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PREFACE

The Proceedings contain the written abstracts of the papers and posters presented at the 2019
Western Society of Weed Science Annual Meeting plus summaries of the research discussion
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are indexed separately. Index entries are published as received from the authors with minor format
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POSTER SESSION

Undergraduate Posters

Effect of Weed Presence on Sugarbeet Injury with Phenmedipham and Desmedipham. Jacob
M. Asay*, Elizabeth G. Mosqueda, Albert T. Adjesiwor, Andrew Kniss; University of Wyoming,
Laramie, WY (060)

Presence of weeds has been documented to reduce crop growth through light competition. It is
uncertain how herbicides influence competition for light in crop-weed interactions. Greenhouse
studies were conducted in 2017 and 2018 to evaluate the effects of weed presence along with the
herbicides ethofumesate, phenmedipham, and desmedipham on sugarbeet (Beta vulgaris L.) foliar
injury. In all studies, the weed was grown in separate containers from sugarbeet so there was no
root interaction. Injury was quantified by measuring chlorophyll levels, visual injury estimations,
and dry weight analysis. In experiment 1, weed presence reduced sugarbeet chlorophyll
concentration (P =0.003). A combination of ethofumesate, phenmedipham, and desmedipham also
reduced sugarbeet chlorophyll concentration (P = 0.02). In experiment 2 there was no difference
in sugarbeet chlorophyll concentration between the non-weedy and weedy treatment (P = 0.72).
However, sugarbeet chlorophyll concentration was reduced with increasing rates of
phenmedipham plus desmedipham (P = 0.06). In experiment 3, phenmedipham plus desmedipham
had no significant impact on either sugarbeet chlorophyll concentration (P = 0.736) or dry weight
(P =0.173), but weed presence reduced sugarbeet chlorophyll concentration and dry weight (P <
0.001). Weed presence caused 19% reduction in sugarbeet dry weight. These results showed that
potential phytotoxicity of phenmedipham plus desmedipham in sugarbeet could increase in weedy
environments.

Evaluating Efficacy of Various Herbicides for Bulbous Bluegrass Control. Jordan L.
Skovgard*!, Brian A. Mealor?, Beth Fowers?; tUniversity of Wyoming, Laramie, WY, 2University
of Wyoming, Sheridan, WY (061)

Bulbous Bluegrass (Poa bulbosa L.) is a widespread, yet relatively unstudied, invasive cool-season
grass that reproduces primarily via bulblets. Few herbicides are labeled for its management in
rangelands, and limited research exists that evaluates best control methods. Our objective was to
evaluate the efficacy of various herbicides in controlling bulbous bluegrass. We established two
field studies in northeast Wyoming in May 2017 to evaluate 11 herbicides alone, and combined
with glyphosate, for their impacts on bulbous bluegrass. We applied herbicide treatments to 3 x 9
meter plots as a split-plot randomized completely block design with four blocks at each site.
Glyphosate (520 g ae-ha-1) was applied to 1/3 of each block following other herbicide
applications. We collected posttreatment data 30 and 160 day after treatment (DAT). We recorded
canopy cover by species in ¥4 m2 quadrats at a density of 6 quadrats per 0.3 are. Additionally, we
visually estimated the control (%) of bulbous bluegrass and the damage (%) to perennial grasses
and forbs. Glyphosate reduced bulbous bluegrass canopy cover 30 DAT at both sites (p<0.05), but
we did not observe a glyphosate by other herbicide interaction. Litter (dead plant matter) displayed
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main effects of herbicide and glyphosate 30 DAT. By 160 DAT (October), most herbicides had
higher litter than the nontreated check (p<0.05) but we observed no meaningful differences in
bulbous bluegrass cover among treatments. Data to be collected in spring 2019, after bulbous
bluegrass is more actively growing, will reveal more substantial impacts of herbicide treatments.

Expressing an Amaranthus palmeri Cytochrome P450 Candidate Gene for 4-
Hydroxyphenylpyruvate dioxygenase (HPPD) Inhibitor Resistance in Yeast. Crystal
Sparks*!, Anita Kuepper?, Franck Dayan!, Todd A. Gaines!; !Colorado State University, Fort
Collins, CO, ?Bayer CropScience, Frankfurt am Main, Germany (062)

Palmer amaranth (Amaranthus palmeri) is an annual broadleaf weed, native to arid portions of the
southwestern United States and northwestern Mexico. Over the past several decades Palmer
amaranth has become a troublesome weed in cropping systems throughout the southeastern and
midwestern regions of the US, as well as more recent introductions into Argentina and Brazil.
Palmer amaranth is highly competitive and substantially reduces crop yield. In more recent
decades, Palmer amaranth has evolved resistance to at least five different herbicide mechanisms
of action. Understanding the mechanisms that confer herbicide resistance can aid in development
of better management practices and innovative new technologies for growers. While some
mechanisms of resistance in Palmer amaranth are known, metabolic resistance is increasing in
frequency and the mechanistic basis is unknown. With herbicides that act as inhibitors of 4-
hydroxyphenylpyruvate dioxygenase (HPPD), metabolic activity on the herbicide is suspected as
a means of survival at treatments upwards of field application rates. Previous RNA-seq analysis
of herbicide resistant Palmer amaranth identified candidate genes for metabolism of some HPPD
inhibitors. These are cytochrome P450s, a class of enzymes known to metabolize xenobiotics in
many species. Baker’s yeast, S. cerevisiae, is a well-known model for expression of membrane
proteins. Cloning the candidate genes into a yeast expression vector facilitates the analysis of the
cytochrome P450 protein activity on molecules of HPPD inhibitor, with metabolites analyzed on
LCMS. The results of this analysis can provide validation of candidate gene activity on herbicide
molecules.

Impact of Cheatgrass Control on Pollinator-Friendly Flora: Comparison of Indaziflam
Treated and Untreated Plots. Nicholas DiMascio*, Janet Hardin, Arathi H. Seshadri; Colorado
State University, Fort Collins, CO (063)

Paper withdrawn

Invasive Mustard Management in Utah. Lauren B. Stanko*, Corey V. Ransom; Utah State
University, Logan, UT (064)

There is increasing concern in Utah’s rangelands over the spread of elongated mustard (Brassica
elongata), an invasive perennial confined to northern regions of the state, and African mustard
(Brassica tournefortii), an invasive annual located in the south. Separate studies were initiated to
evaluate postemergence herbicides for elongated mustard control, and preemergence and
postemergence herbicides for African mustard control. All studies were conducted on plots
measuring 3 by 7 or 9 m arranged in a randomized complete block design with 4 replications. Two
African mustard trials, were established in 2017 and 2018, in Hurricane, UT. Preemergence
treatments were applied December 2017 and October 2018, while postemergence treatments were
applied March 2018 and January 2019. The spring after treatment, all herbicides provided 100%
control in the 2017 trial. Metsulfuron and a low rate of 2,4-D provided slightly less control in the
2018 trial. Imazapic alone and treatments with indaziflam had 100% control the second springafter
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treatment in the 2017 trial. Two elongated mustard trials were established; one near Weston, ID in
2016, another in Newton, UT in 2017. Postemergence herbicide applications were made at Weston
in May 2016 and at Newton in June 2017. In the Weston trial, only chlorsulfuron and metsulfuron
reduced elongated mustard density one year after treatment. In the Newton trial all treatments,
except dicamba, reduced elongated mustard density compared to the untreated control. Overall,
annual African mustard was easier to control than perennial elongated mustard. The African
mustard results suggests potential for incorporation of indaziflam into management approaches for
elongated mustard.

Assessing Phragmites australis Coverage with Regards to Land Management. Chris M.
Jones*, Steve Young; Utah State University, Logan, UT (065)

Location and vegetation characteristics generally affect the rate of spread of invasive plants. The
measurement of invasive plant spread at fine-scales using patches can help in understanding
movement and the effects of management. In field studies conducted in the Platte River of
Nebraska, we measured the spread of non-native common reed (Phragmites australis) during a
four year period. We used transects to measure cover of vegetation dominated by P. australis in
small patches ranging from 10 to 50 m at sites that varied in management (e.g., grazing, herbicides,
and/or burning). Friedman’s Chi-Square test was applied to each site to determine significant
differences in proportions of P. australis cover across years. Following herbicide applications, P.
australis cover declined dramatically, while grazing maintained consistently low cover. No
management approach eliminated P. australis, which would suggest an integration of tools is most
effective.

Evaluating Native Perennial Grass Tolerance to Indaziflam Treatments. Shannon L. Clark,
Stephen R. Lunt*; Colorado State University, Fort Collins, CO (066)

Invasive winter annual grasses, such as Bromus tectorum (downy brome), currently occupy up to
>22 million hectares in the western United States, with an estimated annual spread rate for Bromus
tectorum of ~14%. The loss of ecological resilience, biodiversity, and deviation from historic fire
regimes from these winter annual grasses have been well documented. Limited viable treatment
options exist, but chemical control options with long-term residual soil activity has been stated as
an important factor to native regeneration and recovery. Indaziflam, a new herbicide option for
invasive winter annual grasses in non-grazed rangeland and natural areas, has been shown to
provide long-term residual control of germinating cheatgrass while showing little to no effect on
native perennial grass species production. Previous published research has shown no negative
impacts from indaziflam treatments to desirable species abundance and biomass, although no
published research has evaluated impacts to seed production and viability. A field trial was
conducted at the Plants Material Center in Meeker, CO to assess tolerance of 14 desirable perennial
grass species to the herbicide indaziflam. Herbicide applications of indaziflam (73 and 102 g-ai-ha-
1) were made to perennial grasses in August 2017. In August 2018 (1 YAT) vegetative biomass,
seed production biomass, and seed viability data were collected to assess any herbicide impacts on
the perennial grass species. There was no significant decrease in vegetative or seed production
biomass across all 14 perennial grass species in plots treated with indaziflam at both rates
compared to the control plots. This data provides critical tolerance information to aid land
managers in understanding the effects of this new tool for invasive annual grass control on
desirable perennial grasses.



Stressing Out: Young Seeding Recovery Patterns for Popular Restoration Species, Elymus
trachycaulus. Cynthia S. Brown, Magda Garbowski, KaMele E. Sanchez*; Colorado State
University, Fort Collins, CO (067)

This study assesses the recovery of root and coleoptile tissues in slender wheatgrass, Elymus
trachycaulus, after young seedling exposure to stressors during a susceptible stage in plant
development. Our key research question is: How do root and shoot growth vary among four
popular cultivars of E. trachycaulus after exposure to drought, cold, and heat stressors at the post-
germination but pre-emergence stage of a seedling’s lifecycle? E. trachycaulus is a native self-
pollinating perennial whose abundance, phenotypic plasticity, and popularity has led to its
utilization in ecological restoration throughout Western North America. Germination requirements
of seeds and stress physiology of mature E. trachycaulus plants have been studied, but we know
very little about the characteristics of seedlings that have germinated but not yet emerged. During
this transition period, the plant has broken its seed coat and the emerging radical and coleoptile
tissues are vulnerable to desiccation, freezing, disease and other environmental stressors. Seedlings
are defenseless to stressors during this stage, and mortality in this stage may be a key contributor
to poor plant establishment in vegetation projects. For this study, seeds of four cultivars will be
germinated and their root and shoot tissues will be measured. These young seedlings will be
exposed to one of four treatments—no stress, drought, heat stress, or cold stress—then given a
three day recovery period under ideal conditions. Measurements of roots and shoots before
treatment and after recovery, using WinRhizo software, will be compared among treatment
conditions to assess differences among cultivars. Our study will improve our understanding
performance and survival of each of the cultivars in response to stress and will aid land managers
in selecting appropriate seed for restoration projects.

Herbicide and Grazing Impacts on Floral Resources and Pollinator Communities. Samantha
R. Nobes*, Makenzie E. Pellissier, Randa Jabbour; University of Wyoming, Laramie, WY (068)

Invasive weed species can provide floral and nesting resources to pollinator insects, influencing
pollinator abundance, diversity, and behavior. Altering the landscape through weed management
practices such as herbicide use and targeting grazing can affect available floral resources and
pollinator dynamics. This research was part of a larger study comparing weed management
strategies for Dalmatian toadflax, Linaria dalmatica. Treatments included untreated control,
herbicide, sheep grazing, and herbicide plus sheep grazing, each replicated 4 times in 0.49 hectare
plots. Chlorsulfuron 75 was applied in fall 2017 and sheep grazed each summer 2016-2018 during
peak L. dalmatica bloom. Along a 55 meter transect, we used timed observations to count insects
visiting open flowers and counted the number of open blooms per plant species in 2017 and 2018.
L. dalmatica comprised roughly % of total blooms at the site, followed by yellow sweet clover
Melilotus officinalis, scarlet globemallow Sphaeralcea coccinea, and Western tansymustard
Descurainia pinnata. Herbicide application, both when applied alone and when integrated with
grazing, reduced bloom density of L. dalmatica as well as blooms of other forb species. Bumble
bees and other native bees both utilized L. dalmatica as a floral resource. L. dalmatica and M.
officinalis were the only species observed with bumble bee visitation. Based on our results, weed
management with chlorsulfuron 75 on a grassland dominated by L. dalmatica will likely impact
certain pollinator communities by decreasing bloom densities and floral resources.
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Project 1. Weeds of Range, Forest, and Natural Areas

Effects of Ventenata Removal on Rangelands of Northeast Wyoming. Marshall Hart**, Brian
A. Mealor?; *University of Wyoming, Sheridan, WY, 2University of Wyoming, Laramie, WY
(001)

Ventenata (Ventenata dubia (Leers) Coss.) and medusahead (Taeniatherum caput-medusae (L.)
Nevski) are newly documented invasive, annual, cool-season grasses in the northern Great Plains.
In the intermountain west, loss of biodiversity, livestock and wildlife forage, increased erosion,
and accelerated fire cycles are attributed to these grasses, but little is known about their ecology
and impacts in the Great Plains. In cooperation with a landscape-scale management program
focused on medusahead and ventenata in northeast Wyoming, we established 10 paired,
treated/non-treated blocks along the boundary of ventenata stands that were aerially treated with
123 g-ha* of imazapic and aminopyralid each in fall of 2016 or 2017. We laid out three transects
per block and collected line-point intercept canopy cover by plant species. In three 0.25m? quadrats
along each transect, we estimated plant canopy cover by species and collected all aboveground
biomass and separated samples into functional groups before weighing and analyzing them for
nutritional content. Herbicide treatments reduced annual grass (primarily ventenata) biomass
(p=0.002), but did not increase perennial grass or total biomass. However, western wheatgrass
(Pascopyrum smithii (Rydb) A. L6ve) increased in cover, as did bare ground (p<0.05). Perennial
grasses had higher crude protein and total digestible nitrogen than annual grasses (p<0.001). Total
species richness was not affected by herbicide treatment. Composite nutritive value of treated sites
was not different from non-treated sites, but our forage analysis cannot account for palatability
differences. Future work will focus on how forage quality and quantity change seasonally and how
stability of invaded rangelands are affected by precipitation patterns.

