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Results and Discussion

Pre-emergent Applications. Additional treatments at each trial site included Outrider at 0.38 and 0.76 oz/ac 
applied at a post-plant-pre-emerge timing (data not shown). At Site 2, these treatments resulted in complete 
stand loss, as well as complete control of roughstalk bluegrass. Attempts to reseed these plots in early 
April also failed, presumably due to soil residual activity of sulfosulfuron. In stark contrast, at Site 1 these 
treatments resulted in only slight to moderate levels of crop injury. The reason for the dramatic difference in 
crop safety at largely similar locations is unknown. Regardless, this application timing likely does not warrant 
further investigation, and indicates that crop injury potential from Outrider probably increases markedly on 
early growth stages of Kentucky bluegrass. The remainder of this report considers only the post-emergent 
application timings (Figure 1).
 
Roughstalk bluegrass control. Roughstalk bluegrass was present only at Site 2. By crop heading, control from 
fall applications of Outrider was broadly equivalent to the Beacon standard treatment (Figure 1). Higher 
rates of fall Outrider tended to provide numerically better control than the Beacon standard, but the 
relatively large degree of variability in the data precludes confident conclusion that this is a true difference. 
Split applications of Outrider (fall followed by spring) did provide superior control of roughstalk bluegrass 
relative to Beacon (Figure 1). 

Kentucky bluegrass crop safety. Crop safety was evaluated in late April (Kentucky bluegrass at 2nd node 
stage), and again during pollination. In April, crop safety differed notably between sites, with much higher 
absolute levels of crop injury at Site 2 from both Beacon and Outrider (Figure 2). Relative differences 
between treatments, however, were fairly consistent across sites. By crop heading, between-site differences 
had largely disappeared and patterns of crop safety were similar between sites in both absolute and relative 
terms. In general, the lower rates of Outrider (0.38 and 0.5 oz/ac) applied in the fall had similar safety to 
the Beacon standard (Figure 2). Outrider at 0.76 oz/ac likely had slightly higher crop injury than Beacon at 
heading, which was evident mostly as height reduction and growth stage delay. Split applications of Outrider 
had consistently higher injury than the Beacon standard (roughly 10-15% more, but with considerable 
variability around that estimate). Again, this presented primarily as crop stunting and growth stage delay, 
but with some visible reduction in panicle size as well. Patterns of crop safety were generally consistent with 
differences in observed seed yield.

Kentucky bluegrass yield. Clean seed yield was equivalent to the Beacon standard for fall Outrider at 0.38 
and 0.5 oz/ac, while the 0.76 oz/ac rate resulted in meaningful reduction of seed yield (median reduction 
of nearly 25% across sites, Figure 3). Split applications of Outrider also reduced seed yield, but to a lesser 
degree (median reduction approximately 10 to 15%, depending on rate). In both split Outrider applications 
and 0.76 oz/ac Outrider applied in the fall, maturity was somewhat delayed relative to the rest of the 
treatments. Earlier-than-optimal swathing for these treatments – swathing was done at a single timing based 
on the surrounding field, which corresponded well to the Beacon standard – might explain some of the yield 
reduction relative to the standard, but likely not all.

Discussion. Fall applications of Outrider at 0.38 or 0.5 oz/ac provided levels of crop safety and roughstalk 
bluegrass control comparable to the industry standard Beacon (split application of 0.38 oz/ac in fall followed 
by 0.38 oz/ac in spring). Outrider at 0.76 oz/ac reduced Kentucky bluegrass yield relative to Beacon (by 
as much as ~ 25%, although with considerable uncertainty around that point estimate), but likely with 
somewhat improved control of roughstalk bluegrass. This contrasts with results from 4 trial locations in the 
2020 crop year, in which fall applications at this rate did not detectably reduce clean seed yield (Affeldt and 
Spring 2020). Both Beacon and Outrider are known to have year-to-year variability in activity, presumably 
due to complex and unpredictable interactions with environmental conditions, even with favorable 
weather windows for application in both years. It is assumed that this variability is responsible for differing 
observations between years.                   (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 2019 
and 2020 crop years showed the Group 2 herbicide sulfosulfuron (Outrider, Valent USA) as likely having 
the selectivity and crop safety necessary for this use (Jeliazkova et al. 2019, Affeldt and Spring 2020). Field 
trials were established in newly seeded Kentucky bluegrass stands in Jefferson County for the 2021 crop 
year to replicate these findings, and to generate further data to support a 24c SLN registration package for 
submission to the Oregon Department of Agriculture.

Materials and Methods

Field trials were located in two commercial fields of Kentucky bluegrass grown for seed in Jefferson County, 
Oregon. Stands were established with standard production practices in August 2020. 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). Additional treatments including Outrider at 0.38 and 0.76 oz/ac at a post-
plant-pre-emerge timing resulted in complete stand loss at 1 site, and are not presented in detail here. 
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 1 site, and was generally in the 3-6 tiller stage at the time of application. Spring applications were made 
in mid-April, after the first irrigation of the season. Crop injury was rated in late April and again in June (at 
Kentucky bluegrass heading) 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 (stationary thresher and air screen cleaner), 
to clean seed yield at 21-23lb/bu and approximately 98% purity. Data figures were generated with the R 
package dabestr (Ho et al. 2019). 

Sulfosulfuron (Outrider) for Control of Roughstalk Bluegrass During 
Irrigated Kentucky Bluegrass Stand Establishment
John Spring and Rich Affeldt
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This observed variability is a valuable measure in itself, and can be interpreted as representing the range 
of likely outcomes that can be expected from year to year. Split applications of Outrider (fall followed 
by spring) reduced Kentucky bluegrass seed yield approximately 10% (compared to approximately 20% 
reductions in 2020 trials), but provided consistently better control of roughstalk bluegrass than the Beacon 
standard (both years).

Outrider appears to offer an agronomically suitable substitute to Beacon1 for control of roughstalk bluegrass 
in seedling Kentucky bluegrass. Across trial years, fall applications of Outrider at 0.38 or 0.5 oz/ac provided 
good crop safety2, and offered levels of roughstalk bluegrass control broadly comparable to Beacon in most 
locations. Fall applications of 0.76 oz/ac Outrider gave equivalent to slightly improved control across trial 
years, but at the cost of higher potential for crop yield loss. This potential ranged from year to year; from 
no yield loss to as much as ~25% yield reduction. Split (fall followed by spring) applications of Outrider 
provided consistently better control of roughstalk bluegrass than Beacon, but at the cost of consistently 
reduced Kentucky bluegrass yield (approximately 10 to 20%, depending on year). Beacon and Outrider will 
both require supplemental hand-hoeing for full control of roughstalk bluegrass in most fields. In general, fall 
applications of Outrider at 0.38 to 0.5 oz/ac are the most conservative option for fields with light roughstalk 
bluegrass pressure. Increasing fall application rate to 0.76 oz/ac may improve weed control, but has potential 
for yield reduction that may or may not be realized in any given year. In fields with heavy roughstalk 
bluegrass pressure, economic loss will undoubtedly be sustained either from excess cleaning losses or from 
herbicide damage, and planned split applications are likely the best treatment option.

At the time of writing, an application for a Special Local Needs 24c label allowing use of Outrider in seedling 
and established irrigated Kentucky bluegrass grown for seed in Oregon has been submitted to the Oregon 
Department of Agriculture. It is hoped this label will be accepted as early as mid-year 2022, but this is 
pending final review and approval from ODA and EPA. 

1 As many readers are likely aware, the active ingredient primisulfuron has been acquired by Gowan 
Company, with plans to resume production of Beacon. Unfortunately, even after primary manufacture 
resumes (which has not occurred at the time of writing), the process of re-labeling Beacon for use in 
Kentucky bluegrass is anticipated to take at least 3-5 years. During this time, Outrider should serve as a 
useful substitute. When Beacon does [hopefully] return to the market, it is anticipated that both products 
will continue to offer utility to Kentucky bluegrass seed producers. Slight differences in activity between 
the two products mean that they will likely be able to fill complementary niches within the marketplace, 
particularly as industry use and further research better defines relative strengths and weaknesses of each 
product.

 2 While an application for 24c SLN labelling for use of sulfosulfuron in Kentucky bluegrass has been made 
to the ODA, Outrider is not currently registered for use in Kentucky bluegrass, and is being evaluated on an 
experimental basis only under appropriate experimental use permits.  Mention of sulfosulfuron use in the 
context of this trial is not to be considered a recommendation for commercial use or non-permitted testing 
in any manner.
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Figure 1. Roughstalk bluegrass (P. trivialis) presence at Kentucky bluegrass heading. Presence rated 
on a categorical scale from 0 to 3, with no plants at 0 and highest density at 3. Plot on left shows raw 
data for 4 replicate plots (points), plus mean and standard deviation (bars). Plot on right shows median 
difference from midpoint (median) of Beacon reference treatment. Black bars are nonparametric 
95% confidence intervals and grey curve is sample error distribution for interval. Positive median 
difference values indicate more roughstalk bluegrass present per plot than in the Beacon standard, 
and negative values indicate fewer.

Figure 2. Kentucky bluegrass injury from herbicide treatments at second node and heading growth 
stages. Injury on a 0 to 100% scale with no injury at 0 and complete plant death at 100%. Plot on 
left shows raw data for 4 replicate plots (points), plus mean and standard deviation (bars). Plot on 
right shows median difference from midpoint (median) of Beacon reference treatment. Black bars 
are nonparametric 95% confidence intervals and grey curve is sample error distribution for interval. 
Positive median difference values indicate more crop injury than the Beacon standard, and negative 
values indicate less.
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Figure 3. Kentucky bluegrass clean seed yield (21-23 lb/bu and ~98% purity). Plot on left shows raw 
data for 4 replicate plots (points), plus mean and standard deviation (bars). Plot on right shows median 
difference from midpoint (median) of Beacon reference treatment. Black bars are nonparametric 
95% confidence intervals and grey curve is sample error distribution for interval. Positive median 
difference values indicate higher yield than from the Beacon standard, and negative values indicate 
lower yield.
 

Crop Safety of PRE- and POST-Emergence Applications of 
S-Metolachlor on Carrots Grown for Seed in Central Oregon
John Spring

Introduction 

 S-metolachlor is a pre-emergent herbicide (Group 15, VLCFA-inhibitor) which has a current 24c SLN label 
for use in carrot in Oregon as Dual II Magnum (OR-060012), and no restrictions against use in seed carrot. 
Despite availability, S-metolachlor has not been used extensively in central Oregon carrot seed production, 
and questions remain regarding patterns of crop safety and efficacy in this use. 
 
The current OR 24c label that includes carrots allows only post-plant-pre-emergence application timing at 
a relatively low maximum use rate of 0.64 lb ai/ac (compared to a midrange labeled rate of 1.6 lb ai/ac in 
corn, for example).  The inbred parent lines that comprise the majority of seed production in central Oregon 
are often more sensitive to stresses – including herbicides – than the hybrid varieties they produce, and 
there is concern about possible crop injury when used as labelled in hybrid parent lines. Additionally, there 
is considerable interest in evaluating herbicides that might be used at early post-emergent timings, just prior 
to application of winter protection paper, or at lay-by. If feasible, these applications timings might better 
align with currently unmet weed control needs in carrot seed production, and with germination patterns of 
groundsel and other problematic weeds.  
 

A field trial was conducted at COAREC over the 2021 growing season to provide initial evaluation of 
S-metolachlor applied to carrots grown for seed at several rates at post-plant-pre-emerge, early post-emerge, 
and pre-paper application timings. 

 
Materials and Methods 

A field trial was established in mid-August under overhead sprinkler at COAREC. The inbred female line 
49-1 was drilled on 8/14/20 in a solid planting block (i.e. no male sets or blank rows) on 30” row spacing 
at 10lb/ac. With the exception of planting pattern, crop management followed typical practice, including 
application of labeled herbicides at typical timing. The trial was arranged in a randomized complete block 
design with 4 replicates and individual plot size of 10’x30’. Experimental applications of S-metolachlor 
(Figure 1) were made using a C02-powered backpack sprayer calibrated to deliver coarse spray droplets at 
15 gpa. S-metolachlor was applied at 1x, 2x, and 3x the labelled rate for carrots (11, 22, and 33oz/ac Dual 
II Magnum, respectively) at each of three timings: post-plant-pre-emerge, early post-emergence (2 leaf 
carrots), and immediately prior to installation of winter protection paper. Application dates were 8/17/20 
(pre-emerge), 9/9/20 (early post), and 11/2/20 (pre-paper). The first 2 applications were incorporated with 
sprinkler irrigation within 3 days. Winter paper was installed over plots on 11/4-6/20, and removed 3/25/21. 
Evaluations included stand counts, visual estimation of crop injury, and counts of emerged weeds. Weeds 
were counted between the 2 rows in the center of each plot (30” wide x 30’ long). Plots were terminated in 
mid-April 2021. 
 

Results and Discussion 

Post-plant-pre-emerge application of Dual II Magnum at the currently labeled rate of 0.67 pint (11 oz)/ac did 
not reduce carrot stand establishment, but 2x and 3x rates (22 and 33 oz/ac, respectively) applied pre-plant 
did reduce stands (Figure 1).  Crop injury appeared limited to death before or at emergence, however, and once 
individual carrot plants had successfully emerged no visible response to herbicide treatment was detected at any 
time during the course of the trial.         
With the recently emerging practices of using drip irrigation for carrot stand establishment (which precludes 
cultivation), and in strip tilling carrots into bluegrass sod (also preventing cultivation), the availability of 
                    (Continued on page 10)
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Figure 1. Carrot stand density on 10/20/2021 after applications of S-metolachlor at post-plant-pre-
emerge and early post (2 leaf) stages. (Approximately 8 and 4 weeks after each application timing, 
respectively.) Pre-paper applications had not been made at time of evaluation and are not included. 
Each point represents mean carrot stand density (plants per foot of row) within an individual plot. 
Considerable variability is evident from plot to plot, not atypical of carrot production. 

 
 

Figure 2. Density of weed species present immediately after removal of winter protection paper on 
3/25/2021. Weed densities were extremely low in treatments that were not covered with paper over 
the winter, and are not shown. Each point represents mean weed density (plants per square foot) 
within an individual plot.

additional pre-emergent herbicides may be more valuable than in traditional systems that use mechanical 
cultivation for weed control, and do not install drip irrigation until later in the spring following establishment. 
 
Early post-emergent applications (made at 2 true leaf stage) did not reduce stand establishment relative 
to the nontreated check (Figure 1), and produced no visible crop response or injury at any rate tested 
through the entire course of the trial (data not shown). Weed emergence was negligible across the trial area 
through the fall of 2020, so no informative evaluation of weed control activity was possible for the first two 
application timings. 
 
Applications made immediately prior to installation of winter protective paper (‘pre-paper’) occurred after 
stands were thinned by hand-hoeing, so were not evaluated for possible effect on stand density. As early 
post-emergent applications had no effect on stand density, it is presumed that these later applications made 
to larger carrots (6-8 leaves) would have similarly good safety. Also similar to earlier applications, no visible 
crop response of treated carrot plants was observed at any time through the trial. While weed emergence 
remained negligible in uncovered plots over the winter and early spring, those that were covered by winter 
protection paper had meaningful emergence of some weed species (Figure 2). While no tested rate provided 
high-level control of weeds, there appeared to be a trend toward reduced density of prickly lettuce and 
tumblemustard with increasing rate of S-metolachlor at the time winter protection paper was removed in 
late March. Groundsel and marestail were present at much lower densities that cannot be interpreted with 
high confidence, but showed no apparent response to herbicide treatments (Figure 2).  
 
Currently labeled post-plant-pre-emergence applications of Dual II Magnum at 11 oz/ac provided acceptable 
crop safety on a common hybrid carrot female parent line, but higher rates (2X and 3X the labelled 
rate) resulted in reduced stand establishment. Post-emergent, broadcast (over the top) applications of 
S-metolachlor demonstrated uniformly excellent crop safety when applied on or after the 2-leaf stage of 
the carrot crop at rates up to 1.9 lb ai/ac (33 oz/ac Dual II Magnum). Utility of S-metolachlor for control of 
groundsel and other problem weeds is still unclear, however. Further evaluation of crop safety and weed 
control spectrum of both pre- and post-emergent S-metolachlor in carrots grown for seed in Central Oregon 
is certainly warranted by these results. 
 
Most uses and rates of S-metolachlor mentioned in this report are not currently registered for use in carrot seed 
production and are being evaluated on an experimental basis only, under appropriate experimental use permits.  
Mention of S-metolachlor use in the context of this trial is not to be considered a recommendation for commercial 
use or non-permitted testing in any manner. 
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New Herbicides in Sequential Fall Programs for Downy Brome Control 
in Established Kentucky Bluegrass
John Spring and Darrin Walenta

Introduction

Downy brome is a particularly problematic weed in Kentucky bluegrass (KBG) seed production. Any single 
application of currently labelled herbicide(s) usually does not give acceptable downy brome control over 
the course of a growing season. As a result, current control strategies rely on a program of coordinated, 
sequential herbicide applications made through the fall. Even sequential programs do not provide entirely 
reliable control of downy brome, and expensive hand rogueing is often required to supplement herbicide 
programs. Additional herbicide options are needed for improved control of downy brome and other 
grass weeds in KBG seed production. Several relatively new active ingredients may offer potential to 
improve downy brome control in established KBG, but require preliminary evaluation of efficacy and crop 
safety before full development efforts are warranted. The active ingredients included in this project are 
pyroxasulfone, indaziflam, and sulfosulfuron.

Pyroxasulfone is a pre-emergence herbicide in Group 15 (VLCFA-inhibitor) with broad-spectrum activity on 
many annual grasses and broadleaves, moderate longevity, and generally good safety in a range of crops. 
Experience in wheat and other crops indicates typically moderate stand-alone efficacy on downy brome, 
and good to excellent efficacy on rattail fescue. Pyroxasulfone has recently received labelling for use in 
established stands of certain cool-season grasses grown for seed in Oregon as both Zidua® and Fierce® 
(a premix with flumioxazin), but these registrations do not include KBG. Initial testing of flumioxazin + 
pyroxasulfone in the Grande Ronde Valley of northeastern Oregon resulted in potential crop injury from this 
combination of active ingredients in established KBG (Walenta 2016).

Indaziflam is a relatively new herbicide with a unique activity profile and mode of action (Group 29, cellulose 
biosynthesis inhibitor). It is currently labeled as Alion® for crop uses (including several species of cool-
season grass grown for seed, but not KBG), and as Rejuvra for use in rangeland. Activity is strictly pre-
emergent, but provides broad spectrum control of most emerging seedlings, along with excellent safety 
when applied over the top of established perennial plants.  The particularly unique aspect of indaziflam 
is its high longevity in soil, where it has been shown to provide nearly complete control of all germinating 
seedlings for as long as 2 to 3 years following a single application. Efficacy is generally excellent on downy 
brome and other winter annual grasses. Limited testing of indaziflam applied after harvest to established 
KBG demonstrated good crop safety in the Grande Ronde Valley in northeastern Oregon (Walenta 2016), 
but weed pressure in that test was inadequate to determine control of downy brome in irrigated KBG.

