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GETTING LEGUME COVER CROPS TO WORK IN MID-ATLANTIC CROP ROTATIONS. C.M. 
Peterson*, S. Mirsky, K.L. Tully, and M.J. VanGessel, USDA ARS SASL, Beltsville, MD (1) 

ABSTRACT 

In the mid-Atlantic region, the inclusion of double-crop soybean (Glycine max (L.) Merr.) in 
wheat Triticum aestivum L.)-soybean-corn (Zea mays L.) rotations limits legume cover crop adoption due 
to the shortened window for establishing cover crops after the soybean harvest. Double-crop soybeans are 
harvested in mid-November; however, legumes must be seeded by early October in this region to ensure 
establishment and high biomass production. This limitation is problematic because a cereal rye+legume 
cover crop mixture could provide erosion control during the fall and winter and nitrogen to the following 
corn crop in the spring. The purpose of this project is to evaluate a novel cover crop interseeder 
technology, which allows growers to drill cover crops into a standing soybean crop. This practice could 
transform growers’ ability to integrate legume cover crops into a grain rotation and offset inorganic 
nitrogen fertilizer needs in the corn phase. However, it would require transition from a narrow-row 
soybean spacing (7.5 - 15 in) to a wide-row spacing (30 in). Field trials were conducted to 1) quantify the 
effect of row spacing (15 in vs. 30 in) on double-crop soybean yield; 2) evaluate the effect of interseeded 
cover crops on wide-row double-crop soybean yield and harvestability and 3) determine the legume 
species which, in combination with cereal rye (Secale cereal L.) in wide-row double-crop soybeans, 
produces the largest amount of cover crop biomass. An interseeded cover crop was successfully 
established at three of five field sites. There was no significant difference detected between narrow and 
wide row spacing on double-crop soybean yield. Additionally, there was no cover crop treatment effect 
on the yield of wide-row double-crop soybeans. The interseeded cover crop mixture that produced the 
most biomass was cereal rye+crimson clover in both 2018 and 2019. 
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ECONOMIC ANALYSIS OF FLUOPYRAM SEED TREATMENT FOR MANAGEMENT OF 
SOYBEAN SUDDEN DEATH SYNDROME IN A DIVERSIFIED CROPPING SYSTEM. J.W. Budi*, 
S.K. Eggenberger, A. Johanns, L. Leandro, and M. Liebman, Iowa State University, Ames, IA (2) 

ABSTRACT 

Currently, there is lack of reliable management options for sudden death syndrome (SDS) in soybean, a 
disease caused by the fungus Fusarium virguliforme. Options being explored include partially resistant 
cultivars or seed treatment with fluopyram. Extension of the dominant corn-soybean 2-year rotation to 
more species-rich 3-year or 4-year rotations might also be effective in suppressing the disease, while 
maintaining or increasing profitability. The objective of this study was to test the latter hypothesis. A field 
experiment was conducted within a long-term study in Boone, Iowa in 2017 to 2019. A split-plot, 
randomized complete block design was used, with the main plot factor consisting of 2-year (corn-soybean 
+ synthetic fertilizer), 3-year (corn-soybean-oat/red clover + compost), and 4-year (corn-soybean-
oat/alfalfa-alfalfa + compost) rotation systems. Each main plot was divided into subplots in which 
soybean seeds were treated with commercial base fungicide with and without fluopyram. There was a 
consistent main effect of rotation system on soybean yield; averaged over the 2017-2019 growing 
seasons, yield in the 3-year and 4-year rotations was 14% higher than in the 2-year rotation system 
(p=0.0029). There was also a consistent negative effect of fluopyram treatment on soybean yield; 
averaged over three years, yield was 3.8% lower with fluopyram than without it (p=0.036). Fluopyram 
had no effect on SDS incidence (p=0.28), but incidence of the disease was 11 and 14% diseased 
plants/unit area lower in the 4-year rotation than in the 2-year and 3-year rotations respectively 
(p=<0.001, <0.001). Economic data for 2017 and 2018 indicated that profitability increased with greater 
cropping system diversity by $192.7/ha (p=0.015) and decreased by $80.8/ha with fluopyram application 
(p=0.04). Results of this study indicate that an extended cropping system was a better management option 
than the 2-year corn-soybean system with fluopyram seed treatment, as it brought higher yields and 
greater economic returns. 
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EFFECTS OF TRAINING SYSTEM ON YIELD, PRUNING WEIGHT AND FRUIT COMPOSITION 
OF WINE GRAPE VARIETIES 'MARQUETTER', 'ARANDELL' AND 'REGNET' GROWN IN 
SOUTHERN NEW JERSEY. L. Zuzek*, A. Faustino, H. Gohil, and D. Ward, Rowan University, 
Glassboro, NJ (3) 

ABSTRACT 

[no abstract entered] 
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LIFE CYCLE ASSESSMENT (LCA) OF SUPPLEMENTAL LIGHTING SYSTEMS USED FOR 
CONTROLLED ENVIRONMENT CROP PRODUCTION. F. Lubna* and A. Both, Rutgers, The State 
University of New Jersey, New Brunswick, NJ (4) 

ABSTRACT 

Supplemental lighting technology is often required for year-round crop production in controlled 
environment. Determining the cost and environmental impact of supplemental lighting systems is important 
for assessing their economics and sustainability. While the newer LED lighting systems generally have a 
green image, detailed life cycle assessments (LCAs) are needed to measure their environmental impact, 
including greenhouse gas emissions resulting from fabrication, use and ultimate disposal. We plan to use 
the software package SimaPro™ as a tool for the evaluation of supplemental lighting systems. The 
objectives of our research are: 1) To estimate the life-time emissions associated with material use and 
electricity consumption of supplemental lighting systems used in the horticultural industry, 2) To evaluate 
alternative materials and lighting strategies that aim to reduce or eliminate life-time emissions, and 3) 
Assess the economics of various supplemental lighting technologies and strategies used in the horticultural 
industry. As part of our study, LCAs of various supplemental lighting systems will be performed, and 
standard methods for LCAs will be followed, including an International Standard Organization (ISO) 
standard (14040) that prescribes four steps: goal and scope definition, inventory analysis, impact 
assessment, and interpretation. 
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COMPARISON OF OFF-SEASON FLOWER PRODUCTION METHODS. A.T. Chabot* and A.E. 
Kleintop, Delaware Valley University, Doylestown, PA (5) 

ABSTRACT 

The objective of this research project was to study the impacts of autonomous watering systems such as 
flood tables on off-season greenhouse flower production. Manual watering can be efficient in managing 
greenhouse propagules and/or liners; however, it often leads to an increase in pest and pathogen pressure. 
The hypothesis was that by implementing autonomous watering systems, pest and pathogen pressure 
would be greatly decreased and damage resulting from the high water demands of seedlings and human 
error would also be reduced.  Two flood tables were set up with two different fertilizer treatments using 
two commercial fertilizers.  Five pots of three different flowers including sunflowers, cosmos, and zinnias 
were grown in each flood table. Two control groups of the three flowering species grown in potting media 
and receiving the two fertilizer treatments were also included.    Measurements were taken on percent 
germination, plant height, and plant quality.  The results of this research can be used to study the potential 
increase in quality of plants produced with flood table systems compared to manual watering. 
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EVALUATION OF CENTRAL AND SOUTH AMERICAN MAIZE LANDRACES. K. Owens*, S. 
Smith, and A.E. Kleintop, Delaware Valley University, Doylestown, PA (6) 

ABSTRACT 

Landraces are distinctive regionally adapted varieties that have been maintained for generations by local 
populations.  Landraces are important sources of crop genetic diversity and history.  Following the 
domestication of maize in Mexico, many distinctive maize landraces were developed across South, 
Central, and North America.  However, these historically important maize landraces still remain rarely 
studied.  The objectives of this project were: 1) to grow 65 different maize landraces from South, Central, 
and North America and 2) take detailed notes and observations on the accessions.  One major trait of 
interest focused on photoperiod adaptability including days to silking, days to anthesis, and the silking-
anthesis interval.  Adaptation to differences in photoperiod remains a serious barrier to growing corn 
landraces in temperate environments.  Additional traits of interest include plant height, ear height, and 
root and stalk lodging.  The landraces were grown in two reps in a randomized complete block 
design.  Significant differences were observed between landraces, and many landraces displayed stalk and 
root lodging.  In addition, many accessions displayed photoperiod sensitivity and had delayed days to 
anthesis and silking. This project was a collaboration between Delaware Valley University and the 
Roughwood Seed Collection, a non-profit organization which maintains a collection of approximately 
5,000 heirloom and landrace crop accessions, and which provided the landrace accessions.  The results 
from this project will be used to help characterize maize landraces from Central and South America and 
to study their diversity and potential adaptability. 
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BIOREMEDIATION OF NITRATE CONTAMINATED SOILS USING NITRATE ASSIMILATION 
IN OOMYCOTA. E. Sorrentino*, Delaware Valley University, Southampton, PA (7) 

ABSTRACT 

Organisms in the division Oomycota (kingdom Chromista) have been found to possess the enzymes 
nitrate reductase and nitrite reductase. These enzymes convert nitrate into nitrite then into ammonium. 
Soil samples taken from the Delaware Valley University Equestrian Center yielded a species 
of Pythium. This species of Pythium was assessed for nitrogen assimilation at concentrations ranging 
from 5ppm to 100ppm.  Nitrogen levels were reduced in all concentrations tested. The current research 
suggests that this organism can be used as a practical means for bioremediation of nitrate contaminated 
soil and water, particularly in water treatment facilities. 
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ROW SPACING AND PLANTING DATE EFFECT ON THE CRITICAL PERIOD OF GRASS WEED 
CONTROL IN GRAIN SORGHUM. D.J. Contreras* and W.J. Everman, North Carolina State 
University, Raleigh, NC (8) 

ABSTRACT 

Grain sorghum (Sorghum bicolor), which is mainly used for animal feed, is the 4th most planted crop in 
the US. Its production is focused in the Midwest, where precipitation is limiting for high yielding corn 
and soybean production. North Carolina growers can benefit from grain sorghum production, especially 
in dry and hot areas, due to a constant demand for animal feed. Weed management is a concern for grain 
sorghum growers due the limited number of herbicide options available. Grass weed species have been 
able to thrive under conditions were most herbicide control programs are focused on broadleaf weeds 
because of lack of selective annual graminicides. Cultural control practices such specialized crop varieties 
with herbicide tolerance, row width variations, planting date and Critical Period of Weed Control 
(CPWC) are some of the tools available for weed management. The objective of this study was to 
determine the CPWC for grass species in grain sorghum using a crop variety with Inzen™ Sorghum Trait 
technology, two different row width arrangements (15 and 36 in.) and two planting dates (Mid-May and 
Mid-June). Plots were kept weedy or weed free through 2, 3, 5, and 7 weeks after crop emergence 
(WAE). Two controls consisting of weedy and weed free all season plots were used for a treatment 
comparison based on a regression analysis where time of weed removal was related to crop yield. An 
acceptable yield loss of 5% was given to limit the CPWC. Grain sorghum planted in Mid-May had a 
CPWC that lasted from 2.5 to 7.6 WAE for 15” row spacing and from 2.2 to 7.8 WAE for 36” row 
spacing (p≤0.05). Grain sorghum planted in Mid-June had a CPWC from 3.4 to 6.7 WAE for 15” row 
spacing and 2.9 to 6.3 WAE for 36” row spacing (p≤0.05). 
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POST-HARVEST WEED COMPETITION IN PERENNIAL GRAIN CROPS: A NEW CRITICAL 
PERIOD OF WEED CONTROL? M.P. Spoth*, E.P. Law, M.R. Ryan, S. Wayman, C.J. Pelzer, and A. 
DiTommaso, Cornell University, Ithaca, NY (9) 

ABSTRACT 

Perennial grain crops such as ‘Kernza®’ intermediate wheatgrass (Thinopyrum intermedium; IWG) and 
‘ACE-1’ perennial cereal rye (Secale cereale x S. strictum; PR) have the potential to contribute to the 
sustainability of diversified cropping systems due to their ability to provide ecosystem services 
beyond food and forage production but suffer economically from relatively low grain yields. One area of 
agronomic management of perennial grains that has not been thoroughly examined is the impact of weed 
competition on perennial grain growth and productivity. Weed management has been a consistent issue 
during establishment of IWG in both field experiments and on-farm trials in New York. In contrast, PR 
has had few issues with weeds during establishment but appears to be severely impacted by weed 
competition after harvest. Here we report on a preliminary study designed to provide insight into the 
impact of the timing of weed control interventions in the period between the first and second harvests of 
these two crops implemented at Musgrave Research Farm in Aurora, NY. Subplots of IWG, PR, and both 
species intercropped with field pea (Pisum sativum) were subjected to four hand weeding treatments 
applied at different times: every two weeks from harvest to winter dormancy (‘Fall’), from spring greenup 
to anthesis (‘Spring’), both Fall and Spring, and an unweeded Control. Crop and weed biomass were 
sampled from 0.5 m2 quadrats at grain maturity in July and August 2019. Yields of IWG were highest 
when both intercropped with field pea and weeded in Fall and Spring compared to the Control weeding 
treatments, despite that treatment combination producing one of the lowest amounts of total crop biomass. 
In contrast, PR yields were highest when grown in monoculture and weeded in the Spring or Fall and 
Spring; in general PR/pea intercrops performed poorly. These results will help target future research into 
crop/weed competition in perennial grains and have the potential to influence management 
recommendations for timing of weed control interventions. 
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MICROBIAL CONTRIBUTIONS TO WEED SUPPRESSION IN CONVENTIONAL AND ORGANIC 
FARM SOILS. A. DiTommaso, J. Kao-Kniffin, and L. CHENG*, CORNELL UNIVERSITY, Ithaca, NY 
(10) 

ABSTRACT 

[no abstract entered] 

  



 

11 
 

CEREAL RYE SEEDING RATE EFFECTS ON WEED SUPPRESSION IN PLANTING GREEN 
SOYBEANS. T. Ficks*, J. Wallace, and D. Lingenfelter, Penn State, State College, PA (11) 

ABSTRACT 

In agronomic no-till cropping systems, there is an increased interest in planting green to improve soil 
health. Planting green is a management practice where cover crop termination is delayed until at or after 
cash crop planting. Growers use different cover crop species, seeding rate, termination-timing, and roll-
plant tactics when adopting this practice. We are interested in exploring the effects of planting green 
tactics on weed population dynamics and their impact on herbicide resistance management goals. We 
conducted a field experiment at Rock Springs, PA (RELARC) in 2018-19 using a RCBD with four 
replicates. Treatments included four cereal rye seeding rate: 0, 51, 101, 135 kg/ha. Dicamba-tolerant 
soybeans were planted 1 d prior to a cover crop burndown herbicide application (glyphosate + dicamba) 
using a no-till planter equipped with integrated ZRX rollers. Aboveground cereal rye biomass was 
harvested one week prior to termination. Horseweed (Erigeron canadensis) density and height were 
recorded just prior to planting and a post-emergent (6 WAP) herbicide application. Large crabgrass 
(Digitaria sanguinalis), redroot pigweed (Amaranthus retroflexus), and common lambsquarters 
(Chenopodium album) density and height were recorded at post-emergent herbicide application timing 
within established artificial weed seedbanks. Weed biomass was collected in mid-August. Analysis of 
variance was used to assess treatment effects in R. Excluding the fallow control, rye biomass at 
termination did not differ across seeding rate treatments. Horseweed and summer annual weed densities 
were significantly reduced in all treatments compared to the fallow control. The distribution of redroot 
pigweed heights at the time of post-emergent applications included individuals that exceeded 15 cm in 
each treatment with exception of the 101 kg/ha seeding rate. Total late season weed biomass was 
significantly lower in seeding rate treatments compared to the fallow control treatment but did not differ 
in pairwise comparisons. Our first-year results suggest that planting green tactics can contribute to 
proactive herbicide resistance management goals even at low, and economically feasible, cereal rye 
seeding rates. Future work will include replication of the experiment and a complementary field 
experiments to further contrast the impacts of planting green tactics on herbicide resistance management 
goals. 
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ADAPTING A CONTROLLED ENVIRONMENT MOISTURE STRESS PROTOCOL FROM 
PERENNIAL TO ANNUAL CROPPING SYSTEM. M. Granadino*, W.J. Everman, G.M. Henry, J.T. 
Sanders, E.A. Jones, and M.A. Fajardo, North Carolina State University, RALEIGH, NC (12) 

ABSTRACT 

Drought has been one of the most important limiting factors for crop production, which deleteriously 
affects food security worldwide. Water is extremely important for crop production. When it becomes 
limiting to the plant it is important to understand how the plant uses its available water. Vegetative 
growth on soybean during drought is diminished. Drought stressed soybeans are often shorter with 
smaller leaves due to a lack of water, nutrient availability and nutrient uptake. Thus, the objective of this 
study is to adapt a controlled environment moisture stress protocol used in perennial cropping systems, 
developed by Mueller-Dombois and Sims (1966), to annual cropping systems to better evaluate annual 
crop behavior under drought conditions. Four water table depth gradient tanks were constructed in a 
greenhouse in the Central Crops Research Station in Clayton, NC. Each tank was steeply sloped and had a 
volume of nearly 4 m3. Soybeans were planted 12 cm inches apart in 9 rows (water levels), 8 plants per 
row. Plants were grown to V3 growth stage, at this point underground irrigation was turned on. 
Underground irrigation was supplied through a PVC pipe placed at the backside of the tank; a standpipe 
was placed at the front of the tank to release excess water. At V4 overhead irrigation changed to 4 water 
regimes: No irrigation, once a day, twice a day and once every two days; 210 ml per irrigation time was 
supplied. Moisture content throughout the tanks were taken through four moisture sensors buried 
randomly through the tank. Weekly heights and volumetric water content (VWC) were taken for three 
weeks after V4. On week three plants were randomly removed from each row the following 
measurements were taken: Number of leaves, final height, shoot and root weight, root length. VWC at 12 
and 20 cm gradually decreased from levels 1 through 9. Water levels 1-3 presented the largest shoot 
heights, while levels 7-9 had the lowest. Both dry and fresh shoot weights were highest on the no 
irrigation water regime which could indicate an increased concentration of lignin in the plant tissue. Root 
lengths were found to be longer at lower water availability. Root weight was greater on the lower levels. 
Shoot height to root length ratio gradually decreased as the water levels increased indicating focus on root 
elongation in search of water as availability decreased. Water table gradient tank protocol successfully 
demonstrated a gradual increase in drought stress on soybeans. 
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CAN REPEAT PHOTOGRAPHY BE USED TO GENERATE WEED EMERGENCE MODELS? T.A. 
Reinhardt Piskackova*, S. Reberg Horton, R.J. Richardson, K.M. Jennings, R. Austin, and R.G. Leon, 
North Carolina State University, Raleigh, NC (13) 

ABSTRACT 

Precision timing for integrated weed management requires predictive weed models, but these often are so 
tedious that the models are based on small area in few locations. Image analysis might increase the 
frequency and expanse of data collected for model creation. While image analysis rarely has yielded 
accurate prediction of seedling quantity, we hypothesize that the pattern of emergence could be predicted 
using relative cumulative pixels from repeat images collected over a season. In this study, image 
classification was used to determine number of pixels classified as the emerging weed over time. The 
cumulative number of pixels was used to create predictive models which were compared to the true 
counts. The models created using images were able to predict emergence patterns from true counts. These 
results imply that models created from images could be sufficient to model emergence and allow 
incorporation of larger areas to account for more location variability. 
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SCIENTIFIC LITERACY IN THE WEED SCIENCE CLASSROOM. E.P. Law*, K.M. Averill, and A. 
DiTommaso, Cornell University, Ithaca, NY (14) 

ABSTRACT 

Scientific literacy is an oft-stated learning objective for students from kindergarten through advanced 
degrees, defined broadly as the skills required to find, understand, and assess the validity and impact of 
scientific literature and other media. College students pursuing degrees in Science, Technology, 
Engineering, and Mathematics (STEM) fields, such as weed science and other agricultural sciences, are 
often assumed to possess these skills based on their previous coursework, and are expected to be able to 
locate, read, and interpret sources as part of their curriculum. In the experience of the authors, however, 
few upper-level STEM courses include explicit instruction on how to do so, and there have been few 
reports of formal assessments of students’ experiences engaging with the scientific literature that can be 
used to inform best practices for literacy interventions at this level. Here we report on students’ self-
reported proficiency and confidence in reading and writing primary scientific literature in a weed science 
course at a prestigious US university, and correlate their responses with an assessment of their 
competence in these areas as demonstrated by their performance on scientific writing assignments. All 
respondents (n = 8, primarily third-year agricultural science undergraduates) believed scientific journal 
articles were “Hard to read, but worth the effort” both before and after completing the course. On average 
students had been asked to read primary scientific literature in 3.6 previous courses, had been asked to 
discuss the literature in 2.3 previous courses, and had been asked to write in the style of a scientific 
journal article in 2.3 courses. Due to small sample size no responses changed (at an α of 0.05) from the 
pre- to post-surveys, but several interesting trends with marginal significance were noted. Students 
indicated that the influence of journal articles on their understanding of science was slightly below 
“Moderate” (2.88/5) before the course and slightly above that (3.57/5; p = 0.076) after the course. Student 
confidence in reading, writing, and interpreting scientific papers was also “Moderate” (3.12/5) prior to the 
course and slightly higher on average (3.58/5; p = 0.107) after. Further analysis of student writing 
assignments. We will be conducting further analysis of students’ written assignments from the course and 
intend to repeat these assessments in future years to develop a more robust dataset that will hopefully 
provide more insight into the impact of these science literacy interventions. 
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EFFECTS OF SUB-LETHAL DICAMBA RATES ON DIFFERENT VARIETIES AND MATURITY 
GROUPS V & VI SOYBEANS. M.A. Fajardo* and W.J. Everman, North Carolina State University, 
Raleigh, NC (15) 

ABSTRACT 

Soybean (Glycine max) production locate USA as the leader in terms in production worldwide and the 
second country with the highest exports of the grain. Animal protein feed and vegetable oil production are 
the main final processing products of soybeans. Different varieties and maturity groups adapted to the 
different regions of the country had become in greater yield productions along past years. Dicamba 
tolerant beans have created the opportunity to farmers to improve weed management and reducing the 
injury rates of their production fields. Along this the potential of increasing other susceptible crops injury 
has risen. Defining the different effects of sub lethal Dicamba rates, when exposed at vegetative (V4) or 
reproductive stages (R2) and with two different planting dates (May or June) in terms of injury and 
subsequently in yield was the objective of this research. Two different maturity groups (V and VI), each 
with Dicamba tolerant and non-tolerant soybean varieties were used. The location of the research was the 
Upper Coastal Plain Research Station at Rocky Mount, NC. The rates of Dicamba to soybeans applied 
were 0.0, 1.08, 4.35, and 17.40 g ae ha-1. Evaluations were conducted at 14, 21, 28, 35 and 42 days after 
treatment (DAT). Results provides evidence that there no was difference of injury between the soybean 
maturity groups and varieties at all plantings and application timings. 
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INVESTIGATING POTENTIAL ANTAGONISM BETWEEN SEQUENTIAL APPLICATIONS OF 
DICAMBA AND GLUFOSINATE. E.A. Jones*, W.J. Everman, J.T. Sanders, D.J. Contreras, M. 
Granadino, and M. Fajardo, North Carolina State University, Raleigh, NC (16) 

ABSTRACT 

Palmer amaranth has evolved resistance to seven herbicide groups and multiple herbicide-resistant 
populations are pervasive throughout the Southeast. The evolution of resistance to dicamba and 
glufosinate has not been confirmed in Palmer amaranth. Thus, farmers may begin to apply these 
herbicides in mixtures or sequentially to control multiple herbicide-resistant Palmer amaranth populations 
and mitigate the evolution of resistance to either herbicide. The mechanism of action is different for each 
herbicide. Dicamba is a slow-acting and systemic herbicide, while glufosinate is fast-acting and contact 
herbicide. Thus, the interaction between the two herbicide herbicides could result in control failures when 
tank-mixed or sequentially applied. Furthermore, the herbicides are height dependent, meaning a larger 
weed could exacerbate the control failure. 

An experiment was conducted to determine the control of Palmer amaranth with tank mixes and various 
sequential applications of dicamba and glufosinate. The herbicide programs were applied to plants 5 and 
15 cm in height. Sequential applications were made one week after the initial application. Treated Palmer 
amaranth plants were assessed weekly for percent weed control and height reduction for 5 weeks. Colby’s 
equation was used to assess if tank mixes of dicamba and glufosinate at both weed sizes resulted in 
antagonism. 

Colby’s equation indicated no antagonism of tank-mixed dicamba and glufosinate at either weed size. The 
tank-mixed dicamba and glufosinate application at the 5 cm weed size provided 87% control compared to 
the application on the 15 cm weed size which achieved 62% control. The sequential applications of 
dicamba and glufosinate at both weed sizes provided the same control as the dicamba+glufosinate tank 
mix except for glufosinate fb dicamba (5 cm) and glufosinate fb glufosinate (15 cm). The reduction in 
growth was comparable to the visual efficacy evaluations for each herbicide program (R = 0.62). 

The results of the experiment provide evidence that tank mixes and sequential applications of both 
herbicides are efficacious on Palmer amaranth of both sizes tested. The tested applications can be 
recommended to farmers for standard weed control or for controlling Palmer amaranth escaping an initial 
herbicide application. Since there is no difference in control between any combinations of sequential 
applications both herbicides should be included to reduced selection pressure. 
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EXPLORING BRASSICA CARINATA (A.) BRAUN TOLERANCE TO PREEMERGENCE AND 
POSTEMERGENCE HERBICIDES. S.A. Ramsey*, A. Post, T.A. Reinhardt Piskackova, M.E. Camacho, 
and R.G. Leon, North Carolina State University, Raleigh, NC (17) 

ABSTRACT 

Brassica carinata (A.) Braun, or carinata, is an oilseed crop that is currently being developed for biofuel 
production. Southeastern growers have been interested in growing carinata as a winter crop because of 
biofuel industry demand and potential use as a rotational crop. As a new crop, there are no herbicides 
registered for use in carinata, so preliminary screening was used to identify herbicides safe for the use in 
carinata. This objective of this study was to assess the safety of select preemergence and postemergence 
herbicides at varying rates on carinata seedling establishment and plant growth. The preemergence 
herbicides used were diuron, napropamide, and clomazone. The postemergence herbicides used were 
simazine and clopyralid. The rates that were tested included a recommended label rate, one-quarter, one-
half, two times, four times, and eight times the recommended label rate for each herbicide. Simazine and 
clopyralid were candidate postemergence herbicides for carinata production, while diuron could be used 
for control of volunteer carinata in rotational crops. In the future, further investigation of the development 
of cultural and mechanical approaches are needed to provide growers with more weed control options for 
carinata production. 
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SUSPECTED GLYPHOSATE RESISTANT COMMON LAMBSQUARTERS (CHENOPODIUM 
ALBUM) IN THE MID-ATLANTIC. S.J. Michael*, M.L. Flessner, and S.D. Askew, Virginia Tech, 
Blacksburg, VA (18) 

ABSTRACT 

Glyphosate has been at the forefront of nearly all herbicide programs since the introduction of glyphosate-
tolerant crops in 1996. Since then, cases of glyphosate resistant weeds have increased and now, Common 
lambsquarters (Chenopodium album), could potentially be the next weed on that list in the Mid-Atlantic, 
US. 

Common lambsquarters seeds from a suspected resistant population were obtained in Salisbury, MD from 
a farm that was having difficulty controlling common lambsquarters with glyphosate. The suspected 
resistant seeds were brought to Blacksburg, VA for greenhouse studies to confirm resistance. Seeds of a 
known susceptible population were obtained in Blacksburg, VA and used for a comparison population. 
Both populations were subject to sulfuric acid scarification to promote germination and were placed in 
separate trays in a greenhouse under red light. After germination, individual plants were transplanted into 
pots and were treated when plants were 5-10 cm tall. A dose response study with a randomized complete 
block design was used with the susceptible population having five replications and the putative resistant 
population having six replications. Treatments were glyphosate at 0, 0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 
1.0, 5.0, and 10 kg ha-1. Visible injury ratings and above ground biomass were taken approximately four 
weeks after application. Data were subject to nonlinear regression using a three-parameter log-logistic 
curve. Subsequently, parameter estimates were used to generate I50 and I90 values (the glyphosate rate 
resulting in 50 or 90% control, respectively) for each population and determine a resistance factor. 

An additional field study was conducted in Salisbury, MD where suspected resistant common 
lambsquarters seeds were collected. Herbicide applications were subject to different timings with atrazine 
(1.12 kg ha-1) applied pre-emergence, atrazine, thifensulfuron-methyl (0.04 kg ha-1), glyphosate (1.12 kg 
ae ha-1), dicamba (0.56 kg ae ha-1), and glyphosate+dicamba applied post-emergence when common 
lambsquarters were 5-10 cm tall, and glyphosate, dicamba, and glyphosate+dicamba applied when 
common lambsquarters were 10-20 cm tall. This study was randomized using complete block design with 
three replications. Visible injury ratings were taken 7 days after application B and 7 days after application 
C (10-20 cm tall common lambsquarters). Data was subjected to ANOVA followed by means separation 
using Fisher’s protected LSD0.05. 

Dose response curves from greenhouse studies indicated that a 1.46 kg ha-1 increase in dose is required 
for 90% control of the suspected resistant population compared to the susceptible population and a 0.85 
kg ha-1 increase in dose to control 50% of the suspected resistant population compared to the susceptible 
population. Field study results showed resistance to atrazine and decreased effectiveness of glyphosate 
relative to treatments of thifensulfuron-methyl, dicamba, and glyphosate+dicamba. 

