to germinate by volatile sulfur compounds 

present in Allium root exudates (Coley-Smith 1959). Disease severity depends on the sclerotia levels in soil 

at planting, and just a few sclerotia per quart of soil is sufficient to cause disease (Crowe et al. 1980). 

Sulfur compounds have been used as sclerotial germination stimulants in the absence of Allium crops. Once 

applied, these compounds can “trick” the sclerotia into germinating, causing them to exhaust their energy 

reserves and die. Several sources of sulfur compounds have been tested with varying degrees of success, 

including several preparations of garlic such as juice, oil, and powder, as well as synthetic sources of sulfur 

compounds. One compound in particular, diallyl disulfide (DADS), was shown to induce sclerotia germination 

and reduce inoculum levels by over 90% in the field (Davis et al. 2007), but commercial sources of DADS are 

no longer available for agricultural use. 

The objective of this study was to investigate the feasibility of Allium trap crops to reduce white rot sclerotia 

levels in soil. Typically, trap crops are planted to attract insect or nematode pests from another crop and 

their use has been more limited for disease control. Our hypothesis was that the premature termination 

of an Allium trap crop would result in the production of volatile sulfur compounds and stimulate the 

germination of existing sclerotia in the soil, but also prevent the proliferation of new sclerotia in the trap 

crop.

Materials and Methods

This experiment was conducted at the Central Oregon Agricultural Research and Extension Center (COAREC) 

in Madras, OR. Seeds of white onion (A. cepa var. ‘Southport White Globe’), red onion (A. cepa var. 

‘Marenge’), sweet onion (A. cepa var. ‘Walla Walla’) and bunching onion (A. fistulosum var. ‘Parade’) were 

sown into 4 in. plastic pots containing 750 cc soil collected from a white rot infested field at COAREC. Fallow 

soil, or pots that were not planted with an Allium crop, were included to serve as an untreated control. This 

soil had approximately 8.5 sclerotia per 100 cc. Allium seedlings were maintained in the greenhouse and 

were manually terminated at 1-, 2- and 3 true leaf stages by thoroughly incorporating them into the soil. 

Overall, the experiment consisted of 15 treatments with three replicate pots per treatment. The pots were

(Continued on page 22)
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 arranged in randomized block design and were watered regularly to maintain soil water content near field 

capacity.

At seedling termination, disease incidence was recorded and a 250-cc soil sample was taken from each 

pot for analysis. Sclerotia were recovered from soil using the wet sieving and sucrose flotation method 

developed by Vimard et al. (1986). Up to 50 sclerotia from each plot were surfaced-sterilized with 0.6% 

NaOCl for 2.5 min before they were checked for viability on 1.5% (w/v) water agar plates amended with 1% 

(w/v) streptomycin sulfate. The remaining soil, including the plant residue, were kept for another 4 weeks 

and sclerotia quantity and viability were re-evaluated.  Data were analyzed using Kruskal-Wallis and Mann-

Whitney nonparametric tests.

Results and Discussion

The use of Alliums as trap crop significantly reduced the population of white rot sclerotia in soil when Allium 

seedlings were terminated at either the first or second true leaf stages (Table 1). At the first leaf stage, all 

Alliums significantly reduced soil sclerotia counts by up to 53%. The termination of Allium seedlings at the 

second leaf stage also resulted in the significant reduction in sclerotia populations. However, the number 

of sclerotia in soil cultivated with bunching-, white- and sweet onion increased with increasing termination 

time and, at the third leaf stage, no significant differences in sclerotia numbers were observed between 

fallow soil and soils cultivated with these onion varieties. Table 1 also shows that sclerotia populations in the 

soil remained unchanged at the second assessment (4 weeks after crop termination) when the termination 

occurred at the first true leaf stage. The number of sclerotia in soil cultivated with bunching-, white- and 

sweet onions continued to increase after termination and sclerotia counts in these treatments were 

significantly higher than that of fallow soil, indicating that new sclerotia were being formed on the plant 

debris when plants were terminated at the second or third leaf stages. 

None of the trap crops affected the viability of the non-germinated sclerotia that remained in the soil 

after termination (Table 2). More than 78% of sclerotia were found to be viable at crop termination, and 

germination capacity ranged between 71 and 97% four weeks after termination. 

White rot symptoms were not observed on any of the trap crops at the first leaf stage, but disease symptoms 

started to develop on seedlings at the second leaf stage. At third leaf stage, more seedlings of bunching-, 

white- and sweet onion showed symptoms of white rot and sclerotia were formed on symptomatic plants 

(Table 3). 

Ideally, trap crops are species in which the pests fail to survive or reproduce - essentially a biological dead-

end. Although using Alliums, which are susceptible hosts for white rot, as sulfur sources for germination 

stimulants can be high-risk, this proof-of-concept experiment suggests that early-terminated Allium trap 

crops can potentially be used to reduce white rot inoculum in soil. However, more research is needed to 

evaluate other Allium species, termination timings, and termination methods before this approach could be 

considered under commercial production scenarios.
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Table 1. Effect of onion trap crops on the populations of Sclerotium cepivorum sclerotia in soil at the 

time of trap crop termination and 4 weeks later* 

* Means followed by the same letter are not significantly different according to the Kruskal-Wallis and 

Mann-Whitney nonparametric tests (α = 0.05). All statistical tests were performed in SPSS 25.0 (SPSS Inc., 

Chicago, IL).              
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Ergot Evaluations of Kentucky Bluegrass Cultivars in Oregon, 2020

Jeremiah Dung, Qunkang Cheng, and Kenneth Frost 

Introduction

Ergot can be an important disease in irrigated Kentucky bluegrass seed production systems of central and 

eastern Oregon. The disease is caused by Claviceps purpurea, a fungus that survives as sclerotia in seed 

and soil. Sclerotia germinate in the spring and produce airborne ascospores, which infect flowers prior to 

fertilization and result in the formation of sclerotia instead of seed. In some years, the timing and duration of 

ascospore production by the pathogen may not coincide with anthesis (the only period of host susceptibility) 

and cultivars that flower before or after periods of typical peak spore production may potentially escape 

infection. The objective of this study was to evaluate Kentucky bluegrass cultivars for the potential to escape 

or resist ergot under central and eastern Oregon field conditions. 

