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NON-TECHNICAL SUMMARY

Organic rice production has steadily increased in the U.S. over the last 20 years, with a majority of acreage being
grown in the southern region. In contrast, conventional rice acreage has been declining. Farmers are seeking
new ways to capture value-added markets like organic rice to sustain farming and their rural communities.
Disease, weed and insect pests are among the primary factors threatening the expansion of the organic rice
industry. We use an interdisciplinary approach that will help strengthen the foundations of organic rice production
and aim at developing sustainable and profitable management strategies to minimize the losses caused by these
pests. We will: 1) develop brassica biofumigation cover cropping system that reduces these pests; 2) develop
improved cultivars/lines for organic systems that are of high yielding potential and resistant/tolerant to these
pests; 3) identify effective seed treatment tools to reduce diseases and weeds and improve stand that include a
high level of seeding rate and seed treatments with gibberellic acid and biocontrol agents; 4) identify profitable
pest management strategies using partial budget analysis and develop interactive budgets that help producers
manage input costs and increase economic returns; and 5) create a multistate outreach and extension program
including stakeholder advisory board, on-farm demonstrations, and multiple dissemination means of information.
As a result of this project, domestic organic rice production will be strengthened which will facilitate an expansion
of the market.

OBJECTIVES

The goal of this project is to develop a cover cropping-based production system in combination with cultivar
choice and seed treatment to enhance disease, weed, insect pest and nutrient management that will allow
producers to grow organic rice more sustainably and profitably in the South. The objectives are: 1) utilization of
green manure cover crops that decreases losses due to diseases, weeds and harmful insects, enhances yields,
and improves grain quality; 2) rice cultivar selection and breeding for organic production in Texas and Arkansas;
3) evaluation and optimization of gibberellic acid (GA) seed treatment and biocontrol agents for improved plant
establishment and management of diseases and weeds; 4) identification of profitable organic rice pest
management strategies using partial budget analysis and development of interactive budgets that help producers



better manage input costs and increase economic returns; and 5) developing a multistate outreach and extension
program.

APPROACH

This project contains research and extension components and involves nine researchers from two states (Texas
and Arkansas) and one District (Washington, D.C.) and five institutions. Proposed field trials will be conducted at
Texas A&M AgriLife Research and Extension Center at Beaumont, TX, and University of Arkansas at Pine BIluff,
AR. On-farm demonstration trials will be conducted in TX, MO, FL and SC. Obj. 1. Utilization of green manure
cover crops that decreases losses due to diseases, weeds and harmful insects, enhances yields, and improves
grain quality. A systematic approach will be used to evaluate the value of cover crops (biofumigation brassica and
high biomass-yielding ryegrass) and cultivar selection for suppression of diseases, weeds and harmful insects,
improvement of nutrient supply, and improvement of yield and grain quality on certified organic land at Beaumont,
TXin years 1 and 2 of this project. The field trial will be conducted as a four-cover crop experiment including
brassica (mustard \'Caliente 199\'), brassica plus Rhizogen (7-2-1, N-P-K), ryegrass and fallow. Within each of
these fields three rice cultivars will be evaluated: Cocodrie, Presidio, and the hybrid XL753, each having different
levels of resistance or susceptibility to seedling disease complex, narrow brown leaf spot, sheath blight,
straighthead, rice water weevil and weeds. The cover crops will be planted in early fall and plowed down at least
2 weeks before rice planting the subsequent spring. Nitrogen supply from the cover crop treatments and their
total nitrogen recovery will be determined at the cover crop plow down and rice planting. Severities of the
diseases will be assessed 2 weeks after rice emergence or before harvest. Visual observations for weed
suppression will be evaluated prior to permanent flooding and at maturity; weed count and biomass will be
determined prior to permanent flooding and at maturity, respectively. Rice water weevil larval populations will be
determined about 2-3 weeks after rice emergence using a standard rice water weevil coring tool. Agronomic traits
including: plant height, days to flower and harvest, above ground biomass, and yield components will be
measured. Moisture content along with total contents of protein, N, P, K, Fe, Zn, and Cu of rice grain samples will
also be determined. We hypothesize that cover crops will recycle and provide a significant amount of nitrogen
available for the subsequent rice plant growth and that brassica cover crop with its natural biofumigation activities
will reduce the populations of the soilborne pathogens, weeds and rice water weevil, resulting in an improvement
in stand and yield and a reduction in disease, weed and insect pests. Obj. 2. Rice cultivar selection and breeding
for organic production in TX and AR. A replicated yield trial using a diversity of rice varieties targeted for
conventional and specialty markets will be evaluated across the three years at the Beaumont organic field site In
year 1, 30 cultivars including PI312777 (allelopathic) and Rondo (weed suppressive) will be evaluated at 150% of
the recommended seeding rate to assure plant stands. Plots will be evaluated for agronomic traits and disease,
weed and insect incidence as previously described. The 10 varieties with the highest field yield and crop value
will be selected and repeated in TX in years 2 and 3 but will be planted using a factorial experiment with two
seeding rates (150% and 200%). During years 2 and 3, Pine BIuff will serve as a second location for the same
variety trial being conducted in TX (10 varieties x 2 seeding rates x 4 replications) and the same data will be
collected. These trials will: 1) demonstrate the yield potential of conventional and specialty varieties using
different seeding rates under organic management, 2) identify resistant or susceptible varieties to diseases
common to organic production, and 3) quantify plant growth parameters that are associated with high yield under
organic systems. Obj. 3. Evaluation and optimization of gibberellic acid (GA) seed treatment and biocontrol
agents for improved plant establishment and management of diseases and weeds. A split-split plot experiment
will be conducted the Beaumont organic field site in years 1 and 2 and at the Pine BIuff site in years 2 and 3. Rice
cultivars (Presidio and XL753) will be the main plots; GA seed treatment with 1,000 ppm (GA and no GA) will be
the sub plots; and three biocontrol agents: Serenade Max (Bacillus subtilis strain QST713), Integral (B. subtilis
strain MBI-600) and BioEnsure, and one untreated control will be the sub-subplots. These biocontrol products will
be applied to seeds and plots at the boot stage. Rice stand, plant height, weed density and biomass, and
seedling disease complex severity will be determined at 2 weeks after rice emergence, and rice yield and milling
quality will be determined. The GA seed treatment is expected to result in more rapid rice growth and reduce
weed pressure. Results will demonstrate improved efficacy of combined use of cultivar resistance, GA seed
treatment, and biocontrol agents for stand increase and suppression of diseases and weeds. Objective 4. Identify
profitable organic rice pest management strategies using partial budget analysis and develop interactive budgets
that help producers better manage input costs and increase economic returns. This project will use partial budget
analysis to evaluate the costs and returns of alternative pest control methods in organic rice. Budgets will be
developed based on data from experimental research plots, on-farm trials, and primary input and machinery
information obtained from producers and members of the organic rice industry in AR and TX. Pest management
in organic rice requires a systems approach to be effective and profitable. Thus an important byproduct of the
economic analysis will be the creation of interactive organic rice budgets for southern rice producers. These
budgets will allow the user to evaluate the costs and returns of using different organic fertility treatments (cover



crops, manures, and/or organic products), irrigation treatments (well or surface water source, diesel or electric
power units), seed treatments (water versus drill seeded, varying seeding rates, use of GA and biocontrol agents)
and machinery operations in organic rice production. Interactive budgets would also supply economic information
to both producers and buyers of organic rice that could be used to discover price premiums that facilitate
profitable and consistent organic rice production. Interactive budgets will be made available via an organic rice
webpage. Obj. 5. Multistate outreach and extension program.A multistate outreach and extension program will be
developed to disseminate the results, findings and solutions to managing disease, weed and insect pests from
this project. The outreach and extension efforts include annual meetings of 7-member stakeholder advisory
board, field days and tours at the Beaumont, Stuttgart and Pine Bluff sites, workshops, and presentations at the
2016 and 2018 Rice Technical Working Group (RTWG) meetings. We also will develop and use a web portal at
The Organic Center (TOC) and utilize several modern social media and public news media (TOC Facebook and
Twitter accounts, The Organic Scoop, News Flash, and The Organic Report). In year 3, on-farm strip trials will be
conducted with established organic growers in TX, FL, MO and SC to demonstrate the performance of
recommended variety and the stand-enhancing seed treatment. Results will be published in a farmer-focused
summary on the TOC website, and disseminated through electronic pdfs and hard copies. The interactive
budgets that can be used as a decision aid will be hosted on the TOC and the University of Arkansas Extension
websites. Information will be shared at scientific meetings to transfer results to the research community also.

PROGRESS

2015/09 TO 2018/08 Target Audience:Organic rice farmers, millers and industry members are our major target
audience as they directly and immediately benefit from the development of integrated pest management
strategies that are well suited for organic rice production. We also target other audiences including crop
consultants, county extension agents, extension specialists, industry representatives, organic product consumers,
and scientific communities. These target audiences have been reached through a variety of outreach and
extension activities. These activities include three organic rice field tours, 10 field days, four organic rice project
advisory board meetings, four organic rice workshops, one organic rice symposium, and 18 local, national and
international meetings. To better reach our target audience, we continued disseminating research and extension
updates, research results and findings, and other related information through the web portal
(<http://bit.ly/299L2W5>) specifically developed for this project. We also have a social media campaign
surrounding the research via The Organic Center and Organic Trade Association Facebook and Twitter accounts,
and a unique Twitter account developed specifically for this project. The combined reach of our organizations\'
social media pages is over152,390 individuals for Facebook, and over 215 followers for Twitter. The project has
reached a national and global audience, most of whom are in Arkansas, California, Missouri, and Texas.
Information from this project has also been disseminated to other states in the US, Latin America, and Dominican
Republic. Changes/Problems: Nothing Reported What opportunities for training and professional development
has the project provided?This project has provided mentoring, hands-on experience, workshops, and research
opportunities to support and train 27 undergraduate students, two master graduate students, two PhD graduate
students, five postdoctorate research associates, five visiting scholars, and five technical support staff for their
professional development. These undergraduate students participated in all research and outreach activities at
the organic rice testing sites located at the University of Arkansas Pine Bluff and Texas A&M AgriLife Research
Center. One master graduate student at University of Arkansas Pine Bluff supported by this project has
successfully graduated. The two PhD graduate students had their thesis research focused on disease and weed
management in organic rice. We provided four organic rice workshops and two department seminars to train
undergraduate and graduate students at Lamar University and Texas A&M University. The training and
professional development provided by this project have played a role in training the next generation of workforce
perceived the interest in organic agriculture. How have the results been disseminated to communities of
interest?The accomplishments of this project have been disseminated to communities of interest using a variety
of communication techniques. Over the past three year, results and findings of this project have been
disseminated to rice farmers, millers, crop consultants, extension agents, agribusiness representatives,
researchers, students, representatives of local, state and federal offices, and the public through three organic rice
field tours, 10 field days, four organic rice project advisory board meetings, four organic rice workshops, one
organic rice symposium, and 18 local, national and international meetings. We also have built a network for the
organic rice community that consists of more than 81 interested contacts of famers, millers, crop consultants,
county extension agents, extension specialists, educators, students, and researchers from across the US. This
organic rice community has played a role in exchange and sharing of information about organic rice production
and management, research results and findings, and marketing that benefit the growth of organic rice production
in the US. We also have used modern communication techniques to reach our audiences. We have
communicated with the public through a website (http://bit.ly/299L2W5) which includes a description of the project
and updates from the research and extension activities. We have maintained this webpage, which was updated



frequently with pictures and short paragraphs describing the pictures. We have 92 update entries since the first
update post in 2015. We have also leveraged the project outreach with the Organic Center\'s Google Ad Words
Grant, which provides up to \$40,000 of funding per month for Google Ad Words. This campaign has generated a
total of 279,127 clicks and 96,110,327 ad views over the last year. The Organic Center leverages this grant by
purchasing adwords that link to the webpage of this project. We use social media to ensure that we reach a wide
variety of stakeholders. The Organic Rice IPM Twitter page currently has 215 followers, 60 Tweets, and 46
photos. Our posts have generated 123,814 impressions. We have also shared the project updates on the Organic
Center and Organic Trade Association social media pages. The combined Twitter following for these
organizations is 64,948 and the Facebook following is 152,390. The project was also publicized in the Organic
Report, a magazine with a readership of over 21,000. Finally, the project has been publicized in several
Newsletters, including the Organic Center Scoop, which goes out to 23,689 individuals, and the Organic Trade
Association Newsflash, which goes out to 3,500 subscribers, Rice Farming and Rice Advocate. We also have
regularly developed press releases that can be found on 214 webpages. These releases have a potential total
audience of 11,804,269 unique visitors per day. Total potential audience from tweets of the press releases is
30,976 followers. Our research and extension activities have resulted in 31 abstract and article publications, 93
oral and poster presentations, and eight extension publications. Our outreach and extension activities have
reached a national and global audience, most of whom are in Arkansas, California, Missouri, and Texas.
Information from this project has also been disseminated to other states in the US, Latin America, and Dominican
Republic. What do you plan to do during the next reporting period to accomplish the goals? Nothing Reported

2016/09 TO 2017/08 Target Audience:In year 2 of this project, we continued focusing on our target audiences
that consist of organic rice farmers and industry members. Organic rice producers and millers are our primary
target audiences as they directly and immediately benefit from the development of integrated pest management
strategies that are well suited for organic rice production. Crop consultants, county extension agents, extension
specialists, and biotechnology industry representatives are also our target audiences since they typically have
close working relationships with rice producers, and can thus aid in research dissemination through their
communications. Additionally, this project also targets organic product consumers and scientific communities,
many of who wish to stay informed about research to improve organic agricultural production systems. These
target audiences were reached through a variety of outreach and extension activities. These activities include an
organic rice workshop, one organic rice advisory board meeting, three rice field days, two organic field tours,
three local rice producer\'s meetings, and four national and international meetings. To reach our target audience,
we continued disseminating research and extension updates, research results and findings, and other information
about this project through the web portal developed by the Organic Center. We also have a social media
campaign surrounding the research via The Organic Center and Organic Trade Association Facebook and
Twitter accounts, and a unique Twitter account developed specifically for this project. The combined reach of our
organizations\' social media pages is over 151,765 individuals for Facebook, and over 59,156 followers for
Twitter. The project has reached a national and global audience, most of whom are in Arkansas, California,
Missouri, and Texas. Information from this project has also been disseminated to other states in the US, Latin
America, and Cuba. Changes/Problems: Nothing Reported What opportunities for training and professional
development has the project provided?This project has provided mentoring, hands-on experience, workshops,
and research opportunities to support and train 13 undergraduate students, one master graduate student, two
PhD graduate students, four postdoctorate research associates, and four technical support staff for their
professional development. Among them, one undergraduate student was supported by the USDA 1890 National
Scholars Program and two were supported by this project. These undergraduate students participated in all
aspects of the University of Arkansas Pine Bluff organic site development and research and the Texas A&M
AgriLife Research and Extension Center\'s organic rice research. The two PhD graduate students focused their
research on disease and weed management in organic rice at the Texas A&M AgriLife Research. The training
and professional development provided by this project would be helpful to generate the next generation of
workforce perceived the interest in organic agriculture. How have the results been disseminated to communities
of interest?Our accomplishments have been disseminated to communities of interest using a variety of
communication techniques. In 2016, we participated in the Texas Rice Festival (Winnie, Texas, September 20-
October 1) and Cuba Global Trade Show (Havana, Cuba, November 1-4) to reach the public. In 2017, we
organized an organic rice workshop (Beaumont, Texas, July 13), organic rice advisory board meeting (Beaumont,
Texas, July 13), and two organic rice field tours (Beaumont, Texas, July 13; Pine Bluff, Arkansas, August 18). We
participated in three field days (Eagle Lake, Texas, June 27; Beaumont, Texas, July 13; Pine Bluff, Arkansas,
August 18) and provided oral and poster presentations at the West Texas Rice Conference (EI Campo, Texas,
February 27) and Annul Rural Conference (Atlanta, Georgia, April 1-5). We also provided many crop consulting
services on organic rice production and management. These outreach and extension activities have
disseminated the results and findings of this project to our target audiences including organic rice producers and
millers, organic grain companies, conventional rice growers, crop consultants, and county extension agents in



Arkansas, California, Florida, Louisiana, Mississippi, Missouri, South Carolina, and Texas. Our results also have
been delivered to extension specialists, researchers, students, and other audience through the Southern Weed
Science Society Annual Meeting (Birmingham, Alabama, February 23-25) and the American Phytopathological
Society Annual Meeting (San Antonio, Texas, August 5-9). The project has reached a national and global
audience with more than 5,672 people, most of whom are in Arkansas, California, Missouri, and Texas.
Information from this project has also been disseminated to other states in the US, Latin America, and Cuba We
have continued using modern communication techniques to reach our audiences. We have been communicating
with the public through a website (http:/bit.ly/299L2W5) which includes a description of the project and updates
from the research and extension activities. We have maintained this webpage, which is updated frequently with
pictures and short paragraphs describing the pictures. We currently have 72 update entries since the first update
post on 11/4/2015. We have also leveraged the project outreach with the Organic Center\'s Google Ad Words
Grant, which provides up to \$40,000 of funding per month for Google Ad Words. This campaign has generated a
total of 319,410 clicks and 9,453,467 ad views over the last year. The Organic Center leverages this grant by
purchasing adwords that link to the webpage of this project. We use social media to ensure that we reach a wide
variety of stakeholders. The Organic Rice IPM Twitter page currently has 187 followers, 51 Tweets, and 37
photos. Our posts have generated 112,427 impressions. We have also shared the project updates on the Organic
Center and Organic Trade Association social media pages. The combined Twitter following for these
organizations is 59,156 and the Facebook following is 151,765. The project was also publicized in the Organic
Report, a magazine with a readership of over 21,000. Finally, the project has been publicized in several
Newsletters, including the Organic Center Scoop, which goes out to 23,689 individuals, and the Organic Trade
Association Newsflash, which goes out to 3,500 subscribers, Rice Farming, and Rice Advocate. What do you
plan to do during the next reporting period to accomplish the goals? Nothing Reported

2015/09 TO 2016/08 Target Audience:Our primary target audiences are organic rice producers, organic rice
millers, organic rice grain companies, and rice growers located in the US. They will directly and immediately
benefit from the findings, results and technologies developed from this project to improve their organic rice
production. Crop consultants, county extension agents, extension specialists, and biotechnology industry
representatives are also our target audiences since they are typically have close working relationships with rice
producers, and can thus aid in research dissemination through their communications. Additionally, this project
also targets organic product consumers and scientific communities, many of who wish to stay informed about
research to improve organic agricultural production systems. These target audiences were reached through a
variety array of outreach and meeting activities. These activities include an organic rice symposium, an organic
rice workshop, two organic rice advisory board meetings, two rice field days, and four national and international
meetings. To reach our target audience, the Organic Center disseminated a press releases to publicize the
planned research. The Organic Center also developed a web portal where a description of the project, updates,
and information has been posted. We also launched a social media campaign surrounding the research via The
Organic Center and Organic Trade Association Facebook and Twitter accounts, and a unique Twitter account
developed specifically for this project. The combined reach of our organizations\' social media pages is over
130,000 individuals for Facebook, and over 40,000 followers for Twitter. Changes/Problems: Nothing Reported
What opportunities for training and professional development has the project provided?This project has provided
mentoring, workshops and research opportunities in support and train five undergraduate students, two master
graduate students and two PhD graduate students for their professional development. Among them, one
undergraduate student from the USDA/NIFA 1890 National Scholars Program was hosted at the USDA ARS Dale
Bumpers National Rice Research Center during the 2016 summer. The undergraduate student participated in all
aspects of the University of Arkansas Pine Bluff organic site development. How have the results been
disseminated to communities of interest?Our accomplishments have been disseminated to communities of
interest using a variety of communication techniques. In 2016, we organized an organic rice symposium (in
Galveston, Texas, March 1), an organic rice workshop (in Beaumont, Texas, July 14), two organic rice advisory
board meetings (one in Galveston, Texas, March 1; the other in Beaumont, Texas, July 14), two rice field days
(one at Eagle Lake, Texas, June 28; the other at Beaumont, Texas, July 14), and regular crop consulting service
to disseminate the results and findings of this project to our target audiences including organic rice producers,
organic rice millers, organic rice grain companies, conventional rice growers, crop consultants, and county
extension agents. Our results also have been delivered to extension specialists, researchers, students and other
audience through the Joint Meeting of Weed Science Society of America and Southern Weed Science Society (in
San Juan, Puerto Rico, February 8-11), the 36th Rice Technical Working Group Meeting (in Galveston, Texas,
March 1-4), Rice Market and Technology Convention (in Houston, Texas, May 31-June 2), and American
Phytopathological Society Annual Meeting (in Tampa, Florida, July 30-August 3). It is estimated that this project
has reached a national and global audience with more than 3,400 people directly or indirectly benefiting from
these outreach efforts. Most of the audiences were located in the US, especially in Arkansas, California, Missouri
and Texas, and in Latin American countries. We have used modern communication techniques to reach our



audiences. We have been communicating with the public through a website (http://bit.ly/299L2W5) which includes
a description of the project and updates with pictures from the field. We pushed out a press release about the
project, which can be found on 214 websites, with a potential total audience of 11,804,269 unique visitors per
day.The total potential audience from tweets of the press release is 30,976 followers. Additionally, we have also
leveraged the project outreach with the Organic Center\'s Google Ad Words Grant, which provides up to \$40,000
of funding per month for Google Ad Words. This campaign has generated a total of 304,207 clicks and
15,510,392 ad views over the last year. The Organic Center leverages this grant by purchasing adwords that link
to the webpage of this project. We are using social media to ensure that we reach a wide variety of stakeholders.
The Organic Rice IPM Twitter page currently has 121 followers, 37 Tweets, and 24 photos. Our posts have
generated 29,755 impressions. We have also shared the project updates on the Organic Center and Organic
Trade Association social media pages. The combined Twitter following for these organizations is 59,156 and the
Facebook following is 151,765. Finally, the project has been publicized in several Newsletters, including the
Organic Center Scoop, which goes out to 23,689 individuals, the Organic Trade Association Newsflash, which
goes out to 3,500 subscribers, Rice Farming, Rice Advocate, AgFax, and Texas A&M AgriLife Research News.
The project was also publicized in the Organic Report, a magazine with a readership of over 21,000. What do you
plan to do during the next reporting period to accomplish the goals? Because of delayed plantings of rice caused
by an extremely wet spring and early summer, we continue to collect the rest of the field trial data. These results
will be reported in the next progress report. Weed control and soil nutrient content have proven to be the biggest
constraints in establishing an organic testing site at the Pine Bluff testing site. Continued incorporation of green
manure crops and application of organic amendments will continue until Spring 2017. Other innovative methods
for weed management may need to be implemented for success.

IMPACT

2015/09 TO 2018/08 What was accomplished under these goals? The objectives of this 3-year project have been
completed through extensive research and extension activities. Research was conducted in AR, SC and TX to
understand the impacts of cover crops, rice cultivars and seed treatments on disease, weed and insect pests,
grain yield and quality, and economic benefits. Winter ryegrass and clover cover crops can suppress weeds and
diseases and provide N and other nutrients that improve organic rice production. Rice cultivars that are tolerant to
disease, weed and insect pests with high economic returns have been identified. Seed treatment with gibberellic
acid and increasing seeding rate to 150% of conventional seeding rate can ensure adequate stands for weed
suppression and high yield potential. Seed treatment with biocontrol agents can reduce seedling diseases and
improve stand establishment. These strategies provide the basis to effective management of these pests and
achieve profitable and sustainable production of organic rice. The results and findings of this project have been
disseminated to communities of interest using a variety of communication techniques. Our organic rice IPM
project is a first of its kind, multidisciplinary integrated research in the US. Obj. 1. Utilization of green manure
cover crops that decreases losses due to diseases, weeds and harmful insects, enhances yields, and improves
grain quality. Cover crop trials were conducted at Beaumont, TX and Pine Bluff, AR in 2016, 2017 and 2018. The
Beaumont trials evaluated brassica \'Caliente 199\', mustard seed meals (4.5-1.5-1.2, N-P-K), annual ryegrass,
and winter fallow on rice cultivars Cocodrie, Presidio, XL753 and TH683. The Pine Bluff trials consisted of annual
ryegrass, cereal rye, crimson clover mixed with oats, cowpeas (summer crop) and a fallow control. Ryegrass,
cereal rye, cowpeas, and crimson clover mixed with oats produced sufficient aboveground biomass and provided
benefits of N improvement (60 to 108 Ib N/A) and weed suppression for rice production. The brassica cover crop
did not perform well. However, soil amendment with mustard seed meals at 1,500 or 3,000 Ib/A resulted in a
reduction in seedling diseases. No differences in the damage caused by rice water weevil were observed among
the cover crop treatments. Obj. 2. Rice cultivar selection and seeding rate for organic production in TX and AR.
Twenty, 15 and 12 cultivars were tested in 2016 at Beaumont, TX; Pine Bluff, AR; and Charleston, SC,
respectively. Ten best cultivars selected from the 2016 trials were further evaluated at two seeding rates in 2017
and 2018. Jasmine 85, P1312777, Rondo, TH683, Tesanai 2, XL723 and XL753 were among the best cultivars or
lines showing good stand, aggressive growth, weed suppression, and high yield potential. These cultivars are
relatively taller and have a stronger ability to tiller. These traits contribute to their higher yields and greater
competition with weeds. Planting at 150% of conventional seeding rates (120 and 60 Ib/A for inbreds and hybrids,
respectively) was effective to improve stand and suppress weed growth. Charleston Gold, Jasmine 85, Jupiter,
Wells, Rondo, Tesanai 2, XL723, and XL753 had high levels of resistance to narrow brown leaf spot. Della 2,
Rex, Rondo, and XL753 were less susceptible to rice water weevil while Cocodrie and Presidio were among the
cultivars most susceptible to the insect pest. Obj. 3. Evaluation and optimization of gibberellic acid (GA) seed
treatment and biocontrol agents for improved plant establishment and management of diseases and weeds. A
seed treatment field trial was conducted on rice cultivars Presidio, XL753 and TH683 in TX in 2016, 2017 and



2018. Seed treatment with Sonata (Bacillus pumilus), Integral (B. subtilis) or BioEnsure (fungal endophytes)
reduced seedling diseases, resulting in an up-to-25% increase in stand. GA seed treatment increased seedling
height. Weed populations were lower in the plots of XL753 or TH683 with GA seed treatment compared to
Presidio only. XL753 and TH683 had greater stand, lower narrow brown leaf spot severity, and higher yield
compared to Presidio. Combined use of XL753 and seed treatment with GA and a biocontrol agent can improve
stand establishment, weed suppression, and grain yield. Obj. 4. Identify profitable organic rice pest management
strategies using partial budget analysis and develop interactive budgets that help producers better manage input
costs and increase economic returns. A study was conducted to examine the factors affecting the economics of
organic rice production in AR and TX. The main component necessary for profitable organic rice production is a
guaranteed price premium, as organic yields are typically much lower than conventional yields. The main barriers
to entry into organic rice production are the 3-year waiting period required for organic certification of rice ground.
Selection of cultivars with weed suppressive traits and proper water management are the key for weed control.
The 2nd study was conducted on determination of seeding rates that maximized returns above the cost of seed in
organic rice production. The results show that the Economic Optimum Seeding Rate (EOSR) for Presidio and
XL753 was 71 and 42 Ib/A, respectively. Therefore, the organic rice EOSR for Presidio is comparable to the
conventional optimum rate for Presidio, but the organic rice EOSR for XL753 is larger than the conventional
optimum rate for XL753. The 3rd study was conducted to compare the economic returns of 13 rice cultivars under
both conventional and organic management. Based on mean net returns, top rice cultivars for organic
management were Tesanai 2 (\$712/A), Jupiter (\$608/A), Jazzman (\$587/A), Wells (\$536), Presidio (\$422),
and Rondo (\$420) while top cultivars for conventional management were Jupiter (\$272/A), Sierra (\$246/A),
Tesanai 2 (\$230), Presidio (\$191) and Cybonnet (\$156). Obj. 5. Multistate outreach and extension program.
Four on-farm demonstration trials were conducted with established organic growers in TX (3 trials) and SC (1) in
2018. Each trial consisted of two treatments: 1) improved management practices developed from this project and
2) local farm management practices as the control (farmer\'s own choice on cultivar and agronomic management
practice). The improved management practice treatment was the planting of Jasmine 85 (high yielding with
disease and weed tolerance) at 120 Ib/A (150% of the conventional seeding rate) with GA and Sonata seed
treatment for dry seeding production system (3 trials) or planting of Jasmine 85 at 120 Ib/A for water seeding
production system (1). In each of these trials, the improvement management treatment significantly increased
stand (\>20%), increased aboveground plant biomass (\>26%), and reduced weed densities of up to 91%,
resulting in an increase of 39% or more in yield, when compared to the local farm management practice control.
These results demonstrate better performance of the improved management practices over existing farm
management practices under different organic production systems. This project has successfully utilized
stakeholder-participation to facilitate the dissemination of the results of this project to organic and conventional
rice producers and other interested groups. Our outreach team consists of 9 research and extension personnel
and 7 stakeholder advisory board members in AR, FL, MO, SC, TX, and Washington, DC. Our accomplishments
have been disseminated to communities of interest using a variety of communication techniques as described in
the section \"How have the results been disseminated to communities of interest?\" The project has reached a
national and global audience, most of whom are in AR, CA, MO and TX. Information from this project has also
been disseminated to other states in the US, Latin America, and Dominican Republic. **PUBLICATIONS (not
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2016/09 TO 2017/08 What was accomplished under these goals? Significant advances have been made toward
meeting the goals of this project through our extensive research and outreach efforts in year 2. Research was
conducted to understand the impacts of cover crops, rice cultivars, and seed treatments on disease, weed and
insect pests, grain yield and quality, and economic benefits. The results and findings of this research have helped
develop sustainable and profitable management strategies to minimize the losses caused by these pests. Our
accomplishments have been disseminated to communities of interest using a variety of communication
techniques. The project has reached a national and global audience with more than 5,672 people, most of whom
are in Arkansas, California, Missouri, and Texas. Information from this project has also been disseminated to
other states in the US, Cuba and Latin America. Obj. 1. Utilization of green manure cover crops that decreases
losses due to diseases, weeds and harmful insects, enhances yields, and improves grain quality Two cover crop
trials were conducted at two locations in 2016-2017. One trial was conducted at Beaumont, TX, consisting of four
cover crop treatments (brassica \'Caliente 199\', brassica plus mustard seed meals, annual ryegrass, and winter
fallow) and three rice cultivars (Cocodrie, Presidio and XL753). The other was conducted at Pine Bluff, AR,
consisting of three cover crops (crimson clover mixed with oats, cereal rye, and annual ryegrass) plus winter
fallow. Cover crops were planted in fall and incorporated into soil in subsequent spring 3-4 weeks before planting
of rice. Ryegrass, cereal rye, and crimson clover mixed with oats could produce sufficient aboveground biomass
and provide benefits of N improvement and weed suppression for organic rice production. The brassica cover
crop did not perform well under wet weather conditions. However, soil amendment with mustard seed meals was
an effective means to maximize the biofumigation activities of brassica materials and to provide additional supply
of N, P and K. The brassica treatments significantly reduced seedling disease complex. The brassica and
ryegrass treatments reduced narrow brown leaf spot and brown spot. No differences in the damage caused by
rice water weevil (RWW) were observed among cover crop treatments and rice varieties. The trials were still
undergoing to collect data on agronomical traits and yield and milling quality. Obj. 2. Rice cultivar selection and
breeding for organic production in TX and AR Three field trials were conducted in 2016 to evaluate the
performance of rice cultivars under different organic management conditions. Twenty, 15 and 12 cultivars were
tested at Beaumont, TX; Pine Bluff, AR; and Charleston, SC, respectively. XL753, XL723, Rondo, Jasmine 85
and Tesanai 2 were among the best cultivars showing good stand, aggressive growth, weed and disease
suppression, and high yield potential. Charleston Gold, Tesanai 2, Express and Arborio were among the best
cultivars having highest rice yields in the Charleston trial. These cultivars are relatively taller and have a stronger
ability to tiller. These traits might contribute to their higher yields and greater competition with weeds. No
significant differences in the RWW populations were observed among cultivars due to extremely low populations.
Continued evaluation of cultivar performance was carried out at these testing sites in 2017 and these trials were
still undergoing at the time of writing this report. Obj. 3. Evaluation and optimization of gibberellic acid (GA) seed
treatment and biocontrol agents for improved plant establishment and management of diseases and weeds A
field trial was conducted at the Beaumont site in 2016 and 2017 to evaluate the performance of seed treatment
with GA and the biocontrol agents Sonata (Bacillus pumilus), Integral (B. subtilis) and BioEnsure (fungal
endophytes) in two cultivars. Seed treatment with Sonata, Integral or BioEnsure resulted in an increase in stand.
BioEnsure also improved the percent of whole and total milling yields. GA seed treatment increased plant height.
XL753 had higher yield and better milling quality compared to Presidio. Weed populations were lower in the plots
of XL753 with GA seed treatment compared to Presidio. XL753 had greater stand, reduced narrow brown leaf
spot and brown spot, and higher yield and better milling quality. Thus, GA and biocontrol agent seed treatment



can improve stand and plant growth. Combined use of XL753 and seed treatment with GA and a biocontrol agent
can improve disease and weed suppression, and grain yield. In addition, two greenhouse tests were carried out
to understand the impacts of flooding on the germination, emergency and growth of most common weeds.
Flooding was shown to be an effective strategy to control barnyard grass, hemp sesbania, weedy rice and other
weeds. Obj. 4. Identify profitable organic rice pest management strategies using partial budget analysis and
develop interactive budgets that help producers better manage input costs and increase economic returns A
study was conducted to examine the factors affecting the economics of organic rice production in TX and AR.
Data were collected from organic rice producers and handlers by phone and interviews and then compared with
conventional rice data. Chicken litter is by far the most common fertility input in organic rice and followed by cover
crops and commercial organic fertilizer products. Selection of cultivars with weed suppressive traits and proper
water management are the key for weed control. Production expenses are not as big an issue with organic rice
as with conventional rice. The main component necessary for profitable organic rice production is a guaranteed
price premium, as organic yields are typically much lower than conventional yields. The price obtained for organic
rice is generally twice that for conventional rice (\$ 0.52/kg vs. \$0.25/kg). The main barriers to entry into organic
rice production are the 3-year waiting period required for organic certification of rice ground Another study was
conducted on determination of seeding rates that maximized returns above the cost of seed in organic rice
production. The study included two cultivars (Presidio and XL753) and evaluated seven different seeding rates.
The Economic Optimum Seeding Rate (EOSR) for each cultivar was calculated. The results show that the EOSR
for Presidio and XL753 was 71 and 42 Ib/A, respectively. Therefore, the organic rice EOSR for Presidio is
comparable to the conventional optimum rate for Presidio, but the organic rice EOSR for XL753 is larger than the
conventional optimum rate for XL753. Obj. 5. Multistate outreach and extension program We continued
expanding the multistate outreach and extension program that had been developed since the start of this project.
Our outreach team consists of nine research and extension personnel and seven stakeholder advisory board
members in AR, FL, MO, SC, TX, and Washington, DC. We have built an organic rice workers network for the
first time in the US, which consists of over 70 famers, millers, crop consultants, county extension agents,
extension specialists, educators, students, and researchers. This organic rice network has played a role in
sharing research results about organic rice production and management. Our accomplishments have been
disseminated to communities of interest through an organic rice workshop, two organic rice field tours, three field
days, and six local, national and international meetings. Our project also has reached the public through a variety
of social media. The project has reached a national and global audience with more than 5,672 people. We have
seen approximately 1% increase in acreage of organic rice in the southern US over the funding period of this
project. **PUBLICATIONS (not previously reported):** 2016/09 TO 2017/08 1. Type: Journal Articles Status:
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2015/09 TO 2016/08 What was accomplished under these goals? Progress has been made toward the goals of
this project through our extensive research and outreach efforts in year 1. Our accomplishments have been
disseminated to communities of interest using a variety of communication techniques, consisting of traditional
extension channels and modern social media. This project has reached a national and global audience with more
than 3,400 people. Obj. 1. Utilization of green manure cover crops that decreases losses due to diseases, weeds
and harmful insects, enhances yields, and improves grain quality. Two separate cover crop field trials were
initiated at two locations. The Beaumont site trial was conducted on certified organic land located at the Texas
A&M AgriLife Research Center, Beaumont, TX, which consisted of four cover crop treatments \brassica (mustard
\'Caliente 199\"), brassica plus Nature Safe organic fertilizer, annual ryegrass and winter fallow\ and three rice
cultivars (Cocodrie, Presidio, and XL753) in a 2-factory experiment with 4 replicates. The Pine Bluff site trial was
conducted under organic management practice at the University of Arkansas at Pine Bluff, AR. Two cover crop
treatments (a mixture of crimson clover and wheat, and winter fellow) were evaluated in this trial. Cover crops
were planted in fall and incorporated into soil in subsequent spring 3 weeks before planting of rice. Prior to the
incorporation of cover crops, quadrants of the cover crops were harvested to determine aboveground biomass,
proportion of different plant species, and cover crop nutrient analysis. A mixture of crimson clover and wheat
produced greatest dry aboveground biomass (4,311 Ib/A) and followed by annual ryegrass (3,393 Ib/A). As
compared to the winter wheat cover crop, crimson clover performed better, accounting for 89% of the
aboveground biomass. Fall planted cover crops resulted in an improvement in quality vegetation and reduced
weed densities. Brassica cover crop did not perform very well due to an extreme wet season. Nutrient analysis of
the cover crop biomass harvested following the winter cover crops indicated that the cover crops returned more
than 78 Ib N/ A to the soil. Soil analysis indicated that the incorporation of winter cover crops resulted in a
significant improvement in N. Severity of rice seedling disease complex was assessed at 2 weeks after
emergence of rice and the results showed a reduction in disease severity by brassica cover crop treatments as
compared to the winter fallow treatment. All the cover crop treatments reduced weed density compared to the
winter follow control based on visual observations made prior to permanent flooding. Obj. 2. Rice cultivar
selection and breeding for organic production in TX and AR. A field trial was conducted in a randomized block
design with four replicates at the Beaumont Organic Testing site to evaluate the performance of 20 rice cultivars
under organic conditions. They included two commercial hybrids, two allelopathic germplasms, one conventional
medium grain, seven conventional long grain cultivars, and eight niche rice market cultivars. Seven of these



including Roy J and XL723 were included based upon the recommendations of the stakeholder advisory board. In
addition, 15 of the cultivars that were included in the Texas study were also evaluated at the Pine Bluff site in
Arkansas for comparison under organic management although this trial was not planned until year 2 of the
project. Plant stand and weed pressure were rated for plots after permanent flooding. Rondo and Jasmine 85 had
highest levels of stand and followed by Mermentau, Rex, Roy J, and XL753. Jazzman and Sierra had lowest
levels of stand. Rondo and Jasmine 85 exhibited greatest levels of weed suppression, reducing weeds by 50 and
43%, respectively. Delrose, Jazzman, and Roy J also showed a considerable level of weed suppression. Severity
of narrow brown leaf spot was rated after permanent flooding and the results showed significant differences in
disease severity among the cultivars evaluated. Some of the cultivars, including Charleston Gold, Jasmine 85,
Rondo, Tesanai 2, Wells, XL723 and XL753, exhibited the reaction of resistance against the disease while
Cocodrie, Jazzman, Jazzman 2, Presidio and Sierra were susceptible to narrow brown leaf spot. Obj. 3.
Evaluation and optimization of gibberellic acid (GA) seed treatment and biocontrol agents for improved plant
establishment and management of diseases and weeds. A field trial was conducted in a split-split plot design with
four replicates at the Beaumont Organic Testing site. Two rice cultivars, Presidio and XL753, were the main plots;
seed treatment with GA or not treated with GA served as the subplots; the sub-subplots consisted of untreated
control and three biocontrol agents that are approved for use on organic production, Sonata (Bacillus pumilus),
Integral (B. subtilis) and BioEnsure. These biocontrol agents were applied at 109 CFU/ml to seeds before
planting and plots at the boot stage. Rice stand, plant height and seedling disease complex severity were
assessed at 2 weeks after emergence. GA seed treatment significantly increased plant height on Presidio or
XL753. Rice stand was improved with the seed treated with any of the three biocontrol agents compared to the
untreated control. However, none of biocontrol seed treatments significantly increased plant height on either
Presidio or XL753. Seedling disease complex severity was reduced in plots treated with Sonata or Integral but
not in plots with BioEnsure. Visual observations of weed density in plots indicated that there were no significant
differences between two GA treatments and among four biocontrol treatments. All aforementioned field trials
were still undergoing at the time of writing this report due to an extremely wet spring and early summer that
delayed the plantings of rice. The rest of the field trial results would be available in next progress report. Obj. 4.
Identify profitable organic rice pest management strategies using partial budget analysis and develop interactive
budgets that help producers better manage input costs and increase economic returns. Primary information was
collected on organic rice production (organic inputs, irrigation methods and weed management), organic rice
yields, organic rice prices, and barriers to entry into organic production from phone interviews with organic rice
producers and buyers in Texas and Arkansas. These data will be used to develop organic rice costs of production
budgets as well as extension education publications on organic rice production and marketing. Other projects
initiated this year include economic analysis of optimum seeding rates for organic rice and economic evaluation
of rice cultivar selection in organic rice. Obj. 5. Multistate outreach and extension program. A multistate outreach
and extension program has been developed and started to disseminate the results of this project. The outreach
and extension team consisted primarily of 9 research and extension personnel and 7 stakeholder advisory board
members in AR, FL, MO, SC, TX, and Washington, DC. The advisory board consisted of organic rice farmers,
organic rice millers, extension specialists, county extension agents, and crop consultants. Results of this project
have been disseminated to communities of interest through an organic rice symposium, an organic rice
workshop, two advisory board meetings, two rice field days, and three national and international meetings. We
also have developed a web portal through The Organic Center and launched a social media campaign
surrounding the research via The Organic Center and Organic Trade Association Facebook and Twitter accounts,
and a unique Twitter account developed specifically for this project. The project has been publicized in several
Newsletters, including the Organic Center Scoop, and Rice Farming.This outreach program has reached an
estimate of more than 2,000 people. **PUBLICATIONS (not previously reported):** 2015/09 TO 2016/08 1. Type:
Conference Papers and Presentations Status: Published Year Published: 2016 Citation: Dou, F. 2016. Effects of
seeding rate on organic rice production. Rice Market & Technology Convention. May 31-Jun. 2, 2016. Houston,
Texas, USA. 2. Type: Conference Papers and Presentations Status: Published Year Published: 2016 Citation:
Dou, F., Guo, J., Velarca, M. V., McClung, A. M., Zhou, X. G., and Hons, F. 2016. An overview of organic rice
production. Proc. of 36th Rice Technical Working Group Meeting, Mar. 1-4, 2016, Galveston, Texas, USA. 3.
Type: Conference Papers and Presentations Status: Published Year Published: 2016 Citation: McClung, A. M.,
Duke, S., Dou, F., Zhou, X. G., Chaney, R., and Gerads, R. 2016. Arsenic uptake in organic rice production
systems. Proc. of 36th Rice Technical Working Group Meeting, Mar. 1-4, 2016, Galveston, Texas, USA. 4. Type:
Conference Papers and Presentations Status: Published Year Published: 2016 Citation: Watkins, B., and Mane,
R. 2016. Factors affecting the economics of organic rice production. Proc. of 36th Rice Technical Working Group
Meeting, Mar. 1-4, 2016, Galveston, Texas, USA. 5. Type: Conference Papers and Presentations Status:
Published Year Published: 2016 Citation: Way, M., Pearson, B., Curtice, C., and Vyavhare, S. 2016. Insect
management techniques for organic rice production. Rice Market & Technology Convention, May 31-Jun. 2,
2016, Houston, Texas, USA. 6. Type: Conference Papers and Presentations Status: Published Year Published:
2016 Citation: Liu R., Singh V., Zhou X. G., and Bagavathiannan, M. V. 2016. Effect of flooding on the



germination and growth of prominent rice weeds. Proc. of the Weed Science Society of America - Southern Weed
Science Society Joint Annual Meeting, Feb. 2-11, 2016, San Juan, Puerto Rico, USA. 7. Type: Conference
Papers and Presentations Status: Published Year Published: 2016 Citation: Zhou, X. G. 2016. Organic rice
disease management research in the United States. American Phytopathological Society Annual Meeting, Jul.
30-Aug. 3, 2016, Tampa, Florida, USA. 8. Type: Journal Articles Status: Awaiting Publication Year Published:
2016 Citation: Zhou, X. G. 2016. Organic rice disease management research in the United States.
Phytopathology 106: 9. Type: Conference Papers and Presentations Status: Published Year Published: 2016
Citation: Zhou, X. G. 2016. Organic rice disease management. Rice Market & Technology Convention, May 31-
Jun. 2, 2016, Houston, Texas, USA. 10. Type: Journal Articles Status: Published Year Published: 2015 Citation:
Zhou, X. G., Dou, F., and McClung, A. M. 2015. Organic rice disease management using genetic resistance,
cover crop and organic fertilizer. Phytopathology 105:S4.159. 11. Type: Conference Papers and Presentations
Status: Published Year Published: 2015 Citation: Zhou, X. G., Dou, F., and McClung, A. M. 2015. Organic rice
disease management using genetic resistance, cover crop and organic fertilizer. American Phytopathological
Society Annual meeting, Aug. 1-5, 2015, Pasadena, California, USA. 12. Type: Other Status: Published Year
Published: 2015 Citation: Zhou, X. G., Dou, F., and McClung, A. M. 2015. Use of cultivar resistance, cover crop,
and soil amendments for management of diseases in organic rice. Texas Rice Special Section 2015:16-17. 13.
Type: Conference Papers and Presentations Status: Published Year Published: 2016 Citation: Zhou, X. G., Dou,
F., and McClung, A. M.2016. Organic rice diseases and their management. Proc. of 36th Rice Technical Working
Group Meeting, March 1-4, 2016, Galveston, Texas, USA. 14. Type: Other Status: Published Year Published:
2016 Citation: Zhou, X. G., McClung, A. M., Dou, F., Watkins, B., Bagavathiannan, M. , Way, M., Huang, B.,
Ntamatungiro, S., and Shade, J. 2016. Developing sustainable and profitable strategies for integrated pest
management in southern organic rice. Texas Rice Special Section 2016:23-24. 15. Type: Conference Papers and
Presentations Status: Published Year Published: 2016 Citation: Liu R., Singh V., Zhou X. G., and
Bagavathiannan, M. V. 2016. Germination and growth of prominent rice weeds as influenced by flooding. Proc. of
36th Rice Technical Working Group Meeting, Mar. 1-4, 2016, Galveston, Texas, USA.
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NON-TECHNICAL SUMMARY

Limited research and extension information is available from the southeastern U.S. to assist organic dairy
producers to make informed decisions regarding forage selections and their relationships to herd productivity,
health, and profitability. This project seeks to address this need through a long-term goal of developing practical,
research-based recommendations for organic forage management to maximize herd productivity, health, and/or
profitability in the southeastern U.S. This goal will be met through a series of research station and on-farm
experiments examining (1) the agronomic and economic performance of a range of forage species mixtures of
increasing diversity, (2) the productivity, health, fertility, and efficiency on organic pasture systems of dairy cows
in the southeast, and (3) development and dissemination of decision making tools and educational materials to
professionals involved with the organic dairy industry.

OBJECTIVES

The long-term goal of this project is to develop and disseminate practical, research-based recommendations for
organic forage and dairy cow management in the southeastern U.S. This goal will be met through a series of
research station and on-farm experiments examining (1) the agronomic and economic performance of a range of
forage species mixtures of increasing diversity, (2) the productivity, health, fertility, and efficiency on organic
pasture systems of dairy cows in the southeast, and (3) development and dissemination of decision making tools
and educational materials to professionals involved with the organic dairy industry.

APPROACH

Objective 1.1. Small plot forage trials testing 9 different forage combinations, assessment of nutritent content,
yield, and costs of production.Objective 1.2 On-farm field plots that test most promising forage combination while
being grazed by dairy cattle. Assess nutrient content, yield, and costs, as well as soil quality.Objective 2. Large



scale evaluation on commercial dairy farms of forage mixtures on cow health, fertility, productivity, and efficiency.
Using knowledge gained from first objectives, establish forage systems that provide greatest potential. This will
be conducted over three years, with the first year as a baseline, followed by two years with the recommended
forage combinations. We will use DHI as a means of assessing productivity, fertility, and subclinical mastitis. We
will assess metabolic status through gross measures of body condition and BHBA as a more quantitative
measure. Activity will be measured using IceTag data loggers. Visual assessment of locomotion. Microbiology
testing of clinical mastitis samples.Objective 3.1. Develop decision support tools and analytics developed to
better quantify the economic impact of forage choices, heat abatement, and management strategies, which will
be based on an existing model developed at the University of KentuckyObjective 3.2 Educational support
materials.A comprehensive set of SOPs and informational fact sheets in printed and/or video format, will be
developed, along with key performance indicators (KPIs) and decision flowcharts. These educational materials
will be available to the public through the University of Tennessee and Kentucky websites.

PROGRESS

2015/09 TO 2021/02 Target Audience:Research scientists, extension agents, veterinarians, dairy and beef
farmers, dairy and beef industry personnel, forage specialists and industry personnel, organic farmers, organic
industry personnel, undergraduate students, graduate students Changes/Problems:COVID related restrictions in
2020 and 2021 changed how we had planned to complete and disseminate our findings in the final year of this
project. We pivoted to developing more online / electronic material, as opposed to in person events. What
opportunities for training and professional development has the project provided?Over the course of this project,
we have provided a number of training opportunities for undergraduate and graduate students in the fields of
animal science, plant science, and soil health. This includes 7 MS students, 2 PhD students, and 28
undergraduate students. Of the undergraduates, at least two have progressed into graduate school programs,
and at least 4 graduate students have translated these experiences to their new positions in industry and
academia. One of our technical support staff, also decided to pursue graduate school and aided in developing
Extension materials. Graduate students developed and presented research at scientific and industry meetings, as
well as helped develop Extension materials. We are excited about the number of young adults we were able to
involve in this work and develop their skills and knowledge as the next generation of scientists and industry
professionals. How have the results been disseminated to communities of interest?Annually we held a pasture
walk/field day with our clientele and advisory board to share our findings and provide relevant education. Each of
the PI\'s and graduate students presented research at industry- and scientific programs for soils, forages, and
dairy cow health as outlined in the products section. We have developed Extension related materials that are
available online and these will continue to be developed over the next year What do you plan to do during the
next reporting period to accomplish the goals? Nothing Reported

2019/09 TO 2020/08 Target Audience:Research scientists, extension agents, veterinarians, dairy and beef
farmers, dairy and beef industry personnel, forage specialists and industry personnel, organic farmers, organic
industry personnel, undergraduate students, graduate students Changes/Problems:Our primary issue this past
year were COVID related travel restrictions which prevented us from holding planned field days, trips to scientific
related meetings, and completing other activities. We needed to change strategies for the development and
delivery of material. To accomplish this we requested an additional 6 months to complete our work. What
opportunities for training and professional development has the project provided?Over the past year, we have
included a number of graduate (4) and undergraduate students (8) to help with both forage, soil, and animal
based collections, analyses, data analysis, and writing. Graduate students developed and presented research at
scientific and industry meetings. Inclusion of young adults in these projects will help develop the next generation
of scientists and industry professionals. Overall, this combination of projects will allow us to provide needed
science-based information and personnel to support multiple facets of the organic dairy industry. How have the
results been disseminated to communities of interest?We have presented research at industry- and scientific
programs for soils, forages, and dairy cow health as outlined in the products section. We have continued
development of Extension related materials that are released through electronic means when they are completed
at each University (see products section). What do you plan to do during the next reporting period to accomplish
the goals?We plan to complete manuscripts and Extension materials related to: 1) forage quality and yields, 2)
organisms found in milk and ties to mastitis, 3) links between horn fly populations and animal health/profitability,
4) root and soil health, and 5) economic decison making tools tied to forage decisions.

2018/09 TO 2019/08 Target Audience:Research scientists, extension agents, veterinarians, dairy producers,
dairy industry personnel, undergraduate students, graduate students Changes/Problems:Our original proposal
did not include assessment of fly populations. However, in working with our producers, fly control was of critical



importance. Therefore, we developed a collaboration with a veterinary entomologist at UT to help us design a
study that could be conducted along with our other research to assess specific fly populations on farm and
potential relationship with mastitis and productivity. What opportunities for training and professional development
has the project provided? While conducting each of these projects over the past year, we have included a
number of graduate (5) and undergraduate students (16) to help with both forage and animal based measures.
Inclusion of young adults in these projects will help develop the next generation of scientists and industry
professionals. This included working with dairy cows, isolation and processing of blood and milk samples, milk
microbiology, fly collection and identification, forage sampling and analysis. Overall, this combination of projects
has provided a number of undergraduate and graduate students with needed knowledge and experience to help
move our animal and forage industries progress forward. How have the results been disseminated to
communities of interest?The results have been presented to our advisory board members and participating
producers, as well as at regional, national, and international meetings associated with the forage, animal health
and welfare, and dairy industries. What do you plan to do during the next reporting period to accomplish the
goals?Over the next year, we will complete analysis of blood samples for measures of metabolism and
inflammation, assessing the link between fly load populations with mastitis and bacterial intramammary infections,
work towards completion of 3-4 manuscripts, 1-2 field days that focus on sharing all soil, forage, and animal
health findings to farmers and others industry personnel, and Extension publications and resources.

2016/09 TO 2017/08 Target Audience:Research scientists, extension agents, veterinarians, dairy producers,
dairy industry personnel, undergraduate students, graduate students Changes/Problems:Both Objective 1.1
(small plot) and Objective 1.2 (medium plot) are being carried for an additional year to offset extreme variations in
weather over the past two years. As indicated in last years report, 1) animal assessments were started in spring
to coincide with spring pastures and 2) the experiments were redesigned to allow comparisons with the baseline
year. What opportunities for training and professional development has the project provided?One-on-one
research mentoring for of 4 MS candidates and 6 undergraduates in organic forage and/or dairy management
systems. One undergraduate is obtaining extensive lab-based experience in a milk quality microbiology lab. How
have the results been disseminated to communities of interest?The results have been presented to our advisory
board members and participating producers, as well as at national meetings associated with the forage and dairy
industries. What do you plan to do during the next reporting period to accomplish the goals?Objective 1.1.
Because of the different weather conditions in both 2015/2016 and 2016/2017 growing seasons, we have begun
preparations for a third growing season of this multistate trial. We currently are evaluating these quality measures
relative to the effectiveness and/or efficiency by which these forage mixtures meet the demands of lactating dairy
cows grazing organic forages throughout the growing season in the southeastern U.S. In conjunction with
evaluating the agronomic performance of these mixtures, we also will begin evaluating these mixes from an
economic perpsective. Objective 1.2 We will be continuing data collection through fall 2018. As with Objective
1.1, we are replicating this set of experiments in the upcoming year to account for year-to-year based variations.
In conjunction with evaluating the agronomic performance of these mixtures, we also will begin evaluating these
mixes from an economic perspective. Objective 2. Continue evaluation of animal performance located on our
participating dairy farms, as well as initiate control (current forage program) or \'test\' forage programs. Objective
3. With the completion of two years of data for forage based systems, begin developing Extension based
publications that reflect forage performance and its relationship to dairy based systems.