Sulfosulfuron (Outrider®), a Group 2 herbicide, is, at the time of writing, under consideration by the Oregon 
Department of Agriculture for 24c SLN registration in Kentucky bluegrass grown for seed. In general, it is 
fairly similar to Beacon (primisulfuron), which has been widely used in KBG production for decades, but is no 
longer available. Sulfosulfuron is labelled for control of downy brome in winter wheat (currently as Outrider, 
and historically as Maverick®), and should provide control of downy brome in KBG as well.

The objective of this project was to evaluate the crop safety and downy brome control of pyroxasulfone 
(Zidua), indaziflam (Alion) and sulfosulfuron (Outrider) when applied as part of a fall sequential herbicide 
program in established, irrigated KBG grown for seed.

Materials and Methods

Field trials were established after harvest in the fall of 2020 at 2 locations, one in central Oregon near 

Culver, and one in northeast Oregon near Cove. The trial near Cove was established in a 3rd year stand 
of ‘NuBlueII’ under center pivot irrigation on a loam soil. Unfortunately, the downy brome population 
anticipated at the Cove location did not materialize in adequate density to fully evaluate. The trial near 
Culver was established in a second year field of ‘Rythym’ in a loam soil under wheel line irrigation, in a 
portion of the field which had high downy brome pressure the previous year. A randomized complete block 
design was used, with 4 replicates and an individual plot size of 10’x25’ in central Oregon, and 8’x25’ in 
northeast Oregon. Herbicides (Table 1) were applied with a CO2 powered backpack sprayer calibrated to 
deliver 15 or 21 gpa. Applications were made at 2 times: pre-emerge (PRE) and early post. Pre-emerge 
applications were made on 9/14/20, after completion of propane flaming and residue preparation but 1-2 
days before the first irrigation of the fall. Early post applications were made on 10/9/20 when emerged 
downy brome was in the 2-4 leaf stage. Typical practice in Central Oregon would also include an application 
of terbacil (Sinbar) in early winter if rotational considerations allow, but this was eliminated to allow better 
evaluation of experimental treatments. Crop safety and weed control were estimated visually at intervals 
throughout the season on a percent scale from 0 to 100, with no effect at 0 and complete plant death at 
100. At downy brome heading, frequency was also evaluated. This was done on a presence/absence basis 
in each individual 6”x8” cell of a 3.5’x16’ grid placed in the center of each plot (cells 6” wide x 8” deep, 
arranged in a grid array 7 cells wide x 24 deep). At crop maturity, a 6’ by 23’ portion of each plot was 
swathed, allowed to dry in the field for 4 days, and threshed with a plot combine. Samples were further 
processed with experimental scale cleaning equipment (stationary thresher and air screen cleaner), to clean 
seed yield at 19 lb/bu and approximately 98% purity. A severe heat event including daytime highs in excess 
of 105 F for several consecutive days during seed fill dramatically reduced bushel weight and seed yield from 
typical levels.

Results and Discussion

The two “industry standard” treatments included in the trial (Trts. 1 and 2, Table 1) provided similarly good 
levels of crop safety in central Oregon, but tank-mixing Prowl + Outlook at the pre-emergence timing gave 
better control of downy brome than a higher rate of Prowl (80oz/ac) alone. In northeast Oregon downy 
brome populations were inadequate density to fully evaluate, but no crop injury was evident from either 
treatment at any time during the trial (data not shown).

When applied by itself at both PRE and POST timings in central Oregon, Zidua had good crop safety, but 
provided poor control of downy brome at the PRE application timing (Figure 1). (As a solely pre-emergent 
herbicide, it was not expected to provide any control when applied after downy brome emergence.) When 
tank mixed with Prowl at a pre-emergence timing, good control of downy brome was obtained, but with 
unacceptably high crop injury. When Zidua was applied in a post-emergence tank mix, crop injury was 
variable but included severe crop injury in the range of responses. In northeast Oregon, no crop injury was 
observed the spring following application of any treatment including Zidua (data not shown). In contrast, 
previous testing of pyroxasulfone + flumioxazin in northeast Oregon did cause considerable crop injury 
(Walenta 2016). The driver behind the inconsistency of crop injury is not known, but suggests that 
pyroxasulfone may be relatively low priority for further evaluation in KBG seed production.

Whether applied alone or in tank mixes and at either application timing, Outrider had acceptable crop safety 
in central Oregon, with injury levels similar to or slightly higher than Beacon (Figure 1). Downy brome control 
at pre-emergent application timings was poor, which is consistent with most reports of sulfosulfuron used 
in wheat and other registered crops.  When applied post-emergent, downy brome control with Outrider was 
roughly similar to that obtained with Beacon. Efficacy likely would have been improved for both products 
if applied slightly earlier, at the 1-2 leaf stage of downy brome. No crop injury was observed in treatments 
containing Outrider in northeast Oregon the spring following application (data not shown).

Alion provided very good control of downy brome in central Oregon when applied pre-emergence, 
(Continued on page 14)
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Table 1. Experimental herbicide treatments for control of downy brome in established Kentucky 
bluegrass, plus “industry standard” comparisons (treatments 1 and 2).

Figure 1. Crop injury and downy brome frequency in central Oregon in early May, with Kentucky 
bluegrass at 2nd node emergence/early node elongation stage, and downy brome in late boot to early 
heading stage. Crop injury on a percent scale from 0 to 100, with no effect at 0 and complete plant 
death at 100. Frequency expresses proportion of plot area occupied by heading downy brome plants, 
with none at 0 and complete coverage at 1. Each point represents an individual plot, with 4 replicate 
plots per treatment.
 

(Continued on page 16)

particularly when tank-mixed with other herbicides (Figure 1). When applied after downy brome emergence, 
Alion did not contribute to brome control, as expected for a strictly pre-emergent herbicide. Crop safety was 
acceptable for most treatments including Alion in central Oregon, but injury increased to excessive levels 
for pre-emergence Alion + Prowl followed by Outrider + Goal, suggesting that tank mixes including Alion 
at this timing may need to be chosen with care to avoid excessive crop injury (Figure 1). No crop injury was 
observed in treatments containing Alion in northeast Oregon the spring following application (data not 
shown). Alion appears to offer considerable potential for control of downy brome in established Kentucky 
bluegrass, but much development work remains to determine crop safety of potential tank-mixes, and to 
define optimal patterns of use.

Unfortunately, an extreme heat event occurred during the seed fill period of this trial, which is thought to 
have greatly reduced utility of seed yield data. Several consecutive days with daytime highs exceeding 105 
F occurred at the end of anthesis/early seed fill, after which normal crop progress towards maturity was 
visibly stalled for 2-3 weeks. Yields were dramatically reduced relative to expectations for the variety (a 
late, elite turf-type with already low yields), and the highest bushel weight obtainable from cleaned samples 
was low, at only 19lb/bu. Considerable within-treatment variability was also present, further complicating 
interpretation. Thus, while yield data are included for completeness of presentation (Figure 2), the reader is 
urged to use extreme caution in making any interpretations. 

Pyroxasulfone, indaziflam, and sulfosulfuron are not currently registered for use in Kentucky bluegrass seed 
production and are being evaluated on an experimental basis only, under appropriate experimental use permits.  

Mention of these active ingredients in the context of this trial is not to be considered a recommendation for 
commercial use or non-permitted testing in any manner.
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Figure 2. Clean seed yield for experimental treatments in central Oregon. Yields are much lower than 
typically expected (due to extreme heat event during seed fill), and large within-treatment variation is 
also evident. Data included for completeness of presentation, but the reader is urged to use extreme 
caution in making any interpretations based on yield data.  
 

Introduction

The number of herbicides registered for use in peppermint oil production is relatively small. Registration of 
new active ingredients is highly desired by the industry, both for control of a broader range of weed species, 
and for pro-active herbicide resistance management via multiple-mode-of-action tank mixes. Additionally, 
as the long-term availability of paraquat (e.g. Gramoxone) becomes increasingly doubtful, a replacement 
is needed for this important component of dormant season herbicide programs in mint. As part of larger, 
statewide efforts to test experimental herbicides and develop data to support eventual registration of 
successful chemicals for use in Oregon peppermint, a field trial was conducted in irrigated peppermint in 
Central Oregon to evaluate the experimental herbicides, saflufenacil, tiafenacil, tolpyralate, and fluroxypyr 
under local field conditions, as well as the recently labeled herbicide pyroxasulfone. Saflufenacil (Sharpen) 
and tiafenacil (Reviton) and are both Group 14 (PPO-inhibitor) herbicides with contact burndown activity 
on broadleaf weeds, and potential to partially replace paraquat. Tolpyralate (Shieldex) is a Group 27 (HPPD-
inhibitor) systemic herbicide with broadleaf activity. Fluroxypyr is a Group 4 (synthetic auxin) herbicide with 
systemic activity on a wide range of broadleaf weeds and a use history suggesting potential crop safety in 
peppermint. Pyroxasulfone (Zidua) is a Group 15 (VLCFA-inhibitor) with pre-emergent activity on a range of 
grass and broadleaf weeds.

Materials and Methods

A field trial was established for the 2021 growing season in a 3rd year stand of peppermint on a loam 
soil under wheel line irrigation near Madras, OR. 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 late dormant mint on April 6, 2021, and a 
second set of treatments was applied to 4” height of spring mint regrowth on May 26. Weed control was 
estimated at 2 and 4 weeks after application, and crop injury at 2 and 4 weeks after treatment (WAT), and 
immediately prior to swathing on July 30, 2021. Weed species emerged at time of dormant treatments was 
tumblemustard, and marestail (horseweed) for spring regrowth treatments. At 4 WAT, weeds were hoed 
and plots maintained weed free for remainder of the growing season. Assessments were made on a percent 
scale ranging from no visual effect of treatment at 0, to complete plant death at 100. At approximately 10% 
flowering, a 6’x18’ 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 6” chipper-shredder before distilling for 
oil yield using the small-scale stills at the OSU Hyslop farm in Corvallis. Due to field harvest logistics, only 
3 replicates were harvested for oil yield. 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 yield data were subjected to analysis of variance 
in base R, followed by separation with Tukey’s multiple comparison in lsmeans.

Results and Discussion

Addition of pyroxasulfone (Zidua) to dormant-applied paraquat did not increase visible crop injury relative 
to paraquat alone, but final oil yields varied between similar treatments including pyroxasulfone (3 and 
4). As pyroxasulfone has shown generally good crop safety in registration trials, it is suspected that this 
variability represents uncontrolled error rather than true crop injury from pyroxasulfone. Unfortunately, 
patterns of weed germination in the trial did not allow for good evaluation of the pre-emergence activity of 
pyroxasulfone.                     (Continued on page 18) 

Crop Safety and Weed Control of Pyroxasulfone, Saflufenacil, 
Tiafenacil, Tolpyralate, and Fluroxypyr in Central Oregon Peppermint
John Spring
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Table 1. Weed control, peppermint injury, and peppermint oil yield for experimental and reference 
herbicide treatments in irrigated Central Oregon peppermint in 2021.

Saflufenacil (Sharpen) gave slightly improved burndown of tumblemustard relative to paraquat at 2 weeks 
after treatment (WAT), and in combination with oxyfluorfen (Goal) at 4 WAT also. Control of tumblemustard 
with saflufenacil alone was similar to paraquat at 4 WAT. Initial crop injury was also higher with saflufenacil, 
but declined over the course of the growing season and was negligible by swathing. Oil yield was not 
reduced with saflufenacil.

Tiafenacil (Reviton) provided impressive burndown of dormant season weeds, although with correspondingly 
higher early season crop injury as well. By swathing, injury was minimal, and oil yield was not reduced by 
dormant season tiafenacil. Tiafenacil applied to 4” mint regrowth was highly injurious to the crop, and 
substantial injury remained by swathing, along with slight numerical reductions in oil yield. Weeds treated at 
the later, 4” mint regrowth timing were able to resume growth almost immediately following treatment, and 
control was poor as a result.

Tolpyralate (Shieldex) applied to dormant mint resulted in moderate crop injury that had recovered by 
swathing, and somewhat reduced oil yields. Tolpyralate applied to mint regrowth resulted in fairly severe 
crop injury that remained at meaningful levels at swathing, and numerically reduced oil yields.  Control of 
large tumblemustard plants with tolpyralate was poor, but fairly good control of marestail was observed with 
the later application.

A tank-mix of tiafenacil + tolpyralate gave good tumblemustard control at the dormant timing, but poor 
control of marestail at the later application timing. Visible crop safety was similar to tiafenacil alone at both 
application timings, but reduction of oil yield was inconsistent. Particularly the later application timing had 
a higher oil yield than might be expected given the fairly high degree of crop injury present at swathing. The 
reason for this erratic behavior is unknown.

Fluroxypyr (Starane) provided excellent control of both tumblemustard and marestail, and with little visible 
crop injury. Oil yields were numerically reduced at both application timings, but this was statistically 
significant only for the dormant application. The rate of fluroxypyr used in the trial (0.25lb ae/ac) is 2X the 
anticipated use rate being investigated by current IR4 project protocols, so improved crop safety is likely at 
the [lower] intended use rate of 0.125lb ae/ac, and will be included in future trials in central Oregon.
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Materials and Methods

Field trials were located in two commercial stands of KBG seeded in mid-August 2020, one in Jefferson 
County near Madras OR, and one in Union County near La Grande OR. The Madras site was in a stand of 
‘Wildhorse’ under wheel line irrigation. In La Grande, the trial was located in a stand of ‘Midnight SLT’ under 
center pivot irrigation. Trials were established in a randomized complete block design with 4 replicates 
and an individual plot size of 10’x30’ (Madras) or 8’x25’ (La Grande). Indaziflam was applied as Alion at 
1, 2, and 3 oz/ac at each of 3 growth stages of KBG using CO2 powered backpack sprayers delivering 15 
or 21 gallons per acre. Growth stages were 3-5 leaf, 3-5 tiller, and 10+ tiller size. Applications were made 
in Madras 9/28/20, 10/15/20, and 3/10/21, and in La Grande 9/10/20, 10/1/20, and 4/2/21. Sites were 
chosen to be weed-free. Crop injury was rated on a percent scale from 0 to 100, with no effect at 0 and 
complete plant death at 100 at intervals throughout the season. At 2nd node emergence in the spring (prior 
to canopy closure during stem extension), green canopy area was measured in each plot from nadir photos 
made from a constant height with a digital camera and monopod using Canopeo in Matlab. At crop maturity, 
a 6’ wide swath in the center of each plot was windrowed with experimental scale swather, and allowed to 
dry in the field prior to threshing with a plot combine. Seed was then re-threshed with a stationary thresher, 
and cleaned with small air-screen cleaner to a final weight of 21-23lb/bu and approximately 98% purity for 
calculation of clean-seed yield. 

Results and Discussion

Indaziflam applied at the 3-5 leaf stage of Kentucky bluegrass was clearly unsafe at both sites (Figure 1). In 
La Grande, this application timing resulted in almost complete stand loss at the 2 and 3 oz/ac rates, and 
more than 50% yield reduction at the 1 oz/ac rate. In Madras, yield reductions were not quite as severe, but 
still clearly unacceptable at higher rates. At both sites, a pattern of increasing damage with rate was evident. 
In La Grande, application of indaziflam less than 12 hours before irrigation is thought to be the cause of the 
much more severe damage observed at this site relative to Madras. Indaziflam is known to require 24-48 
hours of binding time on dry soil to prevent leaching into the crop root zone and subsequent crop damage.  
Application timing in Madras provided the 48 hour binding window on dry soil, reducing the degree of crop 
damage. Regardless, this application timing does not appear to offer reliable crop safety at any rate tested. 
 
Indaziflam applied at the 3-5 tiller stage slightly reduced crop canopy at the 2nd node stage in Madras, 
and resulted in no apparent reduction in La Grande. Seed yield was reduced at both locations, with a trend 
toward increasing yield loss with increasing indaziflam rate. High variability between replicates precludes 
estimation of this reduction with high confidence, but it appears to be on the order of 200-400 lb/ac clean 
seed lost, depending on rate. In some fields, the potential for this magnitude of yield loss might be an 
acceptable trade-off for the improved grass weed control anticipated from indaziflam. Considerably more 
corroborating data are required from further field trials before conclusions can be made with confidence. 
 
Indaziflam applied in the spring around the time of crop green-up (10+ tiller growth stage) and 2-4 weeks 
before the first irrigation of the year appears to provide good crop safety. In Madras, a pattern of slightly 
reduced yields with increasing indaziflam rate is evident, but clean seed yield at the 1 and 2 oz/ac rates 
appear equivalent to the nontreated check, with possible reduction at 3 oz/ac. Again, high variability 
between replicates within individual treatments (and particularly the nontreated check in Madras) cautions 
against overly confident interpretation of differences between treatments. In La Grande, seed yield at all 
rates of Alion applied at this timing appear equivalent to the nontreated check.       
                
Overall, it appears that indaziflam has potential utility in seedling stands of KBG and warrants further 
investigation. Additional testing in a wider range of production environments is required before any reliable 
conclusions can be made regarding this use pattern, in particular for earlier application timings. 

 (Continued on page 22)

Introduction

Grass weed control is a consistent challenge in Kentucky bluegrass (KBG) seed production. While herbicides 
are available for grassy weed control in both seedling and established KBG, currently labeled products 
generally provide less than adequate control when applied alone, therefore requiring sequential applications 
of herbicide tank mixes in order to achieve acceptable control of problem grassy weeds. Even with sequential 
herbicide application programs, failure to achieve acceptable control is fairly common, and several widely 
used products also have potential for crop injury and/or potential carryover injury to rotational crops. 
 