Materials and Methods

Plots of sixteen Kentucky bluegrass cultivars were established at the Central Oregon Agricultural Research 

and Extension Center (COAREC) and Hermiston Agricultural Research and Extension Center (HAREC) in 

August 2019. Plots were 30 ft. long by 6 ft. wide and planted at a seeding rate of 8 lb/A. Each plot was 

replicated four times and cultivars were arranged in a randomized complete block design. The borders of 

the experiment area were artificially infested in October 2019 with ergot sclerotia collected from Oregon 

seed lots representative of the production region. Disease incidence (the number of infected panicles) and 

severity (the number of sclerotia in each panicle) were determined from a random sample of 100 panicles 

collected from each plot at harvest. A Burkard 7-day recording volumetric spore sampler was used to collect 

airborne ascospores of C. purpurea at COAREC and at a commercial perennial ryegrass seed field near 

Hermiston, OR.

Results and Discussion

Significant differences in ergot incidence and severity were observed among Kentucky bluegrass cultivars 

at HAREC but not COAREC (Table 1). Differences in anthesis length, which was not recorded, may have 

contributed to the variation among cultivars within early-, mid-, and late-flowering groups. In general, most 

cultivars exhibited greater ergot incidence and severity at COAREC compared to corresponding plots at 

HAREC.

When cultivars were grouped according to flowering period (early, mid, or late), the later-flowering cultivars 

exhibited significantly more infected panicles than mid-flowering cultivars at COAREC; although not 

significantly correlated, most ascospores (82%) were detected at COAREC in the latter third of the season 

(Table 2).    

Table 2. Viability of Sclerotium cepivorum sclerotia in soil at the time of trap crop termination and 4 

weeks later

 

Table 3. Incidence of white rot at the time of trap crop termination and 4 weeks later*

* Means followed by the same letter are not significantly different according to the Kruskal-Wallis and 

Mann-Whitney nonparametric tests (α = 0.05). All statistical tests were performed in SPSS 25.0 (SPSS Inc., 

Chicago, IL).
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Table 2. Ergot incidence and severity for early-, mid-, and late-flowering Kentucky bluegrass cultivars 

grown in artificially-infested plots in Madras and Hermiston, OR, and the percentage of total number 

of ergot ascospores captured at one representative site in each production region*

* Incidence data were subjected to a square-root transformation prior to ANOVA and multiple comparisons 

were made using Tukey’s test. Severity data were subjected to a Kruskal-Wallis test and multiple comparisons 

were performed using a Bonferroni adjustment. Column means followed by the same letter are not 

significantly different at P < 0.05.

 

At HAREC, late-flowering cultivars exhibited significantly lower ergot incidence and severity than mid-

flowering cultivars; at this location, the least number of ergot ascospores was detected in the last third of 

the season (Table 2). 
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Table 1. Ergot incidence and severity for early-, mid-, and late-flowering Kentucky bluegrass cultivars 

grown in artificially-infested plots in Madras and Hermiston, OR*

 

 

* Incidence data were subjected to a square-root transformation prior to ANOVA and multiple comparisons 

were made using Tukey’s test. Severity data were subjected to a Kruskal-Wallis test and multiple comparisons 

were performed using a Bonferroni adjustment. Column means followed by the same letter are not 

significantly different at P < 0.05.
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determined using correlation analysis.

Results and Discussion

The bacterial blight pathogen was detected on honeybees from 25 out of 30 hives sampled at the beginning 

of the pollination period, at levels ranging from 3.9 x 100 Xhc/bee to 2.7 x 102 Xhc/bee and a mean of 6.1 

x 101 Xhc/bee (Fig. 1A). The bacterium was detected on male-sterile plants in 6 of 10 fields and on male-

fertile plants in 7 of 10 fields, ranging from 7.1 x 102 Xhc/g leaf tissue to 5.4 x 108 Xhc/g leaf tissue (Fig. 1A). 

The bacterial blight pathogen was detected on honeybees from 28 out of 30 hives sampled at the end of the 

pollination period, at levels ranging from 1.2 x 101 Xhc/bee to 3.2 x 102 Xhc/bee and a mean of 7.7 x 101 

Xhc/bee (Fig. 1B). The bacterium was detected on male-sterile plants in 8 of 10 fields and on male-fertile 

plants in 7 of 10 fields, ranging from 9.2 x 102 Xhc/g leaf tissue to 1.2 x 108 Xhc/g leaf tissue (Fig. 1B).

Samples of seed from six fields were tested and found to harbor between 5.6 x 104 and 1.2 x 108 Xhc/g 

seed. A significant and positive correlation was observed between Xhc levels in the harvested seed lot and 

the amount detected on honeybees prior to pollination (r = 0.83; P = 0.04) (Table 1), but not Xhc levels on 

bees after pollination (P = 0.56).

While the results of this survey represent a relatively limited number of fields, hives, and honeybees, they 

suggest that honeybees can be passively contaminated with the bacterial blight pathogen. Although a 

significant correlation was observed between Xhc levels on bees at the beginning of the pollination period 

and harvested seed, the data were only from one production year and more research is needed to determine 

if honeybees contribute to the disease cycle of bacterial blight in carrot seed production systems.
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Contamination of Honeybees by Xanthomonas hortorum pv. carotae, 
Causal Agent of Bacterial Blight of Carrot

Jeness Scott, Heike Williams, Ramesh Sagili, and Jeremiah Dung

Introduction

Central Oregon is a major global producer of hybrid carrot seed, growing approximately 60% of the seed 

used for carrot root crop production in the United States and 40% of the hybrid carrot seed planted 

throughout the world. Honeybees (Apis mellifera) are important pollinators of hybrid carrot seed grown in 

central Oregon. Bacterial blight of carrot, caused by the plant pathogenic bacterium Xanthomonas hortorum 

pv. carotae (Xhc), is a common disease of carrot and can be seedborne. Honeybees may passively transfer 

bacterial plant pathogens, including Xhc, during foraging. Preliminary results suggest that honeybees can 

become contaminated with Xhc, but the scope and importance of Xhc contamination of honeybees in carrot 

seed crops are not understood. The objectives of this research were to: 1) determine the frequency and 

amount of Xhc contamination on honeybees, an important pollinator of carrot seed crops in central Oregon; 

and 2) determine if the incidence and severity of honeybee contamination by Xhc is correlated with the 

levels of seedborne Xhc in commercial carrot seed lots.