Dose response studies have shown a reduced impact of glyphosate on common lambsquarters in the 
suspected resistant population. Future studies will investigate the mechanism of resistance. 
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WEED CONTROL AND CROP TOLERANCE WITH PREEMERGENCE HERBICIDES IN SWEET 
BASIL. M. Wasacz*, A. Wyenandt, and T.E. Besancon, Rutgers University, New Brunswick, NJ (19) 

ABSTRACT 

The number of herbicides labeled for use on sweet basil remains extremely limited with only seven active 
ingredients. Therefore, many herb growers use plasticulture and mulching as a method of weed control, 
which can be ineffective on many weed species, including yellow nutsedge (Cyperus esculentus L.). 
Consequently, there is a need for safe and effective herbicides in sweet basil. Sulfentrazone (140, 210, 
and 280 g a.i. ha-1), ethalfluralin (840 g a.i. ha-1), linuron (560 g a.i. ha-1), fomesafen (150 g a.i. ha-1), 
bensulide (5.6 kg a.i. ha-1), pronamide (1.12 kg a.i. ha-1), and diuron (1.12 kg a.i. ha-1) applied PRE at 
seeding were evaluated in a field study in Bridgeton, NJ. Napropamide is the only labeled PRE herbicide 
on sweet basil and was included as a standard (2.24 kg a.i. ha-1). Ratings included crop injury (stunting, 
chlorosis, and necrosis), crop stand counts, fresh yield, and weed control. Use of ethalfluralin, bensulide, 
or pronamide drastically reduced fresh yield, on average, by 80%, whereas plots sprayed with diuron had 
no harvestable plants. Diuron, fomesafen, and sulfentrazone provided excellent control (≥ 96%) of 
smooth pigweed (Amaranthus hybridus L.) 8 WAT, while goosegrass [Eleusine indica (L.) Gaertn.] 
control was excellent (≥ 98%) in plots treated with napropamide, diuron, and sulfentrazone at 210 or 280 
g a.i. ha-1. Of all herbicides tested, sulfentrazone at 210 g a.i. ha-1 and linuron at 560 g a.i. ha-1 caused the 
least amount of crop injury while providing optimal weed control, resulting in the highest sweet basil 
yield with more 18,000 kg fresh biomass ha-1. 
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FALL AND SPRING HERBICIDE PROGRAMS FOR MARESTAIL MANAGEMENT IN CEREAL 
RYE. J.S. Adam*, J.M. Wallace, and D. Lingenfelter, Penn State University, University Park, PA (20) 

ABSTRACT 

Fall and early spring horseweed (Erigeron canadensis L.) management is increasingly recommended in 
no-till systems within the Northeast region. Herbicide applications and cover crops can both provide 
horseweed suppression in the fall and spring, but few guidelines are available for integrating these control 
tactics. In a preliminary experiment from 2018 to 2019, fall- and spring- applied herbicides were 
evaluated in a fall-sown cereal rye (Secale cereale L.) cover crop to quantify differences in glyphosate-
resistant horseweed control levels and cereal rye biomass production at Penn State's Russell E. Larson 
Agricultural Research Center in Rock Springs, PA. Cereal rye was sown at 67 kg ha-1 on September 27 
and fall and spring herbicides were applied on October 19 and April 10, respectively. Applications were 
made with a hand-held boom that delivered 140 L ha-1. Herbicides included 2,4-D ester at 560 and 1120 g 
ai ha-1, dicamba at 280 g, sulfentrazone plus metribuzin premix at 379 g, and chlorimuron plus tribenuron 
premix at 46 g. The premix treatments were tank-mixed with 2,4-D ester (560 g). At the fall application 
timing, horseweed ranged from cotyledons to 1.5 cm in rosette diameter and cereal rye was 8 to 10 cm tall 
(1-2 tillers). At the spring application timing, horseweed rosette diameter ranged from 1.5 to 5 cm and 
cereal rye was 8 to 15 cm tall (7-12 tillers). Prior to soybean planting (May 15), rye biomass and 
horseweed density were quantified. Cereal rye biomass in the untreated check was 3,175 kg ha-1 at 
termination. Herbicide treatments did not affect cereal rye biomass production in comparison to the 
untreated check, with the exception of sulfentrazone + metribuzin, which resulted in lower cereal rye 
biomass in the fall (2,387 kg ha-1) and spring (2,266 kg ha-1) treatments. Relative to the untreated check, 
horseweed density was significantly reduced (93 to 98%) in all herbicide treatments except for spring 
applications of 2,4-D applied alone at the low rate (560 g ai ha-1) and in combination with chlorimuron + 
tribenuron, which resulted in 68 and 79% horseweed population reductions, respectively. Results of our 
first experimental year suggest that integrating a rye cover crop with fall- or spring- applied herbicides 
can be an effective tool to control horseweed in no-till systems. Our results also suggest that 2,4-D 
applied at a low rate (560 g ai ha-1) in the spring may not be an effective option for horseweed control 
regardless of additional suppression from cereal rye competition. Sulfentrazone + metribuzin reduced rye 
biomass following fall and spring application timings, which may limit horseweed suppression benefits 
from surface rye mulch following termination. 

  



 

21 
 

EXAMINING PHOTOSYNTHETIC PARAMETERS IN-VIVO IN C3, C4, AND CAM SPECIES. B.T. 
James*, Delaware Valley University, Mechanicsburg, PA (21) 

ABSTRACT 

Plants have adapted photosynthetically to produce necessary sugars using various mechanisms. This 
research project compared plants with different pathways of photosynthesis. Between C3, C4, and CAM 
plants, anatomical differences of the leaves were observed as well as specific differences in the way 
species conduct photosynthesis. Both C4 and CAM plants have evolved mechanisms that reduce 
photorespiration, a common problem for C3 plants when exposed to dry and hot conditions. C4 plants 
compartmentalize the various reactions of photosynthesis while CAM plants close stomata during the day 
to reduce water loss. With data collected with a hand-held instrument, specific photosynthetic parameters, 
such as PhiNPQ (phi-non-photochemical-quenching) can help differentiate the three photosynthetic 
pathways under different environmental conditions. Temperature differences played a role within the 
research as plants were house in two separate greenhouses. CAM orchids were measured in a hotter 
greenhouse than the rest of the plants, which contributed to higher PhiNPQ values. In the other 
greenhouse, were CAM pineapple, and C3-C4 grasses. Additionally, anatomical differences contributed 
to differentiating C3, C4, and CAM photosynthetic pathways. Bundle sheaths, concentrated 
chlorenchyma cells, and aquiferous hypodermis cells all are examples of specializations of adapted 
photosynthetic pathways. Further studies can be conducted on these pathways. Photosynthesis can be 
negatively affected by an increase of atmospheric CO₂ with high ambient temperature (Hamilton III et al. 
2008). If plants are negatively affected by climate change, then agriculture is affected entirely. Selectively 
breeding and hybridization of crops could help deter negative effects of global warming. Photosynthesis 
is always under research and adaptation. 
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GRASSES, BROMELIAD, AND ORCHIDS: DIFFERENCES IN PHOTOSYNTHETIC 
PARAMETERS. A.N. Masters*, Delaware Valley University, Macungie, PA (22) 

ABSTRACT 

Photosynthesis is a two-stage process by which plants use the energy of sunlight to convert carbon 
dioxide and water into carbohydrates and oxygen. ATP and NADPH are generated during the light 
dependent reactions and used within the Calvin Cycle to produce sugars. Land plants have evolved 
different photosynthetic pathways with respect to the environments they inhabit. In stressful conditions, 
plants go through photorespiration rather than photosynthesis due to low levels of carbon dioxide within 
the leaf. Photorespiration is the process by which plants fix oxygen rather than carbon dioxide due to the 
oxygenase activity of RUBISCO, a process considered as wasteful for the plant. The purpose of this 
experiment was to compare various photosynthetic parameters in plants of the three different 
photosynthetic pathways: C3, C4, and CAM. The MultispeQ instrument was used to measure ambient 
temperature and light intensity, non-photochemical quenching, linear electron flow, and the absorbance of 
different wavelengths of light. Measurements were taken twice a day, three times per week for ten weeks. 
Cross sections of the leaves of all three photosynthetic types were also made by hand to compare the 
differences in leaf anatomy. The data was organized into graphs on the PhotosynQ platform for 
evaluation. At the conclusion of the experiment, it was determined that the plants studied showed similar 
values due to being kept in controlled, non-stressful conditions with plenty of water. The anatomical leaf 
differences between the pathways were consistent with what is reported in the literature. 
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UPDATE ON 2019 WEED SCIENCE RESEARCH IN THE IR-4 ENVIRONMENTAL 
HORTICULTURE PROGRAM AND 2020/2021 PRIORITIES. C.L. Palmer* and E. Vea, IR-4 @ 
Rutgers University, Princeton, NJ (23) 

ABSTRACT 

In 2019, the IR-4 Environmental Horticulture Research Program sponsored research on several weed 
science projects: pre- and postemergent herbicide crop safety with over-the-top in-season applications, 
efficacy of post-emergent herbicides, and Christmas tree crop safety with herbicides used to manage 
cover crops. For the over-the-top herbicide crop safety screening the goal was to develop lists of crops 
where applications would not harm woody and herbaceous perennials grown in container nurseries. 
Products tested included Basagran (bentazon), Biathlon (oxyfluorfen + prodiamine), Dimension 2EW 
(dithiopyr), Dismiss 4F (sulfentrazone), F6875 4SC (sulfentrazone + prodiamine), Fiesta Herbicide 
(FeHDTA), Fortress (isoxaben + dithiopyr), Freehand G (pendimethalin + dimethenamid-p), Gallery SC 
(isoxaben), Gemini Granular (prodiamine + isoxaben), Marengo 74SC (indazaflam), Pendulum G 
(pendimethalin), Ronstar G (oxadiazon), SP1770, and Tower EC (dimethenamid-p). Applications were 
made at dormancy (preemergents) or when leaves were fully expanded (postemergents) and then 
approximately 6 weeks later for all products. Basagran was screened on 19, Biathlon on 7; Dimension 
EW on 6; Dismiss on 3; Fiesta on 30; Fortress on 13; Freehand on 2; Gallery on 1; Gemini Granular on 4; 
Marengo on 8; Pendulum G on 6; SP1770 on 8; Ronstar G on 3; and Tower was screened on 4 crops. The 
results from this research will aid in the development of product labels and will help growers and 
landscape care professionals make more informed product choices. 
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POPULATION STRUCTURE AND DIVERSITY OF PARASITIC DODDER IN MASSACHUSETTS 
CRANBERRY BOGS. J. Scott, H.A. Sandler*, K. Ghantous, and A. Caicedo, UMass Cranberry Station, 
East Wareham, MA (24) 

ABSTRACT 

Dodder (Cuscuta spp.) is the only parasitic plant known to occur on cranberry farms and its weedy 
infestations can result in 50-100% yield loss. After germination, dodder seedlings attach and penetrate 
cranberry plant stems, and extract water and nutrients from the host. In a recent survey, Massachusetts 
(MA) cranberry growers reported that 30-67% of their acreage was infested with dodder, with 7% and 
52% of growers listing dodder as a severe or moderate problem. Its prolific seed production and long-
lived seedbank (>20 yr) make dodder one of the most damaging cranberry weed pests in MA. However, a 
hurdle to implementing optimal dodder management is our lack of knowledge about the various biotypes 
found in cultivated cranberry bogs. To date we do not know the number or identity of dodder species 
infesting cultivated bogs, the extent of genetic diversity present in these infestations, nor the source of 
dodder plants colonizing commercial bogs. In summer of 2018 we collected 426 dodder samples from 32 
commercial bogs and six non-agricultural environments in MA. We observed variation in stem diameter 
and stem color across collected samples. We also obtained 80 dodder samples from New Jersey (8 sites, 3 
were native wetlands), and 16 samples from Wisconsin (8 commercial sites). We have developed an in-
house genotyping-by-sequencing (GBS) protocol to carry out genome-wide characterization of single 
nucleotide polymorphism (SNPs) in dodder. Generation of this high-resolution genetic data is underway, 
and will allow us to answer the following questions about dodder infesting cranberries: 1) Which dodder 
species are the ones that occur in commercial cranberry bogs? 2) How much genetic diversity is present in 
dodder infestations, and how is this diversity structured across different sites? 3) What is the relationships 
between weedy dodders in cranberry bogs and wild dodders that occur outside of these commercial sites? 
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EFFECT OF PRUNING, MOWING AND SANDING ON FRUIT QUALITY IN CRANBERRY. G. 
Mupambi*, H.A. Sandler, and S. Uppala, University of Massachusetts Amherst, East Wareham, MA (25) 

ABSTRACT 

Cranberry (Vaccinium macrocarpon) fruit is harvested based on red color development and growers are 
paid an incentive for fruit with good red color coverage. Pruning, mowing, and sanding are cultural 
practices that are used to control canopy growth in cranberry. Without these cultural practices, the canopy 
in cranberry can become too dense impacting light interception and potentially negatively affect fruit 
color. Our objective was to study the effect of pruning, mowing and sanding on fruit color in cranberry. 
The study was conducted on a ‘Stevens’ cranberry bog in Massachusetts, USA. Three treatments were 
evaluated, light and heavy pruning, sanding and mowing versus a control without canopy management. 
Each treatment plot was 10x2 m with buffer plots in between. A randomized complete block design was 
used with four replications per treatment. Fruit color was assessed at harvest using a biochemical method 
as total anthocyanin content (TAcy) and high-throughput phenotyping machine vision technology. Yield 
and other fruit quality parameters were also assessed at harvest.  Sanding and mowing significantly 
improved fruit color measured as TAcy compared to the control. All the treatments had significantly 
better fruit color compared to the control when measured using high-throughput phenotyping machine 
vision technology. Light and heavy pruning, mowing and sanding significantly reduced yield compared to 
the control.  Although not significant, fruit rot was lower in the light and heavy pruning treatments 
compared to the control. Fruit size and firmness were not affected by canopy manipulation. Internally, 
total soluble solids were significantly increased in the sanding and mowing treatments compared to the 
control. In conclusion, canopy manipulation showed potential for improving fruit color in cranberry. 
Results need to be studied in additional growing seasons to assess the carryover effects of improved light 
interception.  
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POTENTIAL INSECT PESTS OF HEMP AND THEIR IMPACT ON THE D9THC AND CBD 
LEVELS. B. Jackson, L. Gilbert, and S. Zebelo*, University of Maryland Eastern Shore, Princess Anne, 
MD (26) 

ABSTRACT 

This project focuses on the level of cannabinoids in hemp plants that might be spiked as a result of 
various environmental stressors. One of the environmental stressors is insect herbivores. Some studies 
show insect herbivory significantly changes the chemistry of plants. Here, we have tested whether the 
massive infestation of corn earworm (Helicoverpa zea) affects the level of essential cannabinoids 
(Cannabidiol (CBD), delta-9 tetrahydrocannabinol (D9THC) and Cannabinol (CBN). Moreover, we did a 
pilot study on the potential insect pests of hemp in the lower counties of the eastern shore of Maryland. 
Hemp variety used as a model system was Cherry Blossom. Twenty pre-starved corn earworm larvae 
introduced to the insect herbivory cage and the control cages left without insect. The insects allowed to 
feed for 24 hours, and then carefully removed from the plants. Flowers were collected 3-5 inches of the 
plant from insect herbivore damaged cage (HD), control cage (CC), and from plants without cage (C) in 
triplicate. Cannabinoids extracted from flowers and leaves and analyzed by Gas Chromatography- Flame 
Ion Detector (GC-FID) and GCMS. There was an increase in the level of d8THC and d9THC in damaged 
herbivore plants when compared with the control plants. Herbivore damaged plants showed a significant 
increase in the level of CBD when compared with the control plants. Similar qualitative and quantitative 
cannabinoids data recorded using both GC-FID and GCMS. These preliminary results indicate that 
herbivory might affect the level of cannabinoids. Our visual and pheromone trap data identified several 
insect pests that include Corn earworm, tobacco budworm, stem borers, cutworms, spotted cucumber 
beetles, flea beetle, blister beetles, grasshoppers, mites, aphids, thrips, and stinkbugs. Corn earworm was 
the most abundant pest. Further research underway on the impact of biotic (plant pathogens and Insect 
herbivores) and Abiotic (drought, high temperature, light, and Nutrient Nutrient) stressors on the level of 
cannabinoids using multiple hemp varieties. 
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THE ENDLESS PURSUIT OF PRODUCTIVITY, POTENCY, AND SELECTIVITY: EXOTIC SHRUB 
EDITION. A.E. Gover*, A.C. Causey, and M.L. Fuchs, Penn State, University Park, PA (27) 

ABSTRACT 

[no abstract entered] 
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ECOLOGICAL AND EVOLUTIONARY DYNAMICS AT THE RANGE EDGE OF AN EXPANDING 
INVASIVE SPECIES. R. Fletcher, D. Atwater, D. Haak, and J.N. Barney*, Virginia Tech, Blacksburg, 
VA (28) 

ABSTRACT 

When an exotic invasive species successfully colonizes its new range, rapid evolution is thought to play 
an important role in allowing the invader to overcome the strong selection pressures imposed on it by the 
novel environmental conditions of its new range. At the continental-scale, local adaption of exotic species 
has commonly been observed in response to climatic variation however, less is known at the finer, 
landscape-scale. There is some evidence that exotic species may adapt in response to landscape 
heterogeneity (e.g., Scott et al. 2010; Godoy et al. 2011). A study has found phenotypic and genetic 
differentiation in agricultural and non-agricultural populations of Sorghum halepense (Johnsongrass), a 
global invasive species and agricultural weed. In this study, S. halepense was used to determine whether 
the phenotypic differentiation of agricultural and non-agricultural populations is the result of fine-scale, 
local specialization. We found that populations outside the core range, which we call periphery, we less 
than half the size of core populations, but flowered much earlier. However, despite the smaller size still 
produced the same number of seeds. This suggests that there is a trade-off between flowering time and 
investment in growth. Our results suggest that Johnsongrass has the adaptive and reproductive potential to 
continue expanding its range north, though this expansion may be limited by other abiotic factors, such as 
cold temperature or drought. As climate changes understanding invasive species ability to adapt, or not, 
will inform future range expansion and the eco-evolutionary responses of these introduced species. 
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INVASIVE PLANTS REDUCE THE ABUNDANCE OF NATIVE ANIMALS, ESPECIALLY IN WET 
ECOSYSTEMS. R. Fletcher, R.K. Brooks, V.T. Lakoba, G. Sharma, A. Heminger, C. Dickinson, and 
J.N. Barney*, Virginia Tech, Blacksburg, VA (29) 

ABSTRACT 

Despite our growing understanding of the impacts of invasive plants on native plants, important gaps 
remain. Importantly, we still do not understand whether native and exotic species respond differently to 
plant invasion following introduction. Furthermore, we know relatively less about the effects of invasive 
plants on resident animals. Therefore, we performed a meta-analytic review of the effects of invasive 
plants on native and exotic resident animals: 70 studies were identified for the review, of these 12 studies 
reporting 206 observations qualified for inclusion in the meta-analysis. We found that invasive plants 
reduced the abundance of native animals, but not exotic animals. This effect varied by animal phyla, with 
invasive plants reducing the abundance of native annelids and chordates, but not molluscs or arthropods. 
We found that animals in ‘wet’ and ‘dry’ ecosystems were differently affected, but found no differences 
among animal trophic levels (e.g., herbivore, predator). Additionally, the impact of invasive plants 
increased over time, but this did not vary with animal nativity. Our review found that few studies did not 
identify animals to species, severely limiting our ability to understand the impacts of invasive plants. We 
provide an important first insight into how native and exotic species respond differently to invasion, the 
consequences of which may facilitate cascading trophic disruptions. We call for more rigorous studies of 
invaded community impacts across taxa, and most importantly, explicit consideration of resident 
biogeographic origin.  
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SPOTTED LANTERN FLY OUTREACH IN NEW JERSEY. M.L. Infante-Casella*, W. Bamka, and 
S.J. Komar, Rutgers NJAES Cooperative Extension, Clarksboro, NJ (30) 

ABSTRACT 

The spotted lantern fly (SLF) was first found in Berks County, Pennsylvania in 2014. During the summer 
months of 2019, the invasive SLF, native to China, India, Vietnam and East Asia, was spotted in Mercer, 
Hunterdon, Warren, Burlington, Camden, Gloucester, Salem and Somerset counties in the State of New 
Jersey. The year before, the bug was found in only three NJ counties bordering Pennsylvania, starting in 
Warren County (Northwestern NJ). The areas where the insect was confirmed were "quarantined" to 
prevent the spread of the lanternfly. The quarantine meant businesses and the general public in the 
quarantine area were required to obtain and fill out a New Jersey residence checklist before moving 
articles such as firewood, paving stones, lawn equipment for SLF egg masses when they travel or move 
those items to areas outside the quarantine area. The quarantine also required people and businesses to 
inspect their vehicles for hitchhiking SLFs. One of the potentially damaging consequences of this bug is it 
can prey on numerous types of crops and trees. For instance, SLFs can easily attach themselves to the 
bark of Christmas trees to lay their eggs and multiply. 

The New Jersey Department of Agriculture (NJDA) field crews conducted surveys for this insect along 
the New Jersey-Pennsylvania border since 2014, with no findings in NJ before 2018. Rutgers Cooperative 
Extension, Agricultural and Natural Resources personnel helped to identify SFL egg masses, nymphs and 
adults. They also instructed residents of New Jersey to contact the NJDA by email to send pictures of 
suspect insects to SLF-plantindustry@ag.nj.gov or to call the New Jersey Spotted Lanternfly Hotline at 1-
833-223-2840 (BAD-BUG-0) to leave a message detailing the sighting location and their contact 
information. Education and outreach was conducted via handouts at county extension offices, public 
events, through websites, social media and presentations. The public was very supportive of reporting 
efforts and assisted with spreading the word about the spotted lantern fly. This was especially true with 
social media posts. One Facebook post (@rutgersagriculturalandenvironmentalagents) on June 4, 2019 
reached 188,966 people and had 42,083 engagements to disseminate information about SLF and how to 
report SLF sightings. A follow up Facebook post on July 3, 2019 to educate followers about SLF life 
cycles also generated outreach with 6,422 people reached and 640 engagements. Through multifaceted 
outreach strategies, via extension education, multiple reports of confirmed SLF sightings were submitted 
by the public. 
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NEW YORK RESOURCES FOR WEED ID. C. Marschner*, S. Bachman, and A. DiTommaso, Cornell 
University, Ithaca, NY, NY (31) 

ABSTRACT 

The Weed Ecology and Management Lab at Cornell University is working with extension educators and 
specialists and certified crop advisors to expand the weed identification resources available for New York 
agriculture. In 2019, we constructed a website for the program; in 2020 we will be conducting weed 
identification workshops around the state, and constructing New York specific materials for difficult-to-
identify weed complexes (e.g. pigweeds) and locations of problem weeds in New York, answering weed 
identification questions, and providing updates on weed ID through the growing season. 
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A CASE STUDY IN THE EFFECTIVE USE OF EXTENSION EXPERTISE FOR COMMUNITY 
ENGAGEMENT. W. Bamka, M.L. Infante-Casella*, and S.J. Komar, Rutgers NJAES Cooperative 
Extension, Clarksboro, NJ (32) 

ABSTRACT 

The Cooperative Extension System was created to bring university expertise to the entire community. In 
that role, extension professionals provide expertise on a multitude of topics. On any given day, extension 
faculty and staff are often surprised by questions and requests. Extension professionals often use a team 
approach when responding to clientele inquiries. In August 2019, a homeowner called the Rutgers 
Cooperative Extension of Gloucester County office to request a visit to investigate a corn plant. During 
the discussion the caller indicated he had a corn plant with 28 ears of corn. Agricultural Agent, Michelle 
Infante-Casella next contacted Agricultural Agents, William Bamka and Stephen Komar, the two 
agronomy experts in the state, to gain more information about mutant corn plants. After gathering more 
information from her colleagues, Agent Infante-Casella visited the homeowner in Deptford, NJ. She was 
asked to verify a corn plant with multiple ears for the Guinness World Records. The homeowner counted 
28 ears on the single plant. When verifying the ear-count, Agent Infante-Casella discovered and 
confirmed 29 ears. Once awarded the world record, the family who grew the corn plant were inundated 
with media requests, requests for seed from the plant and other local recognition events. Agent Infante-
Casella assisted the family with navigating media requests, provided technical information, and 
participated in media interviews for television, newspapers and provided social media outreach. Since the 
plant grew as one plant in the garden, pollination did not take place and there were no fertilized kernels to 
provide seed to reproduce more corn plants from this mutant plant. As a result of this phenomenon and 
clientele/extension encounter, the homeowners, Agricultural Agents and Rutgers Cooperative Extension 
provided numerous opportunities for a “feel good” story. Other outcomes were increased publicity for 
Rutgers Cooperative Extension and education to the public about how corn grows. 
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HOW WELL DO SMARTPHONE PLANT ID APPS WORK? A WEED SCIENTIST TAKES A LOOK 
AT THE TECHNOLOGY. L. Sosnoskie*, Cornell University, Geneva, NY (33) 

ABSTRACT 

The U.S. loves smartphones; the statistics portal Statista.com estimates 81% of all U.S. adults will own at least one 
device in 2019. Mobile applications (apps) account for over 90% of users’ smartphone internet time, with most of it 
focused on socializing, gaming and other forms of entertainment. Growers, crop consultants and members of allied 
industry have asked if there are any available smartphone apps that can scan/evaluate/assess pictures of weeds and 
return a proper identification to you? As it turns out, there are. One popular tool is the Pl@ntNet app, which allows 
users to upload one or more pictures of leaves, flowers, fruits or bark and then compares the photos to a database 
(there are multiple image galleries from which a user can screen against) using visual recognition software. The app 
then returns a list of possible matches (hits) and provides the user with links to the Wikipedia entries for each of the 
species (in case more information is desired). Another app is iNaturalist. Like Pl@ntNet, the iNaturalist app 
compares a user’s picture against those in an image bank and provides users with a list of suggestions, links to 
information about the species and maps of occurrences worldwide. Both Pl@ntNet and iNaturalist allow you to 
share your images with their communities. For more information about the history of the apps, databases, curation, 
citizen science, and more see: https://plantnet.org/en/ and https://www.inaturalist.org/. 

Results from two studies to evaluate app performance for weed identification suggest that the age of the plant, the 
tissue selected for use in the process, and, likely, the genus and family (not testable due to small numbers of 
samples) of the specimen influence success. The quality of the images (particularly the amount of background that 
can be a distraction) is also another factor that affects the ability to achieve an ID. The taxonomic knowledge of the 
person making the submission may also impact app performance; a trained weed scientist may bias results, 
favorably, by purposely selecting and submitting images highlighting characteristic/distinguishing traits. I 
recommend my clientele always double-check ID’s against a trusted source (e.g. guidebooks, knowledgeable 
extension staff, curated/vetted web sites). 

Selected methodology and results include:  
Study 1. Evaluate the performance of Pl@ntNet for identifying weeds in California. Pl@ntNet database selected: 
Plants of the United States. 60 images of 46 species (39 broadleaf, 7 grass/grass-like) in 21 plant families were 
submitted to the app. Most represented families: Asteraceae (14), Poaceae (7), Malvaceae (6), Amaranthaceae (4). 
All images were of adult (non-seedling) plant specimens growing under natural/field conditions. Image breakdown: 
31 of leaves, 8 of leaves/flowers, 14 of flowers, 7 of flowers/fruit. Specimen identity confirmed using ‘Weeds of 
California and Other Western States’ (ISBN-13: 978-1879906693). 72% of specimens were identified correctly by 
1st (60%) and 2nd (12%) hits in Pl@ntNet. 15% of specimens did not have a correct identification (no hits) 
recommended by Pl@ntNet. 86% of floral images and 75% of leaf/flower images were identified correctly (1st hit) 
by Pl@ntNet. 52% of leaf images and 43% of flower/fruit images were identified correctly (1st hit) by Pl@ntNet.  
 
Study 2. Compare Pl@ntNet to iNaturlist for identifying weeds in California and New York. Pl@ntNet database 
selected: Plants of the World (to match iNaturalist’s worldwide database (not selectable)). 60 images of 60 species 
(45 broadleaf, 15 grass/grass-like) in 23 plant families were submitted to the apps. Most represented families: 
Poaceae (13), Asteraceae (13), Amaranthaceae (5). Seedlings (12) and adult (48) plants were both represented in the 
images. All specimens were growing under natural/field conditions. Image breakdown: 27 of leaves, 5 of 
leaves/flowers, 24 of flowers, 4 of flowers/fruit. Specimen identity confirmed using ‘Weeds of California and Other 
Western States’ (ISBN-13: 978-1879906693). For broadleaves, 78% of specimens were identified correctly by 1st 
hit in iNaturalist. For broadleaves, 69% of specimens were identified correctly by 1st hit in Pl@ntNet. For 
broadleaves, 71% of Naturalist’s and Pl@ntNet’s 1st hits matched each other. iNaturalist and Pl@ntNet correctly 
identified adult broadleaves 85% and 73% of time, respectively, with the 1st hit (58% correct for seedlings). 89% of 
floral images (both apps) and 100% (iNaturalist) and 75% (Pl@ntNet) of flower/fruit images were identified 
correctly with 1st hit. 67% (iNaturalist) and 63% (Pl@ntNet) of leaf images and 100% (iNaturalist) and 60% 
(Pl@ntNet) of leaf/flower images were identified correctly with 1st hit. All images of grass/grass-like specimens 
were of flowers/flower spikes/flower clusters. For grasses, 47% of specimens were identified correctly by 1st hit in 
iNaturalist, 33% of specimens were identified correctly by 1st hit in Pl@ntNet. For grasses, 33% of Naturalist’s and 
Pl@ntNet’s 1st hits matched each other.  
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SHIFTING SANDS: EVALUATION OF GROUND RECYCLED GLASS AS AN ALTERNATIVE TO 
MINED SAND FOR USE IN GREEN INFRASTRUCTURE SOILS. S. Eisenman*, J.S. Caplan, R. 
Roark, R. Popowsky, J. Leaskey, T. Craul, S. Gray, and K. Reber, Temple University, Ambler, PA (34) 

ABSTRACT 

Numerous municipalities are using green stormwater infrastructure (GSI) to mitigate combined sewer 
overflows. Large quantities of sand are typically included in GSI soil blends, as sandy substrates facilitate 
infiltration. However, sand mining has negative environmental, social, and human health impacts, and 
some regions are facing shortages of high-quality sand. Although mixed-color glass is recyclable, it faces 
strong technological and market barriers, leading to thousands of tons of thid glass being landfilled. We 
evaluated the suitability of using glass sand (GS) as a replacement for mined sand (MS) in engineered 
GSI soils initially via lab tests and subsequently via an 18-week plant growth experiment. Although 
particle size analysis indicated that GS was physically similar to MS (98% of particles were 50-2000 μm 
in diameter), it was highly alkaline (pH≈10). The soil mix prepared from GS for the growth trial (60% GS 
by volume, with 20% sandy loam and 20% mushroom compost) had pH=8.0 at the outset of the trial but 
increased to 8.9 by week 11. Mixes amended with ferrous sulfate (1 or 2 g/pot) reduced pH temporarily, 
but values rebounded within 3-4 weeks. None of the three taxa evaluated exhibited measurable reductions 
in aboveground biomass in the GS mix. However, aboveground biomass of Iris versicolor was reduced in 
mixes with ferrous sulfate. Also, while leaf chlorophyll concentrations (measured using the SPAD index) 
increased in Iris through the course of the experiment, plants grown in GS had slightly lower chlorophyll 
concentrations and root biomasses than did plants grown in MS or a 50:50 blend of GS and MS. Finally, 
for all mixes, chlorophyll concentrations in Calamagrostis × acutiflora ‘Karl Foerster’ remained 
relatively stable through the course of the experiment while Betula alleghaniensis plants exhibited 
significant declines in chlorophyll (most lost all leaves, even those in MS). We conclude that GS-based 
soil mixes can support the growth of young plants, though its chemical properties are less ideal than those 
of MS-based mixes. Further research into the effects of amendments and longer-term growth outcomes is 
warranted. 
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WEED SEED RAIN PHENOLOGY OF ECONOMICALLY IMPORTANT WEEDS IN THE MID-
ATLANTIC, NORTH- AND SOUTH-CENTRAL REGIONS OF THE U.S. L.S. Shergill*, L. Lazaro, J. 
Evans, M.J. VanGessel, J. Norsworthy, A. Davis, K. Bradley, L.E. Steckel, M. Bagavathiannan, J. Bond, 
J.L. Lindquist, N. Jordan, M.L. Flessner, W.J. Everman, N. Korres, and S. Mirsky, USDA-ARS & 
University of Delaware, Beltsville, MD (35) 

ABSTRACT 

Multiple herbicide-resistant (MHR) weeds are challenging sustainable crop production as herbicides are 
rapidly becoming less effective and herbicide discovery has slowed. New integrated weed management 
(IWM) practices are urgently needed that rely on multiple weed control strategies. One promising tactic 
for managing MHR weeds is Harvest-time Weed Seed Control (HWSC), in which weed seeds are 
removed/destroyed at harvest time to reduce soil seedbank. The primary factor on which success of 
HWSC practice relies is the biological attribute of seed retention at crop maturity enabling its collection 
and processing at crop harvest. Therefore, field experiments were conducted at multiple sites across 14 
states in mid-Atlantic, north- and south-central regions of the United States to quantify the phenology of 
weed seed rain in soybean. Majority of broadleaf weeds shatter <10% seed at soybean maturity. Palmer 
amaranth (AMAPA), smooth pigweed (AMACH), hemp sesbania (SEBEX), lambsquarters (CHEAL), 
jimsonweed (DATST), & common cocklebur (XANST) retain >90% seed until 3 wks after soybean 
maturity across majority of sites. Common waterhemp (AMATA) seed retention was variable across sites, 
with seed shatter <10% until 2 wks after soybean maturity at 50% of the sites. Johnsongrass (SORHA) 
retained >90% seed up to 3 wks after soybean maturity across all site-years. Barnyardgrass (ECHCG) & 
jungle rice (ECHCO) seed retention was >80% until 2 wks after soy maturity. Overall, broadleaf weeds 
tend to retain more seeds overtime compared to grasses. Many annual weed species retain high proportion 
of seeds on the plants at crop maturity as well as following delays in crop harvest. Results indicate that 
HWSC practices have good potential for several weed species in the US. 
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GETTING RID OF WEEDS THROUGH INTEGRATED WEED MANAGEMENT. C.G. Rubione*, 
M.J. VanGessel, S. Mirsky, K.B. Pittman, L. Lazaro, M. Bagavathiannan, M.L. Flessner, L.S. Shergill, 
and V. Ackroyd, University of Delaware, Salisbury, DE (36) 

ABSTRACT 

Integrated weed management (IWM) combines various methods to reduce or eliminate the effect of 
weeds on crop production over time. These weed management methods form a “toolbox” in which “tools” 
can be integrated into a weed management plan catered to the particular farm and problem. The toolbox 
includes preventative, biological, chemical, cultural, and mechanical strategies. IWM also considers the 
weed species present and tailors strategies to these species. 