Management of Ventenata (Ventenata dubia) and Other Annual Grasses with Indaziflam on
Conservation Reserve Program Land. Jared A. Beuschlein*!, Rachel J. Zuger?, Tim Prather?,
Harry Quicke?, lan C. Burke!; *Washington State University, Pullman, WA, 2University of Idaho,
Moscow, ID, 3Bayer CropScience, Windsor, CO (002)

Ventenata dubia is a winter annual grass invasive to Conservation Reserve Program lands in
Eastern Washington and Northwestern Idaho. Currently, there is limited management strategies
for multiple years of control and does not injure desired species. Indaziflam has been found to
control invasive annual grasses such as ventenata, downy brome and medusahead. Our objective
was to compare annual grass weed control in CRP with indaziflam alone or in combination with
other available preemergent (PRE) products. Treatments were randomized in a randomized
complete block design. These included indaziflam (102 g ai ha), propoxycarbazone (59 g ai ha”
b, rimsulfuron (g ai ha?), imazapic (123 g ai ha), glyphosate (533 g ai ha™) and mixes of
indaziflam in combination with the other chemicals listed previously. Biomass was taken 91 weeks
after application (WAT) by harvesting two tenth meter squared quadrats from each plot.
Treatments containing indaziflam with either rimsulfuron or imazapic decreased ventenata
biomass by 97% 91 WAT (nontreated: 10 g, indaziflam + rimsulfuron: 0.3 g, indaziflam +
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imazapic: 0.1 g). Downy brome biomass had no significant difference between treatments 91 WAT
due to low population densities. Medusahead biomass significantly decreased when treated with
indaziflam and imazapic 91 WAT (nontreated: 70 g, indaziflam + imazapic: 0.1 g). Similar results
were observed with all invasive grass biomass was combined over species 91 WAT. Idaho fescue
biomass was higher than nontreated biomass when indaziflam was applied due to reductions in
annual grass weeds. Results indicate that indaziflam has prolonged control ventenata with
reduction in biomass still present almost two years after treatments were applied.

Rimsulfuron, Imazapic, and Indaziflam Interception and Sorption by Downy Brome Thatch.
Shannon L. Clark*!, Paulo V. Da Silva?, Derek J. Sebastian®, Scott J. Nissen*, Rachel H. Seedorf*;
Colorado State University, Fort Collins, CO, 2University of S&o Paulo - Luiz de Queiroz College
of Agriculture (ESALQ/USP), Fort Collins, CO, *Bayer CropScience, Fort Collins, CO, “Colorado
State University, Ft Collins, CO (003)

Invasive winter annual grass (IWAG) infestations on rangeland accumulate large quantities of
thatch on the soil surface as plants senesce yearly and decompose slowly. It has been speculated
that IWAG thatch can adsorb soil-applied herbicides and reduce their performance. Experiments
were conducted to evaluate interception and subsequent desorption with rainfall of herbicides
applied to IWAG thatch. Imazapic, rimsulfuron, and indaziflam were applied to two amounts
(equivalent to 1,300 and 2,600 kg ha™) of medusahead [Taeniatherum caput-medusae (L.)
Nevski], ventenata [Ventenata dubia (Leers) Coss.], and downy brome (Bromus tectorum L.)
thatch. Rainfall was simulated at 3, 6, 12, and 24 mm at 0, 1, and 7 days (d) after herbicide
application. Herbicide concentration from the collected rainfall was measured by liquid
chromatography and mass spectrometry. At the high thatch amount (2,600 kg ha*), downy brome
intercepted 84.3 = 1.0% (mean = SE) of the herbicide, while ventenata and medusahead averaged
76 + 1.0% interception. There were no differences in desorption among the three thatch types.
Simulated rainfall at 0 d after application recovered 100% of the intercepted rimsulfuron and
imazapic from downy brome thatch, while recovery decreased to 65 + 1.7% at 1 or 7 d after
application. Only 54 + 1.9% of indaziflam could be recovered at 0 d, and recovery decreased to 33
+ 1.1% when rainfall was applied at 1 or 7 d after application. Applying preemergent herbicides
before forecasted rain or mixing lipophilic herbicides with a water-soluble or post-emergent
partner could potentially increase the amount of herbicide reaching the soil and improve
consistency in IWAG control.

Effect of Indaziflam on Native Species in Natural Areas and Rangeland. Rachel H. Seedorf*?,
Shannon L. Clark!, Derek J. Sebastian?, Scott J. Nissen®, James Sebastian*; 'Colorado State
University, Fort Collins, CO, ?Bayer CropScience, Fort Collins, CO, *Colorado State University,
Ft Collins, CO, “Boulder County Parks and Open Space, Longmont, CO (004)

Using selective herbicides in land management is one strategy to help minimize the negative
ecological impacts of exotic plant invasions; however, the unintended consequences of this
strategy are not completely understood. The recently introduced herbicide, indaziflam, has a mode
of action not previously used in non-crop weed management. Thus, there is limited information
about the impacts of this active ingredient when applied alone or in combination with other non-
crop herbicides. The objective of this research was to evaluate native species tolerance to



indaziflam and imazapic applied alone and with other broadleaf herbicides. Replicated field plots
were established at two locations in Colorado with a diverse mix of native forbs and grasses.
Species richness and density of the non-treated control plots were compared to plots where
indaziflam and imazapic were applied alone and in combination with picloram and
aminocyclopyrachlor. Neither indaziflam nor imazapic alone reduced species richness and density;
however, species density was reduced by treatments containing picloram and
aminocyclopyrachlor. Species richness was only impacted at one site, 1 YAT, by these broadleaf
herbicides. Decreases in density were mainly due to reductions in forbs that resulted in a
corresponding increase in grass cover. Our data suggest that indaziflam will control downy brome
(Bromus tectorum L.) for multiple years without reducing perennial species richness or density. If
downy brome is present with perennial broadleaf weeds requiring the addition of herbicides like
picloram or aminocyclopyrachlor, forb density could be reduced, and there could be a temporary
reduction in perennial species richness.

Impacts of Herbicides on Invasive Annual Grasses and Desirable Plants. Hailey L. Buell*,
Corey V. Ransom, Stephen L. Young; Utah State University, Logan, UT (005)

Downy brome is a highly invasive annual grass native to the Mediterranean that has spread
throughout much of the United States. Indaziflam is a relatively new preemergence herbicide that
has a long period of soil residual activity and has been shown to prevent germination of annual
grasses for at least three years. This project was established to evaluate the efficacy of herbicides
alone or in combination with indaziflam, and to determine perennial forb tolerance to various
treatments. Other herbicides include propoxycarbazone, rimsulfuron, glyphosate, and imazapic.
The study was established at a site near Richmond, Utah that has a variety of native and naturalized
perennials and is moderately infested with downy brome. Treatments were applied November
2016 to plots measuring 6 by 18 m arranged in a randomized complete block design, replicated 4
times. Species cover was evaluated using point-line-intercept transects, recording a point every 15
cm. All treatments reduced downy brome cover. Propoxycarbazone, imazapic, and rimsulfuron
reduced cover by 35, 81, and 95%, respectively. The addition of indaziflam with other herbicides
increased downy brome control for all treatments except glyphosate. Glyphosate alone and all
combinations including indaziflam exhibited the highest downy brome control, with cover
reductions ranging from 98.5 to 100%. Rimsulfuron, imazapic, and glyphosate treatments alone
increased cover of prickly lettuce. Cover of Hooker’s balsamroot, a native perennial, was not
altered by any treatment whereas cover of Western wheatgrass was significantly reduced in plots
treated with glyphosate alone, glyphosate with indaziflam, and imazapic with indaziflam. This
project provides understanding on how herbicide treatments and combinations affect plant
community dynamics.

Determining Potential Soil Benefits of Established Crested Wheatgrass Versus Adjacent
Cheatgrass Invasion. Emily B. Repas*, Dan R. Tekiela; University of Wyoming, Laramie, WY
(006)

Crested wheatgrass (Agropyron cristatum) was historically seeded across the Intermountain West
to stabilize heavily disturbed sites due to its ability to establish quickly in a wide variety of
climates. Later observation of crested wheatgrass stands showed that it suppresses other plant



growth and requires intensive management inputs to reintroduce native populations. Crested
wheatgrass was banned from large scale seeding in Wyoming without understanding other
potential ecological benefits it might offer besides weed suppression. After comparing soil
dominated by either crested wheatgrass or an adjacent downy brome (Bromus tectorum) invasion,
we found that downy brome soils had significantly higher nutrient pooling, whereas crested
wheatgrass soils appeared to be more comparable to rangeland soils. Alteration of nutrient pooling
likely favors downy brome invasion and lessens native species’ ability to compete with the
invasion. Crested wheatgrass as a restoration tool may help to stabilize nutrient pooling to better
favor native species and lead to an easier eventual transition to a desirable vegetative state.

Variation of Seed Germination Response of Phragmites australis to Salinity Stress. Rose
Sepesy*, Steve Young; Utah State University, Logan, UT (007)

Phragmites australis is native and invasive to North America and reproduces both asexually and
sexually. Spread by sexual reproduction is affected by numerous environmental conditions. A lab
study was conducted to determine germination response to salinity levels based on lineage and
geographic region of the United States. Seeds (n=35) of the native and invasive lineages from
California (Southwest) and Minnesota (Great Lakes) were placed on blotter paper saturated with
0,0.5,1,15, 2. 2.5, and 3% sodium chloride solutions in a growth chamber (25°C, 12:12 DL). A
greater number of the California seeds (invasive: 34, 25, 9, 3; native: 13, 11, 3, 0) germinated than
Minnesota seeds (invasive: 1, 0, 0, 0; native: 4, 0, 0, 0) when exposed to 0, 0.5, 1, and 1.5% saline
treatments respectively. In the California populations, invasive seed germination was over twice
the native seeds with 0, 0.5, and 1% saline solutions. Only invasive seeds from California
germinated at higher saline concentrations (1.5%). Germination for both native and invasive seeds
from California decreased with increasing salinity. Understanding salinity resistance based on
lineage and region of P. australis seed will aid in restoration efforts, especially when considering
new population establishment. Future studies will include additional environmental conditions,
such as light, temperature, residence time, and habitat.

Ecological Services of Weeds. John Vickery*; Ark Ecological Services, Arvada, CO (008)

Although not co-evolved, native animals utilize non-native plants in various settings from natural
areas to ornamental plantings. Although such use is typically generalist in nature, it is nonetheless
an important relationship where non-native plants comprise a significant part of the available
vegetation. Native invertebrates and vertebrates utilize plants directly in the form of forage, shelter,
nest materials, and perches and indirectly via the food chain. Weed control and other vegetation
management activities should take these considerations into account, especially 1) whenever
nonnative weeds are a substantial component of the available resources—such as nectar or
pollen—at any point in time; and 2) when the wildlife species of interest is not very mobile or
would find it relatively difficult to travel to and find the needed resources. The number and
complexity of relationships that arise from a large number of species along with the various types
of uses poses a challenge to land managers who try to control weeds or manage vegetation with
wildlife in mind. However, general principles, illustrated with common scenarios and case
examples provide a good starting point. Instances involving both invertebrates and vertebrates and
both aquatic and terrestrial settings are presented. Weed and vegetation management scenarios,



with some general categories such as chemical, mechanical, biological, and cultural control
(including prescribed fire) are explored.

Accuracy and Efficiency of Drone Imagery for Detecting Elongated Mustard. Corey V.
Ransom*, Heather E. Olsen; Utah State University, Logan, UT (009)

Increased availability of affordable drones and high resolution cameras provide opportunity to use
these technologies for invasive species detection and inventories. A study was initiated to evaluate
the use of drone imagery to detect and map elongated mustard (Brassica elongata), an invasive
perennial mustard. Elongated mustard is a good candidate for detection testing due to its bright
yellow spherical inflorescence and its scattered distribution in some areas. Against a backdrop of
perennial grasses, elongated mustard was “canopy dominant”, both due to height and flower color.
A test area measuring 300 by 300 ft was established and outlined with tape measures for visual
reference. Every elongated mustard plant within the test area was mapped on the ground using a
tablet running Collector data collection app. Points were entered at the location of each plant and
plant diameter was entered into the meta-data. The ground-collected points served as the most
accurate representation of the number of elongated mustard plants and their canopy cover. Once
the on-ground data was collected the area was flown with a hexacopter (DJI Matrice 600) carrying
a high resolution camera (DJI Zenmuse X5, 10 MP) on June 19, 2018. Flights were conducted at
three different heights above ground level, 20, 30, and 60 m. Flight planning software
(Pix4Dcapture) was used in order to assure flight plans would collect images with enough overlap
to be stitched together. Resulting images were stitched into a photomosaic and input into ArcMap
and georectified based on prominent landmarks and distinct features found in the aerial and
satellite imagery. Five individuals were given a brief training and asked to draw polygons
containing elongated mustard using the mosaic imagery from the three flight heights. The default
polygon was a circle, to match the growth habit of the mustard plants. One mapper drew
rectangular polygons and was not included in the analysis. The time required for each process was
noted with the exception of image download and processing. The lack of precision in the points
collected on the ground and the lack of ground control points in our drone imagery limited the type
of analysis we could conduct. However, the number of plants and associated acreage from ground
mapping was used to compare with polygons generated using the drone imagery. The detailed
mapping on the ground took two people 70 minutes. Drone flights took between 10 and 25 minutes
and mapping on the computer took between 14 to 40 minutes. Interestingly, individual mapping
times on the computer were fairly uniform regardless of imagery height. In some cases, the time
required to collect and analyze drone images was not quite half the time required to take the
detailed data on the ground. Regardless of the height from which imagery was collected, the
average number of polygons identified from imagery was 24 to 28% fewer than on the ground.
The standard error nearly doubled between the 20 and 60 m imagery, reflecting wide variation
among mappers as imagery clarity decreased. The estimates of infested acreage were also variable
and differed from the on-ground estimates by 11, 23, and 31% for the 20, 30, and 60 m imagery,
respectively. The standard error associated with acreage also nearly doubled from the 20 m to 60
m imagery, reflecting more uncertainty among mappers as aerial imagery became less clear when
taken at higher elevations. While drone imagery offers many opportunities for increased detection
of invasive species, it does not appear well suited for detection of individual plants, and would



most likely be economical only at maximum flight elevations for detection of larger patches of
plants. These results need to be verified through additional testing, with greater on-ground
accuracy and error controls.

Herbicide Application Timing Influences Invasive Annual Grass Control. Cody J. Beckley*,
Corey V. Ransom; Utah State University, Logan, UT (010)

Medusahead (Taeniatherum caput-medusae) and downy brome (Bromus tectorum) are highly
competitive invasive winter annual grasses which pose a major threat to native rangeland
ecosystems of the continental United States. Preemergence herbicide applications can be an
effective control method, but efficacy is highly influenced by application timing. Previous
research on medusahead has indicated that applications made in October and November were
generally more effective than applications made in August or September. It was thought this was
due to better foliar uptake and activity and compared to soil activity against germinating seedlings.
Two separate trials were initiated in 2017 on rangelands to evaluate early preemergence and
postemergence herbicide application timings for impact on medusahead and downy brome control.
Treatments for medusahead consisted of indaziflam, indaziflam + rimsulfuron, and imazapic
applied at different timings to plots measuring 3 by 9 m arranged in a randomized block design,
replicated four times. Treatments for downy brome consisted of indaziflam and indaziflam +
rimsulfuron applied at different timings in a similar randomized block design. When considering
preemergence suppression of medusahead, indaziflam and imazapic treatments applied in July
were more effective than the same treatments made in August. The indaziflam + rimsulfuron was
similarly effective for all application timings. When considering suppression of downy brome,
indaziflam treatments made in July were similar to the November timing. Both timings were more
effective than none, but not at a commercially acceptable level. When comparing percent cover,
the November application of indaziflam + rimsulfuron was more effective at controlling downy
brome than the same combination applied in July. However, both applications were similar when
comparing downy brome dry weights. The results of these trials suggest that earlier application
timings of indaziflam can be effective for control of highly competitive invasive annual grasses if
the herbicide is moved off the thatch layer and into the soil at depths where germination is
occurring. If applied after germination, indaziflam requires the addition of herbicide with foliar
activity to maximize control. Future research which evaluates interaction between early herbicide
applications, thatch depth, soil qualities, and rainfall should be considered.