Indaziflam is a relatively new herbicide with a unique activity profile that may have potential to improve 
weed control in KBG seed production. It is currently labelled as Alion® (Bayer Crop Science) for crop 
uses, including orchard production and in established stands of several perennial grasses grown for seed 
in Oregon (although not for KBG), and as Rejuvra® and Esplanade® (Bayer Environmental Science) for 
use in rangeland and other non-crop areas with perennial grasses. Indaziflam is a pre-emergent herbicide 
with broad-spectrum weed control activity and excellent safety on established perennial plants. Indaziflam 
has been shown to provide good pre-emergence control of many annual broadleaf and grassy weeds in 
rangeland (including cheatgrass and medusahead) for 2 to 3 years following a single application (Sebastian et 
al. 2016), along with excellent safety on established perennial grasses. In cool season grass seed production 
in Oregon, good crop safety has been achieved in established stands of several species in western Oregon 
(e.g. Cutis et al. 2013). Adequate safety has also been shown on well-established seedling perennial 
ryegrass in western Oregon (Curtis et al 2016). Initial testing of Alion applied after harvest to established 
bluegrass demonstrated acceptable crop safety in the Grande Ronde Valley in northeast Oregon (Walenta 
2016). However, the typical after-harvest application window has several challenges. Ash, carbon, and any 
crop residue remaining after burning or flaming can tie up pre-emergence herbicides and reduce activity. 
Herbicides also require properly timed and adequate irrigation and/or precipitation for activation prior to 
weed emergence, and to maintain activity during extended windows of weed germination and emergence. 
If adequate moisture is not available during this time frame, weed control with pre-emergent herbicides is 
greatly complicated. Additionally, the long residual activity of indaziflam may pose carryover concerns to 
rotational crops if used later in the life of a stand. 
 
If crop safety is adequate, application of indaziflam shortly after stand establishment has potential to 
substantially improve grass weed control in both fall and spring planted KBG. Application conditions are 
generally more favorable at this time than in established stands (particularly post-harvest), both for uniform 
coverage and for herbicide activation and prolonged activity. The long residual activity of indaziflam means 
that a single application has potential to provide durable pre-emergence grass weed control into following 
years of the stand. Making applications as soon after KBG emergence as possible would provide the best 
weed control with indaziflam, but there likely is a minimum seedling size required for adequate crop safety. 
While safety of indaziflam on well-established perennials has been thoroughly demonstrated, evaluation of 
indaziflam safety on perennial grass seedlings are very limited, and no information exists for seedling KBG in 
central or eastern Oregon. 
 
The objective of this project was to evaluate the crop safety of indaziflam applied at early crop growth stages 
during stand establishment of irrigated Kentucky bluegrass grown for seed in central Oregon (Jefferson 
county) and in the Grande Ronde Valley in northeast Oregon (Union county). 

Indaziflam in Kentucky Bluegrass Stand Establishment for Long-
Duration Grass Weed Control in Central and Eastern Oregon
John Spring and Darrin Walenta
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To this end, duplicate trials have been established in new Kentucky bluegrass seedlings at 2 sites (Central 
and NE Oregon) for the 2022 crop year. 

 
Note: Indaziflam is not currently registered for use in Kentucky bluegrass seed production and is being evaluated on 

an experimental basis only, under appropriate experimental use permits.  Mention of indaziflam in the context of 
this trial is not to be considered a recommendation for commercial use or non-permitted testing in any manner. 
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Figure 1. Canopy cover (measured as % green area) of Kentucky bluegrass at 2nd node growth stage in 
late April, and clean seed yield (21-23lb/bu, ~98% purity) for experimental treatments of Alion applied 
to seedling stands. Each point represents an individual plot, with 4 replicate plots per treatment at 
each site.
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Can Honeybees Become Contaminated by Xanthomonas hortorum pv. 
carotae, Causal Agent of Bacterial Blight of Carrot?
Jeremiah Dung, Jeness Scott, Heike Williams, and Ramesh Sagili

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 wereto: 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

Objective 1. Forty honeybees were sampled from each of three hives in 10 carrot seed crop fields during 
the 2019 and 2020 growing seasons. Forty honeybees were sampled from each hive at the beginning of 
the pollination period and at the end of the pollination period, which was based on bee presence. 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. 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 honeybee washate and subjected to viability 
quantitative PCR (qPCR).  
 
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 and viability qPCR 
as described above. Correlations between Xhc levels on bees at the beginning and end of pollination, as well 
as between background levels of Xhc in the field and on the bees, will be determined in SAS. 
 
Conditioned seed samples from six of the 10 fields in which honeybees were collected in Objective 
1 have been provided by the research cooperator; the remaining four seed lots will be provided once 
they are conditioned. Three 10-gram subsamples of seed from each sample was subjected to seed wash 
assays and viability qPCR similar to those conducted on bees in Objective 1. The association between Xhc 
contamination on honeybees and pathogen levels in harvested seed lots was determined using correlation 
analysis in SAS.

Results and Discussion

Pre-pollination. In 2019, 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. 1). The pathogen 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. 1).  

In 2020, Xhc was detected on honeybees from 21 out of 30 hives sampled at the beginning of pollination, at 
populations ranging from 6.3 x 100 Xhc/bee to 3.9 x 103 Xhc/bee and a mean of 3.7 x 102 Xhc/bee (Fig. 2). 
The pathogen was detected on male-sterile plants in 9 of 10 fields and on male-fertile plants in all 10 fields, 
with Xhc levels ranging between 8.3 x 103 Xhc/g leaf tissue to 7.2 x 107 Xhc/g leaf tissue (Fig. 2). 

Post-pollination. The bacterial blight pathogen was detected on honeybees from 28 out of 30 hives sampled 
at the end of the 2019 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. 1). Xhc 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. 1). 
Xhc was detected on honeybees from 27 out of 30 hives sampled at the end of the 2020 pollination period, 
at levels ranging from 8.1 x 100 Xhc/bee to 1.3 x 103 Xhc/bee and a mean of 1.4 x 102 Xhc/bee (Fig. 2). The 
pathogen was detected on male-sterile plants in 9 of 10 fields and on male-fertile plants in 8 of 10 fields, 
ranging from 3.8 x 105 Xhc/g leaf tissue to 1.6 x 109 Xhc/g leaf tissue (Fig. 2). 

Seed Contamination. Samples of seed from six fields in 2019 were tested and found to harbor between 5.6 x 
104 and 1.2 x 108 Xhc/g seed. Of the five seed lots tested in 2020, all tested positive for Xhc and contained 
between 4.8 x 106 and 4.2 x 107 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 in 2019 (r = 
0.83; P = 0.04), but not in 2020 (r = 0.60; P = 0.24) (Fig. 3). 
T
his study provides the first documentation of contamination of honeybees, an important pollinator of carrot 
seed crops, with the seedborne carrot pathogen Xanthomonas hortorum pv. carotae. Further investigation 
into the potential role of honeybees in the epidemiology of bacterial blight in carrot seed crops may be 
warranted, especially considering that bees are known to serve as vectors of other bacterial plant pathogens. 

On the other hand, honeybees have been explored as delivery agents for biocontrol organisms, which could 
be explored in carrot seed production systems. A better understanding of bacterial blight epidemiology 
during the pollination of carrot seed can enhance IPM-based strategies that will reduce populations of the 
pathogen in seed lots, lessen the need for difficult and costly post-harvest treatments, and minimize the 
rejection of seed lots by markets with low to zero tolerance for Xhc in carrot seed.  
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Figure 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 beginning (top) and conclusion (bottom) 
of pollination in 2019. Mean levels of Xhc detected on male-sterile (triangles) and male-fertile (circles) 
carrot plants from each field are also shown.

Figure 2. Mean levels of Xanthomonas hortorum pv. carotae (Xhc) bacteria detected on individual 
honeybees from three hives(bars) in each of ten fields at the beginning (top) and conclusion (bottom) 
of pollination in 2020. Mean levels of Xhc detected on male-sterile (triangles) and male-fertile (circles) 
carrot plants from each field are also shown.

(Continued on page 28)
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Figure 3. A significant and positive correlation was observed between the amount of Xanthomonas 
hortorum pv. carotae (Xhc) detected on honeybees and levels of the pathogen quantified from 
harvested seed lots in 2019 (top) but not in 2020 (bottom).

Development Of A Field-Deployable Assay For Detecting Ergot Spores 
In Grass Seed Production Systems
Jeremiah Dung, Jeness Scott, and Qunkang Cheng

Introduction

The fungal pathogens Claviceps purpurea and C. humidiphila cause ergot in Kentucky bluegrass, which can 
be a major disease problem in irrigated grass seed production systems of central and eastern Oregon. The 
fungus infects unfertilized flowers of grasses and transforms ovaries into sclerotia, which contain toxic 
alkaloids and infest the seed lot. The disease negatively affects the grass seed industry by reducing yield, 
hindering seed cleaning and certification efforts, and preventing the sale of seed and seed byproducts such 
as screenings and pellets. 

Fungicide applications during flowering, which protect ovaries from airborne fungal ascospores, are an 
important component of the integrated management practices aimed at controlling ergot in grass seed 
production systems. Growers often make multiple fungicide applications during flowering in an effort to 
prevent and control the disease. However, multiple fungicide treatments may not be required in years when 
the disease pressure is minimal, resulting in unneeded expenses for farmers and unnecessary fungicide 
applications into the environment. 

The ability to detect pathogens using DNA-based molecular approaches makes it possible to detect ergot 
spores before disease development and enable more informed management practices based on disease risk. 
A quantitative PCR test has been developed by our team for the detection of Claviceps spores from spore 
traps; however, this method relies on relatively expensive and specialized equipment, which limits its utility 
in the field. Despite this challenge, our research group has produced weekly newsletters to provide growers 
and crop consultants in central Oregon, the Columbia Basin, and the Grande Ronde Valley with disease 
risk potential based on spore counts in commercial and experimental fields. However, sample collection, 
shipment, and processing by professionals is time consuming and limits real-time monitoring and reporting. 
Therefore, a need exists for a rapid, visual, and inexpensive assay for the detection of ergot inoculum in 
the field to enable risk-based decisions by growers regarding whether or not to apply fungicides for ergot 
control.

Recombinase polymerase amplification (RPA) technology is an alternative to traditional PCR-based methods 
but can be performed in the absence of an electricity supply, which increases its utility in field conditions. 
In addition, RPA technology has high sensitivity, requires minimal sample preparation and can have rapid 
amplification at a low reaction temperature (around 104°F). More importantly, RPA assays can be combined 
with a lateral flow dipstick (LFD) to perform visual detection of pathogens in the field. The objective of this 
project was to develop these technologies for in-field detection of ergot spores. With this field-deployable 
technology, growers and field consultants could have the ability to obtain rapid, sensitive and specific real-
time data on ergot spore presence and make more informed, risk-based disease management decisions. 

Materials and Methods

Three DNA extraction methods (NaOH-based, Instagene,  and boil-lysis) were tested using C. purpurea 
spore suspensions containing 1, 10, 100, and 1,000 spores/ml. DNA quantity and quality were measured 
using a fluorometer and spectrophotometer, respectively. The RPA primers and probe were designed to 
target the beta-tubulin gene of C. purpurea according to RPA guidelines and manufacturer’s instructions 
for the Agdia AmplifyRP® Discovery Kit. To determine the optimal conditions for the RPA assay, different 
combinations of reaction temperatures and reaction times were also evaluated. Primers were tested against 
42 Claviceps isolates and 22 spore sampling rods from commercial fields.                     (Continued on page 30)
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In order for the RPA products to be visualized by a LFD, a specific internal probe was designed based on 
the sequence of the selected primer pair. The RPA products were mixed with the dipstick assay buffer, 
transferred to the sample pad of the strip, and running buffer added prior to incubation. DNA amplification 
was observed with the naked eye as indicated by the test line. 

Results and Discussion

RPA primers were designed based on sequence polymorphisms of either the internal transcribed spacer 
(ITS) region or beta-tubulin gene of C. purpurea and C. humidiphila. ITS and beta-tubulin sequences of 
Claviceps species available at the National Center for Biotechnology Information (NCBI) were used for primer 
design. Six RPA primers were designed and screened for specificity and sensitivity through conventional 
and quantitative PCR. The primers were tested against 23 C. purpurea isolates,13 C. humidiphila isolates, 6 
other Claviceps species, 22 rotating-arm samples collected from the field, and 2 non-target fungal species 
(Verticillium dahliae and Fusarium oxysporum). Primers targeting the beta-tubulin gene were selected based 
on their specificity to C. purpurea and C. humidiphila.

A crude boil-lysis DNA extraction protocol (8 min. of boiling in 0.1 M Tris buffer) was selected to extract 
DNA from spore suspension containing 1, 10, 1,000, and 10,000 spores; this method requires no special 
reagents or equipment. The crude DNA extract was then subjected to RPA and the samples were loaded 
onto LFD. The RPA-LFD assay was sensitive to 100 spores/sample, or 2 spores/RPA reaction of both C. 
purpurea (Fig.1) and C. humidiphila. (data not shown) 

The RPA-LDF assay designed in this study, when used in conjunction with inexpensive, field-deployable spore 
traps, could allow growers to perform a rapid, visual and inexpensive (about $5-10 per test) DNA-based test 
to detect ergot spores during the growing season. Risk-based fungicide applications based on the presence 
of inoculum should contribute to more targeted and effective fungicide applications by growers in Oregon 
and fungicide use could be reduced in the absence of inoculum. The assay could be used to detect ergot 
in other important crops, such as cereals and forage, and could be used as a platform for detecting other 
airborne pathogens of grass seed (e.g. powdery mildews and rusts).  In addition, the assay could accelerate 
the detection process for the pathogen in diagnostic laboratories. 

Acknowledgements

This project was funded by the Washington Turfgrass Seed Commission, the Oregon Seed Council, the 
Eastern Oregon Kentucky Bluegrass Working Group, and the Agricultural Research Foundation. 

Figure 1. Detection of Claviceps purpurea spores using Recombinase Polymerase Amplification (RPA) 
coupled with a lateral flow dipstick (LFD). The control band indicates that the LFD is functioning 
correctly. The test band indicates a positive reaction. The RPA-LFD assay was sensitive to 100 spores/
sample, or 2 spores/RPA reaction. NTC: No template control.

Microplot Evaluation of Allium Lure Crops to Reduce Populations of 
White Rot Sclerotia in Infested Soil
Gia Khuong Hoang Hua and Jeremiah Dung

Introduction

White rot is a destructive soil-borne fungal disease that causes substantial yield losses in Allium production 
throughout central Oregon and the western U.S. The disease is caused by Sclerotium cepivorum and fields 
infested with sclerotia of this pathogen are often abandoned from Allium production because of the long 
survival potential of its resting structure called sclerotia in soil. These sclerotia can survive for decades 
in the soil and germinate only in response to volatile sulfur compounds present in Allium root exudates. 
Unfortunately, the germination of only a few sclerotia per quart of soil is sufficient to incite disease. 

Fungicide applications can partially protect Allium crops from white rot. Currently, products containing 
tebuconazole, fludioxonil, and iprodione have been labelled for white rot management in garlic. These 
fungicides are most effective at moderating the disease when they are applied in-furrow at planting. Since 
disease severity is directly related to the levels of white rot sclerotia in soil at planting, white rot can also 
be managed by reducing the density of its inoculum in soil. Several sources of sulfur compounds, including 
powdered garlic, composted onion waste and diallyl disulfide (DADS), have been tested as biostimulants to 
induce sclerotia germination in the absence of Allium crops, causing them to exhaust their energy reserves 
and die. Although these compounds showed varying levels of success, none of them are commercially 
available for white rot management.

The objective of this study was to investigate the potential use of Alliums as lure crops to reduce 
populations of white rot sclerotia in soil. Traditionally, lure crops are planted to attract insect or nematode 
pests from a desired crop, but their use has been more limited for disease control. Our hypothesis was that 
the premature termination of an Allium lure crop would result in the production of a sufficient amount of 
volatile sulfur compounds to stimulate the germination of existing sclerotia in the soil, but also prevent the 
proliferation of new sclerotia in the lure crops. This study also investigated the influence of termination 
methods (chemical vs. mechanical) and in-furrow fungicides on pathogen reproduction on the lure crops.

Materials and Methods

Microplot trials were conducted in 2020 and 2021 in fields naturally infested with S. cepivorum at the 
Central Oregon Agricultural Research and Extension Center (COAREC) in Madras, OR (Fig 1). Soils in these 
fields contained approximately 22 to 26 sclerotia/100 cc. White onion seeds (A. cepa cv. ‘Southport White 
Globe’; 84% germination rate) were sown at rates of 36 seeds/sq ft (trial 1) and 72 seeds/sq ft (trial 2). Both 
trials were arranged as a randomized complete block design with four replications per treatment.

The in-furrow fungicide treatment consisted of penthiopyrad (24 fl oz/A) applied at the time of sowing. 
Control treatments included fallow soil with or without penthiopyrad applied in-furrow and DADS (1 gal/A) 
applied in-furrow either with or without penthiopyrad. Penthiopyrad and DADS treatments were applied 
using a CO2 backpack sprayer outfitted with a Teejet 8002VS nozzle at 28 psi. 

Allium seedlings were terminated mechanically by thoroughly incorporating them into the soil with a hand 
hoe or chemically by applying glyphosate (0.75 lb/A) at the two-, three- or six-true leaf stage. At seedling 
termination, aboveground disease incidence was recorded and a 250-cc soil sample was taken from each 
plot to determine the populations of white rot sclerotia in soil using the wet sieving and sucrose flotation 
method. Soil samples were also taken four weeks after termination to determine if sclerotia populations 
increased on the terminated lure crop.               (Continued on page 32)
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Table 2. Effect of onion lure crops on the populations of Sclerotium cepivorum sclerotia in soil at 4 
weeks after lure crop termination*

* 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 (SPSSinc, Illinois, 
USA).

Results and Discussion

Significant reductions in sclerotia populations were observed when lure crops were terminated at two-leaf 
stage. In the first trial, chemical termination of lure crops at two-leaf stage significantly reduced sclerotia 
counts by up to 70% compared to fallow soil. Sclerotial populations were more impacted in the second trial 
and significant reductions of up to 84% were observed in all lure crop treatments (Table 1). Termination of 
the onion lure crop at the two-leaf stage also prevented the pathogen from reproducing and, thus, sclerotia 
counts in lure crop treatments remained low even 4 weeks after crop termination (Table 2). Aboveground 
symptoms of white rot were not observed on any of the lure crops at the two-leaf stage termination timing.

Termination of lure crops at third- and six-leaf stage resulted in an increase in the number of sclerotia in soil. 
In the second trial, sclerotia counts in soils cultivated with lure crops were significantly higher than those 
of fallow soil treatments when seedlings were terminated at the six-leaf stage (Table 1), indicating that the 
pathogen began reproducing on the lure crop prior to mechanical or chemical termination. Despite the 
increases in sclerotia populations, aboveground symptoms of white rot were not observed on lure crops at 
either of these termination timings.

As expected, treating infested soils with DADS significantly reduced sclerotia counts at all termination 
timings, confirming that this compound is an effective biostimulant for sclerotial germination and 
subsequent reduction (Tables 1 and 2). In-furrow fungicides, either alone or with lure crops, had no effect on 
disease development or sclerotia populations under the conditions tested. Together, this study demonstrates 
a potential for early termination of Allium lure crops to help reduce white rot inoculum in soil.
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Table 1. Effect of onion lure crops on the populations of Sclerotium cepivorum sclerotia in soil at the 
time of lure crop termination*

* 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 (SPSSinc, Illinois, 
USA).
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proliferatum already in GenBank.