In conventional crops, integrated weed management is not a replacement for herbicides. For many 
decades, herbicides have been the primary means of weed management due to their simplicity, 
effectiveness, and affordability. However, relying too much on a few herbicides has led to an increase of 
weed species that are not effectively controlled with the herbicide program or selecting for herbicide-
resistant biotypes. IWM approaches go beyond relying on herbicide rotation and mixtures. IWM 
programs use all available methods that will best solve the problem.  

To expand the use of IWM, GROW (Get Rid Of Weeds) was developed as part of an USDA-
ARS Areawide Project.  GROW is a place to find helpful, research-based resources for IWM of 
herbicide-resistant and -susceptible weeds. GROW uses the website www.growiwm.org as a main source 
of information, as well as social media accounts (Twitter, Instagram, YouTube, and Facebook). 

The website provides a resource for general interest content on IWM, current and ongoing research 
projects, and more in-depth information on specific management strategies. When navigating GROW’s 
website users can either browse for general information such as “What is IWM? or “A-B-C’s of IWM 
Principles” or go into more specific areas such as “IWM Toolbox” or “Resistant Weeds”.  

The website is currently undergoing a new design to improve the user experience.  GROW is an 
opportunity for anyone working on IWM to have a platform to expand their reach and always looking for 
new partners. 
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INVESTIGATING THE LONG-TERM EFFECTS OF COVER CROP ROTATIONS AND REDUCED 
TILLAGE. G.A. Bagley*, S. Mirsky, and B.W. Davis, North Carolina State University, Beltsville, MD 
(37) 

ABSTRACT 

The Cover Crop Systems Project (CCSP) is a Long Term Agricultural Research (LTAR) site located in 
Beltsville, MD that has been established for 4 field seasons. It is designed to investigate the effects of 
cover crop biomass and reduced tillage on metrics such as cash crop yield and weed biomass in two 
organic and four conventionally managed cropping systems. All systems are in a three year corn-soy-
wheat rotation; the four conventional systems are no-till with double cropped beans and a gradient of 
cover crop inclusion, and the organic systems vary in their use of tillage. 
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MULTIPLE HERBICIDE RESISTANCE IN LOLIUM SPP. V. Singh*, J. Swart, and M. 
Bagavathiannan, Virginia Tech, Painter, VA (38) 

ABSTRACT 

Field surveys were conducted across the Blacklands region of Texas to document the distribution of 
herbicide resistant Lolium spp. infesting winter wheat production fields in the region. A total of 68 
populations (64 Italian ryegrass and 4 perennial ryegrass) were evaluated in a greenhouse in 2018 for 
sensitivity to herbicides of three different sites of action, an ALS-inhibitor (mesosulfuron-methyl), two 
ACCase-inhibitors (diclofop-methyl and pinoxaden), and an EPSPS-inhibitor (glyphosate). Herbicides 
were applied at 2X the label recommended rates for mesosulfuron-methyl (29 g ai ha-1), diclofop-methyl 
(750 g ai ha-1), and pinoxaden (118 g ai ha-1); and 1X rate for glyphosate (868 g ae ha-1). The herbicide 
screenings were followed by dose-response assays of the most-resistant ryegrass population for each 
herbicide at eight rates (0.5, 1, 2, 4, 8, 16, 32, and 64X), compared to a susceptible population at six rates 
(0.0625, 0.125, 0.25, 0.5, 1, and 2X). The initial screening, as well as dose-response experiments, were 
conducted in a completely randomized design with three replications and two experimental runs. 
Survivors (<80% injury) were characterized as highly resistant (0-20% injury) or moderately resistant 
(21-79%). Results showed that 97, 92, 39, and 3% of the Italian ryegrass populations had survivors to 
diclofop-methyl, mesosulfuron-methyl, pinoxaden, and glyphosate, respectively. Of the four perennial 
ryegrass populations, three were resistant to diclofop-methyl and mesosulfuron-methyl, and one of them 
was resistant to pinoxaden as well. Perennial ryegrass populations were not resistant to glyphosate. Dose-
response assays revealed 40-, 199- and 23-fold resistance in Italian ryegrass to mesosulfuron-methyl, 
diclofop-methyl, and pinoxaden, respectively compared to a susceptible standard. One Italian ryegrass 
population exhibited three-way multiple resistance to ACCase-, ALS-, and EPSPS-inhibitors. The 
proliferation of multiple herbicide resistant ryegrass is a challenge to sustainable wheat production in 
Texas Blacklands and warrants diversified management strategies. 
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UNMANNED AERIAL SYSTEM BASED WEED DETECTION AND HERBICIDE SPRAY 
APPLICATIONS. V. Singh*, D. Martin, B. Sapkota, M. Bishop, and M. Bagavathiannan, Virginia Tech, 
Painter, VA (39) 

ABSTRACT 

Weed control using unmanned aerial vehicles (UAVs) has emerged as an idea of the new age digital 
agriculture. UAV-based aerial herbicide applications are beneficial even to small landholders as it is 
expected to be effective across scales. Field experiments were conducted in 2019 to evaluate the efficacy 
of herbicides in controlling prominent weed species in Liberty Link® Soybean with UAV based spray 
and compared with conventional backpack spray applications. Grass and broadleaf weed seeds were 
broadcasted and weed density was recorded before herbicide spray application. UAV based spray 
applications were conducted at 18.7 and 37.4 L ha-1 and backpack spray applications were conducted at 
140 L ha-1. Droplet spectra was measured using water sensitive papers (WSP) strips collectors. The test 
was repeated in time, each with four replications. Plant mortality was scored on a scale of 0 to 100%, 
where 0 = no mortality, 100 = 100% mortality. DayGlo fluorescent dyes were used separately to quantify 
spray droplets on weed leaves using digital imaging techniques. Soon after the spray application, the 
spray droplet captured on plant leaves were analyzed by the DropletScan™ scanner-based software 
system. The droplet size spectra parameters were examined Dv0.1, Dv0.5, Dv0.9, droplet density 
(droplets/cm2), percent area coverage and percent applied collected on WSP collectors. For herbicide 
spray study, weed control, and crop injury were recorded at 15 and 21 days after herbicide treatment. 
UAV spray treatments resulted in higher droplet density at abaxial leaf surface (25% of total) which may 
increase the efficacy of the contact herbicides. Herbicide treatments with UAV provided >90% weed 
control which was greater than backpack spray application when applied late POST. 
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WINTER ANNUAL WEED SUPPRESSION FROM COVER CROP MONOCULTURES AND 
MIXTURES AND FLUMIOXAZIN. L.S. Rector, M.L. Flessner*, K.B. Pittman, D.S. McCall, and W.E. 
Thomason, Virginia Tech, Blacksburg, VA (40) 

ABSTRACT 

Winter weeds can interfere with cash crop planting. Cover crops are known to compete with winter 
weeds, but little research has evaluated multispecies cover crops. Field studies were conducted in 
Blacksburg, Virginia in 2017 and 2018, Christiansburg, Virginia in 2017, and West Point, Virginia in 
2018 to determine the ability of early planted cover crops to suppress winter weeds prior to cash crop 
planting and compare that to flumioxazin applied at cover crop planting. Cover crops were planted in 
September, fertilized, and terminated in early May to maximize cover crop biomass. Cover crop 
treatments consisted of monocultures, two-way, and three-way mixtures of cereal rye, crimson clover, 
hairy vetch, and forage radish. Cover crop mixtures produced greater biomass compared to monocultures 
as a group, due to less biomass of the legume monocultures. Flumioxazin provided similar control as the 
average of all cover crops across all weed species rated in December. At cover crop termination, 
flumioxazin provided less Persian speedwell control and similar control of purple deadnettle and yellow 
woodsorrel compared to the average of all cover crops. Cereal rye containing treatments provided >85% 
control of all weed species at cover crop termination. As cover crop biomass increased to 6000 kg ha-1, 
winter weed biomass decreased at cover crop termination to less than 200 kg ha-1. Cereal rye containing 
treatments were more effective at reducing winter annual weed density in mid-March compared to legume 
monocultures and forage radish. No difference was observed in winter annual weed control between 
cereal rye alone or in a mixture. Cereal rye can be used in a mixture for goals of receiving additional 
agronomic benefits of a legume or brassica cover crop species without compromising winter annual weed 
control. Cereal rye is more effective at controlling winter weeds prior to cash crop planting than 
flumioxazin. 
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IMPACT OF RUMINANT DIGESTION ON GERMINATION OF INGESTED SEEDS OF NATIVE 
WARM-SEASON GRASSES AND AGRONOMIC WEED SPECIES IN THE SOUTHEAST UNITED 
STATES. L.U. Snyder* and W.J. Everman, North Carolina State University, Zebulon, NC (41) 

ABSTRACT 

Dissemination of seeds by livestock has been discussed as a means of spreading both desired and 
problematic plant species, across grasslands, pastures and agronomic areas through various means. 
Excretion of seeds and spread of manure as a fertility amendment can account for colonization of new 
plants. The dispersal of high nutritional-quality native grasses is of value to grassland conservation and 
restoration, and to livestock producers as use for forage. Likewise, problematic weed species can be 
spread through means of livestock fertility amendments and supplemental feed. Seeds that retain viability 
subsequent to ruminant digestive tract exposure can be vital to the process of introducing new desirable 
forage species and enhancing the spread of established species. The objective of this study was to 
examine the effects of the rumen and intestinal digestion on seed germination of native warm-season 
grasses and particularly problematic agronomic weed species in the Southeast U.S. affecting crop yield. 
Two experiments were conducted to determine how ruminant digestion influences seed viability and 
germination on native warm-season grasses for potential forage, biomass and restoration use and on 
problematic weeds in agronomic settings. Experiment one was to determine the impact of rumen exposure 
and digestion on seed viability and germination. Seeds were treated to in situ (live animal) rumen 
digestion in a cannulated steer for 48 hours. Experiment two was to examine the effect of small intestine 
exposure and digestion to determine the impact on seed viability and germination and potential points of 
digestion which cause or impact seed mortality. Seeds were treated to in vitro small intestine digestion for 
24 hours. Seed germination varied by plant species and response to respective treatment. The combination 
of rumen phase and small intestine procedure (SIP) exposure (abomasal-simulated digestion) resulted in 
the highest seed mortality. Native-warm season grass seed, such as switchgrass (Panicum virgatum L.) 
and big bluestem (Andropogon gerardii L.), retained viability but germination after digestion exposure 
was reduced more than agronomic weed species. Switchgrass mean germination percentage was reduced 
by 86.70% and big bluestem mean germination percentage was reduced by 79.59% with exposure to 
rumen phase plus SIP. Troublesome agronomic weed seed, such as Palmer amaranth (Amaranthus 
palmeri L.) and Texas panicum (Panicum texanum L.), retained viability but germination declined with 
digestion exposure. Palmer amaranth mean germination percentage was reduced by 53.77% and Texas 
panicum mean germination percentage was reduced by 56.83% with exposure to rumen phase plus SIP, 
which was the highest rate of germination. Herbivory is a key process in range and grassland ecosystems 
and it is imperative to consider the role of herbivores as part of a holistic system and utilize this 
understanding to improve management approaches. Further research is needed in this area to determine 
and to understand how grazing animals, including cattle and other species, can impact the dissemination 
of seeds and establishment of plant populations. 
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SILAGE CORN RESPONSE TO BURCUCUMBER (SICYOS ANGULATUS) COMPETITION AND 
DROUGHT IN NEW YORK. K.M. Averill, A. DiTommaso*, S.H. Morris, and M.C. Hunter, Cornell 
University, Ithaca, NY (42) 

ABSTRACT 

Climate change can alter weed population growth and spread and, because extended droughts in particular 
are expected to affect the Northeastern United States, more information is needed about how weed species 
respond to altered environmental conditions. Burcucumber is a challenge to manage in the Southeastern 
and the Mid-Atlantic US. This weedy annual vine is increasing in NY and poses a threat to agronomic 
crop production. Our work aimed to increase understanding of the potential influence of extended drought 
during the growing season on burcucumber competition in glyphosate-tolerant corn (Zea mays L.) silage 
production. Thus, in Ithaca, NY in 2018 and 2019, a competition and drought experiment was conducted 
to assess the effect of burcucumber on corn silage yield. Corn was planted in late May and burcucumber 
seedlings (of similar size to corn seedlings, both ~15 cm) were transplanted into corn rows in June, 10 
days after planting (DAP) in 2018 and 35 DAP in 2019, at four densities (0, 0.5, 2, 3 plants m-2). Other 
weeds were controlled with glyphosate, inter-row cultivation, and weekly hand-weeding. During early 
season corn growth, a 38-day drought in 2018 and a 21-day drought in 2019 were created using rainout 
shelters, 2.7 m wide by 3 m long by 3 m tall, made of steel electrical conduit, high clarity plastic, and 
gutters and drainage tubing. Soil water availability was estimated weekly during the experiment using 
fixed-in-place gypsum block electrodes. Corn silage and aboveground burcucumber biomass were 
harvested 108 DAP in 2018 and 112 DAP in 2019. Regression and mixed model ANOVA were 
conducted with drought, burcucumber density, year, and their interactions as fixed effects and block and 
corn density as random effects. Estimated soil water availability was lower in drought plots (47 ± 1 in 
2018 and 56 ± 3 in 2019) compared to non-drought control plots (69 ± 1 in 2018 and 68 ± 1) (P < 0.001). 
Results showed that burcucumber competition (P = 0.002) and drought (P = 0.02) reduced fresh corn 
silage yield by 20% in the drought treatment plots (17 ± 1 Mg ha-1) compared to the non-drought plots (21 
± 1 Mg ha-1); the interaction between these factors was not significant (P = 0.6). Year and interactions 
with year were not significant (P > 0.05). Conducting the experiment on soil other than the fine sandy 
loam present in our study field or in a system other than continuous corn could produce different results. 
Overall, our work suggests that burcucumber infestation and extended drought during the growing season 
each have the capacity to reduce corn silage yield, but no evidence was found for an exacerbated effect on 
yield where the stressors were combined. 

  



 

43 
 

UTILIZATION OF PHENOLOGICAL MARKERS TO HARVEST NEW JERSEY GROWN HOPS 
(HUMULUS LUPULUS) AT OPTIMAL MATURITY. M. Muehlbauer*, Rutgers University, New 
Brunswick, NJ (43) 

ABSTRACT 

Hops (Humulus lupulus) are commercially produced for their alpha acids, beta acids, and aromatic 
compounds – arguably the most critical hop quality metrics.  These metrics are most commonly known to 
be utilized in beer brewing. Brewers employ this biochemical information to develop and optimize their 
brew recipes.  Alpha and beta acids are comprised of a number of compounds, including Cohumulone 
N+Adhumulone Colupulone and N+Colupulone. They can vary substantially based upon varieties and 
growing conditions.  Hop cultivation is fairly new to growers in the Northeastern United States as 
prohibition and hop diseases caused the industry to dissolve in the early 1900s. With new chemicals and 
disease resistant plant material, a new set of growers have reinvigorated the industry. However, it is 
difficult to find markers to determine if their hop crop is at its harvest maturity. The purpose of this 
project is to correlate easily visualized traits (cone width, length, and color) with alpha and beta acid 
composition. Three varieties of mature hop bines were grown at the Rutgers University Snyder Research 
and Extension farm in Pittstown, NJ. Data was collected every week (over the course of five weeks) 
throughout two growing seasons (2018 and 2019). Subsequently, hops were dried and submitted to the 
Cornell Craft Beverage Analytical Laboratory for alpha acid, beta acid, and aromatic analysis.  The 
results showed there was much greater variation in cone length and width over the 2018 harvest season 
than in 2019. Additionally, there was less color variability over the harvest period in 2019 than in 2018. 
Interestingly, alpha and beta acids were lower overall in 2019 than in 2018 for all cultivars tested. 
Differences in acid content and significant variation in length and width in 2018 made it difficult to 
develop correlations between acid content and phenotypic characteristics. As a result of this work, 
additional maturity parameters for correlation to biochemical content of hop cones will be explored in the 
future. 
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RECOMMENDATIONS FOR MANAGING ALLIUM LEAFMINER IN PENNSYLVANIA. T. 
Elkner*, S. Fleischer, and B. Lingbeek, Penn State Extension, Lancaster, PA (44) 

ABSTRACT 

Allium leafminer (ALM) Phytomyza gymnostoma, an invasive insect from Europe, was discovered in 
Lancaster County, Pennsylvania in December 2015 and has since spread to at least five additional states. 
Larvae feed in leaves, stems and bulbs of all vegetable alliums causing plant damage, secondary 
infections and/or market rejection. Research began in fall 2017 to evaluate the efficacy of various 
insecticides for this pest on leeks and continued with trials on onions in spring of 2018 and 2019 as well 
as additional leek trials in fall of 2018 and 2019. Spring and fall flight periods were monitored during 
these seasons and a spring-emergence degree-day model was developed. Trial results with spring-planted 
sweet onions indicate that insecticide applications may not be necessary as minimal damage will occur 
from ALM on this crop. Conventional insecticides that were most effective for ALM control on leek 
included dinotefuran, cyantraniliprole, and spintoram and organic options included spinosad and 
azadirachtin. 
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COMMON PURSLANE CONTROL AND CROP RESPONSE WITH PRE AND POST HERBICIDE 
APPLICATION IN SWEET PEPPER. T.E. Besancon, B.L. Carr*, M. Wasacz, and W. Kline, Rutgers 
University, Chatsworth, NJ (45) 

ABSTRACT 

In 2018, New Jersey produced 48 million kg of peppers at a farm value of $40 million (USDA 2018). 
New Jersey pepper production is concentrated in the southern counties where well-drained loamy sand 
soils are optimal for this crop but also for common purslane (Portulaca oleracea), one of the most 
common and troublesome weed issues in NJ pepper fields. Common purslane can easily grow back from 
POST non-systemic herbicide applications, compete with neighboring pepper plants, and impede pepper 
harvest. Currently labeled herbicides effective at controlling common purslane and safe to the crop are 
limited to some PRE herbicides that will provide only a few weeks of residual control. Field studies were 
conducted in 2019 in Vineland, NJ, to evaluate weed control efficacy and pepper tolerance (variety 
‘Playmaker’) to common purslane management programs based on PRE and/or POST herbicide 
applications between rows of plastic mulch. Treatments consisted of pendimethalin at 1.07 kg ai ha-

1 or S-metolachlor at 1.07 kg ai ha-1 applied PRE alone or combined with fomesafen at 0.42 kg a.i. ha-1, 
fomesafen PRE alone at 0.32 kg ai ha-1. PRE application of pendimethalin / S-metolachlor plus fomesafen 
were followed or not by POST application of imazosulfuron at 0.21 kg ha-1 when emerged common 
purslane seedlings averaged 5-cm. height. POST application of imazosulfuron alone at 0.21 or 0.34 kg a.i. 
ha-1 was also included in addition to non-treated weedy and non-treated weed-free checks. Crop injury 
and weed control data were evaluated 28 and 56 DA-PRE, equivalent to 20 DA-POST. Peppers were 
harvested three times to determine yield weight accordingly to USDA standard grades. Fomesafen applied 
alone at 0.32 kg ai ha-1 or combined at 0.42 kg a.i. ha-1 with other PRE herbicides provided at 60% to 75% 
common purslane control 56 DA-PRE, compared to less than 30% for pendimethalin or S-metolachlor 
alone. Following S-metolachlor or pendimethalin applied PRE with Imazosulfuron POST allowed to 
maintain over 75% common purslane control by 56 DA-PRE. Treatments that included S-metolachlor 
applied PRE provided ≥ 95% large crabgrass (Digitaria sanguinalis) control 56 DA-PRE, regardless of 
tank-mix partner or POST application. Hairy galinsoga (Galinsoga quadriradiata) is another troublesome 
species in most vegetable crops that was controlled ≥ 90% 56 DA-PRE with fomesafen PRE or 
imazosulfuron POST, regardless of application rates or PRE treatments. No crop injury was observed 
throughout the duration of the trial. Yield weights did not significantly differ across treatments in 
comparison to the untreated weed-free check 
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WEED COMMUNITIES IN U.S. PROCESSING SNAP BEAN. C.J. Lowry*, N. Korres, J. Colquhoun, 
E. Peachey, and M. Williams, USDA, Champaign, IL (46) 

ABSTRACT 

Snap bean (Phaseolus vulgaris), the vegetable form of dry bean, is an important vegetable crop with a 
value of $372 million. As with other specialty crops, herbicide options within snap bean production are 
limited because of crop sensitivity concerns. Currently, information is lacking on the scope of weed issues 
in snap bean grown for processing across the US, and how agronomic and environmental factors 
contribute to weed pressure. The objectives of our research were to determine the weed composition and 
management practices in snap bean grown for processing in the U.S. In Summer 2019, we conducted a 
survey of weed communities in snap bean fields in Illinois, Oregon, and Wisconsin. In Illinois, we 
surveyed 25 famers’ fields in June and 17 fields in September. The weed species with the highest relative 
frequency (percent of farm sites in which species occurred) in the first snap bean crop included Digitaria 
spp., Mollugo verticillata, Ipomoea hederacea, Solanum ptychanthum, and Amaranthus species. The 
weed species with the highest relative frequency (percent of farm sites in which species occurred) in the 
second snap bean crop included Lamium amplexicaule, Mollugo verticillata, Solanum 
ptychanthum, Stellaria media, and Ipomoea hederacea. The species with the highest density 
included Mollugo verticillate in the first snap bean crop and Stellaria media in the second snap bean crop. 
Future work will examine regional variation in snap bean weed communities and whether there are 
associations with agronomic practices. 

  



 

47 
 

POTENTIAL HERBICIDES TO CONTROL PROBLEM WEEDS IN SNAP BEANS. B. Scott*, 
University of Delaware, Georgetown, DE (47) 
 

ABSTRACT 
 

Snap beans (Phaseolus vulgaris) are grown for processing and fresh market in Pennsylvania, Maryland 
and Delaware. Snap beans can compete fairly well with weed pests but it is important to keep fields weed 
free until beans reach canopy closure. Few herbicides are labeled for weed control and additional products 
are needed to improve overall control. This study was initiated to evaluate potential PRE herbicides for 
crop injury and weed control in snap beans. 
 
Trials were arranged as a randomized complete block design with three replications. Fields were 
conventionally tilled and ‘Caprice’ snap beans were planted on 30 inch rows at 6 seeds per ft-row. Snap 
beans were planted on June 20 on loamy sand in DE, June 6 on silt loam in PA, May 30 on silt loam in 
MD. PRE herbicides were applied one day after planting and POST herbicides were applied at the second 
trifoliate at all locations. All treatments included PRE S-metolachlor at 1.19 lb ai/A in DE or 1.59 lb ai/A 
in PA and MD. Treatments that included halosulfuron were applied at 0.023 lb ai/A in DE or 0.031 lb 
ai/A in PA and MD. PRE treatments included S-metolachlor + each of the following: flumioxazin at 
0.032 and 0.064 lb ai/A, sulfentrazone at 0.094 and 0.188 lb ai/A, lactofen at 0.188 lb ai/A, oxyfluorfen at 
0.25 lb ai/A, fomesafen at 0.313 lb ai/A, and halosulfuron. PRE followed by (f/b) POST treatments 
included S-metolachlor PRE plus the following: flumioxazin at 0.064 lb ai/A f/b bentazon at 0.75 lb ai/A 
+ fomesafen at 0.188 lb ai/A, sulfentrazone at 0.188 lb ai/A f/b bentazon + fomesafen, lactofen at 0.188 lb 
ai/A f/b bentazon + fomesafen, halosulfuron f/b bentazon + fomesafen, and halosulfuron f/b bentazon + 
imazamox at 0.31 lb ai/A. An untreated check was also included. In DE, a POST application of bentazon 
was added to PRE treatments to control patches of common cocklebur. All POST treatments included 
non-ionic surfactant. Snap bean injury and weed control were evaluated visually at 4, 6, and 8 weeks after 
planting (WAP) based on a 0 to 100 scale.  Snap beans were harvested and weight was recorded. Data 
were analyzed and means were separated using Fisher’s Protected LSD (α = 0.05). 
 
At 6 WAP minimal crop injury was observed with halosulfuron alone, fomesafen alone, halosulfuron f/b 
fomesafen and halosulfuron f/b imazamox in both DE and PA. In MD, 0-7% mid-season injury was 
observed with all treatments except oxyfluorfen. The DE best yielding treatments were: halosulfuron f/b 
imazamox, halosulfuron f/b fomesafen, the low rate of sulfentrazone, respectively. The PA best yielding 
treatments were: halosulfuron alone, fomesafen alone, halosulfuron f/b fomesafen and halosulfuron f/b 
imazamox, respectively. In DE the high rate of flumioxazin, sulfentrazone and treatments with fomesafen 
provided good Palmer amaranth control (≥89%). No treatment provided adequate season long 
morningglory control. In PA excellent weed control was observed with smooth pigweed, ladysthumb, and 
giant foxtail. Common lambsquarters control was slightly reduced with lactofen and fomesafen alone 
although control was still 90% or greater. Good to excellent common ragweed control was observed with 
all treatments except sulfentrazone alone and oxyfluorfen. Across three states and two soil types two 
treatments resulted in minimal injury, higher yields and effective weed control for most species: 1) 
halosulfuron + S-metolachlor f/b fomesafen + bentazon and 2) halosulfuron + S-metolachlor f/b 
imazamox + bentazon.  
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AGRONOMIC AND ECONOMIC EVALUATION OF FUNGICIDE SEED TREATMENTS FOR 
SOYBEAN PRODUCTION IN THE MID-ATLANTIC UNITED STATES. A. Kness* and N. 
Kleczewski, University of Maryland Extension, Street, MD (48) 

ABSTRACT 

Soybean (Glycine max) is a major agricultural commodity in the Mid-Atlantic region. Although seedling 
pathogens such as Fusarium spp., Pythium spp. and Rhizoctonia solani occur sporadically in the region, 
some growers routinely utilize fungicide seed treatments. Reasons for this include perceived plant health 
benefits and insuring disease management. To address whether commonly used seed treatments provide 
benefits in the absence of disease, field trials were established in 2017 at four locations (Georgetown, DE; 
Queenstown, MD; Beltsville, MD; and Keedysville, MD) lacking history of seedling diseases. Treatments 
included metalaxyl + fluxapryoxad + pyraclostrobin; fluopyram; trifloxystrobin; and an untreated control 
applied at commercial rates to the variety SS4514NR2 by a local seed dealer. Treatments were replicated 
five times per site and arranged in a spatially balanced, random complete block design. Emergence 14 
days post planting and yield were recorded, and data analyzed using a mixed model. Treatment effects 
were separated using Fisher’s LSD. Seed treatments increased emergence (P=0.02) but did not 
significantly increase yield and resulted in a 3-14% yield decrease when compared to the controls in 
Georgetown (P=0.04) and Queenstown (P=0.02). Economic analysis indicated that seed treatments 
reduced net income by $337 hectare-1. This study will be repeated in the future to better understand the 
impacts of seed treatments in disease-free situations. 
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BICYCLOPYRONE- CROP SAFETY AND WEED CONTROL IN MINOR CROPS. L. Smith*, T. 
Trower, T. Beckett, and G. Vail, Syngenta, King Ferry, NY (49) 

ABSTRACT 

Bicyclopyrone is a HPPD-inhibiting (Group 27) herbicide developed by Syngenta and registered for 
broadleaf and grass weed control in field, sweet and popcorn. University and Syngenta studies have 
evaluated the crop safety and weed efficacy of preemergence and postemergence bicyclopyrone 
applications in various minor crops. Preemergence applications of 37.5 to 50 g ai/ha have exhibited good 
to excellent crop tolerance and acceptable broadleaf weed control in many of the crops tested. Syngenta is 
pursuing use labels on timothy grown for seed, watermelon, horseradish and strawberry. Preemergence 
applications for onion grown in muck soils is also under evaluation.  
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PREEMERGENCE GRANULAR FORMULATION EFFICACY COMPARISONS. A.R. Shiffer*, J. 
Neal, and C. Harlow, North Carolina State University, Raleigh, NC (50) 

ABSTRACT 

Early research conducted showed the efficacy of Marengo G was reduced when the formulation was 
changed from the ‘ECO’ granule, a standard clay granule, to the ‘Verge’ granule. Other products have 
also changed their standard formulation from a clay to ‘Verge’ granule. This experiment was conducted to 
deduce if a change in efficacy occurred when this change in formulation was made. Experimental plots of 
four-liter plastic pots were treated with pre-emergence granular herbicides then seeded with common 
nursery weeds. At 4 weeks after treatment, weed seedlings with at least 2 true leaves were counted, and 
approximately every 2 weeks thereafter control was visually evaluated as % control. Evaluations on 
granular pre-emergent efficacy concerning formulation changes from a standard clay granule to ‘Verge’ 
granule yielded results indicating that the new formulation does not lower or substantially change the 
efficacy of the product, except in the case of Marengo G. Marengo G ‘Verge’ consistently 
underperformed against Marengo G ‘ECO’ in controlling common nursery weed species. 
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BENTAZON INJURY TO SEDUM. C. Harlow* and J. Neal, North Carolina State University, Raleigh, 
NC (51) 

ABSTRACT 

Sedum, or stonecrop, is an easy to grow group of succulents which continues to increase in popularity in 
landscape use. Few herbicides are labeled for weed control in sedum production, with no postemergence 
herbicide currently labeled for over-the-top broadleaf weed management. The objective of this study was 
to evaluate the safety of bentazon (Basagran T&O 4L) herbicide applied over-the-top to five species of 
container-grown sedum. The experiment was conducted as a RCBD with 4 replicates. Basagran T&O was 
applied over-the-top of Kamchatka stonecrop, two-row stonecrop, tasteless stonecrop, Jenny’s stonecrop, 
and white stonecrop. Rooted liners of all species were potted into 3-L pots on June 21, 2019 and placed 
on a nursery pad to establish. Herbicides were applied September 3, 2019 with a second application 15 
days later, according to label directions. Basagran at 32-, 64-, or 128 oz/A was applied with a CO2-
pressurized bottle sprayer at 30 GPA using flat-fan nozzles. Nontreated check plants were included for 
comparison. Plant injury was visually evaluated on a 0 to 10 scale where 0 = no visible injury and 10 = 
dead plants. Additionally, fresh weights of plants were measured at the termination of the experiment. 
Severe injury to all Sedum species was observed at all doses, beginning 2 days after the initial herbicide 
treatment. Injury was primarily in the form of leaf necrosis, with some discoloration and stunting of 
plants, as well. Injury was greater at higher doses and became worse after the second application of 
treatments. Mortality was observed in many of the plants. For some species, plants that survived 
eventually began to recover slightly; however, overall injury was severe. Based on these results, Basagran 
T&O should not be used over-the-top on these stonecrop species. 
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GEMINI G HERBICIDE SAFETY TO SEDUM ALBUM AND SEDUM RUPESTRE. J.S. Aulakh*, The 
Connecticut Agricultural Experiment Station, Windsor, CT (52) 