Project 2. Weeds of Horticultural Crops

The Use of Saturated Steam in the Management of Common Landscape Weeds. Guy G.
Hernandez*!, Cheryl Wilen?; *University of California Cooperative Extension, Agriculture and
Natural Resources, California State Polytechnic University, Pomona, San Diego, CA, 2UC
Statewide IPM Program and UCCE, San Diego, CA (011)

In 2000, the Healthy Schools Act required the Department of Pesticide Regulation to promote the
adoption of integrated pest management (IPM) programs for California public schools and child
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care centers. The University of California-Agriculture and Natural Resources is conducting
research and demonstration trials using mechanical methods of weed management as alternatives
to herbicides near school sites. Two field experiments are underway at sperate locations in Long
Beach, California. One uses saturated steam as a treatment on weeds found in tree wells, fence
lines, and surrounding playground areas within a public park. The second investigates saturated
steam when combined with other common mechanical methods of weed control in cracks in a
parking lot. The latter demonstration study consists of five plots that were marked and randomly
assigned a treatment. Treatments included an untreated control, a trim only (string trimmer), trim
+ steam, steam only, and a trim + steam + blowing away debris after trimming. We found that the
weeds in the treated park areas were maintained for approximately three weeks before retreatment
was necessary. In the parking lot, weed control trended being greatest in the trim + steam plot
compared to all other treatments. When considering efficacy alone, saturated steam can be an
effective form of mechanical control providing additional tools for use around school sites and
other sensitive areas, as well as a short-term weed suppression as part of a schools’ IPM program.
However, labor costs and other factors will determine if this technology will be adopted.

Comparing Herbicides Efficacy for Sucker Control in Hazelnuts. Larissa Larocca de Souza*,
Marcelo L. Moretti; Oregon State University, Corvallis, OR (012)

Hazelnuts grow as multi-stem bush because of prolific suckers growth. The common practice in
Oregon is to remove suckers and promote a single trunk. Single trunks increase yields and facilitate
mechanical harvest. Chemical control is the standard practice for sucker control because it is less
labor intensive and more cost-effective, yet limited information is available on the performance of
herbicides for this use. The objective of this study was to evaluate the efficacy of registered
herbicides for sucker control in hazelnut. Field studies were conducted in commercial orchards
during the spring and summer of 2018. The efficacy of the herbicides 2,4-D, glufosinate, paraquat,
saflufenacil, carfentrazone, diquat, and pyraflufen alone or in combinations were compared.
Efficacy of control (0-100%), sucker height and biomass were assessed 28 days after treatment.
Data were analyzed by variance component analysis and indicated that herbicides accounted for
65% variance, and application timing or location explained only 2% or less than 1%, respectively.
Treatments including 2,4-D or glufosinate provided 64% or greater control and were not
significantly different from manual removal (80%). Paraquat and saflufenacil provided 58% and
48% control, respectively and were not different from glufosinate (65%). Pyrafluflen, diquat and
carfentrazone provided 30%, 31% and 42% sucker control, respectively. Sucker height and
biomass data support control observations. The herbicide 2,4-D and glufosinate are effective when
used alone. Efficacy of paraquat, saflufenacil, and carfentrazone improves in tank mixtures. 2,4-D
was the least expensive treatment tested, but concerns of drift and label restrictions of maximum
use per season require growers to plan herbicide rotations.

Postemergence Control of Italian Ryegrass in Hazelnut Orchards. Andre C. Consonni?,
Larissa Larocca de Souza?, Marcelo L. Moretti*2; *University of Sao Paulo, Piracicaba, Brazil,
2Oregon State University, Corvallis, OR (013)

Italian ryegrass (Lolium perenne L. ssp. Multiflorum (Lam.) Husnot is a problematic weed in
hazelnut orchards competing with the crop and compromising harvest if not controlled. Chemical
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control is the standard practice in hazelnut orchards, but herbicide-resistant populations of Italian
ryegrass are increasingly common. To date, Italian ryegrass populations resistant to herbicides
group 1, 2, 9, 10, and 22 have been found in orchards. Information on the management of these
populations is required to reduce their spread. Field trials were conducted in four locations across
Oregon in 2018 to tested registered POST treatments. Three out of the four orchards were selected
because of reports of poor control in previous seasons (Amity, Dayton, and Salem OR), and the
fourth orchard was known to be infested with Italian ryegrass (Mount Angel OR). The herbicides
glyphosate, paraquat, glufosinate, rimsulfuron, flazasulfuron, and sethoxydim were tested alone or
in combinations. Fifteen treatments were tested in a randomized complete block design with four
replicates. Treatments were applied during the winter or early spring and results were evaluated
28 days after application (DAA). Performance of the treatments was dependent on the
experimental site. Glyphosate controlled Italian ryegrass (80%) only at the Mt. Angel site.
Paraquat provided 60 - 75% control in three locations, but no control was observed in the Dayton
site. Rimsulfuron and flazasulfuron only controlled Italian ryegrass in Dayton and Amity (>90%).
Glufosinate containing treatments provided good control (~ 80%) in all locations, and efficacy was
improved (80-100%) when crop oil concentrate was added to the tank mix. However, a few plants
were not controlled in the Amity location, a site where the growers reported escapes with
glufosinate previously. The site-dependent response suggested that these are populations with
multiple resistances. This underscores the importance of documenting site history for weed
management. For now, glufosinate can control Italian ryegrass populations. Non-chemical control
methods will increase sustainably of management of this prevalent weed problem.

Rimsulfuron and Oxyfluorfen+Penoxsulam Combinations for Weed Control in Tree Nuts.
Joe Armstrong*!, Alistair McKay?, Stephen F. Colbert3, Dave Johnson?; Corteva Agriscience,
Fresno, CA, 2Corteva Agriscience, Clovis, CA, *DuPont Crop Protection, Escalon, CA, “DuPont
Crop Protection, Des Moines, 1A (014)

Rimsulfuron, sold as Matrix®, and oxyfluorfen + penoxsulam, sold as Pindar GT®, herbicides from
Corteva Agriscience™, Agriculture Division of DowDuPont, are registered for preemergence and
postemergence weed control in tree nut orchards. Both Matrix and Pindar GT provide broad-
spectrum control of many common key weeds in orchard production systems, including common
mallow (Malva neglecta), marestail (Conyza canadensis), fleabane (Erigeron canadensis), annual
sowthistle (Sonchus oleraceus), and redstem filaree (Erodium cicutarium). Seven field trials were
conducted in 2017-2018 in California to characterize the residual efficacy of mixtures of Matrix
and Pindar GT in comparison to other competitive herbicides when applied during the dormant
season. Treatments evaluated in these trials included Matrix (70 g ai/ha), Pindar GT (1700 g ai/ha),
indaziflam (44-51 g ai/ha), and combinations of these products. All treatments also included
glyphosate and/or glufosinate to control any weeds present at the time of application. For up to
four months after application, Matrix and Pindar GT alone provided good control of several weeds
in these trials, including >80% control of redstem filaree, marestail, annual sowthistle, prostrate
knotweed (Polygynum aviculare) and prickly lettuce (Lactuca serriola). Tank-mixes of Matrix +
Pindar GT provided 100% control of these same species, as well as 90% control of common
mallow, for up to four months after application. Similarly, combinations of Matrix + indaziflam
and Pindar GT + indaziflam provided efficacy equal to or greater than indaziflam alone on several
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key broadleaf weeds. Matrix and Pindar GT, applied alone and in combination, also exhibited
excellent crop safety in these trials.

®™ Trademark of Dow AgroSciences, DuPont, or Pioneer and their affiliated companies or their
respective owners.

Wild Carrot Control in Vineyards with Flazasulfuron. Andre C. Consonni, Erik N.
Augerson*?, Larissa Larocca de Souza?, Marcelo L. Moretti?; *University of Sao Paulo, Piracicaba,
Brazil, 2Oregon State University, Corvallis, OR (015)

Wild carrot (Daucus carota L.) is a biannual dicot plant native to the Pacific Northwest, and
commonly found in perennial crops such as grapes (Vitis vinifera L). In the Willamette Valley,
vineyards are rainfed; wild carrot growing in dense patches may compete for moisture during the
summer. Glyphosate and glufosinate are often used in vineyards, but growers have reported poor
control of wild carrot with these herbicides. The objective of this study was to evaluate
flazasulfuron for controlling wild carrot in vineyards. A field study was conducted in a mature
vineyard in Dallas, OR during the spring and summer of 2018. The experimental design was a
randomized complete block with four replicates. Treatments tested were: (1) untreated control, (2)
glyphosate 1.75 kg ae ha'l, (3) glyphosate kg ae ha'1 + flazasulfuron 0.03 kg ai ha*, (4) glyphosate
1.75 kg ae ha* + flazasulfuron 0.05 kg ai hat, (5) glyphosate 1.75 kg ae ha* + flazasulfuron 0.03
g ai ha® + indaziflam 0.05 kg ai ha, (6) glyphosate 1.75 kg ae ha™* + flazasulfuron 0.03 g ai ha™
+ flumioxazin 0.43 kg ai ha, and (7) glufosinate 1.6 kg ai ha™*. Treatments were applied on April
23, 2018. All treatments provided good to excellent control (>80%) at the initial evaluations 14
days after application (DAA), except the untreated control. Wild carrot control with glufosinate
declined to 42% at 28 DAA, and it was significantly lower than other treatments. Glyphosate
provided 60% control, and it was comparable to treatments with flazasulfuron (65-77%), and
indaziflam (70%), but not flumioxazin (82%). At the 90 DAA evaluation, excellent control of wild
carrot was provided by treatments with flazasulfuron (88-100%), indaziflam (98%), and
flumioxazin (99%). Wild carrot density was reduced to five plants m? or less in glyphosate-
containing treatments, while glufosinate density was 19 plants m and not different than untreated
plots (25 plant.m). Orthogonal contrast indicated that the addition of flazasulfuron improved the
efficacy of glyphosate in controlling wild carrot. These results indicate that flazasulfuron is an
effective tool for wild carrot control in vineyards.

Weed Management in Saffron. Mustapha A. Haidar*; American University of Beirut, Beirut,
Lebanon (016)

Weed management is an important consideration when planting low-lying crops such as saffron.
A field trial was performed in Summer/Fall of 2017 at the American University of Beirut in
Lebanon to evaluate the efficacy of various weed control measures in a 4-year old saffron field.
Treatments were: metribuzin (0.56 kg ai/ha, Early-POST); trifluralin (1 kg ai/ha, PPI); glyphosate
(3.7 kg ai/ha, Early-POST); vetch (300 kg/ha, cover crop); and a single rototilling application. All
treatments were applied in mid-September, three weeks after irrigating the field but prior to saffron
emergence. Results showed that all treatments significantly reduced the level of weed infestation
in saffron 40 and 60 days post-application as compared to the control. Although, vetch reduced
weeds, it interfered with harvesting operations since vetch plants were taller than the saffron crop,
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making flower picking difficult. None of the treatments was toxic to saffron plants. The best results
considering both long term weed management and selectivity in saffron were obtained by the
application of metribuzin and trifluralin.

Seaside petunia (Calibrachoa parviflora) Effects on Onion Yield and Responses to POST
Herbicides Registered for Dry Bulb Onion in New Mexico. Brian J. Schutte*, Edward Morris;
New Mexico State University, Las Cruces, NM (017)

Calibrachoa parviflora (synonym: Petunia parviflora), commonly referred to as “seaside petunia”
and abbreviated PEUPA, is a mat-forming, annual plant species that historically has been found in
sandy arroyos in southwestern U.S. states and California. Farmers in southern New Mexico
recently reported PEUPA infestations in fall-seeded onion. To initiate development of
management recommendations for PEUPA in onion, the objectives of this study were to: (1)
determine onion yield responses to PEUPA infestations that emerge during later stages of crop
production, (2) determine the effects of PEUPA seedling density on the control performance of
oxyfluorfen — a commonly used herbicide in New Mexico onions, and (3) compare currently
registered POST herbicides for their capacity to control PEUPA at different sizes. Objectives 1
and 2 were addressed with field studies that seeded onions in October, established PEUPA
infestations the following March, and harvested onions in June. For Objective 1, PEUPA densities
were 0, 6 and 10 seedlings m. For Objective 2, oxyfluorfen (280 g ai ha* with 0.25% v/v NIS)
was applied POST to PEUPA patches (12 cm?) that ranged from 1 to 24 seedlings patch™.
Objective 3 was addressed with a greenhouse study that included factorial combinations of four
herbicide treatments and four PEUPA plant sizes. Herbicide treatments were bromoxynil (420 g
ai hal), flumioxazin (70 g ai ha'), oxyfuorfen (280 g ai ha™ with 0.25% v/v NIS), and a non-
treated control. PEUPA size treatments, based on main shoot length, were 1 to 2 cm, 5to 7 cm, 8
to 12 cm and 13 to 16 cm. In the field study, late-season PEUPA infestations reduced onion bulb
yield by adversely affecting the production of large and medium bulbs. Oxyfluorfen provided
some degree of PEUPA control if PEUPA densities were less than 3 seedlings patch™. In the
greenhouse study, bromoxynil was the most effective herbicide as it caused the greatest percent
reductions in PEUPA biomass relative to the non-treated control and terminated PEUPA plants
with main shoots ranging from 1 to 12 cm in length. The results of this study indicate that (1)
protection of onion bulb yield requires control of late-season PEUPA infestations, and (2)
integrated management programs for PEUPA can benefit from applications of bromoxynil.

Is That Hairy Nightshade Waving at You or Smoothly Ignoring You? Solanum physalifolium
Leaf Margins in Southern Idaho. Celestina S. Miera*!, Brenda C. Kendall*, Tenika S. Trevino!,
Brent Beulter?, Pamela J. Hutchinson?; 1, Aberdeen, ID, 2University of Idaho, American Falls, ID,
3University of Idaho Aberdeen R&E Center, Aberdeen, ID (018)

Hairy nightshade is a difficult-to-control weed in potato production. The species found in the
United States and Canada is Solanum physalifolium but has been incorrectly known as S.
sarrachoides, a distinctly different species. Two varieties of S. physalifolium have been
recognized: S. physalifolium var. physalifolium and S. physalifolium var. nitidibaccatum (Bitter)
Edmonds. Both varieties are native to South America, however, var. physalifolium has not been
reported elsewhere, whereas, var. nitidibaccatum can be found in many parts of the world. Another
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difference is that var. physalifolium only has smooth leaf margin while leaf margin of var.
nitidibaccatum can vary from smooth to wavy to toothed. A preliminary study was conducted in
2018-2019 at the University of Idaho Aberdeen Research and Extension Center (AREC) in
southeastern Idaho to better understand the leaf-margin variation in the resident var.
nitidibaccatum hairy nightshade population, make comparisons to study results of var.
nitidibaccatum found elsewhere in the world, and possibly determine if there are any management
differences between the leaf-margin types. Berries from smooth (SS) and wavy-to-toothed (SWT)
leaf-margin plants were collected from fields at the AREC September 2018. Each plant was
randomly selected from a different area of the Center. No distinction was made between way and
toothed leaf-margin plants. Seed was extracted from the berries, dried, then soaked in gibberellic
acid for 24 hours before planting into flats in the greenhouse. Interestingly, SS seed produced both
smooth and wavy/toothed leaf-margin plants, whereas, a majority of plants growing from SWT
seed had wavy/toothed leaf margin and only a few were smooth leaf-margin plants. In addition,
emergence from the SS seed began five weeks after planting while emergence from a majority of
the SWT seed was at least eight weeks after planting. Berries will be similarly collected Fall 2019
from hairy nightshade plants at the AREC. Differences in berry characteristics, such as number of
seeds per berry, will be recorded, and greenhouse trials will be conducted to determine the smooth:
wavy/toothed leaf-margin ratio of plants grown from the seed. Other differences measured will
include germination speed, biomass of plants produced, as well as the ratio of smooth:
wavy/toothed leaf margin of second-generation plants.