Materials and Methods

 

Forty honeybees were sampled from each of three hives in 10 carrot seed crop fields during the 2019 

growing seasons. Forty honeybees were sampled from each hive at the beginning of the pollination period 

(starting July 8) and at the end of the pollination period (starting July 29). Each sample of 40 honeybees was 

soaked in a solution of phosphate buffer + Tween20 (a surfactant) for 2 hours at room temperature, followed 

by a 5-minute incubation on an orbital shaker at 250 RPM. Aliquots were collected from the washate of each 

honeybee sample. DNA was extracted from the honeybee washate and subjected to qPCR as described by 

Temple et al. (2013). 

Background levels of Xhc in each field of study were determined at both sampling times. One hundred leaves 

were collected from carrot plants representing the male-sterile and male-fertile lines. Leaves were cut into 

small (0.5 inch) pieces and bulked prior to subjecting them to the phosphate buffer wash as described above. 

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

membrane-impermeable DNA binding dye, prior to qPCR. The association between Xhc levels on bees at the 

beginning and end of pollination, as well as between background levels of Xhc in the field, were determined 

using correlation analysis.

Conditioned seed samples from six of the 10 fields in which honeybees were collected in Objective 1 have 

been provided by Central Oregon Seeds, Inc. Three 10-gram subsamples of seed from each sample were 

subjected to seed wash assays and viability qPCR similar to those conducted on leaves described above. 

The association between Xhc contamination on honeybees and pathogen levels in harvested seed lots was 
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Hive Field

Fig. 1. Mean levels of Xanthomonas hortorum pv. carotae (Xhc) bacteria detected on individual 

honeybees from three hives (bars) in each of ten fields at the (A) beginning and (B) conclusion of 

pollination. Mean levels of Xhc detected on male-sterile (triangles) and male-fertile (circles) carrot 

plants from each field are also shown.

 

Table 1. Correlations between levels of the bacterial blight pathogen (Xanthomonas hortorum pv. 

carotae) on individual honeybees, male-sterile (“female”) plants, and male-fertile (“male”) plants at 

the beginning and conclusion of pollination, and levels of the pathogen on harvested seed*

* Correlation coefficient values in bold are significant at P < 0.05.
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each treatment. 

Leaf 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 77°F 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 quantitative PCR 

(Temple et al. 2013). Each sample was dried at 95°F for at least 4 days and weighed to calculate the mean 

number of colony forming units (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 in SAS 9.4 (SAS Institute, Cary, NC).

Results and Discussion

All treatments except the ManKocide + fungicide treatment reduced Xhc populations on carrot foliage 

compared to the non-treated control at the first application timing, though the differences were not 

significant due to large amount of variation among replicate plots. Xhc levels increased for all treatments 

except the non-treated control after the second application; it was noted that approximately 1.5 inches 

of rain were received between May 18 and May 21, which may have temporarily reduced foliar Xhc levels 

around the time of pre-application sampling. At the third application timing, all treatments exhibited lower 

levels of Xhc compared to the non-treated control, but only the ManKocide + fungicide and Badge SC (4 

pints/A) treatments were significantly less. Data are summarized in Table 1.
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Comparison of Copper Products for Bacterial Blight Control in Carrot 
Seed Production, 2020

Jeness Scott, John Weber, and Jeremiah Dung

Introduction

Bacterial blight, caused by Xanthomonas hortorum pv. carotae (Xhc), is an important seedborne disease 

of carrot. The bacterial blight pathogen can survive and reproduce on leaves, reaching large populations 

before causing visible disease symptoms. To date, ManKocide® (15% mancozeb, 46% copper hydroxide; 

Certis USA) has been the best available tool for controlling bacterial blight in carrot seed crops in Central 

Oregon and has been demonstrated in trials to provide a measure of protection from disease and reduce 

epiphytic populations of Xhc.  However, other copper products may be available that are more effective, 

economical, and/or easier to use, all of which may contribute to improved bacterial blight control. Field trials 

in 2019 showed that Badge SC® (16.81% copper oxychloride, 15.36% copper hydroxide; Gowan) applied 

at a 4 pint/A rate was effective at reducing Xhc populations on carrots. The objective of this project was to 

evaluate additional rates of Badge SC for the management 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 was 30 ft. long and consisted of four rows of 

carrots spaced 30 in. apart and 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. 

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 21, May 19, and June 25. Bactericides were 

not applied between mid-July to early August, when bees were present for the pollination of seed crops. At 

each application timing, three rates (1-, 2-, and 4 pints/A) of Badge SC® were compared to ManKocide® 

applied at a rate of 2.5 lb/A. A treatment consisting of a tank-mix of ManKocide (2.5 lb/A) and fungicide 

(Pristine®, Quadris® and Tilt®, or Rally® in April, May, and June, respectively) was also included, and a 

non-treated control was included for comparison. The experiment was arranged as a randomized complete 

block design with six replications.