ABSTRACT 

Gemini G (isoxaben 0.25% + prodiamine 0.40%) is a granular herbicide for preemergence control of 
several broadleaf weeds and grasses in container, field grown, and landscape ornamentals. Overhead 
irrigated container trials were conducted in 2018 and 2019 at the Valley Laboratory of the Connecticut 
Agricultural Experiment Station at Windsor, CT. Tolerance of Jenny’s stonecrop (Sedum rupestre) variety 
‘Blue Spruce’ and white sedum (Sedum album) variety ‘Red Ice’ to two sequential applications (6 wk 
apart) of Gemini G herbicide was evaluated. Experiments were conducted in a completely randomized 
design with 12 plants per treatment. Sedum plugs (15 cm) were transplanted into 1-gallon pots on June 
27, 2018 and June 10, 2019. Gemini G was applied over-the-top with a shaker bottle at 0, 200, 400, and 
800 lb/ac on July 4, 2018 and June 17, 2019 and again on August 15, 2018 and July 29, 2019. In 2018, no 
injury was observed at any stage of growth with Gemini rates up to 800 lb/a. However, in 2019, 
significant stunting injury (0-10 scale) occurred in both species following the second application. 
Maximum stunting injury occurred 2 wk after the second application and was rated 3.1 and 2.2 with 800 
lb/a and 400 lb/a, respectively. Based on these results it appears Gemini G rates up to 400 lb/a can safely 
be applied for preemergence weed control in both sedum species if minor stunting injury can be tolerated. 
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GIBBERELLIC ACID 4+7 INFLUENCES SHOOT GROWTH OF SEEDLING HICKORIES. B.M. 
Miller* and N.L. Bassuk, Cornell University, Ithaca, NY (53) 

ABSTRACT 

Some underutilized native trees offer superior ornamental and adaptable features for use in urban 
landscapes, but are rarely available in nurseries due to production bottlenecks. Hickories (Carya Nutt.) 
are one such group of trees that are frequently sought after by horticulturists and urban foresters. Shoot 
development of seedlings of hickories is slow, limiting their success as viable crops using standard 
growing techniques. Because hickories are predominantly propagated by seed, we questioned whether 
plant growth regulators could be effectively used on seedlings to overcome their lag-phase shoot 
development. Treatments of one-year-old seedlings of bitternut hickory (Carya cordiformis (Wangenh.) 
K. Koch), pignut hickory (C. glabra (Mill.) Sweet), pecan (C. illinoinensis (Wangenh.) K. Koch), kingnut 
hickory (C. laciniosa (F. Michx.) Loudon), shagbark hickory (C. ovata (Mill.) K. Koch), and mockernut 
hickory (C. tomentosa (Lam.) Nutt.) began at bud break by applying a solution of 500 ppm gibberellic 
acid 4+7 dissolved in 95% ETOH directly to apical buds or stem tissue at three-day intervals for 27 days. 
After 160 days of growth in a greenhouse, neither treatment affected caliper of any taxon, although 
species differences were observed. Compared to controls, treatment of buds resulted in a 234% and 144% 
increase in shoot height of bitternut hickory and pecan, respectively. These results suggest species 
belonging to subgenus Apocarya may be more responsive to gibberellic acid than those of 
subgenus Carya. This study indicates plant growth regulators could be effective at altering growth of 
some hickories, however, further studies are needed to determine best practices for production. 
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LEGACY EFFECTS OF CROP DIVERSITY ON SOIL-MEDIATED WEED-CROP COMPETITION. 
U.D. Menalled*, M.R. Ryan, A. DiTommaso, and R. Smith, Cornell University, Ithaca, NY (54) 

ABSTRACT 

Researching the interaction between diversity and plant competition can promote ecological weed 
management. Ecological theory postulates that increased plant diversity facilitates the exploitation of 
more ecological niches. Subsequent agronomic research showed that greater cropping diversity reduced 
weed-crop competition. We tested whether weed-crop competition was affected by cropping diversity 
legacy. Four levels of crop diversity were grown in annual and perennial systems from spring 2016 to 
spring 2019 in Aurora, NY and Alburgh, VT. A corn monoculture was seeded at both sites immediately 
after moldboard plowing the diversity treatments in spring 2019. During the ensuing growing season, 
each of the diversity conditioning treatments was partitioned into weed-free, low-weed, high-weed, and 
ambient weed treatments. Sunflower was seeded as a surrogate weed to establish the low and high-weed 
treatments at 34,790 and 69,580 seeds/ha., respectively. Weeds from the soil seedbank grew in the low 
and high-weed treatments as well as an ambient weed treatment. Weed communities in the ambient 
treatment were sampled by species and described with a Bray-Curtis dissimilarity matrix. Subsequent 
visualization of the Bray-Curtis matrix through NMDS and analysis with a PERMANOVA showed that 
weed community structure differed between sites and was affected by the system (annual vs. perennial) 
legacy of the soil. To elucidate weed-crop competition in each of the soil legacies, corn and weed biomass 
was modeled through an inverse rectangular hyperbola. Analysis of the competition curves suggested 
that, at both sites, neither conditioning system nor diversity had legacy effects on weed-crop competition. 
As such, this work infers that crop diversity effects on weed-crop competition may have weak legacies 
that can be reduced by primary tillage events. 
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A CHANGE IN WEED-CROP COMPETITION THROUGH MICROBIALLY MEDIATED 
NITROGEN IMMOBILIZATION. M.A. Gannett*, J. Kao-Kniffin, and A. DiTommaso, Cornell 
University, Ithaca, NY (55) 

ABSTRACT 

There is a need for non-chemical based weed management tools since broad use of herbicides has created 
a strong selection pressure on weed communities and a subsequent increase in herbicide resistant weeds. 
A potential method of weed control is through managing soil nitrogen availability. It is hypothesized that 
soil carbon additions stimulate soil microbial growth, which increase nitrogen immobilization. Many 
weeds that grow well in high nitrogen environments will have reduced growth when more nitrogen is 
immobilized. In two experiments we added carbon amendments to the soil and predicted that it would 
affect weed biomass. Microbial biomass was measured from pots buried in a field, either unamended or 
amended with sawdust and sugar as the carbon source. In carbon amended pots, microbial biomass was 
significantly greater. Additionally, there was more nitrate leached through the soil column into resin bags 
in the unamended pots, providing supporting evidence that more nitrogen was immobilized in carbon 
amended pots. Weed biomass for three of the eight weed species grown in the pots had significantly less 
biomass in carbon amended pots after 11 weeks. These species are known to grow well in high nitrogen 
environments. Similar results were found in a soybean field experiment with three treatments: unamended 
plots, low carbon level sawdust amended plots, and high carbon level straw amended plots. Straw 
amended plots had significantly less aboveground weed biomass. There was no effect of amendment on 
soybean aboveground biomass, which is a nitrogen fixing legume. Together, these experiments support 
the hypothesis that nitrogen immobilization through carbon additions could be developed into an 
alternative weed management tool. 
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MICROBIAL CONTRIBUTIONS TO WEED SUPPRESSION IN CONVENTIONAL AND ORGANIC 
FARM SOILS. J. Kao-Kniffin, A. DiTommaso, and L. CHENG*, CORNELL UNIVERSITY, Ithaca, NY 
(56) 

ABSTRACT 

The recent advances in sequencing technologies could provide insights into the complex interactions 
between weed species and soil microbiota that influence weed growth. Specifically, we collected soil 
samples from common ragweed (Ambrosia artemisiifolia) in 24 locations with different cropping systems 
in New York State, and examined plant-soil feedback effects in a greenhouse experiment. Microbiomes 
from the 24 farm soils were added to replicated pots containing ragweed seedlings. Mature plants were 
removed and the soils were re-planted with new seedlings to simulate a plant-soil feedback cycle. A 
machine-learning algorithm was constructed to create a supervised principal components analysis (PCA) 
of bacterial 16S rRNA gene sequences derived from Pearson correlations linking microbial taxa with 
weed growth. Distinct microbial fingerprints emerged that separated conventional and organic cropping 
systems by weed suppression level. A large proportion of the most highly suppressive microbiomes were 
derived from conventional farms, whereas the microbiomes resulting in positive growth, neutral, or weak 
suppression of ragweed originated largely from organic farms. The sequencing data revealed that levels of 
negative plant-soil feedback were influenced by farm management. Network analysis showed completely 
different bacterial interaction networks between organic and conventional farms. Our results suggest that 
the soil microbiota associated with surviving populations of ragweed inhibits the growth of the successive 
cycle of ragweed plants in conventional farms. Further investigations of these highly suppressive 
microbiomes using laboratory cultivation techniques and activity-based metagenomics could reveal 
specific biological agents and natural products that may be suitable for weed management. 
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ECOTYPIC STRESS RESPONSE DIFFERENCES IN AN INVASIVE GRASS ARE DRIVEN BY 
HOME CLIMATE AND HABITAT. V.T. Lakoba* and J.N. Barney, Virginia Tech, Blacksburg, VA (57) 

ABSTRACT 

Species invasion continues to accelerate across the planet, largely facilitated by increasing global 
interconnectivity. In building a better understanding of invasion and our response to it, we must consider 
humans’ role in shaping invasions through land management. How do climate and land use impact local 
adaptation in invasive species? To address this question, we tested climate and ecotype (agricultural vs. 
non-agricultural habitat) as drivers of rapid divergent evolution in the invader Johnsongrass (Sorghum 
halepense (L.) Pers.). We hypothesized ecotypic differences based on a body of previous work which 
found divergence in plasticity and response to competition, as well as an understanding of agricultural 
populations’ release from the selection pressures of drought and nutrient stress. We subjected five 
agricultural populations and five non-agricultural populations sampled from across the United States to 
nutrient- and/or drought-stress treatments during the early establishment life stage. We found that the 
non-agricultural populations produced more biomass, suffered less drought impact, and showed 
adaptation across a spectrum of soil fertility. Environmental factors at population origins also impacted 
growth response, both individually and in tandem. We present evidence of an emergent non-agricultural 
ecotype which is more vigorous and stress tolerant than its agricultural counterpart. This ecotype’s 
emergence is largely due to successful control of the invader in agricultural systems in the latter twentieth 
century. We foresee further studies into ways that invasion management can contribute to evolutionary 
trajectories. 
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CRITICAL PERIOD OF ITALIAN RYEGRASS CONTROL IN NO-TILL WINTER WHEAT 
SYSTEMS. D.J. Contreras* and W.J. Everman, North Carolina State University, Raleigh, NC (58) 

ABSTRACT 

Winter wheat (Triticum aestivum) is often used in double cropping systems, as it can aid reducing soil 
erosion, weed suppression, and provides growers with an additional source of income. Italian ryegrass 
(Lolium multiflorum) is one of the most troublesome weeds for wheat production throughout Southern 
US. The inability to control this weed can result in reduced yields, reduced quality, or both. Cultural 
practices, such as the Critical Period of Weed Control (CPWC) can help reduce yield losses. The CPWC 
is a period in a crop´s growth cycle during which weeds must be controlled to prevent yield losses. The 
objective of this study was to determine winter wheat’s CPWC for Italian ryegrass that results on or less 
than 5% total yield loss. On this two-year study, plots were kept weedy or weed free throughout two 
weekly intervals (Year 1) and three-week intervals (Year 2) after crop emergence. Two controls 
consisting of weedy and weed free all-season plots were used for a treatment comparison based on a 
regression analysis where time of weed removal was related to crop yield. The CPWC to reduce yield 
losses to 5% or less on Year 1 was found to start around the 7th WAE (6.89, p≤0.05) and end at 19th WAE 
(19.36, p≤0.05). On Year 2, the CPWC started on the 11th WAE (11.00, p≤0.05) and finished at 23rd WAE 
(23.16, p≤0.05). Factors such as earlier planting dates, warmer weather and precipitation changes can give 
way to such variations in timing of the CPWC, but its duration was maintained. 
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UTILIZING MULTISPECTRAL AND HYPERSPECTRAL SENSORS TO DISCRIMINATE 
MULTIPLE WEED SPECIES. M. Granadino*, W.J. Everman, J.T. Sanders, E.A. Jones, and M.A. 
Fajardo, North Carolina State University, RALEIGH, NC (59) 

ABSTRACT 

For unmanned aerial vehicle (UAV) remote sensing to be employed as a viable and widespread tool for 
weed management, the accurate detection of distinct weed species must be possible using analytical 
procedures on the resultant imagery. In 2019, two field studies were performed to identify any weed 
height thresholds on the accurate species detection and species by height classification of three common 
broadleaf weed species in Rocky Mount, North Carolina: Palmer amaranth (Amaranthus palmeri), 
common ragweed (Ambrosia artemisiifolia) and sicklepod (Senna obtusifolia). Pots of the three species at 
heights of 2, 6 and 12 cm were randomly arranged in a grid and 5-band multispectral imagery was 
collected at 15 m above the ground. Image analysis was used to identify the spectral reflectance behavior 
of the weed species and height combinations and to evaluate the accuracy of species based supervised 
classifications. Supervised classification was able to discriminate between the three weed species with 
between 20-100% accuracy depending on height and species. Palmer amaranth classification accuracy 
was improved at larger weed heights and detection accuracy for the species was at least 68%. Increased 
height of sicklepod and common ragweed plants did not reliably confer improved accuracy, but the 
species were correctly identified with at least 68% and 40% accuracy, respectively. Spectral separation 
was found to be dependent on the species, band, and height being observed. Reflectance of the species in 
bands 1, 2, 4, and 5 increased with height while band 3 reflectance declined as weed height increased. 
Finally, spectral separation was found to exist between the species, demonstrating the potential for using 
spectral reflectance measurements to discriminate between them. 
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ASSESSING GLUFOSINATE USE AND EVALUATING FARMER USE EFFICACY IN NORTH 
CAROLINA SOYBEANS. E.A. Jones*, W.J. Everman, R.G. Leon, and C. Cahoon, North Carolina State 
University, Raleigh, NC (60) 

ABSTRACT 

Glufosinate resistance has yet to evolve in any broadleaf weed globally. However, since many broadleaf 
weeds, such as Amaranthus palmeri (Palmer amaranth) exhibit multiple herbicide resistance, glufosinate 
may be applied more extensively to control herbicide-resistant weeds in crop fields. If this is indeed what 
farmers will do for weed control, the evolution of glufosinate resistance is inevitable. Determination of 
how farmers use glufosinate was assessed by administering a survey at the row crop extension meetings 
in the winter of 2019. The results of the survey indicated that farmers are using glufosinate for resistance 
management (48%), while some farmers were solely relying on glufosinate for weed control (17%). The 
surveyed farmers also responded that glufosinate was primarily applied at EPOST (25%), while POST 
(10%) and EPOST+POST (15%) was applied frequently as well. 

The descriptive statistics were used to construct an experiment to determine the control and fecundity of 
glufosinate-treated Palmer amaranth in soybeans. The herbicide programs included applications of 
glufosinate at the following timings: EPOST, POST, LPOST; EPOST followed by (fb) POST; EPOST fb 
LPOST; POST fb LPOST; EPOST fb POST fb LPOST; nontreated. EPOST (98%) was the most 
efficacious single application followed by POST (73%) then LPOST (53%). Herbicide programs with two 
or three glufosinate applications controlled at least 90% of weeds. 

Palmer amaranth plants survived and remained fecund after glufosinate applications of POST, LPOST, 
EPOST fb LPOST, and POST fb LPOST. The nontreated Palmer amaranth plants produced 2000 seeds 
per plants. Plants surviving the POST and LPOST glufosinate applications produced the same amount of 
seeds as the nontreated plants. Plants surviving the EPOST fb LPOST and POST fb LPOST programs 
produced seeds per 700 and 173 seeds per plant, respectively. 

Overall, weed control was the most efficacious at EPOST and no seeds were produced. Visual evaluations 
of weed control was high with the sequential applications of glufosinate, but some plants that were not 
controlled produced seeds. Farmers should remain applying glufosinate at an EPOST timing. However, 
the results of the experiment provide clear evidence that weeds can survive while remaining fecund with 
some application timings of glufosinate. Thus, farmers must realize that the evolution of glufosinate 
resistance will be accelerated if applications are untimely and no other control tactics are utilized. 
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ANNUAL BLUEGRASS WEEVIL (LISTRONOTUS MACULICOLLIS), OVERSEEDING, AND 
PACLOBUTRAZOL FOR ANNUAL BLUEGRASS (POA ANNUA) CONTROL IN GOLF 
FAIRWAYS. K.H. Diehl*, M.T. Elmore, J.A. Murphy, A.M. Koppenhöfer, and O.S. Kostromytska, 
Rutgers University, New Brunswick, NJ (61) 

ABSTRACT 

Annual bluegrass (Poa annua L.) is one of the most problematic weeds of cool-season turfgrass. The 
annual bluegrass weevil (Listronotus maculicollis; ABW) is a turfgrass pest that showcases ovipositional 
preference for annual bluegrass over creeping bentgrass (Agrostis stolonifera L.). Turfgrass managers 
typically use insecticides to control ABW preventatively and avoid turfgrass damage. We hypothesized 
that withholding ABW insecticides until a damage threshold was met would reduce annual bluegrass 
cover in creeping bentgrass fairways. The effect of ABW damage was tested alone and in combination 
with monthly applications of paclobutrazol and creeping bentgrass overseeding. Research was conducted 
from 2017 to 2018 on a simulated creeping bentgrass fairway infested with annual bluegrass at the 
Rutgers Horticulture Farm No. 2 in North Brunswick, NJ. Three insecticide programs were evaluated in 
combination with paclobutrazol and overseeding in a 3 x 2 x 2 complete factorial. Treatments were 
replicated four times and arranged in a split-split plot design with overseeding as a whole plot factor, 
insecticide program as the sub-plot factor, and paclobutrazol as the sub-sub plot factor. Paclobutrazol 
(280 g ha-1) was applied monthly from May through October. The first insecticide program (preventative) 
was an industry standard designed to control early ABW larval stages and prevent turfgrass injury. In the 
second program (threshold), no insecticides were applied until visual ratings determined that ABW 
damage resulted in unacceptable turfgrass quality. Once this damage threshold was met, an insecticide 
was applied to prevent future turfgrass injury. No insecticides were applied to the third program (no-
insecticide) for ABW control. Whole plots were overseeded with ‘007’ creeping bentgrass (49 kg ha-1) on 
12 June 2017 and 2018, approximately one week after the damage threshold was met. To evaluate the 
efficacy of the insecticide programs, cores (6 cm in diameter) were taken from each plot and larvae were 
extracted in salt solution. Extracted larvae were counted and used to determine the average larval density 
per plot. Turfgrass quality, annual bluegrass quality and creeping bentgrass quality were evaluated 
monthly on a 1 (poor) to 9 (excellent) scale where 6 is considered acceptable. Lightbox photos were taken 
monthly and subjected to digital analysis (Turf Analyzer software). Percent annual bluegrass cover was 
evaluated visually each month and grid intersect counts were taken in November. Data were subjected to 
ANOVA in SAS (v9.4) as a split-split plot design using the MIXED procedure (α=0.05) and Fisher’s 
Protected LSD (α=0.05) was used to separate means.  

The main effect of paclobutrazol was significant for annual bluegrass cover from May 2017 through April 
2019. The main effect of insecticide program was significant in July 2017 and from September 2018 until 
the experiment was concluded in April 2019. Interactions between main effects were observed in July and 
August in 2018, and on the final rating sat in April 2019. At the conclusion of this two-year experiment in 
April 2019, paclobutrazol treated plots had 0% annual bluegrass cover. In the absence of paclobutrazol, 
annual bluegrass cover was lower in the no-insecticide program (23%), than the threshold and 
preventative programs (37-44%) at the conclusion of the experiment. Overseeding did not affect annual 
bluegrass cover either year.  
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THE IMPORTANCE OF DAY LENGTH IN MODELING RAPHANUS 
RAPHANISTRUM PHENOLOGY. T.A. Reinhardt Piskackova*, S. Reberg Horton, R.J. Richardson, 
K.M. Jennings, and R.G. Leon, North Carolina State University, Raleigh, NC (62) 

ABSTRACT 

Raphanus raphanistrum is a common weed of winter crops around the world; however, growth through 
the winter months can present difficulties for predictive modeling. In this study, three cohorts of R. 
raphanistrum were tracked to create predictive phenology models. When accounting for day of 
emergence, all three cohorts were able to be modeled together. Different environmental parameters were 
important to incorporate for certain phenological stages. Thermal time might be adequate to predict the 
vegetative stages of R. raphanistrum, but day length was important to predict reproductive stages. This 
information is important to understand R. raphanistrum biology and to time diverse management tactics 
for multiple cohorts that may emerge within winter crops.   
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COMPARING THE ROLE OF SOIL WATER POTENTIAL AND HYDRAULIC CONDUCTIVITY 
ON WEED SEED GERMINATION. M.E. Camacho*, T.W. Gannon, A. Amoozegar, J.L. Heitman, and 
R.G. Leon, NCSU, Raleigh, NC (63) 

ABSTRACT 

Seed germination is probably the one of the most important processes in weed biology and ecology, due it 
determines the timing, the number of individuals and the level of weed competition with crops. Several 
approaches have been performed for modelling this process aiming to understand the dynamics of seeds 
under different environmental factors, and provide useful information for proper management. Seed 
hydrothermal time approach is considered effective while describe the seed physiologic response to 
changes environmental conditions, including temperature and water potential. However, methods for this 
approach are performed in laboratory conditions, using polyethylene glycol (PEG) as germination media 
due its versatility to set different water potential values. 

Present work was carried out to compare seed germination of four plant species in PEG and four soils 
with contrasting textures under six water potentials, aiming to evaluate the performance of this polymer 
representing the edaphic conditions for further field management. 

As a result, we obtained that total seed germination showed a trend to decrease with a drop in the water 
potential, with differences between soil and PEG under the same water potential values. Seeds of Triticum 
aestivum presented values higher than 93% irrespective of water potential, while germination rapidly 
decreased as the water potential became more negative in the four soils. Due this inconsistency associated 
with soil water potential and total germination, the role soil hydraulic conductivity (Kh) was evaluated, 
and presented a better performance in explaining the germination trends. In general, total germination 
reached the maximum values within the highest Kh. As the hydraulic conductivity decreases (mainly due 
soil K decreases as soil water potential decreases) until achieve a critical value, the germination decreased 
sharply. As well, we found the rate to reach maximum germination (GRmax) was sensitive to changes 
in Kh, getting unique responses depending on the seed species and the soil texture. 

Our finding suggest that PEG does not represent faithfully most of soil conditions while evaluating under 
the same water potential values, probably due the difference soil and PEG in seed media contact area and 
the components of soil total water potential. Soil hydraulic conductivity became as a useful variable to 
predict changes in both seed total germination and germination rate. Special attention should be pay to 
results obtained using PEG as germination media before further use in field practices and research. 
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EVALUATING HERBICIDES FOR POSTEMERGENCE CONTROL OF COMMON WEEDS IN 
CONTAINER NURSERY CROPS. H. Lin*, J. Neal, and C. Harlow, North Carolina State University, 
Raleigh, NC (64) 

ABSTRACT 

Studies were conducted in winter 2018 and summer 2019 in North Carolina to evaluate herbicides for 
postemergence control of common annual weeds in container nursery production. Plastic pots were filled 
with hammer-milled pine bark substrate amended with 8 lb/yd3 lime and 10 lb/yd3 of Harrell’s 18-4-8 
slow-release fertilizer. The winter study was conducted at NCSU’s Horticulture Field Lab (HFL), 
Raleigh, NC. Summer studies were conducted at HFL and NCSU’s Horticultural Crops Research Station 
in Castle Hayne (CH), NC. Weed species for the winter study were common groundsel (Senecio 
vulgaris), common chickweed (Stellaria media), flexuous bittercress (Cardamine flexuosa), and yellow 
woodsorrel (Oxalis stricta). For the summer studies, chamberbitter (Phyllanthus urinaria), eclipta 
(Eclipta prostrata), livid amaranth (Amaranthus lividus), rice flatsedge (Cyperus iria), spotted spurge 
(Euphorbia maculata), and yellow woodsorrel (Oxalis stricta) were included. All weeds were surface 
seeded twice, two weeks apart, to evaluate the effects of growth stage on herbicide efficacy. Treatments 
included diquat at 0.56 kg ai/ha, flumioxazin at 0.42 kg ai/ha, flumioxazin + pyroxasulfone at 0.532 kg 
ai/ha, halosulfuron-methyl at 0.0526 kg ai/ha, indaziflam at 0.049 or 0.0653 kg ai/ha, isoxaben at 1.12 kg 
ai/ha, sodium salt of bentazon at 0.84 or 1.12 kg ai/ha (only 1.12 kg ai/ha was included in the summer), 
sulfentrazone at 0.28 or 0.56 kg ai/ha (only 0.28 kg ai/ha was included in the summer), and a nontreated 
control. Additionally, cloransulam-methyl at 0.0177 kg ai/ha, glufosinate at 1.12 kg ai/ha, oxyfluorfen at 
0.56 kg ai/ha, saflufenacil at 0.025 kg ai/ha, and topramezone at 0.196 kg ai/ha were included in the 
summer studies. Percent weed control was visually evaluated weekly for 4 and 6 weeks after application 
for summer and winter studies, respectively, on a 0 to10 scale where 0 = no control (no difference from 
the nontreated plants) and 10 = complete (100%) control.  Fresh weights were measured at 4 or 7 weeks 
after treatments for summer and winter studies, respectively. In the winter study, diquat, flumioxazin, and 
flumioxazin + pyroxasulfone provided ≥ 80% control of common groundsel, common chickweed, 
flexuous bittercress, and oxalis for both growth stages. In summer studies, flumioxazin provided ≥ 80% 
control of chamberbitter, eclipta, livid amaranth, rice flatsedge, and yellow woodsorrel. Glufosinate 
provided ≥ 80% control of chamberbitter, eclipta, and spotted spurge. 
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EVALUATING CROP RESPONSE OF VARIOUS VEGETABLE SPECIES TO SIMULATED 
DICAMBA DRIFT. M. Wasacz*, M.J. VanGessel, D.J. Mayonado, and T.E. Besancon, Rutgers 
University, New Brunswick, NJ (65) 

ABSTRACT 

The spread of herbicide resistant Palmer amaranth (Amaranthus palmeri S. Watson) and horseweed 
(Erigeron canadensis L.) has recently contributed to increase the acreage of dicamba-tolerant soybean in 
the mid-Atlantic region. Dicamba is a synthetic auxin herbicide that is prone to volatilization and drift, 
which may put neighboring dicamba-sensitive crops at risk. Our research seeks to determine the relative 
sensitivity of some vegetable crops species frequently grown in the mid-Atlantic region to sublethal rates 
of dicamba in comparison to sensitive soybean. Vegetable crops in this experiment included tomato 
(Solanum lycopersicum), bell pepper (Capsicum annuum), eggplant (Solanum melongena), sweet basil 
(Ocimum basilicum), summer squash (Cucurbita pepo), watermelon (Citrullus lanatus), cucumber 
(Cucumis sativus), pumpkin (Cucurbita pepo), garden bean (Phaseolus vulgaris), lima bean (Phaseolus 
lunatus), and kale (Brassica oleracea). In order to simulate exposure to dicamba drift, all species were 
sprayed with following fractions of the dicamba recommended label rate (560 g a.e. ha-1): 1/250, 1/500, 
1/1000, 1/2000, 1/5000, 1/10000, and an untreated control. Height, number of leaves, and visual injury 
ratings, including chlorosis, necrosis, stunting, epinasty, and leaf deformation, were taken 1, 2 ,3 and 4 
weeks after treatment (WAT). Our preliminary results suggest that tomato, eggplant, lima bean, and 
garden bean were the most sensitive to dicamba with at least 20% leaf cupping 3 WAT at rates above 
1/1000 of the labeled rate, and still significant injury at 1/2000 or 1/5000 of the labeled rate. Lack of 
tolerance to dicamba of these crops was similar to what has been observed with sensitive soybean. Bell 
pepper, cucumber, and watermelon were slightly more tolerant with over 20% leaf cupping at 1/250 of the 
labeled rate, but minimal to no injury at lower rates. Basil, kale, and summer squash were the least 
sensitive crop with less than 10% leaf cupping 3 WAT when exposed to the highest dicamba rate (1/250), 
and virtually no injury at rates equal or less than 1/5000 of the recommended rate. Future studies will seek 
to more accurately quantify the degree of leaf cupping in response to dicamba sublethal rates, as well as 
examine the translation of leaf injury into potential yield reduction. 
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EFFECTS OF DIFFERENT PLANTING DATES AND SUB-LETHAL RATES OF DICAMBA ON 
SOYBEAN. M.A. Fajardo* and W.J. Everman, North Carolina State University, Raleigh, NC (66) 

ABSTRACT 

Production of soybean (Glycine max) in USA is one of the main agricultural interest, being the country 
leader in production and falling to second place in terms of exporting this grain. The use of soybeans can 
mainly be separated into the largest source for animal protein feed and processing for vegetable oil, being 
soybeans the second source for this and in the country representing the 90 percent of oilseed production. 
The use of new and better technologies has changed the rules of planting dates and the correlation it has 
in terms of the crop yield by the end of the season. Different varieties and maturity groups planted early 
may become an improved technique farmers may use as advantage with better results this past years. 
Being a root or foliage absorbed systemic herbicide Dicamba may be a potential injury factor in soybeans, 
affecting the growing points of the plant and reducing by this the plant full capacity of developing, 
affecting yield according to the rate of exposure. The research had for objective to assess the effect in 
terms of injury and yield in two different maturity groups, each with two different soybean varieties, 
when exposed at vegetative (V4) or reproductive stages (R2) and with two different planting dates (May 
or June). The location of the research was the Upper Coastal Plain Research Station at Rocky Mount, NC. 
Rates of Dicamba applied were 0.0, 1.08, 4.35, and 17.40 g ae ha-1 to soybeans. Evaluations to the 
treatments were conducted at 14, 21, 28, 35 and 42 days after treatment (DAT). Results provide evidence 
that early or late planting dates do not have significant effects on different evaluation timings in terms of 
injury in soybeans. 
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INTERCROPPING PERENNIAL GRAINS AND PEAS: CHALLENGES AND OPPORTUNITIES. E.P. 
Law*, C.J. Pelzer, S. Wayman, M.R. Ryan, and A. DiTommaso, Cornell University, Ithaca, NY (67) 

ABSTRACT 

Diversified cropping systems that include polycultures of perennial and annual crops and provide 
enhanced ecosystem services in addition to producing food, forage, fiber, and fuel have the potential to 
greatly contribute to solutions to the intractable problem of feeding a growing human population without 
further degrading the natural capital that drives agriculture. Here we report on a two-year field experiment 
investigating the viability of intercropping two perennial small grain crops with food-grade field pea 
(Pisum sativum), an annual legume. The two perennial grains, ‘Kernza®’ intermediate wheatgrass 
(Thinopyrum intermedium; IWG) and ‘ACE-1’ perennial cereal rye (Secale cereale x S. strictum; PR) are 
currently being developed for dual-use grain and forage production in New York. The experiment was 
planted September 2017 using a spatially balanced complete block design with IWG, PR, and field pea 
monocultures, and IWG/pea and PR/pea polycultures as main plot treatments. A winter-killed nurse crop 
of oats (Avena fatua) was also applied as a split-plot treatment to explore its potential for weed 
suppression during perennial grain establishment. Crop and weed biomass were sampled from two 0.5 
m2 quadrats in each split-plot in 2018 and 2019. Pea growth was severely inhibited in polyculture with 
either perennial grain, and land equivalent ratios and harvest incompatibility indicate that intercropping 
these species is likely not a viable strategy. PR grain yields averaged between 2300 and 3000 kg/ha in 
2018, with higher yields produced in monoculture, but dropped to 200 to 400 kg/ha in 2019 likely due to 
high weed pressure after the first harvest. IWG grain yields were consistently between 300 and 500 kg/ha 
in both years. The two perennial crops exhibited opposite trends in total biomass production, with PR 
biomass declining from averages of 7000 and 9600 kg/ha in 2018 to 1700 and 2900 kg/ha in 2019 in 
polyculture and monoculture, respectively, while IWG biomass increased from 3000 and 3700 kg/ha in 
2018 to 6600 and 7400 kg/ha in 2019. The nurse crop treatment had no impact on any variables measured 
in PR plots, but was surprisingly associated with reduced weed biomass in IWG/pea polyculture plots in 
2019. These results provide important insights into the life histories of these two crops that have 
implications for both production management and further breeding and agronomic development efforts. 
We suggest that research efforts in PR focus on improving persistence, competitive ability, and post-
harvest weed management, while research in IWG might focus on weed management during 
establishment and efforts to increase yield through further breeding and improvements in agronomic 
factors such as fertilization and seeding rate. 
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CANOPY RESPONSES TO HOMOGENEOUS AND HETEROGENEOUS PLANTING 
ARRANGEMENTS IN CORN. S.A. Ramsey*, W.J. Everman, D.L. Jordan, A.M. Locke, and R.G. Leon, 
North Carolina State University, Raleigh, NC (68) 