Interseeded Cover Crop Tolerance to Herbicides in Non-Transgenic Sweet Corn. Andrew
Donaldson*, Ed Peachey; Oregon State University, Corvallis, OR (170)

Establishing cover crops following sweet corn harvest in western Oregon can be difficult due to
crop residue incorporation and fall precipitation. Interseeding cover crops midseason may reduce
difficulty with fall seeding; however, in non-transgenic sweet corn, herbicide options are less
flexible. Alternatively, 4-HPPD herbicides applied POST can provide effective weed control but
may injure cover crops. A field trial was conducted at the Oregon State University Vegetable
Research Farm near Corvallis, OR in 2018 to determine cover crop tolerance to three PRE
herbicides (atrazine, S-metolachlor, and dimethenamid-P) applied 14 days before planting (DBP)
and three 4-HPPD herbicides (tolpyralate, tembotrione, and topramezone) applied 7 and 0 DBP to
15 cover crop species. Cover crop survival and growth was evaluated using a 0-10 scale
(10=normal growth; 0=no emergence or dead). S-metolachlor and dimethenamid-P applied at 14
DBP severely impacted the growth of all cover crops, while cereals were more tolerant to atrazine,
compared to s-metolachlor and dimethenamid-P. Cover crop tolerance to 4-HPPD herbicides
applied at 7 DBP was good across all cover crops, with the exception of red clover. Cover crop
injury was low when tolpyralate was applied 0 DBP, while tembotrione injury was low to moderate
across all cover crops except for red clover and common vetch. Topramezone applied at 0 DBP
severely injured barley, red clover, buckwheat, and phacelia. These data indicate that 4-HPPD
herbicides can be applied 7 DBP without compromising weed control or the growth of interseeded
cover crops in sweet corn.
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Project 3. Weeds of Agronomic Crops

Palmer Amaranth Interference in Sugarbeet. Whitney R. Schultz*, Nevin C. Lawrence;
University of Nebraska-Lincoln, Scottsbluff, NE (019)

Glyphosate-resistant Palmer amaranth is becoming more common in the sugar beet production
area of Western Nebraska. Currently, there are no POST herbicide options that are effective for its
control. The competitive ability of Palmer amaranth in sugar beet has not been previously
quantified. Therefore, a study was carried out in Scottsbluff, NE to measure the impact of season-
long Palmer amaranth competition in sugar beet. Palmer amaranth densities were 0, 0.5, 1, 2, 4,
and 8 plants row™, at a row spacing of 56cm. The study was designed as a RCBD with four
replicates, with plot dimensions of 2.2 m by 9.1 m. Response variables included sugar beet yield
loss, and Palmer amaranth seed production plant™* and seed production m=. Using the R package
‘DRC’, a four-parameter log-logistic model was used to estimate Palmer amaranth seed production
and a three-parameter Michaelis-Menten model was used to estimate sugar beet yield loss based
upon Palmer amaranth density. At the lowest Palmer density, 0.5 plant m™, 89% yield loss was
estimated. The estimated density to cause 50% yield loss was 0.06 plants m row*. Seed production
plant® ranged from 19,600 to 523,300, depending on weed density. Seed production m=2 was
similar regardless of Palmer amaranth density with an average of 189,600. This study will be
repeated during the 2019 growing season using lower weed densities.

The Effect of Soil Active Herbicides on the Critical Timing of Weed Removal in Dry Bean.
Clint W. Beiermann*!, Cody F. Creech?, Amit J. Jhala®, Stevan Z. Knezevic*, Robert Harveson?,
Nevin C. Lawrence®; *University of Nebraska-Lincoln, Scottsbluff, NE, 2University of Nebraska,
Scottsbluff, NE, *University of Nebraska-Lincoln, Lincoln, NE, *University of Nebraska-Lincoln,
Concord, NE (020)

The critical timing of weed removal (CTWR) is the point in crop development when weed control
must be initiated to preserve potential yield. A field study was conducted in 2018 near Scottsbluff,
NE to determine how the use of a PRE herbicide program impacts the CTWR in dry bean. The
study was arranged as a split-plot, with herbicide treatment and weed removal as main and sub
plot factors, respectively. Herbicide treatment consisted of no-PRE, or pendimethalin (1070g ai
ha!) + dimethenamid-P (790g ai ha™) applied PRE. Sub-plot treatment included season long weed
free, weed removal at: V1, V3, V6, R2, and R5 dry bean growth stages, corresponding to 187, 287,
446, 536, and 702 GDD (base 10°C), and a non-treated weedy control. A four parameter logistic
model was used to estimate the impact of weed removal, for all response variables including dry
bean yield, stand, pods plant?, seeds pod?, and seed weight. The CTWR based on 5% yield
reduction was estimated to be the V1 growth stage (161 GDD) in plots with no-PRE herbicide,
compared to the R2 growth stage (557 GDD) when a PRE was used. The number of pods plant™
and seeds pod* was reduced 73% and 22%, respectively, by delaying weed removal in the no-PRE
treatment. When a PRE was applied pods plant™ was reduced 26% by delaying weed removal.
There was no difference in stand and seed weight across treatments. The use of a PRE in dry bean
delayed the CTWR and preserved potential yield.
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Horseweed (Erigeron canadensis) Control in No-Till Soybean Systems. Aaron M. Froemke*,
Kirk A. Howatt; North Dakota State University, Fargo, ND (021)

Horseweed (Erigeron canadensis (L.) Crong.) is a very competitive winter or summer annual
broadleaf. It typically emerges and produces a rosette in late fall, vernalizes during winter months,
and then bolts in early spring. Research was conducted to advance our knowledge of four different
preemergence (PRE) residual herbicide treatments (none, saflufenacil, flumioxazin, and
sulfentrazone) nested within three different soybean platforms (glufosinate, glyphosate, and
dicamba plus glyphosate) for horseweed control. Results determined that horseweed control
increased by more than 32% in the glufosinate and glyphosate systems with the addition of
saflufenacil PRE to kill existing plants. Horseweed population was decreased by more than 50
plants per 0.5 m? with the addition of saflufenacil in the glufosinate and glyphosate systems. This
benefit was not observed in the dicamba system due to dicamba’s efficacy on horseweed since
control was 99%. The addition of saflufenacil and sulfentrazone both increased horseweed percent
control by more than 5% in the glufosinate system when glufosinate was applied postemergence.
Saflufenacil alone only provided 67% control. This research found that dicamba, applied PRE or
POST, provided excellent horseweed control and is a very effective system for horseweed infested
fields. Saflufenacil controlled existing plants, but residual benefits are unclear. Further research
must be done to investigate residual activity of PRE herbicides applied before horseweed
emergence.

Techniques and Economic Analysis Using Weed Sensing Sprayer Technology for Fallow
Weed Control. Jeremy R. Thompson*, Rachel J. Zuger, lan C. Burke; Washington State
University, Pullman, WA (022)

Weed-sensing sprayer systems activate when a weed is sensed. Sensors detect differential
reflectance of chlorophyll and background soil surfaces from infrared light emitting diodes that
emits infrared radiation. Such technology facilitates targeting the weeds in a precise and efficient
manner and could facilitate herbicide cost and active ingredient reduction in fallow systems. A
weed-sensing sprayer system may have the ability to increase the functional rate each weed
receives while still decreasing the active ingredient load per acre. Our objectives were to
understand the reduction of herbicide use using the weed-sensing spraying system (a WEED:It
Precision System) and identify suitable herbicides for management of common broadleaf and grass
weeds in fallow systems. To test the efficacy of the weed-sensing sprayer system, a study was
conducted in a randomized complete design with herbicide as the main plot and application method
(broadcast or sensor sprayer) as the split plot. There were 4 replications, and plots were 4.9 by 9.1
m long, and split plots were 2.4 m wide. Treatments were applied POST to weeds in a no-till
residue fallow. Treatments of glyphosate, bromoxynil + MCPA ester, paraquat, saflufenacil +
glyphosate, and glufosinate were applied at either a broadcast rate or spot-treatment rate depending
on application equipment. Rates of herbicides were glyphosate (broadcast) 840 g ai ha™,
glyphosate (sensor sprayer) 5930 g ai ha™*, bromoxynil (broadcast and weed-sensing sprayer) 1120
g ai hal, paraquat (broadcast) 560 g ai ha, paraquat (sensor sprayer) 1320 g ai ha't, saflufenacil
(broadcast) 37.4 g ai ha + glyphosate 840 g ai ha?, saflufenacil (weed-sensing sprayer) 150 g ai
ha! + glyphosate 840 g ai hat, and glufosinate (broadcast or weed-sensing sprayer) 594 g ai ha™.
Weed control was assessed by visual estimation at 1, 2, and 4 weeks after treatment (WAT), and
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weed biomass was hand-harvested from two 1-meter quadrats 4 WAT. The most effective
treatments were glyphosate applied using the sensor sprayer, paraquat applied broadcast or weed-
sensing sprayer, and saflufenacil + glyphosate, broadcast or applied using the weed-sensing
sprayer. The population of weeds that qualify for spot treatment varied depending on herbicide
rate and weed density but was usually less than 40% of total area treated as measured by volume
of herbicide solution applied. Compared to broadcast treatments, total area treated varied
considerably and ranged from 95% of the treated area to less than 20% per block. A weed-sensing
system is an effective tool for delivering a higher dose of herbicide to only the target weeds in
fallow systems.

Broadleaf Weed Control with Pulse-Width Modulation Technology in Wheat and Soybean.
Kelly T. Satrom*, Kirk A. Howatt; North Dakota State University, Fargo, ND (023)

Pulse-width modulation (PWM) technology has been commercially available for many years, but
recent industry recommendations to increase droplet sizes have increased use of PWM sprayers.
Previous research in North Dakota has shown the potential for greatly reduced weed control as
droplet size increases. In 2018, field trials were conducted near Fargo, Galesburg, and Prosper,
ND, to investigate different droplet sizes, travel speeds, and how they interact to affect control of
broadleaf weed species with four herbicide combinations commonly used in wheat or soybean
production systems. Treatments in all four studies included a factorial combination of 250, 400,
600, and 750 micron droplet sizes and 8, 16, and 24 km/h travel speeds applied with a pulse sprayer
plus treatments of a handboom-sprayed and untreated checks. Over all, control tended to decrease
as droplet size increased. In wheat studies with bromoxynil and pyrasulfotole, control of weed
species was reduced 4 to 12 percentage points as droplet size increased. New technologies such as
dicamba- and glufosinate-resistant soybean varieties require the use of more course droplet sizes;
however, control was greater than 90% across treatments. This was also observed with various
weed species in wheat. Within wheat studies, travel speed did not have a significant effect, but
within soybean trials, data showed that faster ground speed had a deleterious effect on weed
control. However, more research is needed to confirm results showing the interaction of droplet
size and ground speed and how they affect efficacy of various herbicides.

Non-Tolerant Wheat Response to Simulated Drift of Quizalofop-P-ethyl in Central
Oklahoma. Justin T. Childers*!, Misha R. Manuchehri®, Vipan Kumar?, Rui Liu?, Jodie A. Crose?;
10klahoma State University, Stillwater, OK, 2Kansas State University, Hays, KS (024)

CoAXium™ Wheat Production Systems is a new herbicide tolerant wheat that allows for the use
of Aggressor™ herbicide (active ingredient: quizalofop-p-ethyl) over-the-top of wheat. An
increase in the use of quizalofop-p-ethyl may increase the likelihood of physical drift and/or tank
contamination to nearby sensitive plants, including wheat that is not tolerant to Aggressor™. To
evaluate non-tolerant winter wheat response to quizalofop-p-ethyl, studies were conducted during
the 2018-19 winter wheat growing season in central Oklahoma. Fall treatments consisted of 1X,
1/10X, 1/50X, 1/100X, and 1/200X, where 1X rates equaled 62 and 92 g ai ha™. Visual crop
response was recorded every two weeks throughout the growing season. At Lahoma five weeks
after treatment, the 1X rates of 62 and 92 g ai haresulted in 72 and 80% crop injury, respectively;
however, little wheat response was observed for all other rates. At Perkins and Stillwater, greater
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than 87% injury was observed for 1X rates of 62 and 92 g ai ha™* while wheat injury for the three
lowest rates, regardless of 1X rate, was similar and below 5%. Overall, significant visual wheat
response five weeks after treatment was observed for both 1X rates of quizalofop-p-ethyl at
Lahoma, Perkins, and Stillwater and for 1/10X rates at Perkins and Stillwater. Minor to no visual
injury was observed for the three lowest rates at any site, regardless of 1X rate. Additional
applications will be made this spring, yield will be recorded this summer, and trials will be
replicated during the 2019-20 growing season.

Late-Season Herbicides to Suppress Downy Brome Seed Production and Progeny Fitness in
Winter Wheat. Ramawatar Yadav*, Prashant Jha, Shane Leland; Montana State University,
Huntley, MT (025)

Downy brome is one of the most troublesome grass weeds in winter wheat in the western US.
Increasing reports of ALS inhibitor-resistant downy brome is a serious concern. Some plant growth
regulator herbicides are known to cause seed sterility in grasses when applied late during the
reproductive stages. Therefore, field and greenhouse experiments were conducted in 2017 and
repeated in 2018 at the MSU-SARC, Huntley, MT to evaluate the effect of late-season applications
of growth regulator (Group 4) and ALS-inhibitor herbicides labeled in winter wheat on downy
brome seed reduction, seed viability, 100-seed weight, and progeny seedling vigor. Nine herbicide
treatments were applied at early or late inflorescence stages of downy brome, within the
recommended application window in winter wheat. A randomized complete block design with
four replications was used. Winter wheat injury and yield were recorded. Dicamba (140 g ae ha™®)
or 2,4-D (518 g ae ha) applied at the early reproductive stage (panicle initiation) suppressed
downy brome seed viability by 10 to 15%, but did not influence 100-seed weight and seedling
vigor. Interestingly, pyroxsulam (18 g ai ha), mesosulfuron-methyl (15 g ai hat), or florasulam
+ fluroxypyr + pyroxsulam (99+3+15 g ai hal) at the panicle initiation timing reduced seed
viability by >90%, 100-seed weight by >70%, and seedling vigor by >60%, compared to the non-
treated check. In conclusion, these ALS-inhibitor herbicides applied at the panicle initiation stage
of downy brome can potentially reduce late-season seed additions and progeny fitness, without
affecting the winter wheat yield.

Mustard Seed Meal Effects on Palmer amaranth Seedbanks. Joseph B. Wood*, Brian J.
Schutte, Ivette Guzman, Soum Sanogo; New Mexico State University, Las Cruces, NM (026)

Mustard seed meal (MSM), a glucosinolate (GLS) rich soil amendment, can be used to reduce
weed pressure in cropping systems due to degradation products that are released upon enzymatic
hydrolysis of GLS. There is little information on GLS degradation and herbicidal performance of
MSM under varied soil moisture levels. The objectives of this study were to (1) determine MSM
effects on Palmer amaranth seedbanks under different moisture levels, and (2) measure GLS
degradation over time in soil hydrated to saturation and field capacity. To address these objectives,
laboratory studies were done with seedbank mesocosms designed to maintain soil matric
potentials. Seedbanks under flood, saturation, field capacity, -0.6 MPa, and -1.0 MPa were used
to determine seedbank responses to MSM at a rate equivalent to 4400 kg ha-1. Changes over time
in GLS were determined with soil extracts analyzed with HPLC. Results indicated that rates of
MSM-induced seedbank mortality were highest in field capacity soil and lowest in saturated and
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flooded soils that promoted seed persistence. Saturated soil had a higher rate of GLS hydrolysis
than field capacity soil, shown by a more rapid decrease in GLS. These results indicate MSM is
potentially wasted in saturated soil because this causes rapid GLS hydrolysis but does not support
MSM-induced mortality. Further, these results suggest that MSM-induced mortality in seedbanks
requires moisture conditions that support seed germination. By understanding the relationship
between moisture and GLS degradation, herbicidal effects of MSM can be maximized in irrigated
cropping systems.