In this study, cloves that were artificially-inoculated with isolates of F. proliferatum often developed reddish 
or reddish-brown water-soaked lesions (Fig. 1A). As the infection progressed, infected cloves shriveled 
and dried out. White, light pink or reddish fungal mycelium was occasionally observed on infected cloves 
(Fig. 1B). Artificial inoculations showed that all F. proliferatum isolates, except isolate 20-181-F in the first 
pathogenicity test, induced rot disease on garlic cloves that were similar to those previously reported for 
garlic clove rot; however, significant differences in isolate pathogenicity were detected (Table 1). The most 
severe symptoms were observed on cloves inoculated with isolates 20-068-F, 20-081-F, 20-144-F, 20-
024-F and 21-027-F in one or both pathogenicity tests. Isolates 20-179-F and 20-185-F were moderately 
pathogenic to garlic and the inoculation of these isolates resulted in 20% to 50% rotted cloves. At the end of 
the pathogenicity assays, F. proliferatum was successfully re-isolated onto PDA from the symptomatic cloves. 
No fungi were isolated from control cloves. These results confirm the pathogenic capacity of F. proliferatum 
isolates collected from garlic. Knowledge about the genetic diversity and virulence of F. proliferatum on garlic 
will help inform future management strategies for this newly reported disease. 
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Fig 1. Symptoms of clove rot on garlic

(Continued on page 36)

Identification and Pathogenicity of Fusarium proliferatum Causing 
Clove Rot on Garlic
Gia Khuong Hoang Hua and Jeremiah Dung

Introduction

Garlic production can be hampered due to soil-borne diseases, both in the field and during post-harvest 
processes. It has been shown that the occurrence of clove rot, caused by Fusarium proliferatum, during 
drying, conditioning and storage can result in losses of up to 30% in harvested bulbs. This disease was 
described for the first time in Hungary and, more recently, it was also found on stored garlic in the U.S., 
Germany, Egypt, Serbia, Poland, Spain, Italy, India, France and Argentina. When garlic roots are infected, the 
bulbs can show no visible disease symptoms in the field or at harvest, but rot may progress on harvested 
bulbs after they are placed in storage. Up until now, management of garlic clove rot has been difficult since 
garlic varieties with resistance to clove rot are not available, and the efficacy of chemical-based treatments 
for reducing Fusarium occurrence in garlic is limited because the fungus often grows deeply within inner 
clove scales. Despite the increase in the incidence and severity of clove rot disease in garlic producing 
regions all over the world, the number of comprehensive studies about this disease is still very limited. 
Therefore, this research aimed to: 1) identify the pathogen associated with garlic accessions in the USDA 
garlic germplasm collection and commercial garlic production in Oregon based on the DNA sequencing; and 
2) investigate the variability in the pathogenicity of different F. proliferatum isolates on garlic. 

Materials and Methods

Pathogen identification
One hundred and fourteen F. proliferatum-like isolates associated with garlic accessions in the USDA garlic 
germplasm collection and two F. proliferatum-like isolates collected from symptomatic garlic bulbs in Oregon 
were selected for this study. DNA was extracted using a commercially available kit and subjected to PCR to 
amplify the translation elongation factor-1α (EF-1α) gene using previously established protocols (O'Donnell 
et al., 1998). Amplified products were visualized on 1.5% agarose gels. The sequences of both strands were 
determined by Elim Biopharmaceuticals Inc (California, USA) using Sanger sequencing. Consensus sequences 
were created using BioEdit version 7.2 and were compared to those in GenBank using the BLASTn tool. 

Pathogenicity assays
Healthy garlic cloves (cv. ‘California Early’) were surface-sterilized by soaking in 3% NaOCl for 5 min 
and washed thoroughly five times (1 min each) with sterile distilled water. Surface-sterilized cloves were 
punctured to a depth of 4 mm with a sterile 1-mm-diameter probe. A total of 25 F. proliferatum isolates 
were tested for their virulence towards garlic bulbs. To prepare inoculum, three 5-mm mycelial fungal plugs 
cut from the edges of fresh fungal cultures were subcultured to potato dextrose broth (PDB; Difco) for 2 
weeks at 100 rpm in continuous light. For inoculation, injured cloves were soaked in conidial suspensions 
(105 conidia mL-1) obtained from the liquid cultures and incubated on a rotary shaker at 100 rpm for 12 h. 
Cloves treated with sterile PDB served as a control. Cloves were air-dried for 5 h before they were packed 
in foam cups lined with moist cotton pads and incubated at 27oC. The cups were arranged in a randomized 
complete block design with five replications containing two garlic cloves each. After five weeks of incubation, 
symptom development was assessed according to a 1-5 scale where 1 = no visible symptoms; 2 = less than 
20% rotted clove; 3 = 20 - 49% rotted clove; 4 = 50 - 80% rotted clove; and 5 = more than 80% rotted 
clove. Pathogenicity tests were conducted twice.

Results and Discussion

All 116 isolates included in this study were identified as Fusarium proliferatum according to partial DNA 
sequencing of the EF-1α gene. Consensus sequences were highly similar (99.3% to 100%) to sequences of F. 



3736

Revisiting Plant Growth Regulator Rates Under Different Soil Moisture 
Conditions
Jeremiah Dung

Introduction

Lodging during anthesis can limit pollination and restrict fertilization in Kentucky bluegrass seed crops, 
reducing yield and causing difficulty during windrowing and harvest. Lodging can be more severe under 
certain conditions (for instance, when high levels of nitrogen fertilizer and/or soil moisture produce excessive 
vegetative growth) or in certain cultivars. Palisade (trinexapac-ethyl) is a plant growth regulator (PGR) 
commonly used in Kentucky bluegrass seed crops to reduce tiller elongation and subsequent lodging

Research in several grass seed crops has shown increased seed yields with Palisade applications, 
including Kentucky bluegrass seed crops in central Oregon. In forage ryegrass, increased seed yields due 
to applications of trinexapac-ethyl were associated with a delay in the onset of lodging and increased 
photosynthetic active radiation intercepted by the flag leaf. Lodging has also been associated with secondary 
vegetative growth (i.e. new vegetative tillers) during seed development, which may divert carbohydrates 
away from seed fill and negatively affect yield.

The effect of PGR applications on seed yield has been inconsistent in central and eastern Oregon. It is 
unclear if this phenomenon is due to interactions between PGR rate and cultivar (i.e., shorter varieties may 
benefit from lower rates of PGR compared to taller varieties), environmental conditions (i.e., years with 
more precipitation may promote more rank vegetative growth and require higher rates of PGR compared to 
drier years with less vegetative growth), or other factors such as soil fertility. Observations from the field 
indicate that in some cases a lower rate of PGR can be used on certain cultivars, especially in drier years or 
under suboptimal irrigation, while in wetter years some cultivars may require higher rates. While it is clear 
that both the rate and timing of PGR application are important factors affecting lodging and seed yields, 
increased seed yields due to PGR inputs are likely influenced by inter-relationships between nitrogen, soil 
moisture, weather, and other crop inputs. We hypothesized that interactions between soil moisture and 
plant growth regulator rate affects canopy height, lodging, and yield in Kentucky bluegrass, and that these 
effects may differ among cultivars. The objective of this study was to evaluate potential interactions between 
an extended range of Palisade rates and soil moisture conditions (optimal vs. suboptimal) in two Kentucky 
bluegrass cultivars with different drought tolerances and plant growth regulator requirements.

Materials and Methods

Field plots of ‘Jumpstart’ and ‘Baron’ were established on August 13, 2020 at the Central Oregon 
Agricultural Research and Extension Center (COAREC) under linear irrigation; ‘Jumpstart’ is reported to be 
more drought tolerant (based on 2009 National Turfgrass Evaluation Program data), while ‘Baron’ is a dwarf 
cultivar that does not always require a plant growth regulator application when grown in central Oregon 
(personal communications). Separate trials were established for each cultivar to account for differences in 
irrigation needs and harvest timings. Both trials were arranged as a split plot design, with irrigation (optimal 
vs. suboptimal) as the main plot factor and Palisade rate as the subplot factor. Subplots were 10 ft. wide by 
30 ft. long. Fertilization, disease, pest, and weed management followed standard production practices for 
central Oregon. 

Plots were irrigated normally until May 2021, when irrigation treatments began. Optimal irrigation consisted 
of an irrigation schedule that kept soil moisture in the plots at near-field capacity. Suboptimal irrigation 
consisted of an irrigation schedule that allowed the upper 1/8 to 1/4” of soil to become visibly dry before 

(Continued on page 38)

Table. 1. Pathogenicity of Fusarium proliferatum isolates causing clove rot on garlic

a Symptom development was assessed according to a 1-5 scale where 1 = no visible symptoms; 2 = less than 
20% rotted clove; 3 = 20 - 49% rotted clove; 4 = 50 - 80% rotted clove; and 5 = more than 80% rotted 
clove. 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 (SPSSinc, 
Illinois, USA).
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applying water; over the course of the season plots subjected to suboptimal irrigation were watered three 
fewer times than plots subjected to optimal irrigation.

Palisade was applied to subplots at a rate of 0, 12, 18, or 24 oz/ac when each cultivar was at the second 
node stage. Lodging incidence (0-100%) was assessed prior to swathing. Lodging severity was also rated 
prior to swathing on a 0-5 scale, where: 0 = upright plants (90° angle with respect to the ground) and 5 = 
plants laying on the ground (180°); a lodging score of 3 = plants lodged at a 45° angle. 

A plot-sized swather was used to swath a 6 ft by 25 ft section of each plot at maturity, followed by 
combining with a Wintersteiger plot combine. Seed samples were debearded, conditioned, and clean seed 
weight was determined using the seed conditioning facility at COAREC. Lodging incidence data were 
analyzed using the Kruskal-Wallis test, while lodging severity and yield were analyzed using linear regression 
and ANOVA.

 
Results and Discussion

A significant effect of Palisade rate (P = 0.03) on lodging incidence was observed for ‘Baron’ only under 
optimal irrigation conditions, and very little lodging was observed in ‘Baron’ under suboptimal conditions 
(Table 1). In contrast, lodging incidence was high in ‘Jumpstart’ regardless of irrigation regime or Palisade 
rate.

Although lodging incidence was high in ‘Jumpstart’, the severity of lodging significantly decreased with 
increasing Palisade rate in ‘Jumpstart’ (P < 0.0001; Fig. 1). Under the conditions of this study, higher rates 
of Palisade (≥ 18 oz/A) provided a desirable amount of lodging (equivalent to a lodging severity score of 
approximately 3) regardless of irrigation regime (Fig. 1). For ‘Baron’, a significant negative relationship 
between lodging severity and Palisade rate was observed only under optimal irrigation conditions (Fig. 1), 
and the interaction between irrigation and Palisade rate was significant (P = 0.0006).

A significant effect of irrigation treatment was observed on yield for both cultivars; however, opposing 
trends were observed between cultivars, with ‘Baron’ and ‘Jumpstart’ exhibiting significantly greater yields 
under optimal and suboptimal irrigation conditions, respectively (Table 2).

Identifying the factors that interact with Palisade to effect lodging and seed yield should allow development 
of more effective, and more profitable, recommendations for use of plant growth regulators in Kentucky 
bluegrass seed production under central Oregon growing conditions.
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Figure 1. Lodging severity in Kentucky bluegrass cultivars ‘Baron’ (top) and ‘Jumpstart’ (bottom) 
grown under optimal (blue dots and lines) and suboptimal (orange dots and lines) irrigation conditions 
and treated with different rates of Palisade plant growth regulator. Optimal irrigation consisted of 
an irrigation schedule that kept soil moisture in the plots at near-field capacity. Suboptimal irrigation 
consisted of an irrigation schedule that allowed the upper 1/8 to
1/4” of soil to become visibly dry before applying water; over the course of the season plots subjected 
to suboptimal irrigation were watered three fewer times than plots subjected to optimal irrigation.
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Crop Rotation Effects on First Year Kentucky Bluegrass Stands, 2020-
2021
Clare Sullivan

Introduction

Stand establishment and first year management is critical for Kentucky bluegrass (KBG) seed production 
(Butler et al., 2002); therefore, it is in growers’ best interest to optimize KBG planting strategies and 
placement in crop rotations. 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 (Sbatella and Twelker, 2013); and tilled 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 green manure crop, rather than following a wheat crop. 
In short water years, some growers have subsituted a dryland or minimally irrigated cereal cover crop for the 
mustard cover crop. The cereal cover crops are usually chemically terminated in mid-spring, and KGB is direct 
seeded into standing stubble in the summer. Growers have reported successful KBG establishment and first 
year yields with this approach as well. 
 
While some growers in central Oregon believe the benefits of preceding a KBG stand with a cover crop 
outweigh the income lost from a foregone wheat crop, there is still a need for a direct comparison of KBG 
performance following wheat, cover crops, and fallow. 

This project provided a side by side comparison of KBG stand establishment and first year yield in four crop 
rotation systems: 1) spring wheat crop – KBG; 2) spring wheat cover crop – KBG; 3) mustard cover crop – 
KBG; and 4) summer fallow – KBG. 

Materials and Methods

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 (rattail 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. Nitrogen 
fertility, termination timing, and KBG planting date were managed differently in the four treatments, based 
on the respective agronomic needs of the treatment. 

The four treatment strips were managed as follows:
 
 1.Spring wheat ‘Solano’, grown to harvest
 -Planted March 10, 2020 @ 100lbs/ac
 -Fertilized with 120lbs N/ac total:
  • Pre-plant 20lbs N/ac (Urea), April 50lbs N/ac (20-13-13-7) and 50lbs N/ac (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 rolled
 -Planted August 18 to KBG ‘Shamrock’ @ 8-9lbs/ac
 -KBG stand fertilized Dec 1 with liquid fertilizer 95lbs N/ac (Primagro) 

(Continued on page 42)

Table 1. Lodging incidence (%) in Kentucky bluegrass cultivars ‘Baron’ and ‘Jumpstart’ grown under 
optimal and suboptimal irrigation conditions and treated with different rates of Palisade plant growth 
regulatora

aOptimal irrigation consisted of an irrigation schedule that kept soil moisture in the plots at near-field 
capacity. Suboptimal irrigation consisted of an irrigation schedule that allowed the upper 1/8 to 1/4” of soil 
to become visibly dry before applying water; over the course of the season plots subjected to suboptimal 
irrigation were watered three fewer times than plots subjected to optimal irrigation.

Table 2. Lodging severity in Kentucky bluegrass cultivars ‘Baron’ (top) and ‘Jumpstart’ (bottom) grown 
under optimal (blue dots and lines) and suboptimal (orange dots and lines) irrigation conditions and 
treated with different rates of Palisade plant growth regulator.

aOptimal irrigation consisted of an irrigation schedule that kept soil moisture in the plots at near-field 
capacity. Suboptimal irrigation consisted of an irrigation schedule that allowed the upper 1/8 to 1/4” of soil 
to become visibly dry before applying water; over the course of the season plots subjected to suboptimal 
irrigation were watered three fewer times than plots subjected to optimal irrigation.
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 2. Spring wheat ‘Solano’ cover crop
 -Planted March 10, 2020 @ 100lbs/ac
 -Fertilized with 120lbs N/ac total:
  • Pre-plant 20lbs N/ac (Urea), April 50lbs N/ac (20-13-13-7) and 50lbs N/ac (Urea) 
 -Terminated May 25 when crop ~18” high, Roundup PowerMAX 24oz/ac + 2pt/100gln NIS
 -Direct-seeded August 12 to KBG ‘Shamrock’ @ 8-9lbs/ac
 -KBG stand fertilized Dec 1 with liquid fertilizer 75lbs N/ac (Primagro) 

 3.Mustard ‘Attack’ cover crop
 -Planted April 10, 2020 @ 25lbs/ac
 -Fertilized pre-plant with 100lbs N/ac (20-13-13-7)
 -Terminated June 16 at full bloom, flail mowed and disked twice
 -Grass seed prep: Rototiller and cultipacker, then landplane and heavy roller
 -Planted August 12 to KBG ‘Shamrock’ @8-9lbs/ac
 -KBG stand fertilized Dec 1 with liquid fertilizer 50lbs N/ac (Primagro) 

 4.Fallow
 -Sprayed once early spring, conventional disk tillage through summer for weed control, no irrigation
 -Grass seed prep: Cultipacker, landplane, heavy roller
 -Planted August 12th to KBG ‘Shamrock’ @ 8-9lbs/ac
 -KBG stand fertilized Dec 1 with liquid fertilizer 25lbs N/ac (Primagro)

In addition to the treatment-specific management outlined above, some operations were conducted across 
the entire trial area. Before planting grass seed in August 2020, gypsum, variable rate lime, and 400lbs/ac 
16-16-16 was applied across the trial. All of the treatments received the same herbicide applications for the 
KBG crop: pre-irrigation Callisto @6oz/ac; Sep 9 Husky @13oz/ac + Callisto @3oz/ac; and 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 calculate winter fertilizer rates.

Grass seed stand establishment was monitored visually throughout the fall of 2020, and grass seedling tiller 
counts were conducted on September 24 and October 9. For each tiller count, a 4-inch section of grass 
seed row was dug up in three different representative sections of each treatment strip. Ten (10) seedlings 
were randomly selected from each 4-inch secion, and the number of tillers were counted for each seedling 
(including the primary tiller). The number of tillers per seedling was then averaged across the results per 
treatment (n=30). In the summer of 2021, a 4 x 100ft section was harvested from each treatment strip for 
seed yield comparison. Seed samples were debearded, conditioned, and clean seed weight was determined 
using the seed conditioning facility at COAREC.

Results and Discussion

The KBG 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 treatment established poorly and was further suppressed by 
completion from dense volunteer wheat. The differences in stand establishment remained consistent into 
the fall of 2020, with the wheat cover crop treatment showing the most successful crop establishment and 
most vigorous early growth, and the harvested wheat treatment showing the weakest growth (Figure 1). 
Kentucky bluegrass was intentionally planted one week later in the harvested wheat treatment to reflect the 
reality of a delayed planting post-harvest, and it was expected the KBG establishment would suffer. The tiller 
counts conducted in late September and October supported the crop growth observations made in the fall. 
Tiller counts tended to be highest for the wheat cover crop treatment, followed by the mustard cover crop 
and fallow treatments, and lowest for the harvested wheat treatment (Figure 2). While the tiller counts do 

not reflect seedling size, photos taken during the October 9 tiller count offer a visual comparison of seedling 
vigor, and show the wheat cover crop having the most vigorous grass seedling growth. The harvested wheat, 
mustard cover, and fallow plots had approximately 2” of growth, while the wheat cover crop treatment had 
~4” of growth and strong root systems (Figure 3).