Samples of foliage (approximately 100 leaves taken from 50 different plants in the center of each plot) were 

randomly collected and assayed for Xhc 1 to 2 days before the application of each treatment (April 20, May 

18, and June 23) to assess pre-treatment populations. Post-treatment foliage samples were collected on April 

28, May 26, and July 2 after the re-entry period to assess the reduction in epiphytic Xhc populations due to 
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Eastern Oregon Kentucky Bluegrass Workgroup Progress Report – 
2020

Clare Sullivan, OSU Extension, Small Farms & Specialty Crops

Introduction

Stand establishment and first year management is critical for Kentucky bluegrass (KBG) seed production; 

therefore, it is in growers’ best interest to optimize their KBG crop rotation and planting strategies. Common 

crop rotations in central Oregon have been to plant KBG in August following wheat harvest, or following 

summer fallow. Both of these rotations provide challenges: wheat harvest delays KBG planting past the 

optimal timing and volunteer wheat is difficult to control in a grass seed crop, and summer fallow can cause 

soil surface crusting that reduces KBG stand establishment. Anecdotally, growers in central Oregon have 

observed significantly higher yields in their first year KBG plantings that follow a mustard cover crop, rather 

than following a wheat crop. 

 While some growers in central Oregon believe the benefits of preceding a KBG stand with a cover crop 

outweigh the income lost from a wheat harvest, many growers need to see a direct comparison of KBG 

performance before they are willing to take the economic risk. In addition, growers are uncertain they 

have the water to irrigate a mustard cover crop instead of leaving their field fallow before planting KBG. As 

opposed to planting a mustard cover crop in spring that requires irrigation in early summer, some growers 

have planted a cereal cover that is terminated in spring and requires little-to-no irrigation.

This project fulfills the need of a side-by-side research trial comparing KBG stand establishment and yield in 

four crop rotation systems: a) spring wheat crop – KBG; b) spring wheat cover crop – KBG; c) mustard cover 

crop – KBG; and d) summer fallow – KBG. 

2020 Progress

The research trial was established spring 2020 at the Central Oregon Agrcicultural Research and Extension 

Center in Madras, OR. The trial area was fumigated in February 2020 with Vapam to control persistent 

weeds (rat tail fescue and cheatgrass), and then rototilled and cultipacked early March before plot 

establishment. Four rotation treatments were established in 24 x 400ft strips without replication.

(Continued on page 36)

Table 1. Log10-transformed colony forming units of Xanthomonas hortorum pv. carotae before and after 

applications of bactericides1

1 Treatments followed by the same letters are not significantly different from each other using Tukey’s test. 
2 Fungicide treatments were Pristine (8 oz/A) on April 21, Quadris (12 oz/A) + Tilt (4 oz/A) on May 19, and 

Rally (7.5 oz/A) on June 25. 

Mustard in bloom. Photo credit: T. Wilson
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treatment established poorly and was overrun by volunteer wheat (Figure 1). Grass seedling tiller counts 

were conducted on September 24th and October 9th and evaluated as follows:

- 4-inch section of grass seed row was dug up in three different sections of each treatment strip

- 10 seedlings were randomly selected from each 4-inch secion

- Number of tillers were counted for each seedling, including the primary tiller

- Number of tillers per seedling was averaged from results (n=30) across the treatment

Tiller counts tended to be highest for the wheat cover crop treatment, followed by mustard, fallow, and 

harvested wheat. While the tiller counts do not reflect seedling size, photos taken during the October 9th 

tiller count offer a comparison between seedling vigor, and show the wheat cover crop having the most 

vigorous growth (Figure 3). 

Next Steps

Growers and industry representatives were invited to a field tour of the trial on September 24th, 2020. 

Approximately 35 growers and agronomists attended the field tour and were very engaged. Moving 

forward, the grass seed stands will be managed from 2020-2021 with appropriate fertilization, irrigation, 

and pest management practices for central Oregon. Three sections per block will be swathed at maturity 

and combined separately. Seed samples will be debearded, conditioned, and clean seed weight will be 

determined using the seed conditioning facility at COAREC. First year results from this trial will help inform 

future in-depth studies of the optimal KBG rotation system and the effects on soil health. Results from this 

trial will be shared via presentations, field days, and research reports.

The four treatment strips were managed as follows:

1. Spring wheat ‘Solano’, grown to harvest

• Planted March 10 @ 100lbs/ac

• Fertilized w/ 120lbs N/ac total:

 - 20lbs N/ac as Urea pre-plant, 50lbs N/ac as 20-13-13-7 early April, 50lbs N/ac as Urea 

• Harvested July 27, residue raked and baled

• Pre-irrigated mid-August before prepping for grass planting

• Grass seed prep: Disked twice, cultipacked once, heavy roller

• Planted August 18th to KBG ‘Shamrock’ @8-9lbs/ac 

2. Spring wheat ‘Solano’ cover crop

• Planted March 10 @ 100lbs/ac

• Fertilized w/ 120lbs N/ac total (same protocol as wheat above)

• Terminated May 25 with Roundup PowerMAX 24oz/ac + 2pt/100gln NIS, crop ~18” high

• Direct-seeded August 12th to KBG ‘Shamrock’ @8-9lbs/ac 

3. Mustard ‘Attack’ cover crop

• Planted April 10 @ 25lbs/ac

• Fertilized w/ 100lbs N/ac as 20-13-13-7, pre-plant incorporated

• Terminated June 16, flail mowed and disked twice

• Grass seed prep: Rototiller and cultipacker, then landplane and heavy roller

• Planted August 12th to KBG ‘Shamrock’ @8-9lbs/ac  

4. Fallow

• Sprayed once early spring, light disking through summer for weed control, no irrigation

• Grass seed prep: Cultipacker, landplane, heavy roller

• Planted August 12th to KBG ‘Shamrock’ @8-9lbs/ac

Field operations across the entire trial area:

Soil amendments before planting grass seed in August: gypsum, variable rate lime, and 400lbs/ac 16-16-16. 

Herbicide applications: pre-irrigation Callisto @6oz/ac; Sep 9 Husky @13oz/ac + Callisto @3oz/ac; Oct 19 

Beacon @0.38oz/ac + MSO @1gal/100gal + AMS @2.5gal/100gal

Soil samples were taken within each treatment strip at KBG planting to determine available N, and are being 

analyzed for potentially mineralizable N.