Economics of Cultural, Mechanical, and Chemical Weed Control Practices for Herbicide-
Resistant Weed Management. Elizabeth G. Mosqueda*!, Andrew Kniss!, John Ritten®, Nevin C.
Lawrence?, Prashant Jha®, Gustavo M. Shatella®; ‘University of Wyoming, Laramie, WY,
2University of Nebraska-Lincoln, Scottsbluff, NE, 3Montana State University, Huntley, MT,
“University of Wyoming, Powell, WY (027)

Integration of cultural, mechanical, and chemical weed management practices are often
recommended to combat the buildup of herbicide-resistant weeds in agronomic systems. The
extent to which farmers have adopted integrated weed management practices is limited, in part, by
risk associated with costs of adopting more diverse weed management programs. Field studies
were performed from 2014 to 2017 in Wyoming, Montana, and Nebraska to see how diverse weed
management programs impact economic returns of four crops grown in the Northern Great Plains
when trying to manage ALS-resistant kochia. A known proportion of ALS-resistant kochia was
established in 2014 before imposition of treatments. Tillage (main-plot) included annual intensive
tillage or minimum tillage. Crop rotations (split-plot) consisted of continuous continuous corn,
corn-sugarbeet, corn-dry bean-sugarbeet, and corn-dry bean-small grain-sugarbeet. Herbicide
treatments (split-split-plot) included complete reliance on ALS inhibitor herbicides, mixtures
including ALS inhibitors, or an annual rotation which relied upon ALS herbicides every other year.
Crop yields were collected in 2017 after implementation of treatments for four years. Costs
associated with implementation of each treatment were summed and compared to historic data
from each region. An enterprise analysis was used to analyze data, and results were reported in a
partial budget format. Crops treated with a herbicide mixture including ALS inhibitors that were
annually intensively tilled consistently had higher economic returns than all other treatment
combinations. Lowest crop returns were typically observed in ALS inhibitor herbicide treatments
that were minimally tilled.

Deciphering the Molecular Basis of Multiple Herbicide Resistance in Common Watrerhemp
by Whole Genome Resequencing. Balaji Aravindhan Pandian*, Sanzhen Liu, Venkatesh Prasad
Ranganath, Vara Prasad P.V., Mithila Jugulam; Kansas State University, Manhattan, KS (028)

Common waterhemp (Amaranthus tuberculatus) is one of the troublesome weeds in the United
States in crops such as corn, soybean, and sorghum. We identified amplification of 5-
enolpyruvylshikimate-3-phosphate synthase (EPSPS) gene conferring a high level of resistance to
glyphosate in a waterhemp population from Kansas. The objectives of this research were to a) re-
sequence and compare the whole genome of three glyphosate-resistant (GR) and one glyphosate —
susceptible (GS) individuals and validate the copy number variation (CNV) of EPSPS gene
determined by gPCR analysis; b) identify if any other genes have been amplified along with the
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EPSPS gene; c) examine the presence of known mutations in the herbicide target genes conferring
resistance to acetolactate synthase (ALS)-, photosystem Il (psbA)-, or 4-hydroxyphenylpyruvate
dioxygenase (HPPD)-inhibitors. The GR and GS common waterhemp were sequenced using
IlluminaHiSeq2500 targeting ~100 million 125bp PE reads. The raw data were trimmed and
aligned to Amaranthus hypochondriacus reference genome. Read counts for all the annotated
genes were obtained and normalized using in-house pipeline. CNV of EPSPS gene in GR was
calculated based on differences in read counts relative to the GS common waterhemp. The EPSPS
gene copy numbers determined by resequencing read counts were similar to those that were
assessed using gPCR. Further, amplification of 18 other genes was found in both GR and GS
common waterhemp individuals, including amplification of cytochrome P450 genes (four- to six-
fold), which known to be responsible for herbicide detoxification in plants. We also identified a
mutation (TRPs7sLEU) in ALS gene in all the four individuals (resistant to ALS-inhibitors). No
mutations were found in any another herbicide target gene examined. Whole genome
resequencing is a robust tool to understand the precise molecular mechanisms conferring resistance
to herbicides in weeds.

Rapid Metabolism Increases Resistance to 2,4-D in Common Waterhemp (Amaranthus
tuberculatus) under High-Temperature. Chandrima Shyam**, Amit J. Jhala?, Mithila Jugulam?,
Greg Kruger?; 'Kansas State University, Manhattan, KS, 2University of Nebraska-Lincoln,
Lincoln, NE (029)

Common waterhemp in the midwestern states of the US has a broader window of emergence from
low average diurnal temperatures early in the season to high temperatures in late season. 2,4-D has
been widely used to manage common waterhemp in this region. Temperature is considered one of
the crucial factors affecting the post-emergence herbicide efficacy. The objective of this research
was to investigate the effect of temperature on 2,4-D efficacy to control 2,4-D-resistant (WHR)
and susceptible common waterhemp (WHS) populations. 2,4-D dose-response studies of WHR
and WHS were conducted at two temperature regimes including high (HT; 34/20 C, d/n) and low
(LT; 24/10 C, d/n) temperature regimes. Additionally, the uptake, translocation, and metabolism
of 14C 2,4-D were also determined at 6, 24 and 72 hours after treatment. Further, to confirm the
role of cytochrome P-450 monooxygenases in 2,4-D metabolism, dose-response was performed
with malathion pre-treatment. Results showed an increase in resistance and a decrease in
sensitivity of both WHR and WHS population to 2,4-D at HT compared to LT. GRso of WHR and
WHS at HT were 3696 and 176 g ae ha*, while at LT these values were 1001and 107 g ae ha™,
respectively. Different growth temperatures did not affect 2,4-D absorption or translocation.
However, rapid *C 2,4-D metabolism was observed in both WHR and WHS at HT compared to
LT. Furthermore, pre-treatment of malathion significantly lowered 2,4-D resistance in WHR at
both HT and LT. Application of 2,4-D early in the season when temperatures are cooler can
improve control of 2,4-D resistant common waterhemp.

The Recent Scenario of Italian Ryegrass Herbicide Resistance Frequency and Ploidy
Diversity in Western Oregon. Lucas Kopecky Bobadilla*?, Camila R. P. Lima?, Pete A. Berry?,
Andrew G. Hulting®, Carol Mallory-Smith*; *Oregon State University, Corvallis, OR, 2University
of Sao Paulo, Piracicaba, Brazil, *Oregon State Univ., Corvallis, OR (030)
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Western Oregon agriculture is largely dependent on grass seed crops including annual or Italian
ryegrass (Lolium perenne ssp. multiflorum). Italian ryegrass also is one of the most important
weeds in Oregon, which creates a scenario where crosses between a weed and crop can occur.
Understanding the ploidy diversity of Italian ryegrass and herbicide resistance presence can help
growers create strategies to avoid herbicide resistance via gene flow. The objectives of this two-
year survey of 150 fields were to understand the current frequency and distribution of herbicide
resistance and ploidy diversity of Italian ryegrass in the Willamette Valley. Herbicide-resistance
screening was conducted in the laboratory and greenhouse. Mortality and green-leaf area reduction
were used to determine if a population had resistance present. Ploidy level was measured using
flow cytometry. Italian ryegrass was present in 50% of the surveyed fields and high densities of
Italian ryegrass were most often found in tall fescue seed production fields. The most common
types of resistance were to ACCase, ALS and EPSPs inhibitors herbicides. Multiple-resistance
was identified in 23% of the fields in the survey. Nine percent of populations collected were
tetraploid; however, resistance was only found in diploid plants. Herbicide resistance was spread
throughout the surveyed area and clusters of multiple-resistant populations were identified. These
results can serve as a base for future studies about the possible factors involved on resistance
presence and test if increasing the use of tetraploid cultivars for seed production could reduce the
spread of resistance via gene flow from weeds to crop.

Weed Suppression by Warm-Season Cover Crops. Greta G. Gramig*!, Jose G. Franco?,
Kenneth P. Beamer'; 'North Dakota State University, Fargo, ND, 2USDA-ARS, Mandan, ND
(031)

During recent years, farmers have been encouraged to plant cover crop polycultures instead
monocultures. However, management of cover crop polycultures can be more challenging
compared to monoculture management. Our objective was to compare three monoculture cover
crops with two polycultures in terms of weed suppression and soil nutrient provision. Experiments
were conducted during 2016 and 2017 at Absaraka ND and Fargo ND, respectively. The
experimental design was an RCBD with 4 replications. Factorial combinations of cover crop (CC)
species and watering regime (ambient rainfall vs. irrigated) were randomly assigned to 4.6 x 6.1
m plots. During 2016, irrigated plots were not irrigated because of high ambient precipitation.
During 2017, irrigated plots were watered using overhead sprinklers once a week. Within each
plot, 1 m? subplots were established that contained cover crops only, weeds only, or both cover
crops and weeds. At peak vegetative biomass, these 1 m?subplots were destructively harvested to
obtain measurements of crop and weed density and dry biomass. During 2016 only, at the end of
the growing season, a flail mower was used to terminate the cover crops. During early spring 2017,
residue percent cover was estimated visually within each plot. Then cover crop residue was
removed from 1m? subplots, dried, and weighed to determine residue biomass. After the initial
flush of weeds occurred, weed density by species was quantified within these subplots and within
1 m? subplots containing undisturbed residue. During both years of the study, 20 - 15 cm deep soil
cores were removed from each plot to determine soil N-P-K approximately midway through the
growing season. Cover crop residue biomass did not differ among CC species (data not shown)
but percentage residue cover was greater for foxtail millet monoculture and the three- and six-
species polycultures. Foxtail millet alone, the three-species polyculture, and the six-species
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polyculture all suppressed weeds effectively (75, 64, and 78%, respectively), whereas cowpea
alone and sunflower alone provided poor weed suppression (26 and 15%, respectively). When flail
mowed, foxtail millet provided an even consistent blanket of residue. Foxtail millet alone, the
three-species polyculture, and the six-species polyculture suppressed weeds better than sunflower
alone (74, 77, and 82% vs. 53% suppression, respectively). The six- species polyculture also
suppressed weeds better than cowpea alone (82 vs. 55% suppression, respectively). All cover crop
species were suppressed by weeds to the same degree, approximately 20% on average (Figure 2,
B). During 2017 in Fargo, irrigation reduced soil N from 176 to 146 lbs/acre. During 2016
irrigation treatments were not applied so no differences would be expected. At Absaraka during
2016, soil N was greater for sunflower and cowpea monocultures compared to the three-species
polyculture (128 and 123 vs. 91 Ibs/acre, respectively (Figure 3, A). During 2017 at Fargo, cover
crop species did not affect soil nitrogen content. The differences in soil N response to cover crops
between sites may have been driven by the background soil N content, which was greater at Fargo
(a non-organic site). Overall, the results of this study suggest that these particular cover crop
polycultures did not provide enhanced weed suppression or soil fertility compared to cover crop
monocultures.

Management of Rhizoctonia Root and Crown Rot Disease in Sugar Beet with
Glyphosate/Fungicide Tank-Mixes to Improve Farm Efficacy. William L. Stump*, Stephan
Carl Geu; University of Wyoming, Laramie, WY (032)

Treating sugar beet seed with a fungicide prior to planting is recommended for various diseases
including those caused by Rhizoctonia. However seed treatment is only effective for up to six
weeks after planting at which point foliar applications of fungicide is necessary. This fungicide
application typically occurs around the time the second to third application of Roundup would be
applied to the beets. The goal of this project was to investigate the potential of tank-mixing
Quadris, Priaxor and Proline fungicides with the glyphosate application and to determine if the
chemicals will act in a synergistic or antagonistic manner in the control of weeds and Rhizoctonia
root and crown rot disease (RRCR). Although research has shown that foliar banding of fungicides
to be more efficacious for RRCR management, some growers continue to broadcast their foliar
fungicide applications. By combining fungicide with the glyphosate application, efficacy could be
drastically improved due to reduced trips across the field. Twin field plots were established in
2016-2017 at the Powell Research and Extension Center (PREC) in Powell, WY, and the
Sustainable Agriculture Research and Extension Center (SAREC) in Lingle, WY. Fungicides were
either co-applied or as a sequential application with glyphosate made to beets in the 8-10 leaf stage.
Parameters measured included treatment effects on RRCR disease levels and weed control. Based
on weed count and disease suppression data, there was no strong evidence that the co-application
of glyphosate and fungicide had any impact on crop safety, herbicide, or fungicide efficacy at
either site or year.

Evaluation of Flax Tolerance to Preemergence and Postemergence Herbicide Applications.
Daniel Guimaraes Abe*!, Caleb D. Dalley?, Brian Jenks?; !North Dakota State University,
Hettinger, ND, 2North Dakota State University, Minot, ND (033)
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Flax is an oil-seed crop grown primarily in North Dakota and in the Canadian Prairie Provinces.
In 2018, North Dakota accounted for 85% of flaxseed production in the US with minor plantings
in Montana and South Dakota. Few herbicides are registered for weed control in flax seed. Two
experiments were conducted in Adams County in southwest North Dakota to evaluate
preemergence and postemergence herbicides for flax tolerance and weed control. In the PRE
herbicide trial, pyroxasulfone, sulfentrazone + pyroxasulfone, acetochlor, metolachlor,
sulfentrazone + metolachlor, flumioxazin + pyroxasulfone, pendimethalin, flumioxazin, and
dimethenamid were evaluated. Of these herbicides, injury was observed only after the application
of acetochlor, with injury of 8% and 17% at 27 and 58 DAT, respectively. Stand counts and flax
height were not affected by any of the applied treatments. Common mallow control was greatest
(81% at 27 DAT) with sulfentrazone plus metolachlor, and was similar to sulfentrazone plus
pyroxasulfone, flumioxazin plus pyroxasulfone, and pendimethalin (74 to 76%). All other
treatments did not control common mallow. In the second trial, bicyclopyrone plus bromoxynil
was applied at two rates (37 + 175 g ai ha! and 49 + 233 g ha') PRE and POST (2 weeks after
crop emergence). These treatments were compared with POST application of topramezone (12 and
18 g ai ha't), MCPA + bromoxynil (280 + 208 g ai ha), bentazon (560 g ai ha), imazamox (35
g ai hal), and imazamox + bentazon (35 + 560 g hal). POST application of bromoxynil plus
bicyclopyrone resulted in severe injury to flax (61 to 81%), and reduced flax yield 38 to 45%,
compared with the highest yielding treatment. PRE application of bromoxynil plus bicyclopyrone
caused little or no injury. Topramezone caused minor injury to flax, but this injury did not reduce
yield. Imazamox alone caused moderate injury to flax (29% at 15 DAT), but when tank-mixed
with bentazon, this injury was reduced to 18%. Both treatments provided excellent control of
common mallow and fair control of kochia and injury from treatments did not reduce yield. Results
from these trials indicate that herbicides should be further explored in order to expand options for
weed control in flax.