IMPACT

2015/09 TO 2021/02 What was accomplished under these goals? Organic dairy systems rely on the ability of
forages grown in that region to meet the dietary and health needs of cows grazing these pastures, while
maintaining soil health and quality. The southeastern United States tends to be hot and humid for extended
periods of time, leading to a different overall climate and sets of challenges when compared to the northern
United States. Organic dairy farmers in our region had limited data and resources available in order to make
informed management decisions that promoted sustainable soil, forage, and animal welfare. Our research and
outreach efforts focused on several key areas. One, identifying forages that provide the most consistent nutrient
quality throughout the pasture growing season to promote soil and animal health and productivity. This research
demonstrated that complex forage mixtures can be beneficial for organic dairy producers, but perennial cool
season mixtures likely provide the most economical forage production in the transition zone of the United States.
Supplemental feeds also can be a cost-effective strategy to increase milk yield. An economic decision-making
tool related to forage quality and supplementation was developed for use by farmers. Perennial mixtures of
legumes and grasses also provided the best below ground nutrient and water acquisition for plants, and allowed
sustained carbon mineralization which is closely tied to nutrient cycling and nutrient availability. Two, the last 3



years we evaluated the productivity, health, and efficiency of dairy cows grazing organic dairy systems in the
southeast. We\'ve identified common causes of mastitis on organic dairies, a primary health issue in dairy cows
that impacts cow health, productivity, and efficiency. This information was and is being translated to our organic
dairy farmers along with appropriate recommendations. Third, we helped validate a photographic, machine
learning system for counting individual flies on cows and determined for every 100 horn flies per cow, a cow
decreases milk yield by 1 kg of milk per milking. If the herd averages 100 horn flies per cow, e.g. some cows are
higher, this loss increases to 3 kg. We are in the process of finalizing these manuscripts and outreach
publications to promote health, productivity, and profitability. Results of experiments that led to impacts and
outcomes In Objective 1 we evaluated organic forage mixtures with the greatest potential to maximize forage
yield and quality during extended growing seasons and summer slumps that occur with cool-season forages in
the southeast, and assessed potential impacts on soil quality through root sampling and soil analysis. The highest
yielding treatment in Kentucky over the 3 year study was the alfalfa/orchardgrass mixture. In contrast, 150 miles
south in Tennessee, the cool season/warm season mixture of crimson clover/annual ryegrass and sorghum-
sudangrass(SS)/cowpea was the highest yielding mixture. During the summer of 2016 the perennial cool season
forage treatments had the highest summer crude protein (CP) (\~20%) in KY with the exception of the pure
orchardgrass stand. Crude protein values in TN were overall lower than KY (\<13%) and the lowest CP was the
high yielding SS containing mixture at 8%. Fiber values were similar for all treatments in KY (NDF=39-45), with
the exception of the SS treatment at NDF=55. In Tennessee, NDF values were all above 50 and the SS value
was highest at NDF=64. The alfalfa/orchardgrass ADF value was 29 in KY, but not significantly different than the
other treatments that ranged from ADF=30-35. In TN, the crabgrass/annual lespedeza mixture had the lowest
ADF at 34, with the other treatments ranging from ADF=38-43. Overall, forage quality was related to the legume
percentage in the mixtures, partly explaining the higher forage quality for most of the treatments in KY. Root
decomposition rates of red clover roots did not have a cumulative carbon mineralization rate different than soil-
alone, showing that although the amount of root-derived nitrogen in that treatment was higher than a grass-alone
treatment, other biochemical factors may have limited decomposition of red clover roots. Similarly, the highest
permanganate oxidizable soil carbon was observed in treatments with red clover monoculture. However, when
red clover roots were mixed with roots of grasses, cumulative carbon mineralization rates were the highest
among treatments. The mixed residues may have decomposed more because microbes were able to access
both the nitrogen from legume roots and the more available carbohydrates from grass roots. We did not observe
any significant differences in decomposition between warm- and cool-season grass roots. In low input systems
such as organic forages, mixtures of perennial legumes and grasses may provide the best below ground plant
function for nutrient and water acquisition, as well as allowing sustained carbon mineralization of below ground
inputs, which is closely tied to nutrient cycling and plant nutrient availability. Our second objective initiated in
spring 2017, investigated herd health, efficiency, and sustainability in five organic dairies in KY and TN that use
these forages. The probability of subclinical mastitis was greater in 2017 than 2018 (P=0.007), with cows 1.05
times more likely in the fall (OR=1.05; 95% CI: 0.77, 1.43), 1.87 times more likely in the spring (OR=1.87; 95%
Cl: 1.27, 2.76) and 2.15 times more likely in the summer (OR=2.15; 95% CI: 1.49, 3.10) to have subclinical
mastitis. 2017 also was associated with a greater probability of coagulase negative staphylococci (CNS),
Staphylococcus hyicus and Corynebacterium sp and lower probability of Streptococcus uberis. Only Staph.
hyicus was associated with lower probability in the spring versus the summer regardless of the year (P=0.03;
OR=0.431; 95% CI: 0.19, 0.94). CNS was least common in first parity cows (P\<0.04) in contrast to
Staphylococcus aureus having greater probability in first parity cows (P\<0.09) versus greater lactations. Horn fly
populations on farms and cows. Four USDA certified organic herds located in TN and KY were enrolled May
through October 2019. DHIA tests were used to collect an individual cow\'s somatic cell count (SCC) and milk
weight (kg). Fifteen focal cows from each herd (n= 69) were chosen to determine individual fly load. Pictures
were run through a neural network to count the total number of flies present on each cow. PROC UNIVARIATE in
SAS 9.4 (Cary, NC) was used to determine average SCC and average fly load per farm per month. Multivariable
regression with generalized linear mixed models were used with fixed effects of total flies per animal on a given
date, temperature humidity index (THI), season, parity, days in milk (DIM), and random effects of cow(farm), and
a repeated measure of date. No relationship was observed between horn fly numbers and log SCC. DIM and milk
weight displayed a stronger relationship with SCC. A significant negative relationship was found between horn fly
numbers and milk weight such that as horn fly populations increased, milk weight decreased. With this
information, the reduction in milk weight during the summer is at least partly due to an increased number of horn
flies. These data show the importance of horn fly control on the farm during the summer to improve milk yield.
Our third objective focused on the outreach activities, publications, and other training material developed to help
farmers make more informed decisions regarding their organic dairy farms. This has included development of a
new economic decision tool for forages and supplementation, factsheets and publications related to forages, flies,
and controlling mastitis, field days/pasture walks where we shared directly with our clientele, and direct
consultations regarding individual farms. **PUBLICATIONS (not previously reported):** 2015/09 TO 2021/02 1.
Type: Other Status: Other Year Published: 2022 Citation: Mercier, Kelly, S. Ray Smith, Gina Pighetti, David



Butler, et al. 2021. Comparing yield, quality, and seasonal distribution of annual and perennial organic forage
mixtures under dairy grazing (Extension Publication In progress). 2. Type: Journal Articles Status: Other Year
Published: 2022 Citation: Payne, Katie, S. Ray Smith, Gabriel Roberts, Gina Pighetti, David Butler, et al. 2021.
Forage yield, quality, and botanical composition of nine annual and perennial forage mixtures. (manuscript in
progress). 3. Type: Conference Papers and Presentations Status: Accepted Year Published: 2021 Citation:
Smith, S. Ray, Katie Payne, K. Lea, D. Butler, G. Bates and G. Pighetti. FORAGE QUALITY OF MIXED
SYSTEMS IN ORGANIC DAIRY PRODUCTION In Proc. of the American Forage and Grassland Council Annual
Meeting. Savannah, GA. 3-5 January 2021. 4. Type: Conference Papers and Presentations Status: Accepted
Year Published: 2018 Citation: Bailey, H.R., D.M. Butler, G.M. Bates, G.M. Pighetti, P.D. Krawczel, S.R. Smith, K.
Mercier, D.W. Mcintosh, and A.G. Rius. 2018. Nutritive analysis of four spring forage mixtures for organic dairy
production in the Southeastern United States. In Proc. of the American Forage and Grassland Council Annual
Meeting. Louisville, KY. 14-16 Jan. 2018. 5. Type: Conference Papers and Presentations Status: Accepted Year
Published: 2018 Citation: Pighetti, G.M., V. Couture, H. Bailey, A. Rius, P.D. Krawczel, and S.R. Smith. 2018.
Microorganisms isolated from subclinical intramammary infections present in cattle managed on organic dairy
farms in the southeast US. In Proceedings of the American Forage and Grassland Council Annual Meeting. St.
Louis, MO. 8-10 January 2018. 6. Type: Conference Papers and Presentations Status: Accepted Year Published:
2018 Citation: Rhodes, S. and S.R. Smith. 2018. Assessing the rising plate meter method to determine forage
production on organic dairies. In Proceedings of the KY Academy of Science annual meeting. Bowling Green,
KY. 2-3 Nov 2018. 7. Type: Conference Papers and Presentations Status: Accepted Year Published: 2017
Citation: Neese, S. and S.R. Smith. 2017. Evaluation of forage mixtures on production and profitability of organic
dairy systems. In Proc. of the KY Academy of Science Annual Meetings. Murray, KY. 3-4 Nov. 2017.

2019/09 TO 2020/08 What was accomplished under these goals? Impacts and Outcomes. Organic dairy systems
rely on the ability of forages grown in that region to meet the dietary and health needs of cows grazing these
pastures, while maintaining soil health and quality. The southeastern United States tends to be hot and humid for
extended periods of time, leading to a different overall climate and sets of challenges when compared to the
northern United States. Organic dairy farmers in our region had limited data and resources available in order to
make informed management decisions that promoted sustainable soil, forage, and animal welfare. To address
this need, our research and outreach efforts have focused on several key areas. One, identifying forages that
provide the most consistent nutrient quality throughout the pasture growing season to promote soil and animal
health and productivity. We completed data collection and sample analysis from local organic dairy farms that will
provide detailed information regarding variations in forage nutritive quality and yield that occurs with changes in
climatic conditions. We are nearing completion of an economic decision making tool regarding forage quality and
supplementation. Two, the last 3 years we evaluated the productivity, health, and efficiency of dairy cows grazing
organic dairy systems in the southeast. We\'ve identified common causes of mastitis on organic dairies, a primary
health issue in dairy cows that impacts cow health, productivity, and efficiency. We will use this information to
develop recommendations for our dairy farmers. Third, we have helped validate a photographic, machine learning
system for counting individual flies on cows, quantified the negative impact of flies on milk yield (occurs with as
few as 100 flies per animal), and investigated the link between mastitis and fly populations. We are in the process
of finalizing these manuscripts and outreach publications to promote health, productivity, and profitability. Results
of experiments that led to impacts and outcomes In Objective 1 we evaluated organic forage mixtures with the
greatest potential to maximize yield and quality during extended growing seasons and summer slumps that occur
with cool-season forages in the southeast. Nine forage combinations that ranged from standard perennials to
mixtures of cool and warm season perennials, annuals, grasses, and legumes were evaluated in a small plot
format. We are finalizing statistical analysis of data collected over 3-4 years. To assess how effective promising
forage mixes would perform on farm, four of these mixtures were selected in consultation with participating
commercial organic dairy farmers in TN and KY (n=5), planted in medium plots (\~ 0.25-0.5 acres), and grazed
when appropriate. Grab samples were collected during grazing seasons (2017 - 2019) to determine dry matter
(DM) yields and analyzed using a Foss-DS2500 to determine crude protein (CP) and fiber content. Root biomass,
root length density, and root nitrogen content as affected by sward species composition in organic forage
systems in the Southeastern US also has been analyzed. We expect to provide needed information regarding the
consistency and variation in nutrient quality and yield of these forages, as well as soil health, to dairy and beef
producers in the region who use pastures as the primary food source. Data collected during the first year was
used to develop a spreadsheet-based economic decision tool regarding the costs of establishing and maintaining
pasture, as well as the need for supplemental feed. Our second objective initiated in spring 2017, seeks to
establish the relationship between forage mixtures employed on participating farms in the southeast and their
contribution to herd health, efficiency, and sustainability. Five organic dairy farms from KY and TN were enrolled.
Baseline data was collected during 2017. In 2018 and 2019, 10 acres of forage test plots were actively grazed by
cows on participating farms. Sampling included: 1) forages used in pastures, 2) milk yield and composition via the
Dairy Herd Improvement program, 3) activity (steps and lying time) and locomotion, 4) cow body condition (e.g



body fat), 5) milk samples from cows with mastitis to identify possible organism causing infection, 6) blood
samples to assess energy status, 7) heat stress via respiration rates, and 8) fly populations present on the farm
and individual cows. Cows with subclinical mastitis. The objective was to determine if the probability of subclinical
mastitis and isolated organisms varied between years relative to season, parity, and stage of lactation on five
organic dairies (n=402 cows). Dairy Herd Improvement (DHI) records for somatic cell score (SCS), days in milk
and parity were assessed. Aseptic quarter milk samples (n=1,825) were collected from cows with subclinical
mastitis and tested for microbiological identification. Logistic regression within generalized linear mixed models
(SAS 9.4, Cary, NC) was used with fixed effects of season, parity, stage of lactation and year, and a random
effect of cow(herd\*yr) to test the association with mastitis and organism probabilities. The probability of
subclinical mastitis was greater in 2017 than 2018 (P=0.007), with cows 1.05 times more likely in the fall
(OR=1.05; 95% CI: 0.77, 1.43), 1.87 times more likely in the spring (OR=1.87; 95% CI: 1.27, 2.76) and 2.15 times
more likely in the summer (OR=2.15; 95% CI: 1.49, 3.10) to have subclinical mastitis. 2017 also was associated
with a greater probability of coagulase negative staphylococci (CNS), Staphylococcus hyicus and
Corynebacterium sp and lower probability of Streptococcus uberis. Only Staph. hyicus was associated with lower
probability in the spring versus the summer regardless of the year (P=0.03; OR=0.431; 95% CI: 0.19, 0.94). CNS
was least common in first parity cows (P\<0.04) in contrast to Staphylococcus aureus having greater probability in
first parity cows (P\<0.09) versus greater lactations. Future research targeting the factors behind greater
probability of Staph hyicus, Staph aureus and other Staphylococcus species will provide greater insight to
developing comprehensive mastitis control programs. Fly populations on farms and cows. Four USDA certified
organic herds located in TN and KY were enrolled May through October 2019. DHIA tests were used to collect an
individual cow\'s somatic cell count (SCC) and milk weight (kg). Fifteen focal cows from each herd (n= 69) were
chosen to determine individual fly load. Pictures were run through a neural network to count the total number of
flies present on each cow. PROC UNIVARIATE in SAS 9.4 (Cary, NC) was used to determine average SCC and
average fly load per farm per month. Multivariable regression with generalized linear mixed models were used
with fixed effects of total flies per animal on a given date, temperature humidity index (THI), season, parity, days
in milk (DIM), and random effects of cow(farm), and a repeated measure of date. No relationship was observed
between horn fly numbers and log SCC. DIM and milk weight displayed a stronger relationship with SCC. A
significant negative relationship was found between horn fly numbers and milk weight such that as horn fly
populations increased, milk weight decreased. With this information, the reduction in milk weight during the
summer is at least partly due to an increased number of horn flies. These data show the importance of horn fly
control on the farm during the summer to improve milk yield. Over the past year, we have included a number of
graduate (4) and undergraduate students (8) to help with both forage, soil, and animal based collections and
analyses. Inclusion of young adults in these projects will help develop the next generation of scientists and
industry professionals. Overall, this combination of projects will allow us to provide needed science-based
information and personnel to support multiple facets of the organic dairy industry. **PUBLICATIONS (not
previously reported):** 2019/09 TO 2020/08 1. Type: Journal Articles Status: Accepted Year Published: 2020
Citation: Allison, J., K.H. Burdine, C. Dillon, S.R. Smith, D.M. Butler, G. Bates, and G. Pighetti. 2020. Optimal
forage and supplement balance for organic dairy farms in the Southeastern United States. Agricultural Systems
2. Type: Journal Articles Status: Accepted Year Published: 2020 Citation: Psota, E., E. Luc\*, G. M. Pighetti, L.
Schneider, R. T. Trout Fryxell, J. Keele, and L. Kuehn. 2020. Development and Validation of a Neural Network for
the Automated Detection of Horn Flies on Cattle. Computers and Electronics in Agriculture. (in press) 3. Type:
Other Status: Published Year Published: 2019 Citation: Tarkington, M., R. Trout Fryxell, E. Eckelkamp. 2019. The
flying four: Common flies of concern to dairy farmers. W818.
https://extension.tennessee.edu/publications/Documents/W818.pdf 4. Type: Other Status: Published Year
Published: 2019 Citation: Cox, M., E. Eckelkamp, G. Pighetti, P. Krawczel, R. Trout Fryxell. 2019. Dairy Parlor
Management: Fly Control. W817. https://extension.tennessee.edu/publications/Documents/W817.pdf 5. Type:
Other Status: Accepted Year Published: 2019 Citation: Couture V., G Pighetti, P. Krawczel, E. Eckelkamp. 2019.
Managing mastitis in heifers and dry cows. W813.
https://extension.tennessee.edu/publications/Documents/W813.pdf 6. Type: Theses/Dissertations Status:
Accepted Year Published: 2020 Citation: Karen Leu, MS, May 2020. UT-Knoxville, Morphology and
decomposition of roots under organic management in the southeastern US 7. Type: Theses/Dissertations Status:
Accepted Year Published: 2020 Citation: Emily Luc, MS. 2020. The Horn Fly and its Association with Milk Yield,
Milk Quality, and Staphylococcus Mastitis in Organic Dairy Herds. 8. Type: Conference Papers and Presentations
Status: Accepted Year Published: 2021 Citation: Ray Smith, Kenny Burdine, Kelly Mercier, John Allison, Krista
Lea, Gina Pighetti, David Butler, Gary Bates, Agustin Rius, Peter Krawczel, Elizabeth Eckelkamp and Katie
Payne. 2021. Forage systems to optimize agronomic and economic performance in organic dairy systems.
Proceedings of the Joint International Grassland/International Rangeland Congress. Nairobi, Kenya. 23-29 Oct.
2021. (Note: this meeting was postponed from October 2020 due to Covid) 9. Type: Conference Papers and
Presentations Status: Published Year Published: 2020 Citation: Luc EK, E Psota, LG. Schneider, RT Trout
Fryxell, and GM Pighetti. 2020. The relationship between fly load and somatic cell count on organic dairy herds.



NMC Proceedings: 241-242. 10. Type: Conference Papers and Presentations Status: Published Year Published:
2020 Citation: Luc, E.K., L. G. Schneider, R. T. Trout Fryxell, and G. M. Pighetti. Staphylococcus mastitis
pathogens are present in milk and horn fly populations. ADSA Annual Meeting. J Dairy Sci Suppl 103 (Suppl 1):
281. 11. Type: Conference Papers and Presentations Status: Published Year Published: 2019 Citation: Smith,
Ray, Kenny Burdine, Kelly Mercier, John Allison, Gabriel Roberts, Rehanon Pampell, Nat Colten, Gina Pighetti,
David Butler, Gary Bates, Agustin Rius, Peter Krawczel, Elizabeth Eckelkamp, Hannah Bailey, Victoria Couture,
Karen Leu, Samantha Beal, and Katie Payne. 2019. Applying Kentucky dairy forage research for beef producers.
Proceedings of the Heart of America Grazing Conference. Hebron, KY. 29-30 Oct. 2019. 12. Type: Conference
Papers and Presentations Status: Published Year Published: 2020 Citation: Smith, R. 2020. Organic Forages:
Balancing Production, Quality, Soil and Animal Health: Forage production & quality. Organic Association of
Kentucky (OAK) 9th Annual Meeting. Louisville, KY. March 7, 2020. 13. Type: Conference Papers and
Presentations Status: Published Year Published: 2020 Citation: Butler, D. 2020. Organic Forages: Balancing
Production, Quality, Soil and Animal Health: Soil health and quality. Organic Association of Kentucky (OAK) 9th
Annual Meeting. March 7, 2020. 14. Type: Conference Papers and Presentations Status: Published Year
Published: 2020 Citation: Pighetti, GM. 2020. Organic Forages: Balancing Production, Quality, Soil and Animal
Health: Animal health. Organic Association of Kentucky (OAK) 9th Annual Meeting. March 7, 2020. 15. Type:
Conference Papers and Presentations Status: Published Year Published: 2020 Citation: Smith SR, K Payne, K
Lea, D Butler, G Bates and G Pighetti. 2020. Forage mixture evaluation for organic dairy production. Proceeding
of the American Forage and Grassland Council Annual Conference. Greenville, SC. 5-7 Jan. 2020. 16. Type:
Conference Papers and Presentations Status: Published Year Published: 2020 Citation: Colton N, J Allison, SR
Smith, K Burdine, K Lea, D Butler, G Bates, G Pighetti, A Rius, P Krawczel. 2020. Decision tool: estimated costs
of production for organic pasture mixtures. Proceedings of the American Forage and Grassland Council Annual
Conference. Greenville, SC. 5-7 Jan. 2020. 17. Type: Conference Papers and Presentations Status: Published
Year Published: 2019 Citation: Leu, K.D.€, G. E. Bates, S. R. Smith Jr., S. Jagadamma, and D.M. Butler. 2019.
Morphology and decomposition of roots in forage mixtures under organic management in the southeastern U.S.
ASA-CSSA-SSSA Annual Meeting, Nov 10-13, San Antonio, TX. 18. Type: Conference Papers and
Presentations Status: Published Year Published: 2019 Citation: Beal, S.K.€, G.E. Bates, G.M. Pighetti, S.R.
Smith, and D.M. Butler. 2019. Impact of forage sward species composition on labile soil organic matter and soil
microbial activity. SSSA International Soils Meeting, San Diego, CA. 19. Type: Conference Papers and
Presentations Status: Published Year Published: 2019 Citation: Butler, D.M. Forage mixtures for reduced
nitrogen fertilization. 8 Nov 2019. Tennessee Forage and Grassland Council Meeting, Murfreesboro, TN.

2018/09 TO 2019/08 What was accomplished under these goals? Impacts and Outcomes. Organic dairy systems
rely on the ability of forages grown in that region to meet the dietary and health needs of cows grazing these
pastures, while maintaining soil health and quality. The southeastern United States tends to be hot and humid for
extended periods of time, leading to a different overall climate and sets of challenges when compared to the
northern United States. Organic dairy farmers in our region had limited data and resources available in order to
make informed management decisions that promoted sustainable soil, forage, and animal welfare. To address
this need, our research and outreach efforts have focused on several key areas. One, identifying forages that
provide the most consistent nutrient quality throughout the pasture growing season to promote soil and animal
health and productivity. We recently completed data collection from local organic dairy farms over the last 2-3
years that will provide detailed information regarding variations in forage nutritive quality and yield that occurs
with changes in climatic conditions. We\'ve started development of an economic decision making tool regarding
forage quality and supplementation. Two, the last 3 years we evaluated the productivity, health, and efficiency of
dairy cows grazing organic dairy systems in the southeast. We\'ve identified common causes of mastitis on
organic dairies, a primary health issue in dairy cows that impacts cow health, productivity, and efficiency. We will
use this information to develop recommendations for our dairy farmers. Third, we listened to our participating
farmers and the challenges they face in controlling flies on their farm. In response, we developed collaborations
with veterinary entomologists to track and identify fly populations on participating dairy farms to develop
recommendations for implementing fly control strategies that minimize economic, health, and productivity costs.
Results of experiments that led to impacts and outcomes In Objective 1 we are evaluating organic forage
mixtures with the greatest potential to maximize yield and quality during extended growing seasons and typical
summer slumps that occur with cool-season forages in the southeast. We evaluated nine forage combinations in
a small plot format that ranged from standard perennials to mixtures of cool and warm season perennials,
annuals, grasses, and legumes. We are analyzing quality and yield data collected over 3 years for these 9 forage
combinations. In the next year, we expect to provide needed information regarding the consistency and variation
in nutrient quality and yield of these forages to dairy and beef producers in the region who primarily use pastures
as their food source. To assess how effective promising forage mixes would perform on farm, four mixtures were
identified in consultation with our participating commercial organic dairy producers in TN and KY (n=5). These
forage mixtures were planted in medium plots (approximately 0.25-0.5 acres) that contained mixes of annuals,



perennials, cool and warm season forages and grazed when appropriate. Grab samples were collected during
grazing seasons in 2017 - 2019 to determine dry matter (DM) yields and analyzed using a Foss-DS2500 to
determine crude protein (CP) and fiber content. In the next year, we expect to provide needed information
regarding the consistency and variation in nutrient quality and yield of these forages to dairy and beef producers
in the region who primarily use pastures as their food source. Data collected during the first year was used to
develop a spreadsheet-based economic decision tool regarding the costs of establishing and maintaining
pasture, as well as the need for supplemental feed. Our second objective initiated in spring 2017, seeks to
establish the relationship between forage mixtures employed on participating farms in the southeast and their
contribution to herd health, efficiency, and sustainability. Five organic dairy farms from KY and TN were enrolled.
Baseline data was collected during 2017. In 2018 and 2019, 10 acres of forage test plots that could be actively
grazed by cows on participating farms. Sampling has included: 1) sampling of forages currently used in pastures,
2) enrolling herds in the Dairy Herd Improvement program to track milk yield and composition, 3) assessing
activity (steps and lying time) and locomotion for cows primarily housed on pasture, 4) assessing cow body
condition (e.g body fat), 5) collecting milk samples from cows with mastitis to identify possible organism causing
infection, 6) collecting blood samples to assess energy status, 7) assessing heat stress via respiration rates, and
8) assessing fly populations present on the farm and individual cows. Cows with subclinical mastitis. The
objective was to determine if the probability of subclinical mastitis and isolated organisms varied between year of
2017 and 2018 in relation to season, parity, and stage of lactation on five organic dairies (n=402 cows). To
determine the probability of subclinical mastitis, Dairy Herd Improvement (DHI) records for somatic cell score
(SCS), days in milk and parity were assessed. Aseptic quarter milk samples (n=1,825) were collected from cows
with subclinical mastitis and tested for microbiological identification. Logistic regression within generalized linear
mixed models (SAS 9.4, Cary, NC) was used with fixed effects of season, parity, stage of lactation and year, and
a random effect of cow(herd\*yr) to test the association with mastitis and organism probabilities. Overall, the
probability of subclinical mastitis was greater in 2017 than 2018 (P=0.007), with cows 1.05 times more likely in
the fall (OR=1.05; 95% CI: 0.77, 1.43), 1.87 times more likely in the spring (OR=1.87; 95% ClI: 1.27, 2.76) and
2.15 times more likely in the summer (OR=2.15; 95% CI: 1.49, 3.10) to have subclinical mastitis. 2017 also was
associated with a greater probability of coagulase negative staphylococci (CNS), Staphylococcus hyicus and
Corynebacterium sp and lower probability of Streptococcus uberis. Only Staph. hyicus was associated with lower
probability in the spring versus the summer regardless of the year (P=0.03; OR=0.431; 95% CI: 0.19, 0.94). CNS
was least common in the first parity cows (P\<0.04) in contrast to Staphylococcus aureus having greater
probability in the first parity cows (P\<0.09) versus greater lactations. Future research targeting the factors behind
greater probability of Staph hyicus, Staph aureus and other Staphylococcus species will provide greater insight to
developing comprehensive mastitis control programs. Fly populations on farms and cows. Four USDA certified
organic herds located in TN and KY were enrolled in the study. Data collected during May through July 2019
were used in this analysis. Dairy Herd Information Association (DHIA) tests were used to collect an individual
cow\'s somatic cell count (SCC) and milk weight (kg). Fifteen focal cows from each herd (n= 74) were chosen to
determine individual fly load. Pictures were run through a neural network to count the total number of flies present
on each cow. PROC UNIVARIATE in SAS 9.4 (Cary, NC) was used to determine average SCC and average fly
load per farm per month. Logistic regression within generalized linear mixed models was used with fixed effects
of month and average flies and a random effect of cow(farm) to test the association between average flies and
SCC. Average horn fly numbers increase throughout each month. SCC varied each month with farm (Table 1). A
slight negative relationship was observed between average fly load and log SCC (slope = -0.02; SE 0.007; P =
0.01). Month had a greater impact on changes in SCC (P \< 0.0001). Flies typically reach their peak during the
month of August, which is not yet included in this analysis. This data, along with that collected through October,
will allow assessment of the relationship between higher fly loads and SCC. **PUBLICATIONS (not previously
reported):** 2018/09 TO 2019/08 1. Type: Conference Papers and Presentations Status: Published Year
Published: 2019 Citation: Couture V, L Schneider, P Krawczel, A Rius, G Pighetti. 2019. Subclinical mastitis in
organic dairy herds. NMC Proceedings p202-203. 2. Type: Conference Papers and Presentations Status:
Published Year Published: 2019 Citation: Luc EK, LG Schneider, VL Couture, HR Bailey, PD Krawczel, SR
Smith, AG Rius, GM Pighetti. 2019. The probability of subclinical mastitis and isolated organisms in organic dairy
herds varies between years. J Dairy Sci Vol 102 Suppl. 1. p26. 3. Type: Conference Papers and Presentations
Status: Published Year Published: 2019 Citation: Burdine K. 2019. Dairy Outlook. Southern Outlook Conference
in Atlanta, GA. Presented 9/25/2019. https://southernoutlook.caes.uga.edu/. Presentations are available online. 4.
Type: Theses/Dissertations Status: Accepted Year Published: 2019 Citation: Two Essays on Input Substitution
and Optimal Decision Making in Crop and Livestock Production Systems 5. Type: Theses/Dissertations Status:
Published Year Published: 2018 Citation: Couture VL. 2018. Identifying factors associated with lying behavior and
mastitis in organic dairy cows. Thesis. 6. Type: Theses/Dissertations Status: Published Year Published: 2019
Citation: Hannah Bailey. 2019. Analysis of the effects of four forage mixtures designed for Tennessee and
Kentucky organic dairy systems. Thesis.



2016/09 TO 2017/08 What was accomplished under these goals? Science-based information regarding organic
forage combinations in the southeastern U.S. and the relationship to dairy cow health and productivity, and farm
level economics are extremely limited. As a step towards this, within Objective 1 we are evaluating organic forage
mixtures with the greatest potential to maximize yield and quality during extended growing seasons and typical
summer slumps that occur with cool-season forages in the southeast. In the first part of Objective 1, we evaluated
nine forage combinations in a small plot format that ranged from standard perennials to mixtures of cool and
warm season perennials, annuals, grasses, and legumes. In the first year which experienced drought conditions,
the greatest yields were observed with two annual mixtures (crimson clover and annual ryegrass with either
crabgrass and lespedeza or cowpea and sorghum sudangrass). Protein is a key component of the dairy cow diet.
The greatest concentration and most consistent protein content was observed for the red clover, orchardgrass,
tall fescue mixture. As weather conditions have a tremendous impact on functionality of these forages and we
experienced major drought conditions the first year, these small plots were repeated a second year and are
currently being analyzed to determine how consistent forage quality and yield are across seasons. In order to
assess how effective promising forage mixes would perform on farm, four mixtures were identified in consultation
with our participating commercial organic dairy producers in TN and KY (n=5). These forage mixtures were
planted in medium plots (approximately 0.25-0.5 acres) that contained mixes of annuals, perennials, cool and
warm season forages and grazed when appropriate. Forage samples were collected prior to grazing for analysis
of forage yield, quality, and composition. The data collected will be used to estimate how well these forage
mixtures meet the energy and protein dietary demands of lactating dairy cows, as well as how well these forages
withstand the grazing process. Preliminary analysis indicates the protein and fiber content of these forages are
similar for most of the forage mixtures with approximately 17% crude protein and 33% acid detergent fiber. These
levels are suitable for lactating dairy cows. However, a more in depth assessment that characterizes forage
growth and quality with time, yield, and cost will provide valuable information needed by organic producers. In
addition, as with the small plot work, weather conditions change considerably from year to year and we are in the
process of repeating this effort to evaluate consistency. In order to move past estimations, our second objective
initiated spring 2017 seeks to establish the relationship between forage mixtures employed on participating farms
in the southeast and their contribution to herd health, efficiency, and sustainability. Five organic dairy farms from
KY and TN were enrolled and we are currently collecting baseline data that will provide key measures during the
spring, summer, and fall grazing seasons. This includes 1) sampling of forages currently used in pastures, 2)
enrolling herds in the Dairy Herd Improvement program to track milk yield and composition, 3) assessing activity
(steps and lying time) and locomotion for cows primarily housed on pasture, 4) assessing cow body condition (e.g
body fat), 5) collecting milk samples from cows with mastitis to identify possible organism causing infection, 6)
collecting blood samples to assess energy status, and 7) assessing heat stress via respiration rates. The
following represents a subset of the animal-related data collected during Spring 2017. Lying time. Dairy cows
primarily housed on pasture (n=3 farms) spent approximately 7-8 hr per day lying, while cows that also spent a
portion of their day in tie stalls (n=2 farms) spent approximately 11 hr per day lying. Steps. The amount of time
spent lying corresponds to the number of steps taken by cows on each farm, with those primarily on pasture
taking 4,237 to 5,740 steps each day vs 2,366 to 2,431 for those cows that were housed in tie stalls for part of the
day. Of note, as heat stress increased from none to mild to moderate, the lying time for cows decreased in a
dose-dependent manner from 7.7 to 7.1 to 6.5 hr, respectively, for cows housed primarily on pasture. This was
coupled with a corresponding increase in steps from 4,962 to 5,267 to 5,544, respectively. In contrast, less
impact of heat stress was observed in cows housed part of the day in tie-stalls (11.3, 11.3, 10.6 hr and 2,701,
2,220, and 2,188 steps, respectively). This knowledge can be used to assess how changes in forage
stands/quality, management to alleviate heat stress, and other management decisions influence cow activity and
productivity. Cows with subclinical mastitis. In spring 2017, 19% of cows in our sample herds had somatic cell
counts greater than 200,000 cells/ml which is indicative of mastitis. Staphylococcus species represented nearly
62% of all pathogens isolated, with coagulase negative staphylococcus species dominating at 35%, Staph.
aureus representing 15%, and Staph. hyicus representing 12%. Closer examination of the coagulase negative
staphylococci revealed that Staph. chromogenes was nearly half (42%) of this group. Streptococcus and
enterococcus species were a distant second representing 18% of the isolated pathogens. Of these, the bulk of
these were Strep. uberis (14%). Corynebacteriums represented 14%. Coliforms only represented 1.4%. This
information provides us with key data regarding the types of organisms that cause infection so we can develop
non-antibiotic based approaches to target these organisms. While conducting each of these projects over the
past two years, we have included a number of graduate (4) and undergraduate students (6) to help with both
forage and animal based measures. Inclusion of young adults in these projects will help develop the next
generation of scientists and industry professionals. Overall, this combination of projects will allow us to provide
needed science-based information and personnel to support multiple facets of the organic dairy industry.
**PUBLICATIONS (not previously reported):** 2016/09 TO 2017/08 1. Type: Conference Papers and
Presentations Status: Published Year Published: 2017 Citation: Smith R, S Taylor, K Lea, G Bates, D Butler, G
Roberts. 2017. Forage mixtures ideal for organic dairy production in Kentucky and Tennessee. American Forage
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production. J Dairy Sci 100 (Suppl 2): 130.

1 Return to Index



Sustainable Organic Strawberry (sos) Cropping Systems for the

Southeast

Accession No.

1007441

Project No. FLA-HOS-005472
Agency NIFA FLA\
Project Type OTHER GRANTS
Project Status NEW

Contract / Grant No.

2015-51300-24134

Proposal No. 2015-07389
Start Date 01 SEP 2015
Term Date 31 AUG 2019
Grant Amount $1,994,559
Grant Year 2015
Investigator(s) Chase, C. A.

UNIVERSITY OF FLORIDA, G022 MCCARTY HALL, GAINESVILLE, FLORIDA
32611

Performing Institution

NON-TECHNICAL SUMMARY

The long-term goal of the project is to promote the expansion of organic strawberry production in the Southeast.
We propose to develop organic strawberry cropping systems that are more environmentally and economically
sustainable and resilient to weed, pest, and disease pressure. The project is a collaborative effort of the
University and Florida (UF), North Carolina A&T State University (NCAT), Florida A&M University (FAMU), and
Florida Certified Organic Growers and Consumers, Inc. (FOG).The project has three major components:
biological research, consumer and economic research, and evaluation and outreach. The main open field
experiment will be conducted at the UF Plant Science Research and Education Unit (PSREU) in north-central
Florida. We will examine the effects of three cover crop treatments and a weedy control on soil health, nematode
suppression, insect and mite pests, beneficial organisms, and the performance of four strawberry cultivars in
open-field production.Four supporting or satellite, on-station studies will examine specific aspects of nutrient and
pest management at the PSREU in Florida and high tunnel and low tunnel production systems at the NCAT
Research Farm. The integration of cover crops and approved preplant fertilizer to satisfy the nitrogen fertility
needs of organic strawberry will be investigated. Studies will be conducted to develop pest management
practices for spotted wing drosophila (SWD) and twospotted spider mite (TSSM) in organic strawberry. The
influence of adjacent woodlands on SWD populations and biological control of TSSM with spot treatments of
predatory mites will be assessed and pest management materials approved for use in organic cropping systems
will be evaluated for the control of both pests. The performance of strawberry cultivars in high and low tunnels,
alone and in combination, for cold protection and season extension will be evaluated in North Carolina.Farmer-
designed and implemented field trials will be conducted to evaluate selected cover crop and strawberry cultivar
combinations. These on-farm studies allow the systems to be evaluated under the environmental and
management regimes of a commercial operation and allow us to gain valuable insight from our farmer-
collaborators.Consumer and economic research will include tests of consumer preference for intrinsic (e.g. color,
size, shape, flavor, texture) and extrinsic (e.g. organic label, eco-label, sustainable and local labels) traits of
organic strawberry, including traits based on production practices. We will utilize enterprise budgets and partial
budget analysis to document the economic viability of selected cover crops, alternative nutrient management
systems as well as the production management that exhibit superior biological performance for selected
strawberry cultivars.The evaluation and extension components are integrated. We will use an Industry Liaison
Panel and research assessments by growers and technical advisors to maintain stakeholder input throughout the



project. The feasibility of low cost tunnels for organic strawberry production will be demonstrated in north Florida
at FAMU. Extension activities will be conducted by each of the three institutions and will include field days,
trainings, and workshops.

OBJECTIVES

LONG-TERM GOALThe long-term goal of the project is to promote the expansion of organic strawberry
production in the Southeast. We propose to develop organic strawberry cropping systems that are more
environmentally and economically sustainable and are resilient to weed, pest, and disease pressure. Organic
strawberry production has increased in the U.S. in recent years, including in the Southeast region. However,
organic strawberry growers have a number of critical needs that must be addressed to protect the viability of the
industry and to sustain growth.RESEARCH OBJECTIVESBIOLOGICAL RESEARCHResearch Objective 1:
Assess the Efficacy of Off-Season Cover Crops on Soil Health and in Suppressing Weeds, Sting Nematodes,
Arthropod Pests, and Pathogens.Research Objective 2. Evaluate the Performance of Strawberry Cultivars in
Open Field Organic Production Systems.Research Objective 3: Monitor Population of Arthropod Pests, Including
the Spotted Wing Drosophila (SWD) and Twospotted Spider Mite (TSSM), and Beneficials.Research Objective 4:
Integrate Summer Leguminous Cover Crop into Nutrient Management Program for Organic Strawberry
Production Systems.Research Objective 5: Develop Pest Management Practices for Spotted Wing
Drosophila.Research Objective 6: Develop Management Alternatives for Twospotted Spider Mite.Research
Objective 7: Assess the Season Extension Potential of Low and High Tunnels in Organic Strawberry
Production.Research Objective 8: Farmer assessment of response of cover crop and cultivars to on-farm bio-
physical and management regimes. CONSUMER AND ECONOMIC RESEARCHResearch Objective 9: Evaluate
consumer preferences for traditional and recently released strawberry cultivars with regard to sensory attributes
like flavor, color, and texture, including consumer willingness to pay.Research Objective 10: Calculate Production
Costs and Potential Returns of Selected Management Alternatives Based on Data from the Biological
Research.OUTREACH OBJECTIVESThe outreach component of this project provides is an integrated approach
to stakeholder involvement, evaluation and dissemination of research results and recommendations to a large
and diverse group of growers and technical advisors.Outreach objective 1: We will engage producer and county
Extension faculty members in research and outreach planning, implementation and outcomes. An Industry
Liaison Panel representing growers and industry representatives from a diverse group of formal and informal
networks will provide overall guidance for this project.Outreach objective 2: We will demonstrate the feasibility of
organic strawberry production in low cost crop tunnels. Small growers in areas where cool temperatures limit the
strawberry production system have expressed interest in adapting research from the high tunnel production
system to a lower cost protected system.Outreach objective 3: We will provide Extension faculty members, other
local service providers, and growers with research results and recommendations, including representatives of
and professionals who work with limited resource and minority farmers. This objective addresses the need to
increase the number of service providers and grower representatives who help expand organic strawberry
production geographically and to diversify strawberry grower populations and conditions in the Southeast.

APPROACH

Biological ResearchThe main on-station experiment in Florida will address the relationships between cover crops
and strawberry cultivars in open field organic production systems. We will monitor the effects on soil health, weed
infestation, and plant-pathogenic nematode populations of the cover crop treatments: (1) Crotalaria juncea (sunn
hemp), (2) Indigofera hirsuta (hairy indigo), and (3) a four-way legume mix with sunn hemp, hairy indigo,
Aeschynomene americana (American jointvetch), and C. ochroleuca (slenderleaf rattlebox). A no cover crop
control will also be included.Four strawberry cultivars: SensationTM Brand \'Florida127\', WinterstarTM, \'Florida
Radiance\', and \'Strawberry Festival\' will be evaluated for their responses to the cover crop treatments. Plant
growth parameters and yield of marketable and cull fruit will be assessed and disease incidence will be
monitored. Fruit quality, health-promoting properties, and shelf-life of strawberries in relation to cultivar and the
use of cover crops will also be determined.In both the main on-station experiment and on-farm experiments, we
will monitor the populations of two key pests spotted wing drosophila (SWD) and twospotted spider mites (TSSM)
as well as beneficial arthropod populations such as six-spotted thrips, bigeyed bugs, and minute pirate bugs.
Other pests that will be monitored include: flower thrips, aphids, whiteflies, seed bugs, and armyworms.In an on-
station supporting experiment, performance of SensationTM Brand \'Florida127\' strawberry will be evaluated
under two preplant fertilization levels: 40 and 80 Ibs available nitrogen (N) per acre using Microstart60 3-2-3. With
each level, there will be four treatments investigating N credit from sunn hemp: 1) Summer weedy control +
preplant fertilization; 2). Sunn hemp without N credit + preplant fertilization; 3) Sunn hemp with 20% N availability
from aboveground biomass + reduced preplant fertilization; and 4) Sunn hemp with 40% N availability + reduced



preplant. Nitrogen nutritional status will be monitored and fruit yield and quality will be assessed.Pest
management practices for SWD will also be developed. Baited traps will be deployed at varying distances from
field edges into wooded areas to detect movement of SWD from adjacent woodlands into strawberry fields. Traps
installed within the woods will serve as a control. We also will compare the efficacy of Grandevo®, Azera® and
Veratran DTM to the standard organic pesticide, Entrust®, for the control of SWD in strawberries. Trapping and
fruit samples will be used to assess SWD population.The development of management alternatives for TSSM will
include evaluation of site-specific application of the predatory mite Neoseiulus californicus and evaluation of
OMRI-approved pesticides. N. californicus treatments will be evaluated: 1) spot treatment 2) whole plot treatment,
and 3) untreated. Four OMRI-approved pesticides will be will be evaluated using the cultivar WinterstarTM: 1)
Sulfur, 2) Aramite™, 3) Safer® soap, and 4) an untreated control. Motiles and eggs of TSSM will be assessed on
randomly collected trifoliate leaves.The season extension potential of low and high tunnels for organic strawberry
production will be assessed at the North Carolina A&T State University research farm.Fall production of day-
neutral strawberries in low tunnels. Day-neutral cultivars Albion and San Andreas will be planted in four low
tunnels with unprotected plots of each cultivar as controls three planting dates (July 15, July 30 and August 14).
Data collection for this and the next two studies will include: plant growth, phenology, yield, fruit quality, pest
incidence and severity, length of the harvesting season, and fixed and variable costs (for materials and labor).
Plants will go dormant in winter and resume growth and production the next season. Low tunnels will be removed
during the dormancy period and replaced in February.Spring production of day-neutral and June-bearing
strawberries in low tunnels. Day neutral (Albion and San Andreas) and June-bearing (Radiance and
WinterstarTM) cultivars will be planted in October. The raised beds will be covered with row covers in winter. In
late January, four low tunnels will be installed on the day-neutral plots and another four will be installed on the
June-bearing plots. Plants not covered with low tunnels will serve as controls.Fall, winter and spring production of
day-neutral and June-bearing strawberries in high tunnels and in low tunnels within a high tunnel. Albion, San
Andreas, Radiance and WinterstarTM cultivars using two high tunnels, one for day-neutral strawberries, another
for June-bearing cultivars. Six raised beds will be formed in each high tunnel, three of which will be covered with
row covers. There will be three planting dates (July 15, August 15 and September 15). Fertility will be managed to
discourage plants from entering into dormancy in winter.Experiments will be conducted by farmer-collaborators to
determine the performance of cover crops and strawberry cultivars under on-farm bio-physical and management
regimes. Farmers will select the cover crop and cultivar combinations that they find most interesting for the trials
and will collect all data. Team members will confer with the farmer on-site at critical points during the production
season, such as termination of cover crops, plant establishment, and onset of fruit set. We will make visual
recordings of the plots (pictures and/or video) and record our own direct observations. However, the purpose of
these trials is not to direct the experiments, but rather to benefit from the farmers\' experience and
innovation.Consumer & Economic Research Both intrinsic (color, size etc) and extrinsic (organic label, eco-label
etc) attributes affect consumer preferences for a product. We will use sensory evaluations, experimental auctions
and online surveys to determine the impact of fresh strawberry intrinsic and extrinsic attributes on consumer
willingness to pay for fruits from cultivars included in field testing.Enterprise budgets will be developed for
selected cover crops, cultivars, pest management, and alternative nutrient management regimes based on
superior biological performance. Partial budget analysis will be used to estimate economic return of selected
production treatments in comparison with the relevant control. We will also conduct sensitivity analysis based on
various yield and market prices to draw more robust conclusions on the economic variability of alternative cover
crops, different nutrient management systems and production management choices based on treatments that
exhibit superior biological performance.Evaluation & OutreachAn integrated approach to stakeholder
involvement, evaluation and dissemination of research results and recommendations to a large and diverse group
of growers and technical advisors will be used:Engagement of producer and county Extension faculty members in
research and outreach planning, implementation and outcomes. An Industry Liaison Panel representing growers
and industry representatives will provide overall guidance for this project.Demonstration of the feasibility of
organic strawberry production in low cost crop tunnels at Florida A&M University. Small growers in areas where
cool temperatures limit the strawberry production system have expressed interest in adapting the research to a
lower cost system.Providing Extension faculty members, other local service providers, and growers with research
results and recommendations, including representatives of and professionals who work with limited resource and
minority farmers. This will increase the number of service providers and grower representatives who can help to
expand organic strawberry production geographically and diversify strawberry grower populations and conditions
in the Southeast.

PROGRESS

2015/09 TO 2021/02 Target Audience: Certified organic and transitional organic strawberry growers and
producers who are interested in organic strawberry production, service providers, extension personnel, other
researchers, educators, and stakeholders. Changes/Problems: Due to the COVID-19 pandemic, scheduling



laboratory work has been rather challenging. What opportunities for training and professional development has
the project provided? Graduate students who have completed their degrees were mentored in the preparation of
refereed journal articles. One doctoral student actively led the laboratory work. In addition, that student has been
focusing on data analysis and manuscript writing. How have the results been disseminated to communities of
interest? Some of the research results have been published in refereed journals. Other manuscripts are in press,
in review, and in preparation and are expected to be published in 2021 and 2022. Also, we are disseminating
research results at scientific meetings and through a series of virtual field day videos on YouTube. What do you
plan to do during the next reporting period to accomplish the goals? Nothing Reported

2019/09 TO 2020/08 Target Audience:Certified organic and transitional organic strawberry growers and
producers who are interested in organic strawberry production, service providers, extension personnel, other
researchers, educators, and stakeholders. In North Florida, the audience targeted were organic farm producers
including smallholders, small farm and urban farm growers from the Gadsden, Leon, Jefferson, and Wakulla
Counties and bordering southwest Georgia counties of Thomas, Grady and Decatur. Workshops at the FAMU
Research and Extension Center in Quincy, FL are focused on small farm populations, indigenous farmers, black
farmers, farmers of color and their communities. At North Carolina A&T the target audiences are small farmers
who are interested in growing organic strawberries in both field and protected production systems, and selling
strawberries in direct markets, extension educators and other agricultural professionals who work with strawberry
and high tunnels, and the general public interested in strawberry and local food production.
Changes/Problems:Due to restrictions on research as a result of the COVID-19 pandemic, we were not able to
follow our regular harvest schedule later in the season for the organic strawberry nutrient management and
biostimulant trials and had to terminate them earlier than planned. Moreover, some other data collection activities
were no longer feasible, and some measurements were missed later in the season. In addition, lab work had to
be postponed because of various restrictions as a result of COVID challenges. A sensory experiment was
planned for spring 2020. However, because of the COVID-19 pandemic, the sensory experiment was canceled.
We then decided to conduct an online survey in the southern US. Despite the changes, using online survey did
not affect our ability to accomplish the research objectives related to the consumer research. For objective 3, we
could not establish and maintain a seed bug colony in the laboratory, so we were unable to conduct planned fruit
injury studies. The FAMU SOS project experienced two major problems. First was Hurricane Michael in October
2018 (previously reported) and COVID-19 in March 2020. Due to COVID we had to postpone 2 planned
educational activities as part of the SOS plan of work. We are hopeful that we would be able to get one of these
accomplished before the end of the COVID-19 no-cost extension. What opportunities for training and professional
development has the project provided?The project provided opportunities to network with partners at the
University of Florida and through conference attendance at the Florida State Horticultural Society. Participating
graduate students and faculty gave oral and poster presentations at the virtula American Society for Horticultural
Science meeting. This was in lieu of presenting at a scheduled International Strawberry Symposium in May 2020,
which was postponed to 2021 due to the Covid-19 pandemic. We also provided one training for service providers
familiar with organic strawberry cropping systems. Two graduate students have been trained with survey design,
experimental design, and data analysis. How have the results been disseminated to communities of
interest?Results from research done at University of Florida were presented at the American Society for
Horticultural Science 2020 Annual Conference (Virtual Conference). Additionally, we disseminated project
research results through a series of videos on YouTube. At FAMU, thus far, two Florida State Horticultural
Society (FSHS) journal papers on low cost high tunnel versus open field production of organically grown
strawberries in North Florida were published. A third paper was scheduled for presentation at the 133rd FSHS
virtual annual meeting in fall 2020. Additionally, a farm tour consisting of 10 participants was conducted on July
23 and August 20, 2020 following COVID-19 guidelines to a group of new and beginning farmers and ranchers.
Three Farmer\'s Survival Guide Zoom/webinars were conducted on July 7th and July 11, 2020. Information about
the SOS project and educational opportunities were included in the FAMU Extension Strikes newsletter and
clientele direct email listing. What do you plan to do during the next reporting period to accomplish the
goals?Objectives 1. and 2. Data analysis will be completed and manuscripts will be submitted to journals.
Objective 3. Complete and publish three scientific papers, one each on TSSM, SWD, and seed bugs, and an
extension publication on seed bugs that are in progress. Produce a video on seed bug management in organic
strawberries in Florida. Objective 4. During the next reporting period, we plan to conduct cost-return analysis
based on data from the field trials to determinate the economic feasibility of using a sunn hemp cover crop,
different organic fertilization programs, and biostimulants tested for organic strawberry production. Fruit quality
assessment of the frozen samples will also be completed. In addition, soil sample analysis will be finished to
conclude the N mineralization study during the next reporting period. Research findings from the 2019-2020
season will be presented at professional conferences in 2021. Objective 7. Peer-reviewed publications will be
released. Objective 8. We will develop a survey to investigate the impact of organic product assortment on
consumer preference for grocery stores using a national representative sample. We plan to prepare the technical



reports and journal articles based on the analysis of the survey data. Outreach Objective 2. We plan to have a
final project field day in February 2021. Facts sheets in progress will be finalized and available as hand-outs
along with conference papers published. The fact sheets will include updated cost estimates.

2018/09 TO 2019/08 Target Audience:Certified organic and transitional organic strawberry growers and
producers who are interested in organic strawberry production, service providers, Extension personnel, other
researchers, educators, and stakeholders. At North Carolina A&T: The target audiences are small farmers who
are interested in growing organic strawberries in both field and protected production systems, and selling
strawberries in direct markets, extension educators and other agricultural professionals who work with strawberry
and high tunnels, and the general public who interested in strawberry and local food production.
Changes/Problems:Research Objectives 2, 4, and 8: Plant disease management continued to be a major
challenge during the organic strawberry production season. Research Objective 3: The only major problem was
that the preventative releases of N. californicus did not establish in the main on-station trial and the OMRI-
approved pesticide efficacy trial. This led to the failure of the preventive release treatment in the efficacy trial plot.
However, in the main plot, this establishment failure did not cause any major issues. Research Objective 7: At
North Carolina A&T, our plugs for the fertility pilot study were not conditioned enough so no flowers were
produced in the fall of 2018. We also lost the graduate student as he took a job in industrial hemp. The
replacement graduate student had a problem with graduate student paperwork, and when it was corrected, he
decided to choose a different crop for his study. These challenges impeded the fertility research although this part
of research was not included in the original proposal. Outreach Objective 2: At Florida A&M, Hurricane Michael
resulted in conditions that prevented the setup of the low-cost high tunnels after strawberry planting. Therefore,
strawberry yield data were collected as open field treatments only. As a result, we have requested a no-cost
extension to accomplish the project outreach objective in the 2019-20 strawberry production season. What
opportunities for training and professional development has the project provided?We trained 2 undergraduate
students how to conduct arthropod research in strawberries. Also, we provided training opportunities to both MS
and Ph.D. students, and a visiting research scholar from Brazil. A postdoctoral research associate attended a
training course on geograhic information systems at University of Florida and the Growing Horticulturists career
workshops at the American Society for Horticultural Sciences conference. We provided one training (described
above) for service providers familiar with organic cropping systems. Local service providers assessed our
research plots and provided feedback regarding what they liked about our research, what they disliked, and what
was missing that we should consider in the future. In exchange, Certified Crop Advisors could receive up to three
Continuing Education Units (CEUs). At North Carolina A&T research results were presented at the 2018 NC
State Extension Conference, November 13-16, 2018 in Raleigh, NC, at an organic strawberry production with low
and high tunnels agent training, and at the 2019 Southern Region ASHS Conference, February 1-4, 2019 in
Birmingham, AL. How have the results been disseminated to communities of interest?At University of Florida,
results were presented in two field days directed to growers and extension agents, and during advisory council
meetings. All three institutions presented research results during the conference workshop at the North American
Strawberry Symposium. Researchers, students, and postdoctoral research associates were authors and co-
authors of presentations at the North American Strawberry Symposium and the annual meeting of the American
Society of Horticultural Science. North Carolina A&T also did the follwing: presented research results at the 2018
Southeast Strawberry Expo, November 7-9, 2018 in Winston-Salem; offered a training on organic strawberry
production with low and high tunnels at the North Carolina State Extension Conference (November 13-16, 2018);
and visited over 10 strawberry growers in the state. What do you plan to do during the next reporting period to
accomplish the goals?Research Objective 1: Results from 2016 to 2019 will be compiled for publication in
refereed journals and research findings will be presented at scientific conferences in 2020. Measures for
improving disease management will be assessed with the two most promising strawberry cultivars. Research
Objective 2: Fruit quality assessment including soluble solids content and titratable acid and data analysis will be
completed for the strawberry cultivars. Research findings from the 2018-2019 season will be presented at
professional conferences in 2020. Research Objective 3: We have included a sub-objective on strawberry
seedbug based on growers\' suggestions. We will look at cultivar preference, the effect of runners, and injury to
ripe and green fruit. Research Objective 4: The final set of nutrient management experiments will be carried out
during the 2019-2020 season, using a modified experimental design based on research findings from the
previous seasons. More in-depth fruit quality analysis (e.g., anthocyanin) of the frozen strawberry fruit sampled
from the nutrient management study will also be completed. Research findings from the 2018-2019 season will
be presented at professional conferences in 2020. Research Objective 7: At North Carolina A&T State University
we will focus on publishing results and an extension guide on organic strawberry production in high tunnels. We
also will assess the labor input for organic strawberry production with/without low tunnels in field and high tunnel
settings. Research Objective 8: The activities associated with this research objective were completed in April
2019. We will use those results and extend our farmer interviews to investigate farmer decision-making. This will
involve a comparison of the motivations and identity of organic, transitioning to organic, and conventional young



and new and beginning farmers whose primary production systems are horticultural. Research Objective 9: We
plan to conduct one more sensory test to examine how location of purchase affects consumer preference for
national and private branded strawberries. This is an important extension of objective 9 considering the
divergences in different store features and the fast development of private brands in the grocery sector. We are
also developing a survey to investigate the consumer preference for organic strawberries using a national
representative sample. Research Objective 10: We plan to prepare technical reports and journal articles based
on the economic analysis of cover crop and cultivars. Outreach Objective 1: Our research assessment will be
moved to an online platform and we will compare virtual and in-person assessment results. A research
assessment will be conducted with strawberry growers in February 2020. We will have one advisory council
meeting in spring 2020. Outreach Objective 2: At Florida A&M University, we will continue to improve upon the
low-cost crop tunnel technology for growing organic strawberries sustainably. We will develop a fact sheet to
promote the use of low-cost crop tunnels for organic production. We will schedule and carry out a sustainable
organic strawberry production workshop in January 2020 to share the results of the project with organic growers
and other interested groups of farmers. We will continue to develop on the current low-cost crop tunnel design
concept to expand on the protective structure capacity to withstand wind loads greater than 30 mph. Efforts to
improve on the tunnel structure design to resist greater wind loads would significantly increase the cost of the
tunnel hoop materials estimated from \$0.50/sq ft using 1-in x 20-ft schedule 40 PVC pipe to \$1.20/sq ft for
similar size hoops made of galvanized top rail. Thus, it is estimated that the cost of the new hoop material would
increase from approximately \$141 to \$400 per 12 ft x 100 ft tunnel. The material cost to build a low-cost high is
\$736. Substituting the PVC hoops with galvanized metal hoops would increase the estimated cost to \$995.
However, switching over to top rail would increase the ability of the low-cost high tunnel structure to resist wind
gusts above 30 mph, thereby reducing the effects of wind damage to the structure. Outreach Objective 3: We will
hold one Extension training session in February 2020. We will proceed with research results dissemination with a
local stakeholder group Florida Organic Growers (FOG). This includes developing and disseminating materials
like flyers, fact sheets and videos to upload on our project website. We will present project results to the advisory
council and base the development of these materials on their feedback. We will create short video clips
demonstrating project results after all data collection has concluded and upload them to our project website. We
will hold one field day in January or February 2020 specific to the issue of seed bug in strawberry production
systems.