Initial Results

Grass seed stand establishment was monitored visually throughout the fall. The stand following the wheat 

cover crop treatment established first and showed the most vigorous growth; the stands within the mustard 

and fallow treatments established at a similar, slower rate; and the stand following the harvested wheat 
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Figure 1. Visual comparison of four rotation treatments on Oct 28/2020. For each treatment, left photo depicts field view and right photo depicts view from above.

Harvested Wheat

Mustard Cover Crop

Wheat Cover Crop

Fallow
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Investigating the feasibility of berry production in central Oregon 
under protected and unprotected culture – Second year results (2020)

Clare Sullivan and Kara Young

Introduction

Central Oregon growing conditions are challenging for horticultural production due to the short growing 

season, low annual precipitation, drastic swings in diurnal temperatures, and possibility of frost any time of 

year. Despite the challenging growing conditions, there are a number of farms growing vegetables in central 

Oregon, but very little in the way of fruit production. This report is from the second year of a project aiming 

to determine whether berry production in central Oregon is a viable enterprise, and if high tunnels are a 

justified expense to increase profitability and fruit quality. The main objective was to compare strawberry 

and raspberry production in high tunnels (indoor) vs. open field (outdoor).

Materials and Methods

Day neutral strawberries and primocane-bearing raspberries were planted in high tunnels and the open 

field in May 2019. Production data were collected for two growing seasons (2019-2020). Establishment 

of the berry trial, crop maintenance, and results from the 2019 growing season are explained in the first-

year report. The four strawberry varieties included in the trial were: ‘Albion’, ‘Evie 2’, ‘Mara des Bois’, and 

‘Seascape’. The four raspberries varieties included in the trial were: ‘Anne’, ‘Caroline’, ‘Heritage’, and ‘Joan J’. 

The plots were managed using organic practices. 

Trial Maintenance

The green leaves of the strawberry plants were left on plants though the fall of 2019 to contribute to the 

carbohydrate reserves in the plant. In early February, all dead and green leaves were cut away from the 

strawberry crowns. New crown growth started in March, and berries were fertigated once the irrigation 

season started in mid-April. Strawberries continued to be fertigated bi-weekly though the growing season 

with 5-0-0 liquid fish fertilizer, aiming for a total of 80lbs N/ac for the season. Runners were removed once a 

month in May, June, and July. 

Raspberry canes were cut back to ground level in early February when plants were dormant. Raspberries 

were fertilized with feather meal at 40lbs N/ac before canes emerged, and mulched with yard debris 

compost. Once raspberry canes emerged, rows were narrowed to 18 inches. At flowering, indoor raspberries 

received an additional 20 lbs N/ac with 5-0-0 fish fertilizer. Raspberry rows were narrowed again to 18 

inches in mid-July. 

Pest Management 

Rodent and bird damage to strawberry fruit was notable over the growing season, particularly in the high 

tunnel. Distinguishing between rodent and bird damage was not always possible but rodent damage seemed 
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Harvested wheat Wheat cover crop Mustard cover crop Fallow

Average Tiller Count per 10 Seedlings

Tiller count Sep 24

Tiller count Oct 9

Figure 2. Average grass seedling tiller counts measured per treatment on Sep 24 and Oct 9/2020. Error bars 
represent standard deviation of the mean (n=30).

Harvested Wheat

Mustard Cover Crop Fallow

Wheat Cover Crop

Figure 3. Visual comparison of grass seedlings taken from 4-inch row of each rotation 
treatment during the tiller count conducted on Oct 9/2020.

https://extension.oregonstate.edu/sites/default/files/documents/11496/sullivancoarecreportberriesfinal.pdf
https://extension.oregonstate.edu/sites/default/files/documents/11496/sullivancoarecreportberriesfinal.pdf
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more apparent early in the growing season. Bird damage started a bit later and remained more constant over 

the growing season. No steps were taken to reduce the fruit damage due to rodent and bird pressure.  

Spider mites were observed in the indoor raspberry planting in late June. They spread significantly in July 

leading to some defoliation. There was minimal spider mite pressure in the outdoor planting. Cinnerate was 

applied in late July and early August at a rate of 32 oz/100 gallons. Spider mite pressure seemed somewhat 

reduced after these applications. 

2020 Harvest

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

in full production. Hazardous smoke conditions across central Oregon resulted in a harvest gap of 

approximately 10 days in September. Harvested berries were separated into ‘marketable’ and ‘unmarketable’ 

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

counted 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. Following the planting scheme used in this trial, 10 

plants is the equivalent of five row feet of strawberries, and 20 row feet of raspberries. Some data are shown 

as pounds per 100 plants, which represents 50 row feet of strawberries and 200 row feet of raspberries. 

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 2020

Winter survival of strawberry plants was determined by comparing September 2019 plant totals to April 

2020 plant totals for each variety. In the outdoor planting, Mara des Bois had the highest plant survival 

percentage at 100% while Albion had the lowest at 82%. In the indoor planting, Seascape (100%), Evie 2 

(98%), and Mara des Bois (97%) had high plant survival over winter while the survival of Albion plants was 

lower (79%). Evie 2 and Seascape plant survival was higher indoors when compared to outdoors while Mara 

des Bois and Albion plant survival indoors was slightly lower when compared to outdoors (Table 1). 

Starting in mid-April, weekly vigor rankings were taken for all plots. For each replication, the four strawberry 

varieties were ranked relative to the other varieties. These rankings were recorded for 12 weeks. The vigor 

rankings remained consistent over that time period. Mara des Bois was the most vigorous variety across 

all reps in both the indoor and outdoor plantings. Albion was the least vigorous across all reps in both the 

indoor and outdoor plantings. Seascape and Evie 2 were similar to each other in vigor ranking behind Mara 

des Bois and ahead of Albion.