Pinto Bean Response to Low Doses of Dicamba and Glyphosate. Greg J. Endres*, Mike H.
Ostlie; North Dakota State University, Carrington, ND (034)

A field study was conducted during 2015-18 at the NDSU Carrington Research Extension Center
to evaluate the response of pinto bean to low dose (drift) rates of dicamba and glyphosate.
Experimental design was a randomized complete block with three replications. Dicamba was
applied at 0.00044, 0.0044 and 0.044 Ib ae/A; glyphosate at 0.00088, 0.0088 and 0.088 Ib ae/A;
plus herbicide combination at low, medium and high rates to bud- to early bloom-stage (V8-R1)
plants. Averaged across the four yr of the study, bean plant biomass reduction, visually evaluated
21 d after treatment, ranged from 6-19% with the low rate of dicamba, and low and medium rates
of glyphosate; 22-33% with the medium rate of dicamba, high rate of glyphosate, and low and
medium rates of the herbicide combination; and 48-56% with the high rate of dicamba and
herbicide combination. All herbicides, except glyphosate at the low rate, delayed bean maturity
compared to the untreated check, ranging from 10 to 37 d. Bean seed yield averaged 2300 Ib/A
with the untreated check; 1700-2160 Ib/A with low rates of dicamba, glyphosate, herbicide
combination, and the medium rate of glyphosate; 860-1280 Ib/A with medium rates of dicamba
and herbicide combination, and high rate of glyphosate; and 0-150 Ib/A with the high rates of
dicamba and herbicide combination. Seed germination with low rates of dicamba, glyphosate, and
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herbicide combination, and the medium rate of glyphosate tended to be similar to the untreated
check.

Effects of Dicamba Ultra Micro-rates on Soybean Yield — Hormesis or not? Stevan Z.
Knezevic*!, O. Adewale Osipitan?, Luka G. Milosevic!, Jon E. Scott!; tUniversity of Nebraska-
Lincoln, Concord, NE, 2University of Nebraska-Lincoln, Lincoln, NE (035)

There are speculations that a drift of sub-lethal or ultra-low doses of dicamba herbicides to soybean
can increase the yield through a phenomenon called hormesis. Thus, there is a need to evaluate the
impact of ultra micro-rates of dicamba on sensitive soybean yield. A preliminary field study was
conducted in 2018 at Concord, NE. The study was arranged as a split-plot design with ten dicamba
micro-rates, 3 application times and 4 replications. Dicamba rates included 0; 1/10; 1/100; 1/1000;
1/5000; 1/10000; 1/20000; 1/30000; 1/40000 and 1/50000 of the 560 g ae ha™ (label rate) of
XtendiMax. The 3 application times were V2 (2" trifoliate), R1 (beginning of flowering) and R2
(full flowering) stages of soybean development. Yield components, which included number of
pods per plant, seeds per pod and 100-seed weight, were estimated at physiological maturity.
Yields were also collected. Based on the preliminary study, there was no evidence that the ultra-
low doses of dicamba increased soybean yield when applied at early vegetative (V2), early
flowering (R1) or full flowering (R2) stage of growth. Application of 1/5000 to 1/10 of dicamba
label rate caused 20 to 80% visual injury with the greatest injury at R1. A 1/10 of the dicamba
label rate could cause 23 to 78% soybean yield loss depending on the growth stage of exposure;
with the greatest yield loss (78%) at the R1 stage. In general, our preliminary study suggested that
there was no evidence that sub-lethal doses of dicamba could increase the yield of soybean
irrespective of the growth stage of dicamba exposure, suggesting that there was no hormesis
occurring.

Effects of Selected Adjuvants over Two Seasons on Weed Control in Corn and Soybeans with
Glufosinate-ammonium. Jim T. Daniel*!, Tom Hoverstad?, Paul O. Johnson®, Michael Owen?,
Eric Westra®, Phil Westra®; 'Daniel Ag Consulting, Keenesburg, CO, 2University of Minnesota
Southern Research and Outreach Center, Waseca, MN, 3South Dakota State University,
Brookings, SD, “lowa Stae University, Ames, 1A, >Colorado State University, Fort Collins, CO
(036)

Full Load, a fully loaded water conditioning surfactant, was evaluated as part of a surfactant system
with glufosinate-ammonium. Greenhouse and field trials were conducted at Colorado State
University and South Dakota State University during 2017. Results showed Full Load at 0.375%
or especially at 0.25% + 1.5 Ib/A ammonium sulfate to be a viable surfactant for use with
glufosinate-ammonium by providing weed control equal to or slightly superior to the NIS 0.25%
+ 3 Ib/A ammonium sulfate standard. In 2018, field trials were conducted by Colorado State
University, lowa State University, University of Minnesota Southern Research and Outreach
Center, Waseca, and South Dakota State University to further evaluate Full Load with glufosinate-
ammonium. All experiments were conducted with a randomized complete block design with three
or four replications using various small plot application equipment. These experiments had results
very similar to those found in 2017.
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Effective Herbicide Programs for Managing Glyphosate-Resistant Palmer Amaranth in
Kansas Sunflower Production. Rui Liu*?, Vipan Kumar?, Taylor Lambert!, Jeanne Falk Jones?;
!Kansas State University, Hays, KS, 2Kansas State University, Colby, KS (037)

Glyphosate-resistant (GR) Palmer amaranth (Amaranthus palmeri L.) has become a serious
management concern for sunflower growers in the High Plains region, including western Kansas.
The main objectives of this research were (1) to evaluate the effectiveness of PRE only and PRE
followed by (fb) POST herbicide programs for controlling GR Palmer amaranth in sunflower. Two
separate field experiments were conducted at Kansas State University Research and Extension
Center near Colby, KS in summer 2018: one for PRE only programs (Experiment 1) and one for
PRE fb POST programs (Experiment 2). Both studies were conducted in a randomized complete
block design, with 4 replications. The Clearfield® sunflower variety (Mycogen MY8H456GL) was
planted using 57,500 seeds ha™. The study site had natural infestation of GR Palmer amaranth. All
PRE herbicide programs were applied a day after sunflower planting in both studies; while POST
treatments of pyroxasulfone were applied at 2,4, and/or 6 weeks after sunflower emergence (WAE)
in experiment 2. Data on sunflower injury (%), Palmer amaranth visual control (%) and Palmer
amaranth density were collected biweekly throughout the growing season. Data on sunflower grain
yields were recorded at harvest in experiment 2. Data were subjected to analysis of variance
(ANOVA) using PROC MIXED in SAS 9.3 and means were separated using Fisher’s protected
LSD test (P < 0.05). Results from experiment 1 indicated that PRE applied pyroxasulfone +
sulfentrazone (155+ 155 g ha?) and pyroxasulfone + pendimethalin (178 + 1064 g ha) had
excellent control (90 to 98%) of GR Palmer amaranth throughout the season. GR Palmer amaranth
control with pyroxasulfone alone and carfentrazone + sulfentrazone ranged from 51 to 89 at the
final rating. Results from experiment 2 showed that PRE applied s-metolachlor + sulfentrazone (
1161+ 129 g ha') fb a sequential POST application of pyroxasulfone (75 g ha) at 2, 4, and/or 6
WAE provided excellent and season-long control (88 to 99%) of GR Palmer amaranth, and had
the highest sunflower grain yield (1584 kg ha). All treatments had significantly lower densities
of GR Palmer amaranth compared with nontreated check plots in experiments. In conclusion,
growers can utilize PRE only programs, including pyroxasulfone + sulfentrazone and
pyroxasulfone + pendimethalin, and PRE fb POST program such as s-metolachlor + sufentrazone
fb pyroxasulfone for effective and season-long control of GR Palmer amaranth in sunflower
production.

Pyraclonil: A New Broad-Spectrum Herbicide Under Field Development for California Rice.
Amar S. Godarl, Kassim Al-Khatib*2, Jose Gutierrez3; *University of California, Biggs, CA,
2University of California - Davis, Davis, CA, ®Nichino America, Fresno, CA (038)

California rice production is heavily dependent on herbicides for weed control. Repeated use of
herbicides has resulted in widespread herbicide resistance, however, there is no documented cases
of PPO inhibitor resistance. Pyraclonil, a PPO inhibitor is widely used in the Asian rice market
and would offer California rice producers another application timing for PPO inhibitors in rice. In
2018, a field experiment was conducted in Biggs, CA to determine the efficacy and rice crop safety
of Pyraclonil. This experiment was arranged in a randomized complete block design. Treatments
included 1.) pyraclonil, 2.) pyraclonil + benzobicyclon, 3.) pyraclonil fb. benzobicyclon, 4.)
pyraclonil + clomazone, 5.) pyraclonil fb thiobencarb, and 6.) pyraclonil fb bispyribac. Weed
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control was visually assessed weekly on a scale of 0-100 (0 = no control and 100 = complete
mortality). Rice safety in the form of stunting and bleaching was also evaluated weekly. Rice was
stunted with all treatments at 21 DAT but was within the acceptable range and recovered.
Bleaching was observed at 14 DAT when pyraclonil was applied with benzobicyclon and
clomazone, however at 21 DAT benzobicyclon injury had recovered and at 48 DAT clomazone
injury recovered. Weed control at 42 DAT was 100 for all treatments and species evaluated. Yields
were not significantly different between herbicide treatments.

Bearded Sprangletop (Leptochloa fusca spp. fasicularis) Flooding Tolerance in California
Rice. Katie E. Driver*, Kassim Al-Khatib, Amar Godar; University of California - Davis, Davis,
CA (039)

Bearded sprangletop (Leptochloa fusca ssp. fasicularis) is a problematic weed in California rice
production. Flooding was thought to suppress bearded sprangletop growth, however after many
years of continuous rice production, anecdotal evidence suggests that bearded sprangletop
populations can tolerate flood pressures. A study was conducted over two years at the Rice
Research Station in Biggs, CA to test the flooding tolerance of two populations against three
irrigation methods. The study implemented a split block factorial design with sprangletop
population being factor 1 and irrigation method being factor 2. The irrigation methods were 1) 5
cm continuous flood; 2) 10 cm continuous flood and; 3) 20 cm continuous flood. The two bearded
sprangletop populations tested consisted of one clomazone resistant and one susceptible
population. There was no emergence of bearded sprangletop in the 20 cm flood depth of either
population. With a continuous 10 cm flood, only the resistant population survived flooding
pressure and produced significantly more tillers and seed than any other treatment- population
combination tested. This suggests that there may be a fitness advantage related to clomazone
resistance, however further testing is needed to confirm this.

Evaluation of Florpyrauxifen-benzyl for Weed Control and Crop Safety in California Rice.
Amar S. Godar!, Kassim Al-Khatib*?; *University of California, Biggs, CA, 2University of
California - Davis, Davis, CA (040)

Florpyrauxifen-benzyl is a new postemergence herbicide for use in U.S. direct- and water-seeded
rice. Florpyrauxifen-benzyl is a member of the new arylpicolinate class of auxin herbicides that
exhibit unique sites of action within susceptible grass, sedge, and broadleaf weed species. The
alternative mode-of-action will introduce a new herbicide resistance management tool for rice
growers in a region where resistance is common. In 2018, trials were conducted at the California
Rice Research Board Experiment Station in Biggs, CA to determine florpyrauxifen-benzyl
efficacy and safety in California rice production. Program treatments consisted of an untreated
check, florpyrauxifen-benzyl at 40 g ai ha*, florpyrauxifen-benzyl at 40 g ai ha* + cyhalofop at
271 g ai hal, florpyrauxifen-benzyl at 40 g ai ha® + clomazone at 448 g ai ha?, florpyrauxifen-
benzyl at 40 g ai ha? + benzobicyclon at 306 g ai ha?, benzobicyclon at 306 g ai ha? +
penxulamGR at 40 g ai ha, benzobicyclon at 306 g ai ha™* + penoxulam SC at 40 g ai ha*. Weeds
evaluated included early watergrass (Echinochloa phyllopogon), Rice field bulrush
(Scheoenoplectiella mucronata), Smallflower-umbrella sedge (Cypereus difformis), ducksalad
(heteranthera limosa), and heartshape false pickerelweed (Monochoria vaginalis).
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Florpyrauxifen-benzyl alone controlled key weeds 97% or greater. Florpyrauxifen-benzyl
applications controlled weeds more consistently when tank-mixed with other grass control
herbicides. Florpyrauxifen-benzyl will be an effective broad-spectrum weed management tool for
inclusion in full-season rice weed control programs in California.

Potential for Gibberellic Acid to Stimulate Hairy Nightshade Emergence in the Field. Don
W. Morishita*!, Pamela J. Hutchinson?, Alexis M. Thompson®, Rabecka L. Hendricks!, Brent
Beulter*, Kathrin D. LeQuia®; University of Idaho, Kimberly, 1D, 2University of Idaho Aberdeen
R&E Center, Aberdeen, ID, 3, Kimberly, ID, “University of Idaho, American Falls, ID (041)

Hairy nightshade is considered the most troublesome weed for Idaho dry bean growers. This is
because once it begins emerging it continues to germinate and emerge throughout most of the
growing season. Soil-applied preemergence herbicides can effectively control hairy nightshade for
only a few weeks following application. Imazamox is effective but plant-back restrictions to sugar
beet and potato limit its use in dry bean. Bentazon is somewhat inconsistent. Finding some way to
eliminate or reduce late season hairy nightshade emergence is desired. Soaking hairy nightshade
seed in gibberellic acid can break the dormancy. This is impractical for use in the field. Finding a
method to stimulate hairy nightshade germination in the field could help reduce its season-long
emergence. An experiment was conducted to determine the effectiveness using gibberellic acid
(GAg) as a soil application for stimulating germination and emergence of hairy nightshade. The
study was conducted at two University of ldaho research and extension centers located near
Kimberly and Aberdeen, Idaho. Hairy nightshade seed was planted with a small vegetable planter
at a rate of 16 seeds per 30 cm row. Plot size was 2.4 by 3.7 m with five rows of hairy nightshade.
GA; was applied at 5 rates- 28, 42, 56, 70, and 84 g ai ha'* with a plot sprayer calibrated to deliver
140 L ha! at 262 kPa. A non-treated control and GA-treated seed was included. The GAs was
incorporated after application by two methods. The first method used mechanical incorporation
with a garden rake followed by an overhead application of 1.25 cm of water. The second
incorporation method used water only at the same rate previously described. At Kimberly, hairy
nightshade emergence was determined by counting plants in 1.2 m of each of the 5 rows in each
plot. Emergence counts were made 8, 14, 16, 18, 21, 23, 25, 30, and 37 days after the GAs
application (DAA). At Aberdeen, hairy nightshade emergence was visually estimated in each plot
8, 23, and 38 DAA. At Kimberly and Aberdeen, hairy nightshade emergence in response to the
GA: application peaked at 23 DAA. Maximum emergence was with GAz applied at 70 and 84 g
ai hal and incorporated mechanically followed by overhead irrigation. Compared to the non-
treated control, hairy nightshade emergence was significantly better at Kimberly and at Aberdeen.