2017/09 TO 2018/08 Target Audience:UF The target audience included: certified organic strawberry growers,
growers transitioning to organic production, service providers, stakeholders, Extension personnel, and
researchers. Results were presented to researchers and Extension personnel attending the meetings of the
American Society for Horticultural Science (ASHS), Tri Societies (ASA, CSSA, and SSSA), Florida Entomological
Society, Florida State Horticultural Society (FSHS), Entomological Society of America Southeastern Branch, and
Entomological Society of America. Florida A&M University (FAMU) The target audiences reached during this
reporting period were organic farmers including small farm and urban farmers from Gadsden, Leon, Jefferson,
and Wakulla Counties in North Florida and Thomas and Grady Counties in South Georgia who attended a spring
field day and a fall annual field day at the FAMU Research and Extension Center in Quincy, FL. Results were
also shared with attendees of the FSHS meeting. North Carolina A&T State University (NC A&T) The target
audiences were small farmers who are interested in growing organic strawberries in both field and protected
production systems and selling strawberries in direct markets, extension educators and other agricultural
professionals who work with strawberry and high tunnels, and the general public with an interest in strawberry
and local food production. Results were also presented to researchers attending annual meetings of ASHS and
the Southern Region ASHS. Changes/Problems:Plant disease management continued to be a major problem
during the organic strawberry production season especially when conducive weather conditions were present and
persistent. A variety of biological fungicides and other products approved for organic production were used during
the harvest season to maintain plant health. A more integrated program will be implemented in the coming
season to better overcome the disease management challenge. Given the weed pressure encountered in the
nutrient management trial, a field with relatively low levels of weed infestation will be selected if possible for the
nutrient management study during the 2018-2019 season. A major change to the arthropod monitoring in the
main on-station experiment will be to focus solely on the effect of strawberry cultivar since there has been no
significant effect of the summer cover crop. The lack of significant results in the SWD efficacy trial was likely due
to the 14-day application interval. A 7-day application interval will be used this coming season. Also, the label rate
of Entrust for strawberries has increased and this new, higher label rate will be used this coming season. In
addition, much higher numbers of SWD were caught in traps in the North end of the experimental plot, so the
arrangement of blocks will be modified accordingly. The main issue with the site-specific predatory mite release
trial was a very uneven distribution of TSSM in the experimental plots. This is a common issue as TSSM is known
to have a patchy distribution. The treatments will be re-randomized this season to minimize this effect. The TSSM
efficacy trial was not repeated because the plot that was going to be used for both this experiment and some



seed bug research was only used for the seed bug research to avoid impacts of the miticides on the seed bugs.
By the time this decision was made, it was too late to make a separate plot to repeat the TSSM efficacy work.
Because of unexpected low yield from the field trials in 2017-2018 season, the sensory test and experimental
auction could not be conducted due to insufficient strawberry fruits. We plan to conduct the sensory test and
experimental auction at multiple 2018-2019 times during the season instead of trying to predict a peak yield time
in February or early March of 2019. We plan to improve on the low-cost high tunnel design so that tunnels can
withstand wind loads greater than 30 mph. Design changes to the tunnel structure will considerably increase the
cost of the hoop materials estimated from \$0.50/ft2 for 1-in x 20-ft schedule 40 PVC pipe to \$1.20/ ft2 for 1.31 x
10.5-ft galvanized top rail. This will increase the cost of the hoop material from approximately \$141 to \$400.
Currently the cost of a low-cost high tunnel is \$736. Substituting the PVC pipe with galvanized top rail would
increase the cost to \$995. Switch over to top rail should increase the ability of the structure to resist wind gusts
above 30 mph. Therefore, we plan to include a top rail high tunnel during the 2018-2019 season. What
opportunities for training and professional development has the project provided?Students/postdoctoral/visiting
scientist Graduate students, undergraduate students, and postdoctoral research associates have been involved
in the project. A visiting professor from China also participated in the research trials in Citra, FL learning about the
organic strawberry production systems. Workshops, Field Days, Training, Conferences At the University of
Florida, we provided one training with service providers familiar with organic cropping systems. Local service
providers assessed our research plots and provided feedback on our research. Certified Crop Advisors could
receive up to three Continuing Education Units (CEUs) for their participation. Graduate students presented
research results at the TriSocieties Meeting in 2017 and at the Florida State Horticultural Society (FSHS) and
American Society for Horticultural Science (ASHS) in 2018. The North Carolina A&T group presented the
strawberry research results at a few professional conferences, a training and a seminar. 2017 American Society
for Horticultural Science (ASHS) conference. September 19-22, 2017. The Big Island of Hawaii. Two posters from
this grant. Invited seminar at Purdue University. Organic Strawberry Research at NC A&T. November 9, 2017.
2018 Southern Region ASHS conference. February 2-4 2018. Jacksonville, FL. Two oral presentations from this
grant. 2018 ASHS Conference. July 30-August 2. Washington, D.C. Three oral presentations and two poster
presentations from this grant. Southern Region Small Fruit Consortium Training. 2018.7.19. Hendersonville, NC.
Dr. Bolques and two other Florida A&M University project participants attended the FSHS meeting where Dr.
Bolques presented the results of the 2016-2017 low-cost high tunnel demonstration trial. How have the results
been disseminated to communities of interest?UF: Field research assessment of the organic strawberry cultivar
evaluation trial was conducted during the production season. Research findings were presented at the ASA,
CSSA & SSSA International Annual Meetings in fall 2017, at the Florida State Horticultural Society meeting, and
at the American Society for Horticultural Science meeting. FAMU: Dr. Bolques presented the results of the 2016-
2017 low-cost high tunnel demonstration trial at the NC A&T: We presented the strawberry research results to a
few grower conferences at the state, county or regional levels. Southeast Strawberry Expo. November 1-3, 2017.
Wilmington, NC. CFSA Sustainable Agriculture Conference. November 1-3, 2017. Durham, NC. The annual
Small Farms Week. March 26-30, 2018. Greensboro, NC. Winter strawberry field day. March 27, 2018. What do
you plan to do during the next reporting period to accomplish the goals?Research Objective 1 We will complete
the third and final field season to evaluate cropping system combinations of summer cover crops and strawberry
cultivars. Analysis of the performance of the cover crops over the three years be conducted to compare their
effects on weed and nematode suppression and on soil health. Research Objectives 2 and 4 Fruit quality
assessment including soluble solids content and titratable acid and data analysis will be completed for the
strawberry cultivar evaluation trial. More in-depth fruit quality analysis (e.g., anthocyanin and total phenolic
contents) of the frozen strawberry fruit sampled from the nutrient management study will also be completed.
Research findings from the 2017-2018 season will be presented at professional conferences in 2019. Both the
organic strawberry cultivar evaluation trial and the nutrient management experiment will be continued during the
2018-2019 season, with modifications made to the experimental design according to the research results from
the previous season. Research Objectives 3, 5, and 6 Arthropod monitoring in the main on-station trial (Objective
3) will be repeated in the upcoming season. Since there are now two years of data showing that cover crops have
no effect on the various arthropod populations monitored, the focus will be on cultivar effects only. The SWD
movement experiment will be repeated at the same organic farm to confirm the results. Additional traps may be
added spaced farther into the strawberry field. The SWD efficacy trial and site-specific predatory mite trials will
also be repeated. The student responsible for the TSSM efficacy trial is graduating, so this experiment will not be
repeated in 2018-2019. However, work on evaluating the injury and susceptibility of strawberry cultivars to the
strawberry seed bug will be conducted instead by another graduate student. Arthropod monitoring on the two
organic farms will also be repeated if desired by the cooperating growers. Research Objective 7 The field
research at NC A&T has been completed. This current year the focus will be on completing the data analysis and
journal manuscript preparation. Research Objective 8 We will continue conduct a second year of participatory on-
farm field trials at two local farms. We will capture photos of the research process regularly throughout the
production season in order to create a video demonstrating field trial results. The videos will consist of



photomontages alongside interviews with Pls. The video will be uploaded to a website accessible to the public.
We will analyze farmer notes and records to qualitatively assess on-farm decision-making processes. Research
Objective We will conduct the sensory tests and experimental auctions in the early season of 2018-2019. For
example November 2018 to January 2019 multiple times in a longer time period to make sure enough
participants can be recruited to avoid the unexpected low yield in February or early March of 2019. Research
Objective 10 Partial budget analysis will be conducted using the 2017 field trial data. Based on the discussions at
the advisory board committee meeting, we will incorporate the market risk (price volatility at different season of
the year) into future analysis. Outreach Objective 1 Industry Liaison Panel We will hold our third industry liaison
panel meeting in fall 2018. This meeting will focus on conveying results from our project to-date with our panel of
members from Florida, South Carolina and North Carolina. We will recruit another member from Georgia to join
our panel. Panel members will provide feedback on our project results, goals and objectives to inform future
decisions. Liaison panel members will be encouraged to co-host and/or participate in field days and trainings.
Outreach Objective 2 At Florida A&M University we will continue to improve low-cost high tunnels for growing
organic strawberries sustainably. We will publications to promote the use of low-cost high tunnels for organic
production. We will continue to offer training on how to construct low-cost high tunnels for organic strawberry crop
protection. Outreach Objective 3 At the University of Florida, we will hold an in-service training and research
assessment aimed at Extension agents and service providers at the Plant Science Research and Education Unit
(PSREU) in Citra, which will be the third year of on-station assessments. The assessment is conducted in two
parts. First, participants assess our field plots. Second, we have a group discussion about the participants\'
observations to ultimately come up with recommendations for future research design. There will be two groups,
one of growers and one of service providers. Outreach to extension providers and current and potential organic
strawberry growers will also include two on-farm field-days that will allow interaction with the research faculty and
farmers conducting on-farm trials. Instead of a workshop at the Florida State Horticultural Society meeting in June
2018, we will host our workshop instead at the 9th North American Strawberry Symposium (NASS) and North
American Strawberry Growers Association (NASGA) 2019 Conference in February 2019. At North Carolina A&T
an extension guide on organic strawberry production in high tunnels will be developed.

2016/09 TO 2017/08 Target Audience:University of Florida The target audience includes: certified organic
strawberry growers, service providers, stakeholders, Extension personnel, agricultural consultants, researchers,
industry representatives, and the general public. For the on-farm research and outreach objectives, our target
audience is primarily comprised of two different groups. One target audience is local organic strawberry
producers. The second target audience is local service providers that work with strawberry producers. Our
research matters to these two groups as the primary users and future adopters of the technologies we are
developing. We value input from end-users in order to maximize technology adoption rate. The target audience
for the economic research is: strawberry growers, strawberry retailers, researchers working on sustainable
strawberry production. Florida A&M University The target audience reached during this reporting period included
organic farm producers. Others participating included small farm and urban farm producers as well as Annual
Field Day participants from Gadsden, Leon, Jefferson, and Wakulla Counties in North Florida and Thomas and
Grady Counties in South Georgia. While the majority of our clientele are African American, an ethnically diverse
clientele benefits from the Florida A&M University Extension/Research and Extension Center educational
opportunities. North Carolina A&T State University For the work in North Carolina, the target audiences are small
farmers who are interested in growing organic strawberries in both field and protected production systems, and
selling strawberries in direct markets. Changes/Problems:Some strawberry plants significantly declined following
field transplanting in the main on-station trial and had to be replanted due to the confounding effects of irrigation
issue and soil-borne pathogen problem. Root dipping with Actinovate AG biological fungicide was conducted
during replanting to help protect the plants, while irrigation was more carefully monitored to avoid water stress to
plants. High weed pressure was encountered in the nutrient management experiment field, which might have
interfered with the nutrient management treatments. A better weed management plan will be implemented during
the 2017-2018 season. With the arthropod studies there were three problems. The first was that the area used for
evaluating OMRI-approved products for managing SWD was too small. In the upcoming season, we are going to
plant a larger area that will allow each replication to consist of 5 small plots of strawberries rather than 5 single
rows. The second problem was that the TSSM population was too low to conduct the experiment on site-specific
placement of predatory mites. Having a separate site for evaluating OMRI-approved products for managing SWD
will give us a second location to conduct the experiment if the TSSM population in the main on-station experiment
is again low. Since it will be a separate site, the naturally occurring population of TSSM could be increased by
inoculating plants with mites from a lab colony if necessary. The third problem was that the mite population in the
small site used for evaluating OMRI-approved products for managing TSSM was too low to justify the application
of chemicals. Even introducing spider mites did not help the population build up. Therefore, the experiment was
carried out near the end of the season and environmental conditions such as temperature may have influenced
the results. The low cost crop tunnel design will be improved so that the structures can withstand wind speeds



greater than 30 mph. What opportunities for training and professional development has the project
provided?Outreach Objective 1: We will engage producer and county Extension faculty members in research and
outreach planning, implementation and outcomes We conducted a research assessment of the main on-station
experiment with strawberry producers. Local strawberry producers and service providers assessed our research
plots and provided feedback regarding what they liked about our research, what they disliked, and what was
missing that we should consider in the future. We used feedback from the research assessment to modify our
research design for the 2017-2018 strawberry production season. Specifically, we eliminated one strawberry
cultivar, Strawberry Festival, which was generally disliked by strawberry producers. By integrating end-user
feedback, we contribute to expediting technology adoption in agriculture. Outreach Objective 2: We will
demonstrate the feasibility of organic strawberry production in low cost crop tunnels Four strawberry cultivars
(Strawberry Festival, Florida Radiance, WinterstarTM, and Sensation™) were grown using organic methods at
the Florida A&M University Research and Extension Center in Quincy, FL either in an open-field system or within
a low cost crop tunnel crop production system during Fall 2016 through mid-Spring 2017. The preliminary
analysis of the yield data suggests that fruit weights of the four cultivars evaluated were higher in the low cost
crop tunnel than in the open field. Outreach Objective 3: We will provide Extension faculty members, other local
service providers, and growers with research results and recommendations We conducted one training with
service providers familiar with organic cropping systems. Local service providers assessed our research plots
and provided feedback regarding what they liked about our research, what they disliked, and what was missing
that we should consider in the future. Students/postdoctoral Both graduate and undergraduate students have
been involved in the project at the University of Florida (UF) and at North Carolina A&T State University. At UF,
graduate students have been trained on procedures for social and economic research. For example, students
have completed IRB training for human subject-related research, and learned to develop instruments for
questionnaires and spreadsheet template for budget analysis of production systems. Dr. Preeti Ahuja (post-
doctoral research associate) has participated in the following training opportunities and workshops: Training on
\"SAS Statistical Software\" by Prof. Edzard van Santen, Agronomy Department, University of Florida, Gainesville
from January 10, 2017 to February 01, 2017. Workshop on \"New Refworks\" at the University of Florida,
Gainesville, on January 25, 2017. Workshop on \"Author\'s Rights & Responsibilities: Understanding Copyright &
Open access in Modern Scholarly Publishing\" at University of Florida, Gainesville, on February 1, 2017.
Completed Collaborative Institutional Training Initiative (CITI) program on \'Responsible Conduct of Research\' on
February 2, 2017. Participated in a workshop on \"How to Publish\" at University of Florida, Gainesville on March
31, 2017. The group at North Carolina A&T State University presented the strawberry research results at several
professional conferences: Sanjun Gu, John E. Beck and Joseph A. Moore. 2016. Including Low Tunnels in a High
Tunnel for Winter Strawberry Production in Cold Hardiness Zone Seven. American Society for Horticultural
Science conference, Atlanta, GA. Sanjun Gu, John E. Beck and Joseph A. Moore. 2016. Organic Strawberries in
High Tunnels: Cultivar Selection and Economics. The 7th National Small Farm Conference. Virginia Beach, VA.
Sanjun Gu. Performance of ten strawberry cultivars in organically managed high tunnels in North Carolina. The
18th Association of 1890 Research Directors, Inc. (ARD) Biennial Research Symposium. April 1-4, 2017. Atlanta,
GA. Sanjun Gu. Characterizing high tunnel and low tunnel microclimates in North Carolina. The 18th ARD
Biennial Research Symposium. April 1-4, 2017. Atlanta, GA. How have the results been disseminated to
communities of interest?Florida Field research assessment of the organic strawberry cultivar evaluation trial was
conducted during the production season. Some of the cultivar assessment information was presented at the
Florida A&M University High Tunnel Workshop. Liburd O.E. 2017. Presentation on monitoring for SWD in small
fruit crops. Several examples were taken from the strawberry production system. Southeastern Branch,
Entomological Society of America, Memphis Tennessee. A workshop on High Tunnels was offered in the Spring
of 2017 that provided participants with information on the Pros and Cons of High Tunnels, Site Prep and Crop
Selection for High Tunnels, Hot Pepper and Strawberry Production Results in a Low Cost High Tunnel,
Conservation Biocontrol of Insect Pest, Enhancing Natural Enemies in High Tunnels, High Tunnel Cost Sharing
Opportunities, High Tunnel Growers Resources and Supplies, and a hands-on activity on How to Construct a low
cost high tunnel. North Carolina Gu, S. et al. High Tunnel Workshop Series. Six workshops on high tunnel
production and marketing. Oct. 2016 to Mar. 2017. Gu, S. and J. Beck. 2016 High tunnel research updates. 2017
Small Farm Week. March 22, 2017. Gu, S. High tunnel advanced topics. 2017 Orange County Ag. Summit.
February 20, 2017. Gu, S. Season extension with high tunnels. Vance County vegetable symposium. February
15, 2017. Gu, S. The benefits of using high tunnels. 2017 Delaware Ag. Expo. January 11, 2017. Gu, S. High/low
tunnel strawberry research update. 2017 SE Regional Fruit & Vegetable Conference and Tradeshow. January 7,
2017. Savannah, GA. Gu, S. High tunnel and season extension. Tri-county Ag. Expo. Dec. 6, 2016.
Cherokee/Marble, NC. Gu, S. Getting started with high tunnels. NC State Extension Conference. Nov. 2016.
Raleigh, NC. What do you plan to do during the next reporting period to accomplish the goals?Research
Objective 1: Assess the Efficacy of Off-season Cover Crops on Soil Health and in Suppressing Weeds, Sting
Nematodes, Arthropod Pests, and Pathogens The main on-station trial will be repeated with cover crops to be
reestablished in summer 2017 within the same whole plots as for 2016. This will allow us over the life of the



project to compare the cumulative effects of the cropping systems. Research Objective 2: Evaluate the
Performance of Strawberry Cultivars in Open Field Organic Production Systems Four strawberry cultivars will
again be evaluated within the subplots of the main on-station trial. However, based on stakeholder research
assessment \'Strawberry Festival\' will be replaced. Research Objective 3: Monitor Population of Arthropod Pests,
Including the Spotted Wing Drosophila (SWD) and Twospotted Spider Mite (TSSM), and Beneficials Monitoring
will be repeated in the main on-station trial to improve our understanding of the effects of the cropping systems
on pest and beneficial arthropods. Research Objective 4: Integrate Summer Leguminous Cover Crop into
Nutrient Management Program for Organic Strawberry Production Systems More in-depth fruit quality analysis
(e.g., total phenolic content) of the frozen strawberry fruit sampled from the nutrient management trial will be
completed. The nutrient management experiment will be repeated during the 2017-2018 season with slight
modifications made to the experimental design according to the research results from the previous season.
Research Objective 5: Develop Pest Management Practices for Spotted Wing Drosophila We will repeat the
study on SWD movement either in the main on-station experiment or at a commercial organic farm. Results from
the 2016-2017 study will be presented at the 2017 Entomological Society of America Annual Meeting in Denver,
CO from 5 - 8 Nov. 2017. The evaluation of OMRI-approved products for SWD management will be repeated in a
separate strawberry plot within the organic area at the research station. Research Objective 6: Develop
Management Alternatives for Twospotted Spider Mite The study of site-specific treatments with the predatory
mites, Neoseiulus californicus, will be repeated in a separate strawberry plot within the organic area at the
research station. The evaluation of OMRI-approved products for TSSM management will be repeated in a
separate strawberry plot within the organic area at the research station. The treatments will be applied early in
the season in order to have at least two applications during the season. Research Objective 7: Assess the
Season Extension Potential of Low and High Tunnels in Organic Strawberry Production The 2017-18 research
will begin in September 2017. Research will be conducted as originally planned. Research Objective 8: Farmer
assessment of response of cover crop and cultivars to on-farm bio-physical and management regimes During the
next reporting period, we will work toward Farmer Field Trials, Industry Liaison Panel & Research Assessments,
and Workshops, Field Days, Training. Participatory on-farm field trials were initiated in July 2017 at two local
farms. We will capture photos of the research process regularly throughout the production season in order to
create a video demonstrating field trial results. The videos will consist of photomontages alongside interviews
with Pls. The video will be uploaded to a website accessible to the public. We will analyze farmer notes and
records to qualitatively assess on-farm decision-making processes. Research Objective 9: Evaluate consumer
preferences for traditional and recently released strawberry cultivars with regard to sensory attributes like flavor,
color, and texture, including consumer willingness to pay An experimental plan will be developed for the sensory
study that will be conducted in November and December. Research Objective 10. Calculate Production Costs
and Potential Returns of Selected Management Alternatives Based on Data from the Biological Research We
plan to collect economic data on inputs used in strawberry production and yield from on-station trials. Prices of
inputs and outputs will be collected based on publically available data (USDA, publication on budget analysis of
strawberries) and staff managing the on-station trials. A partial budget analysis will be conducted to compare the
economic return from different strawberry cultivars as well as different production system (cover crops). Outreach
Objective 1: We will engage producer and county Extension faculty members in research and outreach planning,
implementation and outcomes Industry Liaison Panel and Research Assessments We will assemble an industry
liaison panel in fall 2017 consisting of strawberry industry leaders who previously agreed to participate in our
study, plus team member recommendations. We will hold two meetings. One will occur before our 2018 research
assessments and one before our Extension workshop (below) where the panel will suggest guidance for project
activities. The research assessment in 2018 will focus on nutrient delivery systems. The assessment is
conducted in two parts. First, participants assess our field plots. Second, we have a group discussion about the
participants\' observations to ultimately come up with recommendations for future research design. Liaison panel
members will be encouraged to co-host and/or participate in field days and trainings. Outreach Objective 2: We
will demonstrate the feasibility of organic strawberry production in low cost crop tunnels We will continue to
improve upon the feasibility of growing organic strawberries sustainably using low cost crop tunnels. We will
develop a factsheet to promote the use of low cost crop tunnels for organic production. We will continue to offer
training on constructing a low cost high tunnel for organic strawberry crop protection. Outreach Objective 3: We
will provide Extension faculty members, other local service providers, and growers with research results and
recommendations We will hold an in-service training aimed at Extension agents and service providers at the
Plant Science Research and Education Unit (PSREU) in Citra, FL on the topic of advantages and disadvantages
of adopting organic strawberry systems.

2015/09 TO 2016/08 Target Audience:Target audiences included small scale strawberry growers, small farmers
especially limited resource farmers who are interested in season extension of (organic) strawberries, extension
agents, students, and other agricultural educators. Changes/Problems:Getting strawberry plugs for the 2015-
2016 trials in North Carolina was a challenge because the research start date was two months earlier than the



typical planting season in the region. We solved the problem by contacting nurseries in the mountains, which
allowed us to purchase tips so we could raise our own plugs. Spider mites turned out to be a major problem in
high tunnels, which forced us to stop the research in April. We plan to speed up the purchase process so
predator mites can available for release in the tunnels at the appropriate time. What opportunities for training and
professional development has the project provided?A new PhD student was recruited in summer 2016 to work on
the organic strawberry nutrient management project. Two graduate students were hired to work on this project at
NC A&T State University. Preliminary results and microclimate information were shared with extension agents at
the Small Farm Week that took place in March, 2016 on NC A&T campus. How have the results been
disseminated to communities of interest?Dr. Gu presented a 30-minute talk on High Tunnels for Expanding
Organic Strawberry Seasons at the 2016 Southeast Region Fruit and Vegetable Expo that took place in
Savannah, GA in January, 2016. He also delivered a poster presentation titled Including Low Tunnels in a High
Tunnel for Winter Strawberry Production in Cold Hardiness Zone Seven at the 2016 ASHS conference in Atlanta
GA. The low/high tunnel strawberry projects were shown at FOX 8 News covering the 2016 NC A&T Small Farm
Week. What do you plan to do during the next reporting period to accomplish the goals?Research Objective 1:
Assess the Efficacy of Off-season Cover Crops on Soil Health and in Suppressing Weeds, Sting Nematodes,
Arthropod Pests, and Pathogens In late September, the main plots will be resampled to assess the effect of the
cover crops on plant pathogenic nematode populations and the cover crops will be terminated after cover crop
and weed growth assessment. After, cover crop residue incorporation and preplant fertilizer application, main
plots will be divided into 4 raised beds equipped with drip irrigation tape and black plastic mulch. Subplot
treatments to be applied to the 4 beds will consist of the strawberry cultivars: Strawberry Festival, Florida
Radiance, Winterstar™, and FL-127. Tray transplants will be used to establish the crop in mid October. The trial
will be monitored for persistence of weed suppression from the summer cover crops at monthly intervals during
the strawberry crop. Soil will again be sampled at the end of the strawberry crop to assess plant pathogenic
nematode populations. Soil will be sampled three times per year to assess soil health. Research Objective 2.
Evaluate the Performance of Strawberry Cultivars in Open Field Organic Production Systems Half of the each
subplot indicated in the previous paragraph will be used to compare growth and yield of the 4 strawberry
cultivars. Research Objective 4: Integrate Summer Leguminous Cover Crop into Nutrient Management Program
for Organic Strawberry Production Systems All data from the 2015-2016 studies will be analyzed and information
will be disseminated through appropriate venues. The field trial on integrated nutrient management for organic
strawberry production will be conducted during the 2016-2017 growing season. Research Objective 7: Assess the
Season Extension Potential of Low and High Tunnels in Organic Strawberry Production In fall 2016, we will plant
day-neutral cultivars (two cultivars, two planting dates) and June-bearing cultivars (four cultivars, one planting
date) in two high tunnels, with relevant field trials conducted at the same time. Twelve low tunnels, one high
tunnel, and 12 sets of data loggers have been purchased and will be (or have been) installed. A fall field day is
scheduled for November 10, 2016 and strawberry is one of the crops to be demonstrated. A spring field day will
take place in March 2017 during the annual Small Farm week. Research results will be disseminated at the 2017
Southeast Region Fruit and Vegetable Expo (invited and confirmed for two strawberry presentations), the annual
S-ASHS conference (Mobile, AL), the biannual ARD conference (Atlanta, GA), and the 2017 ASHS conference
(Big Island, Hawaii). Outreach objective 1: We will engage producer and county Extension faculty members in
research and outreach planning, implementation and outcomes (1) We will initiate meetings of the Industry
Liaison Panel (growers and industry representatives from a diverse group of formal and informal networks), which
will provide overall guidance for this project. (2)We will submit the research assessment instrument for IRB
approval. (3) We will conduct an assessment of the first season on-station research in Florida. Outreach objective
2: We will demonstrate the feasibility of organic strawberry production in low cost crop tunnels At the Florida A&M
University (FAMU) Research and Extension Center, during the fall 2016, a PVC frame tunnel and a metal frame
tunnel will be used to evaluate \'Festival\', 'FL-127\', \'Florida Radiance\' and Winterstar™. Outreach objective 3:
We will provide Extension faculty members, other local service providers, and growers with research results and
recommendations (1)We will secure IFAS communications to videotape field day activities for our virtual field day.
(2) We will secure IFAS communications to videotape mature strawberry plants to include in virtual research
assessments. (3) We will secure IFAS communications to videotape important steps in the research process that
have been only documented by photos so far (e.g., planting cover crops). (4) We will continue to take photos of
other important steps in the research process including: bed formation, laying plastic, transplanting and periodic
data collection between transplanting and harvest. (5) We will submit pre- and post-test instruments to be used at
field days for IRB approval.

IMPACT



2015/09 TO 2021/02 What was accomplished under these goals? Res. Obj. 1: Sunn hemp (\'Tropic Sun\') and
hairy indigo, and a 4-way mix of sunn hemp ('AU Golden\'), hairy indigo, slenderleaf rattlebox, and American
jointvetch were compared with a no cover crop control. For biological control of Botrytis cinerea, mowed cover
crop residues were treated with microbial antagonists Trichoderma spp. and Gliocladium catenulatum and
incorporated into the soil before bed formation. Additionally, a weekly biofungicide application of either
Actinovate® or DoubleNickel™ was compared to biofungicide application only after rainfall events for botrytis
management. Marketable fruit number and fruit weight with combinations of cover crops and microbial
antagonist-treated residue were not significantly different from the marketable fruit yields with the untreated,
weedy control. Reducing foliar biofungicide sprays to after rainfall events instead of weekly (a 30% reduction) did
not decrease marketable fruit number and fruit weight, which would reduce production costs for growers. The lack
of significant effects with cover crops and microbial antagonists in 2020-2021 may be due to our use of a field
with no prior history of strawberry production and likely a relatively low incidence of strawberry pathogens. This
result emphasizes the value of crop rotation for organic strawberry production. Res. Obj. 2 and 3 were complete
at the end of the 2018/19 season. Res. Obj. 4: Assessment of fruit quality attributes including soluble solids
content (SSC), titratable acidity (TA), pH, and total anthocyanin content (TAC) was completed on frozen samples
from the nutrient management and biostimulant trials during the 2019-2020 season. In the nutrient management
trial using \'Florida Brilliance\' strawberry, sunn hemp treatment and vermicompost application significantly
increased SSC compared with the weedy fallow and no compost controls, respectively, in the December harvest.
Two cultivars (Florida127 and Florida Brilliance) were evaluated in the biostimulant experiment. \'Florida 127\' had
higher levels of SSC and TA than \'Florida Brilliance\" at all sampling dates, but TAC was significantly higher in
\'Florida Brilliance\'. Combination of Stimplex® (seaweed extract) and TerraGrow® (microbial biostimulant)
significantly increased SSC in contrast to the water control at early harvest and during the late season.
EndoMaxx® (mycorrhizal biostimulant) had significant effect on strawberry fruit quality attributes. Res. Obj. 5 and
6 were complete at the end of the 2018/19 season. Res. Obj. 7: We identified cultivars that are suited for organic
high tunnels production in North Carolina. We also found that low tunnels inside high tunnels would not increase
the early yield but not the total yield. Low tunnels also did not enhance strawberry fruit quality. Low tunnels could
be a good option for the high tunnel system only if appropriate day-neutral or June-bearing cultivars were
selected. Low tunnels are a good choice for field strawberry productions for both June-bearing and day-neutral
strawberries. Res. Obj 8 was complete at the end of the 2018/19 season. Res. Obj 9: Most data related to this
objective were collected in the 2019-2020 period. Additional pilot data to examine the effect of organic food
availability on consumer store selection and factors affecting consumer purchase of organic strawberries were
collected in 2020-2021. More data will be collected for full analysis. Res. Obj. 10: The student working on the
objective has graduated. Therefore, there are no activities related to this objective in 2020-21. Outreach obj.1
was completed during 2019-2020. Outreach obj. 2: In the Florida A&M University demonstration trials in the open
field (OF) no significant difference in mean yield was observed among the 4 cultivars compared: \'Florida
Brilliance\', \'Florida Beauty\', \'Florida Radiance\', and \'Florida127\". In the low-cost high tunnel (LCHT) yields
were generally about double that of the OF. However, the yield obtained with \'Florida Beauty\' in the LCHT was
significantly higher than with the other 3 cultivars; wheras the yields obtained with \'Florida Radiance\', \'Florida
Brilliance\'. and \'Florida127\' did not differ significantly. Outreach obj. 3: We have developed a series of virtual
field day videos to disseminate on YouTube, through our website, and other relevant email listservs. Videos are
in the final stage of production. They cover the most promising treatments from this project from cover crop
through final harvest. **PUBLICATIONS (not previously reported):** 2015/09 TO 2021/02 1. Type: Conference
Papers and Presentations Status: Published Year Published: 2020 Citation: Rhodes, E. M., C. A. Chase, X.
Zhao, and O. E. Liburd. 2020. The effect of cultivar and runner removal on strawberry seed bug, Neopamera
bilobata, density and fruit injury. Entomological Society of America Annual Meeting. Virtual. 2. Type: Conference
Papers and Presentations Status: Accepted Year Published: 2021 Citation: Chase, C.A. and E. Torres Quezada.
2021. Sustainable management of disease in organic strawberry with cover crops, soil-applied microbial
antagonists, and foliar biofungicides. American Society for Horticultural Science Meeting, Denver, CO 3. Type:
Journal Articles Status: Under Review Year Published: 2021 Citation: DeLong, A.N., Ruiz-Menjivar, J., Swisher,
M.E., Irani, T. & Chase, C.A. Who will feed our future? A systematic literature review of new and beginning
organic farmers. Journal of Agriculture, Food Systems, and Community Development. 4. Type:
Theses/Dissertations Status: Published Year Published: 2020 Citation: DeLong, A.N. 2020. Farmer decision-
making: A new generation of new and beginning farmers. \Doctoral dissertation, University of Florida,
Gainesville\. ProQuest Dissertations Publishing. 5. Type: Journal Articles Status: Awaiting Publication Year
Published: 2021 Citation: Gu S. and T. S. Rana. 2021. Growth, Yield and Fruit Quality of Organic Day-neutral
Strawberry in Field and Low Tunnel Settings in the Southeast United States. Acta Horticulturae. 6. Type: Journal
Articles Status: Awaiting Publication Year Published: 2021 Citation: Gu S. and A. Ballard. 2021. Low Tunnels
Increased Early-season Yield of Organic June-bearing Strawberries in Southeastern United States. Acta
Horticulturae. 7. Type: Journal Articles Status: Submitted Year Published: 2021 Citation: Rana S. T. and S. Gu.
2021. Resource Accumulation and Allocation of Organic High Tunnel Day-neutral Strawberries Grown with or



without Low Tunnels. Agronomy. 8. Type: Journal Articles Status: Other Year Published: 2021 Citation: DeLong,
A.N., Swisher, M.E., Chase, C.A., Zhao, X., Liburd, O.E., Gao, Z., Bolques, A. & Gu, S. Stakeholder-driven
adaptive research (SDAR): Better solutions for farmers € faster. Renewable Agriculture and Food Systems. 9.
Type: Journal Articles Status: Other Year Published: 2021 Citation: DeLong, A.N., Swisher, M.E., Ruiz-Menjivar,
J., Irani, T. & Chase, C.A. (2021, in preparation). The roots of first-generation farmers: The role of inspiration in
farmer-decision making. Agriculture and Human Values. 10. Type: Journal Articles Status: Published Year
Published: 2021 Citation: Li, J., X. Zhao, G. Maltais-Landry, and B.R. Paudel. 2021. Dynamics of soil nitrogen
availability following sunn hemp residue incorporation in organic strawberry production systems. HortScience
56:138-146. 11. Type: Journal Articles Status: Submitted Year Published: 2021 Citation: Li, J., X. Zhao, L.S.
Bailey, M.N. Kamat, and K.B. Basso. 2021. Identification and characterization of proteins, lipids, and metabolites
of two organic fertilizer products derived from different nutrient sources. Soil Biology and Biochemistry
(submitted). 12. Type: Book Chapters Status: Published Year Published: 2021 Citation: Liburd, O. E. and E. M.
Rhodes. 2021. Management of Drosophila suzukii in berry crops. In Drosophila suzukii Management, F. R. M.
Garcia ed. Springer Nature Switzerland. London, UK. https://doi.org/10.1007/978-3-030-62692-1 12 13. Type:
Journal Articles Status: Published Year Published: 2020 Citation: Talton, H. R., E. M. Rhodes, C. A. Chase, M. E.
Swisher, J. M. Renkema, and O. E. Liburd. 2020. Effect of cultural practices on Neopamera bilobata in relation to
fruit injury and marketable yields in organic strawberries. Insects. 11: 843. 17 pp. 14. Type: Journal Articles
Status: Accepted Year Published: 2021 Citation: Olaniyi, O. G., E. M. Rhodes, C. A. Chase, and O. E. Liburd.
2021. The effect of summer cover crops and strawberry cultivars on the twospotted spider mite, Tetranychus
urticae (Acari: Tetranychidae) and the predatory mite, Neoseiulus californicus (Acari: Phytoseidae) in organic
strawberry production systems in Florida. Journal of Economic Entomology. 15. Type: Journal Articles Status:
Awaiting Publication Year Published: 2020 Citation: Bolques, A., Queeley, G., Ospina F., and Richardson, V.
(2020). Low cost high tunnel versus open field production of organically grown strawberries in north Florida: A
three-year evaluation. Proc. Fla. State Hort. Soc. 133 16. Type: Conference Papers and Presentations Status:
Submitted Year Published: 2020 Citation: Bolques, A., Queeley, G., Ospina F., and Richardson, V. (2020). Low
cost high tunnel versus open field production of organically grown strawberries in north Florida: A three-year
evaluation. The 133rd Annual Meeting of the Florida. State Horticultural Society, Virtual Conference, 10/19/2020.
17. Type: Other Status: Published Year Published: 2021 Citation: Bolques, A., and Queeley G. (2020). Low cost
high tunnel for season extension and overwintering of crops. FAMU ANR Protected Ag, BULLETIN PA0O1. 18.
Type: Other Status: Submitted Year Published: 2021 Citation: Bolques, A., and Queeley G. (2021). Low cost high
tunnel structural modifications. FAMU ANR Protected Ag, FACT SHEET PAO002. 19. Type: Journal Articles
Status: Other Year Published: 2021 Citation: Torres-Quezada, E.A. C.A. Chase, and M.E. Swisher. 2021. Cover
crop alternatives for a resilient organic strawberry production system in Florida. HortTechnology

2019/09 TO 2020/08 What was accomplished under these goals? Research Objective 1. Sunn hemp (\'Tropic
Sun\') and hairy indigo monoculture cover crops, and a 4-way mix of sunn hemp ('AU Golden\"), hairy indigo,
slenderleaf rattlebox, and American jointvetch were compared with a no cover crop control. Sunn hemp produced
53% higher biomass than the rest of the treatments, while hairy indigo and the 4-way mix produced 78% higher
density than sun hemp. There was no cover crop effect on plant growth parameters, or soil health. Cover crop
biomass was treated with Trichoderma spp. and Gliocladium catenulatum after termination, and integrated into
the soil before bed formation. Additionally, a weekly biofungicide foliar application was compared to application
only after rainfall events for botrytis management. There was no difference between weekly fungicide applications
and applications triggered by occurrence of rainfall on disease-nfested fruit. Spray application of G. catenulatum
on the cover crop biomass before strawberry planting resulted in a 10% increase in organic strawberry yield.
Objective 2. We evaluated the performance of strawberry cultivars in open field organic production systems over
three seasons in the main on-station experiment in Citra, Florida. Data are currently being analyzed and a
manuscript is under preparation. Objective 3. Spotted wing drosophila (SWD) population was monitored in the
main on-station experiment with yeast sugar water traps over three seasons. This objective was complete at the
end of the 2018-2019 season and was not repeated this year. Objective 4. Sunn hemp cover crop, vermicompost
application at transplanting, and three different organic fertilization programs were investigated. The Florida
Brilliance strawberry cultivar was used. Sunn hemp significantly increased marketable strawberry fruit yield in
November and December and total strawberry fruit yield in November, December, and January. Vermicompost
did not significantly impact fruit yield but increased marketable fruit yield. No significant difference was observed
in strawberry fruit yield between the two application rates of liquid fish fertilizer (1.6 kg N ha-1 day-1 vs. 1.1 kg N
ha-1 day-1) in the early season. The biostimulant, Stimplex® and TerraGrow® were evaluated with \'FL127\' and
\'Florida Brilliance. Compared to the water control, the combination of seaweed extract and microbial
biostimulants significantly increased strawberry marketable fruit yield. Objective 5. To detect movement of SWD
from adjacent woodlands into a strawberry field at a commercial organic farm, baited traps were deployed at 10-
m intervals from the field border into the field. More SWD were caught in the woodlands\' traps than in the
strawberry field. We repeated the trial to compare Grandevo®, Azera®, Veratran DTM, and Entrust® from Mar. 7



to 21 for managing SWD. There were no differences in adult trap catch among treatments and no larvae were
collected from fruit samples. This objective was complete at the end of 2019 and not repeated this year. Objective
6. To develop management alternatives for TSSM, spot treatment of N. californicus was compared with whole
plot treatment, and a nontreated control. The preventative release of N. californicus did not establish so no
difference in TSSM population occurred. This objective was complete at the end of 2019 and not repeated this
year. Objective 7. At North Carolina A&T we have completed 2 seasons of field and high tunnel research projects
and have been working on journal publications. We continued some strawberry demonstrations in low tunnel/high
tunnel and greenhouse. In 2019/20, no major research activities occurred. We focused on research data analysis
and manuscript preparation. Objective 8. On-farm research was conducted with the same cover crops as in the
main on-station trial in Citra Florida and 3 cultivars: \'Florida Brilliance\', 'FL127\' and \'Florida Radiance\'. In
Hawthorne, broadleaf weed biomass was reduced by sunn hemp and the 4-way mix compared to hairy indigo,
while in Gainesville, there was no effect of cover crops on weed biomass. In Gainesville, \'Brilliance\' and
\'Radiance\' produced 41% higher yield than \'FL127\', while in Hawthorne, there was no difference in yield
among cultivars. This objective was complete at the end of last season and not repeated this year. Objective 9. A
survey has been developed to study the important attributes for consumer strawberry purchase, and consumer
perception and Willingness to Pay for organic strawberries in 2019-2020. More than 60% of participants agreed
that organic strawberries were more environmentally friendly, and beneficial to local and small famers than
conventional strawberries. About 65% of participants considered organic strawberries more expensive than
conventional ones. Participants were willing to pay significantly more for organic strawberries (\$3.47/pound for
organic vs \$3.15/pound for conventional). Objective 10. We calculated the production costs and potential returns
of selected management alternatives based on data from the biological research. This objective was complete at
the end of 2019 and was not repeated this year. Outreach Objective 1. We conducted three grower research
assessments: one on-station in February 2020 and two virtual in August 2020. Local strawberry producers
assessed our research plots and provided feedback regarding what they liked about our research. We will use
this feedback to design future research projects. Farmers who participated found the most promising treatment to
be a fertilization regime of 40 Ibs/acre with sunn hemp and an in-season fertigation/preplant fertilizer combination.
Topics with the most interest are new combinations of cover crop mixes, alternatives to plastic mulch, and using
cover crops to add soil organic matter. Farmers are interested in protected agriculture but do not have the full
economic picture needed to make an informed decision. Objective 2. Sunn hemp was planted and terminated 4
weeks later. Sunn hemp residue was incorporated back into the soil by disking. Four strawberry cultivars (FL127;
Florida Brilliance; Florida Radiance; Florida Beauty) were grown in each production system. The cultivars were
grown in open-field (OF) and under the protection of a low-cost crop tunnel (LCHT). The three-year average yield
from the LCHT and OF treatments were 1744 Ibs./ac and 949 Ibs./ac respectively. The yield obtained from the
LCHT was significantly higher. The study concluded that the LCHT is a sustainable alternative to OF production
of strawberries in north Florida. Objective 3. We conducted one training with service providers familiar with
organic cropping systems. Local service providers assessed our research plots and provided feedback regarding
what they liked about our research, what they disliked, and what was missing that we should consider in the
future. There was a total of 6 technical advisers who participated in the on-station research assessment. They
found the most promising treatment to be (1) 40 Ibs/acre sunn hemp with an early push of in-season fertigation
with no preplant fertilizer and (2) vermicompost and 40 Ibs/acre sunn hemp with a late push of in-season
fertigation with no preplant fertilizer. **PUBLICATIONS (not previously reported):** 2019/09 TO 2020/08 1. Type:
Conference Papers and Presentations Status: Published Year Published: 2020 Citation: DeLong, A.N., Swisher,
M.E., Chase, C.A., Ruiz-Menjivar, J. & Irani, T. 2020. Emerging identities of a new generation of farmers: A
systematic literature review. HortScience 55(9) Supplement:S27 2. Type: Conference Papers and Presentations
Status: Published Year Published: 2020 Citation: Swisher, M.E., DelLong, A., Sattanno, K., Chase, C.A., Zhao, X.,
Liburd, O.E., Gao, Z., Bolques, A. & Gu, S. 2020. Farmer driven research design: Developing more adoptable
research outcomes. HortScience 55(9) Supplement:S48 3. Type: Conference Papers and Presentations Status:
Published Year Published: 2019 Citation: Bolques, A., Queeley, G., Ospina F., and Richardson, V. 2019. Low
cost high tunnel versus open field production of organically grown strawberries in north Florida: Second year
evaluation. Proc. Fla. State Hort. Soc. 132, 120-122. 4. Type: Conference Papers and Presentations Status:
Submitted Year Published: 2020 Citation: Bolques, A., Queeley, G., Ospina F., and Richardson, V. (2020). Low
cost high tunnel versus open field production of organically grown strawberries in north Florida: A three-year
evaluation \Abstract\ The 133rd Annual Meeting of the Florida. State Horticultural Society (Virtual, October 19-
20th) 5. Type: Journal Articles Status: Published Year Published: 2020 Citation: Rana S. T., S. Gu and J. Yu.
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2018/09 TO 2019/08 What was accomplished under these goals? Research Obj. 1: Sunn hemp (\'Tropic Sun\’)
and hairy indigo, and a 4-way mix of sunn hemp (\'AU Golden\'), hairy indigo, slenderleaf rattlebox, and American
jointvetch were compared with a no cover crop control in the main plots of the main on-station trial in Citra, FL.
The 4-way mix produced more biomass and had lower light penetration than sunn hemp and hairy indigo, though
all cover crops had similar leaf area index. Cover crops did not affect soil health or nematode population. All
cover crops reduced broadleaf weed biomass by 70% but had no effect on grasses or sedges. Obj. 2: Four
strawberry cultivars were evaluated in subplots after termination of cover crops in the main plots. \'Florida
Beauty\' (Beauty), \'Florida Radiance\' (Radiance), \'Florida127\' (FL127), and \'Florida Brilliance\' (Brilliance) were
planted on Oct. 5, 2018 and data were collected on vegetative growth and fruit yield. Overall, the 2018-2019
season produced 35% higher total marketable fruit yield than 2017, and 43% higher than 2016. 'FL127\' and
\'Brilliance\' produced the highest marketable fruit in 2018-2019. Obj. 3: Spotted wing drosophila (SWD)
population was monitored in the main on-station experiment with yeast sugar water traps. Females and males
were collected in small numbers and the population peaked at 6.3 females and 1.8 males/trap on Mar. 14. No
larval infestation of fruit was detected. Twospotted spider mites (TSSM), other pests, and beneficial arthropods
were monitored by collecting leaf samples weekly from Nov. 6 to Mar. 14. The TSSM population peaked at 1452
(mites and eggs)/leaf in \'Beauty\' on Feb. 11 compared with 277 in \'Radiance\', 697 in \'FL127\', and 932 in
\'Brilliance\' on Feb. 18. Predatory mites were used for managing TSSM. Natural enemies included: sixspotted
thrips, spiders, Geocoris sp., Orius sp., and parasitoids. Seed bugs were the main pest observed with no
difference among cultivars. Frankliniella bispinosa was the dominant species on flower samples. Obj. 4: On-
station, a sunn hemp cover crop, vermicompost, and preplant fertilization vs. in-season fertigation were examined
with 'FL127\" and \'Brilliance\'. A split-split plot design was used with the cover crop and vermicompost treatment
combinations as the whole plots, fertilization methods as the subplots, and cultivars as the sub-subplots. Anion
exchange membranes and a lab. incubation study were used to monitor soil nitrate nitrogen (NO3-N) availability.
Sunn hemp incorporation significantly increased soil NO3-N availability during the first 2 weeks. Shortening the
period between sunn hemp incorporation and strawberry planting may reduce N loss and better synchronize N
supply with crop uptake. Sunn hemp increased early marketable fruit yield by \~8.5% (p=0.06). Vermicompost
also increased marketable fruit yield by \~8% (p=0.06). The biostimulants, Stimplex® and TerraGrow®, were also
evaluated with \'FL127\' and \'Brilliance\' and the combined application of Stimplex® and TerraGrow® increased
marketable fruit yield compared to the control. Obj. 5: To detect movement of SWD from adjacent woodlands into
a strawberry field at a commercial organic farm, baited traps were deployed at 10-m intervals from the field
border into the field as well as 10 m from woodlands areas. More SWD were caught in the woodlands\' traps than



in the strawberry field. We repeated the trial to compare Grandevo®, Azera®, Veratran DTM, and Entrust® from
Mar. 7 to 21 for managing SWD. There were no differences in adult trap catch among treatments and no larvae
were collected from fruit samples. Obj. 6: To develop management alternatives for TSSM, spot treatment of N.
californicus was compared with whole plot treatment, and a nontreated control. The preventative release of N.
californicus did not establish so no difference in TSSM population occurred. Obj. 7: At North Carolina A&T we
have completed 2 seasons of field and high tunnel research projects and have been working on journal
publications. Two graduate students received their MS degrees from this project. Another graduate student
continued the second season of day-neutral strawberry (Albion) soil fertility study. Unfortunately, the plugs
provided by the commercial nursery were not conditioned long enough to flower and produce fruit in fall 2018.
The trial was terminated in Mar. due to a heavy infestation of anthracnose. Obj. 8: On-farm research was
conducted with the same cover crops as in the main on-station trial above and 3 cultivars: \'Brilliance\', 'FL127\'
and \'Radiance\'. In Hawthorne, broadleaf weed biomass was reduced by sunn hemp and the 4-way mix
compared to hairy indigo, while in Gainesville, there was no effect of cover crops on weed biomass. In
Gainesville, \'Brilliance\' and \'Radiance\' produced 41% higher yield than \'FL127\', while in Hawthorne, there was
no difference in yield among cultivars. Interviews with the growers to document decision-making processes
revealed that future projects must retain on-farm trials to expose on-station treatments to variance, there are a
wide variety of farmer practices and management strategies that contribute to the success of an organic
strawberry system as a whole, and weather and labor availability were the top 2 challenges for growers. Obj. 9: A
sensory taste test was conducted in spring 2019 to evaluate consumer preferences for the 4 cultivars used in the
main on-station trial. 'FL127\' was the best cultivar in general. \'Beauty\' was found to be inferior to the other
cultivars in size. The overall taste evaluation indicated that \'Radiance\' and \'Brilliance\' ranked lower than
\'Beauty\' and \'FL127\", but the difference was not significant. Consumer WTP was highest for \'FL127\' with no
difference among the other 3 cultivars. Obj. 10: Using partial budget analysis we determined that the net
contribution to profit of using a cover crop was unclear. Cover crops contributed to profit in all years on average,
but the effect was greatest in 2016. Sunn hemp and the 4-way mix showed potential to increase profits in 2016
(\$4000 and \$3400 per acre) but their performance declined in 2017 and 2018. \'Brilliance\' in 2018 greatly
outperformed all other cultivars in all other years. 'FL127\' had consistent revenue across all 3 seasons.
\'Radiance\' performed best in 2017 but worst in 2016. \'Beauty\' was the least impressive of the cultivars in terms
of revenue. Outreach Obj. 1: Eleven strawberry producers participated in an assessment of the main on-station
trial in Feb. 2019 and provided feedback on our research. The most important topics for future research were
seed bugs, water conservation methods, alternative mulching practices and continued cultivar and cover crop
research to identify best management systems. Two advisory council meetings (Nov. 2018 and Aug. 2019)
utilized a panel of 4 organic farmers and one service provider. We provided the council with information and
results from our research and the council provided critical feedback. Obj. 2: At Florida A&M, prior to the hurricane
Michael on Oct. 10, the project site preparations included a sunn hemp cover crop, soil testing, application of a
preplant organic fertilizer, and installation of raised plastic mulch beds. Strawberry plugs were planted on Oct. 12.
However, due to post-hurricane rainy weather and limited farm crew labor, the low-cost high tunnels were not
erected. Strawberry yield data were collected as open field treatments only. Obj. 3: We conducted 1 training with
service providers familiar with organic cropping systems who assessed our research plots and provided
feedback. We also held 2 field days to disseminate research results that were attended by 20 participants.
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2017/09 TO 2018/08 What was accomplished under these goals? Research Objective 1 Cover crop treatments
(1) Crotalaria juncea cv. Tropic Sun, (2) Indigofera hirsuta, and (3) a 4-way mixture of Aeschynomene americana,
C. juncea cv. AU Golden, C. ochroleuca, and I. hirsuta were compared with a weedy control in summer 2017 in
the main trial at the Plant Science Research and Education Unit (PSREU). Data were collected on cover crop
height, cover crop and weed population densities and biomass, plant pathogenic nematode populations, leaf area
index and photosynthetically active radiation penetrating the cover crop canopy, and soil health. Research
Objective 2 SensationTM Brand \'Florida 127\', \'Florida Radiance\', and WinterstarTM \'FL 05-107\' were again
evaluated, while \'Florida Beauty\', replaced \'Strawberry Festival\'. Jiffy plug transplants were planted in Oct.
2017 and harvested from Nov. 2017-Apr. 2018. \'Florida Beauty\' plants were smallest in size and consistently
flowered and fruited earliest. However, full-season marketable yield per plant was lowest with \'Beauty\', while
yields of \'Florida 127\' and \'Radiance\' were greater than the other two cultivars. The cover crop treatments did
not impact strawberry marketable yield. Research Objective 3 Spotted wing drosophila (SWD): Scentry traps



were used to monitor the main trial. Few female SWD and no males were caught prior to Mar. The female
population peaked at 11.5 + 4.2/trap and males peaked at 1 £ O/trap on 12 Mar. No larvae were detected.
Twospotted spider mites (TSSM), other pests and beneficials: TSSM and eggs began to increase on 19 Dec.
2017, were very high from 8 Jan. until 12 Feb. 2018, and then declined. At the high population period, more
TSSM and eggs were noted on \'Beauty\' than on the other cultivars. Neoseiulus californicus predatory mites
(PM) were released at a preventative rate in Nov. 2017 and at a curative rate in Jan. 2018. Phytoseiulus
persimilis PM were released at a curative rate mid-Feb. The PM population was low until 16 Jan. 2018, peaked
on 12 Feb., then declined to low levels after 19 Feb. PM population was highest on \'Beauty\' and more PM eggs
were observed on \'Beauty\' than on \'Radiance\' and \'FL 05-107\'. Data were also collected on other pests and
beneficials. Research Objective 4 This field trial at PSREU utilized a split-split plot design. The whole plots
consisted of combinations of sunn hemp (no cover crop vs. sunn hemp seeded at 44.9 kg/ha) and compost (O,
22 .4, 44 8 t/ha) treatments, and the subplots were fertilization treatments, with the use of Stimplex biostimulant in
the sub-sub plots. There were four fertilization treatments based on nitrogen (N) application: 0, 84 kg/ha at
preplant, 160 kg/ha in-season fertigation, and preplant plus in-season fertigation. Anion exchange membranes
were successfully used to monitor plant-available N dynamics, but will need further validation. The effects of the
treatments on strawberry yield and quality of \'Florida 127\' were determined. Research Objective 5 Movement:
Assessing SWD movement from adjacent woods to an on-farm strawberry field employed Scentry traps: on the
edge of the woods, 5 m outside the strawberry field, and at 5, 10, 20, and 40 m into the field. The results support
movement of SWD from the woods to the field. Evaluation of OMRI-approved products: Azera®, Entrust®,
Grandevo®, and Veratran DTM were evaluated at label rates on 9 and 23 Mar. in a small field planted with
\'Festival\' strawberries at PSREU. There was no difference among treatments in adults per trap. Only a single
larva was collected. Research Objective 6 Site-specific treatments: This trial was conducted in the same small
\'Festival\' strawberry field as the SWD pesticide efficacy trial. Treatments included: (1) N. californicus PM
released at the preventative rate of 25 per m2 on 16 Nov. 2017, (2) N. californicus PM were released over the
entire plot and (3) spot treatment - predatory mites released onto 5 groups of 8 plants on 11 Jan. 2018 at the rate
of 1 predatory mite/1 TSSM, and (4) a nontreated control. Only the preventative treatment resulted in fewer
TSSM mites and eggs than the control. Research Objective 7 In each of two 30-ft x 96-ft high tunnels, three low
tunnels (LT) were installed, with the other beds as controls (NLT). One high tunnel was used for June-bearing
strawberry cultivars (Benicia, Camino Real, Radiance and FL 05-107) and the other for day-neutral cultivars
(Albion and San Andreas, which were transplanted on two dates - D1, first week of Sep. and D2, last week of
Sep.). Low tunnel performance was also assessed in an open field production system. Day-neutral: The LT and
D1 increased total and marketable yields. Low tunnels shortened days to 50% bloom by 7 days. Low tunnels
reduced frost damage to open blooms and fruit, and increased fruit dry biomass, but had no effect on fruit quality.
Thus, LT and D1 are recommended in high tunnels for organic production of day-neutral strawberry cultivars.
June-bearing: Marketable yield was 230 g/plant with LT and 255 g with NLT. \'FL 05-107\' (274 g/plant) had the
highest marketable yield, followed by \'Radiance\' (247), \'Camino Real\' (239) and \'Benicia\' (212). In Feb. 2017
frost damage to flowers was higher with LT (27%) compared to NLT (8%) due to more flowers being present at
sampling. In Jan. 2018 frost damage to flowers was lower with LT (72%) than with NLT (83%). Low tunnels inside
high tunnels may not be an economically feasible option for June-bearing strawberries. Field/low tunnel trials:
Preliminary results indicated that LT increased marketable yields of organic strawberries by protecting plant,
flowers and fruit from cold damage. Research Objective 8 On-farm research trials were initiated on 2 organic
farms in Jul. 2017. The farmers participated in the selection of treatments. The split-plot design has whole plot
treatments of (1) C. juncea cv. Tropic Sun, (2) I. hirsuta, and (3) the 4-way mix of A. americana, C. juncea cv. AU
Golden, C. ochroleuca, and I. hirsuta. \'Radiance\', \'Florida 127\, and \'Beauty\' were evaluated in subplots. Data
were collected on cover crop and strawberry cultivar performance, arthropod pests, plant pathogenic nematodes,
weeds, and soil health. The farmers were interviewed to document their decision-making processes. Research
Objective 9 The instrument and procedure for the sensory test and experiment auction were finished in spring
2018. IRB review for the test has also been approved. The sensory test and experiment auction were not
conducted due to insufficient fruits from the field trial. Research Objective 10 Partial budget analysis was used to
compare the cost and benefit of the 3 cover crop treatments used in the 2016 field trial at PSREU. The C. juncea
and the 4-way mix treatments increased profits relative to the no-cover-crop control while the I. hirsuta treatment
decreased yield and thus decreased profits relative to the control. A sensitivity analysis and a break-even
analysis were also performed. Outreach Objectives Meetings of the Industry Liaison Panel and a research
assessment of the main on-station experiment with local strawberry producers and service providers provided
feedback regarding what they liked about our research, what they disliked, and considerations for the future. The
feedback was used to modify our research design for the 2018-2019 strawberry production season. The
feasibility of low-cost high tunnels for organic strawberry production contiued at the FAMU Research and
Extension Center in Quincy, FL. Four strawberry cultivars were grown in 12-ft x 100-ft plots consisting of an open-
field area and another two areas protected by 12-ft x 100-ft low cost crop tunnels following a C. juncea cover
crop. **PUBLICATIONS (not previously reported):** 2017/09 TO 2018/08 1. Type: Conference Papers and
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2016/09 TO 2017/08 What was accomplished under these goals? Main open-field experiment (Florida) Cover
cropping. The first season of the main on-station organic strawberry production system study was initiated in Jul.
2016 in a certified organic field in Citra, FL. Three cover crop treatments (1) Crotalaria juncea cv. Tropic Sun, (2)
Indigofera hirsuta, and (3) a 4-way mix of Aeschynomene americana, C. juncea cv. AU Golden, C. ochroleuca,
and I. hirsuta were compared with a weedy control in the whole plots of a split-plot design. Whole plot treatments
were arranged in a randomized complete block design with four replications. Data were collected on cover crop
height, cover crop and weed population densities and biomass, plant-pathogenic nematode populations, leaf area
index and photosynthetically active radiation penetrating the cover crop canopy. Crotalaria juncea cv. Tropic Sun
produced the most above ground biomass. The biomass produced by the mix and I. hirsuta did not differ
significantly. All cover crops suppressed weed biomass. Cultivar evaluation. Following the cover crops, four
strawberry cultivars (Sensation™ brand Florida127, WinterstarTM FL 05-107, Florida Radiance, and Strawberry
Festival) were evaluated in subplots. Containerized strawberry transplants were planted within the whole plots on
13 Oct., 2016. Plant parameters, leaf number, canopy size and crown diameter, and leaf chlorophyll content
index, were measured. Marketable and unmarketable fruit numbers and weights were recorded twice per week.
For most of the growth parameters, Winterstar™, Sensation™, and \'Festival\' performed better than \'Radiance\".
Crotalaria juncea, cover crop mix, and I. hirsuta increased marketable fruit number in Dec.; with little influence of
cover crops during the rest of the season. \'Festival\' had more marketable and total fruit number, which was not
significantly different from WinterstarTM throughout the season; whereas Sensation™ exhibited larger fruit size.
WinterstarTM had higher cull fruit weight than other cultivars because of its susceptibility to Botrytis cinerea and
Colletotrichum acutatum. No significant difference in soluble solids content, titratable acidity, and pH among



treatments was observed. Pest and benefical arthropod monitoring. Spotted wing drosophila (SWD) adults were
monitored using traps and larvae by collecting weekly fruit samples. Female SWD were present throughout the
season with a peak in population in mid-Feb. Males occurred in very small numbers mostly in Mar. Larvae were
sporadic during the season with a peak on 27 Feb. Twospotted spider mite (TSSM) motiles (immature stages +
adults) and eggs, predatory mite motiles and eggs, sixspotted thrips, whitefly immatures, aphids, and parasitized
aphids were monitored by collecting weekly leaf samples from 8 Nov. 2016 until 28 Mar. 2017. Predatory mites
(Neoseiulus californicus) were released only on 18 Nov. because of low TSSM populations throughout the
season. There were no differences in mean TSSM motiles per leaf among cover crop treatments or strawberry
cultivars. More TSSM eggs were recorded from Sensation™ compared with Winterstar™ and \'Festival\'. Fewer
predatory mite motiles were found in \'Radiance\' compared with the other 3 cultivars, but there was no difference
in egg numbers. There were no difference in predatory mite motiles or eggs among cover crop treatments. Bi-
weekly in situ counts detected seed bugs in high numbers and flea beetles in moderate numbers. A few big-eyed
bugs, spiders, and ladybeetles were the main beneficial insects besides pollinators. Frankliniella bispinosa was
the dominate species collected on flower samples and populations remained low until the last sampling date, with
no difference among cultivars. Integrate Summer Leguminous Cover Crop into Nutrient Management Program for
Organic Strawberry Production Systems A field trial that evaluated the cover crop (C. juncea), compost, and in-
season fertigation was conducted in certified organic land at Citra, FL. Crotalaria juncea was planted at two
seeding rates of 44.9 and 67.3 kg/ha in Jul. 2016 and terminated in Sep. along with a summer fallow control.
Compost product was applied at C. juncea termination with no compost as the control. Containerized plants of
Sensation™ strawberry were transplanted in Oct. Nitrogen (N) fertigation was applied at 0, 100%, and 150% of
the standard rate and each plot received 78.5 kg/ha as a preplant application. A split-plot design with 4
replications was used, with C. juncea and compost treatment combinations in the whole plots and in-season
fertigation rates in the subplots. Marketable and unmarketable fruit weights and numbers were determined from
28 Nov. 2016 to 3 May 2017. Plant growth assessment included above-ground dry weight, leaf area, and leaf
number. Leaf tissue was analyzed for nutrient content. Fruit quality attributes such as soluble solids content,
titratable acidity, dry matter content, firmness were assessed. Whole season marketable fruit yield per plant with
44 .9 kg/ha C. juncea was higher than with the 67.3 kg/ha rate; however, neither of the C. juncea seeding rates
differed significantly from the summer fallow control. A similar trend was observed in the sunn hemp treatments
with regard to marketable fruit number and total fruit yield per plant. Compost had significant effect on fruit yields.
The 100% and 150% fertigation treatments of produced higher yields than the without fertigation control, with no
difference between the 100% and 150% treatments. While some significant effects of fertigation rates on plant
growth compared with the no fertigation control were obtained, there was no impact of C. juncea or compost.
Management of spotted wing drosophila and twospotted spider mite Studies addressing the management of
SWD and TSSM focused on: SWD movement within the main on-station experiment utilizing Scentry traps.
OMRI-approved products for managing SWD: (1) Azera (pyrethrins + neem), (2) Entrust (spinosad), (3)
Grandevo (bacterial product), and (4) Veratran D (sabadilla alkaloids) in comparison with an untreated control.
Site-specific treatments of the predatory mite, Neoseiulus californicus, for management of TSSM. OMRI-
approved products for the management of TSSM: (1) Cosavet DF Micronized Sulfur, (2) Grandevo, (3) Aramite in
comparison with a tap water control. Season Extension Potential of Low and High Tunnels in Organic Strawberry
Production (North Carolina) Two 30\'x96\" high tunnels were used. Within each high tunnel, three low tunnels
were installed. Four June-bearing strawberry cultivars were evaluated in one tunnel: Benicia, Camino Real,
Florida Radiance and Winterstar™. The day-neutral strawberry cultivars: Albion and San Andreas were
transplanted into the second high tunnel at two different dates (D1 and D2). A similar research design was used
to evaluate low tunnels in an open-field production system. In the day-neutral cultivar trial, low tunnels
significantly reduced the flower and fruit damage. Plants under low tunnels produced higher marketable and total
yield than those without low tunnels. The D2 plants produced higher marketable and total yields than the D1
plants, despite that the biomass of D1 plants was higher than that of D2 plants from Oct. to Feb. \'San Andreas
had higher marketable and total yields than \'Albion\". In the June-bearing strawberry trial, the cold damage to
open blossoms, marketable yield, and total yield was not affected by low tunnels. There were significant effect of
cultivar on yield. \'Florida Radiance\' and Winterstar™ produced higher yields than \'Camino Real\' and \'Benicia.
Cold damage to open blooms in Jan. was not significantly different among cultivars. **PUBLICATIONS (not
previously reported):** 2016/09 TO 2017/08 1. Type: Conference Papers and Presentations Status: Published
Year Published: 2017 Citation: Dosunmu, O., O.E. Liburd, and C. Chase. 2017. Efficacy of selected OMRI
approved miticides on twospotted spider mite, Tetranychus urticae Koch on strawberry. Oral presentation. Florida
Entomological Society Annual Meeting, San Juan, Puerto Rico. 2. Type: Conference Papers and Presentations
Status: Published Year Published: 2017 Citation: Dosunmu, O. and O.E. Liburd. 2017. Management methods of
twospotted spider mite, Tetranychus urticae Koch in field-grown strawberries. Southeastern Branch,
Entomological Society of America, Memphis, Tennessee. 3. Type: Journal Articles Status: Published Year
Published: 2017 Citation: Gu, S., W. Guan and J. E. Beck. 2017. Strawberry Cultivar Evaluation under High-
tunnel and Organic Management in North Carolina. HortTechnology 27(1)78-83. 4. Type: Conference Papers and