Production system (indoor vs. outdoor) impacted both strawberry yield and growing season length. Total 

marketable yield for the season was significantly higher for indoor production (22lbs/10 plants) than 

outdoor production (14lbs/10 plants), and the indoor season was about a month longer. Indoor strawberry 

production began May 25 for Evie 2, Mara des Bois and Seascape, and started picking up by early July 

(Figure 1). Albion was several weeks behind the other varieties, and indoor production did not start picking 

up until late July. Indoor production was highest in July and September, with a dip in August, and a gradual 

decline in October as temperatures dropped (Figure 1). Outdoor production began in mid-July for Mara des 

Bois, and the end of July/early August for the other three varieties (Figure 2). Outdoor production picked up 

in August and September, but dropped significantly at the end of September. All berry production stopped 

with freezing temperatures at the end of October. 

Percent cull by berry weight was higher for indoor production (average 16%) than outdoor production 

(average 11%). Herbivory from mice and birds was the main culprit for designating fruit unmarketable, and 

herbivory pressure was observed to be much greater in the high tunnel. We did not put nets over the berry 

plants, but it is a recommended practice to reduce bird damage. 

Strawberry fruit size differed by variety and also by production system (Table 2). Average fruit size was 

greater under indoor production (13 g/berry) than outdoor production (11 g/berry). Fruit size for Albion, 

Evie 2 and Seascape was comparable, while fruit from Mara des Bois averaged ~40% the size of other 

varieties (Table 1). Mara des Bois is known to be a smaller berry, so the reduced fruit size was expected. Fruit 

size is significant for a grower because the larger the berry, the fewer berries needed to fill a pint, resulting in 

lower labor requirements. 

Overall, by variety, Evie 2 and Mara des Bois were the highest yielding (~21lbs/10 plants), followed by 

Seascape (18lbs/10 plants); Albion had a significantly lower yield (11lbs/10 plants) over the growing season. 

The interaction between production system and variety was not significant, as yield for all four varieties 

increased under indoor production as compared to outdoor production (Table 2). Indoor production of 

Mara des Bois in particular stood out, with yield increasing 70% indoor vs. outdoor. Taste tests were not 

performed in 2020, but berry quality was fairly similar between 2019 and 2020. Albion had large, firm 

berries that made picking and transportation easy, but yield was significantly lower. Evie 2 produced well 

but had a softer berry that was easily bruised while handling, making it more difficult for transportation to 

markets. Mara des Bois was an early producer and had a larger berry size in 2020 as compared to 2019, but 

the fruit was still small and had a short shelf life. Seascape was not as firm as Albion, but produced decently 

under both indoor and outdoor production systems.

Raspberry Trial 2020

New raspberry primocanes began to emerge in April. Indoor cane growth started towards the beginning of 

April while outdoor cane growth began towards the end of April. In April, there were nights during which 

air temperatures in the field and the high tunnel fell below 20°F. In mid-April, some damage was noted on 

the indoor raspberry plants after these cold nights but the plants recovered. The outdoor plants had not 

yet emerged for the mid-April cold events. In early May, on two separated nights, temperatures outside fell 
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below 20F. After these events, there was significant dieback in the outdoor trial. The percentage of plant loss 

varied between varieties with 79% loss of all Heritage plants, 32% loss of all Caroline plants, and 29% loss 

of all Anne and Joan J plants. There was not any plant loss in the high tunnel from the early May cold events 

(Table 3). The indoor plants were more mature and temperatures were about 2°F to 3°F higher in the high 

tunnel which may have accounted for the differences in plant survival.

Weekly vigor rankings were taken for all plots from mid-April through mid-July. The rankings were relative 

within each replication. In the outdoor planting, Joan J plants displayed the most vigor while Heritage plants 

were the least vigorous. In the indoor planting, Caroline was the most vigorous and Anne was the least 

vigorous. 

Due to plant loss and stunted growth outside, raspberry production was nearly non-existent for the outdoor 

planting in 2020. Total marketable yield averaged across all live plants was 1lb/10 plants, whereas indoor 

production averaged 27lbs/10 plants over the growing season. Joan J raspberries started fruiting in the high 

tunnel in mid-August, but indoor production for the other three varieties did not start until early September 

(Figure 3). Raspberry production peaked in mid to late September for all of the varieties, and continued to 

produce well until mid-October. The extremely high raspberry harvest of September 20 came at the end 

of a 10-day gap in picking due to hazardous smoke conditions in the region. Raspberry production ended 

October 21 with freezing temperatures.

Percent cull by berry weight was higher for outdoor production (~30%) than indoor production (~5%), 

reflecting the very poor quality of outdoor fruit in 2020. Raspberry fruit size differed by variety and 

production system (Table 4). Average fruit size was greater under indoor production (2.6 g/berry) than 

outdoor production (1.7 g/berry). Joan J and Anne had overall larger fruit, followed by Caroline, and Heritage 

had significantly smaller berries.

Joan J stood out as the highest yielding raspberry variety, especially when grown in the high tunnel (Table 

4). Total indoor marketable yield for Joan J was more than double the yield of Anne and Heritage, and 40% 

greater than Caroline. Fruit production came on late for Caroline, but it has nice, large berries and produced 

well late in the season. Anne had large, yellow berries and produced fairly well, but the fruit was more 

delicate and prone to being culled. Heritage is an heirloom variety and yielded lower than the other modern 

varieties due to its small fruit size and late maturity. 

Strawberry Comparison Between Growing Seasons

Overall strawberry yield was significantly higher in the second growing season than the first, but there was 

no difference in fruit size. Total marketable yield averaged across all strawberry varieties and production 

systems was 18lbs/10 plants in 2020, and only 9lbs/10 plants in 2019. Increased yield in 2020 is likely due 

to the plants being established and putting on growth earlier than 2019, and having larger crowns that 

produced more fruit. The 2020 growing season started earlier and went later than the 2019 growing season. 

produced more fruit. The 2020 growing season started earlier and went later than the 2019 growing season. 

Early freezing temperatures at the end of September 2019 cut the first berry season short, but the additional 

berry picks in October 2020 only added another 2lbs/10 plants to the second year results. 

Indoor strawberry production was consistently higher than outdoor production for both growing seasons. 

Overall indoor fruit size was also larger than outdoor fruit size. The yield pattern for varieties was fairly 

consistent between growing seasons (Figure 4), but there were some notable differences: Albion yield did 

not see much improvement in the second growing season, and yield was significantly lower than the other 

three varieties in 2020; and Mara des Bois was a top performer in 2020 as compared to 2019.  