ABSTRACT 

There is a need for cultural and mechanical practices in row crop agriculture to control herbicide-resistant 
(HR) weed populations. An important limitation for developing effective integrated weed management, 
especially with the HR populations, is the lack of strategies to prevent or at least reduce the production of 
new seed by weeds surviving herbicide application or cultivation. The objective of this study is to identify 
planting arrangements in corn that increase weed suppression and protect crop yield under weedy 
conditions and increase relative crop yield under weed free conditions. Through the use of the solar 
corridor concept, we have created four different planting arrangements in order to maximize light 
interception to lower layers within the crop canopy and increase crop yield. We have found that in a 
uniform, high density planting of corn, there is a negative effect on both plant growth and quality of ears. 
A uniform, single density planting arrangement had the highest amount of dry weight accumulation at the 
end of the season. A patterned planting arrangement had greater leaf area index than a single planting 
density arrangement in the beginning of the season. These results show that corn has been intensively 
bred in order to avoid etiolation and to reduce the plant’s plasticity at varying densities. In the future, 
using crops with more plasticity could increase the significance of the planting arrangements. 
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USING OXYGEN AND HYDROGEN ISOTOPES OF WATER TO DETERMINE THE 
CONTRIBUTION OF PHOSPHORUS FROM SUBSURFACE PATHWAYS IN A DITCH-DRAINED 
FIELD. L. Mosesso*, A. Shober, A. Collick, A. Buda, and C. Kennedy, University of Delaware, Newark, 
DE (69) 

ABSTRACT 

Phosphorus (P) loss by shallow subsurface flowpaths is a major concern in low-lying agricultural 
watersheds with artificial drainage and elevated legacy soil P. While lateral subsurface flow is 
hypothesized as the main pathway of P loss from ditch-drained agricultural fields, the flow components of 
subsurface drainage remain poorly understood.  In this study, we evaluated the relative contributions of 
macropore and matrix flow to subsurface P leaching into an agricultural drainage ditch on the Delmarva 
Peninsula. We collected water samples from piezometers, suction lysimeters, bulk soil and the ditch 
during baseflow and stormflow, as well as precipitation, for water isotope analysis on a cavity-ring down 
spectrometer and nutrient analysis on an ICP-MS. We separated the ditch storm hydrographs of multiple 
storm events into “event” water (assumed to be similar to precipitation) and “pre-event” water (assumed 
to be similar to soil and groundwater) by inputting isotopes delta values and other geochemical tracers 
concentrations into a two-component mixed model. For smaller magnitude storm events, dissolved P (DP) 
concentrations in the ditch peaked before peak discharge, suggesting that exported DP is stored in soil 
water in close proximity to the drainage ditch. For larger magnitude events, a dilution effect of exported 
DP concentration occurs, making it diffucilt to discern pathways of DP loss. We also calculated monthly 
DP fluxes during the study period (29 July 2017 to 08 September 2018) using USGS’s R package 
loadflex and the composite-method-based model, loadComp (Appling et al., 2015). Largest DP fluxes 
were during months with storms of large magnitude, generally in the summer months. Results from this 
study are intended help modify regional P Indices by improving conceptual representations of subsurface 
P loss in artificially drained agroecosystems. 
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NON-CHEMICAL WEED CONTROL IN AMENITY GRASSLANDS VIA FRAISE MOWING. C.R. 
Sitko* and F.S. Rossi, Cornell University, Ithaca, NY (70) 

ABSTRACT 

Responding to public pressure to reduce synthetic chemical use and combating the rise of herbicide 
resistance in amenity grasslands are challenging due to the lack of alternative options. Additionally, the 
changing climate is less conducive to traditional grassland species success. The ability to rapidly renovate 
grassland surfaces could provide solutions to both challenges by reducing weed seed pressure and 
establishing genetically improved, well adapted varieties. Fraise mowing is an aggressive cultivation 
practice designed to harvest verdure, organic matter, and soil to a depth of 5 cm while allowing turfgrass 
to reestablish from unharvested rhizomes or provide an advantageous seedbed for establishing via seed or 
sod. Given the weed seed bank accumulates near the soil surface in no-till systems, we hypothesized 
fraise mowing could be an effective means of weed seed bank harvest and long-term, non-chemical weed 
control. Field experiments were conducted from 2017 – 2019 at the Vineyard Golf Club (Edgartown, 
MA) in naturalized fine fescue rough heavily infested with smooth crabgrass (Digitaria ischaemum). 
Three weed seed bank harvest depths and two grassland establishment rates across five timings were 
evaluated for preventing weed re-infestation. Prior to fraise mowing, soil cores were collected from the 
study area and subjected to seedbank analysis. Similarly, seedbank analysis of harvested fraise mow 
debris was completed to determine efficacy of weed seed harvest. Despite a reduction in the smooth 
crabgrass weed seed bank and a significant effect of timing and harvest depth on re-infestation, smooth 
crabgrass surpassed thresholds (<15%) by the end of the first full growing season, indicating the need for 
additional follow-up treatments for commercially acceptable control. 
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INFLUENCE OF MOWING HEIGHT AND NITROGEN RATE ON CREEPING BENTGRASS 
ESTABLISHMENT IN FINE FESCUE PUTTING GREENS. T.R. Russell*, The Pennsylvania State 
University, University Park, PA (71) 

ABSTRACT 

Fine fescue is an increasingly popular species for putting greens in suitable climatic regions due to 
relatively low inputs, especially in areas where pesticide/fertilizer use may be restricted. However, 
increased mowing heights reduce ball roll distance and low wear tolerance limits turf recovery. 
Incorporation of creeping bentgrass into existing fine fescue putting greens could allow for reduced 
mowing heights and improved wear tolerance. The objective of this study was to determine optimal 
mowing height and fertility regime for interseeding creeping bentgrass into established fine fescue putting 
green with minimal surface disruption. A fine fescue putting green was overseeded with ‘Penn A-1/A-4’ 
in August 2018. Mowing height (MH) treatments of 2, 3, 4, and 5 mm were applied 6 d wk-1 and fertility 
treatments of 0, 6.1, and 12.2 kg N-P-K ha-1 monthly from August-October and May-July of the following 
year. Turf quality, color, and ball roll distance were evaluated every 2 weeks and creeping bentgrass 
percentage evaluated at the end of the trial. Treatment combinations of 2 mm MH + 12 kg N-P-K ha-1 mo-

1 and 3 mm MH + 12 kg N-P-K ha-1 mo-1 were the only treatments to maintain acceptable turf quality 
(rating > 6) and ball roll distance (> 1.32 m). Additionally, percent creeping bentgrass at the conclusion of 
the first trial year was 8.7 and 8.3% of plot area for 2 mm MH + 12 kg N ha-1 mo-1 and 3 mm MH + 12 kg 
N ha-1 mo-1, respectively. These results indicate that creeping bentgrass can potentially be slowly 
integrated into an established fine fescue putting green and acceptable turfgrass quality and playability 
maintained. 
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STACKED WEED MANAGEMENT STRATEGIES ARE EFFECTIVE AND CAN INCREASE SOIL 
QUALITY DURING ESTABLISHMENT YEARS OF AN ORGANIC, HIGH-DENSITY APPLE 
ORCHARD IN NEW YORK. K. Brown*, D. Zakalik, M. Brown, and G. Peck, Cornell University, 
Ithaca, NY (72) 

ABSTRACT 

Adoption of certified organic apple production in the northeastern United States is constrained in part by 
frequent summer precipitation that fosters weed germination and growth, including many persistent 
perennial weeds. Organic growers in this region have few options for effective weed management and 
often cite weeds as the most constraining management barrier to high density production. While previous 
research studies have shown mulch can be an effective weed control practice, organic growers currently 
favor mowing with occasional hand weeding. Developing an integrated approach to organic weed 
management could lead to increased adoption of organic production by reducing pesticide inputs, as well 
as labor and equipment costs. In 2015, a NOFA-NY certified organically managed experimental orchard 
with ‘Honeycrisp’/‘Budagovsky.9’ trees trained as a tall spindle was established at Cornell Orchards in 
Ithaca, New York. In 2016, a no-intervention control, cultivation, and surface-applied wood chip mulch 
were implemented as main treatments. Sub-treatments of mowing and two organically approved 
herbicides were then overlaid to complete a randomized, split-plot design with four complete blocks. As 
part of this long-term, systems-level experiment, weed cover and biomass, weed species biodiversity, soil 
properties, foliar nutrition, and tree growth are measured annually. In 2017, plots with only wood chip 
mulch had 29% and 38% less weed biomass compared to stand-alone cultivation and control plots, 
respectively. Across all treatments, weed biomass increased each growing season and, in 2019, weed 
biomass was not different among the stand-alone main treatment plots. Among the sub-treatments, weed 
biomass has always been higher in the control plots compared to herbicide and mowing, which were 
never different from one another. Improvements to soil health have been constant in the mulched plots, 
which currently have 27% more soil organic matter than cultivation and control plots. Mulched plots also 
have the highest values for active soil carbon, aggregate stability, soil respiration, and ace soil protein 
index. Early benefits for weed management and soil health under wood chip mulch have failed to enhance 
tree growth; cultivated trees have grown 43% more than control trees and 46% more than mulched trees 
since spring of 2016. While our study found that integrating mulch into organic apple orchards can reduce 
early weed competition and improve soil health, these benefits came at the cost of tree growth – possibly 
due to water saturated soils or nitrogen immobilization under the mulch. Understanding the best 
management practices for weed control in establishing organic orchards will require observations over a 
number of years under different soil types and varying weather patterns. 
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INVESTIGATION OF NUT QUALITY IN INTERSPECIFIC HYBRID HAZELNUTS. D.J. Hlubik*, A. 
DAngelo, J.M. Capik, and T. Molnar, Rutgers University, New Brunswick, NJ (73) 

ABSTRACT 

Interspecific hybrid hazelnuts (Corylus avellana x C. americana) hold potential as cold hardy pollenizers 
for European hazelnut (C. avellana) trees grown in the northeastern US as well as main production trees 
in the Midwest and Upper Midwest. Select hybrids can combine favorable nut characteristics from C. 
avellana with cold tolerance and eastern filbert blight (EFB) resistance from C. americana. Pure C. 
avellana cultivars are currently desired for commercial production due to their improved kernel traits, free 
falling nuts that facilitate harvest, and high yields; however, their adaptive range is limited to the 
moderated climates of the Mid-Atlantic region and the Pacific Northwestern US.  Hybrid hazelnuts can 
tolerate colder temperatures, making them much better suited to production in the Midwest and Upper 
Midwest, where temperatures are too low to effectively grow most pure C. avellana. However, currently 
available hybrid hazelnuts generally have tiny kernels (less than 0.7 grams) with thick shells (less than 
40% kernel) that do not blanch well after roasting (poor pellicle removal), which limits their end value 
compared to nuts from European cultivars.  Efforts have been underway since 2008 to develop diverse 
new populations of improved, widely adapted hybrid hazelnuts, led by the formation of the Hybrid 
Hazelnut Consortium, a joint breeding and research effort between Rutgers University, Oregon State 
University, The University of Nebraska, and the Arbor Day Foundation.  In this collaborative project, a 
population of approximately 2000 F1 and advanced generation hybrid hazelnut trees derived from crosses 
with over 30 diverse C. americana accessions was planted in Cream Ridge, NJ, in 2012, and exposed to 
high disease pressure for multiple years. By 2017, significant variation was observed in regard to disease 
response. Fortunately, many EFB resistant individuals were identified and subjected to further study. Nuts 
from 162 select, EFB-resistant trees were harvested and evaluated in 2018 and 2019 to identify those with 
improved, commercial quality traits such as large kernel size, high kernel percentage, pellicle removal, 
and roundness. Out of the 100 top selections from this population, 18 produced nuts with round kernels 
averaging over 1.0 gram in both seasons, which is up to the standard for processing quality. In addition, 
19 of the selections fell into the 45% to 50% kernel range, another important aspect for commercial 
production and processing. Pellicle removal was also evident in these selections, with 12 having greater 
than 50% removal in both years. Many of these hybrids also have a vigorous growth habit and high catkin 
yields, which suggest usefulness as both production cultivars and possible cold hardy pollenizers. 88 of 
these top selections were clonally propagated in 2019 to be placed into replicated yield trials at Rutgers 
and the University of Nebraska for further evaluation. These trials will give insight into which selections 
are able to yield well under both colder and more mild winters, and therefore which ones may be suited 
for cultivation in each region. 
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WHAT’S NEW? S.A. Mathew*, P. Berry, D. Black, D. Bowers, and J. Weems, Syngenta, Gaithersburg, 
MD (74) 

ABSTRACT 

Tavium® Plus VaporGrip® Technology herbicide is a premix of S-metolachlor and dicamba together 
with VaporGrip® Technology. This combination product received EPA registration in 2019 and provides 
consistent control of emerged broadleaf weeds and excellent pre-emergence control of grasses and small 
seeded broadleaves like Palmer amaranth in Roundup Ready 2 Xtend® Soybeans or Bollgard II® 
XtendFlex® Cotton.  

Coming soon is Acuron® GT is a premix of S-metolachlor, mesotrione, bicylclopyrone, and glyphosate 
for postemergence use in glyphosate tolerant corn. Upon registration, Acuron GT will provide improved 
postemergence and residual control of broadleaf weeds while maintaining the high level of crop safety 
experienced with Syngenta’s Halex GT® herbicide. 

Gramoxone® SL 3.0 is a new formulation of paraquat containing 3.0 lbs. of paraquat active ingredient 
per gallon. This formulation provides improved cold tolerance over Gramoxone SL 2.0 and containers 
less than 120 gallons will be sold in SecuraLink™ closed-system packaging for improved handling 
stewardship. Gramoxone SL 3.0 will be available for use in all burndown, post-directed, and harvest aid 
applications currently available in Syngenta’s paraquat formulation Gramoxone SL 2.0. 

To provide greater residual control and flexibility in soybean weed management programs, Syngenta has 
submitted changes to the Dual Magnum® and Dual II Magnum® labels to allow for increases in the 
maximum seasonal use rates of S-metolachlor in soybeans. Upon EPA approval, these changes will also 
increase the maximum post-emergence single application use rate and reduce the pre-harvest interval 
from 90 days to 75 days after application. Syngenta’s other S-metolachlor containing products used in 
soybean will also align with these changes. 

Acuron® GT is not yet registered for sale or use in the United States and is not being offered for sale. 
Tavium Plus VaporGrip Technology is a Restricted Use Pesticide.  
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INTRODUCTION AND OVERVIEW OF MON 301107: A NEW GLYPHOSATE FORMULATION. 
D.J. Mayonado*, R.A. Recker, C.M. Mayo, R.F. Montgomery, and G.G. Camargo, Bayer, Hebron, MD 
(75) 

ABSTRACT 

MON 301107 is a new glyphosate formulation. Field trials conducted in 2017 and 2018 in 54 locations 
evaluated MON 301107 for postemergence weed control compared to commercial standards. The 
experimental design was a split-plot arrangement with 3-4 replications. Whole-plots consisted of different 
glyphosate rates and the sub-plots were various glyphosate formulations. Results from 2017-18 trials, 14 
days after treatment, indicated MON 301107 at 1120 g a.e. ha-1 provided broadleaf control and grass 
control that was not statistically different than commercial standards at 1120 g a.e. ha-1. Additional field 
trials conducted in 2019 evaluated crop safety of MON 301107 compared to Roundup 
PowerMAX® herbicide when used postemergence on multiple crops. The experimental design was a split-
plot arrangement with 3-4 replications. Whole-plots consisted of different herbicide treatments and the 
sub-plots had either MON 301107 or Roundup PowerMAX as the glyphosate formulation utilized in the 
herbicide treatment.  Glyphosate formulation was not a significant treatment factor for any of the percent 
injury evaluations for field corn hybrids with Roundup Ready® 2 Technology, Soybean with Roundup 
Ready 2 Yield® Technology, Roundup Ready® Alfalfa, or Roundup Ready® Sugarbeet. These results 
demonstrate MON 301107 can provide non-selective foliar control of both grass and broadleaf weeds and 
has a comparable crop safety profile to Roundup PowerMAX. 
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THE BICYCLOPYRONE WEED CONTROL ADVANTAGE IN A NEW PREMIX PRODUCT 
CONCEPT FOR CORN. E. Hitchner*, R. Lins, S. Cully, T. Beckett, and G. Vail, Syngenta, Greensboro, 
NC (76) 

ABSTRACT 

Acuron® GT is a new herbicide coming soon from Syngenta for weed control in glyphosate tolerant field 
corn. Acuron GT will contain S-metolachlor, mesotrione, bicyclopyrone and glyphosate for 
postemergence application with knockdown and residual control of grasses and broadleaves. In 2019, 
field trials were conducted to evaluate Acuron GT for weed control and crop tolerance. Results show that 
Acuron GT effectively controls many difficult weeds and provides improved residual control and 
consistency compared to other commercial standards. Acuron GT is not registered for sale or use in the 
US and is not being offered for sale. 
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MANAGEMENT OF VOLUNTEER CORN WITH FLUAZIFOP PLUS DICAMBA TANK MIXES. 
S.A. Mathew*, P. Eure, M. Hay, and E. Parker, Syngenta, Gaithersburg, MD (77) 

ABSTRACT 

Volunteer corn can significantly reduce soybean yield if left uncontrolled. Soybean yield loss caused by 
volunteer corn is dependent on the density and duration of interference. Management of volunteer corn in 
soybean includes reducing corn grain losses at harvest, tillage, cultivation, and chemical control. Use of 
Group 1 herbicides in soybeans to control glyphosate tolerant volunteer corn is common.  

Commercialization of dicamba tolerant soybean (Glycine max L. (Merr.)) increased the frequency of 
dicamba and Group 1 herbicide tank mixtures for control of glyphosate tolerant volunteer corn (Zea mays 
L.). Previous research documented the antagonism of monocot control when dicamba is added to Group 1 
herbicides. Therefore, the objectives of this research were to (1) Evaluate Fusilade® DX (fluazifop-P-
butyl) herbicide volunteer corn control with and without dicamba (2) Discuss factors that influence 
volunteer corn control when using Fusilade DX + dicamba tank mixtures.   

This research concluded that Fusilade DX is an effective tool for managing volunteer corn in soybeans 
when tank mixed with and without dicamba. Volunteer corn management may also be influenced by corn 
height, tank mix partners, and adjuvants. 
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STILL SEARCHING FOR A SOYBEAN BURNDOWN PROGRAM. M.J. VanGessel*, Q. Johnson, and 
B. Scott, University of Delaware, Georgetown, DE (78) 

ABSTRACT 

A critical step in successful weed control programs is to “start clean”, with no living weeds present at 
time of planting. This is been a challenge for no-till soybeans that are often planting in early May in 
Delaware. Most fields have required two herbicide applications prior to planting soybeans.  Three trials 
were initiated in the spring of 2019 to evaluate herbicide programs to provide advice on weed control 
prior to planting no-till soybeans. The first trial was designed to evaluate various herbicide options for 
control of existing winter annual weeds. All treatments included glyphosate, with tankmix partners 
including halauxifen, 2,4-D, dicamba, saflufenacil, or glufosinate. Horseweed control was best with 
tankmixes of dicamba or saflufenacil; while cutleaf evening primrose control was best with tankmixes of 
glufosinate, saflufenacil, or 1.1 kg ae/ha of 2,4-D. 

Early preplant (EPP) treatments are encouraged in order to treat winter annuals while they are small and 
most susceptible. However, that means there is opportunity for winter annual and/or summer annual 
weeds to emerge between the time of application and planting. So inexpensive residual herbicides were 
evaluated for use during this pre-plant period. Metribuzin, metribuzin plus chlorimuron (Canopy), 
rimsulfuron plus thifensulfuron (Basis Blend), flumioxazin, saflufenacil or pendimethalin were tankmixed 
with glyphosate plus glufosinate. Only flumioxazin provided more than 75% control of Palmer amaranth 
(87%); ivyleaf morningglory control was 99 and 85% for Canopy and flumioxazin, respectively, while all 
other treatments provided less than 40% control. In addition, Canopy, Basis Blend, and flumioxazin 
provided the best large crabgrass control with 82 to 91% control. 

Metribuzin, either as a premix such as Canopy, or alone is a cost-effective herbicide for no-till. It not only 
provides good control of many common species, it also improves the performance of paraquat or 
glufosinate when used under less than favorable conditions. However, growers have concern about crop 
safety when metribuzin in used prior to planting soybeans. A trial examining metribuzin rates for preplant 
and at planting on soybean safety was conducted at two locations. Early preplant rates of metribuzin 
included 0, 205, 130, or 211 g/ha and rates at planting were 130, 211, or 235. All combinations were 
included in the trial.  No soybean injury was observed and yields did not differ among the treatments. 

Regardless of the residual herbicides used, two herbicide applications are going to be the most consistent 
to control winter annual weeds and provide a “clean” field at planting. Based on one year of results, 
metribuzin could be used as part of the EPP application and be applied at planting without soybean injury. 
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BURCUCUMBER IN CORN AND SOYBEAN: WHICH HERBICIDES ARE EFFECTIVE? D. 
Lingenfelter* and J. Wallace, Penn State, University Park, PA (79) 

ABSTRACT 

In the late 1990s, researchers at Penn State University conducted various experiments on burcucumber 
(Sicyos angulatus) biology and management. From these studies, certain herbicide options and tactics 
were recommended to farmers to help manage this problem weed in agronomic crops. Since then, not 
only does this weed continue to cause problems in crops but also, a few new herbicide active ingredients 
that might be effective on burcucumber have come to the market. Thus, no-till corn and soybean field 
studies were established in 2018 and 2019 in Pennsylvania (Landisville, Lancaster Co.) to evaluate PRE 
and POST herbicide programs containing these newer active ingredients as well as programs that were 
originally recommended. Studies were arranged in a randomized complete block design with three 
replications. Herbicides were applied with a small-plot, CO2-backpack sprayer system that delivered 15 
GPA. In the corn trials, PRE herbicides were applied on late April/early May and POST about 30 days 
later when burcucumber seedlings were 1 to 4 inches tall. In the soybean study (2018 only), a broadcast 
PRE application (S-metolachlor + metribuzin) was applied on May 15 and the POST treatments on June 
20 when burcucumber was 2 to 18 inches tall (9-inch average height). Corn treatments included various 
combinations of atrazine, simazine, bicyclopyrone, bromoxynil, dicamba, fluthiacet, glufosinate, 
glyphosate, isoxaflutole, mesotrione, S-metolachlor, primisulfuron, prosulfuron, and tembotrione. Primary 
POST soybean treatments included: chlorimuron, dicamba, fomesafen, glyphosate, imazethapyr, lactofen, 
and thifensulfuron. (Some of these combinations were used as premix formulations.) All the spray 
mixtures contained the necessary adjuvants. Visual weed control ratings were taken periodically 
throughout the growing season. In the corn studies, all of the PRE treatments provided <90% 
burcucumber control prior to the POST application. Late season (September) ratings showed that POST 
treatments containing prosulfuron or tembotrione provided 83-92% burcucumber control. The other 
POST treatments ranged from 55-80% control. In the soybean study, POST treatments containing 
chlorimuron, dicamba, and glyphosate provided 86-95% burcucumber control in August; while the others 
provided less control (73-84%). These studies of newer herbicide options (e.g., bicyclopyrone, fluthiacet, 
glufosinate, mesotrione, etc.) suggests that these herbicides are not necessarily better than previously 
recommended products. Products that provide residual control such as atrazine, chlorimuron, and 
prosulfuron continue to be effective herbicides for burcucumber management. However, herbicide 
application timing and rate will likely affect efficacy to a certain level as well. Also, with the advent of 
dicamba-resistant soybean varieties, over-the-top applications of dicamba (especially if tank-mixed with 
chlorimuron) in soybean can help to improve control of burcucumber in this setting. The same principles 
of burcucumber management still apply today just as they did 20 years ago. The key points to 
burcucumber management include: i) avoid spreading the seed via harvest or tillage equipment; ii) use 
no-till practices to keep the seeds on the soil surface, thus allowing germination to occur over a shorter 
time period and reducing the number of germination flushes (this also improves herbicide effectiveness 
and performance); iii) plant shorter season corn varieties to allow earlier silage harvest (ensiling kills 
green/immature burcucumber seed); iv) use two-pass programs that include effective foliar and residual 
herbicides are required for season-long control; and v) pre-harvest burcucumber control is usually not 
effective. As newer herbicides or technologies come to the market, additional research will be necessary 
to determine their value in managing burcucumber. 
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COMPARING MODELS FOR WEED SEEDLING EMERGENCE IN THE NORTHEAST. C. 
Marschner*, A. Degaetano, C. Sousa-Ortega, M.J. VanGessel, and A. DiTommaso, Cornell University, 
Ithaca, NY, NY (80) 

ABSTRACT 

A multistate group of weed ecologists from Maine to Virginia are collaborating to collect weed 
emergence data on summer annuals, to support the development of a decision support tool for farmers to 
predict weed emergence and improve weed management timing. The study was initiated in 2019, with 
two more years of data collection planned. The study is focused on common lambsquarters 
(Chenopodium album L.), large crabgrass (Digitaria sanguinalis (L.) Scop.), smooth pigweed 
(Amaranthus hybridus L.), morning-glories (Ipomoea spp.), and common ragweed (Ambrosia 
artemisiifolia L.), but individual researchers are collecting more data on problem species for their states. 
Collaborators from California, Spain, and New York continued to compare and refine model options. 
Initial work with equations from two existing sets of models produced good but variable results by 
species when applied to preliminary data collected in New York and Delaware. A set of models for the 
five target species are being developed to compare with the existing models. Next steps will be to collect 
a second year of data and select final models for the focus weeds, verify the soil moisture model to be 
used in the online tool, and begin the online decision support tool development, incorporating soil type 
information into the predictive model used by the tool. The final product of this research will be housed 
on the Northeast Environment and Weather Applications (NEWA) website. 
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HSD MILL EFFICACY ON THE WEED SEEDS OF MIDWESTERN AND MID-ATLANTIC UNITED 
STATES. L.S. Shergill*, K. Bejleri, A. Davis, and S. Mirsky, USDA-ARS & University of Delaware, 
Beltsville, MD (81) 

ABSTRACT 

The Harrington Seed Destructor (HSD), a harvest weed seed control (HWSC) technology that destroys 
weed seeds in seed-bearing chaff material during grain crop harvest, has been highly effective in 
Australian cropping systems. However, the HSD has never been tested on weeds common to soybean 
production systems in the Midwest and Mid-Atlantic US. We conducted stationary HSD testing and 
winter burial studies during 2015-2016 and 2017-2018 to determine (i) the efficacy of the HSD to target 
weed seeds of seven common weeds in Midwestern and five in Mid-Atlantic US, and (ii) the fate of HSD-
processed weed seeds after winter burial. The HSD destroyed 93.5-99.8% of weed seeds in 2015 and 
85.6-100% of weed seeds in 2017. The weak relationships (positive or negative) between seed size and 
seed destruction by HSD, and high percentage of weed seed destruction by HSD across all seed 
sizes indicate that the biological or practical effect of seed size is limited. The HSD-processed weed seeds 
that retained at least 50% of their original size, labeled as potentially viable seed (PVS), were buried for 
90 d over winter to determine the fate of weed seeds after winter burial. At 90 d after burial (DAB), the 
HSD-processed PVS were significantly less viable than unprocessed control seeds, indicating that HSD 
processing physically damaged the PVS and promoted seed mortality over winter. A very small fraction 
(< 0.4%) seed of the total weed seed processed by HSD remained viable after winter burial. The results 
presented here demonstrate that the HSD is highly effective in increasing seed mortality and could 
potentially be used as a HWSC tactic for weed management in this region. 

  



 

82 
 

BIOLOGY OF HORSEWEED (CONYZA CANADENSIS): CHARACTERISTICS AND 
SIGNIFICANCE. P.C. Bhowmik* and D.O. Soares, University of Massachusetts, Amherst, MA (82) 

ABSTRACT 

Conyza canadensis (L.) Cronq. is known as horseweed or mare’s-tail. This species is known as Erigeron 
canadensis L. It is a native winter or summer annual. The plants are erect with one to several stems 
reaching 30 to 150 cm tall. Stems are typically unbranched at the base unless damage has occurred to the 
apical growing points. The leaves are linear to oblanceolate, 2 to 8 cm long and 2 to 8 mm wide. The leaf 
margins are serrated. The inflorescence is a loose panicle. The numerous flower heads are very small, 2 to 
4 mm tall and 3 to 7 mm wide. The rays are white or purplish and are very small, only reaching 0.5 to 1.0 
mm in length. The fruit is an achene with a white bristly pappus. Horseweed plants produced as many as 
200,000 seeds per plant in a no-tillage site in Massachusetts. There were approximately 700,000 seeds per 
pound. 

Horseweed is native throughout much of North America. It was introduced into Europe in the middle of 
17th Century. Horseweed is a weed of more than 40 crops according to Holm et al. (1997). Horseweed is 
common in roadsides often found in newly abandoned fields and waste areas. Changes in tillage practices 
often result in changes in the weed species composition of conventional or conservation tillage systems in 
agricultural crops. Now, this species has become a common weed in agricultural cropping systems, 
especially in no-till or minimum tillage systems. In North America, horseweed infests orchards, 
vineyards, nursery crops, field crops such as corn, soybean and cotton, pastures and rangeland. 

Management of this species in agricultural cropping systems poses challenges primarily because of the 
evolution of resistance. This species has developed resistance to several herbicides. In 1982, it was first 
reported as resistant to simazine in orchards in United Kingdom. The species has been reported as 
resistant to paraquat in Mississippi (1994) and resistant to glyphosate in Delaware (2000), and to other 
herbicides in recent years. This species has become a significant weed species in agricultural crops, 
Christmas tree and nursery crop productions. We must keep an eye on this species as we develop 
alternative management options. 
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COMPARING HERBICIDE APPROACHES FOR DIFFERENT COVER CROP TERMINATION 
TIMINGS. M.J. VanGessel*, Q. Johnson, and B. Scott, University of Delaware, Georgetown, DE (83) 

ABSTRACT 

Cereal rye is used widely in the Mid-Atlantic region to address nutrient management and water quality in 
the Chesapeake Bay Watershed. Delaying the cereal rye termination can expand the benefits (or 
ecological services) that rye can provide. Previous research at University of Delaware has shown that 
delaying cereal rye termination until 2 wks prior to planting improved overall weed control compared to 
termination 4 wks prior to planting. This trial was established in the fall of 2018 and soybeans planted in 
2019 to determine if late terminated cereal rye can reduce herbicide inputs, with either fewer products 
used and or fewer herbicide applications. This was a two-factor trial with cereal rye termination timing as 
one factor and herbicide approach as the second factor.  Cereal rye was drilled in the fall and terminated 
at 4 wks or 2 wks early preplant (EPP) or 1 day after planting (planting green). Glyphosate plus 2,4-D 
was used to terminate the cereal rye. The six herbicide approaches were: 1) non-selective only (burndown 
or BD); 2) BD plus a residual herbicide; 3) BD plus residual herbicide followed by (fb) POST application 
of glufosinate; 4) BD plus residual herbicide fb POST application of glufosinate plus residual herbicides; 
5) BD fb residuals applied at planting fb POST application of glufosinate plus residual herbicide; or 6) 
BD fb early-POST (EPOST) plus residual herbicides. 