Presentations Status: Published Year Published: 2017 Citation: Gu, S., J. E. Beck and J. A. Moore. 2017.
Characterizing High Tunnel Microclimate in Hardiness Zone 7 & 8 of North Carolina. Proceedings of the 7th
National Small Farm Conference. pp 29-34.
http://www.vsu.edu/nationalsmallfarmconference/Draft%20proceedings.pdf 5. Type: Conference Papers and
Presentations Status: Published Year Published: 2017 Citation: Beck J. and Gu S. 2017. Soil Management Using
Cover Crops in Organically Managed High Tunnels. Southern Cover Crops Conference Fact Sheet.
http://www.southernsare.org/News-and-Media/SSARE-Bulletins/Cover-Crops-Research -Across-the-Southern-
Region/Soil-Management-Using-Cover-Crops-in-Organically-Ma naged-High-Tunnels# 6. Type: Conference
Papers and Presentations Status: Published Year Published: 2017 Citation: Gu, S. J. E. Beck and J. A. Moore.
2016. Including Low Tunnels in a High Tunnel for Winter Strawberry Production in Cold Hardiness Zone Seven.
HortScience 51(9): S245 (abstract). 7. Type: Conference Papers and Presentations Status: Published Year
Published: 2017 Citation: Chase, C.A. and S.B. Coplin. 2017. A cover crop mixture for weed and sting nematode
management. Weed Science Society of America Meeting Abstract 320.
http://wssaabstracts.com/public/45/proceedings.html.

2015/09 TO 2016/08 What was accomplished under these goals? Research Objective 1: Assess the Efficacy of
Off-season Cover Crops on Soil Health and in Suppressing Weeds, Sting Nematodes, Arthropod Pests, and
Pathogens In summer 2016, the main on-station experiment was initiated in a certified organic field at the Plant
Science Research and Education Unit in Citra, FL. The design for this experiment is a split plot with four main plot
treatments arranged in a randomized complete block with 4 replications for a total of 16 main plots. Each main
plot was surveyed to determine the population densities of existing vegetation and a composite soil sample was
then collected from each main plot. Soil samples were divided into 3 subsamples and either sent to appropriate
commercial laboratories to determine baseline soil health and soilborne nematode infestation or were placed in
trays in the greenhouse to evaluate the baseline weed seed bank. The field was then tilled and the following 4
cover crop treatments were established: Sunn hemp (Crotalaria juncea; cv. Tropic Sun) monoculture Hairy indigo
(Indigofera hirsuta) monoculture 4-way mixture (\'AU Golden\' sunn hemp; hairy indigo; slenderleaf rattlebox, C.
ochroleuca, and American jointvetch, Aeshynomene americana) Weedy control Hairy indigo seed was acid-
scarified prior to planting in order to break physical dormancy due to seed hardness. The cover crops were
allowed to grow for a period of 8 weeks during which data were collected on leaf area index of the canopies,
photosynthetically active radiation penetrating the canopies, cover crop plant height, cover crop density, and
biomass. Weed density and biomass were also assessed. Research Objective 4: Integrate Summer Leguminous
Cover Crop into Nutrient Management Program for Organic Strawberry Production Systems We conducted a
preliminary study to assess the effect of a plant growth-promoting bacteria product on organic strawberry
production during the 2015-2016 season in order to determine its potential for enhancing nutrient management in
organic strawberry systems. Fruit yield and quality attributes were measured and data analyses are underway. A
pilot greenhouse study was also initiated in summer 2016 to test different amino acid biostimulants for
incorporation into an organic nutrient management program for strawberries. Sunn hemp as the summer
leguminous cover crop was also planted in summer 2016 for establishing the field trial on organic strawberry
nutrient management. Research Objective 7: Assess the Season Extension Potential of Low and High Tunnels in
Organic Strawberry Production Two research trials (1) winter and spring production of day-neutral and June-
bearing strawberries in high tunnels and in low tunnels within a high tunnel and (2) spring production of day-
neutral and June-bearing strawberries in low tunnels have been conducted at NC A&T University Farm. Both
projects used June-bearing cultivars Radiance and Winterstar™, and day-neutral cultivars Albion and San
Andreas. Trial 1 was conducted in a 30 ft x 96 ft high tunnel. Six raised beds were made and three of them were
assigned randomly for low tunnels, which were installed in late November 2015. The experiment was conducted
as a completely randomized design. The treatment design was a split-plot design, with low tunnels/control
(without low tunnels) as main plots and cultivars as subplots. There were 40 plants in each subplot. The trial was
concluded on April 30, 2016. Results indicated that there was no significant difference between the low tunnel
and control treatment in terms of the first harvest date, marketable yield, total yield and cold damage to open
blossoms; however, the numerical values consistently favored the low tunnel treatment. For example, the total
yield and marketable yield were 2.99 and 2.84 kg/plot in the low tunnel treatment, compared to 2.27 and 2.15
kg/plot in the control. Low tunnels also advanced the first harvest by five days. There were significant differences
between cultivars for the date of first harvest and flower damage. \'Radiance\' and \'San Andreas\' were harvested
10 days earlier than \'Albion\' and Winterstar™ and \'Radiance\' had most severe flower damage (74.6%) while
\'San Andreas\' had the least (47.8%). Microclimate factors such as low air temperature, soil temperature and
solar radiation were measured with Spectrum dataloggers and sensors every 30 minutes. Data did show some
additional protection was provided by the low tunnels. Trial 2 was conducted in the open field with an
experimental design similar to that of trial 1. Low tunnels were also installed in late November, removed (to avoid
snow damage) in January and February, and re-installed in March. Trial 2 was concluded on May 30, 2016.
There was no significant difference in terms of total yield between plots with low tunnels (2.2kg/plot) and without



low tunnels (2.3kg/plot). Cultivars performed differently. Day-neutral cultivars had significantly lower yields than
June-bearing cultivars. \'Albion\' had the lowest yield (1.4 kg/plot), while Winterstar™ had the highest yield (2.8
kg/plot). Elevated temperatures that occurred in low tunnels did not seem to influence plant productivity.
Statistical analyses on other variables (first harvest, canopy, fruit quality, cold damage and pest incidence) are
not yet complete. Outreach objective 1: We will engage producer and county Extension faculty members in
research and outreach planning, implementation and outcomes We also began the development oftwo
separateinstruments that will be used for assessing research and field days, respectively. Outreach objective 2:
We will demonstrate the feasibility of organic strawberry production in low cost crop tunnels At the Florida A&M
University (FAMU) Research and Extension Center, sunn hemp was grown as a cover crop in summer 2016 on
land that will be used in fall 2016 for assessment of organic strawberry production in low-cost crop tunnels.
Outreach objective 3: We will provide Extension faculty members, other local service providers, and growers with
research results and recommendations We established means for developing virtual assessments and virtual
field days for growers and service providers. We securedassistance from IFAS Communications in order to
accomplish the virtual components of our objectives. IFAS Communications will aid us in filming, website
construction and web-based learning. We have also begun compiling other important materials pertaining to
virtual assessments and field days. We took a considerable number of photos attwoimportant points in the
research process: (1) planting cover cropsand (2) surveying the plots usingReal Time Kinematics (RTK) to
ensure accuracy of plot locations across project years. The photos were subsequently captioned with detailed
information to use during virtual assessments and field days. We beganwriting a literature review on web-based
learning in anticipation of future publications. **PUBLICATIONS (not previously reported):** 2015/09 TO 2016/08
No publications reported this period.
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NON-TECHNICAL SUMMARY

The purpose of this grant is to bring together stakeholdes to identify goals and objectives that will underpin
submission of a proposal to NIFA-OREI entitiled Organic Tomato Breeding For Arthropod Resistance With A
Focus On Protected Cultivation. Stakeholders are organic producers of tomatoes in tunnels, greenhouses, etc,
memebers of their umbrella organizations, and members of private and public organizations concerned with
breeding specifically for organic farming systems. The stakeholders will develop educational and research
objectives for this proposal. Producers of tomatoes in tunnels, greenhouses and other structure soften suffer crop
losses and attendant reduced income resulting from insect and mite infestations. Breeding for resistance to these
pests using conventional breeding methods is relevant to all tomato producers and particularly relevant to organic
producerswho have fewer control options available to them, compared toconventional agricultural producers.
Furthermore,production in protected environments has been targeted because insect and mite problems are
more frequent on tomatoes grown in theseenvironments.

OBJECTIVES

The primary goal of this planning grant is to gather stakeholders together in late fall 2015 or early winter 2016, to
identify research and educational project objectives that will underpin submission of a proposal to NIFA-OREI to
support an integrated research and education proposal aimed at breedinginsect and/or mite resistant tomatoes
for protected cultivation by organic producers.

APPROACH

The planning meeting will bring together stakeholder producers, at least three from each of three regions of the
U.S., the Northeast, the Southeast and the North Central regions, representatives of the unbrella organizations,
MOSES, NOFA, SSAWG, and Georgia Organics, representatives of organizations dealing with aspects of
breeding for organic systems (Organic Seed Alliance, RAFI and private seed industry), and professionalsfrom
several universitiesknowedgablewith tomato breeding, entomology and plant pathology. The first day activities,



which will begin at 1 pm, will highlight potential and are arranged to provide greater familiarity of the stakeholders
with the potential of tomato germplasm for improvement of organic tomato production, provided by Dr. Jay Scott,
recently retired tomato breeder, U. of Florida, and an over-view of resistance breeding and relevant resources at
the University of Kentucky, including the Organic Farming Unit of the Horticulture Research Farm, a 20-acre
certified organic research and educational farm, the affiliated Community Supported Agriculture (CSA) project,
and the Sustainable Agriculture undergraduate degree program. That evening there will be an informal gathering
where attendees will have the oppotunity to interact with each other, and can also observe and interact with mite-
resistant tomato plants and observe some of the techniques used to evaluate resistance. Activities in the evening
will be designed to provide ample time for unstructured interaction among all attendees. The second day of the
meeting is to produce the actual plan. Thisactivitywill be led by a professional facilitator. Issues to be addressed
by the stakeholders at the meeting will likely include identification and prioritization of target arthropods,
delineation and prioritization of the desired phenotypes, the actual desired form of future germplasm releases,
identification of the needed degree of compatibility of tomato host-plant resistance to insects with other forms of
biocontrol, and acceptable tradeoffs of yield vs host resistance to arthropods. Other issues and goals will certainly
be raised by stakeholders. With regard to desired phenotypes, plant stature (determinate or indeterminate), fruit
shape, fruit color, and fruit firmness, flavor, etc. as well as identification of essential resistances already available
in tomato such as resistance to fungal and virus diseases and nematodes need to be identified and prioritized by
stakeholders for future success. Likewise, how varieties may be produced and maintained, and the potential for
utilizing open pollinated and/or hybrid varieties will need to be delineated prior to initiation of the project.
Educational goals that should be addressed by the project will be identified. Additionally, this stakeholder group
can likely provide essential relevant expert guidance on organic management of tomato production in protected
culture. Longer term, stakeholders will possibly participate in breeding efforts and in evaluation of advanced
tomato lines for yield, resistance, quality, etc. and discussions concerning how these activities may take place
need to begin at this planning meeting.

PROGRESS

2015/09 TO 2016/08 Target Audience:Target audience was organic tomato producers and their umbrella
organizations located throughout the United States. Changes/Problems: Nothing Reported What opportunities for
training and professional development has the project provided?The project directors have a much better
understanding of the characteristics required by organic producers of tomatoes in protected environments. The
stakeholders who attended the planning meeting have an improved understanding of the limitations that tomato
breeders face in attempting to improve tomato for organic protected environments. The graduate student
associated with the project, an entomology student, gained understanding of the needs of organic producers and
also aspects of breeding for tomato arthropod resistance. How have the results been disseminated to
communities of interest? Nothing Reported What do you plan to do during the next reporting period to accomplish
the goals? Nothing Reported

IMPACT

2015/09 TO 2016/08 What was accomplished under these goals? A list of potential stakeholders for participation
in a planning meeting was developed in consultation with the Midwest Organic and Sustainable Education
Service (MOSES), Northeast Organic Farming Association (NOFA), Georgia Organics and the Southern
Sustainable Agriculture Working Group (SSAWG). These organizations attempted to identify a minimum of three
producers in their region (Midwest, Northeast and Southeast) who would be interested in attending a planning
meeting in Lexington, KY. MOSES and NOFA both had difficulty identifying individuals willing to attend the
meeting. In addition to stakeholders from these three regions, a representative of the Organic Seed Alliance, the
Rural Advancement Foundation International, and a tomato breeder from a private seed company that has
significant organic seed sales were invited to attend the planning meeting. Project directors in attendance
included four faculty from the University of Kentucky, one faculty from West Virginia State University, and USDA-
Charleston. A recently retired tomato breeder from the University of Florida also attended the planning meeting.
Stakeholders met for a planning session for this proposal in Lexington, KY on January 25 and 26, 2016. The
meeting was facilitated by Tracy Kunkler, Social Profit Strategies, Asheville NC, who in collaboration with the PD
developed the agendas for the meeting. There were 12 stakeholders scheduled to attend the meeting; due to
severe weather conditions and personal reasons two stakeholders could not attend. Stakeholders were from the
Northeast, Southeast and Midwest regions of the U.S. At the beginning of the meeting the P.D. introduced those
individuals associated with the project, and asked stakeholders to introduce themselves, providing personal
information as well as information about their farm or organization. Background information was then provided on
the first /2 day of the planning session. Information on the role of wild germplasm in tomato improvement was



provided by Dr. Jay Scott, tomato breeder, University of Florida (emeritus). Current status of introgressing type IV
trichome density and high zingiberene concentrations from wild to cultivated tomato and current status of tomato
production in China were reviewed by Dr. Snyder and Dr. Jacobsen amply described the current status of organic
high tunnel research and the Sustainable Agriculture undergraduate program at the University of Kentucky,
including description of the student-led organic CSA, and the nature of the apprenticeship program. There was
much discussion among stakeholders after each presentation which continued at dinner that evening. Based on
the information presented by the stakeholders during the introduction of their farms, it became clear that these
enterprises are highly diversified with an array of crops and multiple markets. Tomato plays a significant role in
their production and marketing, but in most cases, not a dominant role. Furthermore, most are small producers,
and tend to grow a mix of tomato varieties, rather than specialize in a single variety. These observations were
confirmed during informal discussions with stakeholders during the planning meeting. Dr. Scott\'s presentation
provided extensive background on the potential of wild germplasm for tomato improvement and use of molecular
markers. Some spirited conversations developed after his talk, especially with regard to utilization of genetic
engineering in plant breeding. In addition to providing valuable background information in his presentation, Dr.
Scott was an active participant in the subsequent planning process. Dr. Snyder\'s review of Chinese tomato
production in protected environments led to an ongoing discussion among stakeholders, ultimately leading to a
general consensus that this germplasm may have good breeding value for organic protected cultivation in the
U.S. The second day of planning centered on identification of desired characters that should be included as
objectives in the breeding program and discussion of outreach activities. This day-long session was led by Ms.
Kunkler to ensure that all viewpoints were fully considered by the group. To obtain planning input from
stakeholders, major topics were introduced by a short presentation (5 - 10 min) provided by one of the PDs.
Subsequently Ms. Kunkler led brainstorming activities designed to ensure that the universe of possible outcomes
were initially identified and then subsequently directed activities toward consensual identification of high priorities
items for each area of discussion. The process worked smoothly and efficiently. Primary Deliverables. The
planning group concluded that there is no single ideal tomato and even characteristics such as determinate and
indeterminate forms may have utility in organic tunnel production. The two characteristics that were deemed most
important by the stakeholder group were 1) longevity of production and 2) consistency of production.
Furthermore, the group emphasized that the improvement of genetic diversity in organic systems via publicly
available lines was extremely important as was compatibility of insect resistance with biological control. Ultimately
the stakeholders suggested that the breeding program should center on prebreeding activities for insect
resistance with a view toward production of publically available lines that would increase genetic diversity in
organic systems and have compatibility with biological control rather moving directly toward release of finished
cultivars. Primary fruit characteristics. The planning group recognized value in the wide range of fruit types, but
also recognized that each fruit type requires distinct breeding efforts. The recommendation was to pursue three
main types, red round slicer (not fascinated/not heirloom shape), a plum, and a cherry type. Freedom from
defects such as cracking, etc. is extremely important. With regard to fruit quality, flavor is paramount, and to
some extent firmness is important as well. These characteristics have been incorporated into breeding objectives.
Disease resistance targets. After due consideration of prevalent diseases, the stakeholders listed in order of
importance, timber rot, leaf mold, gray mold, late blight, and fusarium wilt. Arthropod targets. In order of
importance the planning group identified spidermites, whiteflies, stinkbugs and thrips as potential targets.
Outreach. When the planning project was proposed, outreach was envisioned as centering on reinforcement of
the value of plant breeding for agriculture, and especially for organic agriculture. Discussions concerning
outreach by the stakeholders were diffuse, and clearly they understood the value of plant breeding, and also the
value of improving the genetic diversity within their crops. Just as clearly there was no consensus on how the
proposed research should be interwoven with next steps. Upon reflection after the meeting, the PD and Co-PDs
hypothesized that the lack of consensus was likely related to the absence of an identifiable infrastructure that
would support, advance and effectively utilize the outputs of the proposed project. The hypothesis was confirmed
in subsequent conversations with leadership of MOSES and OSA, and with a tomato breeder associated with a
private seed company. Follow-up Confirmation. Subsequent to the meeting, findings from the planning meeting
were confirmed. This involved attempting to contact 17 stakeholders and actually speaking with 11, most located
in the Northeast and Midwest. Conversations centered on whether or not they supported the goals and objectives
that resulted from the stakeholder planning meeting. Results of this informal survey supported the conclusions of
the planning group as well as the proposed outreach activities. Final Conclusion. The meeting was successful,
meeting its planned objectives.
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NON-TECHNICAL SUMMARY

Certified organic producers use animal-based soil amendments (e.g., manure and compost) to improve soil
fertility and quality. The prevention of microbial contamination of crops has been based on time-interval criteria
between the application of soil amendments and crop harvesting. However, the current standards are based on
little scientific information that shows that waiting time intervals between the use of soil amendment and the
harvest reduce the microbial risk. There is a critical need to fully assess current practices used by the organic
industry related to manure and compost use and rotational grazing to identify potential food safety risks related to
microbial contamination and potential threats to the public health. Therefore, we are proposing a needs
assessment to gather information about the use of animal-based soil amendments, including rotational grazing of
livestock and poultry, in organic and sustainable agriculture with a focus on produce commodities covered under
FDA\'s proposed Produce Safety Rule. The study will evaluate and characterize the current practices and needs
of organic producers using three evaluation tools: focus groups, working groups, and surveys. Stakeholders,
farmers, and experts working in organic agriculture will be invited to participate. A survey will be administered to
gather information about the target audience\'s perceived solutions and priorities related to the use of animal-
based organic soil amendments and rotational grazing in organic agriculture. The results of this proposal will
provide critical information that can be incorporated into guidelines aimed toward developing research on risk
mitigation of foodborne pathogens for organic and sustainable agriculture.

OBJECTIVES

This project will assess current practices used by the organic industry related to animal-based manure and
compost use and rotational grazing in order to identify potential food safety risks related to microbial
contamination and potential threats to the public health as well as animal health. In addition, it will identify
research needs in order to minimize the food safety risks in the organic agriculture systems. A needs assessment
will be conducted to gather information about the use of soil amendments, including rotational grazing of livestock
and poultry, in organic and sustainable agriculture with a focus on produce (e.g., vegetables, nuts and fruits)



commodities covered under the proposed Produce Safety Rule. The specific objectives of this project are:1) To
assess the needs among organic farmers using animal-based soil amendments and raw manure.2) To assess
the target audience\'s perceived solutions and priorities related to research on the use of animal-based organic
soil amendments and rotational grazing in organic and sustainable agriculture systems.3) To determine research,
outreach, and education needs related to potential food safety risks with the current practices of animal-based
organic soil amendment use.

APPROACH

The needs assessment will be conducted in four tasks: 1) Form an advisory committee; 2) Conduct a workshop;
3) Conduct a survey; 4) Compilation of data and communication of findings. An advisory committee composed of
diverse stakeholders, includes organic producers, industry members, compost and manure experts and
researchers, will be formed. The advisory committee will meet by webinar and conference calls. Stakeholders
(from national and state organizations) and advisory committee will participate in 1,5 day workshop at UC Davus.
Participants will be divided into 3 focus groups (i.e., raw manure and compost, rotational grazing) in order to
gather information about the participants\' perceived solutions and priorities related to the use of animal-based
soil amendments (e.g., raw manure, compost) used in organic agriculture. In addition, members will give
feedback regarding the organic farmers survey. Farmers will be asked to participate in a survey focused on the
practices of animal-based soil amendments and animal rotational grazing. Qualitative and quantitative methods
will be used to evaluate the survey data. A final report will be generated as a white paper, and distributed to all
the participating stakeholders and organic agriculture community.

PROGRESS

2015/09 TO 2017/02 Target Audience:The target audiences reached include various stakeholders in organic
agriculture and produce food safety, including organic farmers, researchers, extension specialists, extension
agents, policy makers, experts and industry working in organic agriculture. They were reached as part of the
listening sessions, workshops and informal education activities delivered through presentations at national and
international meetings and conferences. In particular, many stakeholders were exposed to our research findings
at the 1) 2017 Organic Confluences, Making Research Count, Washington, D.C. May 22-23, 2017; 2)
International Association for Food Protection 2017 Annual Meeting (IAFP); Tampa, Florida July 9-12, 2017 and 3)
Soil Summit 2017, Produce Safety Alliance & Institute for Food Safety at Cornell University. New York State
Agricultural Experiment Station, Geneva, NY. March 28-29, 2017. Changes/Problems: Nothing Reported What
opportunities for training and professional development has the project provided?The project provided support for
graduate research, thus helping to build capacity for future professionals in epidemiology and food safety. Dr.
Pires mentored Jerome Baron, PhD student in Epidemiology at UC Davis. Baron managed the data, conducted
statistical analysis and prepare the manuscript. How have the results been disseminated to communities of
interest?The results have been disseminated through outreach activities involving organic farmers, researchers,
extension specialists, extension agents, policy makers, experts and industry working in organic agriculture. They
were reached as part of the listening sessions, workshops and informal education activities delivered through
presentations at national and international meetings and conferences. In particular, many stakeholders were
exposed to our research findings at the: 1) 2017 Organic Confluences, Making Research Count, Washington,
D.C. May 22-23, 2017; 2) International Association for Food Protection 2017 Annual Meeting (IAFP); Tampa,
Florida July 9-12, 2017; 3) Soil Summit 2017, Produce Safety Alliance & Institute for Food Safety at Cornell
University. New York State Agricultural Experiment Station, Geneva, NY. March 28-29, 2017; and 4) The Organic
Center, Board Members Annual Meeting, Davis, CA. October 26, 2016. What do you plan to do during the next
reporting period to accomplish the goals? Nothing Reported

IMPACT

2015/09 TO 2017/02 What was accomplished under these goals? Certified organic producers use animal-based
soil amendments (e.g., manure and compost) to improve soil fertility and quality. The prevention of microbial
contamination of crops has been based on time-interval criteria between the application of soil amendments and
crop harvesting. However, the current standards are based on little scientific information that shows that waiting
time intervals between the use of soil amendment and the harvest reduce the microbial risk. This project
assessed the current practices used by the organic industry related to manure and compost use and rotational
grazing to identify potential food safety risks related to microbial contamination and potential threats to the public
health. This project evaluated and characterized the needs of organic producers using three evaluation tools:



listening sessions, workshop,focus groups and a survey. This project provided critical information that can be
incorporated into guidelines aimed toward developing research on risk mitigation of foodborne pathogens for
organic and sustainable agriculture. This project was used as the basis for a full 2017 OREI multi-regional
proposal project (award \# 2016-51300-25724). Objective 1: Listening Sessions:Research needs listening
sessions were hosted across the US, at organic conferences (8 total) frequently attended by farmers, handlers,
and industry members. Overall, participants concluded that there is a clear need to conduct more research on
wait periods between raw manure application and harvest to help shape policy such as FDA\'s Produce Safety
Rule. Additionally, outreach and extension to assist organic farmers was identified as a critical need. Objective 2:
Workshop:A 1.5-day workshop at UC Davis brought together more than 30 participants including producers and
other industry members, regulators, researchers, extension specialists and experts from across the country to
discuss use of biological soil amendments and food safety in organic systems. In addition to principals on this
project, participants included: FDA\'s Division of Produce Safety and Division of Risk and Decision Analysis,
Association of Compost Producers, CA Food & Agriculture Dept. among others. Overall, participants concluded
that there is a clear need to conduct more research on wait periods between raw manure application and harvest
to help shape policy such as FDA\'s Produce Safety Rule. Additionally, outreach and extension to assist organic
farmers was identified as a critical need. Objective 3: Survey:In a nationwide survey conducted to assess current
practices related to the use of biological soil amendment of animal origin (BSAAOs) and food safety risks in
organic and sustainable agriculture with a focus on produce (e.g., vegetables, nuts and fruits) commaodities
covered under the Produce Safety Rule. Organic farmers belonging to national and state organizations were
invited (by email and mail) to participate in a survey to acquire information regarding the practices of animal-
based soil amendments and animal rotational grazing. Eighty-two percent of the participant producers were
certified organic and represent relatively small-medium size farms (65.9% in less than 80 acres). Biological soil
amendments containing animal manure (including raw, untreated and treated manure and compost) were applied
by 46.8% of producers growing produce that is typically consumed fresh. Fifty-eight percent of the farmers
reported the use of raw manure, being poultry, cattle and horses the main animal sources. This survey showed
that multiple factors related to on-farm manure management practices (e.g., sources, storage, type of treatment,
application method, application time, etc.), which may affect directly survival and persistence of pathogens in
manure-amended soils, varies between regions and states in the U.S. Therefore, the mitigation practices to
decrease the risk of potential microbial contamination to fresh produce crops resulting from application of
untreated manure must take into account the multiple factors that may be involved. This survey provides a
framework for microbial risk mitigation strategies to reduce the risk of contamination of fresh produce in systems
using BSAAOs, mainly untreated manure in organic and sustainable agriculture. **PUBLICATIONS (not
previously reported):** 2015/09 TO 2017/02 1. Type: Conference Papers and Presentations Status: Published
Year Published: 2016 Citation: Pires AFA, Jay-Russell M. The use of biological soil amendments of animal origin
in organic agriculture and food safety risks. Abstract Poster #10. In: Proceedings from The 97th Conference of
Research Workers in Animal Diseases (CRWAD), Chicago, IL. December 4- 6, 2016. 2. Type: Other Status:
Other Year Published: 2017 Citation: Pires A, Jay-Russell M. Soil Summit 2017, Produce Safety Alliance &
Institute for Food Safety at Cornell University.Participant. New York State Agricultural Experiment Station,
Geneva, NY. March 28-29, 2017. 3. Type: Conference Papers and Presentations Status: Published Year
Published: 2017 Citation: Pires A, Jay-Russell M. May 23, 2017. Integrative Research: Approaches in Organic
Agriculture. Case Study3: Manure Safety Panel. Invited Speaker. 2017 Organic Confluences. Making Research
Count, Washington, D.C. May 22-23, 2017 4. Type: Conference Papers and Presentations Status: Published
Year Published: 2017 Citation: Pires A, Tocco P, Millner P. A Research Framework to Assess Pathogen
Prevalence and Survival in Raw Manure Used in Produce Production in Biological Soil Amendments of Animal
Origin and the Food Safety Modernization Act: Challenges and Opportunities Going Forward. International
Association for Food Protection 2017 Annual Meeting (IAFP); Tampa, Florida July 9-12, 2017; Tampa, Florida
July 9-12, 2017. (S27, Seminar). 5. Type: Other Status: Other Year Published: 2016 Citation: Pires A, Jay-
Russell, M. October 26, 2016. Manure Use and Food Safety Risks: Research Updates. Invited Speaker. The
Organic Center, Board Members Annual Meeting, Davis, CA. October 26, 2016
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NON-TECHNICAL SUMMARY

Despite increasing interest in organic grain production, challenges continue to restrict economic success and limit
adoption of organic methods. Only 0.2-0.3% of US corn and soybean acreage is under certified organic
production. Challenging aspects of organic grain production continue to be nutrient management, weed control,
and soil conservation/soil quality. Each of these challenges impacts long-term profitability and system resilience.
Management to address these individual challenges, however, can conflict such that it is critical to define
strategies that minimize trade-offs.Our proposed research is designed to address these challenges, including this
question of trade-offs. We will quantify the long-term effects of multiple yield- and efficiency-limiting factors
(nutrient management, weed competition, soil management, weather, and their interactions) on the economic and
environmental performance, and agronomic productivity of three organic grain crop rotations at the long-term
USDA-ARS Farming Systems Project (FSP) in Beltsville, MD. The FSP, now in its 20th year of production,
provides a unique environment to conduct organic research in that it is one of only two long-term agroecological
research sites (LTARSs) in the US that includes three different organic grain crop rotations. Using modeling
approaches, results will be applicable nationwide. We will also fully support the Annual Queen Anne\'s County
Organic Workshop, the major conference in the mid-Atlantic region dedicated to educating organic producers.
First held in 2006, this conference has been a critical information source and community-building meeting for the
mid-Atlantic organic community. Research results will be presented at this workshop, at field days, via eOrganic
webinars, and at national scientific conferences.By addressing these critical stakeholder needs, this project will 1)
reduce environmental impacts of organic grain production systems, 2) help farmers improve economic and
agronomic performance of their systems; 3) increase the number of successful organic farming operations on the
landscape; and 4) increase the capacity of Cooperative Extension to disseminate current information on
sustainable organic grain production.

OBJECTIVES



The long-term goal of this project is to improve the economic and environmental performance of organic grain
farms in the mid-Atlantic region. We will accomplish this goal using five Objectives:1) Determine the extent to
which manure application can be decreased (in the presence and absence of weeds) without reducing yields of
organic grain cropping systems2) Quantify the potential for subsoiling to improve crop rooting depth, productivity
and net returns in organic grain cropping systems.3) Identify system component interactions to help producers
optimize both short- and long-term decisions about combinations of agronomic practices, including crop rotation,
manure application rate, and subsoiling to improve economic performance.4) Support the Annual Queen Anne\'s
County Organic Workshop5) Disseminate research results at field days, the Annual Organic Workshop, and
webinars regarding manure use and management, soil management, system resilience, and tradeoffs between
short- and long-term economic performance.

APPROACH

We will conduct field research at the long-term USDA-ARS Farming Systems Project (FSP) in Beltsville, MD,
which includes three different organic grain crop rotations. We will first expand data collection in existing Weedy
(W) and Weed-Free (WF) microplots (maintained for over 6 years) and integrate new nutrient management
microplots (a series of poultry litter rate reductions) with these original W and WF microplots to evaluate
interactions between nutrient management and weeds on crop yields, nutrient diagnostics, and water stress; soil
moisture, mineral N content and quality; and economic performance. In separate new microplots we will evaluate
the effect of crop rooting depth on crop yield and water stress; soil moisture and strength; and economic
performance. We will also calculate nutrient balances for FSP organic systems and evaluate impacts of reduced
poultry litter inputs on these balances.We will conduct multicriteria modeling using data collected over 20 years
from the FSP main plots, and incorporate the improved understanding of factors affecting economic and
agronomic variability from microplots described above. We will use an integrated economic-biophysical hybrid
genetic algorithm to quantify the impacts of soil N availability, nutrient management, weeds, crop rooting depth,
and weather on organic crop yields, yield stability, and economic returns. This model will also allow us to evaluate
system resilience, and tradeoffs between short-term and long-term economic performance. This approach,
contrary to simpler approaches, simultaneously optimizes all objectives and can therefore be used to calculate
tradeoffs between multiple objectives.We will extend the information gained from the research conducted on this
project via various forums organized under this project: four Annual Organic Workshops, one Field Day, several
eOrganic webinars and at least six peer-reviewed scientific publications.Program Implementation will be
evaluated by asking the following two questions: a) Has the research and extension program been implemented
properly as planned and on time? b) What can be learned by reviewing the implementation process of research
and extension activities for improving the outcomes of the overall project? Results will be used to improve
succeeding years\' activities. Program Outcome and Impact will be evaluated based on Bennett\'s extension
evaluation model. This model emphasizes evaluating outcomes focusing on: 1) clients\' satisfaction with
extension programs, 2) changes in clients\' knowledge, attitudes, skills, and aspirations, 3) changes in clients\'
practice, and 4) end results that includes social, economic, and environmental impacts. For each of these four
outcome levels, measurable impact indicators will be defined.

PROGRESS

2015/09 TO 2020/08 Target Audience:The target audience for this reporting period includes organic farmers,
farmers considering transitioning to organic methods, scientists, and agronomy consultants interested in organic
production methods Changes/Problems: Nothing Reported What opportunities for training and professional
development has the project provided?The two annual Workshops, the five Roundtables, and multiple
presentations about the research provided extensive opportunites for training and professional development
among farmers, agricultural professionals and scientists. How have the results been disseminated to
communities of interest? The results have been disseminated via the Workshops, the Roundtables, the Field Day
and multiple scientific presntations. What do you plan to do during the next reporting period to accomplish the
goals? Nothing Reported

2017/09 TO 2018/08 Target Audience:The target audience for this reporting period includes organic farmers,
farmers considering transitioning to organic methods, scientists, and agronomy consultants interested in organic
production methods. Changes/Problems:Due to farmer interest the format for the Annual Organic Workshop was
changed from one where formal presentations are made to a more informal Roundtable Discussion that was
faciliated by Jenny Rhodes, University of Maryland Extension, who is a collaborator on the project. Since we had
to delay the start of the field research portion of the project by one year due to delays in hiring a postdoc, we



requested and received a one-year no-cost extension such that the field research years will be 2017-2020
instead of 2016-2019. Instead of hiring three students on the project we hired a full-time technician, which
provides much greater continuity among years for the field research. What opportunities for training and
professional development has the project provided?The Annual Queen Anne\'s County Organic Workshop,
March, 2018, provided in-depth training on organic production methods for organic farmers, farmers considering
transitioning to organic and agricultural professionals and educators. How have the results been disseminated to
communities of interest?In addition to presentations made at the Queen Anne\'s County Organic Workshop and
the Danish-US binational meeting mentioned above, the 4 peer-reviewed publications noted included aspects of
the research conducted under this grant. What do you plan to do during the next reporting period to accomplish
the goals?Obj. 1: We will finish conducting the 2nd year and initiate the 3rd year of PLR and weedy-weedfree
microplot field research. Obj. 2: We will subsoil the appropriate microplots in corn and soybean plots in spring
2019 (2018 was too wet a year to apply subsoiling) and collect soil penetrometer resistance data from all
subsoiled and non-subsoiled microplots (32 total microplots). Obj. 3: We will summarize data from the first two
years of field research and continue assessing interactions among system components. Obj. 4: We will conduct
up to four Organic Production Roundtables in 2019, focusing on four important and distinct areas of Maryland:
Upper Eastern Shore, Lower Eastern Shore, Western Maryland, and Southern Maryland. Obj. 5: We will address
this objective after three years of field data have been collected.

2016/09 TO 2017/08 Target Audience:The target audience for this reporting period include organic farmers,
farmers considering transitioning to organic methods, Perdue Agribusiness agronomists who are learning about
organic production, and agronomy consultants interested in organic methods. Changes/Problems:Due to farmer
interest the format for the Annual Organic Workshop was changed from one where formal presentations are
made to a more informal Roundtable Discussion that was faciliated by Jenny Rhodes, University of Maryland
Extension, who is a collaborator on the project. The number of poultry litter reduction microplots (referred to
NutMgt microplots in the proposal) was reduced from 10 to 6 for logistical reasons. What opportunities for training
and professional development has the project provided?As noted in response to the previous question, two full-
day workshops provided general and in-depth training on organic production methods for organic farmers,
farmers interested in transitioning to organic methods and Perdue Agribusiness professionals. How have the
results been disseminated to communities of interest?Long-term organic yield data have been disseminated to
the scientific community via the publication listed under publications. What do you plan to do during the next
reporting period to accomplish the goals?Objective 1: We will finish data collection for year one and initiate year
two of the poultry litter and weed portions of the field research component of the project. Objective 2: We will
subsoil the appropriate microplots this fall in corn plots and collect soil penetrometer resistance data this fall and
corn yield and other production and soil quality data next field season. Objective 3: We will summarize data from
the first year of field research and begin assessing interactions among system components. Objective 4: We will
conduct the annual organic production workshop in 2018. Planning for the workshop has started. Objective 5: We
will address this objective after three years of field data have been collected.

2015/09 TO 2016/08 Target Audience:We organized and held the Annual Queen Anne County Organic
Production Workshop, March 17, 2016 in Wye Mills, Maryland. The targe audience was organic farmers,
agriculture professionals and others interested in organic production techniques. About 80 people attended.
Changes/Problems:The field research portion of the project has been delayed by one year due to delays in hiring
the necessary staff. What opportunities for training and professional development has the project provided?The
2016 Queen Anne County Organic Production Workshop provided training and professional development for
about 80 individuals on organic production practices. How have the results been disseminated to communities of
interest?Information on organic production practices was shared with the organic production community of the
Mid-Atlantic Area via the 2016 Queen Anne County Organic Production Workshop. What do you plan to do during
the next reporting period to accomplish the goals?We plan to initiate the field research portion of the project and
begin summarizing historical data. We will also conduct the 2017 Queen Anne County Organic Production
Workshop in March.

IMPACT

2015/09 TO 2020/08 What was accomplished under these goals? 1) Three years of field data show that poultry
litter (PL) rates can be reduced substantially (by at least 66%) in organic systems recievig long-term PL
applications without impacting corn and subsequent soybean yields. 2) Subsoiling improved soil rooting depth;
impacts on crop yields and economics are being summarized. 3) Presence of weeds in organic systems impacts



the extent to which PL application rates can be reduced in organic systems. Since weed biomass was lower in a
long-term crop rotation that included a perennial forage crop, interaction between weeds and PL application rate
was not as pronounced in this rotation as in shorter rotations. In shorter rotations weed competition increased
optimal PL application rates but optimum rates were still lower than those typically recommended. Results show
that reducing PL application rates in systems with a history of P application can improve N and P balances while
improving economic performance. 4) The Annual Queen Annes\' County Workshop was held in 2016 and 2018
while Roundtables were held in 2017 and 2019. 5) A field day was held in association with the 2018 Annual
Meeting of the ASA-CSSA-SSSA in Baltimore. Attendance had to be doubled due to demand. Results from the
research were shared at the Queen Anne\'s County Workshops and Roundtable held around the state.
**PUBLICATIONS (not previously reported):** 2015/09 TO 2020/08 1. Type: Conference Papers and
Presentations Status: Published Year Published: 2019 Citation: White, K.E., M.A. Cavigelli, and G. Bagley. 2019.
Effects of long-term management of organic vs conventional cropping systems on nitrogen and organic carbon at
the USDA-ARS Farming Systems Project. Poster presented at ASA-CSSA-SSSA Annual Meeting, Sanantonio,
TX, Nov. 10-13. 2. Type: Journal Articles Status: Published Year Published: 2020 Citation: Carr, P.M., M.A.
Cavigelli, H. Darby, K. Delate, J.O. Eberly, G.G. Gramig, J.R. Heckman, E.B. Mallory, J.R. Reeve, E.M. Silva,
D.H. Suchoff, and A.L. Woodley. 2020. Green and animal manure use in organic field crop systems. Agronomy
Journal <https://doi.org/10.1002/agj2.20082>. 3. Type: Journal Articles Status: Published Year Published: 2020
Citation: Bowles, T.M., M. Mooshammer, Y. Socolar, F. Calderon, M.A. Cavigelli, S.W. Culman, W. Deen, C.F.
Drury, A. Gacia y Garcia, A.C.M. Gaudin, W.S. Harkcom, R.M. Lehman, S.L. Osborne, G.P. Robertson, J.
Salerno, M.R. Schmer, J. Strock, and A.S. Grandy. 2020. Long-term evidence shows that crop-rotation
diversification increases agricultural resilience to adverse growing conditions in North America. One Earth
<https://doi.org/10.1016/j.oneear.2020.02.007>. 4. Type: Journal Articles Status: Under Review Year Published:
2021 Citation: White, K.E., M.A. Cavigelli and G. Bagley. Submitted. Phosphorus and potassium balances in
long-term organic and conventional grain cropping systems. Agronomy Journal. 5. Type: Conference Papers and
Presentations Status: Published Year Published: 2020 Citation: de Brito, Lucelia C.R., M.A. Cavigelli, K.E. White,
N. Tran, H.H. Schomberg, A. Thompson, and H. de Souza. 2020. Optimizing poultry litter application rate to
balance corn grain yield, soil phosphorus and nitrous oxide emissions. Poster presented at ASA-CSSA-SSSA
Virtual Annual Meeting, November 9-13. 6. Type: Conference Papers and Presentations Status: Published Year
Published: 2020 Citation: White, K.E.,M. Cavigelli, and A Tran. 2020. Long-term Organic Extended Crop
Rotations Reduce Poultry Litter Requirements. Presentation made at ASA-CSSA-SSSA Annual Virtual Meeting,
Nov. 9-13.

2017/09 TO 2018/08 What was accomplished under these goals? Obj. 1: We completed the first year and
initiated the second year of the field research component of the project. This involved establishing, maintaining
and collecting data from poultry litter reduction (PLR) microplots in the corn plots and maintaining and collecting
data from the PLR microplots in the soybean plots (total of 144 microplots). Obj. 2: We measured soil
penetrometer resistance after establishing subsoiled and non-subsoiled microplots. We also sampled soybean
roots to measure soybean rooting depths in both subsoiled and non-subsoiled microplots. Obj. 3: We submitted a
manuscript that uses structural equation modeling to assess interactions among weather, crop yields and weed
populations. Obj. 4: We co-organized with University of Maryland the Annual Queen Anne\'s County Organic
Workshop in March, 2018. Obj. 5: The PD made presentations that included data collected under the auspices of
this grant at the Annual Queen Anne\'s County Organic Workshop, and in Denmark (June, 2018, Aarhus
University) as part of a multiple day binational Danish-US meeting on nutrient management in organic systems.
**PUBLICATIONS (not previously reported):** 2017/09 TO 2018/08 1. Type: Journal Articles Status: Published
Year Published: 2018 Citation: Spiegal, S., B. Bestelmeyer, D. Archer, D.J. Augustine, E.H. Boughton, R.K.
Boughton, M.A. Cavigelli, P.E. Clark, J.D. Derner, E. Duncan, S.K. Hamilton, C. Hapeman, D. Harmel, P.
Heilman, M. Holly, D. R. Huggins, K. King, P. Kleinman, M.A. Liebig, M. Locke, G. McCarty, N. Millar, S. Mirsky,
T.B. Moorman, F. Pierson, J.R. Rigby, G.P. Robertson, J. L. Steiner, T.C. Strickland, H. Swain, B. Wienhold, J.D.
Woulfhorst, M. Yost, and C. Walthall. 2018. Evaluating strategies for sustainable intensification of US agriculture
through the Long-Term Agroecosystem Research network. Environmental Research Letters 13 034031. 2. Type:
Journal Articles Status: Published Year Published: 2018 Citation: Hoffman, E., M.A. Cavigelli, G. Camargo, M.
Ryan, V.J. Ackroyd, T.L. Richard, and S. Mirsky. 2018. Energy use and greenhouse gas emissions in organic and
conventional grain crop production: Accounting for nutrient inflows. Agricultural Systems 162:89-96. 3. Type:
Journal Articles Status: Published Year Published: 2018 Citation: Teasdale, J.R., S.B. Mirsky, and M.A. Cavigelli.
2018. Meteorological and management factors influencing weed abundance during 18 years of organic crop
rotations. Weed Science 1-8 doi:10.1017/wsc.2018.15 4. Type: Journal Articles Status: Published Year
Published: 2018 Citation: Kleinman, P.J.A., S. Spiegal, J.R. Rigby, S.C. Goslee, J.M. Baker, B.T. Bestelmeyer,
R.K. Boughton, R.B. Bryant, M.A. Cavigelli, J.D. Derner, E.W. Duncan, D.C. Goodrich, D.R. Huggins, K.W. King,
M.A. Liebig, M.A. Locke, S.B. Mirsky, G.E. Moglen, T.B. Moorman, F.B. Pierson, G.P. Robertson, E.J. Sadler,



J.S. Shortle, J.L. Steiner, T.C. Strickland, H.M. Swain, M.R. Williams, and C.L. Walthall. 2018. Advancing the
sustainability of US agriculture through long-term research. Journal of Environmental Quality 47:1412-1425.

2016/09 TO 2017/08 What was accomplished under these goals? We initiated the first year of the field research
component of the project. We established poultry litter reduction (PLR) microplots in corn plots in the long-term
Farming Systems Project in all three organic cropping systems. There are six microplots in each of 12 full plots (3
cropping systems x 4 field replicates) for a total of 72 microplots. Microplots include those with pelletized poultry
litter (PPL) applied at Ox, 0.33x, 0.67x and 1x rates where x = standard application rate. These 4 microplots were
maintained weed free. Two additional Ox and 1x microplots were established but not maintained weed free. The
following data have been collected from these microplots: date of corn emergence; soil mineral nitrogen 7, 14, 21,
28, 42, 61, and 84 days after planting; earleaf SPAD and populations. These accomplishments address objective
1. For objective 2 we measured soil penetrometer resistance (soil strength) prior to establishing subsoiling
microplots. Measurements were taken inall corn plots. Penetrometer resistance was measured at 45 different
locations in microplots to be subsoiled and in adjacent control microplots that will not be subsoiled. For objective
4 we conducted two full day workshops with organic farmers (Feb. 16, 2017) and Perdue Agribusiness personnel
(March 8, 2017). The February workshop addressed diverse needs of existing organic farmers while also
addressing questions of farmers interested in transitioning to organic. Production, marketing and otherissues
were addressed. The March workshop addresses primarily production issues. Perdue Agribusiness started
contracting with farmers to grow organic chickens on the DelMarVa Penninsula to help meet the burgeoning
demand for organic chicken. However, they do not have a trained staff on organic grain production methods. This
session served to provide in-depth discussion of many aspects of organic grain production, including nutrient
management and weed control. Objectives 3 and 5 will be assessed after more years of field data are collected.
**PUBLICATIONS (not previously reported):** 2016/09 TO 2017/08 Type: Journal Articles Status: Published Year
Published: 2017 Citation: Teasdale, J.R. and M.A. Cavigelli. 2017. Meteorological fluctuations define long-term
crop yield patterns in conventional and organic production systems. Nature Scientific Reports 7:688
doi:10.1038/s41598-017-00775-8.

2015/09 TO 2016/08 What was accomplished under these goals? We are in the process of hiring staff (postdoc
and technical staff) to conduct the research that will address Goals 1, 2, 3 and 5. **PUBLICATIONS (not
previously reported):** 2015/09 TO 2016/08 No publications reported this period.
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NON-TECHNICAL SUMMARY

Spotted wing drosophila (SWD), Drosophila suzukii (Matsumura) (Diptera: Drosophilidae) was first detected in the
U.S. in 2008 and since then has emerged as a devastating pest of small and stone fruits throughout the country
(Fig. 1). Losses due to SWD can be as high as 100% and have been valued at up to \$718 million annually
(Bolda et al. 2010; eFly Working Group 2012). The zero tolerance for SWD in fresh fruit has led conventional
growers to make weekly preventative insecticide applications when fruit are ripe. Organic SWD management is
even more challenging due to the low number of effective OMRI-approved materials and limited understanding on
the biology of SWD to translate into non-chemical management tactics. Consequently, these producers are
experiencing devastating losses. Many organic growers have abandoned organic production practices or have
resorted to less valuable processed products (Stakeholder Advisory Panel, pers. comm.). In recent surveys of
organic growers from 14 states, 57% reported that they would be decreasing acreage of susceptible fruit
(Burrack, 2014). Development of alternative, sustainable and effective organic SWD management strategies is
clearly an essential need to sustain the livelihoods of organic fruit producers in the U.S.Our long-term goal is to
develop, implement, and evaluate systems-based organic SWD management programs that are compatible with
the USDA National Organic Program (NOP) and true to the ethos of organic agriculture. These programs will be
based on a foundation of cultural, physical, and behavioral control tactics, bolstered by NOP compliant
insecticides. In order to achieve this goal, our project team has co-developed the following four research and
extension objectives through careful collaboration with stakeholders: 1) Develop semiochemical-based behavioral
management tactics for SWD; 2) Develop cultural control tactics and evaluate their efficacy and feasibility for
reduction of SWD damage; 3) Develop effective chemical control strategies that minimally disrupt biological
suppression of pest complexes; and 4) Develop an integrated outreach approach to evaluate and implement
organic SWD management strategies. The project will develop an integrated outreach program disseminate
information to stakeholders which will be achieved through outreach programs utilizing both traditional as well as
digital means of communication. These objectives will support the development and evaluation of novel organic
SWD management strategies that will increase NOP compliant management options for growers and decrease
their reliance on broad-spectrum insecticides. It will ultimately make organic small and stone fruit production more
sustainable and profitable.



OBJECTIVES

Our long-term goal is to develop, implement, and evaluate systems-based organic spotted wing drosophila
(SWD) management programs that are compatible with the USDA National Organic Program (NOP) and true to
the ethos of organic agriculture. These programs will be based on a foundation of cultural, physical, and
behavioral control tactics, bolstered by NOP compliant insecticides. The project will develop an integrated
outreach program to implement and evaluate organic SWD management strategies. This will be achieved
through outreach programs utilizing both traditional as well as digital means of communication.Objectives: Our
team has co-developed four research and extension objectives through careful collaboration with stakeholders: 1)
Develop semiochemical-based behavioral management tactics for SWD; 2) Develop cultural control tactics and
evaluate their efficacy and feasibility for reduction of SWD damage; 3) Develop effective chemical control
strategies that minimally disrupt biological suppression of pest complexes; and 4) Develop an integrated outreach
approach to evaluate and implement organic SWD management strategies. These objectives will support the
development and evaluation of novel organic SWD management strategies that will increase NOP compliant
management options for growers and decrease their reliance on broad-spectrum insecticides.