Based on the 4 x 100ft swaths taken at harvest in 2021, the KBG seed yield results ranged from 
approximately 600 lbs/ac to approximately 2300 lb/ac, with the wheat cover crop and fallow treatments 
yielding the highest. However, it was obvious in the spring of 2021 that growth of two treatments was 
confounded by N fertility issues. It was decided the liquid N application rates made in winter 2020 were too 
low for the harvested wheat and mustard cover crop treatments (95lbs N/ac and 50lbs N/ac, respectively). It 
is possible the crop residue in both plots tied up more N than we expected, and/or the soil N mineralization 
credits we assumed were optimistic. For this reason, the stand establishment and tiller counts in the fall of 
2020 provide a more accurate representation of KBG stand success in this trial rather than the yield results.

Results from this trial indicate the greatest success for KBG stand establishment came from direct seeding 
into a terminated wheat cover crop stand, and the least successful establishment followed a harvested wheat 
crop. The mustard cover crop and fallow treatments were intermediary in terms of crop establishment; but 
the fallow treatment tended to have a higher seed yield. This study also highlighted the need for care when 
calculating crop nitrogen rates following a cover crop or harvested crop.

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.

(Contininued on page 44)
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Figure 2. Average grass seedling tiller counts measured per rotation treatment on Sep 24 and Oct 
9/2020. Error bars represesnt standard deviation of the mean (n=30).

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.
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Comparison of Monida, Charisma, and “Weco” Selection Forage 
Spring Oats
Mylen Bohle

Introduction

Oat cereal grain is commonly used as a forage crop in central Oregon.  Wilbur Ellis Co. requested the 
evaluation of a new selection in comparison with established varieties. This report reports and experiment 
comparing forage yield of two varieties and the new selection.

Materials and Methods

Spring oat varieties, ‘Monida’, ‘Charisma’, and selection “Weco”, were planted on May 28, 2009, with a 10-
foot grain drill with 7-inch row spacing.  Seeding rates for Monida, Weco, and Charisma were 62.2, 64.4, 
and 58.7 lb/acre, respectively.  Seed was provided by Wilbur Ellis. Co., Madras, Oregon. The entries were 
planted in a randomized complete block design with 4 replications at the COAREC, Powell Butte, Oregon.  
Replication plot size was 10 feet wide x 200 feet long.  No fertilizer was applied since the previous crop was 
potato. Irrigation was as-needed with solid set 40 x 60 feet handline with 9/64-inch impact sprinkler nozzles. 
A 32-inch-wide sickle bar Jari-mower was used for harvest of replication 1 on August 10 (day of year (DOY): 
222). Measured plot area harvested ranged from 45-48 ft2.  Twenty (20) tillers of each entry were separated 
into plant parts (stems, lower leaves, flag leaves, and heads) on July 15 (no replication).  A 3-sided quadrat, 
0.5-meter2 (5.76 ft2) was used as a guide to harvest 6 rows, on August 15 (DOY): 227) and 19 (DOY: 
231) with a hand sickle in replicates 1-3.  Exact harvest area was measured. Multiple harvest dates were 
completed to document differences among entries.  
Plant height and lodging were documented at each harvest date. Harvest wet weight was documented in 
the field with a tarp, tripod, and electronic hanging scale.  Sub-samples of 1 pound were weighed in the 
field with a Scout portable electronic scale.  Samples were dried at 140 degrees F until no further change 
in weight.  Dry matter and moisture percentage were determined to calculate dry matter yield.  Yield is 
presented on an oven dry matter basis. Zero and 100% lodging areas were purposely harvested, to help 
document differences in the entries as recorded in Tables 2-6. The samples were ground with a2 millimeter 
size screen Wiley mill and then an Udy Cyclone mill with 1 millimeter size screen. Quality analysis was 
performed by NIRS at the Klamath Basin Agriculture Research and Extension Center, Klamath Falls Oregon. 
Percent nitrogen was calculated from crude protein percent (divided by 6.25) and multiplied by yield in 
pounds to determine nitrogen uptake. Crude protein percent was multiplied by yield in pounds to determine 
crude protein yield.  Twenty (20) tillers of each entry were separated into plant parts (stems, lower leaves, 
flag leaves, and heads) on July 15 (no replications). Genstat Version 21.1 was used for statistical analysis.

Results and Discussion

Twenty tiller data results for the three oat entries are presented in Table 1. Data for 20 tillers includes total 
weight and weight of stems, lower leaves, flag leaves, heads. Selection Weco compared well with the two 
varieties. Weco has the second highest percent of and weight of stem, lower leaves, flag leaf, and was first in 
head, and second in total weight for the 20 tillers harvested from standing plants on July 15.

Table 1. Comparison of Monida, Charisma, and Weco oats for forage; stem, lower leaves, flag leaf, and head weight, and 
percentage of total plant weight based on 20 tillers harvested on August 15, 2009, at the COAREC, Powell Butte, Oregon.

Variety Stem Wt. Lower Leaves Wt. Flag Leaf Wt. Head Wt. Total Wt.

(g) (%) (g) (%) (g) (%) (g) (%)  (g)

Monida 18.9 48.2 4.1 10.5 0.5 1.3 15.7 40.0 39.2

Weco 26.0 51.7 5.4 10.7 0.9 1.8 18.0 35.8 50.3

Charisma 28.0 52.2 7.2 13.4 2.2 4.1 16.2 30.2 53.6

Mean 24.3 50.7 5.6 11.5 1.2 2.4 16.6 35.3 47.7
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Yield and agronomic data results are provided in Table 2. Late-boot growth stage for the oat entries occurred 
on July 19 (DOY: 200), 23 (DOY: 204), and 27 (DOY: 208) for Monida, Weco, and Charisma, respectively. 
Weco was earlier heading than Charisma, but later than Monida. 

Table 2.  Harvest date, dry matter content, moisture content, plant height, weight per inch of plant height, lodging, 
growth stage, and N uptake, for Monida, Charisma, and Weco oat entries planted on May 28, 2009, for forage comparison 
and harvested in 2009 at the COAREC, Powell Butte, Oregon.

Variety Harvest 
(DOY)

Yield 
(t/ac)

DM 
(%)

Moist. 
(%)

Ht. 
(in)

Wt/Ht 
(lb/in)

Lodging 
(%)

Growth 
Stage

N Uptake 
(lb/ac)

Monida 222 3.77 28.5 71.5 45 168 0 Milk+ 86.9

Weco 222 3.50 25.4 74.6 51 137 0 Milk 78.6

Charisma 222 4.53 24.2 75.8 42 216 0 Milk- 106.9

Mean 3.93 26.0 74.0 46.0 274 0 -- 90.8

DOY

August 15 227 5.13 27.1 72.9 45.4 227 33.3 -- 111.5

August 19 231 6.18 33.0 67.0 45.7 274 33.3 -- 138.4

Variety

Monida 5.16 31.1 69.0 46.3 223 33.3 -- 99.4

Weco 5.48 30.5 69.5 49.5 222 33.3 -- 116.7

Charisma 6.31 28.6 71.4 40.8 307 33.3 -- 158.8

DOY x Variety

Monida 227 4.61 27.1 72.9 46.7 198 33.3 -- 82.2

Weco 227 5.49 27.9 72.1 49.7 222 33.3 -- 112.1

Charisma 227 5.28 26.2 73.8 40.0 262 33.3 -- 140.3

Monida 231 5.71 35.0 65.0 46.0 248 33.3 -- 116.5

Weco 231 5.47 33.1 66.9 49.3 222 33.3 -- 121.3

Charisma 231 7.35 30.9 69.1 41.7 352 33.3 -- 177.3

Mean 5.65 30.0 70.0 45.6 251 33.3 -- 125.0

DOY Prob. > F 0.018 0.003 0.003 0.851 -- 1.000 -- 0.117

Var. Prob.  > F 0.072 0.413 0.413 0.001 -- 1.000 -- 0.062

DOY x Var. 
Prob. > F

0.117 0.680 0.680 0.680 -- 1.000 -- 0.795

DOY PLSD 
0.10

0.67 2.8 2.8 NS -- NS -- NS

Var. PLSD 0.10 0.82 NS NS 2.6

-- NS -- 40.6

DOY x Var. 
PLSD 0.10

NS NS NS NS -- NS -- NS

CV% 13.8 10.8 4.6 5.4 -- 164.3 -- 31.1

Growth stage at DOY 222 are single replication data points.

Crude protein, crude protein yield, ADF, NDF, NDFD48, and calcium results are provided in Table 3.  Weco 
compared favorably to Monida and Charisma for these quality parameters. Charisma had significantly higher 
crude protein content than Monida, but not Weco. Charisma also had significantly higher crude protein yield 
than either Monida or Weco.  There were no significant differences between Weco and Monida for protein 
content or protein yield.  There were no further statistical differences for ADF, NDF, NDFD48, and Calcium.

Table 3.  Crude protein, crude protein yield, acid detergent fiber (ADF), neutral detergent fiber (NDF), neutral detergent 
fiber digestibility at 48 hours (NDFD48), and calcium data for the Monida, Charisma, and Weco oat entries planted for 
forage comparison at the COAREC, Powell Butte, Oregon on May 28, 2009.

Variety Harvest 
(DOY)

Crude 
Protein 

(%)

Crude 
Protein 

Yield 
(lb/ac)

ADF 
(%)

NDF 
(%)

NDFD48 
(%)

Ca
(%)

Monida 222 7.2 543 34.2 49.9 33.7 0.32

Weco 222 7.0 491 38.8 58.5 32.7 0.24

Charisma 222 7.4 668 41.6 62.3 32.2 0.24

Mean 7.2 567 38.2 56.9 32.9 0.27

DOY

August 15 227 6.7 697 36.3 54.2 32.5 0.31

August 19 231 6.9 865 35.6 51.9 31.4 0.30

Variety

Monida 5.9 621 34.9 53.6 32.1 0.29

Weco 6.6 729 35.4 52.0 31.2 0.30

Charisma 7.8 992 37.6 53.6 32.5 0.34

DOY x Variety

Monida 227 5.5 514 34.7 55.1 32.9 0.30

Weco 227 6.4 701 36.2 53.2 31.5 0.30

Charisma 227 8.1 877 37.9 54.4 33.1 0.34

Monida 231 6.4 728 35.0 52.1 31.2 0.28

Weco 231 6.8 758 34.5 50.7 30.9 0.29

Charisma 231 7.5 1,108 37.2 52.9 31.9 0.33

Grand mean 6.8 781 35.9 53.1 31.9 0.31

DOY Prob. >F 0.725 0.174 0.674 0.141 0.256 0.743

Var. Prob.  > F 0.088 0.062 0.384 0.576 0.572 0.630

DOY x Var. Prob. > F 0.640 0.795 0.881 0.907 0.891 0.996

DOY PLSD 0.10 NS NS NS NS NS NS

Var. PLSD 0.10 1.3 254 NS NS NS NS

DOY x Var PLSD 0.10 NS NS NS NS NS NS

CV% 18.8 31.1 9.6 5.8 6.6 27.7

Harvest DOY 222 is a single data point.
Harvest DOY 227 rep 1 is 100% lodged. Harvest DOY 231 rep 3 is 100% lodged.

(Continued on page 48)
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Phosphorus, potassium, magnesium, ash content, RUP (rumen undegradable protein), sugars, fructan, and 
water-soluble carbohydrates (WSC) are provided in Table 4.  The P, K, and Mg data was provided through 
NIRS predictions, so may not be valid, Mondia had a significantly higher phosphorus content compared 
with Monida and Weco. There were no significant differences for potassium, magnesium, ash, RUP, sugars, 
fructan, or WSC.  There was a trend for the sugars, fructan, and WSC to increase from August 10 to August 
19. Weco compared well to the other two named varieties for these quality parameters. 

Table 4. Phosphorus (P), potassium (K), magnesium Mg), ash, and rumen undegradable protein (RUP), sugars, fructan, 
and water-soluble carbohydrates (WSC) data for the Monida, Charisma, and Weco oat entries planted for forage 
comparison at the COAREC, Powell Butte, Oregon on May 28, 2009. 

Variety Harvest
(DOY)

P (%) K (%) Mg (%) Ash 
(%)

RUP 
(%)

Sugars 
(%)

Fructan 
(%)

WSC 
(%)

Monida 222 0.30 1.96 0.19 11.20 37.60 12.46 2.31 16.13

Weco 222 0.27 2.17 0.18 10.04 40.96 10.78 1.96 13.41

Charisma 222 0.26 1.95 0.18 9.74 41.15 8.29 1.82 10.26

Mean 0.28 2.03 0.18 10.33 39.90 10.51 2.03 13.27

DOY

August 15 227 0.28 2.10 0.22 10.7 40.5 11.2 2.28 14.5

August 19 231 0.28 1.95 0.19 10.0 40.6 12.7 2.45 16.4

Variety

Monida 0.29 2.08 0.23 10.3 41.0 11.9 2.42 15.5

Weco 0.27 1.93 0.18 9.9 41.1 12.8 2.49 16.6

Charisma 0.27 2.06 0.20 10.9 39.5 11.0 2.18 14.2

DOY x Variety

Monida 227 0.29 2.23 0.26 10.7 41.6 10.9 2.35 14.3

Weco 227 0.27 1.97 0.19 9.9 40.9 12.3 2.40 15.9

Charisma 227 0.27 2.09 0.21 11.4 38.9 10.4 2.08 13.4

Monida 231 0.28 1.92 0.19 9.8 40.4 13.0 2.49 16.8

Weco 231 0.27 1.88 0.17 9.8 41.2 13.3 2.58 17.3

Charisma 231 0.27 2.04 0.20 10.4 40.2 11.7 2.27 15.1

Grand mean 0.28 2.02 0.20 10.4 40.5 11.9 2.36 15.5

DOY Prob. >F 0.436 0.118 0.219 0.425 0.955 0.161 0.186 0.160

Var. Prob.  > F 0.093 0.364 0.334 0.593 0.706 0.369 0.127 0.339

DOY x Var. Prob. > F 0.585 0.454 0.633 0.892 0.827 0.898 0.976 0.925

DOY PLSD 0.10 NS NS NS NS NS NS NS NS

Var. PLSD 0.10 0.015 NS NS NS NS NS NS NS

DOYx Var PLSD 0.10 NS NS NS NS NS NS NS NS

CV% 5.3 9.3 24.1 16.7 8.8 17.3 10.8 17.0

Harvest DOY 222 is a single data point.
Harvest DOY 227 rep 1 is 100% lodged. Harvest DOY 231 rep 3 is 100% lodged.

NEL, TDN, ENE, ME, NEM, NEG, DDM, and Dry MI data in Table 5.   Not one of these variates was 
significantly different or were there any DOY differences. Weco selection compared well with the other two 
varieties, especially for the last two harvests dates.

Table 5. Net energy for lactation (NEL), total digestible nutrients TDN), energy ENE), metabolizable energy (ME), net 
energy for maintenance (NEM), net energy for gain (NEG), digestible dry matter (DDM), dry matter intake (DMI) data for 
the Monida, Charisma, and Weco oat entries planted for forage comparison at the COAREC, Powell Butte, Oregon on May 
28, 2009. 

Variety Harvest
(DOY) 

NEL TDN
(%)

ENE ME NEM NEG DDM
(%)

Dry MI
(%)

Monida 222 0.65 63.6 54.01 1.04 0.65 0.38 62.29 2.40

Weco 222 0.60 58.3 49.16 0.96 0.57 0.31 58.69 2.05

Charisma 222 0.56 55.1 46.19 0.90 0.52 0.27 56.49 1.93

Mean 0.60 59.0 49.78 0.97 0.58 0.32 59.16 2.13

DOY

August  15 227 0.63 61.2 51.77 1.01 0.61 0.35 60.6 2.22

August 19 231 0.64 62.0 52.52 1.02 0.63 0.36 61.2 2.32

Variety

Monida 0.65 62.8 53.28 1.03 0.64 0.37 61.8 2.25

Weco 0.64 62.2 52.73 1.02 0.63 0.37 61.4 2.24

Charisma 0.61 59.7 50.42 0.98 0.59 0.33 59.6 2.32

DOY x Variety

Monida 227 0.65 63.0 53.43 1.03 0.64 0.37 61.9 2.19

Weco 227 0.63 61.2 51.82 1.01 0.61 0.35 60.7 2.26

Charisma 227 0.61 59.3 50.06 0.97 0.59 0.33 59.4 2.21

Monida 231 0.64 62.7 53.13 1.03 0.64 0.37 61.6 2.31

Weco 231 0.65 63.2 53.64 1.04 0.64 0.39 62.0 2.38

Charisma 231 0.62 60.1 50.78 0.99 0.60 0.34 59.9 2.28

Grand mean 0.63 61.6 52.14 1.01 0.62 0.36 60.9 2.27

DOY Prob. >F 0.672 0.3672 0.672 0.672 0.654 0.645 0.672 0.139

Var. Prob.  > F 0.384 0.384 0.384 0.384 0.388 0.391 0.384 0.586

DOY x Var. Prob. > F 0.881 0.881 0.881 0.881 0.895 0.901 0.881 0.936

DOY PLSD 0.10 NS NS NS NS NS NS NS NS

Var. PLSD 0.10 NS NS NS NS NS NS NS NS

DOY x Var PLSD 0.10 NS NS NS NS NS NS NS NS

CV% 7.0 6.4 7.0 6.4 9.5 14.1 4.4 5.9

Harvest DOY 222 is a single data point.
Harvest DOY 227 rep 1 is 100% lodged. Harvest DOY 231 rep 3 is 100% lodged.

(Continued on page 50)
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RFV, RFQ, NDF, NDFD, NFC, TDN2, DMI2, DMI3, and TDN-western data are provided in Table 6.  RFQ was 
the same on August 10 and 15, but significantly increased to August 19. RFQ was approximately five points 
higher than RFV on average.  There was no difference between August 10 and 15 for DMI3, but there was a 
significant difference with the increased value on August 19. There were no significant differences between 
entries for most of these quality estimates. Weco compared well to the other two varieties with all these 
parameters. 

Table 6. Relative feed value (RFV), relative feed quality (RFQ), neutral detergent fiber digestibility (NDF), non-fiber 
carbohydrates (NFC), total digestible nutrients1,(TDN1) dry matter intake2 (DMI2) dry matter intake3, and total 
digestible nutrients–western (TDN-West) data for the Monida, Charisma, and Weco oat entries planted for forage 
comparison at the COAREC, Powell Butte, Oregon on May 28, 2009. 