Cereal rye biomass at time of termination ranged from 1100 kg/ha to 3560 kg/ah for the 4 wks EPP and 1 
day after planting, respectively. Excellent horseweed and cutleaf evening primrose control was observed 
with all plots treated with glyphosate plus 2,4-D. Palmer amaranth control was less than 90% for all 
herbicide approaches used with early cereal rye termination. Including the residual herbicide with the BD 
application was not as consistent for Palmer amaranth control as delaying the residual application until 
planting fb a POST application or using an EPOST application. Morningglory control was best with 2 
wks EPP or terminating 1 day after planting with a residual herbicide fb by a POST with residual, or BD 
fb residuals at planting or using an EPOST approach, but no treatment provided better than 88% 
control. Main effects were significant for yield with planting green and rye termination 2 wks EPP 
yielding higher than rye terminated 4 wks EPP; and yields were higher with use of residuals at planting, 
using an EPOST approach, or using BD fb POST with residual herbicide. 

More research is needed to ensure the consistency of these results, but preliminary results indicate 
herbicide intensity can be reduced when BD application is made at planting without reducing weed 
control or soybean yield. 
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RELATIVE SENSITIVITY OF COVER CROPS TO SEEDLING ROOT AND SHOOT INHIBITORS. 
J.M. Wallace* and E. Maloney, Pennsylvania State University, University Park, PA (84) 

ABSTRACT 

Integrating cover crops in no-till crop production systems increases crop diversity, decreases soil erosion, 
and increases soil biological health. To maximize these ecosystem services, growers are prioritizing cover 
crop seeding directly after crop harvest, experimenting with cover crop interseeding in corn and soybean, 
and utilizing diverse cover crop mixtures. Greater understanding of the potential for residual herbicides to 
injure or reduce establishment rates of cover crops is needed to consistently realize conservation goals. In 
support of recent field trials, we conducted a series of greenhouse dose response assays that evaluated the 
response of twelve cover crop species to commonly used seedling shoot (15) and seedling root (3) 
inhibiting herbicides. Three experiments (grass, legume, non-legume cover crops) were conducted using a 
three-factor RCB design with five replicates and two experimental runs. Experimental factors included 
four cover crop species and five herbicides (acetochlor, dimethenamid, S-metolachlor, pyroxasulfone and 
pendimethalin) applied at seven rates standardized based on label rates (1X, 1/2 X, 1/4 X, 1/8 X, 1/16X, 
1/32X, 0X) for medium-textured soils in corn. Cover crop species included annual ryegrass (Kodiak), 
cereal rye (VNS), triticale (Elevator), sorghum sudangrass (AS5201), crimson clover (Dixie), medium red 
clover (VNS), hairy vetch (Purple Bounty), Austrian winter pea, winter canola (Wichita), Daikon radish, 
forage rape (Dwarf Essex), and buckwheat (Lifago). Experiment units (pots) were filled with 2:1 sand to 
potting mix medium and sown with five cover crop species prior to application of herbicides at 15 gpa in 
a track sprayer. Aboveground biomass was harvested 28 DAT, dried and weighed. Four parameter log-
logistic models were fit for each herbicide by cover crop combination and the ED50 parameter estimate 
was used to compare relative sensitivities. Annual ryegrass and sorghum sudangrass were more sensitive 
across herbicides compared to triticale and cereal rye, which were tolerant to pyroxasulfone and 
pendimethalin at 1X rates. Crimson clover was the most sensitive legume species across herbicide 
treatments and acetochlor was the most injurious herbicide across legume species, with mean ED50 
values below 1/8X product rates. Brassica cover crops (canola, rape, radish) were tolerant at 1X rates to 
pendimethalin, S-metolachlor and dimethenamid but were highly sensitive to pyroxasulfone. Buckwheat 
was tolerant to pendimethalin but highly sensitive to seedling shoot inhibiting herbicides. When coupled 
with field-level observations, these results can be utilized to generate rules-of-thumb and general 
guidelines for integrating diverse cover crop mixtures into annual crop rotations, or conversely, to select 
herbicide programs that limit impact on cover cropping programs. Future work will expand this 
methodology to additional herbicide sites-of-action and cover crop species. 

  



 

85 
 

RESIDUAL HERBICIDE PROGRAM EFFECT ON INTERSEEDED ANNUAL RYEGRASS IN 
CORN GRAIN. T.R. Mazzone* and J.M. Wallace, The Pennsylvania State University, State College, PA 
(85) 

ABSTRACT 

Establishing cover crops post grain harvest can be challenging for growers in areas of the mid-Atlantic 
region. Interseeding cover crops within the growing season can improve cover crop establishment, but 
also increases risk of exposure and injury to residual herbicide programs. We conducted two field trials to 
assess interseeded annual ryegrass (KB Supreme) response to 10 residual corn herbicide programs. Field 
trials were conducted using a RCB design with four replications. Trial locations were RELARC, 
Pennsylvania Furnace, Centre County, PA and SEAREC, Manheim, Lancaster County, PA. At corn 
planting, residual herbicide treatments were applied with a glyphosate burndown. Residual herbicide 
treatments were applied at a 1X label rate and included rimsulfuron + thifensulfuron (Basis Blend), 
saflufenacil +a dimethenamid-P (Verdict), pyroxasulfone + fluthiacet (Anthem Maxx) + atrazine, 
isoxaflutole (Balance Flexx) + atrazine, thiencarbazone + isoxaflutole (Corvus) + atrazine, pendimethalin 
(Prowl H20) + atrazine, mesotrione (Callisto) + atrazine, acetochlor + mesotrione (Harness Maxx) + 
atrazine, metolachlor + atrazine + mesotrione (Lexar EZ), and metolachlor + atrazine + mesotrione + 
bicyclopyrone (Acuron). A glyphosate burndown only treatment and a glyphosate burndown followed by 
glyphosate post-emergence were included as controls. Annual ryegrass was interseeded at 4-6 weeks after 
corn planting or V3-V4 corn growth stage. Cover crop and weed aboveground biomass was harvested at 
approximately 84 and 140 days after herbicide application, oven-dried, and weighed. Analysis of variance 
was used to assess treatment differences using the lmer package in R. 

At both RELARC and SEAREC sites, residual herbicide programs did not significantly affect annual 
ryegrass biomass 84 days after treatment. At RELARC, when compared to the untreated check, Anthem 
Maxx and Corvus reduced weed biomass 84 days after application. Acuron, Lexar and Prowl reduced 
weed biomass at both 84 and 140 days after application. Callisto treatment reduced weed biomass at 140 
days after application. At SEAREC, Callisto treatment had the highest numerical weed biomass of all 
treatments, however the weeds were composed of 95% grass versus broadleaf species. In other treatments 
weed biomass was not affected by residual herbicide programs when compared to the control. Herbicide 
degradation rates in soil are a function of weather conditions, soil texture and herbicide properties. 
Therefore, the absence of annual ryegrass injury observed in these field trials is likely a function of 
environmental conditions that promoted herbicide dissipation early in the corn growing season. Our 
preliminary data suggests that annual ryegrass interseeded at V3 can establish even in the presence of full-
rate, residual herbicide programs. However, evaluation of these treatments over a range of environmental 
and soil conditions is needed to support further development of management recommendations. 
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COMPARISON OF ROLLED VERSUS STANDING COVER CROP RESIDUE FOR COMMON 
RAGWEED (AMBROSIA ARTEMISIIFOLIA) SUPPRESSION. L.S. Rector, M.L. Flessner*, K.B. 
Pittman, D.S. McCall, and W.E. Thomason, Virginia Tech, Blacksburg, VA (86) 

ABSTRACT 

Greater cover crop biomass has been associated with greater summer annual weed suppression, especially 
small seeded weeds that require light for germination. Both rolling cover crop residue and leaving residue 
standing are common practices, but little research exists comparing these residue management methods. 
Therefore, we evaluated the effects of cover crop residue biomass level (none, low, medium, or high), 
cover crop species (wheat or cereal rye), and cover crop termination method (roller crimper and herbicide 
or herbicide alone) on weed control and light penetrating the cover crop canopy. A greenhouse study was 
conducted to compare cereal rye biomass rate with common ragweed establishment and light interception. 
Additionally, a small plot field study was conducted further comparing factors of cover crop species, 
termination method, and biomass levels on weed control, light penetration, soil moisture, and soil 
temperature. Across greenhouse and field experiments, as cover crop biomass increased, weed control 
increased and light penetration decreased. Cover crop species had no effect on common ragweed control, 
but standing residue provided greater weed control than rolled residue up to 8400 kg ha-1 for the field 
study. Cereal rye intercepted more light compared to wheat in both studies, but in the field study, there 
was no difference in light interception after 6000 kg ha-1 of cover crop biomass. In the field study, rolled 
cover crop residue intercepted more light than standing residue, but differences never exceeded 10%. In 
the field study, increased cover crop biomass led to at least a 20% reduction in soil temperature and 40% 
increase in soil moisture at 10000 kg ha-1 of cover crop biomass compared to no cover crop. In the field 
study, rolled cereal rye provided a greater reduction in soil temperature than standing cereal rye, rolled 
wheat, or standing wheat. In the field study, wheat led to a greater increase in soil moisture compared to 
cereal rye. Producers with less than 8400 kg ha-1 biomass at termination should leave residue standing to 
the extent possible. Obtaining maximum cover crop biomass will lead to greater weed control through 
increased light interception to prevent weed establishment, reduced soil temperature to delay weed 
establishment, and increased soil moisture, which may favor weed establishment. 
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MAINE AND COLORADO POTATO GROWERS RESPONSES TO A CHANGING CLIMATE. J. 
Jemison*, and Ruth Sexton, University of Maine, Orono, ME (87) 

ABSTRACT 

Potatoes are important to the agricultural economy of Maine and the San Luis Valley of Colorado. Each 
region produces approximately 50,000 acres of potatoes for the processing, seed or tablestock 
industries. Understanding how growers perceive changing or variable weather is important to 
understanding how receptive they may be to climate-smart production measures. In 2019, interviews were 
conducted with 14 Maine and 12 Colorado potato growers related to irrigation and soil management. In 
these interviews, growers were asked three related questions: 1) Do you notice changes in the weather 
patterns affecting your potato production? If yes, please elaborate; 2) In the last decade, do you think you 
have seen more soil loss through runoff and or wind erosion or less? If less, why?; and 3) Do you think 
the growing seasons are warmer/drier than they used to be ? is it affecting how often and much you 
irrigate? These interviews were recorded, transcribed and analyzed with NVivo 12 software. Responses of 
Maine growers were also compared to those made in 2011 by a focus group of a dozen Maine potato 
growers to see how views have changed over the decade related to variable weather and soil and water 
management. In 2019, four Maine and three Colorado growers rejected the idea that increasingly variable 
weather affected their soil and water management. In each case, growers made statements that they 
perceived heavier rainfall happening now than previously (Maine) or that the growing season may be 
warmer and longer (Colorado), but they stated that increasingly variable weather did not influence their 
soil and water management. Another five Maine and three Colorado growers were uncertain if they 
thought variable weather had affected management. The remaining five Maine and five Colorado growers 
made definitive comments about how variable weather influenced their overall potato production and 
management. Of those growers rejecting whether the climate was changing, each Maine farmer related 
comments about increasingly variable rainfall, increasingly intense rain events which no one mentioned in 
2011. Much of this decade, Maine farmers have seen a notable increase in the number of two inch rain 
events in a 48 hour period. Colorado farmers did not mention an increase in the amount of wind erosion, 
but most spoke with some concern about the lack of snowfall in the mountains, early snow melt not 
coinciding with their need for water, and hotter Junes leading to higher irrigation demand while water 
rates continue to climb. Growers advocating for increasingly variable weather spoke directly about their 
concern for a changing climate affecting their ability to produce.  An example quote includes this: “It's 
(climate change) happening. We'd better figure out how to handle it. That goes right back to having the 
capability to irrigate if it's extraordinarily dry.” Funding to support more interactive discussions of how 
climate change can affect potato production might help convince growers to implement practices to help 
hold soil, irrigate in a timely manner while setting up drainage systems to get water off the fields when it 
is in excess. 
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COMPARISON OF MICROBIAL RESPIRATION RATES FOR 35 WELL CHARACTERIZED SOILS 
AS DETERMINED BY BASE-TRAP TITRATION, IRGA AND SOLVITA TEST PROTOCOLS. W. 
Brinton* and J. Vallotton, Woods End Laboratories Inc, Mt Vernon, ME (88) 

ABSTRACT 

Increased interest in measurement of soil microbial activity by capture of carbon dioxide has led to many 
comparisons of methodology and preliminary recommendations by NRCS for short-term C-
mineralization. A number of well-published technologies are available to quantify CO2. In this study we 
employed 35 well known soils previously published for 3-day base trap respiration rates and compared 
with two infrared (IRGA) methods and commercial Solvita probes. Assuming the standard method is 3-
day base-trap incubation which is presently the most published method we compared IRGA and Solvita 
as either 3-day or 1-day modes for all soils. All methods at any arrangement of time were significantly 
correlated with each other. 1-day and 3-day IRGA were highly correlated (r2 0.90) as were 1-day IRGA 
and 3-day base-trap (r2 0.89). Furthermore 1-day Solvita which is the normal protocol was compared to a 
modified 3-day Solvita yielding a high correlation (r2 0.90). Finally, 3-day base-trap compared well with 
the modified 3-day Solvita at r2 0.85 (p <0.0001). Solvita and IRGA were more sensitive to low level 
detection of CO2 compared to base trap protocols distinguishing low-quality soils more accurately when 
cumulative 3-day rates were less than 100 mg kg CO2-C. Overall it appears that base-trap is well suited 
for 3-day incubations and that IRGA and Solvita are suited to 1 or 3-day methods while Solvita is best 
suited for 1-day methods as it was originally designed. All methods distinguish similar if not identical 
rank-ordering of microbial respiration for a set of well-characterized soils exhibiting a wide-range of 
properties and therefore any of these methods should be recognized and recommended by NRCS for 
standard soil microbial assays. 
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SOIL APPLICATION OF STRUVITE-CALCITE MIXED FERTILIZER RECOVERED FROM DAIRY 
WASTEWATER: AMMONIUM STABILITY AND PHOSPHATE AVAILABILITY. A. Rabinovich*, 
A. Rouff, and J. Heckman, Rutgers University, Newark, NJ (89) 

ABSTRACT 

Dairy manure wastewater (DMW) is a sustainable resource for renewable nutrients, through the process 
of struvite-calcite (MgNH4/KPO4·6H2O-CaCO3·nH2O; 1-3-1) fertilizer production as a N-P-K and liming 
source. Increased awareness of perishable P reserves worldwide and stricter environmental regulations for 
DMW disposal aimed at minimizing harmful algal blooms, drive a growing number of dairy producers 
away from the traditional DMW spraying as part of a crop nutrition plan into nutrient recovery practices 
such as struvite production. The aerated fluidized bed reactor (aerated-FBR) is a DLW treatment method 
geared to small scale dairy farms that produce struvite-calcite fertilizer (20-40% struvite), where struvite 
is the sole P-N source in slow release form. In order to evaluate the potential use of this product for crop 
production, its NH4-N thermal stability and soil P availability were tested in germination trials for Sweet 
Corn (Zea mays) and Soy (Glycine max). 

The volatility of ammonium in struvite-calcite fertilizer was evaluated using Simulated Thermal Analysis 
coupled with Evolved gas analysis (STA-EGA). This approach measured the relative rate of ammonia 
emission when a struvite-calcite sample was heated under anaerobic conditions (N2 background) between 
25-1000 °C. While samples of common ammonium fertilizers (Monoammonium phosphate, pure struvite, 
etc.) lost most of their ammonium at 140-160 °C, a significant amount of struvite-calcite mix fertilizer 
emissions occurred at 320 °C. This indicates that either ammonium sorption to mineral surfaces or 
complexation with calcite improved the thermodynamic stability of ammonium.    

Field trials were done to evaluate the use of DLW struvite-calcite (D) as a pre-germination fertilizer in 
corn and soy cultivation, comparing it with high P organic bone fertilizers (B), miracle grow (MG), 
struvite (N), potassium struvite (K), swine struvite (S). Plants were grown in 2-gallon pots using silt loam 
soil with moderately low P content (111 lbs./acer; Mehlich 3). Nutrients (Micro/Macro/Liming) were 
adjusted to meet crop needs and kept similar, where treatments varied only in P source, except for a 
control treatment (C) where no P was applied. Plants were harvested at five weeks and results showed no 
significant difference between treatments in average dry weigh (soy and corn), and somewhat better wet 
weight (corn only) for D and MG. Uptake of P in plant biomass was similar for all treatments (Soy, 
Corn). 

Results from STA-EGA and plant trials demonstrated that struvite-calcite mix fertilizer produced from 
DLW in small dairy farms can be an effective N-P fertilizer for their crop production needs, while 
minimizing ammonia gas emissions. This can further improve the cost-effectiveness of the aerated-FBR 
method to treat DLW and improve small dairy-farms sustainability by localizing P sources for crop 
production. 
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GLYPHOSATE MOBILITY FROM TRANSPORT-PRONE MARGINAL SOILS. B.K. Richards*, S. 
Pacenka, and T.S. Steenhuis, Cornell University, Ithaca, NY (90) 

ABSTRACT 

Recent environmental surveys report widespread detections of the herbicide glyphosate [N-
(phosphonomethyl)glycine] in surface waters despite its strong immobilization and rapid biodegradation 
in soils. Since 2015 we have carried out high-frequency sampling campaigns (5 in spring, 1 in fall) 
following controlled spray applications on an experimental perennial grass field site with wetness-prone 
marginal soils. We have monitored dissolved glyphosate concentrations in the field outflow (runoff and 
shallow drainage) using liquid chromatography-mass spectrometry and ELISA immunosorbent assays. 
Rainfall-triggered outflow events began between 3- and 17-days following spray application. Outflow 
concentrations of dissolved glyphosate varied widely from nondetectable up to 100 µg L-1, peaking during 
each significant outflow event essentially concurrently with the flow peak. Successive concentration 
peaks tend to become smaller regardless of the magnitude of subsequent flow events. Cumulative mass 
losses in outflow across the different campaigns have ranged from 0.06 to 1.0 percent of applied 
glyphosate. 

Cumulative glyphosate losses in outflow were not associated with total rainfall during the post-spray 
sampling period. In most – but not all - cases, losses were better predicted by soil hydrologic conditions at 
the time of spraying as reflected by the 7-day cumulative pre-spray rainfall, with wetter antecedent 
conditions favoring greater cumulative mobilization, especially if time lags until mobilizing rain events 
were short. We are continuing to examine factors influencing mobilization. 

  



 

91 
 

CBD HEMP PRODUCTION: LESSONS LEARNED FROM COLORADO. J. Jemison*, University of 
Maine, Orono, ME (91) 

ABSTRACT 

Hemp (Cannabis sativa, L.) is now legal in all 50 states due to the passage of the 2018 Farm Bill. Several 
states have had state-administered CBD cannabis production programs for a longer period of time, 
including both Maine and Colorado. On a sabbatical leave, I worked with one small scale (10-ac) and one 
large scale (500+-ac) grower to study production practices and learn about production issues to New 
England hemp growers. Both farms direct seeded and transplanted several different cannabis 
varieties. Due in part to a cool spring, germination rates on direct-seeded varieties was very poor, along 
the lines of 30% germination with a seed that cost approximately $1/seed. Colorado growers planted on 
much tighter density than can be done in the East in part to control weeds and to increase production, and 
as a result, Colorado growers were able to produce four times the amount of plants per acre than we can 
do in the Northeast. As well, black plastic was not used by either grower, and weed management was 
extremely problematic. It was dealt with by significant labor-intensive hand weeding. Weed management 
was by far the worst challenge in Colorado. The most important insect pests found in the San Luis Valley 
included piercing-sucking insects like aphids, leaf hoppers, and false cinch bugs. Diseases were not nearly 
the problem that they are in Northeast production systems. Center pivot irrigation systems allow growers 
to provide sufficient water for production, but the plants are generally dry within 20 - 30 minutes after 
irrigation. This leads to much more favorable conditions for growth. The majority of the labor savings 
comes with harvest as the cannabis can be combined and windrowed for drying instead of hand hanging 
plants to dry in barns. The economies of scale will make it extremely hard for Northeast US growers to 
compete with Colorado growers. In addition, the new proposed USDA hemp rules threaten all farmers’ 
capacity to produce CBD hemp.   
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MANAGING HERBICIDE RESISTANT COMMON RAGWEED (AMBROSIA ARTEMISIIFOLIA L.) 
EMERGENCE AND GROWTH IN SOYBEAN. S.M. Hirsh*, M.J. VanGessel, and B. Beale, University 
of Maryland, Princess Anne, MD (92) 

ABSTRACT 

Herbicide resistant common ragweed (Ambrosia artemisiifolia L.) is prevalent on the Lower Eastern 
Shore. In 2019, common ragweed populations were found to have two or three-way mode-of-action 
resistance on the Eastern Shore, and farmers have reported that herbicide-resistant ragweed prevalence is 
increasing. We investigated the effect of delayed cover crop burndown timing, and the effectiveness of 
residual herbicide products—Command (clomazone), Linex 4L (linuron), Dimetric (metribuzin), 
Command + Linex, Command + Dimetric, and Linex + Dimetric—on herbicide resistant common 
ragweed emergence and growth. We found that when cover crops were terminated April 4, there was 
higher common ragweed prevalence than when cover crops were terminated April 29 or at soybean 
planting (when herbicide was applied only once at cover crop burndown time). There were no differences 
in ragweed prevalence or soybean yield among the various residual herbicide product treatments. Also, 
there were no differences in soybean yield due to cover crop termination date; notably, planting soybean 
into standing cover crops did not reduce soybean yields. 
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EMERGING HERBICIDE RESISTANCE ISSUES IN NORTH CAROLINA. W.J. Everman*, E.A. 
Jones, and C. Cahoon, North Carolina State University, Raleigh, NC (93) 

ABSTRACT 

[no abstract entered] 
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FACTORS DETERMINING APPLICATION ACCURACY WHEN USING A UAV-SPRAYER 
BASED ON PREVIOUS WEED MAPPING. J. Hunter III, T.W. Gannon, R.J. Richardson, J. Neal, and 
R.G. Leon*, NCSU, Raleigh, NC (94) 

ABSTRACT 

Spray capable unmanned aerial vehicles (UAVs) are currently been marketed for conventional broadcast 
applications of liquid pesticides, but application time per flight is seriously limited by battery duration 
and payload capacity. Integrating UAV-based weed mapping with UAV-sprayers can reduce flight time, 
amount of herbicide spray, and maintain weed control. The present research indicated that the site-
specific applications with a UAV-sprayer were more accurate targeting weedy areas compared with a 
ground-based broadcast application. The UAV system efficiency decreased as weed density and 
distribution increased. Nozzle type and flying speed were major drivers of application accuracy and drift 
risk with the UAV sprayer. The results indicated that the AIXR nozzle provided the most adequate and 
consistent coverage as application speeds increased. The HC and XR nozzles were highly susceptible to 
off-target movement, while the TTI nozzle did not provide acceptable coverage. Based on the results, 
integrating weed mapping and site-specific applications using UAV technology can become a powerful 
new tool for increasing efficiency and reducing cost in integrated weed management programs, but more 
research is needed to determine ways to reduce drift and off-target movement. 
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WATER AND AIR FILLED POROSITY OF HORTICULTURAL SUBSTRATES. M.D. Taylor*, 
Longwood Gardens, Kennett Square, PA (95) 

ABSTRACT 

Physical properties of horticultural substrates, such as air and water filled space, are controlled by 
ingredients, ingredient ratios, compaction, and decomposition over time.  The objective of this study was 
to determine the air and water filled space of individual substrate ingredients and blends of the 
ingredients.  The method used was a modified version developed by Fonteno and Harden (2003).  All test 
substrates were placed into 3.8 L plastic bags and saturated with water for two hours.  Substrates were 
then placed into 180 ml polystyrene jars and dropped ten times from a height of 5 cm to ensure all air was 
removed. Jars were then capped with lids that had eight equidistant 0.64 cm holes and were inverted over 
Buchner funnels. Water drained through holed and into a 100 ml graduated cylinder for one 
hour.  Substrates where then dried and weighed.  At container capacity, the volume of water that drained 
in the graduated cylinder represented air filled space and wet minus dry bulk density represented water 
filled space in the substrate pores.  Substates tested included compost, raw peanut hulls, peat moss, pine 
bark, pine wood fiber, rice hulls, calcine clay (Terragreen), greenhouse grade haydite, nursery grade 
haydite, perlite, play sand, #3 size sand, field soil, and vermiculite.  There were five replicate tests for 
each substrate. Total porosity ranged from 40% for #3 sand to 86.5% for rice hulls, which also had the 
highest amount of air-filled space (>50%). In general, the organic substrates had higher pore space than 
mineral substrates. Within the pore space, rice hulls had the highest ratio of air to water while compost, 
soil and peat had the lowest.  All others were intermediate.  When blending substrates, a mix of 50% pine 
bark, 20% peat, 5% compost with the remaining amount as greenhouse haydite or rice hulls, the haydite 
resulted in 8% air space compared to 5% with rice hulls.  Results indicate that the ratio of water to air in 
pore spaces of individual components may change dramatically when components are blended. 
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DIAGNOSING NUTRIENT-RELATED DISORDERS IN CONTAINER-GROWN NURSERY CROPS. 
R.I. Cabrera*, J.E. Altland, and C. Holton, Rutgers University, Bridgeton, NJ (96) 

ABSTRACT 

Container-grown ornamental crops account for a significant fraction of nursery production and sales in 
the U.S. While container production offers the potential for higher productivities in these crops, it requires 
a high degree of management and agrichemical inputs and labor to ensure their aesthetic quality and sales 
potential. Over the past growing seasons, we have been addressing concerns on some of these crops 
regarding growth and quality disorders attributed largely to their mineral nutrition. Stunted growth and 
foliage chlorosis and reddening were reported in several hydrangea cultivars. The severity of chlorosis 
symptoms and growth reductions were associated with reduced nutrient levels and substrate pH levels 
approaching 6.0. Reduced leaf iron and manganese concentrations were related to the increasing severity 
of the chlorosis symptoms. Over-applications of liming amendments when mixing some substrate batches 
was a likely cause for the observed chlorosis, along with irrigation management practices that affected 
root growth. Unsightly leaf tissue reddening, accompanied by mild growth reductions, were also observed 
in some hydrangea cultivars growing under full sun, but these symptoms were not evident when growing 
under 30% shade fabric. Significant and undesirable yellowing in container-grown ornamental grasses, 
specially Miscanthus, Pennisetum and Panicum, are being reported in NJ and neighboring states. A 
preliminary comparative foliar nutrient analyses indicated that the yellowing-afflicted plants had, in 
general, higher macronutrient concentration than normal-looking green plants, likely a concentration 
effect associated with growth reductions. In Miscanthus, the genus most afflicted by the yellowing 
symptoms, there are hints of potential micronutrient imbalances, with reduced iron and manganese levels, 
and increased zinc levels, observed in leaves of symptomatic plants compared to asymptomatic plants. A 
preliminary study on the effects of supplemental silicon, a mineral nutrient required by grasses, 
to Miscanthus plants growing in containers with an organic soilless substrate was not able to replicate the 
yellowing symptoms observed in commercial production, ruling out a potential involvement of this 
mineral in this aesthetic disorder. Funding: This project was supported by the Floriculture Nursery 
Research Initiative of the USDA-NIFA and the New Jersey Agricultural Experiment Station. 
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UNDERSTANDING THE EXISTING AND FUTURE NEEDS OF MECHANIZATION IN NEW 
JERSEY'S CONTAINER NURSERY INDUSTRY - A SURVEY APPROACH. H. Gohil* and R. 
Cabrera, Rutgers University, Clarksboro, NJ (97) 

ABSTRACT 

In New Jersey, ornamental nursery and greenhouse operations have the biggest economic impact amongst 
all agricultural commodities (NJDA, 2017). However, due to a variety of factors the nursery industry is 
facing serious labor shortages that are affecting their short- and long-term sustainability. A survey of New 
Jersey’s nursery industry was conducted to understand the current levels of labor shortage, how it has 
affected the production capacity of the industry and the level of mechanization. Labor shortages caused 
physical, mental and economic distress to nursery growers in New Jersey. Grower responses indicated 
that potting, harvesting and fertilizer applications are the top three operations that need mechanization the 
most. Slow progress in adopting mechanization or automation of cultural practices in comparison to other 
operations were due to high initial capital and shortage of skilled labor to operate and maintain such 
machinery. There is a need for greater mechanization in almost all areas of production to reduce the 
reliance on labor and/or improve the efficiency of labor. 

  



 

98 
 

IMPACT OF IRRIGATION AND FERTILIZER RATE ON FLOWER DEVELOPMENT OF 
PENSTEMON. A. Bayer*, University of Massachusetts, Amherst, MA (98) 

ABSTRACT 

[no abstract entered] 
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FERTILITY, TURF SPECIES, AND PLANT GROWTH REGULATOR EFFECTS ON FLORAL 
DENSITY IN A BULB LAWN. S.D. Askew*, M. Shock, J. Craft, and J. Brewer, Virginia Tech, 
Blacksburg, VA (99) 

ABSTRACT 

Bulb meadows constitute a method to integrate managed turf areas so that they also provide spring floral 
displays that serve pollinator species. Three field trials and one greenhouse trial were conducted in 2018 
and 2019, and suggest that bulb meadows can be successfully integrated into existing cool-season turf. In 
the fall of 2018, eight bulb types were randomly arranged in rows across 1-m wide plots and tall fescue or 
fine fescue sod was overlaid. Fertility programs for 2019 included no fertility, “turf fertility” consisting of 
98 kg/ha nitrogen applied in fall, “bulb fertility” consisting of 146 kg/ha phosphorous and potassium and 
no nitrogen applied in early spring, “integrated turf and bulb fertility” consisting of bulb fertility and a 
reduced 49 kg/ha nitrogen in fall, and “integrated turf and bulb fertility plus turf suppressant” which also 
includes fluazifop at 105 g ai/ha applied in early spring. Additional field and greenhouse studies evaluated 
fluazifop and three other turf suppressants including glyphosate at 72 g ae/ha, metsulfuron at 4 g ai/ha, 
and trinexapac ethyl at 289 g ai/ha. Floral density was monitored via bloom counts every 3 days and 
showed differences in both periodicity and magnitude of floral density between species. Narcissus ‘Baby 
Moon’ had the highest bloom density in tall fescue at 45 blooms m-2 while Iris ‘Katherine Hodgkin’ and 
Narcissus ‘Rip Van Winkle’ had only 3 to 4 blooms m-2 in fine fescue. Fine fescue reduced bloom 
density of Iris, Crocus ‘Cream Beauty’, Crocus ‘Ruby Giant’, Muscari ‘Venus’, and both Narcissus 
varieties.  Fertility effects will be measured in spring 2020. Metsulfuron and trinexapac ethyl were more 
injurious to bulb plants than glyphosate and fluazifop. Fluazifop reduced 4-wk turf clipping biomass by 
87% and more than all other turf suppressants. 
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EFFECTS OF BASAL STEM GLYPHOSATE APPLICATIONS TO NURSERY TREES. A. Witcher*, 
Tennessee State University, McMinnville, TN (100) 

ABSTRACT 

Glyphosate is the most common post-emerge herbicide for controlling weeds in field-grown nursery 
crops. Glyphosate is applied as a band spray to control weeds within the row, but the herbicide can 
contact tree stems when non-shielded spray tips are used. Glyphosate can be absorbed by tree bark and 
translocated within the plant, but the potential damage caused by these applications has not been 
extensively studied. The objective of this research was to evaluate basal glyphosate applications on 
growth of ‘Summer Red’ red maple (Acer rubrum L. ‘Summer Red’) over two growing seasons. One-
gallon container-grown ‘Summer Red’ red maple plants received glyphosate treatments in 2018 and were 
then transplanted to 3 gal containers and subjected to the same treatments in 2019. Two experiments were 
conducted in summer 2019 at the Tennessee State University Nursery Research Center in McMinnville, 
TN. In both experiments, plants received basal (15 – 20 cm portion of lower stem) glyphosate treatments 
every 4 or 8 weeks (4 or 2 total applications, respectively) and a non-treated control was also included. In 
Experiment 1, plants received glyphosate at application volumes of 2, 20, or 40 gallons per acre (1 lb 
ai/A). In Experiment 2, plants were treated with glyphosate application rates of 1 or 2 lb ai/A. In both 
experiments, an ultra-low volume sprayer (Herbiflex 4) was also included for comparison with 
conventional sprayer applications. Trees received a total of 4 or 8 glyphosate applications over the two-
year period. Shoot height was recorded at the beginning and end of the experiments, while shoot biomass 
was measured 4 months after the initial treatment.  