APPROACH

Objective 1: Develop semiochemical-based behavioral management tactics for SWDDetermine optimal SWD
attractants and the impact of background volatiles on their efficacy: We will evaluate currently available lures
alone and in combination throughout the growing season in WI, Ml and WV. Traps will be placed in organic
blueberry and raspberry plantings in a randomized block design with five replicates per crop/state and data will be
analyzed using repeated measures ANOVA.Determine the role of physiological state (i.e. oviposition, mating or
feeding) on SWD response to semiochemical attractants: We will monitor the physiological parameters (longevity,
nutrient reserves, or egg loads) of overwintering and summer generation SWD fed controlled diets in OR. We will
then compare attraction among SWD of different physiological states (mated/unmated, fed/hungry,
ovipositing/pre-ovipositional) in OR.Determine seasonal SWD temporal and spatial usage of and dispersal among
crops and non-crop hosts: We will monitor SWD using traps placed in commercial raspberry, blackberry and
blueberry plantings that are adjacent to woodland areas and non-woodland areas (control) in FL, MI, and NC. We
also will quantify movement between wood habitats and commercial fields using a passive bi-directional malaise
trap placed between the crop and non-crop habitats at each site where trap transects and infestation data will be
collected. We will conduct choice and no-choice bioassays to evaluate the susceptibility of fruits to SWD from
selected wild hosts in FL, GA and MI.Develop attract and kill/mass trapping tools to intercept SWD populations
within and between crop and non-crop habitats Two attract and kill devices will be evaluated for use against
SWD: insecticide treated pouches (Ml) and attracticidal spheres (WV). The two devices will first be evaluated in
the laboratory and then under field conditions. Data on percent fruit injury, the number of SWD per fruit, and other
parameters will be compared among treatments by ANOVA and means separated with Tukey\'s test. For all
statistical analyses, alpha is equal to 0.05 and data will be transformed as needed.Objective 2. Develop cultural
control tactics and evaluate their efficacy and feasibility for reduction of SWD damage.Evaluate canopy
management practices to reduce suitability of in-crop habitat: Three typical canopy density regimes will be
examined in groups of at least three plants with untreated plants between each treated group for three seasons.
In blueberries, treatments will include no pruning, removal of 20% (standard) and 50% of the canopy. In
caneberries, treatments will include low thinning (vigorous canes 6\" apart before growth), medium thinning (9\"
apart), and high thinning (12\" apart). Canopy density will be quantified by generating a leaf area index with a
smartphone app (PocketLAl) (Francone et al. 2014) and thermocouples secured within fruit and the canopy will
measure the ambient microclimate and internal fruit temperature. SWD field egg laying and larval survivorship will
be determined for each microclimate by exposing fruit to SWD within mesh inclusion bags.Evaluate SWD use of
the soil-interface and the effect of mulches on habitat favorability: To determine the proportion of SWD pupating
in fruit versus the soil across larval densities, seasons, and growing regions, a seasonal three year study will be
conducted during the key harvest periods for both caneberry and blueberry sites representing all major growing
regions (raspberries in MD & FL, blueberries in MN & OR). The impact of mulches on the microclimate will be
measured using four channel HOBO data loggers deployed in the center plant for each treatment. Studies will
also be conducted to evaluate the impact of mulch on SWD survival.Feasibility of insect netting to exclude SWD
and increase crop quality and yieldDeployment of insect netting: A 3-year study will be conducted at blueberry
and caneberry sites representing the Midwest (MN, MI), South (AR), and Northwest (OR) regions, comprising
open field and high tunnel production systems to determine impact of insect exclusion netting on fruit infestation
by SWD, microclimate and fruit quality.Objective 3. Develop effective chemical control strategies that do not
disrupt biological suppression of pest complexesEvaluate effectiveness of organic insecticidal chemistries against
SWD: Laboratory bioassays and field trials following the methods of Van Timmeren and Isaacs (2013) will be
conducted to determine effectiveness of new OMRI-listed insecticides alone and in selected combinations.



Rotation programs will be developed based on information from the studies described above and evaluated in
organic farm plots of regionally-relevant crops (blueberries in MI, OR, FL, GA, blackberries in FL, cherries in CA,
OR, raspberries in CA, MD, MN).Determine effect of organically acceptable adjuvants on toxicity and residual
activity of OMRI-listed materials against SWD: Selected OMRI-listed materials will be evaluated with and without
organically acceptable adjuvants such as Nu-Film-P®, JMS stylet oil, Oro-boost, and Surfact 50 at organic grower
cooperator farms in each region (GA, MI, OR), using the labeled rates to their impact on toxicity, residual activity,
and rainfastness.Determine impact of novel formulations and application technologies to enhance efficacy of
OMRI-listed materials against SWD: Selected OMRI-listed materials will be evaluated with and without
phagostimulants such as sucrose following protocols described by Cowles et al. (2015). If organically-acceptable
SPLAT for SWD becomes available, we will include this as another treatment. We will also evaluate regionally
appropriate application technologies such as airblast, overhead boom, air cannon, and an electrostatic sprayer
for coverage and economic parameters.Assess non-target effects of OMRI-listed chemicals most commonly used
in SWD management programs: Laboratory bioassays will be conducted following the protocols described by
Roubos et al. (2014) to determine toxicity of OMRI-listed materials to selected beneficial insects most commonly
found in small and stone fruit crops (FL, MI, OR). At each cooperating organic fruit grower farm, a model organic
SWD program will be implemented and compared with the grower\'s standard program for their impact on
secondary pest outbreaks.Objective 4: Develop an integrated outreach approach to evaluate and implement
organic SWD management strategies4.1) Economic feasibility of SWD management practices for organic berry
growers:The new spreadsheet-based interactive sustainable enterprise budgets for raspberry, blackberry and
blueberry will be used to estimate the economic returns associated with the SWD practices used in Objectives 1
through 3. These tools will be revised to accommodate any production practice associated with SWD
management not currently included. The experimental production data (farm size, yields and input use/quantities)
provided by researchers for YR1 and YR2 will be entered into the relevant tool to calculate revenues, costs and
returns and risks.4.2) Integrated outreach program: In collaboration with a wide range of stakeholders and
eOrganic, we have developed a comprehensive outreach program to ensure effective and timely dissemination
and implementation of information generated in this project.

PROGRESS

2015/09 TO 2019/08 Target Audience:The target audience for this project were small fruit growers, small fruit
processors and marketers, pestmanagement consultants, research and extensionpersonnel, as well as private
industry personnel. During thisproject, our team members reached out to all stakeholder groups viaresearch
andextension presentations, webinars, research and extension publications, field days, as well as one-on-one
meetingsthroughout the United States. Changes/Problems: Nothing Reported What opportunities for training and
professional development has the project provided?This project provided multiple training and professional
development opportunities for 22 post-docs,10 research technicians,17 graduate students, and 33 undergraduate
students whomwere supported full- or part-time through this project. Additionally, most of the labs involved in this
project worked in collaboration with local Extension personnel and Pest Management Consultantsand trained
those individuals specifically on identification, monitoring, and management of SWD. How have the results been
disseminated to communities of interest?Information generated in this project was disseminated to stakeholders
throughover 107research and extension publications,205presentations,9 webinars and workshops, 28 grower
field days, and numerousfact-sheets, educational videos, blog posts,grower magazine articles,and broadcast
media reports. Several resourceswere createdfor stakeholders to help them effectively monitor and manage SWD
in organic systems on our project website hosted by eOrganic(http://eorganic.info/spottedwingorganic).We also
published summary of our findings in an Extension Bulletin containing comprehensive recommendations for SWD
management in organic berry crops, which was widely circulated to all stakeholders and is availableat
https://bit.ly/37QbhLB. What do you plan to do during the next reporting period to accomplish the goals? Nothing
Reported

2016/09 TO 2017/08 Target Audience:During this reporting period, our team members reached out to small fruit
growers, small fruit processors and marketers, pest management consultants, research and extension personnel,
as well as private industry personnel through research and extension presentations,webinars, research
andextension publications, field days, as well as one-on-one meetings throughout the United States.
Changes/Problems: Nothing Reported What opportunities for training and professional development has the
project provided?During Year 2, this project provided multiple training and professional development
opportunities for 6 post-docs, 2 research technicians, 2 graduate students, and 7 under graduate students whom
were supported full- or part-time through this project. Additionally, most of the labs involved in this project worked
in collaboration with local Extension personnel and Pest Management Consultant and trained those individuals
specifically on identification, monitoring, and management of SWD. How have the results been disseminated to



communities of interest?The results of this project were disseminated to stakeholders through research and
extension publications, presentations, fact-sheets, educational videos, and blog posts. The project team also
presented a webinar on Feb 1, 2017. Approximately 500 stakeholders registered and 300 of those actually
attended the webinar live at the time of delivery. The webinar was posted on YouTube where it has been viewed
over 800 times. The webinar is embedded at http://www.extension.org and that page has been viewed over 1500
times. We have also created several resources for stakeholders to help them effectively monitor and manage
SWD in organic systems on our project website hosted by eOrganic (http://eorganic.info/spottedwingorganic).
What do you plan to do during the next reporting period to accomplish the goals?During the next year, we plan to
synthesize what we have learned from the first two years and develop crop specific and regionally appropriate
season-long management programs and evaluate those programs to develop recommendations for organic
farmers to manage SWD. We will also develop economic models/crop budgets to assess feasibility of various
techniques as part of a systems-based IPM programs for SWD. Now that we have 2 Years\' data at hand, we will
increase our emphasis on developing educational materials including presentations, publications other extension
materials for growers and other stakeholders.

2015/09 TO 2016/08 Target Audience:During this reporting period, our team members reached out tosmall fruit
growers, small fruit processors and marketers,pest management consultants, research and extension personnel,
as well as private industry personnelthrough research and extension presentations, extension publications, field
days, as well as one-on-one meetingsthroughout theUnited States. Changes/Problems: Nothing Reported What
opportunities for training and professional development has the project provided?During Year 1, this project
provided multiple training and professional development opportunities for6 post-docs, 2 research technicians,
5graduate students, and 8 under graduate students whom were supported full- or part-time through this
project.Additionally, most of the labs involved in this project worked in collaboration with local Extension
personnel andPest Management Consultant and trained those individuals specifically on identification,
monitoring, and management of SWD. How have the results been disseminated to communities of interest?The
results have been disseminated to growers and other stakeholders through numerous research and extension
presentations, publications, blogs, and websites. In most of the states involved in this project, specificfield days
and one-on-one meetings with growerswereorganized to update local growers on sustainable management of
SWND. Additionally,we havescheduled a webinar through eOrganiconFebruary 1, 2017 to provide a
comprehensive update on organic management of SWDbased on our findings during Year 1 of this project. What
do you plan to do during the next reporting period to accomplish the goals?During the next year, we plan to
continue working on the next steps in objectives 1, 2, and 3 which include:evaluatingattract-and-kill devicesin the
field settings, repeating canopy and floor management studies with updated protocols, assessing impact of
increased temperature underexclusion netting on fruit yield and quality,evaluating organic insecticides in various
combinations, and develop economic models to assess feasibility of various techniques as part of a systems-
based IPM programs for SWD. Now that we have Year 1 data,we will increase our emphasis on developing
educational materials including presentations, publications other extension materials for growers and other
stakeholders.

IMPACT

2015/09 TO 2019/08 What was accomplished under these goals? Spotted-wing drosophila (SWD) was first
detected in California in 2008 and since then has emerged as a devastating pest ofsmall and stone fruits
throughout the U.S. Losses due to SWD can be as high as 100% and have been valued at \$718 million annually.
Currently SWD management is achieved primarily through preventative insecticide applications and is particularly
challenging for organic producers due to lack of OMRI approved effective materials. Our long-term goal is
todevelop and implement systems-based organic SWD management programs. Results show that SWD adults
are active year-round in regions with mild winters such as the southeastern US. SWD population densities are
higher in the wooded areas surrounding berry crops where a wide variety of wild plant species can serve as
alternative hosts. Those wooded areas can serve as SWD population reservoirs. In regions with harsh winters,
traps containing a mixture of yeast +sugar + Scentry lure can be used to detect overwintering SWD females in
spring before fruit infestation occurs. Studies conducted to evaluate cultural control strategies involving canopy
and orchard floor management and use of exclusion tunnels indicate that thinning the canopy increases light
penetration and temperature in the canopy leading to a less hospitable environment for SWD. The use of
weedmat as a ground cover provides a barrier to keep larvae and pupae above the ground where they are less
likely to survive. The use of exclusion tunnels significantly reduced fruit infestation and increased marketable
yield. Field trials conducted to evaluate chemical control tactics, Entrust was the most effective OMRI listed
chemical to control SWD, however, PyGanic, Grandevo and Venerate can be used as rotational products in



season-long programs to control SWD. Interactive crop budgets were developed for organic berry producers to
determine profitability when implementing various strategies to control SWD. Information generated in this project
was disseminated to stakeholders through over 107 research and extension publications, 205 presentations, 9
webinars and workshops, 28 grower field days, and numerous fact-sheets, educational videos, blog posts, grower
magazine articles, and broadcast media reports. Several resources were created for stakeholders to help them
effectively monitor and manage SWD in organic systems on our project website hosted by eOrganic
(<http://eorganic.info/spottedwingorganic>). We also published summary of our findings in an Extension Bulletin
containing comprehensive recommendations for SWD management in organic berry crops, which was widely
circulated to all stakeholders and is available at <https://bit.ly/37QbhLB>. This project provided training
opportunities for 33 undergraduate and17 graduate students, 22 postdocs, and 10 research technicians. Specific
accomplishments include: Obj 1: Develop semiochemical-based behavioral management tactics for SWD:
Results of our multistate trapping studysuggest that both the Scentry and raspberry volatile lures were improved
when combined with the yeast blend. Most importantly, the yeast mixtures and raspberry + yeast mixtures caught
fewer non-target flies than the Scentry lure. The identification of more selective lures is exciting as the non-
selectivity of lures greatly complicates the use of these baits for monitoring SWD populations. In another study,
we found that the most attractive bait in earlier studies (yeast + sugar + Scentry lure) would be suitable for early
season monitoring by catching a high proportion of hungry, unmated flies, and flies that had limited oviposition
experience. Another study conducted to determine potential habitats where SWD is active early and late the
season show that in regions with colder winters such as Michigan, the earliest detection of SWD was in organic
blueberries in the first week ofMay and in apples in the third week of May using Scentry traps. In regions with mild
winters such as southeast (GA and FL)flies were caught in traps throughout the trapping period in all habitat
types. Therefore, SWD seems to be utilizing habitats near the crop vicinity in the early part of the year as well as
during the season. An attract-and-kill system was developed using attracticidal spheres. This system showed
promise in preliminary laboratory studies, but it was not effective in the field trials due to slower activity of
organically approved insecticide which was used as killing agent. Further studies are needed to optimize its
deployment Obj 2: Develop cultural control tactics and evaluate their efficacy and feasibility for reduction of SWD
damage: Studies were conducted to assess impact of three pruning regimes including light (25% less than
grower standard), medium (grower standard), and heavy (25% more than grower standard) pruning on
susceptibility of berries to SWD. Results in blueberries show that the heavy pruning opened up the canopy
leading to more light penetration and slightly higher temperature in the middle of the blueberry canopy.
Consequently, percent pupation and adult eclosion were lower in blueberry bushes with heavy pruning than
thosewith light pruning. In a study conducted to evaluate SWD use of the soil-interface for pupation, we found
that SWD predominantly pupate in the soil regardless of fruit having dropped or not and under low to high
infestation densities. The studies conducted to evaluate effect of mulching on SWDshowed that mulch
temperature exceeded the upper developmental threshold for SWD at the mulch surface more often than below
the. None of the larvae survived to successful adult emergence when infested berries were placed above and
below th emulch treatments. These results indicate that canopy and orchard floor management practices can
have significant impact on SWD survivorship in the field. Studies conducted to evaluate impact of exclusion
tunnels on SWD infestations in blackberries and raspberries showed that tunnels with insect netting produced
significantly higher marketable yields than open field control, with less % SWD infestation. Tunnels netted
halfway through season resulted in decreased infestation as well, implying thatenvironmental effects inside
tunnels are detrimental to SWD, in addition to the benefits of the physical barrier. Obj 3: Develop effective
chemical control strategies that minimally disrupt biological suppression of pest complexes: Field trials were
conducted to determine effectiveness of several organically approved insecticides including Entrust,
Pyganic,Venarete, Azera, Jet-Ag, and Grandevo alone and in combination with adjuvants (NuFlim P, OroBoost,
or Leaf Life) and phagostimulants (sugar and yeast). Results showed that Entrust was the most effective organic
insecticide in all states. Efficacy of other productswas variable and PyGanic, Grandevo, and Venerate showed
some efficacy. Residual efficacy of all insecticides dropped significantly at 3 days after treatment (DAT). The
effectiveness of adjuvants and phagostimulants was not consistent. The NuFilm P resulted in significantly higher
SWD adult mortality when mixed with Entrust whereas a combination of sugar and yeast resulted in higher
mortality with Grandevo in semi-field bioassays conducted at 0 DAT. However, this increase in mortality was not
observed at 3 or 7 DAT. Obj 4: Develop an integrated outreach approach to evaluate and implement organic
SWD management strategies. Interactive crop budgets were developed for organic berry producers to determine
profitability when implementing various strategies to control SWD. A comprehensive outreach approach was used
to disseminated findings to all stakeholders nationally. See details under \"How have the results been
disseminated to communities of interest?\" section. **PUBLICATIONS (not previously reported):** 2015/09 TO
2019/08 1. Type: Journal Articles Status: Published Year Published: 2017 Citation: Bal, H.K., Adams, C. and
Grieshop, M. 2017. Evaluation of off-season potential breeding sources for spotted wing Drosophila (Drosophila
suzukii Matsumura) in Michigan. Journal of Economic Entomology, 110: 2466-2470. 2. Type: Journal Articles
Status: Published Year Published: 2018 Citation: Jaffe, B.D., Avanesyan, A, Bal, H.K., Feng, Y., Grant, J.,



Grieshop, M.J., Lee, J.C., Liburd, O.E., Rhodes, E., Rodriguez-Saona, C., Sial, A.A., Zhang, A., Guédot, C. 2018.
Multistate comparison of attractants and the impacts of fruit development stage on trapping Drosophila suzukii
(Diptera: Drosophilidae) in raspberry and blueberry. Environmental Entomology. 47: 935-945. 3. Type: Journal
Articles Status: Published Year Published: 2018 Citation: Diepenbrock, L.M., Sit, T., Lundgren, T., and Burrack,
H.J. 2018. Detecting specific resource use by Drosophila suzukii (Diptera: Drosophilidae) using gut content
analysis. Journal of Economic Entomology. 111: 1496-1500. 4. Type: Journal Articles Status: Published Year
Published: 2018 Citation: Fanning, P.D., Grieshop, M.J. and Isaacs, R. 2018. Efficacy of biopesticides on spotted
wing drosophila, Drosophila suzukii Matsumura in fall red raspberries. Journal of Applied Entomology, 142: 26-
32. 5. Type: Journal Articles Status: Published Year Published: 2019 Citation: Fanning, P.D., Johnson, A.,
Luttinen, B., Espeland, E. Jahn, N., and Isaacs, R. 2019. Behavioral and physiological resistance to desiccation
in spotted wing Drosophila (Drosophila suzukii). Environmental Entomology. 48: 792-798. 6. Type: Journal
Articles Status: Published Year Published: 2017 Citation: Iglesias, L.E. and Liburd, O.E. 2017. Identification of
bio-rational insecticides for managing spotted wing drosophila in organic blueberry. Acta Horticulturae. 1180: 283-
291. 7. Type: Journal Articles Status: Published Year Published: 2019 Citation: Leach, H., Hagler, J.R., Machtley,
S.A. and Isaacs, R. 2019. Spotted wing drosophila (Drosophila suzukii) utilization and dispersal from the wild host
Asian bush honeysuckle (Lonicera spp.). Agricultural and Forest Entomology. 21: 149-158. 8. Type: Journal
Articles Status: Published Year Published: 2019 Citation: Gullickson, M.G., Rogers, M.A., Burkness, E.C., and
Hutchison, W.D. 2019. Efficacy of organic and conventional insecticides for Drosophila suzukii when combined
with erythritol, a non-nutritive feeding stimulant. Crop Protection. 125: 104878. 9. Type: Journal Articles Status:
Published Year Published: 2019 Citation: Lee, J.C., Wang, X., Daane, K.M., Hoelmer, K.A., Isaacs, R., Sial, A.A,,
and Walton, V.M. 2019. Biological Control of Spotted-Wing Drosophila (Diptera: Drosophilidae)€Current and
Pending Tactics. Journal of Integrated Pest Management. 10: 13. 10. Type: Journal Articles Status: Published
Year Published: 2019 Citation: Mermer, S., Pfab, F., Hoheisel, G.A., Bahlol, H.Y., Khot, L., Dalton, D.T., Brewer,
L.J., Rossi Stacconi, M.V., Zhang, C., Xue, L., and Walton, V.M. 2019. Canopy spray deposition and related
mortality impacts of commonly used insecticides on Drosophila suzukii Matsumura (Diptera: Drosophilidae)
populations in blueberry. Pest Management Science. 11. Type: Journal Articles Status: Published Year
Published: 2019 Citation: Rendon, D., Hamby, K.A., Arsenault?Benoit, A.L., Taylor, C.M., Evans, R.K., Roubos,
C.R,, Sial, A.A., Rogers, M., Petran, A., Van Timmeren, S., Fanning, P., Isaacs, R., and Walton, V. 2019.
Mulching as a cultural control strategy for Drosophila suzukii in blueberry. Pest Management Science. 12. Type:
Journal Articles Status: Published Year Published: 2019 Citation: Rendon, D., Walton, V., Tait, G., Buser, J.,
Souza, I.L., Wallingford, A., Loeb, G., Lee, J., 2019. Interactions among morphotype, nutrition, and temperature
impact fitness of an invasive fly. Ecology and Evolution. 9: 2615€2628. 13. Type: Journal Articles Status:
Published Year Published: 2018 Citation: Pfab, F., Rossi Stacconi, M.V., Anfora, G., Grassi, A., Walton, V., and
Pugliese, A. 2018. Optimized timing of parasitoid release: a mathematical model for biological control of
Drosophila suzukii. Theoretical Ecology. 11: 489-501. 14. Type: Journal Articles Status: Published Year
Published: 2016 Citation: Rogers, M.A., Burkness, E.C., and Hutchison, W.D. 2016. Evaluation of high tunnels for
management of Drosophila suzukii in fall-bearing red raspberries: Potential for reducing insecticide use. Journal
of Pest Science. 89: 815-821. 15. Type: Journal Articles Status: Published Year Published: 2019 Citation:
Roubos, C.R., Gautam, B.K., Fanning, P.D., Van Timmeren, S., Spies, J., Liburd, O.E., Isaacs, R., Curry, S.,
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625. 16. Type: Journal Articles Status: Published Year Published: 2019 Citation: Roubos, C.R., Gautam, B.K.,
Fanning, P.D., Van Timmeren, S., Spies, J., Liburd, O.E., Isaacs, R., Curry, S., Little, B.A., and Sial, A.A. 2019.
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and Presentations Status: Other Year Published: 2018 Citation: English, L\*., Popp, J., Miller, W., Barry, R.,
Bartlett, D. 2018. The Economic Contributions and Impacts Of U.S. Food, Fiber, And Forest Industries.
MCRSA/IMPLAN Conference. Kansas City, MO, June 6-8. 33. Type: Conference Papers and Presentations
Status: Other Year Published: 2018 Citation: Popp, J\*. 2018. Economic Impact of Local Food Systems.
Harvesting Opportunity: The Power of Regional Food System Investments to Transform Communities.
Bentonville AR, September 11. 34. Type: Conference Papers and Presentations Status: Other Year Published:
2016 Citation: Popp, J\*., Rodriguez, H.G., Rom, C., Friedrich, H., Lewis, C., and English, L. 2016. Assessing
Financial Risks to Blackberry Production with an Interactive Decision Support Tool. Poster presented at the
Southern Region American Society of Horticultural Sciences Meeting, San Antonio TX, February 5-7. 35. Type:
Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Rodriguez, H.G., Popp, J\*.,
Rom, C., Friedrich, H., and Lewis, C. 2016. Interactive Sustainable Budget: A Tool for Developing Sound
Raspberry Business Plans. Poster presented at the Southern Region American Society of Horticultural Sciences
Meeting, San Antonio TX, February 5-7. 36. Type: Conference Papers and Presentations Status: Other Year
Published: 2016 Citation: Rhodes, E.M., Renkema, J., Iglesias, L.E., and Liburd, O.E. Florida State Report on
Drosophila suzukii. WERA Meeting, ICE 2016. 37. Type: Conference Papers and Presentations Status: Other
Year Published: 2017 Citation: Iglesias, L.E.\* and Liburd, O.E. Distribution of Drosophila suzukii in southern
highbush blueberry and adjacent woodlands. SEB-ESA 2017. 38. Type: Conference Papers and Presentations
Status: Other Year Published: 2017 Citation: Liburd, O.E.\*, Rhodes, E.M., Sial, A.A., and Grantm J. Evaluation of
attractants for monitoring Drosophila suzukii (Diptera: Drosophilidae) in blueberries. SEB-ESA 2017. 39. Type:
Conference Papers and Presentations Status: Other Year Published: 2017 Citation: Iglesias, L.E.\*, Sial, A., and
Liburd, O.E. Drosophila suzukii, where are you? The case of an invasive pest of cultivated berries in natural
Florida habitats. ESA 2017. 40. Type: Conference Papers and Presentations Status: Other Year Published: 2017
Citation: Iglesias, L.E.\* and Liburd, O.E. Study of Drosophila suzukii spatial patterns in a mixed-cultivar southern
highbush blueberry system. ESA 2017. 41. Type: Conference Papers and Presentations Status: Other Year
Published: 2018 Citation: Spies, J.\* and Liburd, O.E. Evaluating the effect of bioinsecticides on Drosophila
suzukii and their natural enemies in organic blueberry production. SEB-ESA 2018. 42. Type: Conference Papers
and Presentations Status: Other Year Published: 2018 Citation: Iglesias, L.E.\* and Liburd, O. Biorational
insecticide evaluation for Drosophila suzukii management in small fruits. ESA 2018 43. Type: Conference Papers
and Presentations Status: Other Year Published: 2019 Citation: Sarkar, N.\*, Rhodes, E., Sial, A., and Liburd, O.
Evaluation of the non-target effects of OMRI listed chemicals on insidious flower bug, Orius insidiosus
(Hemiptera: Anthrocoridae) an important natural enemy of arthropod pests. SEB-ESA 2019 44. Type: Conference



Papers and Presentations Status: Other Year Published: 2018 Citation: Hamby, K.\*, Arsenault-Benoit, A., Taylor,
C., Butler, B., Dalton, D., Walton, V., Petran, A., Rogers, M., Diepenbrock, L., Burrack, H., Leach, H., Van
Timmeren, S., Fanning, P., Isaacs, R., Gress, B., Bolda, M., Zalom, F., Roubos, C., Evans, R., Sial, A. 2018.
Impact of pruning on crop microclimate and Drosophila suzukii. Organized Meeting; WERA1021 SWD biology,
ecology, and management. 2018 Joint Meeting of the Entomological Society of America, Entomological Society
of Canada, and Entomological Society of British Columbia, Vancouver, Canada (63 people) 45. Type:
Conference Papers and Presentations Status: Other Year Published: 2017 Citation: Grieshop, M.\*, Leach, H.,
Fanning, P., Huang, J., Bal, H.K., and Isaacs, R. @Experiencias en manejo integrado de Drosophila Suzukii en
USA@ V Simposio de Berries Arysta 2017, Zamora, Michoacon, Mexico July 27, 2017. 46. Type: Conference
Papers and Presentations Status: Other Year Published: 2016 Citation: Grieshop, M.\*, Leach, H., Fanning, P.,
Huang, J., Bal, H.K, and Isaacs, R. @Ecological Management of Spotted Wing Drosophila: Impossible Dream or
Unavoidable Reality?€ University College of Dublin, Ireland, October 14, 2016. 47. Type: Conference Papers
and Presentations Status: Other Year Published: 2016 Citation: Grieshop, M.\*, Leach, H., Fanning, P., Huang,
J., Bal, H.K. and Isaacs, R. @Progress towards Ecological Management of Spotted Wing Drosophila€. Teagasc,
Oak Park, Carlow, Ireland, October 14, 2016. 48. Type: Conference Papers and Presentations Status: Other
Year Published: 2019 Citation: Fanning, P., Johnson, A., Luttinen, B., Espeland, E. Jahn, N., and Isaacs, R.
Behavioral and physiological resistance to desiccation in spotted wing Drosophila (Drosophila suzukii). Invited
symposium. Entomological Society of America North Central Branch meeting, Cincinnati, OH, March 2019. 49.
Type: Conference Papers and Presentations Status: Other Year Published: 2017 Citation: Hutchison, W.D.,
Philips, C., and Rogers, M. Minnesota SWD Research Update. MN Fruit & Vegetable Growers Association
annual conference. Jan. 19, 2017, St. Cloud, MN. Attendance: 30 50. Type: Conference Papers and
Presentations Status: Other Year Published: 2017 Citation: Rogers, M.\* and Wills, A. Organic Management of
Spotted Wing Drosophila. Midwest Organic and Sustainable Education Service Conference, Feb. 25, 2017, La
Crosse Center, La Crosse, WI. Attendance: 100 51. Type: Conference Papers and Presentations Status: Other
Year Published: 2017 Citation: Petran, A\*. Organic Control of SWD in Berry Crops- Going Beyond Sprays.
Sustainable Farming Association of Minnesota Annual Conference, Feb 11, 2017, College of Saint Benedict, St.
Joseph, MN. Attendance: 30 52. Type: Conference Papers and Presentations Status: Other Year Published:
2017 Citation: Petran, A\*. and Rogers, M. Pruning and mulching for control of spotted wing drosophila: effects on
fruit marketability and infestation. American Society for Horticultural Science, Sept. 19-22, 2017, Waikoloa, HI 53.
Type: Conference Papers and Presentations Status: Other Year Published: 2017 Citation: Petran, A\*. Small Fruit
and Viticulture Research Business Meeting (NCCC 212), Oct 24-26, 2017, Virginia Tech University, Blacksburg,
VA. Attendance: 20 54. Type: Conference Papers and Presentations Status: Other Year Published: 2018
Citation: Rogers, M.A.\*, Burkness, E., Hodge, E.F., Petran, A., & Hutchison, W.D. Protected high tunnel systems
for spotted-wing drosophila: IPM advantages of poly and exclusion netting. Entomological Society of America,
November 11-15, 2018, Vancouver, B.C. 55. Type: Conference Papers and Presentations Status: Other Year
Published: 2019 Citation: Rogers, M.A., Gullickson, M.G. Exclusion strategies, holistic management strategies,
and economic impacts of SWD on fruit crops. MN Fruit & Vegetable Association annual conference, Jan., 2019:
St. Cloud, MN. Attendance: 50. 56. Type: Conference Papers and Presentations Status: Other Year Published:
2018 Citation: Burrack\*, H.J., J. Elsensohn, J. Delborne, and A. Kokovich. 14 November 2018. Assessing risks
of emerging technologies in pest management through expert elicitation. Entomological Society of America,
Entomological Society of Canada, and Entomological Society of British Columbia Joint Annual Meeting.
Vancouver, BC. Recorded and presented remotely. 57. Type: Conference Papers and Presentations Status:
Other Year Published: 2016 Citation: Elsensohn\*, J., Z.S. Brown, and H.J. Burrack. 27 September 2016. New
kids on the block: Regulatory issues around emerging pests and emerging technologies. International Congress
of Entomology. Orlando, FL. 58. Type: Conference Papers and Presentations Status: Other Year Published: 2018
Citation: Lee, J\*. The type of SWD that get trapped; and Botrytis. Paper. PNWIMC, Portland, OR. Jan. 2018. 59.
Type: Conference Papers and Presentations Status: Other Year Published: 2017 Citation: Wong, J.\*, A.
Wallingford, G. Loeb, J. Lee. Physiological status of Drosophila suzukii affects their response to traps. Poster.
Entomological Society of America, Denver, OR. Nov 2017. 60. Type: Other Status: Other Year Published: 2019
Citation: Popp, \*J. 2019. The Cost of Growing Blueberries. Arkansas Blueberry School. Little Rock, AR,
September 12 61. Type: Other Status: Other Year Published: 2017 Citation: Popp. J\*. 2017. Using Interactive
Fruit Budgets, a Focus on Blackberries. Arkansas Blackberry School workshop. Clarksville, AR September 12.
62. Type: Conference Papers and Presentations Status: Other Year Published: 2018 Citation: Rogers, M.A.
\"Spotted Wing Drosophila: What we know and what we dongt.\", MN Dept of Agriculture Organic Growers
Conference, Jan. 11, 2018, St. Cloud, Minnesota. 63. Type: Conference Papers and Presentations Status: Other
Year Published: 2018 Citation: Gullickson, M.\*, Hutchison, W.D., Rogers, M.A., and Burkness, E. Lethal and
sublethal effects of novel insecticides on the invasive spotted wing drosophila (Drosophila suzukii). Entomological
Society of America, November 11-15, 2018, Vancouver, B.C. 64. Type: Other Status: Other Year Published: 2016
Citation: Popp, J., L. English\* and N. Mays. 2016. Using Interactive Fruit Budgets. Back to the Farm workshop.
Russellville, AR. February 8 65. Type: Other Status: Other Year Published: 2016 Citation: English, L., J. Popp\*,



H.G. Rodriguez. 2016. Understanding Berry Production and Profit Issues for the South. Washington County, AR
Extension presentation. September 1. 66. Type: Other Status: Other Year Published: 2018 Citation: Hamby,
K.A.\\* Small fruit session: What€s new in SWD management? 2018 Mid-Atlantic Fruit and Vegetable
Convention, Hershey, PA, USA (\~100 people) 67. Type: Other Status: Other Year Published: 2017 Citation:
Lewis, M., Arsenault-Benoit, A., and K. Hamby. Advancing chemical management and cultural controls for
spotted wing drosophila. Mt. Top Fruit and Vegetable Conference, December 19, 2017, Accident, MD, USA (\~25
people) 68. Type: Other Status: Other Year Published: 2018 Citation: Hamby, K.A\* UMES/UMD Researcher
spotlight: managing spotted-wing drosophila in small fruit crops, 2018 15th Annual Small Farms Conference,
Princess Ann, MD, USA (\~26 people) 69. Type: Other Status: Other Year Published: 2018 Citation: Hamby,
K.A.\* Small fruit insect management, Bay Area Fruit School, February 21, 2018, Queenstown, MD, USA (44
people) 70. Type: Other Status: Other Year Published: 2018 Citation: Lewis, M.\*, Arsenault-Benoit, A.\*, and K.
Hamby. SWD research and management updates. Western Maryland Regional Fruit Meeting, February 15, 2018,
Keedysville, MD, USA (55 people) 71. Type: Other Status: Other Year Published: 2018 Citation: Spotted-wing
drosophila presentation given at Hardee County, Wachula, FL on May 30, 2018. The talk was attended by 65
people including extension regional specialists from surrounding counties 72. Type: Other Status: Other Year
Published: 2017 Citation: Harvest-season insect pest control. Pre-harvest blueberry extension meeting. Trevor
Nichols Research Center. June 30, 2017. (56 growers) 73. Type: Other Status: Other Year Published: 2017
Citation: Small Fruit Entomology Program Update. Michigan State Horticultural Society Board Meeting. Clarksville
Research Center, Clarksville, MI. June 7, 2017. (6 growers) 74. Type: Other Status: Other Year Published: 2017
Citation: Harvest-time insects in vineyards € management and new research plans. Parallel 45 Spring Kickoff
Meeting. Northwest Michigan Horticultural Research Center, Traverse City, Ml. May 5, 2017. (35 people) 75.
Type: Other Status: Other Year Published: 2017 Citation: Blueberry insect pest management update. Haven
Harvesters, South Haven, MI. April 27, 2017. (55 people) 76. Type: Other Status: Other Year Published: 2017
Citation: Insect Management Update. Fruit Hill growers. Paw Paw, Michigan. April 13, 2017. (36 growers) 77.
Type: Other Status: Other Year Published: 2017 Citation: Fanning, P., Van Timmeren, S., & Isaacs R. Effective
chemical options to manage SWD. Wilbur Ellis Information Seminar, Dundee MI March 2017. (35 growers) 78.
Type: Other Status: Other Year Published: 2017 Citation: Insecticide update and late-season pest survey.
Southwest Hort Days, Benton Harbor, MI. February 2, 2017. (65 people) 79. Type: Other Status: Other Year
Published: 2017 Citation: Blueberry insect update. Southwest Hort Days, Benton Harbor, MI. February 2, 2017.
(42 people) 80. Type: Other Status: Other Year Published: 2016 Citation: Isaacs, R., & Burrack, H. SWD
management update and new research. In: Great Lakes Fruit, Vegetable and Farm Market Expo. Dec 6, 2016,
Grand Rapids, Michigan. (250 people). 81. Type: Other Status: Other Year Published: 2016 Citation: Bal, H.K.,
Kilbourn, M., Fanning, P. and Grieshop, M.J. Comparison of field efficiency of current spotted wing drosophila
attractants and impact of background volatiles on their efficiency. In: Great Lakes Fruit, Vegetable and Farm
Market Expo. Dec 6-8, 2016, Grand Rapids, Michigan. (Poster) 82. Type: Other Status: Other Year Published:
2016 Citation: Grieshop, M., Leach, H., Fanning, P., Huang, J., Bal, H.K., and Isaacs, R. Great Lakes Fruit,
Vegetable and Farm Market Expo. Dec 8, 2016, Grand Rapids, Michigan. (Talk) 83. Type: Other Status: Other
Year Published: 2016 Citation: Isaacs, R. & Burrack, H. Managing spotted wing Drosophila in strawberries. In:
Great Lakes Fruit, Vegetable and Farm Market Expo. Dec 6-8, 2016, Grand Rapids, Michigan. (70 people). 84.
Type: Other Status: Other Year Published: 2016 Citation: Issacs, R., Leach, H., Hanson, E., Moses, J., and
Fanning, P. Exclusion netting and harvest frequency for SWD management. In: Great Lakes Fruit, Vegetable and
Farm Market Expo. Dec 8, 2016, Grand Rapids, Michigan. (80 people). 85. Type: Other Status: Other Year
Published: 2016 Citation: Isaacs, R., Fanning, P., Van Timmeren, S., Van Woerkom, A., and Wise, J. Blueberry
insect management update. DuPont Information Seminar. In: Great Lakes Fruit, Vegetable and Farm Market
Expo. Dec 6, 2016, Grand Rapids, Michigan. 86. Type: Other Status: Other Year Published: 2016 Citation:
Leach, H., & Isaacs, R. Do adjacent wild hosts increase pest pressure from spotted wing Drosophila? In: Great
Lakes Fruit, Vegetable and Farm Market Expo. Dec 8, 2016, Grand Rapids, Michigan. (Poster). 87. Type: Other
Status: Other Year Published: 2016 Citation: Sept. 2016.Blueberry pest research update. Fruit Team Summer
Tour. First Pick Farms, Rothbury, MI. September 1, 2016. 88. Type: Other Status: Other Year Published: 2016
Citation: Fanning, P., Van Timmeren, S., Wise, J., & Isaacs, R. Resistance, Rain Fastness, and Coverage:
Lessons Learned from SWD Management in Blueberries November 2016. SWD Summit, NWMREC, Traverse
City, MI. (38 growers) 89. Type: Other Status: Other Year Published: 2018 Citation: Fanning, P., Wheeler, C.,
Wise, J., and Isaacs, R. Biopesticides and control of spotted-wing Drosophila. Oral Presentation. Biocontrol East
conference, Rochester New York, 11 October 2018. 90. Type: Other Status: Other Year Published: 2018 Citation:
Fanning, P., Wheeler, C., Wise, J., and Isaacs, R. Biopesticides and control of spotted-wing Drosophila. Oral
Presentation. Great Lakes EXPO, Grand Rapids, Ml, December 2018. (25 people) 91. Type: Other Status: Other
Year Published: 2018 Citation: Hunter, J. and Sial, A.A. 2017 Field and lab trials of insecticides on Drosophila
suzukii. Annual Blueberry Update, 10 January 2018, Alma, GA. (176 attendees) 92. Type: Other Status: Other
Year Published: 2018 Citation: Roubos, C.R., Little, B.A., and Sial, A.A. Evaluation of Organic Insecticides for
Spotted Wing Drosophila Management in Blueberries. Annual Blueberry Update, 10 January 2018, Alma, GA.



(176 attendees) 93. Type: Other Status: Other Year Published: 2018 Citation: Green, C.K. and Sial, A.A.
Evaluating the Effects of Habitat Types and Management Practice on Drosophila suzukii in Georgia Blueberry
Orchards. Annual Blueberry Update, 10 January 2018, Alma, GA. (176 attendees) 94. Type: Other Status: Other
Year Published: 2018 Citation: Fanning, P., Leach, H., Van Timmeren, S., and Isaacs, R. Spotted wing
Drosophila management- what€ys working, novel approaches. Ontario Fruit and Vegetable conference. Niagara
Falls ON, February 2018. (150 people) 95. Type: Other Status: Other Year Published: 2015 Citation: Rogers,
M.A. \"Spotted Wing Drosophila in Grapes\", UMN Horticultural Research Center Grape Breeding and Enology
Open House, Sept. 12, 2015, Chanhassen, Minnesota. 96. Type: Other Status: Other Year Published: 2018
Citation: Rogers, M.A. \"Spotted-Wing Drosophila: What is it, how to manage it\", MN Landscape Arboretum staff
meeting, Sept. 4, 2018, MN Landscape Arboretum, Chanhassen, Minnesota. 97. Type: Other Status: Other Year
Published: 2019 Citation: Burrack, H.J. Virginia Berry Conference. March 2019. SWD management and other
blueberry pests. 98. Type: Other Status: Other Year Published: 2018 Citation: Burrack, H.J. Virginia Berry
Conference. 8 March 2018. SWD National Research & Management Update. Petersburg, VA. (90 attendees) 99.
Type: Other Status: Other Year Published: 2019 Citation: Burrack, H.J. Blueberry Open House. 15 January 2019.
SWD and Plum curculio management update. Fayetteville, NC. (70 attendees) 100. Type: Other Status: Other
Year Published: 2018 Citation: Fanning, P., Leach, H., Van Timmeren, S., Wise, J., and Isaacs, R. SWD update:
insecticides, larval control, and coverage. CPS Information Seminar. Lake Michigan College, South Haven, M,
March 2018. (10 people) 101. Type: Other Status: Other Year Published: 2016 Citation: Burrack, H.J. Bladen
County Blueberry Meeting. 13 February 2016. Managing key insect pests in blueberries. Elizabethtown, NC. (45
attendees) 102. Type: Other Status: Other Year Published: 2019 Citation: Burrack, H.J. Southeastern Fruit &
Vegetable Conference. 11 January 2019. Essential steps for SWD management. Savannah, GA. (80 attendees)
103. Type: Other Status: Other Year Published: 2019 Citation: Burrack, H.J. North American Raspberry and
Blackberry Growers Association. 10 January 2019. New horizons in SWD control. Savannah, GA. (75 attendees)
104. Type: Other Status: Other Year Published: 2019 Citation: Burrack, H.J. North American Raspberry and
Blackberry Growers Association. 9 January 2019. Fundamentals of arthropod management in caneberries.
Savannah, GA. (70 attendees) 105. Type: Other Status: Other Year Published: 2019 Citation: Lee, J\*. Biological
control in small fruits and ornamentals. Biocontrols field trip, NWREC, Aurora, OR. Mar 13, 2019. 106. Type:
Other Status: Other Year Published: 2019 Citation: Lee, J\*. SWD biocontrol, boys and sugar. Cherry Day, Mid-
Columbia Res. Educ. Center, Hood River. Feb 12, 2019. 107. Type: Other Status: Other Year Published: 2018
Citation: Popp, J.\* and English, L.\* 2018. Farm Planning and Budgeting. Virtual Farm Tour. University of
Arkansas Cooperative Extension Webinar. Tontitown, AR August 15 108. Type: Other Status: Other Year
Published: 2018 Citation: In-service training and certified crop adviser for fruit and vegetable entomology. UF-
IFAS Gainesville, FL. 22 participants at 4 host sites statewide participated in the IST training. Presentation
entitled: @Management of insect pests of fruit crops including spotted-wing drosophila with emphasis on
conserving natural enemies,€ April 12, 2017. 109. Type: Other Status: Other Year Published: 2017 Citation:
Blueberry In-service Training. Plant Science Research and Education Unit, Citra, FL. Approximately 30 extension
agents from around the state attended the meeting. A presentation and discussion of all the major pests including
spotted-wing drosophila that affect blueberry in the state was given to extension agents. April 26, 2017. 110.
Type: Other Status: Other Year Published: 2017 Citation: Organic blueberry field day Pinetta, Florida. On-farm
presentation on management of blueberry pests including spotted-wing drosophila. Approximately 50 blueberry
growers (mostly organic) were present. October 26th, 2017. 111. Type: Other Status: Other Year Published: 2018
Citation: Hamby, K.A. Organic SWD Management, CMREC Organic Field Day, August 15, 2018, Upper Marlboro,
MD, USA (\~15 people) 112. Type: Other Status: Other Year Published: 2017 Citation: Fanning, P. and Isaacs, R.
SWD research: control recommendations and monitoring update. SWD workshop, Trevor Nichols Research
Center, Fennville, MI. June 30, 2017. 26 people. 113. Type: Other Status: Other Year Published: 2016 Citation:
Organic Farm Field Day, UMN, St. Paul, MN. July 11th, 2016. Attendance: 50 114. Type: Other Status: Other
Year Published: 2016 Citation: Organic Farm Field Day, UMN, St. Paul, MN. September 20th, 2016. Attendance:
20 115. Type: Other Status: Other Year Published: 2017 Citation: Sial, A., Grieshop, M., Rogers, M., Rendon, D.,
Fanning, P. 2017. Organic Management of Spotted Wing Drosophila. eOrganic Webinar.
http://articles.extension.org/pages/74034/management-of-spotted-wing-drosophila -using-organic-strategies
Attendance: 615 116. Type: Other Status: Other Year Published: 2018 Citation: A workshop on pest management
of blueberry pests including spotted-wing drosophila was done at the Marion County (FL) Extension Center on
October 12, 2018. The event was organized by the county extension officer, Mark Bailey and 27 people
participated 117. Type: Other Status: Other Year Published: 2016 Citation: SWD proves formidable fruit foe. Fruit
Grower News. December 5, 2016. 118. Type: Other Status: Other Year Published: 2016 Citation: Learning curve
steep for controlling spread of SWD. Fruit Grower News. December 5, 2016. 119. Type: Other Status: Other Year
Published: 2019 Citation: English, L., Popp, R. De la Rosa, R. Barry, D. Hurst, , H. Swanigan, S. Heald, W. Baker
and M. Merrick. 2019. Interactive Blackberry Budget. Version 3.5. University of Arkansas System, Division of
Agriculture, Center for Agricultural and Rural Sustainability, Fayetteville, AR 120. Type: Other Status: Other Year
Published: 2019 Citation: English, L., J. Popp, R. De la Rosa, R. Barry, D. Hurst, , H. Swanigan, S. Heald, W.



Baker and M. Merrick. 2019. Interactive Blueberry Budget. Version 3.5. University of Arkansas System, Division
of Agriculture, Center for Agricultural and Rural Sustainability, Fayetteville, AR 121. Type: Other Status: Other
Year Published: 2019 Citation: English, L., J. Popp, R. De la Rosa, R. Barry, D. Hurst, , H. Swanigan, S. Heald,
W. Baker and M. Merrick. 2019. Interactive Raspberry Budget. Version 3.5. University of Arkansas System,
Division of Agriculture, Center for Agricultural and Rural Sustainability, Fayetteville, AR 122. Type: Other Status:
Other Year Published: 2018 Citation: Interview with contributing journalist for American Fruit Grower, Courtney
Coon. May 2018. Article: €Does Canopy Climate Impact Spotted Wing Drosophila Pressure?€,
https://www.growingproduce.com/fruits/berries/does-canopy-climate-impact-swd-pr essure/ 123. Type: Other
Status: Other Year Published: 2016 Citation: Leach, H., Grieshop, M. and Isaacs, R. 2016. Integrated strategies
for management of spotted wing Drosophila in organic small fruit production. December 2016.
http://msue.anr.msu.edu/uploads/resources/pdfs/MSU Organic SWD factsheet Dec201 6.pdf 124. Type: Other
Status: Other Year Published: 2017 Citation: Leach, H. and Isaacs, R. 2017. Cultural controls to minimize SWD
infestation. Newsletter of the North American Raspberry and Blackberry Association. July 2017. 125. Type: Other
Status: Other Year Published: 2018 Citation: Wilson, J., Isaacs, R., and Gut, L. Michigan spotted wing Drosophila
reports. 10 reports per year, 2016-2018. 126. Type: Other Status: Other Year Published: 2017 Citation: Petran,
A., Rogers, M., Hutchison, B and Burkness, E. 2017. Organic Management of Spotted Wing Drosophila- Upper
Midwest. eOrganic extension bulletin. http://eorganic.info/sites/eorganic.info/files/u461/SWD bulletin draft6.pdf
127. Type: Other Status: Other Year Published: 2017 Citation: Petran, A., Rogers, M. 2017. Spotted Wing
Drosophila: Biology, Behavior and Organic Management. eXtension article. 128. Type: Other Status: Other Year
Published: 2017 Citation: Petran, A. 2017. Project Updates. eOrganic blog,
http://eorganic.info/Spotted%20Wing%20Drosophila%20Project%20Updates 129. Type: Other Status: Published
Year Published: 2015 Citation: Diepenbrock, L.M. and Burrack, H.J. 2015. Efficacy of bait sprays for the control of
Drosophila suzukii in blueberries, 2014. Arthropod Management Tests. 40(1). 130. Type: Other Status: Published
Year Published: 2015 Citation: Burrack, H.J. and Elsensohn, J. 2015. Efficacy of organically acceptable against
Drosophila suzukii in blueberries, 2014. Arthropod Management Tests. 40(1). 131. Type: Other Status: Other
Year Published: 2016 Citation: Lee, J., and Sial, A. 2016. Detailed reference list of fruits with Drosophila suzukii.
http://eorganic.info/spottedwingorganic 132. Type: Other Status: Other Year Published: 2016 Citation: Lee, J.,
and Sial, A. 2016. Quick reference list of fruits that have supported spotted wing drosophila.
http://eorganic.info/spottedwingorganic 133. Type: Other Status: Other Year Published: 2018 Citation: Funds
leveraged for a grant from the Southern Region IPM Center. 2018. Does the invasive pest Drosophila suzukii
manipulate the microbiome of its fruit hosts? Implications for management and ecology. \$30,000 134. Type:
Other Status: Published Year Published: 2018 Citation: Sial, A., Isaacs, R., Grieshop, M., Guedot, C., Jaffe, B.,
Walton, V., Hamby, K., Rogers, M., Liburd, O, Johnson, D., Zalom, F., Burrack, H., Lee, J., Leskey, T., Rendon,
D., Dalton, D.T., Leach, H., Bal, H., Fanning, P., Arsenault-Benoit, A., Gress, B., Diepenbrock, L., Little, B., and
Roubos, C. Management recommendations for spotted wing drosophila in organic berry crops. May 2018. UGA
Cooperative Extension Bulletin 1497 135. Type: Journal Articles Status: Published Year Published: 2018 Citation:
Rendon D., Buser J., Tait G., Lee J. C., Walton V. M. 2018. Survival and fecundity parameters of two Drosophila
suzukii (Diptera: Drosophilidae) morphs on variable diet under suboptimal temperatures. Journal of Insect
Science. 18(6): 8; 1-7. 136. Type: Other Status: Other Year Published: 2018 Citation: Roubos, C.R., Little, B.A,,
and Sial, A.A. January 2018. Evaluation of organic insecticides for spotted wing drosophila management in
blueberries. Poster. Blueberry Growers€ Winter Meeting. Alma, GA. 137. Type: Other Status: Other Year
Published: 2017 Citation: Petran, A\*. 2017. Organic Control of SWD in Berry Crops. Minnesota Master Gardener
Webinar. https://umn.webex.com/ec3200/eventcenter/recording/recordAction.do?theAction=po
precord&siteurl=umn&entappname=url3200&internalRecordTicket=4832534b000000040f9
6e6746aed1d4c1f30e93bd050b7abdab9f46b262d86e644ff80d2dc948570&renewticket=0&isu
rlact=true&format=short&rmd=5013940605&RCID=99f8be5e034c44ff88e614c17b5612b3 &I

D=104392647 &needFilter=false&record|D=104392647&apiname=Isr.php&AT=pb&actappnam
e=ec3200&&SP=EC&entactname=/nbrRecordingURL.do&actname=/eventcenter/frame/g.do (Attendance: 45)
138. Type: Other Status: Other Year Published: 2018 Citation: Sial, A., Grieshop, M., Petran, A., Roubos, C.
2018. Management of Spotted Wing Drosophila Using Organically Approved Strategies: an update. eOrganic
Webinar. https://articles.extension.org/pages/74612/management-of-spotted-wing-drosophil a-using-organically-
approved-strategies:-an-update 139. Type: Conference Papers and Presentations Status: Other Year Published:
2017 Citation: Roubos, C.R.,\* Little, B.A., and Sial, A.A. November 2017. Evaluation of organic insecticides for
management of spotted wing drosophila, Drosophila suzukii, in Georgia blueberries. Entomological Society of
America Annual Meeting. Denver, CO. 140. Type: Conference Papers and Presentations Status: Other Year
Published: 2017 Citation: Sial, A.A.,\* Hunter, J., Little, B., Roubos, C.R. November 2017. Strategies to maintain
and improve effectiveness of insecticides frequently used to control spotted wing drosophila in blueberries.
Poster. Entomological Society of America Annual Meeting, Denver, CO. 141. Type: Theses/Dissertations Status:
Published Year Published: 2018 Citation: Iglesias, L.E. 2018. Studies on the Behavior and Ecology of Drosophila
suzukii (Diptera: Drosophilidae) and Development of IPM Strategies in Berry Crops. PhD Dissertation. University



of Florida. 142. Type: Journal Articles Status: Published Year Published: 2018 Citation: Evans, R.K., Toews,
M.D., and Sial, A.A. 2018. Effect of short- and long-term heat stress on reproductive potential of Drosophila
suzukii Matsumura (Diptera: Drosophilidae). Journal of Thermal Biology. 78: 92-99. doi:
10.1016/j.jtherbio.2018.09.011 143. Type: Conference Papers and Presentations Status: Other Year Published:
2018 Citation: \*Disi, J. and Sial, A. 2018. RAPID Screening of Residual Toxicity of Insecticides Against Spotted
Wing Drosophila (Diptera: Drosophilidae) in Treated Vials Over Time. 2018 Joint Meeting of the Georgia and
South Carolina Entomological Societies. Unicoi State Park and Lodge Helen, Georgia. 4-6 April 2018. 144. Type:
Conference Papers and Presentations Status: Other Year Published: 2018 Citation: \*Spaulding, N.R. and Sial,
A.A. 2018. Screening for insecticide resistance in spotted wing drosophila in Georgia. 2018 Joint Meeting of the
Georgia and South Carolina Entomological Societies. Unicoi State Park and Lodge Helen, Georgia. 4-6 April
2018. 145. Type: Conference Papers and Presentations Status: Other Year Published: 2018 Citation: \*Sial, A.
2018. An integrated approach to managing spotted wing drosophila (Diptera: Drosophilidae). 2018 Joint Meeting
of the Georgia and South Carolina Entomological Societies. Unicoi State Park and Lodge Helen, Georgia. 4-6
April 2018. 146. Type: Conference Papers and Presentations Status: Other Year Published: 2018 Citation:
\*Spaulding, N.R. and Sial, A. 2018. Monitoring for insecticide resistance in spotted wing drosophila (Drosophilia
suzukii) in Georgia. ESA, ESC and ESBC Joint Annual Meeting. Vancouver, British Columbia, Canada. 11-14
November 2018. 147. Type: Conference Papers and Presentations Status: Other Year Published: 2018 Citation:
\*Green, K. and Sial, A.A. 2018. Evaluating the effects of environmental factors and farm management practices
on D. suzukii abundance in blueberry orchards of Southeast Georgia. 2018 Joint Meeting of the Georgia and
South Carolina Entomological Societies. Unicoi State Park and Lodge Helen, Georgia. 4-6 April 2018. 148. Type:
Conference Papers and Presentations Status: Other Year Published: 2018 Citation: \*Hunter, J. and Sial, A.A.
2018. Lethal effects of selected insecticides on the immature life stages of Drosophila suzukii (Matsumura). 2018
Joint Meeting of the Georgia and South Carolina Entomological Societies. Unicoi State Park and Lodge Helen,
Georgia. 4-6 April 2018. 149. Type: Conference Papers and Presentations Status: Other Year Published: 2018
Citation: \*Hunter, J. and Sial, A. 2018. Impact of insecticide treatments on immature life stages of Drosophila
suzukii (Matsumura). ESA, ESC and ESBC Joint Annual Meeting. Vancouver, British Columbia, Canada. 11-14
November 2018. 150. Type: Conference Papers and Presentations Status: Other Year Published: 2018 Citation:
\*Sial, A.A,, Isaacs, R., Zalom, F., Gress, B., Fanning, P., Van Timmeren, S., Spaulding, N., Disi, J., Liburd, O.,
Drummond, F., Hamby, K., Rodriguez-Saona, C., Sarkar, N., Holdcraft, R., Lewis, M., Collins, J., Diepenbrock L.,
and Burrack, H. 2018. Spotted-wing drosophila €» An invasive pest that has changed blueberry insect
management and export considerations. ESA, ESC and ESBC Joint Annual Meeting. Vancouver, British
Columbia, Canada. 11-14 November 2018. (International) 151. Type: Conference Papers and Presentations
Status: Other Year Published: 2018 Citation: \*Sial, A. A. 2018. Outcomes of a decade-long battle with an
invasive pest of berry crops: spotted wing drosophila. 92nd Annual Meeting of the ESA € Southeastern Branch.
Orlando, Florida. 4-7 March 2018 152. Type: Conference Papers and Presentations Status: Other Year
Published: 2018 Citation: \*Sial, A.A. Where do we stand after a decade long battle with a devastating invasive
pest € spotted wing drosophila? KEYNOTE ADDRESS at the Annual meeting of Northeastern IPM SWD
Working Group. Bridgeton, New Jersey. 12-13 February 2018. 153. Type: Conference Papers and Presentations
Status: Other Year Published: 2018 Citation: \*Sial, A.A. 2018. Management of spotted wing drosophila and its
implications for blueberry production in the Southeast. 2018 Southeastern Regional Fruit and Vegetable
Conference, Savannah International Trade & Convention Center. Savannah, Georgia. 11-14 January 2018. 154.
Type: Conference Papers and Presentations Status: Other Year Published: 2017 Citation: \*Sial, A.A. and Isaacs,
R. 2017. Protocols for screening spotted wing drosophila field populations for resistance. The 65th Annual
Meeting of the ESA. Denver, Colorado. 5-8 November 2017. 155. Type: Conference Papers and Presentations
Status: Other Year Published: 2017 Citation: \*Sial, A.A. 2017. Managing an invasive pest in a native crop:
spotted wing drosophila and its impact on Georgia blueberries. An invited seminar in Department of Entomology
at Rutgers University, New Brunswick, New Jersey. 27 October 2017. 156. Type: Other Status: Other Year
Published: 2018 Citation: Sial, A.A. 2018. Spotted Wing Drosophila (SWD) Identification, Monitoring, and
Management in Georgia Blueberries. UGA Blueberry blog, 18 April 2018. https://bit.ly/2LmpN1q 157. Type: Other
Status: Other Year Published: 2018 Citation: Sial, A.A. 2018. Spotted wing drosophila identification, monitoring
and management in Georgia blueberries. UGA IPM Newsletter, 4 (4): 3-10. 158. Type: Other Status: Other Year
Published: 2018 Citation: Sial, A.A. 2018. Grower Handouts for € 1) Identification of Spotted Wing Drosophila; 2)
Spotted Wing Drosophila Lifecycle; 3) Management of Spotted Wing Drosophila in Blueberries; and 4) Monitoring
Spotted Wing Drosophila Using Traps. Dixie-Blueberry News, Georgia Blueberry Growers Association
Newsletter, 18(3): 32-35. 159. Type: Other Status: Other Year Published: 2018 Citation: Sial, A.A. 2018. UGA
Suggested Insecticide Regime for Spotted Wing Drosophila Control in Blueberries. Dixie-Blueberry News,
Georgia Blueberry Growers Association Newsletter, 18(3): 30-32. 160. Type: Other Status: Other Year Published:
2018 Citation: Sial, A.A. 2018. UGA Suggested Season-long Insecticide Rotational Programs for Spotted Wing
Drosophila Control in Blueberries. Dixie-Blueberry News, GA Blueberry Growers Association Newsletter, 18(3):
27-29. 161. Type: Other Status: Other Year Published: 2018 Citation: Sial, A.A. 2018. Spotted Wing Drosophila:



Identification, Monitoring and Management in Georgia Blueberries. Dixie-Blueberry News, Georgia Blueberry
Growers Association Newsletter, 18(3): 22-27. 162. Type: Other Status: Other Year Published: 2018 Citation:
Sial, A.A. ldentification, monitoring, and management of spotted wing drosophila in blueberries. Blueberry IPM
Field Day, 21 February 2018, Alma, GA. (120 attendees) 163. Type: Other Status: Other Year Published: 2018
Citation: Spaulding, N.R. and Sial, A.A. Insecticide resistance in spotted wing drosophila in Southeast Georgia.
Annual Blueberry Update, 10 January 2018, Alma, GA. (176 attendees) 164. Type: Other Status: Other Year
Published: 2018 Citation: Sial, A.A. Insect pest management in Georgia blueberries. Annual Blueberry Update,
10 January 2018, Aima, GA. (176 attendees)

2016/09 TO 2017/08 What was accomplished under these goals? Spotted wing drosophila (SWDwas first
detected in California in 2008 and since then has emerged as a devastating pest of small and stone fruits
throughout the U.S. Losses due to SWD can be as high as 100% and have been valued at up to \$718 million
annually. Currently SWD management is achieved primarily through preventative insecticide applications and is
particularly challenging for organic producers due to lack of OMRI approved effective materials. Our long-term
goal is to develop and implement systems-based organic SWD management programs. Results thus far show
that SWD adults are active year-round in regions with mild winters such as the southeastern US. SWD population
densities are higher in the wooded areas surrounding berry crops where a wide variety of wild plant species can
serve as alternative hosts. Those wooded areas can serve as SWD population reservoirs. In regions with harsh
winters, traps containing a mixture of yeast + sugar + Scentry lure can be used to detect overwintering SWD
females in spring before fruit infestation occurs. Studies were conducted to evaluate cultural strategies involving
canopy and orchard floor management and use of exclusion tunnels. Results indicate that thinning the canopy
increases light penetration and temperature in the canopy leading to a less hospitable environment for SWD. The
use of weedmat as a ground cover provides a barrier to keep larvae and pupae above the ground where they are
less likely to survive. The use of exclusion tunnels significantly reduced fruit infestation and increased marketable
yield. In field trials, Entrust was the most effective OMRI listed chemical to control SWD, however, PyGanic,
Grandevo and Venerate can be used as rotational products in season-long programs to control SWD. Information
generated in this project was disseminated to stakeholders through research and extension publications,
presentations, fact-sheets, educational videos, blog posts, and webinars. We have also created several
resources for stakeholders to help them effectively monitor and manage SWD in organic systems on our project
website hosted by eOrganic (http://eorganic.info/spottedwingorganic). Specific accomplishments include: Obj 1:
Develop semiochemical-based behavioral management tactics for SWD: We completed the a multistate trapping
study comparing eight different SWD lures. Our results suggest that the yeast + sugar, yeast + flour drowning
agents are the key components to an effective SWD lure. Interestingly both the Scentry and raspberry volatile
lures performed poorly on their own but seemed to improve numerical catch of SWD when combined with the
yeast blend. The biggest outcome of our study was that the yeast mixtures and raspberry + yeast mixtures
caught fewer non-target flies than the Scentry lure. The identification of more selective lures is exciting as the
non-selectivity of lures greatly complicates the use of these baits for monitoring SWD populations. In another
study, we found that the most attractive bait in earlier studies (yeast + sugar + Scentry lure) would be suitable for
early season monitoring by catching a high proportion of hungry, unmated flies, and flies that had limited
oviposition experience. Another study was conducted to evaluate SWD populations in different habitats near the
crop vicinity over the course of the season in order to determine potential habitats where SWD is active early and
late the season. Four habitats including deciduous grove with wild berries, pine grove, swamp/riparian, and
apples (alternative SWD host), near the vicinity (within 1000 m) of the crop will be evaluated starting from the first
week of May through December. The preliminary results show that in regions with colder winters such as
Michigan, the earliest detection of SWD was in organic blueberries in the first week of May and in apples in the
third week of May using Scentry traps. In regions with mild winters such as southeast (GA and FL) flies were
caught in traps throughout the trapping period in all habitat types. Therefore, SWD seems to be utilizing habitats
near the crop vicinity in the early part of the year as well as during the season. An attract-and-kill system was
developed using attracticidal spheres. This system showed promise in preliminary studies and further trials are
under way to evaluate its effectiveness in the field. Obj 2: Develop cultural control tactics and evaluate their
efficacy and feasibility for reduction of SWD damage: Building on work from 2016, studies were conducted in GA,
MD, MN, and OR to evaluate impact of various pruning regimes on susceptibility of berries to SWD. Three
pruning regimes including light (25% less than grower standard), medium (grower standard), and heavy (25%
more than grower standard) pruning were evaluated. Results in blueberries show that the heavy pruning opened
up the canopy leading to more light penetration and slightly higher temperature in the middle of the blueberry
canopy. Consequently, percent pupation and adult eclosion were lower in blueberry bushes with heavy pruning
than those with light pruning In a study conducted to evaluate SWD use of the soil-interface for pupation, we
found that SWD predominantly pupate in the soil regardless of fruit having dropped or not and under low to high
infestation densities. Subsequent studies have continued on targeting control of SWD pupae in the soil. The
studies conducted during 2016 to evaluate effect of mulching on SWD were repeated in 2017 (MD: fabric and



woodchip, GA: pine bark, weed mat and bare ground). Results of the mulching trials show that mulch
temperature exceeded the upper developmental threshold for SWD at the mulch surface more often than below
the mulch across both mulch types evaluated in MD. A 100% mortality was observed when fully mature SWD
larvae were deployed in the field on different mulches in GA. However, a very low percentage of larvae
successfully pupated in MD studies. None of the larvae survived to successful adult emergence when infested
berries were placed above and below the mulch treatments. These results indicate that canopy and orchard floor
management practices can have significant impact on SWD survivorship in the field. Studies conducted in AR
and MN to evaluate impact of exclusion tunnels on SWD infestations in blackberries and raspberries showed that
tunnels with insect netting produced significantly higher marketable yields than open field control, with less %
SWD infestation. Tunnels netted halfway through season resulted in decreased infestation as well, implying that
environmental effects inside tunnels are detrimental to SWD, in addition to the benefits of the physical barrier. Obj
3: Develop effective chemical control strategies that minimally disrupt biological suppression of pest complexes:
Based the results of the studies conducted during 2016, laboratory bioassays as well as field trials were
conducted in 2017 in FL, GA, MI, MN and OR to determine effectiveness of several organically approved
insecticides including Entrust, Pyganic, Venarete, Azera, Jet-Ag, and Grandevo alone and in combination with
adjuvants (NuFlim P, OroBoost, or Leaf Life) and phagostimulants (sugar and yeast). Entrust was the most
effective organic insecticide in all states. Efficacy of other products was variable and PyGanic, Graandevo, and
Venerate showed some efficacy. Residual efficacy of all insecticides dropped significantly at 3 days after
treatment (DAT). The NuFilm P resulted in significantly higher SWD adult mortality when mixed with Entrust
whereas a combination of sugar and yeast resulted in higher mortality with Garndevo in semi-field bioassays
conducted at 0 DAT. However, this increase in mortality was not observed at 3 or 7 DAT. **PUBLICATIONS (not
previously reported):** 2016/09 TO 2017/08 1. Type: Conference Papers and Presentations Status: Other Year
Published: 2017 Citation: Sial, A. A. M. Rogers, C. Guedot, M. Grieshop, K. Hamby, R. Isaacs, T. Leskey, and V.
Walton. 2017. Organic Management of Spotted Wing Drosophila. A webinar on organic management of SWD. 1
Feb 2017 (Delivered online). 2. Type: Conference Papers and Presentations Status: Other Year Published: 2017
Citation: Sial, A. A. 2017. Biology and Management of Spotted Wing Drosophila. A webinar in 2017 UGA Webinar
Series: Getting the Best of Pests. 17 May 2017 (Delivered online). 3. Type: Conference Papers and
Presentations Status: Other Year Published: 2017 Citation: Sial, A. A. and H. J. Burrack. Keeping the devil at
bay: Monitoring and management of spotted wing drosophila in blueberries. 2017 Southeastern Regional Fruit
and Vegetable Conference, Savannah International Trade & Convention Center, 6-9 Jan 2017, Savannah, GA. 4.
Type: Conference Papers and Presentations Status: Other Year Published: 2017 Citation: Sial, A. A. Spotted
wing drosophila on muscadine grapes. 2017 Southeastern Regional Fruit and Vegetable Conference, Savannah
International Trade & Convention Center, 6-9 Jan 2017, Savannah, GA. 5. Type: Conference Papers and
Presentations Status: Other Year Published: 2017 Citation: Grant, J. A. and Sial, A. A. Impact of surrounding
woodland habitat on spotted wing drosophila activity in blueberries. 2017 Southeastern Regional Fruit and
Vegetable Conference, Savannah International Trade & Convention Center, 6-9 Jan 2017, Savannah, GA. 6.
Type: Conference Papers and Presentations Status: Other Year Published: 2017 Citation: Evans, R. K. and Sial,
A. A. Effect of abiotic factors on chronobiology and development of Drosophila suzukii under field and laboratory
conditions. 2017 Southeastern Regional Fruit and Vegetable Conference, Savannah International Trade &
Convention Center, 6-9 Jan 2017, Savannah, GA. 7. Type: Conference Papers and Presentations Status: Other
Year Published: 2017 Citation: Sial, A. A. Biology and management of spotted wing drosophila: 2016 Research
Update. Georgia Blueberry Growers Meeting ? Annual Blueberry Update, 4 Jan 20167 Alma, GA. 8. Type:
Conference Papers and Presentations Status: Other Year Published: 2017 Citation: Sial, A. A. A tiny fly with a
global impact: Developing sustainable IPM programs. Seminar at Cairo University, Egypt, 27 December 2016.
(International Seminar) 9. Type: Other Status: Other Year Published: 2017 Citation: Burrack, H.J. 2017.
Strawberry insect management. North Carolina Cooperative Extension Service. AG-1.
(http://content.ces.ncsu.edu/north-carolina-agricultural-chemicals-manual) 10. Type: Other Status: Other Year
Published: 2017 Citation: Burrack, H.J. and W.O. Cline. Blueberry management program. 2017. North Carolina
Cooperative Extension Service. AG-1. (http://content.ces.ncsu.edu/north-carolina-agricultural-chemicals-manual)
11. Type: Other Status: Other Year Published: 2017 Citation: Burrack, H.J. and W.O. Cline. 2017. Caneberry
management program. . North Carolina Cooperative Extension Service. AG-1. (http://content.ces.ncsu.edu/north-
carolina-agricultural-chemicals-manual) 12. Type: Conference Papers and Presentations Status: Other Year
Published: 2017 Citation: Diepenbrock, L., A. Abrieux, H. Burrack, J. Chiu, K. Daane, L. Gut, R. Isaacs, G. Loeb,
C. Rodriguez-Soana, A. Sial, K. Swoboda-Bhattarai, V. Walton. 18 September 2017. Developing integrated pest
management programs for spotted wing drosophila (Drosophila suzukii). 48th Annual Australian Entomological
Society Conference. Terrigal, NSW, Australia. (International) 13. Type: Conference Papers and Presentations
Status: Other Year Published: 2017 Citation: Burrack, H.J. 6 July 2017. Management of Drosophila suzukii in the
United States. IX Seminario Brasileiro sobre Pequenas Frutas (9th Brazilian Seminar on Small Fruits). Presented
remotely. Vacaria, RS, Brazil. 14. Type: Conference Papers and Presentations Status: Other Year Published:
2017 Citation: Burrack, H.J., J. Chiu, K. Daane, L. Diepenbrock, R. Isaacs, G. Loeb, C. Rodriguez-Saona, A. Sial,



K. Swoboda-Bhattarai, and V. Walton. 25 May 2017. Drosophila suzukii invasions and options for management.
Third FAO/IAEA International Conference on Area-Wide Management of Insect Pests: Integrating the sterile
insect and related nuclear and other techniques. Vienna, Austria. (International) 15. Type: Conference Papers
and Presentations Status: Other Year Published: 2016 Citation: Burrack, H.J. Great Lakes Fruit & Vegetable
Conference. 7 December 2016. Implications for cherries: Using SWD biology to make management decisions.
Grand Rapids, MI. 65 attendees. 16. Type: Other Status: Other Year Published: 2017 Citation: Burrack, H.J.
Bladen County Blueberry Meeting. 13 February 2017. Managing key insect pests in blueberries. Elizabethtown,
NC. 45 attendees. 17. Type: Other Status: Other Year Published: 2017 Citation: Burrack, H.J. Blueberry Open
House. 11 January 2017. Blueberry insect management update. Fayetteville, NC. 53 attendees. 18. Type:
Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Burrack, H.J. Great Lakes
Fruit & Vegetable Expo. 7 December 2016. Tactics for controlling SWD, the spotted weapon of destruction.
Grand Rapids, MI. 90 attendees. 19. Type: Other Status: Other Year Published: 2017 Citation: Burrack, H.J.
Southeastern Fruit & Vegetable Conference. 6 January 2017. Update on national SWD research and
management efforts. Savannah, GA. 75 attendees. 20. Type: Conference Papers and Presentations Status:
Other Year Published: 2017 Citation: Sial, A. A. Blueberry Entomology Update. 27 October 2016, Brantley,
Clinch, and Ware Counties, Manor, GA. 21. Type: Other Status: Other Year Published: 2017 Citation: Southern
Regional Blueberry Integrated Management Guide. 2017. Editor: H.J. Burrack. Section editor: P. Brannen, B.
Cline, F. Hale, A. Sial, M. Czarnota, K. Jennings, D. Lockwood. Editor beginning 2011. 22. Type: Other Status:
Other Year Published: 2017 Citation: Southeast Region Caneberry Integrated Management Guide. 2017. Editor,
P. Brannen. Section editors: G. Schnabel, D. Horton, H.J. Burrack, D. Pfeiffer, K. Jennings, W. Mitchem, D.
Lockwood, G. Fernandez. 23. Type: Other Status: Other Year Published: 2017 Citation: Southeast Regional
Strawberry Integrated Management Guide. 2017. Editor: F.J. Louws and Carol Hicks. Section editors: C.
Johnson, G. Schnabel, K. Fontenot, H.J. Burrack, K. Jennings, and W. Mitchem. 24. Type: Other Status: Other
Year Published: 2016 Citation: Burrack, H.J. Great Lakes Fruit & Vegetable Expo and North American Raspberry
and Blackberry Association. 6 December 2016. New developments in spotted wing drosophila management for
caneberries. Grand Rapids, MI. 85 attendees. 25. Type: Other Status: Other Year Published: 2017 Citation:
Burrack, H.J. Georgia Strawberry School. 9 August 2017. Designing biology-based management programs for
southeastern strawberries. Presented remotely. 14 attendees. 26. Type: Other Status: Other Year Published:
2017 Citation: Burrack, H.J. Virginia Strawberry School. 28 February 2017. Designing biology-based
management programs for Mid-Atlantic strawberries. Virginia Beach, VA. 85 attendees. 27. Type: Other Status:
Other Year Published: 2016 Citation: Burrack, H.J. Nash County Strawberry Preplant Meeting. 16 August 2016.
Strawberry preplant insect update. Presented remotely. 20 attendees. 28. Type: Journal Articles Status:
Submitted Year Published: 2017 Citation: Wong, J.S., A.K. Wallingford, G.M. Loeb, J.C. Lee. Physiological status
of Drosophila suzukii affects their response to traps. J Applied Entomology, submitted July 2017. 29. Type:
Journal Articles Status: Published Year Published: 2017 Citation: Woltz, J.M, J.C. Lee. 2017. Pupation behavior
and larval and pupal biocontrol of Drosophila suzukii in the field. Biological Control 110: 62-69. 30. Type: Other
Status: Other Year Published: 2017 Citation: Lee JC, Sial A (2017) Fruits that have supported spotted wing
drosophila. . 31. Type: Other Status: Other Year Published: 2017 Citation: Lee JC, Sial A (2017) Reference list of
fruits with Drosophila suzukii. . \*Also posted on European SWD website as part of DROPSA project \<
http://dropsaproject.eu/showNews.cfm?id=21\> 32. Type: Conference Papers and Presentations Status: Other
Year Published: 2016 Citation: Lee, J.\* A synthesis of SWD host susceptibility ? to oviposit or not. International
Congress of Entomology, Orlando, FL. Sep 2016. 33. Type: Other Status: Other Year Published: 2017 Citation:
Oral presentation to \~75 people, \~15 min Raspberry Field Day. Oregon State University. North Willamette
Research and Extension Center, Aurora, OR. June 28, 2017. 34. Type: Other Status: Other Year Published: 2017
Citation: Arsenault-Benoit, A., C. Taylor, B. Butler, and K. Hamby. 2017. Evaluating blueberry mulching practices
on survival of spotted wing drosophila. University of Maryland Twilight Tour Hand Out, WMREC August 17, 2017
and WyeREC August 2, 2017 35. Type: Conference Papers and Presentations Status: Published Year Published:
2017 Citation: Hamby, K., B. Butler, M. Lewis, and C. Taylor. 2017. Updates on spotted wing drosophila
management for diversified small fruit farms. 62nd New Jersey Agricultural Convention and Trade Show 2017
Proceedings: February 7-9, 2017 p., 87-89. 36. Type: Conference Papers and Presentations Status: Published
Year Published: 2016 Citation: Taylor, C., Butler, B., and K. Hamby. 2016. Does canopy manipulation impact
yield and SWD infestation levels in the outer versus inner canopies of raspberries? 92nd Cumberland-
Shenandoah Fruit Workers Conference Proceedings: December 1-2 2017, p., 63-65. 37. Type: Other Status:
Published Year Published: 2016 Citation: Taylor, C., Butler, B., and K. Hamby. 2016. If you can?t take the heat,
stay out of the mulch: How mulching practices affect spotted wing drosophila survival in blueberries. University of
Maryland Extension Vegetable and Fruit News: October 21, 2016 7(6): 1-3. 38. Type: Conference Papers and
Presentations Status: Other Year Published: 2017 Citation: Hamby, K., B. Butler, M. Lewis, and C. Taylor. 2017.
Updates on spotted wing drosophila management for diversified small fruit farms. 62nd New Jersey Agricultural
Convention and Trade Show 2017 February 7-9, 2017 (\~40 people) 39. Type: Other Status: Other Year
Published: 2016 Citation: Taylor, C., Butler, B., and Hamby, K.A. 2016. Does canopy manipulation impact yield



and SWD infestation levels in the outer versus inner canopies of raspberries? 92nd Cumberland-Shenandoah
Fruit Workers Conference. December 1-2, 2017 (\~20 people) 40. Type: Other Status: Other Year Published:
2017 Citation: Hamby, K.A.\*, Agronomy and Small Fruit IPM, Agronomy and Horticulture In-Service, June 21,
2017 (\~40 people) 41. Type: Other Status: Other Year Published: 2017 Citation: Hamby, K.A.\*, Insect and mite
pests of small fruit, Master Gardener and Master Naturalist 19th Annual Training Conference, May 25, 2017 (\~45
people) 42. Type: Other Status: Other Year Published: 2017 Citation: Hamby, K.A.\*, Current Research on
Spotted Wing Drosophila Management in Small Fruits. Bay Area Fruit School, February 17, 2017 (71 people) 43.
Type: Other Status: Other Year Published: 2017 Citation: Hamby, K.A.\*, Current Research on Spotted Wing
Drosophila Management in Small Fruits. Western Maryland Regional Fruit Meeting, February 16, 2017 (63
people) 44. Type: Other Status: Other Year Published: 2017 Citation: Arsenault-Benoit, A.\*, M.T. Lewis\*, C.
Taylor, and K. Hamby\*. Spotted wing drosophila (SWD) update, WMREC Horticultural Crops Twilight Meeting
and Tour August 17, 2017, Keedysville, MD (\~55 people) 45. Type: Other Status: Other Year Published: 2017
Citation: Arsenault-Benoit, A., M.T. Lewis, C. Taylor, and K. Hamby\*. Spotted wing drosophila in blueberries and
bramble crops, WyeREC Fruit Twilight Meeting August 2, 2017 (29 people) 46. Type: Conference Papers and
Presentations Status: Other Year Published: 2017 Citation: Herrera, L., and D. Johnson. 2017. Seasonal
movement and exclusion of spotted wing drosophila. Proc. OK/AR Hort. Industry Show 36:54-56. 47. Type:
Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Herrera\*, L. and D. Johnson.
Monitoring and exclusion of Drosophila suzukii on fruit crops and wild hosts. Arkansas Entomological Society
Meeting, Fayetteville, AR (presentation) (11 November) 48. Type: Conference Papers and Presentations Status:
Other Year Published: 2017 Citation: Herrera\*, L., and D. Johnson and B. Lewis. Monitoring and exclusion of
Drosophila suzukii on fruit crops and wild hosts. International Congress of Entomology-Entomological Society of
America (presentation) (26 September) (International) 49. Type: Conference Papers and Presentations Status:
Other Year Published: 2017 Citation: Herrera\*, L., and D. Johnson. 2017. Seasonal movement and exclusion of
spotted wing drosophila. Spoke to 30 growers at Proc. OK/AR Hort. Industry Show (13 January). 50. Type: Other
Status: Other Year Published: 2017 Citation: Johnson\*, D., L. Herrera, and J. LeFors. 2017. Spotted wing
drosophila and broad mite. Spoke to 65 growers and county agents University of Arkansas Blackberry School at
Fruit Station in Clarksville, AR (18 April). 51. Type: Other Status: Other Year Published: 2017 Citation: Rice, K.B.,
and T.C. Leskey. 2017. Development of an attract-and-kill strategy for spotted wing drosophila. University of
Maryland Bay Area Fruit Meeting, Queenstown, MD. 52. Type: Conference Papers and Presentations Status:
Other Year Published: 2017 Citation: Rice, K.B., and T.C. Leskey. 2017. Current research on spotted wing
drosophila management. Western Maryland Regional Fruit Meeting, Keedysville, MD. 53. Type: Other Status:
Other Year Published: 2016 Citation: WERA at ICE: Florida State Report on Drosophila suzukii. Rhodes, EM\*, J
Renkema, LE Iglesias, and OE Liburd. WERA Meeting, ICE 2016 54. Type: Conference Papers and
Presentations Status: Other Year Published: 2017 Citation: Distribution of Drosophila suzukii in southern
highbush blueberry and adjacent woodlands. Iglesias, LE\* and OE Liburd. SEB-ESA 2017 55. Type: Conference
Papers and Presentations Status: Other Year Published: 2017 Citation: Evaluation of attractants for monitoring
Drosophila suzukii (Diptera: Drosophilidae) in blueberries. Liburd, OE\*, EM Rhodes, AA Sial, J Grant. SEB-ESA
2017 56. Type: Websites Status: Published Year Published: 2017 Citation: Petran, A., Rogers, M., Hutchison, B
and Burkness, E. 2017. Organic Management of Spotted Wing Drosophila- Upper Midwest. eOrganic extension
bulletin. http://eorganic.info/sites/eorganic.info/files/u461/SWD bulletin draft6.pdf 57. Type: Websites Status:
Published Year Published: 2017 Citation: Petran, A., Rogers, M. 2017. Spotted Wing Drosophila: Biology,
Behavior and Organic Management. eXtension article. 58. Type: Websites Status: Published Year Published:
2017 Citation: Petran, A. 2017. Project Updates. eOrganic blog,
http://eorganic.info/Spotted%20Wing%20Drosophila%20Project%20Updates 59. Type: Conference Papers and
Presentations Status: Other Year Published: 2017 Citation: Hutchison, W.D., Philips, C., and Rogers, M.
Minnesota SWD Research Update. MN Fruit & Vegetable Growers Association annual conference. Jan. 19,
2017, St. Cloud, MN. Attendance: 30 60. Type: Conference Papers and Presentations Status: Other Year
Published: 2017 Citation: Rogers, M.\* & Wills, A. Organic Management of Spotted Wing Drosophila. Midwest
Organic and Sustainable Education Service Conference, Feb. 25, 2017, La Crosse Center, La Crosse, WI.
Attendance: 100 61. Type: Conference Papers and Presentations Status: Other Year Published: 2017 Citation:
Petran, A\*. Organic Control of SWD in Berry Crops- Going Beyond Sprays. Sustainable Farming Association of
Minnesota Annual Conference, Feb 11, 2017, College of Saint Benedict, St. Joseph, MN. Attendance: 30 62.
Type: Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Small Fruit and
Viticulture Research Business Meeting (NCCC 212), Oct 24-26, Virginia Tech University, Blacksburg, VA.
Attendance: 20 63. Type: Other Status: Other Year Published: 2016 Citation: Organic Farm Field Day, UMN, St.
Paul, MN. September 20th, 2016. Attendance: 20 64. Type: Journal Articles Status: Accepted Year Published:
2017 Citation: Bal, H.K., Adams, C. and Grieshop, M. 2017. Evaluation of off-season potential breeding sources
for spotted wing Drosophila (Drosophila suzukii Matsumura) in Michigan. Journal of Economic Entomology
(accepted). 65. Type: Journal Articles Status: Published Year Published: 2017 Citation: Van Timmeren, S.,
Horejsi, L., Larson, S., Spink, K., Fanning, P. and Isaacs, R. (2017) Diurnal activity of Drosophila suzukii (Diptera:



Drosophilidae) in highbush blueberry, and behavioral response to irrigation and application of insecticides.
Environmental Entomology, in press. 66. Type: Journal Articles Status: Published Year Published: 2017 Citation:
Van Timmeren, S., Diepenbrock, L.M., Bertone, M.A., Burrack, H.J., and Isaacs, R. (2017) A filter method for
improved monitoring of spotted wing Drosophila larvae in fruit. Journal of Integrated Pest Management : In press.
67. Type: Journal Articles Status: Published Year Published: 2017 Citation: Fanning P., Grieshop, M., and Isaacs,
R. (2017) Efficacy of biopesticides on spotted wing Drosophila, Drosophila suzukii Matsumura in fall red
raspberries. Journal of Applied Entomology, in press. 68. Type: Other Status: Published Year Published: 2016
Citation: Leach, H., Grieshop, M. and Isaacs, R. (2016) Integrated strategies for management of spotted wing
Drosophila in organic small fruit production. December 2016.
http://msue.anr.msu.edu/uploads/resources/pdfs/MSU Organic SWD factsheet Dec201 6.pdf 69. Type: Other
Status: Other Year Published: 2017 Citation: Leach, H. and Isaacs, R. 2017. Cultural controls to minimize SWD
infestation. Newsletter of the North American Raspberry and Blackberry Association. July 2017. 70. Type: Other
Status: Other Year Published: 2017 Citation: Wilson, J. R, Isaacs and L. Gut. 2017. Michigan spotted wing
Drosophila report for Aug, 2017. MSU Extension News for Agric. Aug 1. 71. Type: Other Status: Other Year
Published: 2017 Citation: Wilson, J. R, Isaacs and L. Gut. 2017. Michigan spotted wing Drosophila report for July
25, 2017. MSU Extension News for Agric. July 25. 72. Type: Other Status: Other Year Published: 2017 Citation:
Wilson, J. R, Isaacs and L. Gut. 2017. Michigan spotted wing Drosophila report for July 18, 2017. MSU Extension
News for Agric. July 18. 73. Type: Other Status: Other Year Published: 2017 Citation: Wilson, J. R, Isaacs and L.
Gut. 2017. Michigan spotted wing Drosophila report for July 11, 2017. MSU Extension News for Agric. July 12.
74. Type: Other Status: Other Year Published: 2017 Citation: Wilson, J. R, Isaacs and L. Gut. 2017. Michigan
spotted wing Drosophila report for June 27, 2017. MSU Extension News for Agric. June 27. 75. Type: Other
Status: Other Year Published: 2017 Citation: Wilson, J. R, Isaacs and L. Gut. 2017. Michigan spotted wing
Drosophila report for June 20, 2017. MSU Extension News for Agric. June 20. 76. Type: Other Status: Other Year
Published: 2017 Citation: Wilson, J. R, Isaacs and L. Gut. 2017. First spotted wing Drosophila weekly report.
MSU Extension News for Agric. June 6. 77. Type: Conference Papers and Presentations Status: Other Year
Published: 2017 Citation: Matthew Grieshop\*, Heather Leach, Phillip Fanning, Juan Huang, Harit K. Bal and
Rufus Isaacs. ?Experiencias en manejo integrado de Drosophila Suzukii en USA? V Simposio de Berries Arysta
2017, Zamora, Michoacon, Mexico July 27, 2017. (International) 78. Type: Other Status: Other Year Published:
2016 Citation: Matthew Grieshop\*, Heather Leach, Phillip Fanning, Juan Huang, Harit K. Bal and Rufus Isaacs.
?Ecological Management of Spotted Wing Drosophila: Impossible Dream or Unavoidable Reality?? University
College of Dublin, Ireland, October 14, 2016. 79. Type: Other Status: Other Year Published: 2017 Citation: Isaacs
R. and M. Grieshop. Harvest-season insect pest control. Pre-harvest blueberry extension meeting. Trevor Nichols
Research Center. June 30, 2017. (56 growers) 80. Type: Other Status: Other Year Published: 2017 Citation:
Isaacs R. and M. Grieshop. Small Fruit Entomology Program Update. Michigan State Horticultural Society Board
Meeting. Clarksville Research Center, Clarksville, MI. June 7, 2017. (6 growers) 81. Type: Other Status: Other
Year Published: 2017 Citation: Isaacs R. and M. Grieshop. Harvest-time insects in vineyards ? management and
new research plans. Parallel 45 Spring Kickoff Meeting. Northwest Michigan Horticultural Research Center,
Traverse City, MI. May 5, 2017. (35 people) 82. Type: Other Status: Other Year Published: 2017 Citation: Isaacs
R. and M. Grieshop. Blueberry insect pest management update. Haven Harvesters, South Haven, MI. April 27,
2017. (55 people) 83. Type: Other Status: Other Year Published: 2017 Citation: Isaacs R. and M. Grieshop.
Insect Management Update. Fruit Hill growers. Paw Paw, Michigan. April 13, 2017. (36 growers) 84. Type: Other
Status: Other Year Published: 2017 Citation: Effective chemical options to manage SWD Fanning, P., Van
Timmeren, S., & Isaacs R. Wilbur Ellis Information Seminar, Dundee Ml March 2017. (35 growers) 85. Type:
Other Status: Other Year Published: 2017 Citation: Insecticide update and late-season pest survey. Southwest
Hort Days, Benton Harbor, MI. February 2, 2017. (65 people) 86. Type: Conference Papers and Presentations
Status: Other Year Published: 2016 Citation: Comparison of field efficiency of current spotted wing drosophila
attractants and impact of background volatiles on their efficiency. Bal, H. K., Kilbourn, M., Fanning, P. and
Grieshop, M J. In: Great Lakes Fruit, Vegetable and Farm Market Expo. Dec 6-8, 2016, Grand Rapids, Michigan.
(Poster) 87. Type: Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Matthew
Grieshop, Heather Leach, Phillip Fanning, Juan Huang, Harit K. Bal and Rufus Isaacs. ?In: Great Lakes Fruit,
Vegetable and Farm Market Expo. Dec 8, 2016, Grand Rapids, Michigan. (Talk) 88. Type: Conference Papers
and Presentations Status: Other Year Published: 2016 Citation: Exclusion netting and harvest frequency for SWD
management. Issacs, R., Leach, H., Hanson, E., Moses, J., and Fanning P. In: Great Lakes Fruit, Vegetable and
Farm Market Expo. Dec 8, 2016, Grand Rapids, Michigan. (80 people). 89. Type: Conference Papers and
Presentations Status: Other Year Published: 2016 Citation: Blueberry insect management update. Rufus Isaacs,
Philip Fanning, Steve Van Timmeren, Anthony Van Woerkom and John Wise. DuPont Information Seminar. In:
Great Lakes Fruit, Vegetable and Farm Market Expo. Dec 6, 2016, Grand Rapids, Michigan. 90. Type:
Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Do adjacent wild hosts
increase pest pressure from spotted wing Drosophila? Leach, H., & Isaacs, R,. In: Great Lakes Fruit, Vegetable
and Farm Market Expo. Dec 8, 2016, Grand Rapids, Michigan. (Poster). 91. Type: Other Status: Other Year



Published: 2016 Citation: Resistance, Rain Fastness, and Coverage: Lessons Learned from WD Management in
Blueberries Nove 2016. SWD Summit, NWMREC, Traverse City, Ml. Fanning, P., Van Timmeren, S., Wise, J., &
Isaacs, R.: (38 growers) 92. Type: Other Status: Other Year Published: 2017 Citation: SWD research: control
recommendations and monitoring update. Philip Fanning and Rufus Isaacs. SWD workshop, Trevor Nichols
Research Center, Fennville, MI. June 30, 2017. 26 people 93. Type: Other Status: Other Year Published: 2016
Citation: Learning curve steep for controlling spread of SWD. Fruit Grower News. December 5, 2016. 94. Type:
Other Status: Other Year Published: 2016 Citation: SWD proves formidable fruit foe. Fruit Grower News.
December 5, 2016. 95. Type: Journal Articles Status: Published Year Published: 2017 Citation: Bezerra Da Silva,
C.S., Park, K.R., Walton, V.M. (2017). Intraspecific Competition Increases Off-Fruit Pupation in the Spotted-Wing
Drosophila (Drosophila suzukii). Journal of Pest Science. 96. Type: Journal Articles Status: Published Year
Published: 2017 Citation: loriatti, Claudio, Guzzon, Raffaele, Anfora, Gianfranco, Ghidoni, Franca Valerio
Mazzoni, Villegas, Tomas, Dalton, Daniel, and Walton, Vaughn (2017). Drosophila suzukii (Diptera:
Drosophilidae) contributes to the development of sour rot in grape. Journal of Economic Entomology. 97. Type:
Journal Articles Status: Published Year Published: 2017 Citation: Bezerra Da Silva, C.S., Price, B.E., Soohoo-
Hui, A.E., Walton, V.M (2017). Parasitism Capacity and the Effects of Host, Honey, Water, and Aging on the
Biology and Behavior of Pachycrepoideus vindemiae (Hymenoptera: Pteromalidae) Reared on Spotted-Wing
Drosophila (Drosophila suzukii). Journal of Pest Science. 98. Type: Journal Articles Status: Published Year
Published: 2017 Citation: Pfab, F, Anfora G., Walton V. M., Rossi Stacconi V., Pugliese A. (2017). Model for
Optimized Parasitoid Release. Journal of Applied Ecology. 99. Type: Journal Articles Status: Published Year
Published: 2017 Citation: Grassi A, Gottardello A, Dalton D.T., loriatti C, Gibeaux D, Rossi Stacconi VM, and
Walton VM (2017). Seasonal reproductive biology of Drosophila suzukii. Journal of Economic Entomology. 100.
Type: Other Status: Other Year Published: 2017 Citation: Blueberry Commission Research update. January 9
2017 (50 attendees). 101. Type: Other Status: Other Year Published: 2017 Citation: SWD, Research Summary
and update. North Willamette Horticultural Society, January 15, 2017. (300 attendees)

2015/09 TO 2016/08 What was accomplished under these goals? Organic producers of small and stone fruits
throughout the United Statesare experiencing significant crop losses due to spotted wing drosophila (SWD) which
can be as high as 100% in some situations. The primary goal of this project is todevelop and implement systems-
based organic SWD management programs that are compatible with the USDA National Organic Program (NOP)
and true to the ethos of organic agriculture. The leading researchers from 10 major land-grant universities and
USDA-ARS are involved in this multistate project. The team members met with the advisory board (which is
comprised of 17 stakeholders) on March 6-8, 2016 in Atlanta, GA to get their feedback and finalize plans for Year
1. During Year 1 of this project, all participating labs conducted on-farm research projects to achieve the
objectives. Our preliminaryresults indicate that SWD monitoring and management programs can beimproved by
using a more attractive bait (Scentry lure +yeast-sugar-water slurry) and incorporating more cultural practices
(canopy and floor management, and exclusion netting) in combination with appropriate use of organic
insecticides can effectively control SWD populations and save growers millions of dollars in crop losses to SWD.
During Year 1, this project hastrained 6 post-docs, 2 research technicians, 5graduate students, and 8 under
graduate students. The findings have been disseminated to growers and other stakeholders through numerous
research and extension presentations, publications, blogs, and websites. We have scheduled a webinar through
eOrganiconFebruary 1, 2017 to provide a comprehensive update on organic management of SWDbased on our
findings during Year 1 of this project. Specific accomplishments include: Obj1:Develop semiochemical-based
behavioral management tactics for SWD: Studies conducted in WI, MI, FL, OR, and GA toevaluatecurrently
available lures alone and in combination showed thatthe Yeast-Sugar-Solution +Scentry lure catches more SWD
flies than other baits.However, the same bait also caught the highest number of non-target insects which
indicates lack of specificity to SWD. Other studies indicate thatstarved SWD given water only were much more
likely to get trapped almost immediately at 10 min and over 4 hours than sugar-fed or diet + sugar-fed SWD. This
suggests that SWD in search of food are more attracted to such monitoring traps. Studies conducted to
determine dispersal of SWD among crops and non-crop hosts indicate that SWD flight activity is crepuscular and
the majority of fly activity during peak hours of dawn and dusk was concentrated in areas around the border and
within the blueberry orchard. Based on these findings, we believe that growers can significantly improve
effectiveness of organic insecticides against SWD by making spray applications at dawn and dusk. Berries from a
number of wild species commonly occurring in wooded areas around blueberry orchards in GA were evaluated to
determine their susceptibility to SWD. Of the 18 species tested, blackberry spp., deerberry, hillside blueberry,
common pokeweed, beautyberry, elderberry, evergreen blueberry, and large gallberry proved to be viable hosts
of SWD. Based on these and other studies, we have developed a list of potential hosts of SWD worldwide which
has been made available to all stakeholders through eOrganic website http://eorganic.info/spottedwingorganic.
Studies were conducted in MI and WV to evaluate effectiveness of organic insecticides in attract-and-kill devices.
Multiple organic insecticides were identified that effectively kill SWD in attracticidal spheres, however, acceptable
mortality levels were not observed with organic insecticides in attract-and-kill pouches. Obj 2:Develop cultural



control tactics and evaluate their efficacy and feasibility for reduction of SWD damage: Studies were conducted in
GA, MD, MN, and OR to evaluate impact of various pruning regimes on susceptibility of berries to SWD. Three
pruning regimes including light (25% less than grower standard), medium (grower standard), and heavy (25%
more than grower standard) pruning were evaluated. Results in blueberries show that temperature in the middle
of the canopy and light penetration were significantly higher whereas percent pupation and adult eclosion were
significantly lower in bushes with heavy pruning than those with light pruning. Studies conducted to determine
pupation sites and effect of different mulching practices (MD: fabric and woodchip, GA: pine bark, weed mat and
bare ground) on SWD survivorship show that 82-93% of SWD would pupate in the soil. Pupation occurred mainly
on the soil regardless of the percent of infested fruit in a cluster that stayed hanging versus dropped to the
ground. This indicates that the larvae mainly drop out of the fruit to pupate. Results of the mulching trials show
that mulch temperature exceeded the upper developmental threshold for SWD at the mulch surface more often
than below the mulch across both muich types evaluated in MD. A 100% mortality was observed when fully
mature SWD larvae were deployed in the field on different mulches in GA. However, a very low percentage of
larvae successfully pupated in MD studies. None of the larvae survived to successful adult emergence when
infested berries were placed above and below the mulch treatments. These results indicate that canopy and
orchard floor management practices can have significant impact on SWD survivorship in the field. Studies
conducted in AR and MN to evaluate impact of 80g insect netting on SWD infestations in primocane-fruiting
blackberries in high tunnels and mini tunnels showed that fruit infestations with SWD were significantly lower
inside the screened tunnels as compared to those outside. However, temperature inside the tunnels was \~5°F
higher than the outside. Further studies will be conducted during Year 2 and 3 to determine impact of this
increased temperature on fruit yield and quality. Obj3:Develop effective chemical control strategies that minimally
disrupt biological suppression of pest complexes: Studies were conducted in FL, GA, MI, MN and OR to
determine effectiveness of several organically approved insecticides including Entrust, Pyganic, Venerate, Azera,
Oxidate, Jet-Ag, AzaGuard, and Grandevo alone and in combination with adjuvants (NuFlim P and OroBoost)
and phagostimulants (sugar and yeast). Entrust was the most effective organic insecticide in all states. Efficacy of
other products was variable. In FL, significantly lower berry infestations were observed in Oxidate and Pyganic
treatments as compared to other materials whereas Venerate, Grandevo, Oxidate, and Azera provided
significantly higher SWD adult mortality than the untreated control in GA trial. Residual efficacy of all insecticides
dropped significantly at 3 days after treatment (DAT). The NuFilm P resulted in significantly higher SWD adult
mortality when mixed with Entrust whereas a combination of sugar and yeast resulted in higher mortality with
Garndevo in semi-field bioassays conducted at 0 DAT. However, this increase in mortality was not observed at 3
or 7 DAT. Obj4:Develop an integrated outreach approach to evaluate and implement organic SWD management
strategies. Findings of this project have been disseminated to growers and other stakeholders through numerous
research and extension presentations, publications, blogs, and websites including eOrganic. We have scheduled
a webinar through eOrganiconFebruary 1, 2017 to provide a comprehensive update on organic management of
SWnDbased on our findings during Year 1 of this project. **PUBLICATIONS (not previously reported):** 2015/09
TO 2016/08 1. Type: Journal Articles Status: Submitted Year Published: 2016 Citation: Woltz, J.M, J.C. Lee.
Pupation behavior and larval and pupal biocontrol of Drosophila suzukii in the field. Biological Control, submitted
June 2016. 2. Type: Other Status: Published Year Published: 2016 Citation: Lee JC, Sial A (2016) Reference list
of fruits with Drosophila suzukii. . Updated April 6, 2016. 3. Type: Other Status: Published Year Published: 2016
Citation: Lee JC, Sial A (2016) Fruits that have supported spotted wing drosophila. . Updated April 6, 2016. 4.
Type: Journal Articles Status: Submitted Year Published: 2016 Citation: Rice, K.B., B.D. Short, and T.C. Leskey.
2016. Development of an attract-and-kill strategy for Drosophila suzukii (Diptera: Drosophilidae): evaluation of
attracticidal spheres under laboratory and field conditions. (submit to Pest management Science September
2016) 5. Type: Conference Papers and Presentations Status: Other Year Published: 2015 Citation: Rice, K.B.
B.D. Short, S.K. Jones, and T.C. Leskey. 2015. Foraging Ecology of Spotted Wing Drosophila. Entomological
Society of America National Meeting, Minneapolis, MN 6. Type: Conference Papers and Presentations Status:
Other Year Published: 2015 Citation: Rice, K.B., S.K. Jones, and T.C. Leskey. 2015. Foraging behavior of
spotted wing drosophila. Cumberland Shenandoah Fruit Worker Conference, Winchester, VA 7. Type:
Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Rice, K.B, B.D. Short, S.K.
Jones and T.C. Leskey. 2016. Invasive spotted wing drosophila ?picks? the low hanging fruit: infestation rates,
mark-release recapture, and field cage studies in raspberry. Entomological Society of America Eastern Branch
Meeting, Philadelphia, PA. 8. Type: Other Status: Other Year Published: 2016 Citation: Rice, K.B. and T.C.
Leskey. 2016. Spotted wing drosophila: Foraging Ecology and attract-and-kill. New Hampshire tree fruit twilight
meeting. Lebanon, NH 9. Type: Other Status: Other Year Published: 2015 Citation: Rice, K.B. and T.C. Leskey.
2015. Invasive spotted wing drosophila. Appalachian Fruit Research Station Apple Harvest Tour. Oral
Presentation, October 15, 2015 Kearneysville, WV. 10. Type: Other Status: Other Year Published: 2016 Citation:
Rice, K.B. and T.C. Leskey. 2016. Spotted wing drosophila management. Hagerstown Community College
Biological education Program, Oral Presentation, June 21, 2016, Kearneysville, WV. 11. Type: Websites Status:
Published Year Published: 2016 Citation: Raspberry Pruning, 4 May 2016. eOrganic Organic Management of



Spotted Wing Drosophila website, http://eorganic.info/node/12848 . 12. Type: Websites Status: Published Year
Published: 2016 Citation: Mulching Study in Minnesota, 29 July 2016. eOrganic Organic Management of Spotted
Wing Drosophila website, http://eorganic.info/node/12848 . 13. Type: Other Status: Published Year Published:
2016 Citation: Spray Trial in Minnesota, 24 August 2016. eOrganic Organic Management of Spotted Wing
Drosophila website, http://eorganic.info/node/12848. 14. Type: Other Status: Other Year Published: 2016
Citation: Organic Management of SWD, Andrew Petran\*, 9 August 2016. Presentation and field trip given to
traveling Bosnian researchers funded on the Cochran Fellowship Program. 15. Type: Other Status: Other Year
Published: 2016 Citation: The Spotted Wing Drosophila: Natural History, Control, and Mitigation in Small Fruits?.
Heidi Anderson\* and Aimee Talbot\*, 3 Aug 2016. Presentation on organic control of SWD given to Master
Gardeners within the Twin Cities region. 16. Type: Other Status: Other Year Published: 2016 Citation: Rogers, M.
Extension Educator Training, UMN, St. Paul, MN. 19 April 2016. SWD biology & management. 17. Type: Other
Status: Other Year Published: 2016 Citation: Organic Farm Field Day, UMN, St. Paul MN, 27 July 2016. Oral
presentation given near exclusion trial plots. 18. Type: Journal Articles Status: Published Year Published: 2016
Citation: Hamby, K. A., Bellamy, D. E., Chiu, J. C., Lee, J. C., Walton, V. M., Wiman, N. G. and Biondi, A. 2016.
Biotic and abiotic factors impacting development, behavior, phenology, and reproductive biology of Drosophila
suzukii. J Pest Sci, 1-15. 19. Type: Journal Articles Status: Published Year Published: 2016 Citation: Tochen S.,
Vaughn M. Walton and Jana C. Lee 2016. Impact of floral feeding on adult Drosophila suzukii survival and
nutrient status. J Pest Sci DOI: 10.1007/s10340-016-0762-7. 20. Type: Journal Articles Status: Published Year
Published: 2016 Citation: Wiman N. G., Gianfranco Anfora, Antonio Biondi, Joanna C. Chiu, Kent M. Daane,
Daniel T. Dalton, Beverly Gerdeman, Angela Gottardello, Kelly A. Hamby, Rufus Isaacs, Alberto Grassi, Claudio
loriatti, Jana C. Lee, Betsey Miller, M. Valerio Rossi Stacconi, Peter W. Shearer, Lynell Tanigoshi, Xingeng Wang
and V. M. Walton 2016. Drosophila suzukii population response to the environment and management strategies.
J Pest Sci DOI: 10.1007/s10340-016-0757-4. 21. Type: Journal Articles Status: Published Year Published: 2016
Citation: Shearer P. W., West J., Walton V.M., Brown P., Svetec N., and Chiu, J. 2016. Environmental cues
enhance winter survival of Drosophila suzukii. BMC Ecology, 16:11. DOI: 10.1186/s12898-016-0070-3. 22. Type:
Journal Articles Status: Published Year Published: 2016 Citation: Wang XG, Stewart TG, Biondi A, Chavez BM,
Ingels C, Caprile JA, Grant J, Walton VM, and Daane KM 2016. Population dynamics and ecology of Drosophila
suzukii in Central California. J Pest Sci DOI: 10.1007/s10340-016-0747-6. 23. Type: Journal Articles Status:
Published Year Published: 2016 Citation: Daane KM, Xin-Geng Wang, Antonio Biondi, Betsey Miller, Jeffrey C.
Miller, Helmut Riedl, Peter W. Shearer, Emilio Guerrieri, Massimo Giorgini, Matthew Buffington, Kees van
Achterberg, Yoohan Song, Taegun Kang, Hoonbok Yi, Chuleui Jung, Dong Woon Lee,Bu-Keun Chung, Kim A.
Hoelmer, and Vaughn M. Walton 2016. First exploration of parasitoids of Drosophila suzukii in South Korea as
potential classical biological agents. J. Pest Sci. DOI 10.1007/s10340-016-0740-0 24. Type: Journal Articles
Status: Published Year Published: 2015 Citation: Miller B, Anfora G, Buffington M, Daane KM, Dalton DT,
Hoelmer KM, Stacconi MV, Grassi A, loriatti C, Loni A, Miller JC, M?bark Quantar, X. Wang, Nik G. Wiman, and
Vaughn M. Walton 2015. Seasonal occurrence of resident parasitoids associated with Drosophila suzukii in two
small fruit production regions of Italy and the USA. Bull Insectology 68(2): 255-63. 25. Type: Journal Articles
Status: Published Year Published: 2016 Citation: Lee, Jana C., Daniel T. Dalton, Katharine A. Swoboda-
Bhattarai, Denny J. Bruck, Hannah J. Burrack, Bernadine C. Strik, J. Megan Woltz, and Vaughn M. Walton 2015
Characterization and manipulation of fruit susceptibility to Drosophila suzukii. J. Pest Sci. 10.1007/s10340-015-
0692-9. 26. Type: Journal Articles Status: Published Year Published: 2015 Citation: Asplen M.K., Gianfranco
Anfora, Antonio Biondi, Deuk-Soo Choi, Dong Chu, Kent M Daane, Patricia Gibert, Andrew P Gutierrez, Kim A
Hoelmer, William D Hutchison, Rufus Isaacs, Zhi-Lin Jiang, Zsolt K?rp?ti, Masahito T Kimura, Marta Pascual,
Christopher R Philips, Christophe Plantamp, Luigi Ponti, G?bor V?tek, Heidrun Vogt, Vaughn M Walton, Yi Yu,
Lucia Zappal?, and Nicolas Desneux 2015. Invasion biology of spotted wing Drosophila (Drosophila suzukii): a
global perspective and future priorities. J. Pest Sci. 88: 469-494. 27. Type: Journal Articles Status: Published
Year Published: 2015 Citation: Tochen S, Woltz JM, Dalton DT, Lee JC, Wiman NG, and Walton VM 2015.
Humidity affects populations of Drosophila suzukii (Diptera: Drosophilidae) in blueberry. J. Appl. Entomol.. doi:
10.1111/jen.12247. 28. Type: Other Status: Published Year Published: 2015 Citation: Addison P., Walton V.M.
and Mitchell K., 2015. New Fruit Pest? WineLand Technical, 2015 http://www.wineland.co.za/technical/new-fruit-
pest. 29. Type: Other Status: Published Year Published: 2015 Citation: Pscheidt J. W., Peachey E. and V. Walton
2015. Apple 2015 Pest Management Guide for the Willamette Valley. Oregon State University Extension Service,
EM 8418. 30. Type: Other Status: Other Year Published: 2016 Citation: Skinkis P., Pscheidt J., Walton V.M.,
Dreves A.J. , Peachey E., Allen N., and J. Sanchez. 2007-2016. Pest Management Guide for Wine Grapes in
Oregon. OSU Extension Service EM8413E. 31. Type: Journal Articles Status: Published Year Published: 2015
Citation: Klick J, Yang W, Walton V, Dalton D, Hagler J, Dreves A, Lee J, and Bruck D. 2015. Distribution and
movement of Drosophila suzukii into fruiting raspberry. J. of Appl. Entomol. 10: 2014-0311. 32. Type: Other
Status: Other Year Published: 2016 Citation: Walton V. M. Blueberry Field day, NWREC, Aurora, July 6, 2016
(100 attendees) 33. Type: Other Status: Other Year Published: 2016 Citation: Waton, V. M., Wasco County Pre-
Harvest day for cherry, The Dalles, May 31, 2016 (80 attendees) 34. Type: Other Status: Other Year Published:



2016 Citation: Walton V. M., OWRI field scouting workshop, Milton-Freewater, Oregon, May 4, 2016 (50
attendees). 35. Type: Other Status: Other Year Published: 2016 Citation: Walton V. M., Spotted Wing Drosophila
management, Wasco County cherry breakfast growers meeting, The Dalles, Oregon, April 29, 2016 (60
attendees). 36. Type: Other Status: Other Year Published: 2016 Citation: Walton V. M., Improved Spray
Technologies for SWD. Oregon Blueberry Conference, Portland Oregon, January 25, 2016 (200 attendees) 37.
Type: Other Status: Other Year Published: 2016 Citation: Walton V. M., Managing Red Blotch, Spotted Wing
Drosophila and Brown Marmorated Stink bug, Blue Mountain Horticultural Society, February 10, 2016 (35
attendees) 38. Type: Other Status: Other Year Published: 2015 Citation: Walton V. M., Managing invasive insects
in tree crops and small fruit, Roseburg, Oregon, October 5, 2015 (35 attendees) 39. Type: Other Status: Other
Year Published: 2016 Citation: PMSP workshop for Oregon Wine Industry, Portland, Oregon February 24, 2016.
(30 attendees) 40. Type: Websites Status: Other Year Published: 2016 Citation: Spottedwing.org ? averages
80,000 page views/year for past year. 41. Type: Other Status: Published Year Published: 2016 Citation: Iglesias,
L.E, J. F. Price, C. R. Roubos, J. M. Renkema, and O. E. Liburd. 2016. Spotted wing drosophila in Florida berry
culture. Publication \# ENY861. IFAS-EDIS Extension, University of Florida, Gainesville, FL. 42. Type: Other
Status: Published Year Published: 2015 Citation: Iglesias, L. E., T. W. Nyoike, and O. E. Liburd. 2015. Spotted
wing drosophila: Drosophila suzukii. Publication \# ENY885. IFAS-EDIS Extension, University of Florida,
Gainesville, FL. 43. Type: Other Status: Published Year Published: 2015 Citation: Liburd, O. E. 2015. Area-wide
management needed for successful control of SWD. Summer ed. Blueberry News. 4: 3-4. 44. Type: Conference
Papers and Presentations Status: Other Year Published: 2016 Citation: Liburd O. E. and L. E. Iglesias. 2016.
Identification of biorational insecticides for managing spotted wing drosophila in organic blueberry production. Xl
International Vaccinium Symposium . April 10 -14; Orlando, Florida 45. Type: Conference Papers and
Presentations Status: Other Year Published: 2015 Citation: Liburd, O. E., L. E. Iglesais, and T. W. Nyoike. 2015.
Performance of various traps and baits for monitoring Drosophila suzukii in berry crops. November 17.
Entomological Society of America Annual Meeting. Minneapolis, Minnesota (symposium presentation). 46. Type:
Conference Papers and Presentations Status: Other Year Published: 2015 Citation: Iglesias, L., and O. E. Liburd.
2015. How blueberry attributes influence oviposition behavior of the invasive spotted wing drosophila, Drosophila
suzukii (Matsumura). November 16. Entomological Society of America Annual Meeting. Minneapolis, Minnesota.
47. Type: Conference Papers and Presentations Status: Other Year Published: 2015 Citation: Iglesias, L. E, J. M.
Razze, D. Harmon, O. Dosunmu, K. Patel, and O. E. Liburd. 2015. Florida State Report on the Spotted Wing
Drosophila. WERA National Meeting on Spotted Wing Drosophila, November 17th. Minneapolis, Minnesota 48.
Type: Other Status: Other Year Published: 2015 Citation: Liburd. O. E. and L. E. Iglesias. Update on spotted wing
drosophila. Fall Blueberry Short Course, Florida Blueberry Growers Association, Oct. 2015: Plant City, Florida.
49. Type: Websites Status: Published Year Published: 2016 Citation: Taylor, C.M. Mulching and Pruning Studies
in MD. June 22, 2016 (blog, eOrganic Organic Management of Spotted Wing Drosophila Project Updates,
http://eorganic.info/node/12848) 50. Type: Other Status: Other Year Published: 2016 Citation: Taylor, C.M., and
Hamby K.A.\*. Spotted wing drosophila in small fruits. WREC Late Summer Horticultural Crops Twilight Tour,
August 24, 2016 (\~30 people, field day, Queenstown, MD) 51. Type: Other Status: Other Year Published: 2016
Citation: Taylor, C.M., and Hamby K.A.\*. Evaluating the effects of mulching practices in blueberries on spotted
wing drosophila survival. WMREC Horticultural Twilight Meeting and Tour, August 18, 2016 (81 people, field day,
Keedysville, MD) 52. Type: Other Status: Other Year Published: 2016 Citation: K.A. Hamby. Spotted wing
research updates. 2016 Maryland State Horticultural Society Summer Orchard Tour, July 13, 2016 (108 people,
field day, Woodbine, MD) 53. Type: Journal Articles Status: Published Year Published: 2016 Citation: Grant, J. A.
and A. A. Sial. 2016. Potential of Muscadine Grapes as a Viable Host of Drosophila suzukii (Diptera:
Drosophilidae) in Blueberry-Producing Regions of the Southeastern United States. J. Econ. Entomol. 109(3):
1261-1266. 54. Type: Other Status: Published Year Published: 2016 Citation: Little, E., Sial A. A. et al. 2016.
Southeast Regional Organic Blueberry Pest Management Guide. The Southern Region Small Fruit Consortium.
http://www.smallfruits.org/SmallFruitsRegGuide/Guides/2016/2016BlueberrySprayGu ide organic.pdf 55. Type:
Other Status: Published Year Published: 2016 Citation: Sial, A. A. 2016. Grower Handouts for ? 1) Identification
of Spotted Wing Drosophila; 2) Spotted Wing Drosophila Lifecycle; 3) Management of Spotted Wing Drosophila in
Blueberries; and 4) Monitoring Spotted Wing Drosophila Using Traps. Dixie-Blueberry News, Georgia Blueberry
Growers Association Newsletter, 16(3): 36-39. 56. Type: Other Status: Published Year Published: 2016 Citation:
Sial, A. A. 2016. UGA Suggested Insecticide Regime for Spotted Wing Drosophila Control in Blueberries. Dixie-
Blueberry News, Georgia Blueberry Growers Association Newsletter, 16(3): 32-33. 57. Type: Other Status:
Published Year Published: 2016 Citation: Sial, A. A. 2016. UGA Suggested Season-long Insecticide Rotational
Programs for Spotted Wing Drosophila Control in Blueberries. Dixie-Blueberry News, Georgia Blueberry Growers
Association Newsletter, 16(3): 30. 58. Type: Other Status: Published Year Published: 2016 Citation: Sial, A. A.
2016. Spotted Wing Drosophila: Identification, Monitoring and Management in Georgia Blueberries. Dixie-
Blueberry News, Georgia Blueberry Growers Association Newsletter, 16(3): 22-27. 59. Type: Other Status:
Published Year Published: 2016 Citation: Sial, A. A. 2016. Free Integrated Pest Management App for Blueberries
? MylPM-SEP. Dixie-Blueberry News, Georgia Blueberry Growers Association Newsletter, 16(2): 9. 60. Type:



Other Status: Published Year Published: 2016 Citation: Sial, A. A. 2016. Spotted Wing Drosophila (SWD)
Identification, Monitoring, and Management Handouts. UGA Blueberry blog, 27 April 2016.
http://blog.caes.uga.edu/blueberry/2016/04/swd-handouts/ 61. Type: Other Status: Published Year Published:
2016 Citation: Sial, A. A. 2016. Insecticide Regime for SWD Control on Blueberries. UGA Blueberry blog, 27 April
2016. http://blog.caes.uga.edu/blueberry/2016/04/insecticide-regime-for-swd/ 62. Type: Other Status: Published
Year Published: 2016 Citation: Sial, A. A. 2016. Spotted Wing Drosophila Identification, Monitoring, and
Management in Georgia Blueberries. UGA Blueberry blog, 27 April 2016.
http://blog.caes.uga.edu/blueberry/2016/04/spotted-wing-drosophila/ 63. Type: Other Status: Other Year
Published: 2016 Citation: Sial, A. A. 2016. Blueberry Integrated Pest Management Field Day at Chambers
Brothers Blueberry Farm, Clinch County, GA . April 5, 2016. (100 attendees)
http://blog.caes.uga.edu/blueberry/2016/04/blueberry-integrated-pest-management -field-day-tuesday-april-5th/
64. Type: Other Status: Other Year Published: 2016 Citation: Sial, A. A. 2016. Three radio segments on: 1)
Blueberry production in Georgia; 2) Insect Pests as a Threat to Georgia Blueberries; and 3) Efforts and
Leadership of UGA Blueberry Entomology Program to Combat Invasive Fly Pest at the National Level, were
recorded to be aired at NPR - WUGA radio program ?Classic City Science? May 25, 2016. 65. Type: Other
Status: Published Year Published: 2016 Citation: Sial, A. A. 2016. ?SWD ? How to stop a proliferate pest?
(http://lwww.goodfruit.com/swd-how-to-stop-a-proliferate-pest/)Good Fruit Grower, May 24, 2016. 66. Type: Other
Status: Published Year Published: 2016 Citation: Sial, A. A. 2016. ?Tiny Insect, Big Impact? UGA CAES
Magazine, Southscapes, Spring 2016. 67. Type: Other Status: Other Year Published: 2015 Citation: Sial, A. A.
2015. UGA Researcher Works to Eliminate Blueberry Pest. A TV Segment produced by Georgia Farm Monitor
and aired on a network of thirteen stations across Georgia as well as nationally on the RFD-TV Network, Dec 12,
2015. Here is a YouTube link https://www.youtube.com/watch?v=C1T-3LNFWqQ 68. Type: Other Status:
Published Year Published: 2015 Citation: Sial, A. A. 2015.\$2 million grant will help develop control for fruit
ruining flies. Columns, UGA Newspaper, Nov 9, 2015. 69. Type: Other Status: Published Year Published: 2015
Citation: Sial, A. A. 2015. Researchers to develop protection for blueberry crops. The Red&Black, Nov 2, 2015.
70. Type: Other Status: Published Year Published: 2015 Citation: Sial, A. A. 2015. UGA to use \$2 million grant to
develop control for blueberry destroying fly. GeorgiaTrend DAILY, Oct 15, 2015. 71. Type: Other Status:
Published Year Published: 2015 Citation: Sial, A. A. 2015. UGA to use \$2 million grant to develop control for
blueberry destroying fly. UGA Today, Oct 15, 2015. 72. Type: Conference Papers and Presentations Status:
Other Year Published: 2016 Citation: Grant, J. A. and A. A. Sial. Investigating wild flora for viable hosts of
Drosophila suzukii (Diptera: Drosophilidae) in the Southeastern US. 80th Annual Meeting of Georgia
Entomological Society, Pine Mountain, GA. 6-8 April 2016. 73. Type: Conference Papers and Presentations
Status: Other Year Published: 2016 Citation: Evans, R. K. and A. A. Sial. Effect of abiotic factors on
chronobiology of Drosophila suzukii (Diptera: Drosophilidae). 80th Annual Meeting of Georgia Entomological
Society, Pine Mountain, GA. 6-8 April 2016. 74. Type: Conference Papers and Presentations Status: Other Year
Published: 2016 Citation: Sial, A. A. Spotted wing drosophila management in Georgia blueberries. 80th Annual
Meeting of Georgia Entomological Society, Pine Mountain, GA. 6-8 April 2016. 75. Type: Conference Papers and
Presentations Status: Other Year Published: 2016 Citation: Sial, A. A. Packaging science & technology to deliver
sustainable IPM programs for an invasive pest, spotted wing drosophila. In symposium ?Integrated Pest
Management? at 90th Annual Meeting of Entomological Society of America Southeastern Branch, 13-16 March
2016, Raleigh, NC. 76. Type: Conference Papers and Presentations Status: Other Year Published: 2016 Citation:
Sial, A. A. Spotted wing drosophila (SWD): A threat to small and stone fruit production. 2016 Blueberry
Entomology Update. 2016 UGA Cooperative Extension Winter Conference, 12-14 Jan 2016, Rock Eagle, GA. 77.
Type: Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Lovett, W. E., A. A.
Sial, J. L. Jacobs, B. K. Gautam, and B. A. Little. Impact of simulated rainfall on the effectiveness of insecticides
against spotted wing drosophila in blueberries. 2016 UGA Cooperative Extension Winter Conference, 12-14 Jan
2016, Rock Eagle, GA. 78. Type: Conference Papers and Presentations Status: Other Year Published: 2016
Citation: Sial, A. A. Blueberry Entomology Update. 2016 Southeastern Regional Fruit and Vegetable Conference,
Savannah International Trade & Convention Center, 7-10 Jan 2016, Savannah, GA. 79. Type: Conference
Papers and Presentations Status: Other Year Published: 2016 Citation: Grant, J. A. and Sial, A. A. Investigating
native flora as a potential source of spotted wing drosophila infestations in Georgia blueberries. 2016
Southeastern Regional Fruit and Vegetable Conference, Savannah International Trade & Convention Center, 7-
10 Jan 2016, Savannah, GA. 80. Type: Conference Papers and Presentations Status: Other Year Published:
2016 Citation: Evans, R. K. and Sial, A. A. Effect of abiotic factors on biology, behavior, and reproduction in
Drosophila suzukii (Diptera: Drosophilidae). 2016 Southeastern Regional Fruit and Vegetable Conference,
Savannah International Trade & Convention Center, 7-10 Jan 2016, Savannah, GA. 81. Type: Conference
Papers and Presentations Status: Other Year Published: 2016 Citation: Little, B. A. and Sial, A. A. Effect of spray
solution pH on efficacy and residual activity of insecticides against Drosophila suzukii (Diptera: Drosophilidae).
2016 Southeastern Regional Fruit and Vegetable Conference, Savannah International Trade & Convention
Center, 7-10 Jan 2016, Savannah, GA. 82. Type: Other Status: Other Year Published: 2016 Citation: Evans, R.



K. and Sial, A. A. Effect of abiotic factors on biology, behavior, and reproduction in Drosophila suzukii (Diptera:
Drosophilidae). Georgia Blueberry Growers Meeting ? Annual Blueberry Update, 6 Jan 2016, Alma, GA. 83.
Type: Other Status: Other Year Published: 2016 Citation: Little, B. A. and Sial, A. A. Effect of spray solution pH
on efficacy and residual activity of insecticides against Drosophila suzukii (Diptera: Drosophilidae). Georgia
Blueberry Growers Meeting ? Annual Blueberry Update, 6 Jan 2016, Aima, GA. 84. Type: Other Status: Other
Year Published: 2016 Citation: Gautam, B. K. and Sial, A. A. Effect of temperature on acute toxicity of
insecticides to spotted wing drosophila, Drosophila suzukii. Georgia Blueberry Growers Meeting ? Annual
Blueberry Update, 6 Jan 2016, Alma, GA. 85. Type: Conference Papers and Presentations Status: Other Year
Published: 2016 Citation: Sial, A. A. 2015 Georgia state update on biology and management of of spotted wing
drosophila. The 63rd Annual Meeting of the ESA, 15-18 November 2015, Minneapolis, MN. 86. Type: Conference
Papers and Presentations Status: Other Year Published: 2016 Citation: Sial, A. A. Issues surrounding
management of spotted wing drosophila in southeastern United States. The 63rd Annual Meeting of the ESA, 15-
18 November 2015, Minneapolis, MN. 87. Type: Conference Papers and Presentations Status: Other Year
Published: 2016 Citation: Rosensteel, D. O. and Sial, A. A. Comparing the efficacy of season-long chemically
based management strategies for Drosophila suzukii in southeastern blueberry crops. The 63rd Annual Meeting
of the ESA, 15-18 November 2015, Minneapolis, MN. 88. Type: Conference Papers and Presentations Status:
Other Year Published: 2016 Citation: Mishra, M, J. Chiu, G. Hua, M. J. Adang, and A. A. Sial. Next generation
sequencing as a tool to proactively assess the risk of insecticide resistance in Drosophila suzukii (Diptera:
Drosophilidae). The 63rd Annual Meeting of the ESA, 15-18 November 2015, Minneapolis, MN. 89. Type:
Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Gautam, B. K. and Sial, A. A.
Effect of temperature on acute toxicity of insecticides to spotted wing drosophila, Drosophila suzukii. 2016
Southeastern Regional Fruit and Vegetable Conference, Savannah International Trade & Convention Center, 7-
10 Jan 2016, Savannah, GA. 90. Type: Other Status: Other Year Published: 2016 Citation: Sial, A. A. Biology and
management of spotted wing drosophila: 2015 Research Update. Georgia Blueberry Growers Meeting ? Annual
Blueberry Update, 6 Jan 2016, Alma, GA. 91. Type: Other Status: Other Year Published: 2016 Citation: Grant, J.
A. and Sial, A. A. Investigating native flora as a potential source of spotted wing drosophila infestations in
Georgia blueberries. Georgia Blueberry Growers Meeting ? Annual Blueberry Update, 6 Jan 2016, Alma, GA.
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NON-TECHNICAL SUMMARY

Natural pest control is a cornerstone of organic agriculture. Wild insect-eating birds are important contributors,
and many growers seek to enhance these benefits by maintaining hedgerows or other bird habitats. On the other
hand, birds sometimes damage produce or act as key vectors of bacteria (e.g., E. coli, salmonella), viruses (e.g.,
West Nile) and parasites (e.g., fowl mites) harmful to humans or livestock. Unfortunately, there have been
surprisingly few holistic studies of wild birds\' ecological roles, both good and bad, on North American organic
farms. This leaves growers unable to predictably weigh the benefits and risks of encouraging or discouraging wild
bird populations. Working on highly-diverse mixed vegetable farms, a subset of which also integrate livestock into
their farming systems, we propose to: (1) Relate biodiversity of wild birds to farm-management practices, through
intensive field sampling and GIS modeling; (2) Quantify the birds\' impact on pest insects through non-invasive,
molecular analysis of prey-DNA remains in bird feces; and (3) Assess the birds\' risk of spreading pathogens and
parasites that endanger food safety and human/livestock health. Collaborators at the Cornell Lab of Ornithology
and the Nature Conservancy will contribute to innovative electronic outreach products in support of each of these
research objectives. Our ultimate goal is to provide growers with practical tools to maximize the benefits of wild
birds, while minimizing any dangers, as part of whole-farm planning. We simultaneously address two OREI
priorities by improving (1) systems-based integrated pest management programs and (2) food safety practices to
reduce microbial contamination.

OBJECTIVES

Our project seeks to rigorously document the ecological role(s) of wild birds on diverse mixed-vegetable farms,
providing growers with practical, science-based recommendations for wild-bird management. While the pest-
control benefits of wild birds are relatively well-documented for tropical farming systems or particular bird species,
surprisingly few studies have rigorously documented the pest-control benefits of species-rich bird communities in
mainland-US farming systems. Likewise, reports of wild birds as possible vectors of harmful pathogens &
parasites have not been followed by rigorous surveys of birds\' roles as pathogen/parasite vectors across diverse
agro-ecosystems, eco-regions, and bird species. To fill these knowledge gaps, and working entirely on the farms
of a large group of cooperating growers, we propose to (1) relate wild-bird biodiversity to farm-management



practices, through intensive field sampling and GIS modeling; (2) quantify the birds\' benefits for pest-insect
control through non-invasive, molecular analysis of prey-DNA remains in bird feces; and (3) assess the birds\' risk
of spreading pathogens and parasites that endanger food safety and human/livestock health. Our farm sites
range from the relatively cool/wet conditions of the Pacific Northwest to the relatively hot/dry conditions of
southern California, and vary in their degree of livestock integration. Therefore, our project will span a broad
range of farming contexts likely to impact wild-bird biodiversity and the relative balance of birds\' beneficial and
harmful impacts.

APPROACH

OBJECTIVE 1: Farm management/landscape influence(s) on wild bird biodiversity. The cornerstone of our
project is an exploration of how farming practices, and the farm environment, impact wild bird communities and
these birds\' benefits and harms to farm ecology. We will focus our comprehensive bird-ecology studies on a
group of 40 geographically, physically, and philosophically diverse mixed-vegetable farms across ID, WA, OR,
and CA. While differences between \"integrated\" and \"vegetable-only\" farms may be most obvious, these farms
also differ in a wide variety of other management practices (e.g., pest management regimes, use of flowering
hedgerows, etc), landscape settings (urban, rural, natural) and scales (from \< 1 acre to hundreds of acres) likely
to impact wild-bird populations. First we will survey a broader group of western growers for their experiences with
bird management, while interviewing our focal growers about their farming practices. As part of farm
characterization, we will map farm features, and surrounding habitats, using GIS approaches. Finally, and most
importantly, we will conduct rigorous, repeated surveys of bird populations on each farm and collect samples
used in later Objectives to determine (1) wild bird diets and (2) birds\' roles as pathogen and parasite vectors. Our
integrated outreach component will develop powerful, convenient, mobile-web-based tools to allow growers to
better understand and manage wild-bird populations on their farms.OBJECTIVE 2: Molecular/experimental
quantification of wild birds\' impact on pests. For many years, analysis of wild-bird diets focused on gut-
dissections and other methods that necessitated that birds to be sacrificed; new, molecular approaches thus
provided a welcome, non-invasive alternative method (Deagle et al. 2007). Several techniques have been
attempted, sharing in common that prey DNA is extracted from bird feces and identified. Initially, work centered
on species-specific polymerase chain reaction (PCR) primers that were developed to detect prey-specific DNA
sequences of fish eaten by penguins (Deagle et al. 2007). This approach is powerful and increasingly
inexpensive, but as a drawback can only detect those prey species for which a specific primer has been
developed (Murray et al. 2011). Therefore, unexpected feeding relationships, which often are of particular
interest, will always be missed. An exciting alternative is the emergence of the high-throughput-sequencing
approach, in with a general primer is deployed that is capable of amplifying a particular gene region (often the
cytochrome oxidase | or COIl gene) across a broad range of species; DNA sequences are then assigned to
species relying on searches of the online GENBANK DNA-sequence database
(http://www.ncbi.nim.nih.gov/genbank/) for similar sequences. Recently, Jedlicka et al. (2013) adapted the high-
throughput approach to examine diets of nestling western bluebirds (Sialia mexicana) on two California
vineyards, revealing a diverse array of pest and non-pest prey in the birds\' diet. We propose to use these new
genomics approaches to document the diets of wild birds on a subset of our cooperating farms (only a subset is
possible due to the significant, although rapidly shrinking, cost of the genomics approach). This will be
complemented with classic, on-farm bird-exclusion studies from Brassica plantings (e.g., Hooks et al. 2003).
Finally, all that we learn will be used to develop \"Pest Control is for the Birds\" extension content for eOrganic,
and to inform farm-walk field days on the farms of our cooperating growers.OBJECTIVE 3: Birds\' risk of
spreading pathogens and parasites to humans/livestock. In our first Objective we describe wild-bird populations
on our cooperating farms, and examine how they are influenced by the farm landscape. In our second Objective
we examine wild bird\'s possible benefits to farm ecology as consumers of pest insects. Here, we consider the
possible risks that birds pose to growers, when wild birds act as vectors of pathogens and parasites harmful to
humans and/or livestock. This key element will allow us to develop a fully fleshed-out picture of wild birds\' roles
on organic mixed-vegetable farms, both beneficial and harmful. The centerpiece of this final Objective is a
comprehensive screening of samples collected from wild birds on the farms of our cooperating growers, looking
for a broad range of viral and bacterial pathogens and internal and external parasites. The integrated outreach
component will develop online content describing these potential risks, and will ultimately allow us to integrate
these risks into wild-bird-management recommendations delivered by YardMap.

PROGRESS

2015/09 TO 2020/08 Target Audience:The goal of the A-BIRDs project is to determine the costs and benefits of
wild birds on organic farms, as well as to develop tools to aid growers in managing wild birds. Our target



audience is organic vegetable growers who rely on natural enemies (including birds) for pest suppression, but
must also minimize the food safety risk presented by wildlife incursion. The broad datasets from this project are
now providing important insights into 1) the influence of farm-management practices on wild bird diversity, which
will be invaluable to growers throughout the western United States, 2) the impacts of birds on crop pest
suppression, and 3) the risk presented by birds as reservoirs of human and livestock pathogens. These data are
the first to assess community-level costs and benefits of birds across a wide geographical area, and are proving
critical for informing ongoing development of food-safety measures and regulations. Changes/Problems: Nothing
Reported What opportunities for training and professional development has the project provided?This project
supported the training of one Ph.D. student. Dr. Olivia M. Smith completed her dissertation project based on this
work and successfully graduated in May 2020. In addition, the project supported research training and experience
for 5 undergraduate students in a variety of capacities that included field work (e.g. bird capture and sample
collection) as well as laboratory work (e.g. DNA extraction and PCR). Professional development was supported
for one postdoctoral researcher. Dr. Chris Latimer was involved with the project through the mentorship of co-PlI
Dr. Christina Kennedy. Dr. Latimer developed analytical skills during the process of data analysis and was
involved with manuscript writing and preparation. How have the results been disseminated to communities of
interest? Research results have been communicated to peer scientists through publication of 8 peer-reviewed
papers and 5 presentations at scientific conferences (e.g. American Ornithological Society). Our results and the
relevant changes in knowledge have also been communicated to farmers and the public through on-farm
extension talks. We have also published 8 articles accessible through the public and stakeholders through online
platforms (e.g. eOrganic). What do you plan to do during the next reporting period to accomplish the goals?
Nothing Reported

2016/09 TO 2017/08 Target Audience:The goal of the A-BIRDs project is to determine the costs and benefits of
wild birds on organic farms, as well as to develop tools to aid growers in managing wild birds. Our target
audience is organic vegetable growers who rely on natural enemies (including birds) for pest suppression, but
must also minimize the food safety risk presented by wildlife incursion. We selected 45 farms across California,
Oregon, and Washington, which varied in natural vegetation cover, bird community composition, and livestock
density. During July-September, 2016 and 2017, we conducted four rounds of field sampling, quantifying bird
communities, vegetation cover, farm management strategies, and livestock abundance. We also captured a
representative sample of wild birds at each farm and collected samples to test for human and livestock pathogens
vectored by birds. This broad dataset will provide important insights into 1) the influence of farm-management
practices on wild bird diversity, which will be invaluable to growers throughout the western United States, 2) the
impacts of birds on crop pest suppression, and 3) the risk presented by birds as vectors of human and livestock
pathogens. These data will be the first to assess community-level costs and benefits of birds across a wide
geographical area, and will be critical for informing ongoing development of food-safety measures and
regulations. Changes/Problems: Nothing Reported What opportunities for training and professional development
has the project provided?Two graduate students (Olivia Smith and Joseph Taylor), as well as 4 undergraduate
research assistants are currently being trained or were trained on this project. Olivia Smith is characterizing avian
communities in relation to landscape features and farm management strategies. In spring 2017, she participated
in an occupancy modelling workshop to develop statistical skills in modelling bird presence/absence and
presented her research at a professional conference (American Ornithological Society) and in several interactive
grower workshops. Joseph Taylor is examining the role of wild bird communities in suppressing pest insects, and
will be trained in the bioinformatics and analysis of sequencing data for DNA diet analysis. He will also further
develop his stable isotope skills in processing and analyzing the feather samples collected in this project. Aaron
Tormamen was introduced to ecological fieldwork and insect trapping in 2016, and was trained in the lab to
identify mosquitos prior to beginning a master\'s degree at Auburn University in January 2017. How have the
results been disseminated to communities of interest?We have engaged grower-collaborators on this project, and
have had on-farm discussions with most growers to gauge their concerns associated with wild birds. At the end of
each sampling round, we shared preliminary findings on the resident bird communities at each farm. Several
research talks have also been given: \"Integrated Biological Pest Management Practices for Oregon Farms\",
August 23-24, 2016, Persephone Farm, Lebanon, OR (Joseph Taylor and Amanda Edworthy) \"Creating Bird
Habitat in Agriculture\", October 7, 2016, Full Belly Farm, Guinda, CA (Olivia Smith) \"Costs and Benefits of Birds
in Agro-Ecosystems\", February 17, 2017, Pasco TRAC, Pesticide Recertification Training, Pasco, WA (Olivia
Smith) \"Avian Community Structure on West Coast Organic Farms,\" July 28, 2017, American Ornithological
Society, Lansing, Ml (Olivia Smith) \"Spotting Birds and Bugs on the Farm\", October 8, 2017, Full Belly Farm,
Guinda, CA (Olivia Smith and Joseph Taylor) We published three extensions articles on eOrganic in 2017. Smith,
OS and WE Snyder. 2017. Identification, diet, and management of swallows and swifts common on organic
farms. eXtension/eOrganic publication 21871 http://articles.extension.org/pages/74436/identification-diet-and-
management-of -chickadees-and-warblers-common-on-organic-farms Smith, OS and WE Snyder. 2017.
Identification, diet, and management of chickadees and warblers common on organic farms. eXtension/eOrganic



publication 21859 http://articles.extension.org/pages/74435/identification-diet-and-management-of -swallows-and-
swifts-common-on-organic-farms Smith, OS and WE Snyder. 2017. Western bluebird (Sialia mexicana)
identification, diet, and management for organic farmers. eXtension/eOrganic publication 21870
http://articles.extension.org/pages/74434/western-bluebird-sialia-mexicana-iden tification-diet-and-management-
for-organic-farmers What do you plan to do during the next reporting period to accomplish the goals?Objective 1)
Olivia Smith will finalize analyses assessing how local and landscape variables affect occupancy of beneficial and
harmful avian guilds and begin publishing in 2018. Christopher Latimer will utilize large-scale citizen-science
datasets (eBird and Breeding Bird Survey) to understand how bird communities, and therefore, potential services
(pest control) and disservices (crop damage and disease) have changed in space and time as a result of
concurrent changes to agricultural intensification. Additionally, Chris will be using these extensive datasets to
explore how changes in weather and climate might interact with gradients in agricultural intensification to further
impact the spatial and temporal patterning of avian biodiversity. Lastly, Chris will synthesize information from the
scientific literature and currently developed tools (Cool Farm Tool) to make recommendations on how to update
the current implementation of Habitat Network to make it more relevant and user-friendly for organic farmers.
Objective 2) Remaining DNA from the 2017 field season is currently being extracted and shipped for sequencing
by February 2017. These samples will be sequenced and analyzed for prey items between Feb 2017 and August
2017. Erin Rankin will aid in training Snyder lab graduate students in analyzing and interpreting sequencing data
to identify prey species. Stable isotope analysis of bird feathers is ongoing and will be completed this winter.
Objective 3) Lab tests for potential foodborne pathogens, as well as zoonotic viruses, are ongoing, and
sequencing runs to detect the major pathogens (e.g., E. coli, salmonella, West Nile virus) will be completed by
April 2018. A Snyder lab postdoc with experience in DNA extraction and library preparation for sequencing will
oversee lab activities, and will be aided by an undergraduate research assistant. Analyses will examine the bird,
farm, and landscape factors influencing the prevalence of pathogens in bird communities, and the risk of
crop/livestock contamination. Extension activities: We are collaborating with the Cornell Lab of Ornithology to
develop Habitat Network, an online tool where growers can gain valuable information on managing their farm for
birds using habitat manipulations. Olivia Smith is including the habitat variables of interest in Habitat Network in
her landscape analyses to provide data-driven information on how the features of interest affect the avian
community. We expect to have data for this valuable outreach tool by the 2018 reporting period. Additional
extension products are being prepared, including eOrganic webinars and a web-enabled version of Cornell\'s
Merlin App, which helps growers identify beneficial and detrimental bird species, which will be more-readily
available through smart phones. Co-PD Kennedy is working with Olivia Smith, Chris Latimer, and Amanda
Edworthy to co-develop a symposium on the net effects of birds in in agroecosystems with leading researchers in
the field for an international conference in 2019. In addition, Olivia Smith, Chris Latimer, and Amanda Edworthy
plan to submit an abstract and present at the American Ornithological Society Conference in 2018.

IMPACT

2015/09 TO 2020/08 What was accomplished under these goals? Goal 1: Relate wild-bird biodiversity to farm-
management practices, through intensive field sampling and GIS modeling. 1) Major activities completed /
experiments conducted - Visits to 52 farms across 3 years in California, Oregon and Washington States, to
collect information about wild bird diversity and abundance, landscape (habitat) attributes, farm attributes, farm
management practices. 2) Data collected - Bird diversity and abundance estimates (point counts and live-
captures). 3) Summary statistics and discussion of results - We observed 134 species and found that 20% of the
species observed represented 81% of the of total observations. The commonly observed birds represented a
combination of native (e.g. American Robin) and non-native (e.g. European Starling) species. We found that
landscape and farm attributes both had effects on the bird communities observed on the farm. The amount of
natural habitat surrounding a farm increased the density of native species and reduced the density of non-native
species. Inclusion of livestock on the farm (i.e. crop-livestock integration) positively affected native species
density and diversity. However, inclusion of livestock on the farm also had strong positive effects on non-native
species density. We found no evidence for a negative effect of non-native bird species on the abundance or
richness of native species. Relative to crop-only farms, on average, crop-livestock systems exhibited 1.5 times
higher patch richness, 2.4 times higher density of farm structures, 7.3 times smaller field sizes, 2.4 times greater
integration of woody crops, and 5.3 times greater integration of pasture/hay habitat on farm. These interacting
factors appeared to affect the bird community. Collectively, our findings suggest that farms that integrate livestock
and crop production can attract robust native bird communities, especially within landscapes devoted to
intensified food production. 4) Key outcomes - These results reflect a change in knowledge that has been
communicated to stakeholders via a combination of peer-reviewed scientific papers, publications accessible to a
\"lay-audience\" (e.g. online articles through The Nature Conservancy), and direct meetings (extension talks) with



growers. Specifically, these studies reveal that small-scale, diversified farms are able to improve the abundance
and diversity of bird species. This reflects a potentially positive mechanistic relationship between agricultural
practices and bird conservation. Goal 2: Quantify the birds\' benefits for pest-insect control through non-invasive,
molecular analysis of prey-DNA remains in bird feces. 1) Major activities completed / experiments conducted -
We collected 1200 wild bird fecal samples during visits to 52 farms in California, Oregon and Washington States
spanning a 2-year period (2016-2017). We extracted DNA from those fecal samples and used gene sequencing
comparisons to determine taxonomic identities of prey items that had been consumed by the birds. 2) Data
collected - DNA sequence data and taxonomic identifiers. 3) Summary statistics and discussion of results - The
analysis revealed at least 103 arthropod species known to be crop pests, which indicates that wild birds do
predate insect pests of crops. From the 4 most common bird species, the diet items spanned 30 orders of
insects, which varied in their relative abundance in bird diets between years and among early and late growing
seasons. This suggests possible differences in the functional role of birds may vary across the growing season
and be highly context dependent. We are currently exploring patterns such as farm management and landscape
context that may explain this variation in bird diets and developing new quantitative approaches that will help
elucidate the functional role of birds on farms across space and time. 4) Key outcomes - These results reflect a
change in knowledge with respect to our understanding of how wild birds may affect arthropod pests of crops. At
this time, we are still in the process of analysis and manuscript preparation. However, analyses so far suggest
that wild birds can have a positive effect on biocontrol of insect pests of crops. This strengthens the argument
that wild birds provide a valuable ecosystem \"service\" to farmers. Goal 3: Assess the birds\' risk of spreading
pathogens and parasites that endanger food safety and human/livestock health. 1) Major activities completed /
experiments conducted - Visits to 52 farms across 3 years in California, Oregon and Washington States, to
collect bird fecal samples from the farm environment (e.g. field crops and processing areas). Fecal samples were
screened for presence of Campylobacter spp., Salmonella spp., and Escherichia coli bacteria. The fecal
pathogen data were then analyzed relative to estimates of wild bird diversity and abundance, landscape (habitat)
attributes, farm attributes, and farm management practices. 2) Data collected - We collected 2,024 fecal samples
from captured birds alongside 1,215 fecal samples from brassica fields and food processing areas. 3) Summary
statistics and discussion of results - Campylobacter spp. were detected in 10.2% of feces from captured birds and
13.1% of feces from production areas. Non-native birds were 4.1 times more likely to have Campylobacter spp.
than native birds. Salmonella spp. were detected in 0.2% of feces from production areas and were never
detected in captured birds. We detected evidence of Shiga toxigenic E. coli in one sample across the \>3,200
tested. Campylobacter spp. prevalence in feces from production areas increased with increasing mammalian
livestock densities in the landscape but decreased with in-creasing amounts of natural habitat. Our findings
suggest that natural habitat around farms may reduce crop contamination rates by birds. This is perhaps because
natural habitat can promote native birds that are less likely to harbor foodborne pathogens or because it
decreases contact with livestock waste. Our results suggest that preservation of natural habitats around farms
could benefit both conservation and food safety, contrary to current standards for \'best practices\'. 4\) Key
outcomes - These results reflect a change in knowledge that has been communicated to stakeholders via a
combination of peer-reviewed scientific papers, publications accessible to a \"lay-audience\" (e.g. online articles
through The Nature Conservancy), and direct meetings (extension talks) with growers. Specifically, these studies
reveal that wild birds do introduce pathogenic bacteria into the farm environment, where they could enter the
human food system and cause food-borne illness. However, not all wild bird species represent the same level of
risk and there is evidence that support of natural habitat around the farm can reduce this risk. As a result, there
remains opportunities to support bird diversity on farms while also minimizing risks to food safety.
**PUBLICATIONS (not previously reported):** 2015/09 TO 2020/08 1. Type: Journal Articles Status: Published
Year Published: 2020 Citation: Latimer, C.E., Smith, O.M., Taylor, J.M., Edworthy, A., Owen, J., Snyder, W.E.,
and Kennedy, C.M. 2020. Landscape context modifies the physiological stress response of birds to farm
diversification. Journal of Applied Ecology 57: 671-680. doi.org/10.1111/1365-2664.13583 2. Type: Journal
Articles Status: Published Year Published: 2020 Citation: Smith, O.M., Edworthy, A., Taylor, J.M., Jones, M.,
Tormanen, A., Kennedy, C.M., Fu, Z., Latimer, C.E., Cornell, K.A., Michelotti, L.A., Sato, C., Northfield, T.,
Snyder, W.E., and Owen, J.P. 2020. Agricultural intensification heightens food safety risks posed by wild birds.
Journal of Applied Ecology (In press). doi: 10.1111/1365-2664.13723 3. Type: Journal Articles Status: Under
Review Year Published: 2020 Citation: Smith, O.M., Taylor, J.M., Echeverri, A., Northfield, T., Cornell, K.A,,
Jones, M.S., Latimer, C.E., Owen, J.P., Snyder, W.E., and Kennedy, C.M. Big wheel keep on turnin€: linking
grower attitudes, farm management, and delivery of avian ecosystem services. (In review). 4. Type: Journal
Articles Status: Published Year Published: 2020 Citation: Smith, O.M., Snyder, W.E., and Owen, J.P. 2020. Are
we overestimating risk of spillover of enteric pathogens from wild birds to humans? Biological Reviews 95: 652-
679. doi: 10.1111/brv.12581 5. Type: Journal Articles Status: Published Year Published: 2020 Citation: Smith,
O.M., Kennedy, C.M., Owen, J.P., Northfield, T.D., Latimer, C.E., and Snyder, W.E. 2020. Highly diversified crop-
livestock farming systems reshape wild bird communities. Ecological Applications 30: e02031. doi:
10.1002/eap.2031 6. Type: Other Status: Published Year Published: 2020 Citation: Smith, O.M., Bourbour, R.,



Cornell, K.A., Groendyk, S., Hannay, M., Martinico, B., Utley, O., Snyder, W.E., and Lindell, C. Promoting
beneficial raptors: identification, pest control services, and management. eXtension/eOrganic publication 34052.
<http://eorganic.org/node/34052>. 7. Type: Other Status: Published Year Published: 2020 Citation: Smith, O.M.
and Kennedy, C.K. 2020. What is the best type of farm for birding? Cool Green Science Blog, The Nature
Conservancy. https://blog.nature.org/science/2020/05/18/what-is-the-best-type-of-farm-for-bi
rding/?fbclid=IwAR21zsxA8dzBrGEGtrb6dfur4 TrcQAkBp2-qgwz407JDOZVROUTFKG66WzUk 8. Type: Other
Status: Published Year Published: 2020 Citation: Latimer, C.E. and Kennedy, C.K
<https://blog.nature.org/science/2020/03/02/new-research-shows-healthy-agriculture-means-healthier-birds/>.

2016/09 TO 2017/08 What was accomplished under these goals? Objective 1: Relate biodiversity of wild birds to
farm-management practices, through intensive field sampling and GIS modeling. Across two years (2016 and
2017), PhD student Olivia Smith conducted two sets of intensive whole farm point count surveys on a total of 52
organic farms in California (2016: n = 12; 2017: n = 23), Oregon (2016: n = 14, 2017: n = 15), and Washington
(2016: n =14, n =14) (Fig. 1). These farms were located between 35° 18\' to 48° 27\' N and -123° 27\' to -120° 40V’
W, spanned two Bird Conservation Regions (Coastal California and Northern Pacific Rainforest), and ranged in
size from 0.38 ha to 272 ha (2016: mean 29.95 ha + 8.55 SE, 2017: mean 24.63 ha + 6.35 SE). Farms were
chosen that grow only fresh produce (2016: n = 19, 2017: n = 23) or that integrate livestock into their produce-
production operations (2016: n = 21, 2017: n = 29). Farm landscapes were ground-truthed using aerial images,
digitized in ArcGIS version 10.3, and analyzed using FRAGSTATS software. A comprehensive survey is currently
underway to gather additional data on farm management. Surrounding landscapes were classified using NLCD,
CDL, and the gridded \"livestock of the world\" data layers. Analyses are being conducted using hierarchical
multi-species occupancy modeling. Dr. Christopher Latimer was hired as a post-doctoral researcher in mid-
September, to be supervised by Dr. Christina Kennedy at The Nature Conservancy. Dr. Latimer will lead
analyses linking large-scale species distribution modeling with field-level data and land cover data to synthesize
relationships among wild birds, on-farm practices, landscape patterns, and food safety. Since starting, Dr. Latimer
and Dr. Kennedy joined the WSU A-BIRDS field crew during the 2nd field season to observe/advise on data
collection methods. They also traveled to Pullman, WA for a week-long grant planning meeting mid-October,
2017 with WSU Pls, students and post-doctoral researchers. Finally, they have assisted with data compilation,
analyses, co-development of manuscripts examining the costs and benefits of conserving wild birds on organic
farms. Dr. Latimer, in consultation with Dr. Kennedy, is currently compiling and analyzing datasets on bird
species traits, catch rates, and farm and landscape attributes to select target bird species with sufficient data
across landscape gradients of agricultural intensification and habitat fragmentation to examine how landscape
context affects overall bird health and condition, and hence long-term persistence. This assessment will lead to a
publication that will contribute to our understanding of the farm- and landscape-level features that limit the ability
of birds to provide beneficial services (pest control) and disservices (crop damage and disease). Objective 2:
Quantify the birds\' impact on pest insects through non-invasive, molecular analysis of prey-DNA remains in bird
feces. During the 2016 and 2017 field seasons, PhD student Joseph Taylor and postdoc Amanda Edworthy
conducted two sampling rounds at 45 farms. At each farm we installed 6 mist nets and trapped birds throughout
the day. We collected 2500 fecal samples from 65 species. The most frequently capture species were white-
crowned sparrow (309), song sparrow (286), American goldfinch (267), American robin (281), savannah sparrow
(143), house sparrow (143), house finch (139), and European starling (98). Fecal samples were stored in
absolute ethanol at -80?C to preserve prey DNA. DNA from the 2016 samples was extracted over the winter and
\~ half of these 900 samples have been sequenced to begin preliminary DNA diet analysis. DNA extraction and
sequencing from the 2017 samples is ongoing. We also collected feathers which will be analyzed for stable
isotopes, as a second method of assessing the trophic interactions of wild birds with local invertebrate
communities. Joseph Taylor has expertise in stable isotope analysis and is currently processing these samples.
Objective 3: Assess the birds\' risk of spreading pathogens and parasites that endanger food safety and
human/livestock health. In addition to fecal samples, we also collected tracheal swabs (to test for pathogens such
as avian influenza and West Nile virus), blood smears (for blood parasites), serum (for antibodies indicating past
infections), and ectoparasites, including ticks and fowl mites. We screened 750 blood smears from the 2016 field
season, and found 9.5% prevalence of hemoproteous blood parasites. We will use DNA sequences from fecal
samples (see above) to screen for pathogenic strains of E. coli, salmonella, listeria, and other human and
livestock bacteria, viruses, and parasites. Lab-based assays will be done on these samples over the winter. This
past year we confirmed that two invasive bird species are dominant members of the bird communities
surrounding livestock-integrated organic farms\--House finch (Passer domesticus) and European Starling
(Sturnus vulgaris). These two species have been demonstrated to harbor and transmit the enteric pathogens
Eschericia coli, Salmonella enterica and Campylobacter sp.. These field data confirm that bird species that are
known to move food-borne pathogens are in high abundance on and around farms that produce both livestock
and vegetables. Another key insight from 2017 was the determination that the majority of livestock-integrated
farms participating in the project are raising cage-free, or pastured chickens. A separate group of 17 poultry farms



(mixed cage-free and pastured) was sampled to determine the frequency of Campylobacter infections via
collection and screening of poultry feces. All farms were positive for at least one Campylobacter sp., and the
human pathogen C. jejuni was found on all farms. These data confirm that Campylobacter, which is the most
common cause of food-borne iliness, is extremely common in poultry flocks with access to outdoor environments.
Thus, the coexistence and co-habitation of pest wild bird species and domestic poultry provides an opportunity to
share and move human enteric pathogens onto crops. We collected samples during the spring and winter
broccoli crops, which corresponded to breeding and migration periods for birds. This contrast will enable us to
assess the seasonal differences in pathogen contamination risk on farms, and will also allow us to analyze bird
species and individual characteristics influencing pathogen load in wild bird communities. **PUBLICATIONS (not
previously reported):** 2016/09 TO 2017/08 1. Type: Websites Status: Published Year Published: 2017 Citation:
? Smith, OS and WE Snyder. 2017. Identification, diet, and management of swallows and swifts common on
organic farms. eXtension/eOrganic publication 21871 http://articles.extension.org/pages/74436/identification-diet-
and-management-of -chickadees-and-warblers-common-on-organic-farms 2. Type: Websites Status: Published
Year Published: 2017 Citation: ? Smith, OS and WE Snyder. 2017. Identification, diet, and management of
chickadees and warblers common on organic farms. eXtension/eOrganic publication 21859
http://articles.extension.org/pages/74435/identification-diet-and-management-of -swallows-and-swifts-common-
on-organic-farms 3. Type: Websites Status: Published Year Published: 2017 Citation: ? Smith, OS and WE
Snyder. 2017. Western bluebird (Sialia mexicana) identification, diet, and management for organic farmers.
eXtension/eOrganic publication 21870 http://articles.extension.org/pages/74434/western-bluebird-sialia-
mexicana-iden tification-diet-and-management-for-organic-farmers
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NON-TECHNICAL SUMMARY

Legume cover crops are essential to the long-term sustainability of organic cropping systems because they fix
nitrogen, improve soil health, suppress weeds, and provide resources for beneficial organisms such as
pollinators. Unlike cash crops, however, cover crops have not been bred to optimize the traits that organic
farmers need. This deficiency means that modest investments in germplasm improvement could yield large
benefits. Based on our experience working with organic farmers, legume cover crop germplasm can be improved
to address a multitude of critical problems facing organic farmers. Our team of cover crop and organic agriculture
experts from multiple universities, non-profit organizations, private sector companies, and governmental agencies
will work with leading organic farmers to breed new varieties of hairy vetch (Vicia villosa), Austrian winter pea
(Pisum sativum), and crimson clover (Trifolium incarnatum) through traditional, participatory, and marker-assisted
methods. We will improve organic production systems by addressing persistent challenges with legume cover
crop performance and consistency. Through the creation of an Eastern Cover Crops Council, we will ensure that
efforts can continue beyond the duration of this project. Our work directly addresses legislatively-defined OREI
goals 1, 6, and 8 by facilitating development of organic production methods, conducting on-farm research, and
developing new/improved seed varieties for organic systems. This project is unique because our network of
research and farm sites ensures that our work is applicable across multiple regions, scales, and organic cropping
systems.

OBJECTIVES

Long-Term Goals. Our long-term goal is to increase the profitability of organic agriculture by increasing legume
cover crop performance and adoption through the development of regionally addapted cover crop varieites
across the US.Project Objectives.Establish a coordinated, multi-site legume cover crop breeding program
Evaluate hairy vetch, Austrian winter pea, and crimson clover for select agronomic traits of interest across the
US;Develop new cultivars, a core germplasm line for future breeding, and establish potential genetic markers to
be utilized in a future breeding program;Collaborate with organic growers to generate new cover crop varieties on
their farms;Develop and publically release improved Austrian winter pea, hairy vetch, and crimson clover
varietiesldentify top-performing lines through multi-environment trials;Contract buying groups to increase and



commercialize seed.Facilitate knowledge exchange about cover crops among farmers, researchers, and
educatorsEngage farmers, researchers, and agricultural professionals at field days and workshops;Foster farmer
involvement and interest through peer-to-peer knowledge transfer;Publish findings in extension bulletins, fact
sheets, and scientific journal articles;Post legume genomics information in a publically accessible database

APPROACH

Year 1:AWP. Identify suitable existing cultivars, accessions, and germplasm releases from breeding programs.
The experimental design will be an alpha lattice (or RCBD) with 4 reps. Plot size will be approximately 6 x 1.5 m.
Inoculated (Rhizobium leguminosarum) seeds will be planted at a rate of 100 seeds m-1. Seed from the USDA
germplasm system is available in limited quantities and will need to be increased.During the seed increase
phase, accessions will be evaluated for potential use as a cover crop. Selections for inclusion in Year 2 trials will
be based on traits including leaf type, internode length, and biomass production.CC and HV. At each selection
site, a space-planted nursery will be established (crimson clover: NC and MD; hairy vetch: NC, MD, NY, and WI).
Breeding nurseries will be established in the autumn one to two months prior to expected freezing temperatures
and will be isolated from possible foreign pollen contamination.Plants will be individually rated prior to freezing
temperature for vigor and establishment.Approximately two to four weeks after green-up, prior to plant flowering,
surviving plants will be individually visually rated for biomass production. At approximately 10% bloom
flowering/plant growth stage will be evaluated using visual ratings based on a modification of Mischler. Shortly
after 10% bloom 100 to 250 plants will be selected at each nursery site and allowed to intermate with non-
selected plants being removed. Seed from individual selected plants will be harvested on an individual plant
basis. Based on seed yield the best 25 to 50 halfsib lines will be selected at each location to test in year two
across all locations. At the hairy vetch selection sites, a small bulk of hairy vetch seed from selected halfsib seed
will be composited at each location to form four initial synthetics for use in a participatory plant breeding
approach.Participatory Variety Trialing. We will engage farmers in evaluating research station and PMC trials of
legume cover crop germplasm and regionally prioritize traits that farmers seek in improving in the three species.
Participatory variety trialing will bring farmers to the sites of germplasm screening. There, through focus group
discussions, farmers can share information about the cover crop qualities that best suit their agricultural systems.
At the same time, farmers can directly identify plant phenotypes that meet their needs.Year 2:AWP. Segregating
populations returning from New Zealand will be spring planted in high yielding breeding nurseries for generation
advancement and seed increase. In the autumn, the segregating F4 populations will be distributed to the trialing
locations (NC, MD, NY, WA, PMCs, and farmer participants) for planting and evaluation. Year 2 evaluations will
include early seedling vigor and stand establishment. Trialing will continue for selected commercial cultivars from
year 1 and additional accessions from NPGS.CC and HV. For hairy vetch and crimson clover, replicated halfsib
directly-seeded single row plots will be established at multiple sites in the fall. All plots will be evaluated on a
halfsib basis for stand establishment and development. At green-up, halfsib plots will be evaluated for winter
survival, spring biomass production, and flowering time. Based on collected autumn and spring data the best
halfsib plots will be allowed to flower and produce seed at each location. Bulk seed from each selected halfsib
line at each location will be harvested.Participatory Breeding. The process will begin by conducting interviews
with farmer participants to assess their priority traits of interest, set up planting plans, and discuss the selection
process. We will supply farmers with small quantities of bulk cover crop seed composited from the year 1 halfsib
seed production of hairy vetch or crimson clover, or segregating F4 populations of pea. Autumn stand
establishment will be rated for each bulk planted at each location. During early spring, traits such as winter
survival, early spring biomass production, and flowering time can be evaluated. Farmers can either mark the
individual plants that perform best within populations, or remove the poor performing plants. The best populations
and individuals within those populations will be allowed to flower and produce seed.Year 3:AWP. Continue trialing
selected commercial cultivars from year 1 and additional accessions from NPGS and any other identified
lines/varieties. At the end of year 3, superior lines will be transferred to the Washington State Crop Improvement
Association (WSCIA) for seed production, licensing and commercialization. We have a long term relationship with
WSCIA for pulse crop varieties developed by USDA-ARS. The new F5\'s developed in the breeding program will
be distributed to the testing centers for evaluation and selection. Selection will be done both within and between
populations for stand establishment, winter survival, spring biomass production and flowering time. Selections
made from the segregating populations in year 2 will be replanted for further evaluation, generation advance and
seed increase.CC and HV. Depending on the selections made, halfsib performance evaluation results, and initial
seed produced, five to fifteen hairy vetch and crimson clover experimental varieties will be assembled. Seed
increase crossing blocks will be established two months prior to freezing temperatures; if available, seed-specific
seed increase sites will be sought out in appropriate climates. All hairy vetch crossing blocks will be conducted at
the same site with reasonable isolation so that percent hard seededness can be compared among experimental
varieties. At the end of year 3 \"breeder seed\" (i.e., starting seed used during commercial seed increases) of
each of the five to fifteen experimental varieties of hairy vetch and crimson clover will be created.Participatory



Breeding. Farmers will repeat the selection protocols used in year 2. Five top-performing experimental varieties
from farms will be chosen to be included in the year 4 multi-site evaluation trials. Inclusion criteria for these 5
experimental varieties will depend on adequate seed yield and farmer-observed cover crop performance in year 2
and year 3.Year 4:AWP. Continue trialing selected commercial cultivars from year 1 and additional accessions
from NPGS and any other identified lines/varieties at regional centers. F5 and F6 seed from year 3 selections will
be grown and evaluated in replicated trials at the testing centers. At the end of year 4, breeder seed of superior
lines will be made and sent to New Zealand for a counter-season increase.CC and HV. Starting in autumn of year
4, replicated multi-site direct-seeded sward field trials of experimental varieties, farmer selected lines, and
existing check varieties will be conducted. Data collected from these trials will be used to determine superior
potential varieties as well as for variety description and release purposes. Traits that will be measured in
experimental varieties include autumn stand establishment, winter survival, spring biomass production, N fixation
capacity, flowering time, and lack of plant survival after mechanical destruction of stands using standard organic
farming techniques (hairy vetch only).All species. Cover crop biomass sub-samples will be collected and total N
and C:N content will be determined. For each experimental variety, percentage soil cover will be estimated in late
autumn and early spring, canopy reflectance will be measured using a hand-held active sensor to quantitatively
estimate cover. At each site, one plot per experimental variety will be allowed to reach 50% bloom and BNF will
be determined on this plot. Based on results of year 4 evaluations one to three varieties of hairy vetch and
crimson clover will be selected for release.