Variety Harvest
(DOY) 

RFV RFQ NDFD
(%)

NFC
(%)

TDN1

(%)
DMI2

(%)
DMI3

(%)
TDN West

(%)

Monida 222 116 128 67.41 31.17 62.4 2.56 2.52 56.7

Weco 222 93 103 55.94 23.94 56.7 2.59 2.23 53.2

Charisma 222 84 92 51.65 20.05 53.7 2.47 2.10 51.1

Mean 98 108 58.33 25.05 57.6 2.54 2.28 53.7

DOY

August 15 227 104.5 107.6 60.0 27.9 59.1 2.62 2.24 55.1

August 19 231 110.2 117.4 60.6 30.7 60.7 2.61 2.38 55.7

Variety

Monida 107.8 105.9 59.8 29.7 59.8 2.74 2.18 56.2

Weco 110.4 116.5 60.3 31.1 60.8 2.67 2.36 55.8

Charisma 103.8 115.0 60.8 27.2 59.2 2.44 2.39 54.1

DOY x Variety

Monida 227 105.4 97.5 59.7 28.1 56.8 2.77 2.04 56.3

Weco 227 106.3 112.0 59.4 30.0 60.0 2.71 2.30 55.2

Charisma 227 101.6 113.4 61.0 25.7 58.6 2.39 2.38 53.9

Monida 231 110.2 114.4 59.9 31.3 60.7 2.72 2.32 56.1

Weco 231 114.5 121.1 61.2 32.2 61.6 2.63 2.42 56.5

Charisma 231 105.9 116.6 60.7 28.7 59.8 2.49 2.40 54.4

Grand mean 107.3 112.5 60.3 29.3 59.9 2.62 2.31 55.4

DOY Prob. >F 0.269 0.063 0.803 0.173 0.201 0.941 0.061 0.672

Var. Prob.  > F 0.558 0.186 0.935 0.283 0.561 0.177 0.050 0.384

DOY x Var. Prob. > F 0.941 0.514 0.933 0.982 0.977 0.826 0.288 0.881

DOY PLSD 0.10 NS 8.5 NS NS NS NS 0.12 NS

Var. PLSD 0.10 NS NS NS NS NS NS 0.20 NS

DOY x Var PLSD 0.10 NS NS NS NS NS NS NS NS

CV% 9.7 8.8 8.1 13.7 4.1 10.4 6.0 4.7

Harvest DOY 222 is a single data point.
Harvest DOY 227 rep 1 is 100% lodged. Harvest DOY 231 rep 3 is 100% lodged.
1,2,3 are different calibrations from the NIRS.

This oat research increased the amount of yield, agronomic, and quality information for varieties Charisma 
and Monida and a possible future oat variety - selection Weco.
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Kold x Hoody Selections Winter Forage Barley Trial 
Mylen Bohle, Ann Corey, Rhonda Simmons, and Patrick Hayes

Introduction

Cereal for forages is planted and utilized for livestock feed in Oregon.  Winter barley is earlier maturing and 
more water use efficient than the other cereals.  ‘Hoody’ winter forage barley (hooded) is a popular winter 
forage barley as it is the only variety developed in the Pacific Northwest. Hoody is susceptible to barley 
stripe rust, leaf rust, but resistant to scald.  Even though it has held up well over the years, a similar or better 
variety with stripe and leaf rust resistance was needed.

Materials and Methods

This trial was planted on November 19, 2004, at the Central Oregon Ag Research and Extension Center 
(COAREC), Madras, Oregon.   Thirteen selections of Hoody x ‘Kold’ crosses were planted in a randomized 
complete block design with 3 replications.  Soil test was taken the first week of March and was analyzed at 
Agri-Check, Inc at Umatilla, OR (Table 1). The trial was not fertilized based on the soil test results.  Seeding 
rate was 87 lb/acre with 6 rows planted at 8-inch spacing with a plot drill. The trial was irrigated as needed 
with a solid set, 30 x 40 feet hand line spacing with impact sprinkler heads with 9/64-inch nozzle.  Plant 
height, lodging, and day of year at late boot growth stage, and plant height and lodging on June 21, 2005, 
was documented.    No yield or disease resistance data was taken.  Genstat was used for statistical analysis.

Table 1. Soil test results from March 6, 2005 at the COAREC, Madras, Oregon.

Soil Depth 
(Inches)

pH P (ppm) K (ppm) NO3 (lb/ac) NH4 (lb/ac) S (ppm)

0-12 6.8 26 351 144 8 16.9

Results and Discussion

Late boot growth stage day of year and plant heights, and June 21 plant heights are presented in Table 2. 
No lodging occurred in this trial.  Late boot growth stage had a range from day of year 135 (May 15) to 151 
(May 31).  Late-boot growth stage plant height ranged from 26 to 40 inches.  Plant height on June 21 ranged 
from 38 to 52 inches, at 100% headed.  This trial was a preliminary look at many selections of Hoody x Kold 
winter barley crosses. There were significant differences between entries. Hoody is an excellent hooded 
forage yielder with good lodging resistance, but it is susceptible to barley stripe rust and leaf rust but has 
resistance to scald.  Kold has resistance to barley stripe rust, leaf rust, and scald. The goal is to develop a 
selection that is hooded, with excellent yield potential with good to excellent resistance to lodging, barley 
stripe rust, leaf rust, and scald. Some of these selections will be trialed further.

Further Reading and Information on Verdant

https://barleyworld.org/barley-info/seed-availability
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Table 2. 2005 late boot growth stage (day of year) and plant height, and June 21 plant height of Hoody x Kold selections 
planted in Mid-October, 2004, at the COAREC, Madras, Oregon.
 

Selection Late Boot
Growth stage
(day of year)

Late Boot
Plant Height

(in.)

June 21, 2005
Plant Height

(in.)

1 Hoody 145.0 36.7 49.3

2 K/H 7-3 142.7 36.7 46.7

3 K/H 7-5 143.0 31.7 46.0

4 K/H 7-6 140.7 31.0 44.0

5 K/H 7-8 141.7 33.3 48.3

6 K/H 7-9 143.0 32.0 49.0

7 Strider 140.0 31.0 42.0

8 K/H 20-2-3 145.0 35.3 47.0

9 K/H 31-3-1 148.0 36.7 47.0

10 K/H 32-1-5 141.3 33.3 47.0

11 K/H 33-5-1 146.0 37.3 48.7

12 Stab 113 treated 138.7 30.0 45.3

13Stab 113 untreated 139.0 31.7 46.7

Mean 142.6 33.3 46.7

Prob. > F <0.001 <0.001 0.099

PLSD (0.10) 1.2 1.4 3.7

CV% 0.6 5.3 5.6

Entry 11: K/H 33-5-1 gave rise to more crosses with the eventual release of ‘Verdant’.

https://barleyworld.org/barley-info/seed-availability
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Winter Forage Barley Selections: Forage and Grain Trials  
Ann Corey, Mylen Bohle, Rhonda Simmons, and Patrick Hays

Introduction

There are thousands of acres in the PNW planted to cereal grains for cover crops or forage.  The cereal 
species that are planted for forage include barley, wheat, oat, rye, and triticale. Cereal hay, including barley, 
makes a good, less expensive feed for cattle. Winter barley is one specie that is planted because of its earlier 
harvest date, better water use efficiency, drought tolerance, palatability, yield, and quality.  Prior to ‘Hoody’ 
winter barley, there were not a lot of good choices for a winter barley variety to plant.  East coast winter 
barley varieties generally lack winter hardiness in the PNW. Hoody winter forage barley variety is susceptible 
to barley stripe rust and leaf rust; thus, this study investigates possible Hoody genotype replacements with 
improved rust resistance.  

Materials and Methods

Two different winter barley selection trials were planted at COARC, Madras in mid-October 2005. Initial one-
foot soil sample was taken March 6, 2006, and sent to Agri-check, Inc, at Umatilla, Oregon for analysis (see 
Table 1). Based on adequate N, P, K, and S, the trials were not fertilized. The selections were-planted with a 
small plot drill with 6-rows and 8-inch row spacing with an 80 lb/ac seeding rate. Different crosses of Hoody 
(hooded forage type susceptible to barley stripe rust with resistance to scald) with ‘Kold’ (barley stripe 
rust, leaf rust, and scald resistance) for forage and grain were tested in 3 different trials at Central Oregon 
Agricultural Research and Extension Center (COAREC), Madras, Oregon. 

Study 1: Five selections, including Hoody as a check, were planted in randomized complete block design, 
with 4 replications, for yield, height, heading date, and lodging. 

Study 2: Twelve other selections, including Hoody, ‘Strider’, and ‘Stab 113’ as checks, were planted for plant 
height, and lodging documentation near the forage yield trial. Study 3: thirty-four selections were planted 
for plant height, lodging, and heading date documentation. 

Lodging notes were-taken on June 13, June 19, and at harvest. Studies were harvested for forage yield on the 
same day – July 5, 1996.  Forage yield was determined by harvesting the middle 4 rows (32-inches wide) to 
reduce edge effect on yield with a sickle bar Jari-Mower at 4 inches cutting height.  The area harvested was 
34 to 41 ft2 measuring each plot’s length.  Wet forage was weighed in the field with a tripod and electronic 
hanging scale. Three to four subsamples were-combined into about a 1-pound sample and was placed in 
a paper bag and weighed in the field.   Harvested samples were-dried in a forage dryer at 140 degrees F 
until no change in weight (3 days).  The sample bags were reweighed.  The percent moisture and dry matter 
is calculated to determine, and is presented as, oven dry matter yield.  Yield per inch of plant height was 
calculated by multiplying yield (ton/acre) * 2,000 lb per ton, then dividing by plant height equals yield in 
pounds per inch plant height. 

Quality analysis (ADF, NDF, ash, and crude protein) were conducted in the Animal and Rangeland Science 
Dept Quality Lab at Oregon State University. Percent crude protein was converted to percent N and 
multiplied times yield to determine N uptake.

These same trials were planted at Corvallis, OR, Davis, CA, and Tulelake, CA, with some of that data 
presented in this article.  Genstat version 21.1 program was used for statistical analysis.

Table 1. Soil test results (March 6, 2006) for the two winter barley trials planted in mid-October 2005 at COARC, Madras, 
Oregon.

Soil Depth pH P (ppm) K (ppm) NO3 (lb/ac) NH4 (lb/ac) S (ppm)

0-12 in. 7.2 39 470 47 4 7.7

Soil analysis performed by Agri-check, Inc. Umatilla, Oregon

Results and Discussion

Yield, dry matter and moisture contents, plant height, pounds per inch of plant height, two lodging dates, 
and heading date are in table 2. There were two terrible high wind- and rainstorms that occurred during the 
growing season that did affect lodging. Various selections in study 1 (table 2.) look very promising as three 
selections out-yielded Hoody, but only selection K/H 33-5-1statistically out- yielded Hoody and selection 
4. Two of those selections, K/H 32-1-5 and K/H 33-5-1, had substantial less lodging than Hoody. Only K/H 
33-5-1was significantly taller than Hoody. There was a trend for all selections lines to have greater yield in 
pounds per inch of plant height than Hoody. Only selection K/H 7-9 had an earlier heading date (4 days 
earlier) than Hoody and the rest of the selections had a one-day later heading date. Selection K/H 7-9 
heading date was confirmed by the dry matter / moisture content which was much more / less than other 
selections at harvest, which occurred on the same date. 

Crude protein was similar for three of the selections tested, but there were differences for ADF and NDF 
with K/H 7-9 trending lower than Hoody (table 3.).

There are promising lines that yielded as well as, or greater than Hoody, and have better resistance to leaf 
rust, and barley stripe rust than Hoody. Ultimately one of these selections (K/H 33-5-1 in these trials) gave rise 
to more crosses and the eventual release of ‘Verdant’.

Table 2. Forage yield and other agronomic data for the winter barley forage selections trial planted mid-October 2005 
and harvested July 5, 2006, at the COARC, Madras, Oregon.   
 

Selection Yield 
(t/ac)

DM (%) Moist. (%) Ht. (in.) Yield 
(lb/in.)

June 13
Lodge

(%)

July 5
Lodge

(%)

100% 
Head Date

(DOY)

1 Hoody 5.75 50.4 49.6 48.8 236 74 83 167

2 K/H 7-9 6.38 64.4 35.6 46.8 273 48 59 163

3 K/H 31-3-1 6.21 49.7 50.3 46.5 267 75 77 168

4 K/H 32-1-5 5.64 54.7 45.3 46.0 245 40 39 168

5 K/H 33-5-1 6.82 56.6 43.4 52.5 260 26 21 168

Mean 6.16 55.2 44.8 48.1 256 53 56 167

Prob. > F 0.031 0.001 0.001 0.010 -- 0.181 0.015 --

PLSD 0.10 0.62 4.8 4.8 2.9 -- NS 29 --

CV% 8.0 6.9 8.5 4.8 -- 59 42.0 --

4 replications. DOY = day of year.  Yield presented on DM basis (oven dried at 140 degrees F until no change in 
weight).  Heading date was a single rep documentation.  No stats run on lb/inch plant height yield. This trial was 
also planted and harvested at Tulelake, CA and Corvallis, Oregon. (Selection 5 (K/H 33-5-1) gave rise to more 
crosses to releasing ‘Verdant’.)

Quality and N uptake data are in table 3. Selection 2 had the lowest NDF and ADF percentage. Ash and 
protein content among treatments are similar. The nitrogen uptake at harvest was in the range of 143 to 175 
lb/acre of N.                   (Continued on page 56)
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Table 3. Forage quality analysis of Hoody compared to two selections grown at COAREC, Madras, Oregon and harvested 
July 5, 2006.

Selection 
NDF 
(%)

ADF 
(%)

Ash (%) Crude 
Protein (%)

N Uptake 
(lb/ac)

1 Hoody 57 34 7 8 147

2 K/H 7-9 51 29 7 7 143

5 K/H 33-5-1 61 36 7 8 175

Mean 56 33 7 8 155

Quality was determined by wet lab analysis in the Animal Science Dept at OSU.
(Selection 5 (K/H 33-5-1) gave rise to more crosses to releasing ‘Verdant’.)

Heading date and disease resistance ratings are in table 4.  All the selections had better stripe rust and leaf 
rust resistance ratings than Hoody. There was 6 days difference in heading date for the selections – some 4 
days earlier and 2 days later than Hoody.

Table 4. Heading date, stripe rust disease severity, scald rating, and leaf rust for Hoody and four selections of winter 
barley grown at Corvallis in 2006.

Selection Heading Date (DOY) Stripe Rust (%) Scald (1-9) Leaf Rust1 (%)

1 Hoody 131 70 1 80

2 K/H 7-9 130 0 2 30

3 K/H 31-3-1 133 Trace 1 20

4 K/H 32-1-5 134 Trace 2 60

5 K/H 33-5-1 127 Trace 3 60
1 Leaf rust data are from 2005 as the disease was not observed in 2006. Scald scale: 1 = zero% and 9 = 100%. 
DOY = day of year from January 1.
(Selection 5 (K/H 33-5-1) gave rise to more crosses to releasing ‘Verdant’.)

Study 2: KHYT Trial Results
This trial was affected by two rain and windstorms. Selection 12 stood out with substantially less lodging 
compared to the other selections. It also was the shortest plant height selection. All the selections were 
shorter in height than Hoody, except selection 11.  Strider and Stab 113 were substantially earlier heading 
by 8 to 21 days earlier than the rest of the selections, and 18 days earlier than Hoody. 

Table 6. Agronomic observation data for the 2006 KHYT grain trial planted in mid-October 2005 at the COAREC, Madras, 
Oregon.

Line
June 13 Lodging 

(%)
July 19 Lodging 

(%)
Height 

(in.)
100% Heading Date 

(DOY)

1 Hoody 70 82 48 166

2 K/H 7-3 47 48 44 156

3 K/H 7-5 55 72 45 156

4 K/H 7-6 38 62 42 156

5 K/H 7-8 91 73 45 156

6 K/H 7-9 55 70 45 158

7 Strider 52 77 45 148

8 K/H 20-2-3 62 75 46 168

9 K/H 31-3-1 91 77 46 167

10 K/H 32 -1-5 18 42 46 168

11 K/H 33-5-1 63 42 51 169

12 Stab 113 5 28 44 148

Mean 54 62 46 160

DOY = day of year. 3 replications. This same trial was harvested for grain at Tulelake, CA and Corvallis, OR.
(Selection 5 (K/H 33-5-1) gave rise to more crosses, to releasing ‘Verdant’.)

Study 3: 34 Winter Forage Barley Selection for Grain Trial Results
The 34 selections of winter forage barley ranged in plant height from 36 to 50 inches.  The 100% heading 
dates ranged from 148 (May 28) to 170 (June 19) day of year.  June 13 lodging ranged from 0 to 98%. 
Lodging at harvest (July 19) ranged from 0% to 95%.  The trial was not harvested for grain due to the 
severity of the two rain and windstorms.

The goal of these trials was to select and release a variety of winter forage barley to replace Hoody. Many 
of these selections were made available for further testing with private seed companies. Verdant, with 
resistance to lodging, stripe rust, leaf rust and scald, has been released as a replacement for Hoody winter 
forage barley.

Reference and Further Reading

https://barleyworld.org/barley-info/seed-availability
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Kold x Hoody (KHPYT) Preliminary Winter Forage Barley Trial
Myle Bohle, Ann Corey, Rhonda Simmons, and Patrick Hayes

Introduction

Cereal for forages is planted and utilized for livestock feed in Oregon.  Winter barley is earlier maturing and 
more water use efficient than the other cereals.  ‘Hoody’ winter forage barley (hooded) is a popular winter 
forage barley as it is the only variety developed in the Pacific Northwest. Hoody is susceptible to barley 
stripe rust, leaf rust, but resistant to scald.  ‘Kold’ is a variety with resistance to stripe rust, leaf rust, and 
scald.  Even though it has held up well over the years, a similar or better variety with resistance is needed.

Materials and Methods

This trial was planted on November 19, 2004, at the Central Oregon Ag Research and Extension Center 
(COAREC), Madras, Oregon.   Forty-five selections of Hoody x ‘Kold’ crosses and ‘Strider’, Hoody, and 
‘Patriot’ were planted. The trial was not randomized or replicated, although Strider (3 plots) and Hoody 
(6 plots) were strategically planted throughout the trial.  The trial was not fertilized. A soil test was taken 
the first week of March 2005 and analyzed by Agri-Check, Inc., Umatilla, Oregon. The results are in Table 
1.   Seeding rate was 87 lb/acre planted with a 6 row, 8-inch row spacing plot drill. The trial was irrigated as 
needed with 30 x 40 feet hand line spacing with impact sprinkler heads with 9/64-inch nozzle.  Plant height, 
lodging, and day of year (DOY) at late boot growth stage, and plant height and lodging on June 21, 2005 was 
documented.  No yield or disease resistance data was taken. 

Table 1. Soil test results.