Raspberry Comparison Between Growing Seasons

It was expected that raspberry yield would increase in the second season due to the plants being more 

established, and that proved to be the case. Even with the outdoor crop failure, average raspberry yield was 

significantly greater in 2020 (13.9lbs/10 plants) than in 2019 (5.5lbs/10 plants). Average fruit size was lower 

in 2020 compared to 2019, suggesting increased yield was the result of increased berry numbers in 2020.

Indoor raspberry production was greater than outdoor production for both growing seasons. The outdoor 

crop failure in 2020 was unexpected, but revealed the importance of season extension in protecting 

sensitive plants from frost damage. Joan J consistently yielded the most in both years and in both production 

systems (Figure 5). Caroline was a very vegetative variety and fruit production occurred late in the season 

both years. In the first growing season, this was detrimental to Caroline’s yield, but Caroline’s performance 

improved in 2020 with the longer growing season and a larger berry size. 

Preliminary Conclusions from 2019 & 2020

In 2019, 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 varieties. Joan J was the highest yielding raspberry and berry quality was quite good. In 

2020, production system exerted a greater influence on berry yield, likely because the plants were already 

established and able to take advantage of a longer growing season inside the high tunnels. 

Mara des Bois came out of the winter with greater vigor than the other varieties and started producing 

fruit earlier, making it a good choice for outdoor production. Evie 2 and Seascape offer viable options for 

strawberry production, and have different flavor and texture profiles. In our study, Albion fruit production 

came on much later and underperformed in terms of yield. Based on our two-year study, the central Oregon 

strawberry season peaks from late July through September, which may be later than expected by many 

consumers. 

Joan J was the clear winner for both indoor and outdoor raspberry production across the trial years; fruit 

production came on the earliest and overall yield was the highest. Additional considerations for Joan J are 

that it is thornless (benefit), but the canes are not very rigid and are difficult to keep upright in a trellis 

(drawback). Caroline and Heritage had more upright growth habits that were easier to manage with a trellis, 
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but they were both late-maturing and therefore not ideal options for central Oregon where early fall frosts 

are possible. 

Results from this study indicate that some form of frost protection/season extension is needed to have a 

successful raspberry crop in Alfalfa, OR. As reported, the outdoor crop failed in the second growing season 

due to early spring freezes killing newly emerged growth, and the indoor crop clearly benefitted from 

protection of the high tunnel. It may have been possible to use low tunnels or row cover to protect early 

shoot emergence outdoors, but this was not trialed in our study. It is important to note that temperature 

swings in Alfalfa can be more extreme than other growing regions in central Oregon, and other farms in 

Deschutes County did not experience outdoor crop failure. 

A later, more in-depth report will include an economic evaluation of production system, to help determine 

whether high tunnel berry production is a viable enterprise.  
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On-Farm Nitrogen Rates Effect on ‘Hoody’ Winter Barley 
Yield, Quality, Nutrient Concentration and Uptake at Lone Pine, 
Oregon in 1994 

Mylen Bohle

Introduction

Annual cereal grain species are planted extensively for forage (hay) in Central Oregon.  Hoody winter barley, 

developed and released by Mat Kolding at Oregon State University's Hermiston Experiment Station in the 

early 1990’s, is reportedly an high yielding with good forage quality. This excellent small grain is reportedly 

very palatable forage and very water use efficient.  Hoody has performed very well in small plot testing 

and in producer’s fields. Hoody’s hay yield and quality response to nitrogen fertilizer in an on-farm, pivot-

irrigated field in 1994.  The forage samples were stored, and recent funding in 2020 allowed mineral analysis 

and determination of mineral uptake.  Preliminary yield, agronomic, and quality results reported in the 

1995 Central Oregon Ag Research Center annual report.  The new mineral nutrient results added to this 

report, completes this demonstration project. Field soils in central Oregon are decreasing in Phosphorus 

(P) and Potassium (K), causing concern that annual cereal grains like Hoody winter barley, and other crop 

productivity may become reduced over time. With a better understanding of Hoody winter barley nutrient 

concentration and uptake results; hay and livestock producers will better understand the impacts to the 

regions soil data base for long-term mitigation and planning. 

Materials and Methods

Hoody Winter barley of was planted at a seeding rate of 120 pounds per acre into a 135-acre field the 

second week of October in 1993 in the Lone Pine Valley at the R.L. Coats farm. The field was irrigated 

by a 360-degree circle pivot by crop demand. Irrigated peppermint was the previous crop, and a soil 

test indicated that about 50 pounds of nitrogen was present in the top foot of soil.  Soil described as 

court gravelly ashy sandy loam from NRCS Soil Survey. The field and demonstration plots were fertilized 

by a commercial applicator. The field received 120 lb/acre nitrogen (ammonium nitrate);demonstration 

nitrogen strip rates of 0, 60, 100, and 120 pounds per acre applied in early April of 1994 on the field. As a 

demonstration, treatments were not replicated, excluding statistical analysis. 

The plots were harvested on June 20, 1994, at the soft dough stage.  An approximate area of 37.5 square 

feet (2.5 feet x 15 feet) was harvested with a Jari-Mower at 2-inch height. Each plot length and width was 

measured to determine area harvested. Plot forage was weighed wet and recorded in the field. One-pound 

sub samples were placed in plastic bags to retain harvest moisture and then transported to the Central 

Oregon Agricultural Research Center (COARC), now COAREC at Madras, Powell Butte, Oregon.  The wet 

samples were weighed and then dried at 149 degrees Fahrenheit until there was no change in weight. The 

dry samples were reweighed and percent dry matter and moisture was determined. The wet weight was 

converted to yield in tons per acre and all data are presented on an oven dry matter (DM) basis. The samples 
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were ground with a 2 mm size-screen Wiley mill. The samples tested for quality were ground with a 1 mm 

size-screen Udy Mill.