At the end of 2019, no visual symptoms of herbicide damage were observed in either experiment. In 
Experiment 1, change in plant height and shoot biomass were not significantly affected by application 
volume or number of applications. In Experiment 2, final plant height and change in height were similar 
among all application rates and number of applications. Total shoot biomass was also similar among all 
treatments, although there was a 10% to 16% reduction in total shoot biomass in plants that received 8 
glyphosate applications compared to the control. Although glyphosate can be absorbed through bark and 
translocated throughout the plant, basal glyphosate applications did not affect young red maple trees at the 
end of two growing seasons. Any visual or residual effects of basal glyphosate applications will likely 
take several years to materialize, thus further studies would be necessary to determine the long-term 
effects. 
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DOES WEED SUPPRESSION AND FERTILIZATION ENHANCE ESTABLISHMENT OF 
BAREROOT TREES IN A RIPARIAN BUFFER? A.E. Gover*, E.N. Weaver, S.M. Jefferson, and E.B. 
Euker, Penn State, University Park, PA (101) 

ABSTRACT 

[no abstract entered] 
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A PRELIMINARY STUDY OF THE NON-NATIVE VASCULAR FLORA OF FRESH KILLS PARK, 
STATEN ISLAND, NEW YORK. R. Stalter*, St Johns University, Queens, NY (102) 

ABSTRACT 

The objective of this preliminary study was to document the non-native vascular plant species at 890 ha 
Fresh Kills Park, Staten Island, New York. The vegetation was initially sampled in September and 
October 2018 and monthly during the 2019 growing season. Additional collecting will be conducted 
during the 2020 and 2021 growing seasons. A preliminary list of the flora includes 299 species in 208 
genera in 75 families. Families with the greatest number of invasive taxa are the Poaceae, Asteraceae, and 
Fabaceae. One hundred seven non-native vascular plant species compose 36% of the flora. Non-native 
taxa of greatest concern are Phragmites australis, Celastrus orbiculatus, and Elaeagnus spp. No 
eradication programs are currently in place to remove these taxa. 
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JAPANESE KNOTWEED AND MUGWORT MANAGEMENT WITH EARLY SPRING FOAMING 
STEAM APPLICATION. A. Senesac*, Cornell Cooperative Extension, Riverhead, NY (103) 

ABSTRACT 

Recent developments in thermal weed control seem to offer an alternative to herbicides for managing 
weeds in amenity and certain natural areas. Two of the most troublesome invasive species in Northeastern 
US are mugwort (Artemisia vulgaris) and Japanese knotweed (Reynoutria japonica). Both spread laterally 
by rhizomes. However, the rhizomes and rootstock of the knotweed are highly condensed in the top few 
inches of soil and almost behave like the crown of a simple perennial. Japanese knotweed and mugwort 
are both deciduous and new shoots arise during the course of the spring season. This period is the most 
vulnerable time and offers the greatest opportunity for management of these weeds. The goal was to 
determine if the tender emerging shoots from two invasive rhizomatous weeds can be well controlled with 
exposure to thermal management supplied by Foamstream™. The Foamstream™ equipment combines 
hot water and foam, made from renewable plant oils and sugars. As the foam emerges from the applicator 
wand, it creates a layer of insulation that retards cooling and allows the destructive hot water to remain on 
the foliage longer, optimizing efficacy. 

In April 2019, a site was identified at a nearby public preserve. The Japanese knotweed was growing 
along the side of a dirt roadway which allowed for the application vehicle to drive close by. The 
knotweed populations were divided into equal sized plots of 10’ x 5’ while the mugwort plots were 10’x 
3’. The treatments were arranged in a Randomized Complete Block design and replicated four times. 
Following treatment on April 30th, the plots were evaluated for stem number, plant vigor and stem height 
regularly over the course of following six weeks. The treatments consisted of the mowed (control) and 
two periods of exposure of the shoots. One period (1X) simulated the standard exposure time for 
managing emerged weed species. The length of time that it took to cover the plot with foam was timed 
and that figure was used to determine the second period, which was 1.5-2 X the standard exposure period. 
The data were subjected to statistical analysis to determine if significant differences exist between the 
treatments. The same procedures were followed for the mugwort plots which were located in another area 
of the preserve. 

The results suggest that re-emerging stem number, vigor and height were significantly reduced for the 
first 2-3 weeks following either Foamstream treatment compared to the mowed control. However, after 
this period, the Foamstream treated plots began to resume growth on a pace with the mowed plots. Most 
of the treatment effect was no longer visible by the end of the study at 6 weeks. Reapplication of the 
Foamstream at three-week intervals for the remainder of the season most likely would have caused a 
significant reduction in the underground reserves of either weed. In areas where repeated mowing as well 
as chemical herbicides are not allowed or practical, Foamstream may offer a legitimate alternative. 
However, if a large area is to be treated, there would be a necessity for nearby running water to refill the 
tank. This may be a limiting factor in the practicality of this method. But in amenity areas and hardscapes 
where water is available, the Foamstream is a potential new tool for landscapes and property managers. 
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JAPANESE STILTGRASS (MICROSTEGIUM VIMINEUM) GERMINATION PATTERN AND ITS 
IMPACT ON CONTROL STRATEGIES. J. Derr* and G. Payne, Virginia Tech, Virginia Beach, VA 
(104) 

ABSTRACT 

Trials were conducted in southeastern Virginia to determine the germination period for Japanese stiltgrass 
and its impact on timing of herbicide applications. Germination declined from April to June, with no 
germination seen in mid-June. Applications of prodiamine reduced Japanese stiltgrass stand from 30 to 
94%, depending on rate and timing, but even in the most effective treatment there was still at least 19% 
cover by August. Split prodiamine treatments that utilized May applications were more effective for 
crabgrass (Digitaria spp.) control than for Japanese stiltgrass, supporting the earlier germination pattern 
for Japanese stiltgrass. Optimum Japanese stiltgrass control occurred with a single March or a split 
December plus March application of prodiamine. Glyphosate applications in early May significantly 
reduced Japanese stiltgrass cover that month, but later germination resulted in approximately 25% cover 
in October, with 78% cover seen in untreated plots. No Japanese stiltgrass was observed in October when 
glyphosate was applied in either the third week of June or the third week of July. A single application of 
glyphosate is effective for Japanese stiltgrass control if applications are made after new germination has 
ceased in June. 
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EVALUATION OF HERBICIDES FOR CONTROL OF HONEYSUCKLE. J.C. Jodon, Jr.*, J. Plummer, 
D. Despot, and J. Sellmer, Penn State University, University Park, PA, PA (105) 

ABSTRACT 

Exotic shrub honeysuckle including Morrow’s (Lonicera morrowii A. Gray), tatarian (Lonicera tatarica 
L.), and amur (Lonicera maackii (Rupr.) Herder) have become widespread along Pennsylvania roadsides 
disrupting vehicle sight lines, interfering with maintenance, and creating visibility hazards where wildlife 
cross. Past experiments demonstrated that 2,4-D, 2,4-D + triclopyr, and glyphosate were effective against 
honeysuckle; however, due to constraints of the standard CO2 plot sprayer the applications were limited to 
side trimming the shrubs, which mimicked the approach used by roadside vegetation managers. Past 
injury and control ratings were based on the stems treated within the application pattern. Regrowth 
suggested that side trimming may not be an effective application method for honeysuckle control. In a 
continuing effort to find an effective control strategy, this experiment evaluated full coverage by six 
herbicide treatments: 4257 g 2,4-D ae/ha; 3361 g glyphosate ae/ha; 1681 g triclopyr ae/ha; 3361 g 
triclopyr ae/ha; 10084 g triclopyr ae/ha; 1681 g triclopyr ae/ha + 4257 g 2,4-D ae/ha; and an untreated 
check. The experiment was established as a randomized complete design with nine plants per 
treatment. Individual shrubs were measured to determine the area of each plant and herbicide applications 
were based on calculated canopy area. All herbicide treatments were applied at a carrier volume of 467 
L/ha and included methylated seed oil at 1% v/v. Treatments were applied using a CO2-powered sprayer 
equipped with a handgun and a PPX6 nozzle at 30 psi. The honeysuckle was treated on July 7, 
2018. Treatments were visually rated for percent injury and control using the following rating system 0 = 
no injury–100 = complete necrosis on August 8, September 11, 2018, and July 10, 2019; 30, 64, and 366 
days after treatment (DAT), respectively. All data were subject to analysis of variance and when 
treatment F-tests were significant (p < 0.05), treatment means were compared using Tukey’s HSD 
separation test. After the first growing season, glyphosate at 3361 g ae/ha, 2,4-D at 4257 g ae/ha, and 
triclopyr at 10084 g ae/ha provided a minimum of 99% injury of honeysuckle. The untreated shrubs 
showed 29.44 percent leaf spot injury confirmed as Alternaria leaf spot. By 366 DAT, the most effective 
were glyphosate at 3361 g ae/ha (100%), triclopyr at 10084 g ae/ha (95.56%), 2,4-D at 4257 g ae/ha 
(95.22%), and triclopyr at 1681 g ae/ha + 2,4-D at 4257 g ae/ha (95%). Triclopyr at 1681 g ae/ha and 
triclopyr at 3361 g ae/ha resulted in 72.78 and 78.33 percent control of honeysuckle, respectively. The 
untreated check continued to show signs of Alternaria leaf spot damage with 22.89 percent control. 
Glyphosate was the most effective treatment; however, as a non-selective herbicide it may create bare 
ground below or adjacent to targeted shrubs as a foliar application. For glyphosate to be effectively 
employed seeding a permanent low growing grass groundcover after treatment to prevent erosion and 
following up in future seasons with a selective herbicide for control of broadleaf weeds would be 
advised. Alternatively, two seasons of triclopyr treatments may be effective without requiring seeding a 
low growing grass groundcover. Further data collection will determine the long-term effectiveness of the 
treatments employing total plant coverage applications. 
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PRECISION HERBICIDE APPLICATIONS TO ROSETTES AND SIMILAR GROWTH FORMS. B.F. 
McDonnell*, National Park Service, Bushkill, PA (106) 

ABSTRACT 

A need was identified for a precise, replicable, and discrete method to apply herbicide to individual weed 
targets growing in a generally circular habit, such as Cirsium arvense rosettes. The Cirsium 
arvense targets were scattered within a restoration area in which high value pollinator plants had been 
sown. The application plan was to apply 0.09 kg/ha (0.078 lb/ac) aminopyralid to the rosettes while 
minimizing off target mortality. The method developed was to use a backpack sprayer fitted with a 
metered output spray gun, and a full cone spray tip, and is applicable to other weeds growing in a similar 
habit, such as a sedge. Using a TG-3 or TG-4 spray tip, a MeterJet spray gun calibrated to apply a one ml 
dose, and held at a height (305 mm, 1 ft) to produce a 200 to 250 mm (8-10") diameter spray pattern, the 
spray equipment is calibrated to apply an approximate rate of 24 GPA. The specific equipment, 
application method, and calibration procedure will be presented. 
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BROADLEAF WEED CONTROL ALTERNATIVES IN COOL-SEASON TURFGRASS. P.C. 
Bhowmik*, University of Massachusetts, Amherst, MA (107) 

ABSTRACT 

Several field studies were conducted to evaluate selective control of various broadleaf weeds in our 
experimental site. Common weeds included common dandelion (Taraxcum officinale), white clover 
(Trifolium repens), broadleaf plantain (Plantago major), buckhorn plantain (Plantago lanceolate), yellow 
woodsorrel (Oxalis stricta), heal all (Prunella vulgaris), common chickweed (Stellaria media), and other 
species. Experiments were conducted in 2017 to 2019. Experimental areas were mixed turfgrass primarily 
of Kentucky bluegrass. Experimental plots were maintained at a 1.5 inch cutting height and the clippings 
were left on the plots. The area was fertilized with 0.5 lb/N twice a year. All treatments were applied to 
3.5 by 10 feet plots with a CO2-backpack sprayer at a pressure of 22 psi in 50 gpa.  POST treatments were 
applied on June 26, 2017, June 19, 2018 and June 17, 2019. Turfgrass injury was visually estimated on a 
scale of 0 to 100% (0%=no injury and 100%=dead turfgrass) and turfgrass density was rated on scale of 1 
to 9 (where 1=thin stand and 9=dense stand). Weed control was visually estimated on a scale of 0 to 
100% (where 0%=no weed control and 100%=complete control) 2, 4, 8 and 12 weeks after treatment 
(WAT). 

Arylex (halauxifen-methyl) is a new class of synthetic auxin (GR 4). It belongs to arylpicolinate class and 
it is a systemic POST herbicide with reduced volatility. Several new products containing this new active 
ingredient were evaluated. Several new combinations such as GF-3566 (halauxifen-methyl + fluroxypyr + 
2,4-D choline), GF-2687 (halauxifen-methyl and florasulam), Switchblade (halauxifen-methyl + 
fluroxypyr + dicamba) were tested. GF-3566 was used at 3.0, 3.5, and 4.0 pt/A and GF-2687 was used at 
0.72 oz/A. Commonly used combination treatments such as (2, 4-D, MCPP and dicamba), SF formulation 
of (2,4-D, MCPP and dicamba) were included along with 2,4-D Ester alone. Several four-way 
combination treatments of (2,4-D, MCPP, dicamba and carfentrazone), (2,4-D, dicamba, quinclorac and 
sulfentrazone) and (2,4-D, dicamba, quinclorac, sulfentrazone and pyrimisulfan) were in some trials. 

In general, most of the treatments provided excellent control of many of the broadleaf weeds present. The 
combination of halauxifen-methyl, fluroxypyr and 2,4-D choline (GF-3566) gave 90 to 98% control of 
common dandelion, white clover, broadleaf plantain, buckhorn plantain, henbit and yellow woodsorrel. 
Very similar control was obtained with the combination of halauxifen-methyl and florasulam (GF-2687). 
The treatment combination of halauxifen-methyl, fluroxypyr and dicamba at 4 pt/A resulted in similar 
control of many of the broadleaf weeds. Treatments of four-way combinations resulted in excellent 
control of most of the broadleaf weeds present in two of our trials. Our results indicate several alternative 
options for POST control of many broadleaf weeds in cool-season turfgrass. 
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LONG-TERM IMPACT OF NITROGEN, IRON SULFATE AND PLANT GROWTH REGULATORS 
ON ANNUAL BLUEGRASS POPULATIONS. K. TANG*, Penn State University, University Park, PA 
(108) 

ABSTRACT 

Annual bluegrass (Poa annua L., ABG) is considered an undesirable species on golf courses in many 
regions of the United States. Numerous cultural and chemical practices have been studied for their effects 
on reducing ABG populations and promoting the desirable turfgrass species. However, the long-term 
effect of the combination of these practices is not sufficiently investigated. The objective of this study 
was to determine the long-term effect of nitrogen (N), iron sulfate (Fe) and plant growth regulators 
(PGRs) on ABG populations in a creeping bentgrass (Agrostis stolonifera L., CBG) golf green. The study 
was initiated on a mixed stand of ‘L-93’ CBG (75%) and ABG (25%) green at the Joseph Valentine 
Turfgrass Research Facility in University Park, PA from 2010 to 2018. Treatments were approximately 
every 3 weeks from May to Oct. Treatments included ammonium sulfate (24 or 147 kg N ha-1 yr-1), iron 
sulfate (0, 12, or 49 kg Fe ha-1 application-1), and the PGRs trinexapac-ethyl (TE, 0.043 kg a.i. ha-

1 application-1), flurprimidol (FL, 0.28 kg a.i. ha-1 applicaation-1) or no PGR. Percent ABG was recorded 
every month during the growing season, using a 0.9 m × 1.8 m rating grid with 253 intersections. Annual 
bluegrass populations were influenced by N rate, Fe rate and PGRs. Lower N rate generally resulted in 
lower ABG populations. Iron applications initially resulted in lower ABG populations. Plots treated with 
flurprimidol generally had the lowest ABG populations and few differences existed between TE and 
applying no PGR.  Finally, seasonal variation in ABG populations were minimal. 
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SMOOTH CRABGRASS CONTROL PROGRAMS WITH CHELATED IRON WEED CONTROL 
PRODUCTS. D.P. Tuck* and M.T. Elmore, Rutgers University, North Wales, PA (109) 

ABSTRACT 

Field experiments were conducted to evaluate the efficacy of chelated iron containing herbicides for PRE 
and POST smooth crabgrass (Digitaria ischaemum) control at various rates, timings, and sequences in 
2018 and 2019 in North Brunswick and Freehold, NJ, respectively. Both sites were a simulated lawn 
consisting of a poor stand of perennial ryegrass with history of smooth crabgrass. In 2018, treatments 
consisted of single or sequential applications of FeHEDTA (21 or 42 kg ha-1), sodium ferric EDTA (35 or 
56 kg ha-1), corn gluten hydrolysate, and corn gluten meal (24 or 98 kg ha-1). In 2019, treatments 
consisted of single applications or various sequential programs of FeHEDTA (10, 21, or 42 kg ha-1), 
sodium ferric EDTA (35, 56, or 77 kg ha-1), iron sulfate heptahydrate (10 kg ha-1), corn gluten 
hydrolysate, and mesotrione (175 g ha-1). 

In both years, treatments were arranged in a randomized complete block design with four replications and 
applied to 0.9 by 2.0 m plots. Sodium ferric EDTA and corn gluten meal were granular formulations and 
applied using a shaker jar. All other treatments were sprayable and applied using a CO2-powered single 
AI9504EVS nozzle boom with a water carrier of 820 L ha-1 and 1020 L ha-1 in 2018 and 2019, 
respectively. Initial applications were applied PRE on 12 June 2018 and 8 April 2019, respectively, and 
were irrigated immediately following application. Sequential POST applications of sodium ferric EDTA 
were applied to dew covered turf. Due to the delayed start of the 2018 experiment, emerged smooth 
crabgrass was controlled with fenoxaprop. Smooth crabgrass control was evaluated visually on a 0 (i.e., 
no control) to 100 (i.e., complete control) percent scale relative to a non-treated control. 

2018 results demonstrated that FeHEDTA and sodium ferric EDTA provided substantial crabgrass control 
when applied PRE and early-POST, but the contribution of PRE or POST activity efficacy was not clear. 
In 2019, treatments that included sequential POST applications of FeHEDTA or sodium ferric EDTA 
generally provided greater smooth crabgrass control than treatments applied PRE. Sodium ferric EDTA 
applied PRE on 8 April, and POST on 23 May, and 17 June provided greater control (>75%) than sodium 
ferric EDTA applied PRE on 8 April and POST on 9 May (<30% control), at 13 WAIT. FeHEDTA 
applied POST on 23 May and 17 June provided greater control (48 to 60%) than FeHEDTA applied PRE 
on 8 April and POST on 9 May (<10% control), at 11 WAIT. Corn gluten heptahydrate and mesotrione 
applied singly PRE on 8 April, and iron sulfate heptahydrate applied PRE on 8 April and POST on 25 
April, 23 May, and 17 June provided poor control (<30%) at 13 WAIT. FeHEDTA at 42 kg ha-1 applied 
singly PRE on 8 April or POST on 23 May, respectively, provided poor control for the duration of the 
experiment. These data suggest that PRE activity of FeHEDTA and sodium ferric EDTA is limited but 
sequential POST applications provide effective smooth crabgrass control. These chelated iron products 
generally provided better control when applied POST in June compared to May. Future research should 
investigate ideal application timings of chelated iron products for smooth crabgrass control. 
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SMOOTH CRABGRASS AND GOOSEGRASS CONTROL ON CREEPING BENTGRASS GREENS. 
S.D. Askew* and J. Brewer, Virginia Tech, Blacksburg, VA (110) 

ABSTRACT 

Creeping bentgrass maintained at greens height is typically more sensitive to herbicides.  In the transition 
zone, crabgrass and goosegrass are problematic weeds, especially on greens that are experiencing biotic 
or abiotic stress.  There currently aren’t any postemergence herbicides registered to control crabgrass or 
goosegrass on creeping bentgrass greens.  Experimental results have shown that fenoxaprop can be 
applied at low doses weekly or biweekly on greens to control young weed seedlings as they emerge.  Our 
objective was to evaluate this frequent-treatment, low-dose approach with fenoxaprop, topramezone, 
quinclorac, and siduron for crabgrass and goosegrass control and creeping bentgrass response.  Both 
quinclorac applied weekly and biweekly at 140 and 280 g ai/ha, respectively, and fenoxaprop applied 
weekly and biweekly at 17 and 35 g ai/ha, respectively, injured creeping bentgrass 30 to 60% at 52 days 
after initial treatment.  Siduron at 5.6 or 13 kg ai/ha applied weekly or biweekly, respectively, did not 
injure creeping bentgrass and topramezone applied at 1.5 to 6.1 g ai/ha caused transient injury that never 
exceeded 15%.  Fenoxaprop controlled both crabgrass and goosegrass while quinclorac controlled only 
crabgrass.  Siduron completely controlled crabgrass but controlled goosegrass approximately 50% by 
season’s end.  Topramezone completely controlled goosegrass but controlled smooth crabgrass 
approximately 60% by season’s end.  In additional studies, siduron completely controlled smooth 
crabgrass when applied biweekly at four rates between 3.3 and 13 kg ai/ha.  By reducing the siduron rate 
of 13 kg ai/ha in the previous study to 3.3 kg ai/ha, an average golf course could lower potential economic 
burden from $13,335/yr to $3,150/yr.  Siduron is currently the only herbicide included in these studies 
that can be legally used on golf greens.  These data suggest siduron is a safe option for season-long 
control of crabgrass and suppression of goosegrass. 
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VARIABLE RESPONSE OF CREEPING BENTGRASS TO TOPRAMEZONE ACROSS SEASONAL 
APPLICATION TIMINGS IN ALABAMA AND VIRGINIA. C. Goncalves*, J. Brewer, S. McElroy, 
and S.D. Askew, Virginia Tech, Blacksburg, VA (111) 

ABSTRACT 

Creeping bentgrass (Agrostis stolonifera L.) response to topramezone is highly variable and influenced by 
herbicide rates, tank mixtures, and environment. The objectives of this research were to evaluate 
topramezone (Pylex) injury at different application rates and timing in Alabama and Virginia. Field 
treatments included applications of topramezone alone at (5.2, 10.4, 15.6, or 20.8 g ai ha-1) applied in 
April, May, June, or July in Alabama and May, June, July, or August in Virginia. Results from those 
studies indicate early-season application of topramezone was safe to creeping bentgrass at all rates used. 
Topramezone application at high rates (15.6 or 20.8 g ai ha-1) in late-season caused greatest creeping 
bentgrass injury, likely due to the high temperatures that stressed the turfgrass during this period. In 
general, injury from topramezone applications increased from April to July in Alabama and from April to 
August in Virginia. We conclude that early-season applications of topramezone at (5.2, 10.4, 15.6, or 20.8 
g ai ha-1) and low rate (5.2 g ai ha-1) in late-season could safely be used on creeping bentgrass. 
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ANNUAL BLUEGRASS (POA ANNUA) CONTROL IN COOL-SEASON TURF WITH MESOTRIONE 
AND AMICARBAZONE TANK-MIXTURES. M.T. Elmore*, D.P. Tuck, A.J. Patton, and A.W. Thoms, 
Rutgers University, New Brunswick, NJ (112) 

ABSTRACT 

Field experiments were conducted in 2018 and 2019 to evaluate tank-mixtures of amicarbazone and 
mesotrione for POST annual bluegrass (Poa annua L.) control in Kentucky bluegrass (Poa pratensis L.) 
or perennial ryegrass (Lolium perenne L.) turf. In 2018 research was initiated at Rutgers University 
(Freehold, NJ) on 26 April. Treatments consisted of three amicarbazone-only programs and four 
amicarbazone + mesotrione tank-mixture programs. Amicarbazone-only programs consisted of three 
sequential applications of amicarbazone at 53 or 70 g ha-1 on 14-d interval or two applications on a 21-d 
interval at 110 g ha-1. Amicarbazone + mesotrione programs consisted of three sequential applications of 
amicarbazone (54 g ha-1) + mesotrione at 110, 140, and 175 g ha-1 on a 14-d interval and two applications 
of amicarbazone (54 g ha-1) + mesotrione at 280 g ha-1 on a 21-d interval). Three sequential applications 
of methiozolin (950 g ha-1) were included for comparison. In 2019, replicate experiments were conducted 
at Rutgers University, Purdue University (West Lafayette, IN) and Iowa State University (Ames, IA). 
Treatments consisted of amicarbazone (53 g ha-1) applied alone or tank-mixed with mesotrione at 110, 
140, and 175 g ha-1. Tank-mixtures of amicarbazone (53 ha-1) + mesotrione (110 g ha-1) and UAN (30-0-
0, 6.6 L ha-1) or urea (1.2 kg N ha-1) + AMS (2.6 kg N ha-1) were also evaluated. Mesotrione alone at 175 
g ha-1 was included for comparison. All treatments were applied three times on a 14-d interval beginning 
in late April or early May. 

All sites were Kentucky bluegrass or perennial ryegrass naturally infested with annual bluegrass 
maintained at a 1.3 to 3.5 cm height. Treatments were arranged in a randomized complete block design, 
replicated four times, and applied using standard CO2-powered small-plot spray equipment with water 
carrier (420 to 840 L ha-1) and NIS (0.25% v/v). Annual bluegrass cover was evaluated visually on a 0 to 
100 percent scale on the day of initial herbicide application and periodically thereafter until early autumn. 
Annual bluegrass cover was transformed and expressed a percent reduction (or increase) in cover 
compared the initial application date on a plot-by-plot basis. A grid intersect count was used to determine 
annual bluegrass cover at the final evaluation in early autumn. Kentucky bluegrass injury was evaluated 
visually when it was apparent. The ANOVA was conducted in SAS and Fisher’s Protected LSD was used 
to separate means. 

In 2018 all amicarbazone + mesotrione tank-mixtures reduced annual bluegrass cover more than all other 
treatments on the final rating date. Three applications of amicarbazone + mesotrione resulted in an 83 to 
94% annual bluegrass cover reduction, compared to a 22 to 102% increase in annual bluegrass cover for 
amicarbazone alone and methiozolin. In 2019, responses were not consistent across locations. In New 
Jersey mesotrione + amicarbazone reduced annual bluegrass cover more than amicarbazone alone on 
most evaluation dates and at the conclusion of the experiment. In Indiana, mesotrione + amicarbazone 
reduced annual bluegrass cover more than amicarbazone or mesotrione alone at 6 WAT. But at the 
conclusion of the Indiana experiment all treatments reduced annual bluegrass cover similarly (by 70 to 
80%). In Iowa, all treatments reduced annual bluegrass cover similarly (by >80%) at 6 WAT and at the 
conclusion of the experiment. 
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IRRIGATION TIMING INFLUENCES GOOSEGRASS CONTROL AND BERMUDAGRASS 
RESPONSE TO TOPRAMEZONE PROGRAMS. J. Peppers*, J. Brewer, J. Craft, and S.D. Askew, 
Virginia Tech, Blacksburg, VA (113) 

ABSTRACT 

Lack of effective postemergence herbicide options makes goosegrass control more difficult in warm 
season turfgrass. The HPPD-inhibiting herbicide topramezone and the PSII-inhibiting herbicide 
metribuzin can both control goosegrass. However, injury concerns limit the use of these herbicides in 
warm season turfgrass. Previous research has shown that tank mixtures of topramezone and metribuzin 
reduces bermudagrass bleaching and allows for lower topramezone use rates to achieve effective 
goosegrass control. Further studies have recently shown that irrigating turf immediately after applying 
these herbicides may result in less turfgrass injury. Field trials were conducted during the summers of 
2018 and 2019 in Blacksburg, Virginia, to examine the effect of irrigation timing on herbicidal activity of 
topramezone applied alone and in combination with metribuzin for goosegrass control and ‘Latitude 36’ 
bermudagrass injury. Treatments included topramezone (12.2 g ai ha-1) alone and topramezone (6.1 g ai 
ha-1) mixed with metribuzin (280.2 g ai ha-1). Both treatments were examined with no irrigation, 
immediate irrigation (0.25 cm), irrigation 15 minutes after herbicide application, and irrigation 30 minutes 
after herbicide application. 

Treatments that included topramezone plus metribuzin were significantly less injurious to bermudagrass 
than treatments of topramezone alone. For example, in 2018 at 7 days after treatment, immediate 
irrigation following topramezone alone injured bermudagrass 76% whereas similar irrigation following 
the combination of topramezone and metribuzin injured bermudagrass 5%. Turf response to herbicides 
and irrigation was dependent on year because irrigation at 15 and 30 minutes after treatment reduced 
phytotoxicity more in 2019 than in 2018. Irrigation, regardless of timing, reduced bermudagrass injury 
from topramezone plus metribuzin. At 28 days after application, topramezone and topramezone plus 
metribuzin controlled goosegrass at least 93% when irrigation was not applied following treatment. 
Immediate irrigation reduced goosegrass control to 57% and irrigation at 15 or 30 minutes reduced 
goosegrass control to approximately 81%. At 8 weeks after treatment, goosegrass plant counts exhibited a 
general trend toward increasing plant recovery as irrigation delay was reduced, but variable goosegrass 
population levels made statistical separation impossible. In 2018, the two herbicide programs did not 
differ for goosegrass recovery but topramezone plus metribuzin resulted in slightly more goosegrass 
recovery in 2019. Results from these trials indicate that more immediate irrigation lowered both 
bermudagrass injury and initial goosegrass control. Long-term goosegrass control may be governed by 
other factors. 
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EFFECT OF SOIL MOISTURE ON HERBICIDE EFFICACY FOR POSTEMERGENCE 
GOOSEGRASS (ELEUSINE INDICA) CONTROL. B.C. McNally*, M.T. Elmore, J.T. Brosnan, A. 
Shekoofa, D.P. Tuck, and J. Vargas, Rutgers University, New Brunswick, NJ (114) 

ABSTRACT 

The objective of this research was to determine the efficacy of commonly used herbicides for POST 
goosegrass (Eleusine indica L. Gaertn) control under three soil volumetric water content (VWC) levels. 
Replicate experiments were conducted in a glasshouse at Rutgers University (New Brunswick, NJ) and 
the University of Tennessee (Knoxville, TN). Treatments consisted of five herbicides across three soil 
moisture levels arranged in a complete factorial. Herbicides consisted of fenoxaprop-p-ethyl (hereafter 
fenoxaprop; 140 g ha-1), topramezone (25 g ha-1), foramsulfuron (44 g ha-1), 2,4-D + dicamba + MCPP + 
carfentrazone (860 + 80 + 270 + 28 g ha-1), and thiencarbazone-methyl + foramsulfuron + halosulfuron-
methyl (22 + 45 + 69 g ha-1). These herbicides were applied to goosegrass subjected to low <12% VMC, 
medium 12-20% VMC, or high >20% VMC and replicated six times in a randomized block design. 
Goosegrass was planted from seed and allowed to establish in pots filled with field soil and fritted clay in 
a 4:1 ratio under well-watered conditions. Soil moisture treatments were initiated once goosegrass plants 
reached the three to six-tiller stage and continued for 20 days until herbicides were applied. Soil VWC 
was measured daily using a soil moisture probe and corrective irrigation was applied via watering can if 
needed. Herbicide treatments were applied using a research grade track sprayer (Generation III, DeVries 
Manufacturing) calibrated to apply 412 L ha-1 through a single 9502EVS nozzle; adjuvants were applied 
based on label recommendations. Goosegrass control was evaluated visually on a 0 (no control) to 100 
(complete control) percent scale relative to the non-treated at 22, 34, and 43 days after herbicide treatment 
(DAT). Dry shoot biomass was measured at the end of the experiment (43 DAT) and transformed to a 
percent of the non-treated control (NTC). 