Soil Depth (in.) pH P (ppm) K (ppm) NO3 (lb/ac) NH4 (lb/ac) S (ppm)

0-12 6.8 25 346 102 9 19.7

Results and Discussion

Date of late boot growth stage and plant height, and June 21 plant height are presented in Table 2. No 
lodging occurred in this trial.  Late boot growth stage had a range of day of year 135 (May 15) to 151 (May 
31).  Late-boot growth stage plant height ranged from 26 to 40 inches.  Plant height on June 21 (DOY – 172) 
ranged from 38 to 52 inches, at 100% headed.  This trial was a preliminary look at many selections of Hoody 
x Kold winter barley crosses, compared to Hoody and Strider. Hoody is an excellent hooded forage barley 
yielder with good lodging resistance but is susceptible to barley stripe rust and leaf rust but has resistance 
to scald.  Kold has resistance to barley stripe rust, leaf rust, and scald. The goal is to develop a selection that 
is hooded, with excellent yield potential with good to excellent resistance to lodging, barley stripe rust, leaf 
rust, and scald. Some of these selections will be trialed further. Based on the results of these and other trials 
over the years, ‘Verdant’ winter forage barley variety was released.

Further Reading and Information on Verdant

https://barleyworld.org/barley-info/seed-availability
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Table 2. Date of late boot growth stage (day of year) and plant height, and June 21, 2005, plant height of Hoody x Kold 
cross selections, and Hoody, Strider, and Patriot winter barley varieties planted November 19, 2004, at the COAREC, 
Madras, Oregon. 

Selection

Late Boot 
Growth 

Stage 
(DOY)

Late Boot 
Plant 

Height 
(in.)

June 21 
Plant 

Height 
(in.) Selection

Late Boot 
Growth 

Stage 
(DOY)

Late Boot 
Plant 

Height 
(in.)

June 21 
Plant 

Height 
(in.)

Hoody 146 32 47 29 151 36 45

Strider 140 32 41 Hoody 147 40 45

3 146 30 39 31 149 36 47

4 146 31 44 32 143 34 47

5 149 32 39 33 148 32 48

6 145 32 38 34 144 35 45

7 139 31 42 35 144 36 45

8 148 34 44 36 140 31 43

9 140 28 38 37 140 33 41

Hoody 145 36 50 38 140 33 41

11 145 33 43 39 142 32 40

12 140 32 42 Hoody 146 37 47

13 139 32 42 41 141 29 43

14 139 37 45 42 141 33 45

15 139 36 47 43 140 34 43

16 140 36 44 44 140 30 39

17 139 37 44 45 141 31 43

18 150 38 48 46 141 33 45

19 141 31 45 47 140 37 48

Hoody 145 35 49 48 139 30 45

21 141 33 47 49 137 36 51

22 142 30 41 Hoody 146 37 52

23 145 34 46 51 144 34 49

24 144 35 46 52 135 34 46

25 149 33 42 53 137 33 45

Strider 141 34 41 Strider 141 33 42

27 149 31 42 Patriot 146 26 41

28 149 28 40 Hoody 137 28 45

https://barleyworld.org/barley-info/seed-availability
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Effect of Long Term Weed Control in Alfalfa on Subsequent Oat 
Forage Crop
Mylen Bohle and David Hannaway

Introduction

Following an alfalfa crop rotation may require either no nitrogen fertilizer or a small amount to optimally 
grow a subsequent crop, depending upon yield potential of the subsequent crop. This study evaluated the 
influence of previous long-term weed control management scenarios in alfalfa on a subsequent oat forage 
crop in central Oregon.

Materials and Methods

Pioneer ‘5364’ alfalfa was planted on August 28, 1990 (designated as Early-Fall planting date), and June 
11, 1991 (designated Late-Spring planting date) at the Central Oregon Ag Research and Extension Center 
(COAREC), in Powell Butte, Oregon. There were 5 weed control scenarios managed over the course of this 
long term weed control experiment conducted from 1990 to 1997 (Table 1.). Treatments were applied to 20 
feet x 40 feet plots.  The trial was a split plot design, with planting date as main plots and weed management 
scenarios as sub plots, with 4 replications. 

The trial area was fertilized with 400 lb/acre gypsum on March 25, 1998.  First cutting alfalfa hay was 
harvested and removed from the trial area.  To terminate the alfalfa stand, second cutting regrowth was 
sprayed with 1.25 quarts/acre of glyphosate, 1.0 quart/acre of Weedmaster per acre on July 22, and 1.25 
quarts/acre of glyphosate and one quart/acre of Weedmaster were applied on July 29.

Corner hubs were staked, and the trial area was tilled with a rotovator in the Spring of 1999. ‘Kanota’ oat was 
planted with a 10-foot grain double disk drill with 6-inch row spacing in early March 12, 1999. Seeding rate 
was 99 lb/acre. No soil test was taken, and no fertilizer was applied in 1999.  Original individual plot areas 
were remeasured and staked.  The trial was irrigated as needed with 30 feet x 40 feet spacing hand lines with 
9/64-inch size impact nozzles. Harvest was at soft dough growth stage.  A sickle bar forage plot harvester 
was used to harvest 3.5 feet wide and 13.6 to 16.5 feet long plots (every plot length was measured).  Wet 
plot weight was weighed in the field with an electronic hanging scale.  Approximately one-pound samples 
were taken to determine moisture. They were placed in #16 paper bags and weighed in the field with a 
portable electronic scale.   Samples were dried at 149 degrees F until weight remained constant.  Dry matter 
percentage was used to calculate dry matter yield and yield is presented on oven dry matter basis. 

No quality or nutrient analyses were performed.  Genstat Version 21.1 was used for statistical analysis.

Table 1.  Previous long-term weed control treatments for alfalfa planted in early June and late August (1990-1997) at the 
COAREC, Powell Butte, Oregon.

1 Herbicides applied during establishment for first production year, with herbicide applications every year after.

2 Herbicides applied during establishment for first production year, with herbicide treatment the 2nd production year 
only. No further herbicide applications        

3 No herbicide applied during establishment or during production years one and two; then herbicides applied every 
year after.

4 No herbicides applied during establishment with herbicides applied in production years 4 and 6.

5 Check – no herbicides applied. 

Results and Discussion

Results for yield, dry matter, and moisture of Kanota oat at harvest are presented in Table 2 (page 62). There 
were no statistical differences between previous alfalfa planting periods of early June and late August. Nor 
were there statistical differences for planting period x herbicide management.  However, there was a trend 
for the previous August-planted alfalfa weed management scenario 2 and 3 to have higher yield than the 
previous early June planted alfalfa weed management scenario 2 and 3.  

The oat forage yields of the herbicide management scenarios 2 and 3 were significantly higher than weed 
management scenario 1, 4, and 5.  Weed management scheme 4 had weeds controlled by herbicide 
application in 2 of 7 years.  Weed management scenario 5 was the check which received no herbicide 
treatment. Scenarios 4 and 5 had higher grass weed yield compared to the other treatments; the August-
planted trial had more grass yield than the late- June planting date (unpublished data). Previous alfalfa 
weed management scenarios 2 and 3 had the highest and similar yields but weed control of broadleaf and 
grass weeds was significantly different for scenarios 2 and 3. Weed management scenario 2 had herbicide 
applications only the first 2 years. Weed management scenario 3 had no herbicide the first 2 years and then 
herbicide applied the last 5 years.  Weed management scenario 1 had herbicides applied every year, so it 
was surprising that this treatment did not produce the highest subsequent yield of oat forage, as it was 
the most weed-free (unpublished data). Since no soil tests were taken to document residual herbicide, it is 
possible that some herbicide carryover contributed to a slightly lower yield when comparing treatment 1 to 
treatments 2 and 3.

The previous crop of alfalfa produced a Kanota oat mean yield of 5.02 ton/acre with a range of 4.50 to 5.60 
ton/acre for individual weed management treatments. The oat forage was produced with the decomposition 
of the alfalfa plant shoot and root material, and the release of nitrogen absorbed by the oat plant. 

Conclusion

Subsequent oat forage yields will be greater if produced in previous alfalfa fields rotated out that are 
broadleaf and grass weed-free during and at the end of their rotation.  As the plow-down of alfalfa, grasses 
and broadleaf weeds decompose in the soil, it appears that there is more N available for the oat crop with 
a weed-free stand of alfalfa, compared to a mix of alfalfa, broadleaf, and grass weeds decomposing and 
releasing N.  The last herbicide treatment on an alfalfa field needs to be at a lower rate of a shorter-lived soil 
residual herbicide to make sure there is no effect on subsequent crop yield.
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Table 2. Fall and spring planted alfalfa long term weed control effect on subsequent Kanota Spring oat forage crop planted 
on March 12 and harvested on July 16, 1999, at the COAREC, Powell Butte, OR. 

Alfalfa Planting Date 
&

 Previous Weed Control Treatments 
Yield 
(t/ac)

Dry Matter 
(%)

Moisture 
(%)

August 28, 1990, Planted alfalfa 5.14 44.7 55.3

June 11, 1991, Planted Alfalfa 4.90 44.7 55.3

Previous Weed Control Management Scenarios

1 4.98 44.4 55.6

2 5.35 45.4 54.6

3 5.35 45.7 54.3

4 4.74 44.1 55.9

5 4.69 43.8 56.2

Previous Planting Period x Weed Control 
Scenarios

August 2, 1990, Planted Alfalfa

1 5.19 44.2 55.8

2 5.60 45.8 54.2

3 5.57 46.0 54.0

4 4.58 43.8 56.2

5 4.78 43.9 56.1

June 11, 1991, Planted Alfalfa

1 4.77 44.7 55.3

2 5.10 44.9 55.1

3 5.12 45.4 54.6

4 4.89 44.5 55.5

5 4.60 43.8 56.2

Mean 5.02 44.7 53.3

Alfalfa Plant Date Prob. >: F 0.223 0.962 0.962

Alfalfa Plant Date PLSD 0.05 NS NS NS

Alfalfa Plant Date CV% 4.6 4.0 3.2

Weed Mgmt. Prob. > F 0.001 0.403 0.403

Weed Mgmt. PLSD 0.05 0.35 NS NS

Weed Mgmt. CV % 4.6 5.0 4.1

Alfalfa Plant Date x Weed Control Prob. > F 0.129 0.955 0.955

Alfalfa Plant Date x Weed Control. PLSD 0.05 NS NS NS

Alfalfa Plant Date x Weed Control CV% 6.7 5.0 4.1

Dry and Liquid Sulfur Rate Effect on Irrigated First-Cut Alfalfa
Mylen Bohle and Ed Clark

Introduction

Central Oregon soils are sulfur-deficient, and sulfur is required for high yield and quality of alfalfa. Sulfur 
is needed for protein formation and to allow the other nutrients to be absorbed from the soil. For optimal 
production, alfalfa needs about 4 pounds of sulfur per ton of dry matter yield.  An on-farm trial to test 
the response of first-cut alfalfa to different rates and formulation of sulfur was conducted in 1994 in the 
Prineville, Crook County, Oregon, area.

Materials and Methods

Rates of 0, 25, 50 and 75 lb/acre of liquid and 50 lb/acre dry formulations of actual sulfur were applied to 
an existing alfalfa field at the Bill Guthrie farm, Prineville, Oregon.  Elemental sulfur was the dry product 
applied; liquid sulfur formulation was Thiosol. No soil test was taken.  Variety of alfalfa is unknown. The trial 
was conducted as a randomized complete block design with 4 replications. Sulfur applications were made 
in early April 1994 with a United Ag Products (UAP) large boom truck.  The field was irrigated with rolling 
wheel lines.  Harvest was in mid-June 1994 when plants were in the 10% bloom stage.  Plot area harvested 
was 120 ft2, with a 12-feet wide, sickle bar swather, allowing space between each harvested plot. Windrows 
were allowed to dry until ready for baling. Windrows in the plots were picked up and weighed in the field 
with a tripod, tarps, and electronic hanging scale. Samples of about one pound were taken and placed in 
paper bags, sealed in plastic shopping bags.  Samples were transported to the COARC in Powell Butte and 
weighed and then dried at 140 degrees F until no change in weight.  Dry matter and moisture percentages 
were determined, and yields were calculated and presented on an oven-dry matter basis.  Genstat, Version 
21.1 was used for statistical analysis.

Results and Discussion

Yield, dry matter, and moisture data are provided in Table 1.  There was no yield, dry matter percentage, or 
moisture percentage statistical differences among treatments.  Dry matter percentages were higher than 
usual because the forage was allowed to dry down before gathering and weighing in the field.  We surmise 
that there was sufficient carryover of previous applications of sulfur so that sulfur was not a limiting factor in 
this field on first cutting.  The markers of the treatment plots could not be identified for 2nd and 3rd cutting; 
so, the trial was discontinued.
Table 1. First-cut alfalfa response to different rates and formulations of sulfur applied early April 1994, Prineville, OR.

Sulfur Treatment (lb/acre S/ formulation) Yield (ton/acre) Dry Matter (%) Moisture (%)

Check 3.10 85.9 14.1

25 Liquid 2.85 82.1 17.9

50 Liquid 2.88 82.1 17.9

50 Dry 3.14 86.4 13.6

75 Liquid 2.97 86.1 13.9

Mean 2.99 84.5 15.5

Prob. > F 0.572 0.262 0.262

PLSD 0.10 NS NS NS

PLSD 0.05 NS NS NS

CV% 10.1 4.3 23.3
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Nitrogen Rate and Previous Irrigated Alfalfa Crop Effect on Irrigated 
Spring Cereal Forage Demonstration 
Mylen Bohle, David Hannaway, and Russ Karow

Introduction

Spring cereal forages and alfalfa are important crops in Central and Eastern Oregon. Little work had been 
done documenting yields of spring cereals following a previous crop of irrigated alfalfa, or to determine 
if additional nitrogen is needed to economically optimize crop yield and document other agronomic data. 
Another part of this demonstration was also planted to compare oat with and without pea, to document 
yield and other agronomic data. This demonstration was done in cooperation with Weaver Seed Company. 
They wanted data on their oat selections compared to other oat cultivars. Yield, plant height, lodging, and 
other agronomic data under irrigated conditions with increasing nitrogen rates were documented.

Materials and Methods

Weaver Seed Company of Shed, Oregon requested a comparison of some of their oat selections and 
provided seed representing their products. One triticale, 2 barley, and 5 oat cultivars and selections (Table 1) 
were planted on April 22, 1994, at the Central Oregon Ag Research and Extension Center (COAREC), Powell 
Butte site on a previous 5-year alfalfa cultivar trial (planted 1989). Five other oat cultivars and experimental 
lines, with and without peas, were planted in single plots (table 10.). Both plantings were demonstrations 
with no replication or randomization. 

The field was rototilled and leveled, and planted east-west, whereas the alfalfa cultivar trial plots had 
been planted north–south. Planting was done with a small cone experimental drill with 6 rows and 
8-inch row spacing in 5 ft x 20 ft plots. Cereal and pea seeding rate was 30 seeds square foot.  Fertilizer 
treatments were weighed and applied by hand.  Nitrogen fertilizer rates of 0, 40, 80, 120, 160, and 200 
lb/ac (Ammonium Nitrate source) and 40 lb/ac of Sulfur (gypsum) was top-dressed and applied on May 7, 
1994, for the 8 triticale, barley, and oat cultivars and immediately irrigated.  The other 5 oat cultivars and 
experimental lines, with and without pea, were not fertilized to document their yield response following an 
alfalfa crop.

The field was irrigated as needed throughout the season with hand lines with a 30 feet x 40 feet pattern 
and 9/64th inch nozzle impact sprinkler heads at 50-55 lb psi pressure.  Late boot/very early heading 
dates were recorded from the 40 lb/ac N rate plots in the 8-entry demonstration, and the oat and oat/
pea mixture demonstration were documented in the check plots. Plant height (inches) and lodging (%) was 
recorded at harvest. Harvest dates were recorded at the soft dough growth stage.  Harvest was conducted 
with a Jari-mower sickle bar with 4 rows harvested from the middle of each plot, leaving the outside rows, 
to reduce edge effect.  Clipping height was 2 inches. Plot lengths on every plot were measured so an area 
of approximately 15 ft x 2.67 ft = 40 ft2 was harvested. The wet plot yield was weighed in the field with a 
hanging electronic scale and tripod.  Grab samples of one pound were taken, placed in a paper bag and then 
weighed while fresh.  Samples were dried at 140 degrees Fahrenheit until sample weight remained constant, 
and the final weight was recorded. Dry matter and moisture content percentage was determined.  The dry 
sample weight was divided by wet sample weight to determine percent dry matter of the plot yield and 
converted to tons per ac dry matter. Yield per inch of plant height was calculated by dividing yield by plant 
height in inches. Yields are presented on oven dry matter basis.  Samples were not kept back for quality or 
nutrient concentration testing, and therefore nutrient uptake was not determined.

Results and Discussion

Yield Following Alfalfa and Nitrogen Rate Response - Cereal yield response data from previous alfalfa crop and 
nitrogen rates are summarized in Table 1. The previous crop of alfalfa provided enough nutrients for spring 

cereal yields to average 3.76 ton/ac (range of 1.99 to 5.72 ton/ac) with no added N fertilizer.  Average yields 
increased up to 80 lb/ac of additional nitrogen to 5.59 t/ac. Some entries increased yield up to the 120, 
160, and 200 lb/ac N rate.  Du-1 oat, Belford barley, and Trical 2700 triticale increasingly lodged as N rates 
increased (tables 2-9.).

Trical 2700 triticale and DU-1 oat had the highest yields at 5.37 and 5.72 ton/ac with no added nitrogen 
fertilizer. Bay and Monida oat were next highest yielding with 4.12 and 3.97 ton/ac, respectively. Ensiler and 
Stampede oat yielded 3.29 and 3.06 ton/ac while Belford and Westford barley yielded 2.58 and 1.99 ton/ac. 

Yields for all entries increased up to the 80 lb/ac N rate except for Belford barley which reached its highest 
yield at 40 lb/ac N rate.  DU-1 and Stampede oat increased yield up to 120 lb/ac N rate and Monida oat’s 
highest numerical yield was at 160 lb/ac N rate. Most of the yield increase from the entries was up to the 
40-80 lb/ac N rate. Fertilizing beyond that N rate probably would not be economical depending upon the 
price of nitrogen fertilizer and the value of cereal hay. 

Each individual cereal species cultivar yield and agronomic response is provided in Tables 2-10.

Table 1. Nitrogen rate and previous alfalfa crop effect on spring triticale, barley and oat cultivar and selections 
demonstration at the COAREC, Powell Butte, Oregon planted April 22, and harvested at soft dough growth stage by late 
July / early August 1994.
  