Quality was determined by a near infrared spectroscopy (NIRS) analyzer at the Klamath Falls Experiment 

Station (KES), now Klamath Basin Agricultural Research and Extension Center (KBREC), Klamath Falls, 

Oregon.  The forage samples were stored in sealed, plastic, sandwich-baggies at room temperature at the 

COARC Powell Butte site, in 2018. The samples were transported and stored in a 20-foot, export-shipping 

container at the COAREC, Madras site for two years. This would have allowed extreme temperature swings 

from winter to summer. Samples were analyzed for nutrient concentration at the Central Analytical Lab 

(CAL), Oregon State University, Corvallis Oregon.  

Percent Protein (NIRS determined) was converted to percent N by dividing percent protein by 6.25. Percent 

crude protein (wet lab analyzed) was determined by multiplying percent nitrogen (as determined by CAL) by 

6.25.  

Uptake of nutrients was calculated by multiplication of DM yield * nutrient concentration to determine 

pounds per acre.  Uptake of nutrient per ton DM forage was calculated by pounds of DM yield * nutrient 

concentration, divided by yield in tons.

Results and Discussion

The cooperator estimated the average yield of the field at 7.9 air-dry tons of Hoody winter barley forage per 

acre. Twenty percent of the field did lodge.  The cooperator feedback highlighted the swather needed to 

be in excellent mechanical condition, in order to swath a field with that much biomass (some of their older 

model swathers were not able to harvest the field).  

The high nitrogen rate yield in this demonstration was approximately the same as the field yield (7.9 air-dry 

tons/acre compared to 8.23 DM tons/acre). The trend was for each additional rate of N to increase moisture 

content, yield, lodging, and plant height (table 1). 

Agronomic Data

Quality

Measured quality variables showed mixed results from NIRS testing in 1994 and are presented in table 2.  As 

N rates increased, the trend was for protein content (%) to increase up to 100 lb/ac N and then leveled out 

at the 120 lb/acre N rate.  Protein percent determined with percent N from CAL, increased up to the high N 

rate, though the top two N rates produced similar protein content.  Protein yield (pounds per acre) increased 

with increasing rates of N, due to substantial increases in yield.  

Generally, acid detergent fiber (ADF), and neutral detergent fiber (NDF) tended to increase with increased 

N fertility; there was not a clear trend for relative feed value (RFV).  Total digestible nutrients (TDN) percent 

tended to decrease with increased nitrogen fertilizer rates.  Pounds of total digestible nutrients increased 

with additional nitrogen rates.  There was no clear trend for RFV, due to possible barley stem cell wall 

increases with N.

Nutrient Concentration

Nutrient concentration results are presented in Table 3.  Nutrient concentrations (%) trend for carbon 

(C) had the same levels, while nitrogen (CAL) increased up to the 100 lb N rate, with the 120 lb/ac N rate 

slightly higher.  The nitrogen concentration determined by NIRS increased up to the 100 lb/ac rate and then 

slightly decreased with additional nitrogen.  Phosphorus, potassium, sulfur, calcium, manganese, zinc, and 

boron concentrations, all increased up to the highest rate of N applied; while magnesium concentration of 

all N rates are relatively the same.  Potassium concentration of all N rates would be considered to be low 

(< 2 %) which would be beneficial for livestock in general.  Copper concentration response was mixed, with 

no clear trend.  Iron concentration tended to decrease with increasing rates of nitrogen fertilizer.  Nitrates 

increased with increasing rates of fertilizer N, but none of the nitrate levels will cause any ill effect on 

livestock. 

(Continued on page 50)
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Nutrient Uptake (pounds per acre)

Nutrient uptake (pounds per acre) data are presented in table 4.  Increasing N rates increased N uptake up 

to the 120 lb/ac N rate with plant nitrogen uptake of 192 lb/acre (NIRS) and 198 lb/acre (CAL).  Carbon, 

phosphorus, potassium, sulfur, calcium, magnesium, manganese, copper, zinc, and boron nutrient uptake all 

increased up to the highest N rate applied.  Increasing yield from N was the key factor in increasing nutrient 

uptake. Note the small total amounts of manganese, copper, zinc, boron, and iron, all micronutrients, taken 

up by Hoody winter barley. Like most forage crops, Hoody winter barley took up larger amounts of K, with 

increasing rates of N, which would be exported from the field. Knowing the pounds per acre removal of 

these nutrients is useful to monitor soil fertility sustainability and economics.

(Continued on page 52)
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Nutrient Uptake (pounds per ton of DM forage)

Nutrient Uptake (pounds per ton of DM forage) data are presented in table 5.  Pounds of carbon per ton of 

DM forage were the same with increasing N rates.  There was a trend with Increasing N rates to increase 

pounds of N per ton of DM (CAL), although the NIRS numbers topped out at 100 lb/ac N.  The trend for 

phosphorus, potassium, sulfur, calcium, magnesium, manganese, zinc, and boron uptake (pounds of nutrient 

per ton of DM forage) all increased with increased rates of N.  There was no clear trend for iron.

Summary and Recommendations

Hoody winter barley has produced well as an alternative cereal forage crop over the years. Feeding of this 

forage mixed with alfalfa hay, in the cooperators feedlot, nearly all but eliminated the bloat problem they 

were having when feeding calves only alfalfa hay.  Knowing the different nutrient concentrations will help 

producers acknowledge and monitor nutrient export from their fields and aid in knowing if the nutrient 

needs of livestock are being met if feeding Hoody winter barley, and perhaps other barley varieties. While 

a forage quality and nutrient test is always recommended, these results help those who do not test their 

forage for quality, nutrient concentration, or determine nutrient uptake of pounds per acre and pounds per 

ton of DM forage.

 Note: ‘Verdant’, with increased barley stripe rust and scald resistance, is a variety bred from Hoody, 

‘Streaker’, and ‘Patriot’ winter barley varieties, by Patrick Hayes at Oregon State University, to replace 

Hoody. It very much looks like and performs like Hoody, but has enhanced resistance to scald and barley 

stripe rust disease.
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