Palmer Amaranth Response to Glufosinate Plus Dicamba or 2,4-D Mixtures. William B.
McCloskey*; University of Arizona, Tucson, AZ (042)

Does glufosinate reduce the efficacy of auxin mimic herbicides when used in mixtures to control
glyphosate susceptible (GS) Palmer amaranth? The interaction of glufosinate with either
glyphosate, dicamba, or 2,4-D was studied at the University of Arizona Agricultural centers in
Maricopa and Red Rock Arizona in 2018. When the herbicides were sprayed individually,
glyphosate resulted in greater than or equal control of Palmer amaranth compared to the auxin
herbicides (i.e., dicamba or 2,4-D) which in turn provided better control than glufosinate.
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Glufosinate antagonized or reduced glyphosate activity when these herbicides were mixed together
and sprayed on Palmer amaranth with efficacy similar to that of glufosinate applied alone. Tank-
mixing glufosinate with 2,4-D did not reduce the activity of 2,4-D on Palmer amaranth. For the
most part, the same was true of tank-mixtures of glufosinate with dicamba except that the whole
plot data from Maricopa suggested that the mixture could be antagonistic under some conditions.
There was a similar trend in the large Palmer amaranth data but it was not significant. In contrast
to the Palmer amaranth data, all of the herbicide treatments provided good control of ivyleaf
morningglory. Thus, no evidence of antagonism on was found between any of the herbicides when
tank-mixed and sprayed on ivyleaf morningglory indicating that interference between tank-mix
partners is likely species specific. Antagonism did reduce the grass control in whole plots at MAC
when tank-mixtures of glufosinate with either 2,4-D or dicamba were sprayed, again indicating
that the occurrence of antagonism is species specific. These data suggest that controlling
glyphosate resistant Palmer amaranth may be best achieved by spraying a tank mixture of
glufosinate and 2,4-D, however, the superiority of this treatment over glufosinate plus dicamba
tank-mixtures may simply be due to the greater amount of auxin herbicide acid equivalent in 2,4-
D treatments. Lastly, these data reinforce the importance of spraying herbicides on small weeds in
order to maximize efficacy and using sequential postemergence herbicide applications early in the
season.

An Update on Multiple Herbicide-Resistant Palmer Amaranth in Kansas. Vipan Kumar*, Rui
Liu, Taylor Lambert; Kansas State University, Hays, KS (043)

Multiple herbicide-resistant (MHR) Palmer amaranth (Amaranthus palmeri) is an increasing
problem for producers in the Central Great Plains, including Kansas. A random field survey was
conducted in 2014, to determine the distribution of MHR Palmer amaranth across Kansas cropping
systems. Seeds of Palmer amaranth plants were collected from corn, sorghum, soybean, sunflower,
and chemical-fallow fields, with a total of 175 field populations. Selected (about 31) Palmer
amaranth populations were screened in 2018 for multiple resistance to glyphosate, chlorsulfuron,
mesotrione, atrazine, 2, 4-D, and dicamba. Seedlings from each selected population were grown
in 10- by 10-cm size square plastic pots filled with a commercial potting mix in a greenhouse at
Kansas State University Agricultural Research Center (KSU-ARC) near Hays, KS. Experiments
were performed in a randomized complete block design in factorial arrangement of treatments
(populations by herbicides) with 12 replications and repeated. Actively growing seedlings (7- to
9-cm tall) were separately treated with discriminate dose of glyphosate (1260 g ha), chlorsulfuron
(52 g hat), mesotrione (105 g ha?), atrazine (560 g hal), 2,4-D (870 g ha'), and dicamba (560 g
hal). Data on percent visible injury, fresh and dry weights were determined at 21 d after treatment
(DAT). Whole-plant dose-response assays were conducted on a putative MHR Palmer amaranth
population collected from Barton County, KS. Based on a cut off visible injury (< 80%), resistance
to glyphosate, chlorsulfuron, atrazine, and mesotrione was confirmed in 21, 16, 22, and 16
populations, respectively. Five populations also showed reduced sensitivity to 2,4-D (67 to 80%
injury), while all tested populations were highly sensitive to dicamba. Dose-response assays
indicated that the putative MHR population had high-level resistance to glyphosate (11.9-fold),
chlorsulfuron (17.0-fold), atrazine (17.8-fold); moderate level resistance to mesotrione (7.3-fold)
and low-level resistance to 2,4-D (3.5-fold). In a separate greenhouse study, alternative herbicides
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programs, including tank-mixture of dicamba with glyphosate, atrazine, or fluroxypyr + 2,4-D;
paraquat alone or tank-mixed with atrazine, metribuzin, saflufenacil, or 2,4-D; saflufenacil alone
or tank-mixed with atrazine, metribuzin, or 2,4-D; glufosinate alone or tank-mixed with glyphosate
+ 2,4-D, and glyphosate + dicamba; and a premix of bicyclopyrone + atrazine + mesotrione + s-
metolachlor effectively controlled (>99% injury) this MHR population. These results confirm the
first report of a Palmer amaranth population with multiple resistance to five herbicide sites of
action in Kansas. Growers should utilize alternative herbicides (dicamba, paraquat, saflufenacil,
glufosinate alone or in tank-mixtures) for managing MHR Palmer amaranth populations.

Broadleaf Weed Control in Wheat with Halauxifen Plus Florasulam. Traci Rauch*, Joan
Campbell; University of Idaho, Moscow, ID (044)

Halauxifen/florasulam is a premix herbicide formulation that was registered in wheat in August
2016 to control broadleaf weeds. Broadleaf weeds resistant to Group 2 (ALS inhibitors) herbicides
may be controlled with halauxifen/florasulam (group 4 and 2). Studies were initiated in spring
2017 and 2018 to evaluate catchweed bedstraw, common lambsquarters, mayweed chamomile,
and yellow mustard control in wheat. The experimental design was a randomized complete block
with four replications. In 2017, catchweed bedstraw control was above 90% and similar between
halauxifen/florasulam plus pyroxsulam and pyroxsulam/clopyralid/fluroxypyr at 18 and 32 days
after treatment. In 2017, common lambsquarters control with halauxifen/florasulam increased as
days after treatment increased (66%- 12DAT to 95% -46 DAT). Halauxifen/florasulam controlled
common lambsquarters 87% at 30 DAT in 2018. Mayweed chamomile control was greater with
halauxifen/florasulam alone than with halauxifen/florasulam plus bromoxynil/MCPA,
bicyclopyrone/bromoxynil, and pyrasulfotole/bromoxynil in 2018. Yellow mustard control was
86% at 30 DAT with halauxifen/florasulam in spring wheat in 2018. Overall,
halauxifen/florasulam will be another tool to control broadleaf weeds in wheat minor plant back
restrictions for chickpea, pea and canola in our area.

Pyroxasulfone Application Timing Affects Italian Ryegrass Control in Winter Wheat. Henry
C. Wetzel*, Drew J. Lyon; Washington State University, Pullman, WA (045)

Italian ryegrass (Lolium perenne ssp. multiflorum) is an annual or biennial grassy weed that is
competitive with small grains and pulse crops in the Pacific Northwest. It is widely distributed in
eastern Washington within the high rainfall zone. The objective of these field trials were to
evaluate pyroxasulfone for crop safety and efficacy against Italian ryegrass in winter wheat. We
evaluated herbicide application timing in relation to wheat growth stage to determine the optimum
timing for Italian ryegrass control. The timings were: preplant, post-plant PRE, delayed PRE, at
spike leaf and early tillering. Visual control ratings were taken when the wheat was in grain fill.
This is when we see the best visual contrast between Italian ryegrass and wheat. Crop injury in the
2014/2015 trial with pyroxasulfone + carfentrazone was inconsistent among herbicide rates. This
might have been caused by very dry soil conditions at seeding, which lead to variable seeding
depths and non-uniform row closure. The crop injury was minor and was not reflected in yield.
Crop injury was not noted with any of the pyroxasulfone treatments in the 2016/2017 or 2017/2018
trials. In the two years when the spike leaf timing was evaluated, pyroxasulfone applied post-plant
PRE followed by pyroxasulfone applied at spike leaf provided excellent control of Italian ryegrass.
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In two of the three years, adding an additional 0.05 Ib ai/A of pyroxasulfone at early tillering
improved Italian ryegrass control compared to applying only 0.1 Ib/A near planting. Waiting to
apply all of the pyroxasulfone at early tillering resulted in poor control of Italian ryegrass.
Flucarbazone and pyroxsulam did not provide good Italian ryegrass control when applied alone
and provided very little additional control when applied POST following a PRE application of
pyroxasulfone. This suggests that trial areas were infested with ALS-resistant biotypes. Growers
should apply the maximum annual allowable rate of pyroxasulfone for Italian ryegrass control. If
the label does not allow the annual maximum to be applied prior to wheat emergence, growers
should apply the maximum allowable rate preplant or PRE and apply the remainder of the annual
allowable rate at spike leaf.

Is Volunteer Wheat a Serious Weed in Annual Winter Wheat Production? Judit Barroso*?,
Stewart B. Wuest?; *Oregon State University, Adams, OR, 2USDA-Agricultural Research Service,
Adams, OR (046)

Annual winter grasses are the most competitive weeds in annual winter wheat production because
their life cycle, root system, and morphology are more similar to the crop than broadleaf weeds.
Volunteer wheat growing in a crop of a different species has been identified as a weed. However,
the effect of volunteer crops when they can add to the yield of the subsequent crop is more
uncertain. The objective of this research was to evaluate the effect of volunteer wheat in wheat
monoculture. Experiments where conducted in 2016 in three fields of the inland Pacific Northwest
(PNW) region. Results showed averaged volunteer wheat densities between 13% and 28% in the
wheat fields. Volunteer wheat produced between an 8% and 19% of the total yield. Despite the
volunteer and seeded wheat both being high yielding varieties, the productivity per head of seeded
wheat (0.679g) was higher than volunteer wheat (0.48g) for all the fields. The volunteer wheat
behaved as a weed because the yield from the seeded wheat decreased when volunteer head density
increased for all fields. When total wheat yield (seeded plus volunteer) was considered, the
estimated yield loss at 120 volunteer wheat heads m? (approx. 30 plants m?) was 11.6%. In
addition to the demonstrated yield loss, there are other problems that volunteer can cause such us,
dockage if the wheat varieties come from different market classes, passing on herbicide resistance
traits, or increasing pests or diseases in the seeded wheat. Considering all these concerns, several
practices should be considered in order to minimize the density of volunteer wheat in a winter
wheat field.

Using Cover Crops to Manage Kochia scoparia in Wheat Production Systems of the Western
United States. Dani M. Thiemann*?, Stephen L. Young?, Earl Creech?, Corey V. Ransom?, Don
W. Morishita®; Utah State University, Nibley, UT, 2Utah State University, Logan, UT, 3University
of ldaho, Kimberly, ID (171)

Kochia scoparia (kochia), an invasive broadleaf weed, is problematic throughout the world,
especially arid and semiarid Western US. Rapid seed dispersal, early emergence and a broad range
of tolerances, including herbicide resistance, allow kochia to be an effective competitor against
crops. By incorporating cultural and physical tools along with herbicides, our goal is to promote
more competitive crops against kochia and other weeds. A 1-year field study was conducted to
determine the effect of crop planting dates, seeding rates and weed control methods (herbicide,
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cover crops and a combination of cover crop and herbicide) on populations of kochia and other
weeds in wheat in the Intermountain West. At Kaysville, UT, weed cover was significantly lower
in the combination treatment (3.5+3.89%, p=1.033e-05), about ten times lower than none treated
plots (30+21.53%) by mid-season. At harvest weed biomass was lowest in the combination control
treatment (11.76+4.42g, p=0.0002189), almost half the weed biomass seen in none treated controls
(20.33£5.86g). At post-harvest weed biomass was lowest in the combination and cover crop
treatments (3.74+2.54¢; 3.99+2.74q, p=2.065e-06), demonstrating continued presence of cover
crops can potentially limit weed encroachment. At Cache Junction, UT, herbicide followed by the
combination treatment were most effective in suppressing kochia (0+0%; 0.2439+1.25%) and
general weeds cover was significantly reduced by the combination control treatment
(2.561+6.38%, p=0.008183). At harvest and post-harvest weed biomass was significantly
decreased in the combination treatments (3.25+4.32g, p=0.007114; 7.775+8.279, p=0.03783). The
use of cover crops interplanted in irrigated spring wheat can be effective in suppressing kochia and
other weeds, although additional studies are needed to better understand weed- cover crop- crop
competition.

Project 4. Teaching and Technology Transfer

A Short Course on Herbicide Modes of Action and Herbicide Resistance. Tom Mueller*!,
Todd A. Gaines?, Dale Shaner?, Franck Dayan? University of Tennessee, Knoxville, TN,
2Colorado State University, Fort Collins, CO (047)

Weed control has faced many challenges over the years, and herbicides have greatly aided farmers
and others in their efforts to reduce weed’s negative effects. In broad acre crops, Glyphosate
Resistant (GR) varieties have been commonly used in overly simple weed control regimes in
soybeans, cotton, corn and other crops. The widespread occurrence of GR weeds has reduced the
utility of GR crops, and has resulted in a renewed interest in alternate herbicide chemistries.

This poster details an educational short course to be held in 2019 that covers the various modes of
action and also herbicide resistance to those various chemicals. Practical aspects of herbicide use
and optimization of weed control strategies are important topics extensively covered in this course.

Educating Constituents About Herbicide Injury to Non-Target Plants. Noelle Orloff*!, Jane
Mangold?, Tim Seipel?®; *Montana State University Extension, Bozeman, MT, 2Montana State
University, Bozeman, MT (048)

Herbicide injury to non-target plants is a continuing concern in Montana. For example, plant
samples assessed for non-target herbicide injury symptoms by Montana State University’s Schutter
Diagnostic Lab increased by 90% between 2013 and 2018, from 60 to 115 samples per year. In
response to these issues, we have implemented a series of hands-on, interactive workshops for
constituents to gain experience diagnosing symptoms and understanding causes of non-target
injury. Our workshops include scenarios in both agricultural and residential settings where non-
target herbicide injury may occur, including synthetic auxin contamination of vegetable farms and
gardens through compost, manure and topsoil; carryover in agricultural fields due to new crop
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rotations; increased residual times due to drought or soil acidification; and herbicide drift. Target
audiences include Extension agents and county weed coordinators, private and commercial
pesticide applicators, agricultural producers, and gardeners. Between 2017 and 2019 we have
conducted 12 presentations and workshops reaching over 400 participants. The workshops have
been well received by audiences, with an average 4.6 rating (scale of 1 — 5 with 1 = poor and 5 =
excellent). We have received many comments from participants reporting that the hands-on nature
of the workshops is beneficial for learning about herbicide injury diagnosis and improving
understanding of herbicide modes of action. In the next two years, we plan to develop a teaching
module for educators like Extension agents and county weed coordinators so they may conduct
similar workshops in their own communities.

WSSA Advocates for Weed Controls that Protect Soybean Export Value. Carroll Moseley?,
Lee Van Wychen*?, Heather Curlett®, Jill Schroeder*, Patsy Laird*, Shawn P. Conley®; 1Syngenta,
Greensboro, NC, 2WSSA - Executive Director of Science Policy, Alexandria, VA, *USDA-
APHIS, Riverdale, MD, “New Mexico State University, Arlington, VA, *University of Wisconsin-
Madison, Madison, W1 (049)

Weeds and weed seeds are a serious phytosanitary concern. Most countries, including the United
States, take action when weed seeds are detected in arriving shipments. The importing country
may reject, re-export, or destroy the shipment. In the worst case, the country may suspend imports
or close the market altogether. Soybeans are one of the United States’ top exports. Increases in
herbicide-resistant weeds may be contributing to more weed seeds in harvested beans. There are a
number of best practices, many of which are already in use here in the United States, that can be
applied on farm and by grain handlers to help reduce weed seeds in U.S. soybeans.