Nitrogen Rates (lb/ac)

Cultivar Species 0 40 80 120 160 200

Yield (Tons per ac)

Trical 2700 Triticale 5.37 5.24 6.70 5.93 6.22 5.42

Westford Barley 1.99 3.56 4.92 4.72 4.97 3.94

Belford Barley 2.58 4.99 4.98 4.14 3.99 3.52

Monida Oat 3.97 5.42 5.55 3.95 5.97 4.79

Du-1 Oat 5.72 5.92 6.20 6.52 6.08 4.33

Stampede Oat 3.06 3.42 4.51 4.91 5.59 5.25

Ensiler Oat 3.29 3.52 4.89 5.23 5.58 6.51

Bay Oat 4.12 4.42 6.86 6.66 5.85 6.63

All Entries (8) Mean 3.76 4.56 5.59 5.26 5.53 5.05

Avg incremental Yield increase or decrease -- 0.80 1.03 -0.33 0.27 -0.48

Triticale Mean (1) 5.37 5.24 6.70 5.93 6.22 5.42

Triticale incremental Yield increase or decrease -- -0.13 1.46 -0.77 0.29 -0.80

Barley (2) Mean 2.29 4.28 4.95 4.43 4.48 3.73

Barley Incremental Yield 

increase or decrease -- 1.99 0.67 -0.52 0.05 -0.75

Oat (5) Mean 4.03 4.54 5.60 5.45 5.31 5.44

Oat Incremental Yield 

increase or decrease -- 0.51 1.06 -0.15 0.36 -0.37

Data are from non-replicated and non-randomized treatments.

Incremental increase or decrease is the yield from the next highest N rate, subtracting the lower previous N rate 
yield.
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Individual Cereal Selection/Cultivar Yield and Agronomic Response to Increasing Nitrogen Rates - 
Du-1 yield, and agronomic data are provided in Table 2. Du-1 oat yield was 5.72 ton/ac without added N 
fertilizer. Du-1 increased yield up to the 120 lb/ac N rate and then yield decreased beyond that rate.  Plant 
height was not greatly different across N rate treatments, but lodging dramatically increased with increasing 
rates of nitrogen, which may have affected yield.  Late boot to very early heading date was June 28.  Harvest 
date at soft dough for the check was 3 days earlier compared to the rest of the N rates.

Table 2. Nitrogen rate and previous alfalfa crop effect on irrigated DU-1 oat at the COARC Powell Butte, Oregon planted 
April 22, and harvested July 23-26, 1994.

Nitrogen 
Rate 

(lb/ac)

Yield 
(t/ac)

DM 
(%)

Moisture 
(%)

Height 
(in.)

Lodging 
(%)

Late boot 
to early 
heading 

(M/D)

Harvest 
Date 

(M/D)

Harvest 
Notes

0 5.72 39.8 60.2 62 0 7/23 Soft
Dough40 5.92 42.8 57.2 59 65 6/28 7/26

80 6.20 45.0 55.0 62 75 7/26

120 6.52 39.1 60.9 63 80 7/26

160 6.08 30.3 69.7 59 85 7/26

200 4.33 42.1 57.9 59 95 7/26

Mean 5.80 39.9 60.1 61 67 --

Data are from non-replicated and non-randomized treatments.

Monida oat yield and agronomic data are provided in Table 3.  Monida oat yield was 3.97 ton/ac without 
added N and increased up to the 160 lb/ac N rate and then decreased at the 200 lb/ac N rate.  Plant height 
increased up the 80 lb/ac N rate but did not lodge at any of the N rates. Late boot to very early heading date 
was July 2.  Harvest was at hard dough growth stage on August 1 for all N rates.

Table 3. Nitrogen rate and previous alfalfa crop effect on Monida oat, planted April 22, at the COAREC, Powell Butte, 
Oregon, and harvested August 1, 1994.

Nitrogen 
Rate 

(lb/ac)

Yield 
(t/ac)

DM 
(%)

Moisture 
(%)

Height 
(in.)

Lodging 
(%)

Late boot to 
early heading 

(M/D)

Harvest 
Date 

(M/D)

Harvest 
Notes

0 3.97 46.8 53.2 41 0 8/1 Hard
Dough40 5.42 43.5 56.5 46 0 7/2 8/1

80 5.55 46.4 53.6 48 0 8/1

120 3.95 37.6 62.4 46 0 8/1

160 5.97 41.8 58.2 48 0 8/1

200 4.79 54.3 45.7 40 0 8/1

Mean 4.94 45.1 54.9 45 0 --

Data are from non-replicated and non-randomized treatments.

Belford barley yield and agronomic data are provided in Table 4. Belford barley yield was 2.58 ton/ac without 
added N and then increased dramatically from the check up to the 40 lb/ac N rate. There were no important 
increases at higher N rates. Plant height increased up to the 120 lb/ac N rate; but severe lodging increased 
with the increasing N rates, which probably affected yield. Late boot to very early heading growth stage was 
June 26.  Harvest at soft dough ranged from July 23 for the check to August 2 for the highest N rates.

Table 4. Nitrogen rate and alfalfa previous crop effect on Belford barley, planted April 22 at the COAREC, Powell Butte, 
Oregon, and harvested from July 23 to August 2, 1994.

Nitrogen 
Rate 

(lb/ac)

Yield 
(t/ac)

DM 
(%)

Moisture 
(%)

Height 
(in.)

Lodging 
(%)

Late boot to 
early heading 

(M/D)

Harvest 
Date 

(M/D)

Harvest 
Notes

0 2.58 40.9 59.1 40 5 7/23  Soft
Dough40 4.99 43.2 56.8 44 30 6/26 7/26

80 4.98 44.0 56.0 46 55 8/1

120 4.14 43.2 56.8 48 90 8/1

160 3.99 38.7 61.3 48 85 8/2

200 3.52 48.3 51.7 48 58 8/2                         

Mean 4.03 43.1 56.9 46 54 --

Data are from non-replicated and non-randomized treatments.

Bay oat yield and agronomic data are provided in Table 5. Bay oat yield was 4.12 ton/ac without added N and 
increased up to the 80 lb/ac N rate.  Plant height increased 9 inches from the check to the 120 lb/ac N rate.  
There was zero lodging up to the 160 lb/ac N rate, only 5% lodging at the 200 lb/ac N rate. Late boot to very 
early heading growth stage was July 2.  Harvest was at soft dough with only one day difference between 
harvest dates for all N rates.
 
Table 5. Nitrogen rate and previous alfalfa crop effect on Bay oat planted April 22, at the COAREC, Powell Butte, Oregon, 
and harvested August 1-2, 1994.

Nitrogen 
Rate 

(lb/ac)

Yield 
(t/ac)

DM 
(%)

Moisture 
(%)

Height 
(in.)

Lodging 
(%)

Late boot to 
early heading 

(M/D)

Harvest 
Date 

(M/D)

Harvest 
Notes

0 4.12 36.2 63.8 37 0 8/1 Soft
Dough40 4.42 38.8 61.2 41 0 7/2 8/1

80 6.86 39.3 60.7 47 0 8/2

120 6.66 42.3 57.7 48 0 8/2

160 5.85 41.1 58.9 46 0 8/2

200 6.63 50.1 49.9 47 5 8/2

Mean 5.76 41.3 58.7 44 1 --

Data are non-replicated and non-randomized plots
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Ensiler oat yield and other agronomic data are in Table 6. Ensiler oat yield was 3.29 ton/ac without added N 
and increased with each increasing rate of nitrogen, which was different from the rest of the entries. Plant 
height increased from 38 inches for the check to 50 inches for the 200 lb/ac N rate.  There was no lodging 
for any of the N rates.  Late boot to very early heading was June 28.  Harvest was at milky to soft dough 
growth stage on July 23. There was some bird damage to the heads at harvest.

Table 6. Nitrogen rate and previous alfalfa crop effect on Ensiler oat, planted April 22, at the COARC Powell Butte, 
Oregon, and harvested July 23, 1994.

Nitrogen 
Rate 

(lb/ac)

Yield 
(t/ac)

DM 
(%)

Moisture 
(%)

Height 
(in.)

Lodging 
(%)

Late boot to 
early heading 

(M/D)

Harvest 
Date 

(M/D)

Harvest 
Notes

0 3.29 33.8 66.2 38 0 7/23 Milky to 
Soft

dough;
Bird 

damage

40 3.52 36.1 63.9 41 0 6/28 7/23

80 4.98 36.2 63.8 45 0 7/23

120 5.23 32.2 67.8 45 0 7/23

160 5.58 44.5 55.5 46 0 7/23

200 6.51 35.6 64.4 50 0 7/23

Mean 4.85 36.4 63.6 37 0 --

Data are from non-replicated and non-randomized treatments.

Stampede oat yield and agronomic data are provided in Table 7. Stampede oat yield was 3.06 ton/ac without 
added N and increased yield up to the 160 lb/ac N rate. Plant height increased from 37 inches for the check 
to 44 inches for the 200 lb/ac N rate with no lodging at any of the N rates.  Late boot to early heading date 
was July 13. Harvest was at soft dough on August 9.  Birds caused some damage by stripping the heads.

Table 7. Nitrogen rate and previous alfalfa crop effect on Stampede oat, planted April 22, at the COARC Powell Butte, 
Oregon, and harvested on August 9, 1994.

Nitrogen 
Rate 

(lb/ac)

Yield 
(t/ac)

DM 
(%)

Moisture 
(%)

Height 
(in.)

Lodging 
(%)

Late boot to 
early heading 

(M/D)

Harvest 
Date 

(M/D)

Harvest 
Notes

0 3.06 30.5 69.5 37 0 8/9 Birds
Stripped

Heads
40 3.42 35.3 64.7 40 0 7/13 8/9

80 4.51 29.8 70.2 43 0 8/9

120 4.91 28.1 71.9 43 0 8/9

160 5.59 43.2 56.8 43 0 8/9

200 5.25 32.0 68.0 44 0 8/9

Mean 4.46 33.2 68.0 42 0 --

Data are from non-replicated and non-randomized treatments.

Trical 2700 yield and agronomic data are in Table 8. Trical 2700 triticale yield was 5.37 ton/ace without 
added N and increased up to the 80 lb/ac N rate.  Plant height increased 3-4 inches from the check to the 80 
to 200 lb/ac N rate. Lodging increased dramatically with increasing N rates.  Late boot to very early heading 
date was July 2.  Harvest at soft dough occurred on August 9.

Table 8. Nitrogen rate and previous alfalfa crop effect on Trical 2700 triticale planted April 22, and harvested August 9, 
1994, at the COAREC, Powell Butte, Oregon.

Nitrogen 
Rate 

(lb/ac)

Yield 
(t/ac)

DM 
(%)

Moisture 
(%)

Height 
(in.)

Lodging 
(%)

Late boot to 
early heading 

(M/D)

Harvest 
Date 

(M/D)

Harvest 
Notes

0 5.37 45.7 54.3 55 0  8/9 Soft 
Dough40 5.24 44.8 55.2 55 0 7/2 8/9

80 6.70 40.5 59.5 59 40 8/9

120 5.93 39.2 60.8 58 60 8/9

160 6.22 43.6 56.4 59 70 8/9

200 5.42 44.4 55.6 58 70 8/9

Mean 5.81 43.0 57.0 57 40 --

Data are from non-replicated and non-randomized treatments.

Westford barley yield and agronomic data are in Table 9. Westford barley yield was 1.99 ton/ac without 
added N and increased yield up to the 80 lb/ac N rate and then leveled off or decreased with the higher rates 
of N.  Plant height increased 10 inches up to the 160 lb/ac N rate. There was some minor lodging at the 120 
and 160 lb/ac N rate. Late boot / very early heading date was June 30.  Harvest was at soft to hard dough 
growth stage from July 26 to August 2.  

Table 9. Nitrogen rate and previous alfalfa crop effect on Westford barley forage planted on April 22, 1994, at the 
COAREC Powell Butte.

Nitrogen 
Rate 

(lb/ac)

Yield 
(t/ac)

DM 
(%)

Moisture 
(%)

Height 
(in.)

Lodging 
(%)

Late boot to 
early heading 

(M/D)

Harvest 
Date 

(M/D)

Harvest 
Notes

0 1.99 45.0 55 35 0 7/26 Soft
To

Hard
dough

40 3.56 39.2 60. 40 0 6/30 7/26

80 4.92 36.5 63.5 42 0 8/1

120 4.72 35.7 64.3 43 10 8/1

160 4.97 37.4 62.6 45 20 8/2

200 3.94 38.2 61.8 39 0 8/2

Mean 4.02 38.7 61.3 41 5 --

Data are from non-replicated and non-randomized treatments.

Comparison of Oat and Oat with Pea Yield and Agronomic Data Following an Alfalfa Crop - Oat and oat with 
pea forage yield and agronomic data are provided in Table 10. Average yields for the oat entries were 4.47 
ton/ac and oat with peas average yield was 5.02 t/ac following 5 years of alfalfa. The oat only entries ranged 
in yield from 3.74 (Magnum oat) to 5.18 (DU oat) ton/ac.  The oat with pea yields ranged from 3.93 (Mag-N 
oat with Magnus pea) to 5.82 (SL oat with Magnus pea).  There was a 0.55 ton/ac yield increase with the oat 
with Magnus pea entries compared to oat entries planted without pea. Plant height was increased 3 inches 
on average by the oat with pea entries.  The addition of peas increased plant height and caused the oat 
forage to lodge dramatically - average lodging was 0.8% for oat only, compared to 92.5% average lodging for 
oat with pea.  Late boot / very early heading dates averaged a day later, and average harvest date was the 
same, for oat with pea, compared to oat only.  Growth stage at harvest was documented for some entries, 
but not all.

(Continued on page 70)
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Table 10. Oat and oat/pea cultivar mixtures planted April 22, 1994, response following previous alfalfa crop at the 
COAREC, Powell Butte site.

Cultivar/Species
Yield 
(t/ac)

DM 
(%)

Moist. 
(%)

Height 
(in.)

Lodge 
(%)

Late Boot/ Early 
Heading M/D & (DOY)

Harvest Date
 M/D & (DOY)

Harvest 
Notes

Mag-N oat 4.47 33.4 66.6 60 0 6/29 (180) 8/1 (213) ---

Magnum oat 3.74 36.9 63.1 57 0 7/7 (188) 8/1 (213) HD to Ripe

B-3 oat 4.14 46.0 54.0 53 0 6/30 (181) 8/1 (213) HD to Ripe

Magnum II oat 4.38 33.2 66.8 57 0 6/28 (179) 7/23 (204) HD

SL oat 4.89 40.7 59.3 62 0 7/2 (183) 8/2 (214) Milk to SD

DU oat 5.18 35.1 64.9 61 5 6/28 (179) 8/2 (214) --

SL oat + Magnus 
pea

5.82 41.3 58.7 63 95 7/2 (183) 8/1 (213) --

Magnum oat + 
Magnus pea

4.88 39.4 60.6 60 95 7/9 (190) 7/23 (204) --

B-3 oat + Magnus 
pea 

4.88 37.7 62.3 60 100 6/30 (181) 8/2 (214) --

Mag-N oat + 
Magnus pea

3.93 34.0 66.0 64 100 7/2 (183) 8/2 (214) --

Magnum II oat + 
Magnus pea 

4.76 41.0 59.0 59 75 6/30 (181) 8/2 (214) --

DU oat + Magnus 
pea 

5.87 38.3 61.7 62 90 6/28 (179) 8/2 (214) --

Mean 4.75 38.1 61.9 59.8 46.7 7/1-2 (182.3) 7/31 (212) --

Oat Mean 4.47 37.6 62.4 58.3 0.8 7/1 (181.7) 7/31 (212.0) --

Oat + Pea Mean 5.02 38.6 61.4 61.3 92.5 7/2 (182.8) 7/31 (212.2) --

M/D – month / day; DOY – day of year; HD – hard dough; SD – soft dough
Data are from non-replicated and non-randomized treatments.

Jefferson County Smoke Management 
Pilot Balloon Observations, 2021
Amanda Alps, Tamara Dupont, and Jeremiah Dung

Introduction

The Pilot Balloon (PIBAL) program began in 1998 and is a major component of the daily decision-making 
process used in managing open field burning of grass seed and wheat fields in Jefferson County. PIBALs 
are used to track upper level wind direction and speed. They are released daily from the Central Oregon 
Agricultural Research Center between 10:30 am and 3:30 pm. Releases at potential burn sites allow for more 
accurate decision-making under marginal conditions. The PIBAL is essential in minimizing adverse smoke 
impacts on local communities. 

The PIBAL program incorporates the weather balloon data into information the Jefferson County Smoke 
Management Coordinator receives from the Oregon Department of Agriculture (ODA) Weather Center. 
PIBAL data compiled with Real-Time Weather Data, courtesy of the US Bureau of Reclamation AgriMet 
Network, can be found on the Jefferson County Smoke Management website. The objective is to provide real 
time wind patterns, wind speed and wind direction information for the Smoke Management Coordinator to 
determine whether burning will be allowed. 

Materials and Methods

Daily balloon releases occurred on demand throughout the day. The release times and locations were 
requested by the Smoke Management Coordinator. Air temperature, relative humidity, and surface wind 
direction and speed are documented at the time of the PIBAL release using the AgriMet weather station at 
the Central Oregon Agricultural Research Center. Wind directions and speeds are determined at one-minute 
intervals for a period of ten minutes using an observation Theodolite System and a twenty-six inch diameter 
helium filled balloon (PIBAL). The PIBAL is used to verify the forecast for the upper level wind direction, 
speed and mixing height. 

The software program, PIBAL Analyzer, developed by the Oregon Department of Agriculture (ODA) 
analyzes PIBAL information, which includes three components. The first is the PIBAL Sounding, a 
spreadsheet translating the azimuth (azimuth are angles used to define the apparent position of an object 
in the sky, relative to a specific observation point) and elevation readings from the wind direction and 
average wind speed. The second is the Hodograph, which charts the wind direction. The Profile page, the 
third component, graphs the wind speed. The PIBAL soundings are entered into the PIBAL Analyzer and 
transmitted to the Jefferson County Smoke Management website for the Smoke Management Program 
Coordinator. The Coordinator then uses this data in conjunction with the daily aircraft soundings and the 
ODA Weather Center forecast as well as the ODA’s Air Quality Monitor to determine the field burning status 
for the day. 

Results and Discussion

During the 2021 open field-burning season, which began July 15 and ran through September 30, farmers 
burned a total of 6,836 acres, including 6,696 acres of grass (Fig. 1), 88 acres of wheat, and 52 acres of 
other crops. Multiple, daily balloon releases were performed in the late morning and throughout the day to 
refine the weather forecast and determining the mixing height for smoke during the optimal burn times. The 
PIBAL provided the only method to detect the stable air layers, and was particularly helpful on marginal burn 
days to assist the Smoke Management Coordinator in making the decision whether to allow burning when 
conditions were either fluctuating or difficult to assess.

(Continued on page 72)
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Figure 1. Total grass seed acres burned per week during the 2021 open field burning season.
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