At the Rutgers location, interactions of herbicide treatment and soil moisture were detected for all 
evaluations. With the exception of 2,4-D + dicamba + MCPP + carfentrazone, all herbicides provided 
better goosegrass control and the greatest biomass reduction to plants that were maintained at high VWC 
compared to low VWC at 43 DAT. Fenoxaprop and thiencarbazone-methyl + foramsulfuron + 
halosulfuron-methyl reduced biomass more at high VWC treatment than medium VWC treatment. 2,4-D 
+ dicamba + MCPP + carfentrazone provided poor control regardless of VWC. Shoot biomass of plants 
treated with fenoxaprop and maintained at high, medium, and low VWC was 26, 61, and 81% of the 
NTC, respectively. Similarly, shoot biomass of plants treated with thiencarbazone-methyl + 
foramsulfuron + halosulfuron-methyl and maintained at high, medium, and low VWC was 27, 87, and 
95% of the NTC, respectively. Results were similar in Tennessee as control was significantly greater for 
all herbicides when applied to goosegrass plants maintained at higher VWC. 

Additional research was conducted at the University of Tennessee to explore the impact of high vapor 
pressure deficit (VPD; > 3 kPa) and temperature (32 and 38 °C) on goosegrass grown in two different soil 
types (silt-loam and sand) treated with foramsulfuron. Under high VPD and 38 °C, only treated 
goosegrass plants growing in silt-loam showed lower transpiration beginning 14 DAT. This experiment 
helped validate that foramsulfuron is more effective when goosegrass is in an environment that the air is 
dry (> 3kPa) and temperature is high. Also, plants grown in soil with higher water holding capacity (i.e., 
silt-loam) had greater transpirable soil water, which may be important for foramsulfuron efficacy. 
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DROPLET SIZE AND VELOCITY INFLUENCES SPRAY PENETRATION INTO ZOYSIAGRASS 
TURF CANOPIES. S.D. Askew* and J. Craft, Virginia Tech, Blacksburg, VA (115) 

ABSTRACT 

Zoysiagrass can be treated with nonselective herbicides during winter dormancy for economical weed 
control. Previous research has shown that zoysiagrass injury from products like glyphosate are strongly 
associated with the amount of green tissue in the upper turf canopy. Although zoysiagrass may not have 
green leaves in the upper canopy, sporadic green leaves and stem tissue can be found in the lower canopy 
almost anytime during winter dormancy. Turf managers are perpetually fearful of the potential for turf 
injury when applying nonselective herbicides over zoysiagrass. Spraying systems technology has 
advanced in the past 30 years allowing for a large range of spray droplet characteristics. As droplet 
diameter and velocity increases, the resultant kinetic energy should increase droplet penetration into turf 
canopies and vice versa. Our objectives were to design a high-speed video analysis method to measure 
droplet diameter and velocity and determine spray parameters that minimize droplet penetration into 
lower zoysiagrass canopies. Using a completely randomized design, Teejet 11006 flat fan or turbo TeeJet 
induction (TTI) nozzles were operated at 103 or 414 KPa and at 25 or 61 cm above 10-cm diameter 
‘Meyer’ zoysiagrass plugs. The resulting 8 treatments of the 2 x 2 x 2 factorial design were replicated 4 
times. A 50% spray pattern indicator solution (Bull’s Eye) was applied at 374 L/ha.  Clippings were 
collected from the upper, middle, and lower third of each 5-cm tall canopy and dye was extracted with 
water and subjected to spectrophotometric analysis. Droplet characteristics for each of the 8 treatments 
were determined by high-speed video at 15,000 frames per second and 100 droplets were tracked across 
frames to measure diameter and velocity. As pressure increased, average droplet diameter decreased from 
384 to 265 µm for flat fan and 735 to 651 µm for TTI. Droplet velocity increased from 14 to 29 km/hr as 
TTI nozzles were operated at 103 and 414 KPa, respectively. When averaged over all nozzles and 
pressures, droplet velocity increased from 17 to 25 km/hr as distance to target was decreased from 61 to 
25 cm. These changes in droplet characteristics did not, however, significantly influence measured spray 
penetration based on our dye extraction technique. In all cases, approximately 70% of spray droplets were 
captured by the upper canopy, 19% by the middle canopy, and 11% by the lower canopy. Canopy 
biomass was consistent between treatments and thus, not a contributing factor. Future work will focus on 
improving consistency of dye recovery by identifying and removing potential sources of error. At this 
point, it is too early to make conclusions but the data are suggesting that substantial spray may reach the 
lower canopies of zoysiagrass regardless of nozzle type, pressure, or boom height. 
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PRELIMINARY STUDIES ON CRANBERRY PRODUCTION UNDER AN AGRIVOLTAIC 
SYSTEM. G. Mupambi*, H.A. Sandler, and P. Jeranyama, University of Massachusetts Amherst, East 
Wareham, MA (116) 

ABSTRACT 

Recently, there has been increased interest from cranberry (Vaccinium macrocarpon) growers in 
agrivoltaic systems that are designed for the continuation of productive agricultural activities under 
photovoltaic panels to diversify revenue streams.  Agrivoltaic systems modify light conditions by 
reducing the amount of photosynthetically active radiation (PAR) that plants receive, thereby affecting 
plant physiology. We conducted a preliminary study to look at the changes in microclimatic conditions, 
plant ecophysiology, fruit quality, and yield in cranberry. The study was conducted on a ‘Stevens’ 
cranberry bog in Massachusetts, USA. Two treatments were evaluated, an uncovered control area and an 
agrivoltaic system with three replica plywood solar arrays in a north-south orientation that mimicked a 
solar tracking system. The solar arrays were spaced 3.5 m apart, 6.0 m in length, and 1.5 m wide at 3.0 m 
above the plant canopy. Microclimatic sensors were installed under solar arrays, between solar arrays, and 
in the uncovered control. Seasonal accumulated PAR was reduced by 41% under solar arrays and 29% 
between solar arrays compared to the uncovered control. On a sunny day, net carbon assimilation was 
reduced under the solar arrays at mid-day (12:30) and between solar arrays at mid-morning (09:46) and 
mid-afternoon (15:46).  Canopy temperature was reduced by 3.4 °C under the solar panels at mid-day and 
by 2.9 °C between solar arrays at mid-afternoon. Volumetric soil water content was increased under solar 
arrays and between solar arrays compared to the uncovered control. Leaf wetness was reduced under solar 
arrays and between solar arrays compared to the uncovered control. Fruit color measured as total 
anthocyanin content was not affected by the installation of an agrivoltaic system, while yield was reduced 
when compared to the control. In conclusion, further studies need to be carried to ascertain the feasibility 
of cranberry production under an agrivoltaic system. 
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BIG CHANGES FOR THE IR-4 PROJECT ON THE HORIZON. D. Kunkel* and J.J. Baron, Rutgers 
University, Princeton, NJ (117) 

ABSTRACT 

After 56 years at Rutgers University, IR-4 Project Headquarters will be relocating, over the next two 
years, to a new host institution, NC State’s College of Agriculture and Life Sciences. This move will 
ensure the long-term viability of The IR-4 Project with strong strategic alignment to that of the NC State 
College of Agriculture and Life Sciences’ regulatory sciences and agriculture research. 

The USDA-NIFA, IR-4 Project continues to successfully address pest control needs for specialty crop 
growers. In 2019, EPA approved nearly 1,600 new uses based on IR-4 research. Over 450 of those new 
uses were for herbicide label expansions on products such as trifluralin, S-metolachlor, bentazon, 
pyraflufen-ethyl, indaziflam, pendimethalin and others. New registrations and new uses were obtained 
that provide enhanced pest control in a broad range of specialty crops including tropical fruits, herbs and 
spices, leafy vegetables, root vegetables, tree fruits and others. IR-4 expects a similar number of 
approvals for 2020, with several submissions pending at EPA including products such as saflufenacil, 
clopyralid, pronamide, isoxaben, and quizalofop. 

IR-4 also supports a significant amount of crop safety work to demonstrate that the new uses will not 
result in liability concerns. In 2018, IR-4 also initiated a new program to better serve the needs of the IR-4 
stakeholders. This program, entitled Integrated Solutions (IS) Research Program, is designed to address 
pest problems without solutions, resistance management, products for organic production and pesticide 
residue mitigation. IS projects relating to weed control include: addressing the growing problem of 
Branched broomrape (Orobanche ramose, aka Phelipanche ramose) control in tomato, screening 
herbicides for organic weed control and weed control in brassica vegetables. 
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OVERLAPPING S-METOLACHLOR TREATMENTS IN PUMPKIN. K.M. Vollmer*, K. Nichols, D. 
Lingenfelter, M.J. VanGessel, B.A. Scott, and J. Wallace, University of Maryland, Queenstown, MD 
(118) 

ABSTRACT 

Pumpkin (Cucurbita pepo L.) production in the northeastern United States is estimated to be about 10,000 
ha. The onset of herbicide-resistant weeds in the area has limited herbicide options for postemergence 
control. Overlapping herbicides is a technique that involves sequential applications of soil-applied 
residual herbicides in order to overlap the herbicide’s activity before the first herbicide 
dissipates. Separate field and greenhouse studies were conducted to evaluate weed control and pumpkin 
response to S-metolachlor applied as an overlapping residual treatment. 

The greenhouse study evaluated the response of six pumpkin varieties to S-metolachlor applied to 
emerged pumpkin plants. The study was repeated. Application rates for the first run consisted of a 1X, 
2X, and 4X rate, while the second run consisted of a 2X, 4X, and 6X rate. The 1X rate of S-metolachlor 
was 801 g ha-1. Pumpkin injury developed within 7 days after application as leaf burn on leaves fully 
expanded at time of application. Up to 20% injury occurred within 7 d of application. Although rate and 
varietal differences were observed, they were not consistent across both trials.  Injury symptoms were not 
observed on leaves that developed after the application. 

The field study evaluated weed control efficacy and pumpkin response to S-metolachlor applied POST at 
different rates and application timings. The study was repeated at 3 locations in Delaware, Maryland, and 
Pennsylvania. Ethalfluralin was applied at 1,262 g ha-1 over the entire study immediately after planting. S-
metolachlor was applied as a broadcast treatment at 801 or 1,602 g ha-1 2, 3, or 4 wk after planting. An 
untreated control and a weed-free check was used of comparison. No injury was observed following 
POST S-metolachlor applications. S-metolachlor applied at 1,602 g ha-1 controlled both pigweed species 
and large crabgrass, 90%, compared to S-metolachlor applied at 801 g ha-1 (pigweed-82%, large 
crabgrass-83%) regardless of POST application timing. 

An average of 8,645 pumpkins ha-1 were harvested, but there was no difference in location, S-metolachlor 
rate, or application timing among herbicide treated and weed-free plots. Pumpkin weight averaged 5 kg, 
but there were no differences among treatments. 

Our results show that S-metolachlor does not cause any adverse crop injury when applied as a broadcast 
treatment in pumpkin. While this tactic did provide late season weed control, growers should be aware 
that S-metolachlor will not control emerged weeds. Therefore, additional strategies will need to be 
included to manage escaped weeds. 
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SUMMER SQUASH AND CUCUMBER RESPONSE TO RATE AND TIMING OF APPLICATION 
WITH S-METOLACHLOR. T.E. Besancon, B.L. Carr*, M. Wasacz, C. Austin, and E. Hitchner, Rutgers 
University, Chatsworth, NJ (119) 

ABSTRACT 

In New Jersey, 3,561 ha of cucurbits were planted in 2018, the largest acreage of all fresh market 
vegetable commodities. Cucumber and summer squash are the two major cucurbit crops of the Garden 
State with a combined production value of $13 million. Due to many cucurbit varieties being low weed 
competing vines and their relative lack of tolerance to many herbicides, weed control often remains 
challenging. The number of currently labeled herbicides registered for use in cucumber and summer 
squash remains limited, emphasizing the importance of screening and evaluation of herbicides already 
registered for use on other minor crops. Field studies were conducted in 2018 and 2019 in Bridgeton, NJ, 
to test summer squash and cucumber tolerance to S-metolachlor applied PRE at planting or delayed PRE 
after crop reached the 2-leaf stage. ‘Goldprize’ summer squash and ‘Python’ cucumber were seeded prior 
to herbicide application. Treatments consisted of two standard labeled herbicides (clomazone + 
ethalfluralin at 0.88 kg a.i. ha-1, and bensulide at 4.5 kg a.i. ha-1), S-metolachlor applied PRE at 0.71 or 
1.42 kg a.i. ha-1 alone or combined with bensulide at 4.5 kg a.i. ha-1, and bensulide PRE at 4.5 kg a.i ha-

1 followed by a S-metolachlor delayed PRE at 0.71 or 1.42 kg a.i. ha-1. A non-treated weedy check and 
non-treated weed-free check were also included. Crop stand counts were evaluated 4 weeks after planting 
(WAP). Crop stunting was rated 2, 4, and 6 WAP. Weed control was assessed 3 weeks after treatment 
(WAT), and crop yield weight was assessed according to USDA grades and standards 5 times in 
cucumber and 6 times in summer squash. S-metolachlor provided excellent (>98%) control of smooth 
pigweed (Amaranthus hybridus), eastern black nightshade (Solanum ptychanthum), carpetweed (Mollugo 
verticillata), and hairy galinsoga (Galinsoga quadriradiata). In summer squash, stand counts and yield 
were not affected by S-metolachlor, regardless of rates or timing of application, and all stunting 
symptoms were unnoticed 6 WAP. In cucumber, S-metolachlor decreased crop emergence up to 42%. 
Persistent crop stunting by 6 WAP was noted in plots where S-metolachlor was applied PRE alone (9% 
averaged on rates), or delayed PRE with 7% and 17% for 0.71 kg a.i ha-1 and 1.42 kg a.i. ha-1, 
respectively. Significant reduction in cucumber yield where noted with S-metolachlor applied PRE at 1.42 
kg a.i. ha-1 (44% on average) or delayed PRE at 0.71 kg a.i. ha-1 (-34%) or 1.42 kg a.i. ha-1 (-50%). 
Overall, our results support the case for obtaining a New Jersey 24(c) Special Local Need label for 
summer squash but not for cucumber.  
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IMPROVING WATERMELON PLANT ESTABLISHMENT WITH RHIZOBACTERIA. M.A. 
Cutulle*, Clemson University, Charleston, SC (120) 

ABSTRACT 

Research was conducted to evaluate the impact of the rhizobacteria product SC-27 on watermelon vigor 
and fusarium resistance in greenhouse and field trials. Six watermelon varities (Charismatic, Fascination, 
Sugar Baby, Tri-X-313, Charleston Gray, and USVL252FR2) were treated with 4 different inoculation 
treatments: SC27 soil microbe inoculation, FON2 inoculation, SC27 + FON2, and no inoculation. 
Numerically, the more vigorous plants were treated with SC-27 while the least vigorous plants were not 
treated with SC-27. Generally, not many differences among variety on vigor in greenhouse trials; 
however, fascination tended to be the most vigorous variety when averaged across inoculation treatments. 
In the field SC-27 applications did not significantly affect the number of melons produced for each 
variety for total harvest. Interestingly, the effect of SC-27 was observed more on the 2nd harvest than the 
1st harvest. The study needs to be repeated before one can conclude SC-27 increases yield. 
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FIELD PEA (PISUM SATIVUM) AS A SUMMER COVER CROP IN NEW ENGLAND VEGETABLE 
PRODUCTION SYSTEMS. R.N. Brown*, URI, Wakefield, RI (121) 

ABSTRACT 

Climate change and demand for locally grown produce are leading more farmers in southern New 
England to grow fall crops of broccoli and cool season greens. This creates an opening for a summer 
cover crop to suppress weeds and provide nitrogen for the fall vegetable crop. Field pea is a traditional 
summer annual cover crop in northern New England and could be suited to late spring and early summer 
use in southern New England. The objective of this study was to evaluate a range of seeding dates for 
field pea as a cover crop in southern New England. 

The trials reported here were conducted at the University of Rhode Island’s Gardiner Crops Research 
Center in Kingston, RI. In 2016 ‘Austrian Winter’ peas were seeded at 112 kg/ha on April 15, April 29, 
May 13 and May 26. In 2018 ‘4010’ forage peas were seeded at 112 kg/ha on May 8, May 22, June 5, 
June 19, July 3 and July 17. In 2019 ‘4010’ peas were seeded at 112 and 224 kg/ha on May 7, May 21, 
June 4, June 18, July 2 and July 16. Fields were prepared by disking and peas were planted with a grain 
drill set to 1.3 cm depth. Total planting size varied across years, but all data were collected using 
randomly located 2 ft x 2 ft (0.6 m x 0.6 m) subplots within the planted area. Pea biomass and weed 
biomass were measured at six weeks after seeding, and pea biomass was measured at eight weeks after 
seeding. All vegetation within the quadrat was clipped within 3 cm of the soil surface. Peas were 
separated from weeds, and samples were dried and weighed. 

In 2016 the May 26 seeding significantly out-yielded the other seeding dates at both 6 weeks and 8 weeks 
after planting (Figure 1). In 2017 the June 19 seeding yielded the most crop biomass at 6 weeks after 
seeding, but only May 8 and July 3 were statistically lower (Figure 2). The May 22 seeding yielded the 
most crop biomass at 8 weeks, with only July 3 and July 17 statistically lower (Figure 2). Crop biomass 
exceeded weed biomass on all dates except July 3 and 17. In 2019 the June 4 planting produced the most 
biomass at 6 weeks at both seeding rates (Figures 3 and 4). At the 100 lb/acre seeding rate the May 21 
seeding date produced the most biomass at 8 weeks, significantly more than any other date (Figure 3). At 
200 lb/acre the May 21 and June 4 dates were nearly identical, and both significantly out-yielded the other 
dates (Figure 4). The 200 lb/acre seeding rate produced significantly more biomass than the 100 lb/acre 
rate on all dates except for the 6-week sampling of the May 7 planting. The May 7, May 21 and June 7 
plantings had significantly less weed biomass than the three later plantings. For the June 18, July 2 and 
July 16 seeding dates weed biomass exceeded crop biomass at the 100 lb/acre seeding rate, and was 
similar to crop biomass at the 200 lb/acre seeding rate. 

Field peas appear to be a good option for spring to summer cover cropping before fall vegetables in 
southern New England, with May and June being the best months for planting. Allowing the peas to grow 
for 8 weeks significantly increases biomass over termination at 6 weeks. Increasing seeding rate over 100 
l per acre significantly increases biomass, but that may be a result of generally poor stand establishment. 
More research is needed to determine the cause of poor stands, and improve percent establishment. 
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CRANBERRY CROP RESPONSE TO DIFFERENT APPLICATION METHODS OF 
SULFENTRAZONE AND FLUMIOXAZIN. K. Ghantous, T.E. Besancon, and H.A. Sandler*, UMass 
Cranberry Station, East Wareham, MA (122) 

ABSTRACT 

During recent screening trials, sulfentrazone and flumioxazin demonstrated crop safety when applied to 
dormant cranberry plants and control of high priority weeds such as dodder (Cuscuta spp.) and haircap 
moss (Polytrichum commune). Both herbicides are PPO inhibitors in WSSA Group 14/HRAC Group E, 
which would be a novel mode-of-action group for cranberry. 

Flumioxazin studies in WI resulted in crop injury not seen in MA or NJ. Cranberry growers in WI 
typically apply pesticides with boom sprayers (187 L water ha-1). MA growers apply through the 
irrigation system (chemigation; approximately 3,740 L water ha-1), while NJ growers use both 
methods. Both sulfentrazone and flumioxazin are soil-active compounds that require rainfall or irrigation 
for activation. Herbicides applied by boom sprayer are more concentrated and may be in contact with 
crop foliage longer than chemigated herbicides, which are more dilute. The effect of herbicide application 
method on cranberry crop safety for these two herbicides has not been previously reported. Through our 
observations, we hypothesized that irrigation immediately after boom application (i.e., wash-off) could 
minimize the time that herbicides were in contact with crop foliage without decreasing efficacy. 

Experiments were conducted in two cranberry growing regions, MA and NJ, to study the effects of 
application method on crop safety. Sulfentrazone (39.6% a.i.) at 840 g ha-1 or flumioxazin (51% a.i.) at 
420 g ha-1 in MA or 560 g ha-1 in NJ was applied as a simulated boom application (187 L water ha-1), 
boom application followed by (fb) wash-off (187 L water ha-1 followed by 0.25 cm water), or 
chemigation (3,740 L water ha-1). For each herbicide, each plot received a single treatment at one of two 
timings based on cranberry phenology (spring dormant or cabbage head) and all treatments were 
replicated four times at each location. 

For sulfentrazone applications in both MA and NJ, no treatment resulted in significantly less fruit than the 
untreated control, and the effect of application method was not significant. There was a trend towards 
lower yields in plots treated at the later timing than the earlier timing (not statistically significant).  

For plots treated with flumioxazin at the 420 g ha-1 rate (MA), application method had no effect on yield. 
For the higher 560 g ha-1 rate (NJ), the effect of application method on yield varied by timing; all 
treatments reduced yield compared to the untreated plots except for the spring dormant timing fb wash-
off. For MA and NJ, plots treated at the later timing had less fruit than plots treated at the earlier timing (p 
= 0.033 for MA and p = 0.077 for NJ), which did not differ from the untreated control. 

Preliminary results suggest that 840 g ha-1 sulfentrazone can be applied to dormant cranberries without 
reducing yield. Flumioxazin caused injury at the higher 560 g ha-1 rate used in NJ, and at this rate, 
application method became significant.  Our results indicate that application method may play an 
important role when herbicides are used at rates high enough to cause cranberry injury. 
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IMPACT ON CRANBERRY YIELD AND FRUIT QUALITY OF WEED DENSITY FOR FIVE 
COMPETING SPECIES. T.E. Besancon*, B.L. Carr, K. Ghantous, H. Sandler, and J. Colquhoun, 
Rutgers University, Chatsworth, NJ (123) 

ABSTRACT 

An enhanced understanding of weed species and density impacts on cranberry yield and quality would 
allow for management prioritization, but surprisingly, minimal documentation of these relationships is 
available. This information would be particularly useful as growers consider reducing inputs to address 
economic challenges. They would be able to focus on those weeds that have the greatest crop impact as 
opposed to those that may be abundant but primarily affect aesthetics. With this in mind, our objectives 
were to: 1) establish a methodology to document weed impacts on cranberry yield and quality; and 2) test 
the methodology across a spectrum of weedy species and regions. The long-term goal is to establish a 
“library” of weed species thresholds that could serve as a resource for growers, crop scouts and other pest 
management decision makers. Quantified weed parameters included density, biomass and ground cover. 
Cranberry parameters included berry yield, number, color, rot, insect damage, total anthocyanin content 
(Tacy) and Brix. Weed species included dewberry (Rubus spp.) And slender-leaved goldenrod (Solidago 
tenuifolia) in Wisconsin, Carolina redroot (Lachnanthes caroliniana) and maple (Acer spp.) in New 
Jersey, and moss (Sphagnum spp.) In Massachusetts. dewberry negatively affected not only cranberry 
yield but also color. Each percent of dewberry ground cover reduced cranberry yield by two barrels (100-
lb weight) per acre. Increases in goldenrod biomass and density were equally predictive of a negative 
response in cranberry yield. The relationship between Carolina redroot biomass and density were also 
negatively related to cranberry yield. Interestingly, a strong positive relationship was documented 
between Carolina redroot density and fruit insect damage. As might be expected, the impact of moss on 
cranberry yield and quality was more challenging to quantify as moss biomass harvest was difficult and 
other factors likely affect cranberry production in areas where moss was prevalent, such as moisture 
management. With that said, cranberry yield was still inversely related to moss biomass. This work will 
be repeated in 2020 and expanded to include additional weed species. 
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EFFECTS OF CORM DENSITY AND WINTER PROTECTION ON SAFFRON YIELD IN RHODE 
ISLAND. R. Gheshm* and R.N. Brown, URI, Wakefield, RI (124) 
 

ABSTRACT 
 

Saffron (Crocus sativus L.)  has been called red gold because it is the most expensive agricultural product in the 
world. Saffron is the dried stigma of the Saffron flower, which is an autumn-flowering, perennial crocus. It has 
many applications in the food, pharmaceutical, and dye industries. 
 
Saffron is commonly grown in the Mediterranean and West Asia, where it is cultivated in a wide range of locations 
with mild to dry climates. Saffron is one of the few high value crops which can be produced in arid areas with poor 
soil, and Iran is the biggest producer of saffron. But saffron does not require arid conditions to grow. The cultivation 
of saffron in the United States is over three hundred years old. The growth cycle for saffron is different from most 
crops, with active growth from September through June, summer dormancy, and harvest in late fall. Saffron is 
vegetatively propagated through corms, and plantings can be left in place for multiple years. The re-introduction of 
the forgotten red gold can be a step towards building agrobiodiversity and increasing the income of market farmers. 
 
This study was carried out at the University of Rhode Island’s Gardener Crops Research Center in Kingston, RI., to 
evaluate the potential for saffron production under typical southern New England climate. The trial was established 
in September 2017 and data collected in 2017, 2018, and 2019. Two planting densities and two levels of winter 
protection were tested in a factorial split-plot design with three replicates. The main plots were 6 m2 and planted 
with either 125 or 160 corms per m². Winter protection was applied to sub-plots with half of each main plot, covered 
by unventilated greenhouse plastic laid down on hoops with 80 cm height from the ground surface, and another half 
left exposed, all the plots after flower harvesting were covered by the shredded leaf mulch between the Saffron 
rows. 
 
The number of flowers per corm is determined by conditions during corm development in the winter and spring, and 
by temperatures during dormancy, establishment year yields were not influenced by experimental conditions and are 
not reported. In 2018 flower numbers and saffron yields were higher in plots planted at the higher density and in 
sub-plots protected by the low tunnels. However, differences were not statistically significant (Table 1).  In 2019 
flower numbers (p=0.0136) and saffron yields (p=0.0132) were significantly higher in unprotected sub-plots than in 
sub-plots (Table 2). Plots planted at the lower density tended to have more flowers and higher saffron yields, but 
differences were not statistically significant (Table 1). The overall results showed that saffron could survive and 
produce an acceptable yield in southern Rhode Island, that increasing plant density does not increase yields, and that 
low tunnels are unnecessary and counterproductive. The higher planting density is not recommended since it does 
not increase yields, and further decreases in density should be evaluated. If plants become too crowded after just one 
year, maybe the best density for RI is lower than the standard density for Iran. 

Table 1. The effect of saffron corm density on, flower number, and dry stigma 
weight in the field in 2018 and 2019. 
Winter protection Flower number Dry Stigma weight 

 N (g/sub-plot) 
2018   

   High density   784 a1 4.04 a 
   Low density 435 a 3.73 a 
2019   

   High density 538 a 2.79 a 
   Low density  625 a  3.44 a 
2019   

   Protected 449 y 2.4 y 
   Unprotected 714 z 3.8 z 
1 Differences among different data labeled by the same letters are statistically not 
significant at alpha = 0.05. 
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USE OF COLORED SHADE CLOTH TO MITIGATE HEAT STRESS INDUCED QUALITY 
PROBLEMS IN LETTUCE, TOMATO AND PEPPER. G.C. Johnson and E.G. Ernest*, University of 
Delaware, Georgetown, DE (125) 

ABSTRACT 

In 2018 and 2019 trials were conducted to evaluate the usefulness of shade cloth for preventing quality 
problems in lettuce, tomato and pepper exposed to heat stress. In lettuce six types of shade cloth were 
compared to no shade for heat tolerant and susceptible cultivars of butterhead and romaine lettuce grown 
on bare ground. Use of shade reduced the bitterness of the heat tolerant romaine type (Arroyo). The heat 
tolerant butterhead type (Skyphos) did not develop bitter flavor in any plots. Shade did not reduce 
bitterness in the heat susceptible cultivars to the point of marketability. Red, blue, white or silver shade 
cloth did not perform better than 30% black shade cloth. 

In pepper grown on black plastic mulch, shade cloth increased total yield by weight, marketable yield and 
fruit size compared to no shade cloth. The 30% black shade cloth treatment produced significantly higher 
marketable yield than the other shade cloth treatments (30% silver, 22% white, 40% white, 30% red). 

In tomato, use of shade cloth did not result in significant differences in yield or heat related quality 
defects such as internal white tissue, yellow shoulders or blossom end rot. 
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THREE YEAR EVALUATION OF UME MASTER GARDENER ADVANCED TRAINING IN 
VEGETABLE PLANT & PEST DIAGNOSTICS. J. Traunfeld*, University of Maryland Extension, 
Ellicott City, MD (126) 

ABSTRACT 

University of Maryland Extension (UME) Master Gardeners (MG) are trained horticulture educators who 
teach residents science-based information and sustainable gardening and land management practices. 
Answering the plant and pest problem questions of non-commercial audiences is one of their key roles. 
MG volunteers learn basic entomology, plant pathology, and IPM information during their initial training, 
and many MGs further develop their IPM knowledge and skills through continuing education classes. 

Grow It Eat It (GIEI) is a popular UME MG sub-program that teaches and promotes backyard, school, 
and community food gardening. MGs in 20 counties and Baltimore City worked 11,933 hours in the GIEI 
area in 2018, which was valued at $342,000. Clientele depend on the ability of MGs to correctly identify 
plant and pest problems in garden crops, and provide IPM solutions. 

The Vegetable Plant and Pest Diagnostics advanced training class provided opportunities for MGs to gain 
valuable skills and meet a portion of their continuing education requirements. The 6.5 hour class was held 
eight times from 2015 to 2017 for 121 MG learners at eight different locations across the state. The 
course learning objectives were to 1) improve volunteers’ diagnostic capabilities, 2) enhance volunteers’ 
prevention and management knowledge and skills, and 3) increase volunteers’ ability and willingness to 
share knowledge. 

An important teaching objective was to provide multiple ways for students to see and learn plant and pest 
problems (and their management) in vegetable crops: 1) field/garden walk to investigate ecosystem 
interactions and plant problems, and collect plant and pest samples, 2) diagnosing samples brought in by 
class members and instructor, 3) small group diagnostic session for select samples, 4) visuals and 
descriptions from PowerPoint, web pages, reference books, and class workbook, and 5) hands-on 
discussion of management tools, such as barriers, traps, and organic pesticides. 

A post class evaluation (52% response rate) and long term follow up survey (39% response rate) were 
administered for all eight classes. Pre and post tests were also taken by students in the 2016 and 2017 
classes (88% response rate). The long term follow up survey gauged changes in nine skills/abilities and 
nine behaviors/practices. The majority of respondents reported that they were either “better” or “much 
better” at all nine skills/abilities. Twenty percent of respondents reported they were less likely to apply 
synthetic pesticides and a majority engaged in five best practices “more often.” Several MGs commented 
that learning and retention were facilitated by seeing, and diagnosing plant and pest problems in the field, 
in class, in reference materials, and “on the screen.” 
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SYMPOSIUM: INCLUSION IN SCIENCE. Caren A. Schmidt and Elizabeth Mosqueda, BASF, 
Research Triangle Park, NC and California State University-Monterey Bay, Seaside, CA 
 

ABSTRACT 

The “Inclusion in Science” symposium was held on Tuesday, Jan 7, from 1:30-3:30pm. It 
included a keynote address by Dr. Elizabeth Mosqueda, Assistant Professor of Crop 
Management at California State University-Monterey Bay, documenting the impact of Diversity 
and Inclusion efforts that she led as a graduate student with the Western Society of Weed 
Science. Following the keynote, Dr. Mosqueda and Dr. Caren Schmidt (Vice-President, 
NEWSS) facilitated an interactive workshop exploring instances where our differences have 
impacted quality of life, understanding the definitions of diversity, benefits of inclusion, and 
what an inclusive environment should look like, exploring the ways in which implicit bias has 
impacted our work life, and creating action plans to become more inclusive in our daily lives. 
Following the Symposium, several members expressed interest in serving on the NEWSS 
Inclusion ad-hoc committee to explore/identify opportunities to be proactive in recruitment of 
underrepresented groups to our annual meeting and ways to create a more inclusive society and 
meeting environment to leverage our existing and future diversity.  
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