Fresh Ideas for Teaching Organic Pest Management in the Classroom. Randa Jabbour*,
Makenzie E. Pellissier; University of Wyoming, Laramie, WY (050)

Organic agriculture course offerings continue to become more common at colleges and universities
in the United States, and often reflect instructor expertise or regional issues of concern. The goal
of this project was to develop multi-regional organic agriculture undergraduate curriculum at the
introductory level for diverse student audiences. Here, we will present the module focused on pest
management - including weed, insect and pathogen management. We made a film series with
certified organic producers from around the United States, available at bit.ly/orgproducer. Weed
management is mentioned in a few different examples in the pest management video, and also
around issues related to organic compliance. We built an assignment around the film that students
can use to learn about different pest management practices. We also created a web-based
assignment to navigate prohibited and allowable substances in certified organic production. All
modules are available at the Sustainable Agriculture Education Association website, in their
teaching resources library. Project made possible with funding from the USDA National Institute
of Food and Agriculture Organic Agriculture Research and Extension Intitiative #1007232.

Project 5. Basic Biology and Ecology
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Fate of Glyphosate During Production and Processing of Glyphosate-Resistant Sugar Beet
(Beta vulgaris). Abigail Barker*, Franck Dayan; Colorado State University, Fort Collins, CO
(051)

Glyphosate is a widely used herbicide in commercial crop production for both conventional and
herbicide-resistant crops. Herbicide-resistant crops, like glyphosate-resistant sugar beet, are often
exposed to multiple applications of glyphosate during the growing season. The fate of this
herbicide in resistant crops has not been publicly documented. We investigated the fate of
glyphosate and main metabolite aminomethylphosphonic acid in glyphosate-resistant sugar beet
grown in northern Colorado. Glyphosate residues were measured via directed ultra-high-
performance liquid chromatography tandem mass spectrometry analysis of sugar beet shoots and
roots throughout the growing season, from samples collected at various steps during sugar beet
processing, and from flow-through samples of greenhouse-grown beets. Sugar beet rapidly
absorbed glyphosate after foliar application, and subsequently translocated the herbicide to its
roots, with between 2 and 3 pg/g fresh weight measured in both tissue types within 1 week of
application. However, only trace amounts of glyphosate remained in either the shoots or the roots
2 weeks after application. Analysis of irrigation flow-through in pot assays confirmed that the
herbicide readily exuded out of the roots. Processing of the beets removed glyphosate and
herbicide levels were below the limit of detection in the crystalline sugar final product.

Response of Glyphosate-Susceptible and Resistant Palmer Amaranth to Environmental
Stresses During Germination and Growth. Samikshya Budhathokil, Lynn M. Sosnoskie*2,
Anil Shresthal; *California State University, Fresno, CA, 2University of California - Davis, Davis,
CA (052)

Much of the area in California’s southwestern San Joaquin Valley (SJV) is prone to moisture stress
and high soil-salinity conditions. In recent years, glyphosate-resistant (GR) biotypes of
(Amaranthus palmeri) have been confirmed in the SJV. However, it is not known if these biotypes
are more- or less-fit than the glyphosate-susceptible (GS) biotypes in such environments.
Therefore, two studies were conducted to assess the effect of a) moisture stress and salinity on the
germination of a confirmed GR and a GS biotypes of Palmer amaranth, and b) salinity on the
growth of these biotypes. Moisture stress at germination was simulated by preparing polyethylene
glycol solutions ranging from 0 to 5.56 MPa. Salt stress at germination was assessed under sodium
chloride solutions ranging from 0 to 25 dS m™electrical conductivity (EC). Germination tests were
conducted in petri dishes lined with filter paper and placed in a controlled environment chamber
set at 25° C. The experiment was arranged as a completely randomized design and data were
analyzed using analysis of variance (a = 0.05) and non-linear regressions. Effect of salinity on
these biotypes were also assessed by monitoring growth of potted plants kept outdoors under
sodium chloride solutions ranging from 0 to 20 dS m™ EC. Germination of GR and GS seeds were
affected differentially by EC. The GR seeds exhibited greater germination at a higher EC than the
GS seeds. Approximately 8% of the GR seeds germinated at 20 dS m™ whereas, only 2% of the
GS seeds germinated at 15 dS m™. However, both biotypes showed similar response in germination
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to moisture stress. Approximately 25% of the seeds germinated at -0.51 MPa and there was no
germination at the lower water potential levels. Both GR and GS plant growth was affected
similarly by EC. The total aboveground dry biomass decreased curvi-linearly with increasing EC
levels. Averaged over biotypes, biomass at 5, 10, 15, and 20 dS m™ was 100, 76, 49, and 42% of
the control (0 dS m™), respectively. Results from these studies suggest that the GR population used
in the trial is not less fit than the GS biotype, under the conditions of these studies. In 2018, seed
samples from Palmer amaranth and common waterhemp (A. tuberculatus) populations were
collected from several areas of the Southern SJV to describe their responses to herbicides and
environmental stresses.

Environmental Effects on Chemical Management of Junglerice (Echinochloa colona). Anil
Shrestha*, Ryan Cox, Mala To, Samikshya Budhathoki, Katrina Steinhauer; California State
University, Fresno, CA (053)

Junglerice is a problematic weed in annual and perennial cropping systems in California. Although
there are several postemergence herbicides labeled for its control in orchards and vineyards, it was
suspected that their efficacy could be influenced by shade and soil moisture. Therefore, studies
were conducted in summers of 2015 -2018 to assess the efficacy of glyphosate, glufosinate, and
sethoxydim on junglerice plants growing under various soil moisture [100% field capacity (FC),
75% FC, and 50% FC)] and shade (Full Sun, 70% of Full Sun, and 50% of Full Sun) conditions.
Label rates of the herbicides were applied at the 4- to 6-leaf stage of junglerice and the plants were
immediately put under the abovementioned conditions for 4 weeks. Plant mortality was evaluated
at 28 days after treatment. The plants were then harvested, oven-dried, and their aboveground
biomass was recorded. There was no year by factor interactions (P>0.05). Therefore, data for the
four years were combined. Plant mortality was affected by shade, moisture, and herbicide type.
Both shade and soil moisture conditions influenced the efficacy of the herbicides. Mortality, in
general, was greater under 50 and 70% shade than in the full sun for all herbicides. Glyphosate
was influenced more by the level of shade and moisture than glufosinate or sethoxydim.
Glyphosate efficacy was greater under wetter soil conditions in the shade and drier conditions in
the full sun. Such differences were less noticeable for glufosinate. Aboveground dry matter was
greater in the full sunlight than in the 50 and 70% shade levels; however, there was no difference
between the 50 and 70% treatments. Shade and soil moisture levels may have to be taken into
consideration while applying glyphosate (and to some extent sethoxydim) for control of junglerice.
Glyphosate-escapes of junglerice may be more noticeable in the drier non-shaded areas in orchards
and vineyards. Further studies should be conducted to ascertain the physiological reasons for such.

Emergence Dynamics of Palmer Amaranth Populations from the Central Great Plains.
Vipan Kumar*!, Rui Liu?, Misha R. Manuchehri®, Nevin C. Lawrence?, Muthu K.
Bagavathiannan®, Todd A. Gaines®; 'Kansas State University, Hays, KS, ?Kansas State University,
hays, KS, *Oklahoma State University, Stillwater, OK, “University of Nebraska-Lincoln,
Scottsbluff, NE, 5Texas A & M University, College Station, TX, éColorado State University, Fort
Collins, CO (054)

Multiple herbicide-resistant Palmer amaranth is a serious management concern in the Central
Great Plains (CGP), including Kansas. An improved understanding on emergence characteristics

35



of Palmer amaranth populations is required to develop effective management strategies in this
region. To fulfill this research gap, a field study was initiated at Kansas State University
Agricultural Research Center near Hays, KS in 2018. Nine Palmer amaranth populations collected
from Colorado (CO1, CO2), Oklahoma (OK), Kansas (KS1, KS2), Texas (TX), Nebraska (NE1,
NE2, NE3) were included. The study was conducted in a randomized complete block design, with
4 replications. Two hundred seeds from each selected population were uniformly sown on soil
surface inside an open-ended cylindrical PVC rings (30-cm diam) on March 30, 2018. The number
of emerged seedlings were counted and removed on weekly basis until the cessation of any further
emergence (April 29 through August 30). Cumulative emergence was calculated based on the
percentage of total emergence during the growing season. The cumulative emergence data were
analyzed using a 3- parameter log-logistic regression model. Cumulative growing degree days
(cGDD, Thase 16.6 C) were used to predict the Palmer amaranth emergence. Among all populations,
CO1 emerged earlier, with a minimum of 3 cGDD required for 10% (E1o value), 19 cGDD required
for 50% (Eso value), and 112 cGDD required for 90% (Ego value) cumulative emergence. In
contrast, the seedlings emergence of OK and TX populations was delayed, with 20 to 30 cGDD
required for 10%, and 68 to 79 cGDD required for 50% cumulative emergence. Lower negative
values of b parameter for OK (-2.2) and TX (-1.8) populations further indicated their lower
emergence rates (slower in dormancy release) as compared to other populations. No significant
differences in the cGDD required for 90% cumulative emergence were observed among all the
populations. Results suggest that Palmer amaranth populations from the CGP region had
differential emergence patterns under semi-arid dryland environment. Based on these results,
growers would need site-specific and multi-tactic strategies to manage the Palmer amaranth
seedbanks on their production fields.

Comparing the Effects of Simulated Auxin Herbicide Drift on Winegrapes. Junjun Ou?, Brad
Hanson*?, Kassim Al-Khatib? !University of California, Davis, Davis, CA, 2University of
California - Davis, Davis, CA (055)

Grapes are well known to be highly sensitive to damage from auxinic herbicides, with visible leaf
symptoms occurring soon after exposure to even relatively low drift rates of these herbicides.
Because these herbicides are widely used in both cropland and noncrop areas, there are frequent
allegations from winegrape growers related to crop injury from auxinic herbicides in California
vineyards. With the recent development of 2,4-D- and dicamba-resistant crops, there has been
increasing concerns and questions from grape growers in other parts of the country about
identifying and quantifying the damage from the drift of different auxinic herbicides. This study
was designed to compare the relative sensitivity, symptomology, and vyield reduction of
winegrapes that exposed to simulated drift of four auxinic herbicides under field conditions.
Treatments were applied at 1/900, 1/300, 1/100, and 1/33 of a recommended field rate of the auxin
herbicides 2,4-D, aminopyralid, dicamba, and triclopyr. The vineyard was a mature Grenache
winegrape vineyard trained to a two-wire vertical trellis and the experimental design was a
randomized complete block with three replicates and each plot consisted of two vines. Treatments
were applied using a 2-nozzle spray boom calibrated at 20 GPA to one side of the canopy on June
13, 2018 at the fruit set stage. Visual injury was evaluated during the remainder of the growing
season and the fruit was harvested and weighed when the average sugar content in berries in the
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nontreated plots reached to 20 °Brix. Although the severity of the visible damages was rate
dependent, all simulated rates of the four herbicides resulted in tendril and apical death on
developing branches from 7 to 30 days after the application of drift at the fruit set stage, and they
all induced inconsistent color development during veraison stage. The most prevalent symptoms
in this study were leaf malformations such as leaf cupping from aminopyralid and dicamba, and
leaf strapping from 2,4-D, while triclopyr usually caused leaf chlorosis and desiccation instead of
abnormal leaf growth. Although, all these different symptoms were observed after treatment, only
triclopyr at 1/100 and 1/33 of 2240 g ae halsignificantly reduced grape yield and concurrently
increased the brix levels of the fruit. In conclusion, though winegrapes were sensitive to drift of
all four tested herbicides and prone to develop damaging symptoms, fruit yield was not statistically
reduced from a single exposure to 2,4-D, dicamba, and aminopyralid at as high as 1/33 of
commonly used field application rate of each herbicide. However, significant grape yield loss and
brix increases can be caused by a triclopyr drift at a 1/100 or more of field application rate onto
the vines. This experiment will be monitored in the year following the initial application to evaluate
effects on spring vegetative growth and will also be retreated to evaluate the impacts of recurrent
exposure as could happen in regions with widespread use of auxinic herbicides.

Weed Emergence Timing and Shade Avoidance Responses in Sugarbeet. Albert T.
Adjesiwor*, Andrew Kniss; University of Wyoming, Laramie, WY (056)

Experiments were conducted at the University of Wyoming in 2018 to evaluate the response of
sugarbeet (Beta vulgaris L.) to timing of weed-reflected far-red light (shade avoidance signals)
removal. A large-pail field study included a range of weed addition and removal timings to
quantify sugarbeet growth parameters and yield. The model weed, Kentucky bluegrass (Poa
pratensis) was grown in a separate container from sugarbeet so there was no root interaction, and
the grass was clipped regularly to prevent direct shading of the sugarbeet plants. There was
adequate soil moisture and nutrients so there was no growth limitation due to either moisture stress
or nutrient deficiency. When weeds were present near sugarbeet between sugarbeet emergence
until the 2 true-leaf stage, most sugarbeet growth and yield measurements were similar to sugarbeet
surrounded by weeds for the duration of the season. For example, compared to the weed-free
control treatment, season-long weed presence reduced sugarbeet root fresh weight by 32% while
removing weeds at the 2 true-leaf stage reduced sugarbeet root fresh weight by 33%. Similarly,
sugarbeet leaf number, leaf area, and shoot biomass were reduced 15, 27, and 27%, respectively
by both the season-long weedy treatment and 2 true-leaf removal treatment. Exposing sugarbeet
to shade avoidance signals during emergence might result in substantial loss of yield potential even
if weeds are removed by the 2 true-leaf stage.

Ecological Strategies to Manage Herbicide-Resistant Kochia Seed Bank in the Western US.
Prashant Jha*!, Andrew Kniss?, Nevin C. Lawrence®, Ramawatar Yadav!, C A. Lim?; *Montana
State University, Huntley, MT, 2University of Wyoming, Laramie, WY, 3University of Nebraska-
Lincoln, Scottsbluff, NE (057)

Stakeholders from across the northern and central Great Plains of the US have identified kochia
(Kochia scoparia) as one of the most problematic and economically damaging summer annual
weeds. This tumbleweed is currently a threat to sustainable crop production due to a near lack of
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effective herbicide options, especially in sugar beet-based crop rotations in this region. Widespread
resistance to many different herbicides (including glyphosate, atrazine, ALS inhibitors, and
dicamba) has increased the need for IWM-based solutions for managing this weed. For this multi-
year (2017-2020) research conducted in Huntley, MT; Powell, WY Lingle, WY and Scottsbluff,
NE; we propose: 1) quantifying temperature and moisture germination requirements of kochia
accessions collected from the north-south transect (from Montana to Nebraska) and 2) using that
information to evaluate the effectiveness of three ecologically-based IWM strategies, including
stale seedbed, cover crop, and diversified crop rotations. We will combine field-validated
emergence data, hydrothermal time modeling, and climate data (2019-2020) to evaluate non-
herbicidal weed control strategies (stale seedbed, cover crops, and diversified crop rotations) that
have a high likelihood of reducing kochia seed bank and exposure of this species to herbicide
treatments, thereby reducing selection for herbicide resistance evolution. We observed differences
in kochia germination pattern across the north-south transect at suboptimal temperatures and water
potentials, with accessions from north being more adapted to low temperatures and water
potentials. This indicates that a stale seed bed approach in early spring would be a more viable
strategy in the southern region (Lingle and Scottsbluff) to stimulate kochia germination and exaust
the seed bank with subsequent tillage or alternative non-selective herbicides prior to planting dry
beans (1st week of June), grown in rotation with sugar beet. Inclusion of an early-planted (April)
and early harvested (July/August) wheat/barley crop and a late-planted dry bean crop in the
traditional corn-sugar beet rotation can drastically reduce herbicide-resistant kochia seed banks at
a cropping systems level. Implementation and adoption of these ecologically-based WM
strategi