PROGRESS

2015/09 TO 2020/08 Target Audience:Our efforts reached a wide range of target including farmers, ranchers,
farm workers, and conservation/agricultural industry professionals, including extension agents, NRCS field staff,
and crop advisers. We also aimed efforts towards seed companies, seed dealers, and seed producers, as well as
towards researchers at various institutions (universities, USDA, and private organizations), disciplines (plant
breeders, agronomists, soil scientists, and other agricultural scientists), and from undergraduate students to
senior researchers. The project reached these audiences across multiple regions including the West, Northern
Plains, Midwest, Mid-Atlantic, and Southeast. Changes/Problems: The COVID-19 pandemic had a significant
impact on collaborators\' ability to conduct field work and outreach. Some sites were unable to complete
anticipated data collection orbiomass harvest activities due to restrictions on personnel allowed to conduct in-
person work. Noble Research Institute was unable to plant hard- and soft-seeded vetch breeding nurseries in the
field due to the same labor shortages, and screenings took place in small crossing blocks in the greenhouse
instead. Cornell\'s SNF sample processing was also significantly delayed.In addition, the in-person annual
meeting was transitioned online, and most field days were cancelled. In addition to pandemic-related changes,
the winter pea and hairy vetch nurseries had seed production failures. Samples were submitted for diagnosis to
the Oregon State and North Carolina State labs, and fungal diseases are likely to blame for this failure. We will
begin to manage for fungal diseases in warm and wet nursery locations next year. Hairy vetch transplanting was
problematic in Idaho for seed increases and Wisconsin for a soft seed nursery. Transplanting will no longer be
used in cold climates with few spring growing degree days.These areas will only use fall direct seeding. Crimson
clover seed yields have remained low at the East Texas and Missouri PMCs, possibly due to a non-ideal climate
for seed production. We identified a collaborator in Washington State, which has a more similar climate to the
Wilamette Valley where crimson clover seed is typically produced. This collaborator will conduct seed increase
for future nurseries. What opportunities for training and professional development has the project provided?The
project has provided training in plant breeding and agroecology research for postdocs and undergraduate and
graduate student researchers at Cornell University, North Carolina State University, University of Maryland,
University of Minnesota, University of Missouri, University of Nebraska, and University of Wisconsin. A first-
generation minority undergraduate was mentored by Collaborators Kissing Kucek and Riday. How have the
results been disseminated to communities of interest?In November 2019, the annual Northeast Cover Crop
Council (NECCC) meeting was hosted at the USDA-ARS station in Beltsville, MD. Attendees including farmers,
agriculture and conservation professionals, researchers, and seed company personnel participated in a field tour
of breeding nurseries and trials. In February 2020, Collaborator Kissing Kucek attended, presented, and engaged
in focus group discussions at the annual Midwest Cover Crop Council (MCCC) meeting. The in-person annual
meeting for the project was planned for April 2020 in Ardmore, OK, but the meeting was cancelled due to COVID-
19. Instead, we hosted a two-day virtual meeting, including presentations of preliminary results and discussions
about next steps for publications, grant-writing, and variety release. The meeting was attended by approximately
35 people. A participatory variety evaluation system was designed, including a survey for gathering farmer and
seed company feedback at field days. Ten sites planned to host field days, but most of these events were
cancelled due to COVID-19. The California PMC held a cover crop field day on March 5, 2020 in conjunction with
University and industry partners. The field day was attended by 70 participants, including local NRCS field staff,
conservation professionals, and farmers. Presentations included the economic analysis of cover crop use,



implementing cover crops in the San Joaquin Valley, cover crop selection for the Central Valley, fava beans as
cover and food crops, and performance of cover crop cultivars in the ARS advanced line trials. Several
collaborators (Bastos Martins, Koss, Monteros, and Moore) presented results from the breeding program at the
ASA-CSSA-SSSA annual meeting in San Antonio, TX in November 2019. Several collaborators (Ali, Kissing
Kucek, and Krogman) presented results from the breeding program at the Plant and Animal Genome conference
in San Diego, CA in January 2020. Collaborator Kissing Kucek facilitated discussions about cover crop breeding
at multiple farmer conferences in the Midwest over the winter of 2019-2020, including the Upper Midwest Seed
Summit, MOSES Conference, and OGRAIN Conference. Collaborator Moore presented on breeding program
progress at the Delmarva Soil Summit in Georgetown, DE in February 2020. Throughout the year, several
collaborators (Reberg-Horton, Smith, Ehlke) presented results from the breeding program within their own
university communities. Several peer-reviewed articles were published as a result of the breeding program this
year, see \"products\" section. Several other manuscripts are being finalized currently, including one on symbiotic
nitrogen fixation in the breeding program, one from a PMC variety trial, one from the crimson clover half-sib trial,
and three from advanced line trial data. In addition, the breeding program was profiled in No Till Farmer in July
2020: https://www.no-tillfarmer.com/articles/9849-variety-stated-advancing-cover-crop -genetics-and-
performance. A website (www.covercropbreeding.com) was created for the project to increase visibility and to
facilitate future variety release. Bastos Martins and Reberg-Horton established a Pea Breeding Consortium with
other plant breeders working on pea breeding for cover crop as well as food and feed purposes. The group began
meeting monthly to share ongoing research, workon a review paper together, and develop future collaborations.
Pulse Crop Database, a genomic, genetic, and breeding resource for the improvement of pulse crops
(https://pulsedb.org) continues to evolve with the development of the \'Breeder\'s Toolbox\', inclusion of the first
pea reference genome (Kerplak, et al, 2019), and additions of new QTL, marker, and map data. Several other
datasets from the project were compiled and published to publicly available databases, including the hairy vetch
genome and phenotypic and nodule metagenomic data from diverse crimson clover accessions. What do you
plan to do during the next reporting period to accomplish the goals? Nothing Reported

2018/09 TO 2019/08 Target Audience:The target audiences reached by our efforts in this reporting period include
farmers, seed growers, extension agents, conservation personnel (e.g. NRCS field staff), crop advisers, graduate
and undergraduate students, seed companies, and researchers (including plant breeders, cover crop specialists,
agronomists, and animal nutritionists). The project reached these audiences across multiple regions including the
Pacific Northwest, Northern Plains, Midwest, Mid-Atlantic, and Southeast. Changes/Problems:Research activities
in 2016 and 2017 revealed gaps in our understanding of how to measure symbiotic N fixation (SNF) in breeding
programs. PIl Drinkwater conduct experiments to overcome those gaps before meeting our primary research
objective of assessing SNF as an agronomic trait of interest. In the seed yield trial conducted in Corvallis, OR, our
crimson clover breeding lines were not competitive with commercial checks for seed yield. All of our breeding
efforts for crimson clover have been focused on the eastern U.S., and after seeing these results we added a half-
sib trial in Oregon to do earlier testing of breeding material in the seed production region for the crop. In fall 2020
we also hope to start a selection nursery in Oregon to explicitly select for high seed yield in the seed production
region. We also had poor seed yield forour crimson clover seed increase, which took place at the Texas PMC.
Texas is not a typical seed production environment for crimson clover, but the seed quantities used in our
breeding program are too small for many commercial seed producers in Oregon. We intend to identify an Oregon
seed producer in 2020 who will be able and willing to do small-scale crimson clover seed production. What
opportunities for training and professional development has the project provided?P| Mirsky mentored one
postdoctoral researcher on managing a breeding program. Pl Reberg-Horton mentored one graduate student on
cover crop agronomy and plant breeding, and trained undergraduate interns in data collection. Pl Ryan (Cornell
University) trained a research support specialist on making plant selections, using a cone seeder to plant row-
plots, managing for bruchid beetles, and managing multiple breeding nurseries. Two undergraduate assistants
gained experience learning about legume breeding and selection. Pl Riday mentored one post-doc (heritability
analyses, non-parametric analyses, selection theory) and one PhD student (DNA extraction from seed, SSR
development, and identification of selfing). Pl McGee Pullman ARS used this project as part of a case study in a
guest lecturer for two organic plant breeding classes (WSU and Clemson University). During the summer 2019,
one undergraduate student did an internship in her lab and worked on protein and other nutritional aspects of
winter pea using a GWAS approach. Pl Drinkwater trained two post-doctoral scientists in agroecology and
microbiology, as well as undergraduate interns in fundamentals of agroecological research, including
experimental design, sample collection, and laboratory protocols. Dr. Kissing Kucek mentored one undergraduate
(experimental design, R, randomization, scientific manuscript writing), one PhD student and one post-doc (error
correction using spatial relationships, multi-environment trial analysis). Dr. Moore trained one technician in data
collection, data management, plant selection, and, seed storage. She also gave a guest lecture on plant breeding
and cover crops for an undergraduate intern seminar. Dr. Clark (University of Missouri) trained two students in
research and field protocols. Dr. Guretzky (University of Nebraska) provided mentoring and research experiences



to three undergraduate students involving data collection, sampling, harvesting. Two research technicians
involved gained experience in experimental design, agronomical activities and training under graduates. How
have the results been disseminated to communities of interest?Results have been disseminated through several
fields (Washington, Oregon, Wisconsin, and Missouri) to farmers, seed companies, plant breeders, and other
researchers. They have been disseminated through several peer-reviewed publications and presentations at
academic conferences, and among project collaborators at the annual meeting in Raleigh, NC. What do you plan
to do during the next reporting period to accomplish the goals?Breeding nurseries, half-sib trials, advanced line
trials, seed yield trials, development of new segregating populations, seed increase, and multi-environment data
analysis will continue in the next reporting period. Two additional breeding nurseries, one additional half-sib trial
site, and four additional advanced line trial sites were added for the 2019-2020 season. In particular, a crimson
clover half-sib trial site was added to the Corvallis, OR site because of low seed yields produced in the seed yield
trial in FY2019. We see the need to test our breeding material in the primary seed-growing region for the crop,
and we anticipate adding a selection nursery in Corvallis in Fall 2020 as well. We also found that our crimson
clover lines were most competitive in more northern trial sites, and added a crimson clover nursery inWisconsin
to have a more explicit focus on these regions for future breeding efforts. Eight hairy vetch lines will be increased
in the next reporting period at Corvallis (3 lines), Aberdeen (3 lines), and Elsberry, MO (2 lines) PMCs. Two
crimson clover lines will be increased at the Nacogdoches PMC. In FY2019, we had fairly low seed yields for our
crimson clover seed increases. Crimson clover seed is most commonly grown in Oregon, and the team will
identify a seed grower in that region willing to do increases starting in FY2020. PI McGee will develop protocols
and screen for resistance to important diseases so that segregating populations will be better adapted to target
environments. Pl Drinkwater will publish results from methods experiments in a peer-reviewed, open-access
scientific journal, and will publish datasets in a publicly accessible format. She will finish processing and
analyzing samples from the 2019 field season, and will publish results from the 2019 field season. Drs. Kissing
Kucek and MooreandGraduate Student Bastos Martinswill develop a seed inventory database to better track
available seed quantities and seed movement between sites. Drs. Kissing Kucek and MooreandGraduate
Student Bastos Martinswill develop a public-facing website to highlight the work of our team,publicize new
cultivars, and identify seed companies interested in licensing them. The team will meet in FY2020 to finalize our
intellectual property agreements among collaborators, in anticipation of applying for plant variety protection (PVP)
for one or more cultivars starting in FY2021. Dr. Mooreled a field tour of the Maryland breeding nurseries and
trials at the Northeast Cover Crop Council (NECCC) annual meeting in November 2019. The event was attended
by farmers, extension and conservation staff, and cover crop researchers.Drs. MooreandMonteros (Noble
Research Institute)presented ongoing breeding work at the ASA-CSSA-SSSA annual meeting in San Antonio, TX
in November 2019. Several additional advanced line trial sites will hold field days and solicit farmer input on
advanced lines. In addition, we will host discusions at the Organic Seed Growers Conference (OSGC) and
Midwest Organic and Sustainable Education Service (MOSES) conference in FY2020, in order to facilitate
farmer-to-farmer leaning about cover crop breeding and seed production, share the work of our team with the
orgnaic farming community,and identify future farmer-collaborators and potential seed growers.

2017/09 TO 2018/08 Target Audience:The target audiences reached by our efforts in this reporting period include
farmers, extension agents, crop advisers, graduate and undergraduate students, seed companies, and
researchers (including plant breeders, agronomists, and animal nutritionists). The project reached these
audiences across multiple regions including the Pacific Northwest, Northern Plains, Midwest, Mid-Atlantic, and
Southeast. Changes/Problems:An anonymous survey prior to the 2017 annual meeting in Tampa, FL provided a
secure forum for team members to voice any concerns about the project. Through this survey, challenges
primarily related to communication and standardization were identified, including: A need for more detailed
protocols, since many project collaborators are not plant breeders and needed more detailed and specific
instruction, especially related to the process of evaluation and selection. A need for more systematic data
management, including naming conventions for samples and shared data files/folders. A need for more regular
inter-site communication, especially related to challenges with field operations and data collection, which may be
occurring across multiple sites. Technician Seehaver Eagan (NCSU) took the lead in solving these challenges,
including writing more detailed planting and data collection protocols, implementing additional data management
protocols, and organizing monthly calls with the technical teams from all participating sites. Limited seed quantity
was a challenge for several aspects of the project: The small lots of seed from the breeding program made seed
increase challenging given environmental and pest pressures, such as the vetch bruchid in Oregon. PMCs
adapted seed increase procedures as needed to ensure a seed crop. The project will use the information gained
from the seed increase work when working with seed growers and farmers. Pl McGee saw slightly lower than
expected seed yield from counter-season increases. Collaborator Grossman also had challenges in her
experiments with limited access to improved seed of the legume cover crops of interest. The growth chamber
studies would be more relevant and accurate if characterized cold-hardy cultivars (selected by the LCCB
breeding team) were being evaluated. Going forward it is expected there will be enough seed of improved



cultivars to be used in the growth chamber experiments. Some groups had challenges with planting, emergence,
and maintaining plots: Securing planting equipment for the on-farm trials in North Dakota was exceedingly
difficult. Collaborators are still challenged to get appropriate field equipment to plant the trials. Due to this issue,
the pea trial at Jonathan Moser\'s farm was moved to North Dakota State University in 2018. Collaborator
Bhamidimarri did not plant the 2019 Oklahoma pea ALT due to a delay in execution of the materials transfer
agreement (MTA) and miscommunication. There were problems with emergence in the pea ALT in Lincoln, NE.
Not much growth occurred before winter, and since then, snowy and muddy conditions have prevented stand
evaluations. Weed control was a challenge in the vetch seed yield experiment (Corvallis, OR). The plots were
heavily infested with chickweed, and required hand cultivation to save the experiment. Improved fall weed control
methods for vetch seed fields were designed but need to be tested. There were also some challenges with
evaluation and data management: There was inconsistency with labeling of peas during the seed increase, which
caused a lot of confusion about which lines were available for a trialing in the fall of 2018. There was a lack of
communication on the needs for BNF sampling that led to no whole vetch plant biomass being available. The
vetch at Beltsville needed to be threshed to collect seeds, and this resulted in all biomass being discarded.
Increased coordination between the BNF team and the other teams responsible for breeding work will be
improved in the future through more regular coordinating meetings. There have been challenges getting data
from plant selections input fast enough to create plot maps for breeding nurseries in the next year. The team has
implemented template data sheets in Field Book App for real-time data entry and are investigating barcode
printing systems for tracking cleaned seed for faster inventory of nursery selections. The reference samples for
BNF analyses were lost at the Beltsville location. Collaborator Grossman also experienced some logistical issues
growing plants in growth pouches with nutrient solution. Despite efforts to maintain a very sterile environment and
adequately surface sterilize seeds before introduction to the growth chambers, fungal contamination has been an
issue in both repetitions of the experiment. Mold and other fungus begin growing at the tops of many of the
pouches very early in the experiment, mostly in the 20 degree C and 15 degree C chambers, but also in 10 and 5
degree C chambers in later weeks of the experiment. This has resulted in a higher than expected seedling death
rate, leading to limited plant material for analysis. To combat this in the second repetition of the experiment, the
seeds were surface sterilized for longer periods, new support structures were built for the growth pouches in the
chambers, and the chambers were thoroughly cleaned with 70% ethanol. Adequate replication of plants and
\"back-up\" plants were also maintained in each chamber in order to replace seedlings that die early on in the
experiment. Efforts will be made in future experiments to further sterilize both seeds and growth chamber areas
before introducing plants and to have more replications. What opportunities for training and professional
development has the project provided?PD Mirsky trained a technician in managing multiple breeding nurseries,
including planting, data collection, and selection. He sent another technician to the Noble Foundation for training
on high-throughput phenotyping using tractor-mounted sensors. Pl Maul trained one technician. Pl McGee
advises/co-advises five graduate students and two postdoctoral research scientists. Pl Reberg-Horton led a
Google Drive training for members of the team to familiarize them with data uploading and file structure. He also
advised a graduate student in cover crop breeding. Pl Ryan trained a research support specialist on making plant
selections, managing for bruchid beetles, and managing multiple breeding nurseries. Two undergraduate
assistants also gained experience in legume breeding and selection. Collaborator Guretzky provided research
experiences for a research technician and an undergraduate student involved in planting the cover crops in fall
2018 at Lincoln, NE. Collaborator Grossman trained one MS student in research. Collaborator Kissing Kucek
facilitated field team meetings every three weeks to exchange knowledge among sites, and prepare each site for
upcoming field activities. Collaborator Kissing Kucek also organized and facilitated a team meeting concurrent
with the Tri-Societies meetings in October 2017 to provide updates from the team and solidify protocols for the
coming field season. She led a basic R training for members of the team in December of 2017, covering aspects
of data cleanup and analysis. Collaborator Kissing Kucek trained a technician in data cleanup, manuscript writing,
and basic data analysis. She also trained a graduate student in germination testing methods and farmer
communication. How have the results been disseminated to communities of interest?PD Mirsky presented on the
cover crop breeding work at over a dozen workshops, meetings, and conferences during FY 2018, including:
Northeast Cover Crops Council (NECCC) meeting (Nov. 2017 in Ithaca, NY) National Conference on Cover
Crops and Soil Health (Dec. 2017 in Indianapolis, IN) Mid-Atlantic Fruit and Vegetable Convention (Jan. 2018 in
Hershey, PA) University of Maryland Extension\'s Organic Production & Marketing Workshop for Vegetables,
Grain, Dairy, and Poultry Production (March 2018 in Wye Mills, MD) Organic Confluences Summit (May 2018 in
Washington, DC) Invited speaker on cover crops and no-till with a group of Danish researchers (Summer 2018 in
Denmark) Organic Rotational Tillage Field Day (Aug. 2018 in Paxton, IL) Invited speaker on cover crop breeding
at the Noble Foundation (Aug. 2018 in Ardmore, OK) Argentinian national no-till conference (La Asociacion
Argentina de Productores en Siembra Directa, AAPRESID) (Aug. 2018 in Argentina) OREI Project Directors
meeting (Aug. 2018) National Program Leaders meeting (Sept. 2018) Pl McGee participated in approximately six
field days in Washington, Idaho, Montana, and South Carolina; gave presentations at approximately five grower
meetings; and gave invited presentations at one international conference (International Legume Genetics and



Genomics, Marrakesh, Morocco), one graduate level course (Washington State University), and one WSU Wheat
Academy. Pl Reberg-Horton disseminated information to the public through meetings of the Southern Cover
Crops Council (SCCC). He also presented at the Duplin County Soil and Water Conservation District (SWCD)
Cover Crop and Soil Health Day in December 2018. Collaborator Bhamidimarri presented work at scientific
conferences that were attended by farmers, producers, and scientists. Collaborator Grossman included results
from this project in an estimated five outreach presentations to scientific and farming communities. Collaborator
Kissing Kucek and PI Riday prepared a manuscript for publication to the research community. They held team
meetings, and meetings for farmer participants. What do you plan to do during the next reporting period to
accomplish the goals?Evaluation, selection, and planting of selected materials in breeding nurseries for each
crop will continue as in previous years, with breeding nurseries in Maryland (vetch, clover and pea), Minnesota
(vetch), New York (vetch and pea), North Carolina (vetch, clover and pea), Oklahoma (vetch), and Wisconsin
(vetch). Pls McGee, Riday, and Smith will continue in their roles helping each site with evaluation and selection in
their respective crops. Seed increase will take place in several locations in 2019. Pl Englert will continue seed
increase of vetch and clover at the four participating PMCs. The PMCs will increase six lines of vetch and two
lines of clover and plan to harvest seed in early summer 2019. PMCs will return the seed to the breeders for
further evaluation, another round of seed increase, and/or for field-testing. Pl McGee will increase seed of
selections from 2019-2020 for inclusion in more diverse regional trials. Advanced breeding material evaluation
trials will begin in 2019. ALTs were planted in fall 2018 at four PMCs in California, Georgia, Oregon, and
Washington. They were also planted at nine other project locations in Maryland, Minnesota, Missouri, Nebraska,
New York, North Carolina, Oklahoma, Oregon, and Wisconsin. The ALTs will be evaluated in 2019 for vigor,
winter survival, maturity, disease resistance, biomass, and seed weight. The Oregon location planted a seed yield
experiment for vetch and clover. Seed yield plots will be presented at a field day and to attendees of the
International Herbage Seed Group meeting in Corvallis, OR. PI Ehlke will conduct freezing tolerance research,
including phenotypic, metabolite, and transcriptomic work in the next reporting period. Pl Reberg-Horton will host
the LCCB annual meeting in April 2019 in North Carolina, at which seed industry representatives can view
selected material and give input on cover crop seed market needs and production. Collaborator Guretzky
submitted a proposal to the Univ. of Nebraska Agricultural Research Division to evaluate cover crop plantings
including legumes under grazing. Depending on the success of the proposals and availability of funding, these
plantings would take place in October 2019 and grazing would be initiated in April 2020. In spring 2019, Guretzky
will assess stand survival, vigor, free damage, and biomass production of legume cover crops established in fall
2018. He also will be hiring a technician at this time to assume some of the responsibilities of the cover crop trial
and grazing trials once initiated. He also will be presenting results at a cover crop field day at the University of
Nebraska-Lincoln in 2019. A graduate student with Collaborator Grossman conducted one research presentation
in the next reporting period (at the Agronomy Society of America meeting in Baltimore, MD): Thurston, C. (Author
& Presenter), Grossman, J., Agronomy Society of America Annual Meeting, \"Effects of Cold Temperatures on
Symbiotic Nitrogen Fixation in Winter Annual Legume Cover Crops,\" Baltimore. (November 8, 2018). Graduate
student Thurston will defend her thesis and write up results for publication in the next reporting period.
Collaborator Grossman\'s project deliverables have been met as of February, 2019 and all LCCB expenditures
completed.

2016/09 TO 2017/08 Target Audience:Target audiences consisted of farmers and processors, seed companies,
researchers, and graduate students. Changes/Problems: 20 accessions of winter pea were established at
Beltsville, MD in the fall of 2015 died due to disease and frost damage. We ruled these accessions out - and
asked the breeder for a different set of lines. This helped us understand the need for disease resistance, disease
monitoring and winter hardy lines in winter pea. Lack of communication and organization within the LCCB team
was identified. In particular, there was confusion about how many segregating pea lines would be needed for on-
farm versus on research station trials. Consequently, segregating pea lines were not available for the New York
trial in the fall of 2016. A project manager was hired in January of 2017 to assist with communication and
organization What opportunities for training and professional development has the project provided? Four farmers
were trained by Wisconsin collaborators in the basics of breeding, selection, and experimental design for winter
peas. A graduate student associated with this project from North Carolina was able to receive hands on training
from the winter pea breeder in Pullman, WA through site visits in May and June 2016 focused on enhancing
germplasm evaluation skillsets. Professional development opportunity to improve knowledge of legume cover
crops were provided through attendance at the 2015 ASA-CSSA-SSSA meetings. May 11-13 2016: Pullman,
WARachel Atwell (Ph.D Student at NCSU), Lisa Kissing-Kucek (Ph.D Student at Cornell University), and Megan
Poskaitis (Biological Science Technician at USDA-ARS) flew out to Pullman, WA to meet with Dr. Rebecca
McGee (winter pea breeder). We toured two of Dr. McGee\'s sites to see how a successful breeding program is
run. She showed us how to identify disease in the winter peas, reviewed root structure and the vascular system,
assessed foliage discoloration and distortion. Megan Poskaitis (technician at USDA-ARS) created and presented
her first poster during the BARC Poster Day. Dr. McGee hosted the LCCB Annual Team Meeting in Pullman, WA



on June 15th-17th2016. 20 collaborators from the grant attended to tour and learn the details of Dr. McGee\'s pea
breeding program. Pls and collaborators presented educational presentations on their work to inform the rest of
the team. Plans were discussed and drafted for accomplishing grant objectives. Team mebers were trained in
using the tablet technology and software How have the results been disseminated to communities of interest?
Results were disseminated via talks to growers and processors and exporters at meetings, workshops, and field
days as outlined above. What do you plan to do during the next reporting period to accomplish the goals? Lisa
Kissing Kucek has planned a field day on one of the participating farms in the Midwest to tour the winter peas that
survived and discuss the breeding program. We plan to attend the Midwest Organic Sustainable Education
Service conference in 2017 to have detailed discussions with seed companies about release. We plan to
implement crimson clover breeding nurseries in NY, NC, and MD using the line bulks from 2015-16 and the two
new collections. Single plant selections will be made based on cold tolerance, winter growth, maturity and hard
seed production. Dr. McGee continues to make crosses in pea, advance generations and supply testing sites with
appropriate germplasm. Trials will beestablished at MD, NY and NC in the fall of 2017. Hairy vetch genotypes are
being screened using a common protocol. Twenty crimson clover genotypes will bebeing screened at using a
common protocol. The crimson clover breeder, Dr. Gerald Smith, will be visiting North Carolina and BARC in the
spring of 2017 to provide selection training. Twenty segregating winter pea genotypes and 20 advanced pea
genotypes are being screened at NY, MD, and NC. These genotypes will be assessed using a common protocol.
The winter pea breeder, Dr. Rebecca McGee, will be visiting North Carolina and BARC in the spring of 2017 to
provide selection training. A trial was established in BARC, and Clayton, Rocky Mount, and Salisbury, NC for the
second year to screen advanced winter pea genotypes and released winter pea varieties for use as a cover crop
in monoculture and in mixture with various small grains. Cover crop biomass was collected at four growth stages
from the monoculture winter pea genotypes and will be analyzed for cover crop quality. Select genotypes were
harvested in mixture with small grains and will be analyzed for cover crop quality. Results will be published in
extension formats and an academic journal in 2017 and will be disseminated in extension presentations. Dr.
Riday collaborated with John Englert and Annie Young-Matthews to run a pilot seed increase of vetch at the
Corvallis Plant Materials Center in Oregon. Annie received seeds of an advanced vetch line, planted the seeds in
the greenhouse, and plans to transplant into the field in the spring. We will assess seed yield and identify any
potential production issues prior to increasing LCCB advanced lines in the fall of 2017. An annual team meeting
will be scheduled for the spring of 2017 to coordinate team activities and review past work. The LCCB team will
meat with the Noble Institute and other institions interested in developing an FFAR funded project to expand
breeding efforts to include grasses and brassicas.

2015/09 TO 2016/08 Target Audience: Nothing Reported Changes/Problems: Nothing Reported What
opportunities for training and professional development has the project provided? Nothing Reported How have
the results been disseminated to communities of interest? Nothing Reported What do you plan to do during the
next reporting period to accomplish the goals? Nothing Reported

IMPACT

2015/09 TO 2020/08 What was accomplished under these goals? Goal 1.1. Drinkwater processed and analyzed
plant samples from collaborators in seven states from the 2018-2019 field season for symbiotic N fixation (SNF)
using 15N stable isotope content. Goal 1.2. Collaborators conducted experiments to elucidate the genetic basis
of hard-seededness and shattering in hairy vetch, including transcript profiling of seed hardiness in bulk
segregant analysis (BSA), bi-parental mapping population for linkage map and QTL analysis, and GWAS analysis
of a diversity population. Weiring evaluated freeze tolerance of hairy vetch and winter pea in controlled
conditions, and evaluated gene expression of hairy vetch in response to low temperatures. In fall 2019, 9 hairy
vetch nurseries were planted in MD, MN, NY, NC, OK, and WI. Data were collected on fall/spring vigor, winter
survival, flowering time, pubescence, disease, biomass, seed yield, hard seed, and shattering. Seed was
harvested from selected plants, forming the next generation at each site. In fall 2019, 5 crimson clover nurseries
were planted in MD, NC, and NY. Data were collected on fall/spring vigor, winter survival, flowering time, disease,
and seed yield. Pl Smith conducted hard seed evaluations on lines from all breeding sites. Seed was harvested
from selected plants, forming the basis of the next generation at each site. A crimson clover half-sib trial was also
planted at 3 locations in MD, NC, and OR. In MD and NC, data were collected on emergence, winter survival, fall
and spring vigor, disease, flowering time, and biomass. In OR, plants were harvested for seed yield rather than
biomass. In fall 2019, 6 winter pea nurseries were planted in MD, NC, NY, and ND. Data were collected on
emergence, winter survival, fall and spring vigor, flowering time, disease, and seed weight. McGee developed
several hundred new segregating populations of winter peas for evaluation in the nurseries. Goal 1.3. Kissing
Kucek coordinated a participatory breeding nursery with two organic farmers. A farmer-developed advanced



breeding line of hairy vetch was sent for seed increase. Goal 2.1. In fall 2019, advanced line trials were planted at
16 sites in CA, GA, MD, MN, MO, NC, ND, NE, NV, NY, OK, OR, WA, and WI. Each site had 9 crimson clover
entries, 13 hairy vetch entries, and 20 winter pea entries (including 2, 3, and 4 commercial checks respectively).
Data were collected on emergence, winter survival, fall/spring vigor, flowering time, and early/late biomass.
Biomass samples were sent to Noble Research Institute for forage quality analysis from a subset of sites. Kissing
Kucek completed the analysis for hairy vetch, Moorecompleted the analysis for crimson clover, and Bastos
Martinscompleted the analysis for winter pea, in order to identify top-performing lines and to identify regional
clusters with similar performance. Collaborators at Noble Research Institute conducted forage quality analysis on
advanced line trial nurseries for both 2019 and 2020 harvest seasons. Several hairy vetch lines were superior to
commercially available check varieties, and were identified for potential variety release. Goal 2.2. Pl McGee
conducted seed increase for winter pea in Pullman, WA and New Zealand. The NRCS PMCs in Corvallis, OR
Aberdeen, ID, Nacogdoches, TX, and Elsberry, MO increased 8 lines of hairy vetch and 3 lines of crimson clover.
Due to multiple crimson clover seed increase failures at these locations, a new collaboration was developed with
the USDA-ARS Plant Germplasm Introduction and Testing Research Unit in Pullman, WA to conduct future
crimson clover increase. Hairy vetch seed increase will continue to be conducted by the NRCS PMCs. A field day
was planned at the Forage Seed and Cereal Research Unit in Corvallis, OR as an opportunity to interface with
seed companies about variety release, but the event was cancelled due to COVID-19. Prior to the pandemic,
Collaborator Kissing Kucek interfaced with seed companies at various outreach events about commercializing
new cover crop varieties. Goal 3.1. In November 2019, the annual Northeast Cover Crop Council (NECCC)
meeting was hosted at the USDA-ARS station in Beltsville, MD. Attendees including farmers, agriculture and
conservation professionals, researchers, and seed company personnel participated in a field tour of breeding
nurseries and trials. In February 2020, Collaborator Kissing Kucek attended, presented, and engaged in focus
group discussions at the annual Midwest Cover Crop Council (MCCC) meeting. The in-person annual meeting for
the project was planned for April 2020 in Ardmore, OK, but the meeting was cancelled due to COVID-19. Instead,
we hosted a two-day virtual meeting, including presentations of preliminary results and discussions about next
steps for publications, grant-writing, and variety release. The meeting was attended by approximately 35 people.
A participatory variety evaluation system was designed, including a survey for gathering farmer and seed
company feedback at field days. Ten sites planned to host field days, but most of these events were cancelled
due to COVID-19. The California PMC held a cover crop field day on March 5, 2020 in conjunction with University
and industry partners. The field day was attended by 70 participants, including local NRCS field staff,
conservation professionals, and farmers. Presentations included the economic analysis of cover crop use,
implementing cover crops in the San Joaquin Valley, cover crop selection for the Central Valley, fava beans as
cover and food crops, and performance of cover crop cultivars in the ARS advanced line trials. Several
collaborators (Bastos Martins, Koss, Monteros, and Moore) presented results from the breeding program at the
ASA-CSSA-SSSA annual meeting in San Antonio, TX in November 2019. Several collaborators (Ali, Kissing
Kucek, and Krogman) presented results from the breeding program at the Plant and Animal Genome conference
in San Diego, CA in January 2020. Collaborator Kissing Kucek facilitated discussions about cover crop breeding
at multiple farmer conferences in the Midwest over the winter of 2019-2020, including the Upper Midwest Seed
Summit, MOSES Conference, and OGRAIN Conference. Collaborator Moore presented on breeding program
progress at the Delmarva Soil Summit in Georgetown, DE in February 2020. Throughout the year, several
collaborators (Reberg-Horton, Smith, Ehlke) presented results from the breeding program within their own
university communities. Goal 3.2. See description of field days and focus groups above. Goal 3.3. Several peer-
reviewed articles were published as a result of the breeding program this year, see \"products\" section. Several
other manuscripts are being finalized currently, including one on symbiotic nitrogen fixation in the breeding
program, one from a PMC variety trial, one from the crimson clover half-sib trial, and three from advanced line
trial data. In addition, the breeding program was profiled in No Till Farmer in July 2020: https://www.no-
tillfarmer.com/articles/9849-variety-stated-advancing-cover-crop-genetics-and-performance. Goal 3.4. Pulse Crop
Database, a genomic, genetic, and breeding resource for the improvement of pulse crops (<https://pulsedb.org>)
continues to evolve with the development of the \'Breeder\'s Toolbox\', inclusion of the first pea reference genome
(Kerplak, et al, 2019), and additions of new QTL, marker, and map data.Several other datasets from the project
were compiled and published to publicly available databases, including the hairy vetch genome and phenotypic
and nodule metagenomic data from diverse crimson clover accessions. **PUBLICATIONS (not previously
reported):** 2015/09 TO 2020/08 1. Type: Journal Articles Status: Published Year Published: 2020 Citation:
Kissing Kucek, L., H. Riday, B.P. Rufener, A.N. Burke, S.S. Eagen, et al. 2020. Pod Dehiscence in Hairy Vetch
(Vicia villosa Roth). Front. Plant Sci. 11. doi: 10.3389/fpls.2020.00082. 2. Type: Journal Articles Status: Published
Year Published: 2019 Citation: Kissing Kucek, L., H. Riday, N. Ehlke, C. Reberg?Horton, J. Maul, et al. 2019.
Environmental Influences on the Relationship between Fall and Spring Vigor in Hairy Vetch. Crop Science 59(6):
24432454 doi: <https://doi.org/10.2135/cropsci2018.09.0569>. 3. Type: Journal Articles Status: Published
Year Published: 2020 Citation: Moore, V., B. Davis, M. Poskaitis, J.E. Maul, L. Kissing Kucek, et al. 2020a.
Phenotypic and Nodule Microbial Diversity among Crimson Clover (Trifolium incarnatum L.) Accessions.



Agronomy 10(9): 1434. doi: 10.3390/agronomy10091434. 4. Type: Journal Articles Status: Published Year
Published: 2020 Citation: Moore, V.M., J.E. Maul, D. Wilson, W.S. Curran, D.C. Brainard, et al. 2020b.
Registration of @Purple Bounty€ and €Purple Prosperity€ hairy vetch. Journal of Plant Registrations 14(3):
340€346. doi: <https://doi.org/10.1002/plr2.20044>. 5. Type: Journal Articles Status: Accepted Year Published:
2020 Citation: Vann, R.A., S.C. Reberg?Horton, M.S. Castillo, J.P. Murphy, L.B. Martins, et al. Differences
among eighteen winter pea genotypes for forage and cover crop use in the southeast USA. Crop Science
n/a(n/a). doi: <https://doi.org/10.1002/csc2.20355>. 6. Type: Journal Articles Status: Published Year Published:
2020 Citation: Wiering, N., G. Gardner, C.C. Sheaffer, and N.J. Ehlke. 2020. Root and axillary shoot development
of hairy vetch stem cuttings and cessation of flower development under a short photoperiod. Crop Science 60(5):
2386€2393. doi: https://doi.org/10.1002/csc2.20238. 7. Type: Conference Papers and Presentations Status:
Published Year Published: 2019 Citation: Bastos Martins, L. and C. Reberg-Horton. 2019. Breeding Winter Peas
for Cover Crop: Genotype x Environment Interactions. ASA-CSSA-SSSA Annual Meeting, San Antonio, TX. 8.
Type: Conference Papers and Presentations Status: Published Year Published: 2019 Citation: Moore, V.M., S.B.
Mirsky, L. Kissing Kucek, S.C. Reberg-Horton, G.R. Smith, S. Seehaver Eagen, M. Ryan, S. Wayman, and A.
Harris. 2019. Performance of Crimson Clover Breeding Lines in the Eastern U.S. ASA-CSSA-SSSA Annual
Meeting, San Antonio, TX. 9. Type: Conference Papers and Presentations Status: Published Year Published:
2019 Citation: Monteros, M.J., T. Hernandez, Y. Alarcon, N.D. Krom, L. Kissing Kucek, C. Motes, S. Ali, and H.
Riday. 2019. Developing Solutions for Seed Shattering in Cover Crops Targeting Hairy Vetch (Vicia villosa Roth).
ASA-CSSA-SSSA Annual Meeting, San Antonio, TX. 10. Type: Conference Papers and Presentations Status:
Published Year Published: 2019 Citation: Koss, S., C. Reberg-Horton, S.B. Mirsky, and R. Gonzalez. 2019.
Allelopathic Cereal Rye Cover Crop Breeding. ASA-CSSA-SSSA Annual Meeting, San Antonio, TX. 11. Type:
Conference Papers and Presentations Status: Published Year Published: 2020 Citation: Monteros, M.J., T.D.
Hernandez, Y. Alarcon, S. Ali, and N. Krom. 2020. Translational Genomics of Forage Legumes to Advance
Molecular Breeding of Seed Traits in Cover Crop Legumes. Plant and Animal Genome Conference, San Diego,
CA. 12. Type: Conference Papers and Presentations Status: Published Year Published: 2020 Citation: Ali, S.,
S.A. Krogman, K. Cooper, L. Jacobs, N. Krom, P.K. Mehta, M. Trammell, S. Bhamidimarri, T. Butler, and M.J.
Monteros. 2020. Transcript Profiling of Hairy Vetch (Vicia villosa). Plant and Animal Genome Conference, San
Diego, CA. 13. Type: Conference Papers and Presentations Status: Published Year Published: 2020 Citation:
Kissing Kucek, L., H. Riday, A.N. Burke, S.S. Eagen, N. Ehlke, S.A. Krogman, S.B. Mirksy, C. Reberg-Horton,
M.R. Ryan, M. Trammell, S. Wayman, and N.P. Wiering. Efforts to Domesticate Hairy Vetch (Vicia villosa Roth):
Eliminating Hard Seed and Pod Shatter. Plant and Animal Genome Conference, San Diego, CA.

2018/09 TO 2019/08 What was accomplished under these goals? Legume cover crops are essential to the
sustainability of organic cropping systems because they fix nitrogen, improve soil health, suppress weeds, and
provide resources for beneficial organisms such as pollinators. Unlike cash crops, cover crops have not been
bred to optimize the traits that organic farmers need. This deficiency means that modest investments in
germplasm improvement could yield large benefits. Based on our experience working with organic farmers,
legume cover crop germplasm can be improved to address a multitude of critical problems facing organic
farmers. Our team of cover crop and organic agriculture experts from multiple universities, non-profit
organizations, private sector companies, and governmental agencies will work with leading organic farmers to
breed new varieties of hairy vetch (Vicia villosa), winter pea (Pisum sativum), and crimson clover (Trifolium
incarnatum) through traditional, participatory, and marker-assisted methods. We will improve organic production
systems by addressing persistent challenges with legume cover crop performance and consistency. Through the
creation of an Eastern Cover Crops Council, we will ensure that efforts can continue beyond the duration of this
project. Our work directly addresses legislatively-defined OREI goals 1, 6, and 8 by facilitating development of
organic production methods, conducting on-farm research, and developing new/improved seed varieties for
organic systems. This project is unique because our network of research and farm sites ensures that our work is
applicable across multiple regions, scales, and organic cropping systems. #1 Establish a coordinated, multi-site
legume cover crop breeding program 1. Evaluate hairy vetch, winter pea, and crimson clover for select agronomic
traits of interest across the US; PI Drinkwater conducted experiments to overcome methodological barriers to
improving SNF in breeding programs andquantified variation in N content and symbiotic N fixation in hairy vetch
and crimson clover. She is currently measuring N content and SNF from advanced line trials (ALTs) for all three
legume species. 2. Develop new cultivars, a core germplasm line for future breeding, and establish potential
genetic markers to be utilized in a future breeding program; PI Riday and Dr. Kissing Kucek worked to sequence
the genome of hairy vetch. Collaborators at USDA-ARS DFRC tested methods for nanopore and llumina
sequencing, extracted DNA, and have begun to assemble data. Graduate Student Weiring is currently conducting
a hairy vetch RNA-sequencing experiment to find genetic variants associated with winter-hardiness. A cold
acclimation/deacclimation study in hairy vetch and winter pea is also currently in progress. 8 hairy vetch nurseries
were planted in Maryland, Minnesota, New York, North Carolina, Oklahoma, and Wisconsin. Data were collected
on fall/spring vigor, winter survival, flowering time, pubescence, disease, biomass, and seed yield. Dr. Kissing



Kucek conducted hard seed/shattering evaluations on lines from all breeding sites. Seed was harvested from
selected plants, forming the next generation at each site. 4 crimson clover nurseries were planted in Maryland
and North Carolina. Data were collected on fall/spring vigor, winter survival, flowering time, disease, and seed
yield. Pl Smith conducted hard seed evaluations on lines from all breeding sites. Seed was harvested from
selected plants, forming the basis of the next generation at each site. A crimson clover half-sib trial was also
planted at 3 locations in Maryland, New York, and North Carolina. Data were collected on emergence, winter
survival, fall and spring vigor, disease, flowering time, and biomass. 6 winter pea nurseries were planted in
Maryland, North Carolina, New York, and North Dakota. Data were collected on emergence, winter survival, fall
and spring vigor, flowering time, disease, and seed weight. Pl McGee developed several hundred new
segregating populations of winter peas for evaluation in the nurseries. 3. Collaborate with organic growers to
generate new cover crop varieties on their farms; Dr. Kissing Kucek collaborated with 4 farmers (3 organic) to
select improved hairy vetch and winter peas on their farms. #2 Develop and publicly release improved winter pea,
hairy vetch, and crimson clover varieties 1. Identify top-performing lines through multi-environment trials; Dr.
Kissing Kucek designed evaluation protocols and recruited sites for ALTs. In fall 2018, advanced line trials were
planted at 12 sites in California, Georgia, Maryland, Minnesota, Missouri, Nebraska, New York, North Carolina,
Oklahoma, Oregon, Washington, and Wisconsin. Each site had 7 crimson clover entries, 16 hairy vetch entries,
and 18 winter pea entries (including 2, 3, and 5 commercial checks respectively). Data were collected on
emergence, winter survival, fall/spring vigor, flowering time, and early/late biomass. SNF samples were sent to Pl
Drinkwater for analysis from sites in New York, Maryland, Minnesota, Missouri, and Nebraska. Biomass samples
were sent to Noble Research Institute for forage quality analysis from a subset of sites. Pl Riday and Dr. Kissing
Kucek designed analysis methods and trained other project members in the analysis of multi-environment trials
for hairy vetch, crimson clover, and winter pea. Dr. Kissing Kucek completed the analysis for hairy vetch, Dr.
Moore (USDA-ARS Beltsville) completed the analysis for crimson clover, and Graduate Student Bastos Martins
(NCSU) completed the analysis for winter pea, in order to identify top-performing lines and to identify regional
clusters with similar performance. 2. Contract buying groups to increase and commercialize seed; Pl
McGeeconducted seed increase for winter pea in Pullman, WA and New Zealand. TheNRCS PMCsin Corvallis,
OR and Aberdeen, ID each increased 3 lines of hairy vetch, and the Nacogdoches, TX PMC increased 2 lines of
crimson clover. #3 Facilitate knowledge exchange about cover crops among farmers, researchers, and educators
1. Engage farmers, researchers, and agricultural professionals at field days and workshops; Pls McGee, Smith,
and Riday and Dr. Kissing Kucek presented at field days in their respective regions. The Forage Seed and Cereal
Research Unit of USDA-ARS in Corvallis, OR participated in a field day sponsored by the International Herbage
Seed Group, highlighting hairy vetch and crimson clover seed yield experiments.Dr. Kissing Kucek developed a
rating sheet for participants to use to rank breeding lines during participatory field days across the country, both in
FY2019 and in future years. The University of Missouri held field days to gather feedback on breeding lines from
farmers and other agricultural professionals. Participants voted and provided comments regarding preferred lines
and critical traits for breeding. 2. Foster farmer involvement and interest through peer-to-peer knowledge transfer;
There was some opportunity for farmer peer-to-peer knowledge transfer at the Missouri field days described
above. 3. Publish findings in extension bullteins, fact sheets, and scientific journal articles; Kissing Kucek, L.; H.
Riday; et al. Environmental influences on the relationship between fall and spring vigor in hairy vetch (Vicia villosa
Roth). Crop Science. 59:1-9 Kissing Kucek, L. H. Riday, et al. 2019. Pod dehiscence in hairy vetch (Vicia villosa
Roth). Frontiers in Plant Science. submitted. Wiering, N. P., Ehlke, N. J., & Sheaffer, C. C. (2019). Lidar and RGB
Image Analysis to Predict Hairy Vetch Biomass in Breeding Nurseries.The Plant Phenome Journal,2(1). 4. Post
legume genomics information in a publically accessible database. Pl McGee is a Co-Pl on the Pulse Crop
Database (www.pulsedb.org) (formerly the Cool Season Food Legume Database) which is a resource for
genomics-assisted breeding. **PUBLICATIONS (not previously reported):** 2018/09 TO 2019/08 1. Type: Journal
Articles Status: Published Year Published: 2019 Citation: Kissing Kucek, L.; H. Riday; et al. Environmental
influences on the relationship between fall and spring vigor in hairy vetch (Vicia villosa Roth). Crop Science. 59:1-
9 2. Type: Journal Articles Status: Submitted Year Published: 2019 Citation: Kissing Kucek, L. H. Riday, et al.
2019. Pod dehiscence in hairy vetch (Vicia villosa Roth). Frontiers in Plant Science. submitted. 3. Type: Journal
Articles Status: Published Year Published: 2019 Citation: Wiering, N. P., Ehlke, N. J., & Sheaffer, C. C. (2019).
Lidar and RGB Image Analysis to Predict Hairy Vetch Biomass in Breeding Nurseries. The Plant Phenome
Journal, 2(1).

2017/09 TO 2018/08 What was accomplished under these goals? IMPACT STATEMENT: Legume cover crops
fix nitrogen, improve soil health, suppress weeds, and help beneficial organisms (e.g. pollinators). Cover crops
have not been bred for the traits that organic farmers need, and our project seeks to breed new varieties of hairy
vetch, Austrian winter pea, and crimson clover that are adapted to the needs of organic farmers and to different
regions of the country. In FY2018, we continued to select and improve these cover crops in breeding nurseries in
Maryland, Minnesota, New York, North Carolina, Oklahoma, and Wisconsin. We selected for traits identified as
important by organic farmers (e.g. maturity, vigor, cold tolerance, biomass production, disease resistance); we



screened nearly 70,000 lines across the three species and had selection intensities of 3-6%. We also began
testing the best-performing lines in a wider range of locations, which is the next step towards commercial release
of new cover crop varieties. We also conducted experiments to understand the genetics/biology of traits such as
seed hardness, cold hardiness, and biological nitrogen fixation, which will improve knowledge of these crops and
ability to select varieties with desirable traits. Farmers were involved through on-farm breeding, workshops, and
field days. Through our continued development of regionally adapted cover crop varieties, we are working
towards our long-term goal of increasing the profitability of organic agriculture by increasing legume cover crop
performance and adoption. Establish a coordinated, multi-site legume cover crop breeding program Evaluate
hairy vetch, Austrian winter pea, and crimson clover for select agronomic traits of interest across the US; Drs.
Kissing KucekandRiday screened 477 vetch advanced lines for hard seed/pod shattering and also conducted a
genotype-by-environment (GxE) analysis in vetch. Dr. DrinkwaterandNRCS PMC Big Flats conductedan
experiment to develop less destructive biological nitrogen fixation (BNF) sampling methods. A representative
sample of plant tissue produced throughout plant growth was most closely correlated with destructive biomass
sampling. Dr. Maul analyzed nodules from advance lines of vetch and clover for microbial occupancy to evaluate
species diversity. He also conducted RNAseq on five vetch lines to inform hypotheses on cold hardiness in vetch.
Dr. Grossman evaluated the effects of temperature on BNF and nodulation in a growth chamber experiment.
Nodule number across species decreased with low temperatures, but clover was more sensitive than pea and
vetch. The optimum temperature for BNF in the observed legumes was 15-20°C. 2.Develop new cultivars, a core
germplasm line for future breeding, and establish potential genetic markers to be utilized in a future breeding
program; In fall 2017 vetch nurseries were planted in Maryland, Minnesota, New York (two nurseries), North
Carolina (two nurseries), Oklahoma, and Wisconsin and five on-farm locations. 26,492 genotypes were planted
across nurseries, and 779 plants were selected (selection intensity of 2.9%). The 2018-2019 nurseries were
planted in fall 2018. Dr. Englertconducted vetch seed increase at Plant Materials Centers (PMCs) in Corvallis, OR
and Aberdeen, ID. Another seed increase was planted in fall 2018 at Corvallis and Aberdeen.Dr. Ridayalso
conducted a backup seed increase at Prairie du Sac. Dr. Kissing Kucekdeveloped a vetch test set for hard and
soft seed and low and high pod shatter for a genome-wide association study (GWAS) and to identify markers for
the traits. Dr. Maul generated a rough draft of the vetch genome. Dr. Bhamidimarritested a chemical scarification
technique on hard-seeded vetch lines. Plants generated from scarified seeds showed normal growth in the
greenhouse. Soft- and hard-seeded populations are being used to identify candidate genes for seed hardness,
using bulk segregant analysis (BSA) and quantitative trait loci (QTL) mapping. In fall 2017 clover nurseries were
planted in Maryland and North Carolina (four nurseries) and one on-farm location. 12,500 genotypes were
planted across nurseries, and 407 plants were selected (selection intensity of 3.3%). The 2018-2019 nurseries
were planted in fall 2018. Pl Smithdesigned a half-sib trial at five locations in the east. Trials were conducted of
the best lines from each site with 60 half-sib families direct-seeded at locations in Maryland, New Hampshire,
New York, and North Carolina. The top 39 lines were planted in fall 2018 for the 2018-2019 trial. Dr.
EnglertandDr. Smithconducted clover seed increase at PMCs in Elsberry, MO and Knox City, TX. Seed increase
was moved to the PMC in Nacogdoches, TX and planted in fall 2018.Dr. Smithworked with Dr. Mark Azevedo
(USDA-ARS in Corvallis, OR) to design a clover seed yield experiment. Hard seed evaluations continued on
clover lines from Maryland and North Carolina. In fall 2017 pea breeding nurseries were planted in Maryland,
New York, and North Carolina and four on-farm locations. 30,629 genotypes were planted across nurseries, and
1,714 plants were selected (selection intensity of 5.6%). Dr. McGeedeveloped new populations of peas from
these selections and increased seed at a nursery in New Zealand for the 2018-2019 trials. 3.Collaborate with
organic growers to generate new cover crop varieties on their farms; Eight farmers planted and screened lines of
vetch, peas, and clover.Dr. Kissing Kucekworked with an additional three farms to plant selection nurseries of
vetch in fall 2018. Develop and publicly release improved Austrian winter pea, hairy vetch, and crimson clover
varieties Identify top-performing lines through multi-environment trials; Advanced Line Trials (ALTs) were planted
at 13 locations across the U.S.Protocols were developed and trials were planted in fall 2018. Four PMCs planted
ALTs: Lockeford, CA, Americus, GA, Corvallis, OR, and Pullman, WA. Nine other sites planted ALTs: Corvallis,
OR (seed production only, no pea), Maryland, Minnesota (no clover), Missouri, Nebraska, New York, North
Carolina, Oklahoma (no pea), and Wisconsin. 2.Contract buying groups to increase and commercialize seed.
Seed increase took place at PMCs and in New Zealand (as described above). Facilitate knowledge exchange
about cover crops among farmers, researchers, and educators Engage farmers, researchers, and agricultural
professionals at field days and workshops; Dr. Bhamidimarripresented work at conferences attended by farmers,
producers, and scientists. Dr. Grossmangave five outreach presentations to scientific and farming communities.
Drs. Kissing KucekandRidayhosted an annual team meeting and a field tour focused on the vetch trials, which
included the research team as well as invited seed companies and farmer collaborators. Dr.Kissing Kucek
worked with farmer-breeder Dan Wilson to host a discussion and field tour of a pea breeding nursery in lowa. Dr.
McGeepresented at six field days, five grower meetings, a WSU Wheat Academy, and commodity group annual
meetings. Dr. Mirskypresented on cover crop breeding work at over a dozen workshops, meetings, field days,
and conferences. Dr. Reberg-Hortonshared information at meetings of the Southern Cover Crops Council



(SCCC). 2.Foster farmer involvement and interest through peer-to-peer knowledge transfer; Drs. Kissing
KucekandRidayhosted a meeting for farmer-breeder collaborators during the Midwest Organic and Sustainable
Education Service (MOSES) conference in Feb. 2018. The meeting focused on farmer-to-farmer knowledge
exchange about goals/methods of selection. 3.Publish findings in extension bulletins, fact sheets, and scientific
journal articles; Drs. Kissing Kucekand Ridayprepared and submitted a manuscript to Crop Science on the
relationship between fall and spring vigor and winter kill in vetch. The manuscript is still in review. 4.Post legume
genomics information in a publicly accessible database. Genomics studies are currently being conducted (as
described above). **PUBLICATIONS (not previously reported):** 2017/09 TO 2018/08 No publications reported
this period.

2016/09 TO 2017/08 What was accomplished under these goals? Establish a coordinated, multi-site legume
cover crop breeding program ?Hairy vetch: Searched extensively for germplasm with traits of interest. Contacted
germplasm banks and breeding programs in US, Europe, and Australiato locate winter-hardy and soft-seeded
vetch. Dr. Maul obtained the import permits necessary for hairy vetch and gathered international material. Dr.
Riday negotiated material sharing agreements for hairy vetch with European companies. Seed from several
accessions and breeding lines was grown and increased in Maryland and North Carolina from fall of 2015 to
spring of 2016. Chose and acquired 27 vetch lines with promise to include in 2016/2017 crossing blocks. Trials
were establishedat three sites in North Carolina and MD in the fall of 2015. Ten hairy vetch genotypes were
screened. Bulk seed was collected from the surviving genotypes in June 2016. Dr. Riday developed planting
plans for five selection sites Dr. Riday created detailed protocols to evaluate vetch lines for traits of interest,
particularly vigor. USDA Dairy Forage Research Center staff planted a crossing block of 2,496 vetch plants from
27 diverse lines at Prairie du Sac USDA Farm in Wisconsin in August of 2016. Winter pea: We collected winter-
hardy farmer-selected landraces of pea from the Northern Midwest and defined terms for releasing derived
material from landraces with farmers. Dr. McGee sent winter pea seeds for evaluation at four locations. Included
were 20 segregating populations and 20 Pl lines from the USDA pea germplasm collection. Trials were
established in NC, and MD. Several winter pea trials were established in MD and North Carolina. Twenty
advance line winter pea genotypes were established in the fall 0f2015 and screened for adaptation toSclerotinia
pressure. Seed was collected from remaining genotypes in June 2016. All accessions died at BARCdue to
disease and frost damage. We ruled these accessions out - and asked the breeder for a different set of lines.
Maryland switched fields and created more replicates for the 2016 fall pea planting. A trial was conducted in MD
and NC in 2015-2016 to screen advanced winter pea genotypes and released winter pea varieties for use as a
cover crop in monoculture and in mixture with various small grains. Crimson clover: Fifteen Pl lines and three
Texas breeding lines of crimson clover were grown at MD and NCfor seed increases. Eighteen crimson clover
genotypes were screened. Bulk seed was collected from the surviving genotypes in June 2016. Various types of
threshing equipment were tested for efficiency. Dr. Gerald Smith collected crimson clover germplasm from
naturalized populations in north Alabama (34.79 N) and west Tennessee (36.34 N). All species: Preparation for
October 2016 trial establishment occurred in August and September 2016. For crimson clover, hairy vetch, and
winter pea, in-lab preparation at Cornell of seed packet labeling, counting, inoculation, and arranging significantly
aided in the ease and speed of completing field seeding tasks. All packets had individual labels affixed containing
both seed and plot information. A seed counter was used to \"count\" individual seeds into labeled packets
specific to each line and plot. Inoculant was added to each labeled seed packet. All seed packets were arranged
in a grid-like pattern similar to the field plot arrangement. This pre-arrangement of seed packets allowed for quick
placement in the field. A field tablet was purchased and set up at Cornell to collect visual ratings in the field using
the Field Notebook application. The combination of the field tablet and Field Notebook application allows for quick
recording of visual data, minimizes propagation of recording errors, and allows for immediate digital saving and
viewing of data. B. Develop new cultivars, a core germplasm line for future breeding, and establish potential
genetic markers to be utilized in a future breeding program; Intermated crimson clover line bulks were generated
for each of 18 lines using seed bulked from seed increase locations (NC and MD). These bulks will be the core
germplasm for future crimson clover breeding in this project. Based on feedback received, additional pea crosses
were made to develop new cultivars for specific locations in NC and MD. Two new crimson clover germplasm
collections were created. One crimson clover core set of experimental lines for future breeding (cooperative
among Smith, Mirsky, and Reberg-Horton). C. Collaborate with organic growers to generate new cover crop
varieties on their farms. Collaborated with sustainable agricultural institutions to identify farmers for the
participatory breeding program, including Practical Farmers of lowa, Northern Plains Sustainable Agriculture
Society, Michael Fields Agricultural Institute, Mandaamin Institute, and University of Wisconsin- Extension.
Identified 25 farmers interested in breeding winter peas, vetch, or crimson clover. Selected 9 of 10 farmers to
participate in the breeding program. Conducted interviews with 40 farmers, one seed company, three
researchers, and members of a farmer breeding club to 1) establish goals for improving peas, vetch, and crimson
clover; 2) clarify barriers to meeting these goals; and 3) identify priority traits for selection. Sent winter pea seeds
for evaluation on organic farm trials to three locations. Included were both segregating populations as well as Pl



lines from the USDA germplasm collection. Planted winter pea breeding trials on three farms in Wisconsin, lowa,
and North Dakota. Each farm trial included 10 different segregating breeding lines and 10 common accessions.
Develop and publicly release improved Austrian winter pea, hairy vetch, and crimson clover varieties See 1A
above. Lisa Kissing Kucek hosted a teleconference with Pulse USA on April 19, 2016 to discuss seed
commercialization and their traits of interest in peas, vetch, and crimson clover. She also spoke with Klaas
Martens of Lakeview Organic Grain about traits of interest in the three species. Facilitate knowledge exchange
about cover crops among farmers, researchers, and educators Presentations on winter peas were given at the
Pacific Northwest Farmers Coop annual meeting (\~ 300 attendees; Feb. 2016), PNW Direct Seed Conference
(\~ 500 attendees; Richland, WA Jan. 2016), and Plant Disease Clinic (\~150 attendees; June 2016). Lisa Kissing
Kucek presented the cover crop breeding program at the Midwest Cover Crop Council February 23, 2016 to 60
attendees. Presentations on winter peas at six field days in the Pacific Northwest (\~200 attendees total; June -
August 2016). Heathcliffe Riday discussed the vetch breeding program and toured a vetch nursery at a field day
in Prairie du Sac, Wl on July 11, 2016. Introduced the LCCB project and gathered farmer feedback on traitsof
interest at the Northern Plains Sustainable Agriculture Society winter conference on July 22, 2016 with 50
attendees. Introduced the LCCB project and gathered farmer feedback on traits of interest at the Arlington
Agricultural Research Station field day on August 23rd, 2016 to 70 attendees. Heathcliffe Riday hosted breeders
from around the world to introduce the vetch breeding program and show plots in the field. Chris Reberg-Horton
and Steven Mirsky held a field day at Beltsville, MD to introduce the goals of the legume cover crop breeding
project to regional farmers and agricultural professionals supported by NE-SARE. Introduced the LCCB project
and gathered farmer feedback on traits of interest with 50 farmers at the Northern Plains Sustainable Agriculture
Society winter conference on July 22, 2016. Lisa Kissing Kucek presented the cover crop breeding program and
gathered farmer feedback on traits of interest at the Arlington Agricultural Research Station field day on August
23rd, 2016. The Cool Season Food Legume Database (www.coolseasonfoodlegume.org) is up-to-date with all
submitted legume genomics information. **PUBLICATIONS (not previously reported):** 2016/09 TO 2017/08 1.
Type: Conference Papers and Presentations Status: Published Year Published: 2016 Citation: ? Atwell, R.A., and
S.C. Reberg-Horton. Extension Presentation. April 2016. Identifying winter pea genotypes that maximize grain,
forage, and cover cropping potential in mixture with small grains. Central Piedmont Small Grain Field Day.
Salisbury, NC. 2. Type: Conference Papers and Presentations Status: Published Year Published: 2016 Citation: ?
Atwell, R.A., S.C. Reberg-Horton, M.S. Castillo, and S.B. Mirsky. Extension Publication. 2016. Identifying
regionally adapted winter pea varieties for use as grain, forage, and cover crops. Organic Grains
Website/Newsletter. North Carolina State University Cooperative Extension. Available at:
https://organicgrains.ces.ncsu.edu/spotlight/new-research-on-winter-pea-varieti es-for-use-as-grain-forage-and-
cover-crops/ 3. Type: Conference Papers and Presentations Status: Published Year Published: 2016 Citation: ?
Atwell, R.A., S.C. Reberg-Horton, S.B. Mirsky, M.S. Castillo, and R.J. McGee. 2016. Identifying regionally
adapted winter pea genotypes that maximize grain, forage, and cover crop potential in the Southeast USA. In
2016 annual meeting abstracts. ASA/CSSA/SSSA. Phoenix, AZ. Oral Presentation. 4. Type: Conference Papers
and Presentations Status: Published Year Published: 2015 Citation: ? Atwell, R.A., S.C. Reberg-Horton, S.B.
Mirsky, M.S. Castillo, and R.J. McGee. 2015. Identifying regionally adapted winter pea genotypes that maximize
grain, forage, and cover crop potential in the southeast USA. In 2015 annual meeting abstracts.
ASA/CSSA/SSSA, Minneapolis, MN. Poster Presentation. 5. Type: Conference Papers and Presentations Status:
Published Year Published: 2015 Citation: ? Smith, G.R., V.A. Corriher-Olsen, H. Riday, and R. McGee. 2015.
Developing improved legume cover crops. Abstract. ASA, CSSA, SSSA. Minneapolis, MN. Presentation at Cover
Crop Symposium, ASA CSSA, Nov. 2015 6. Type: Other Status: Other Year Published: 2016 Citation: Riday, H.
Hairy vetch breeding program tour. 2016. Field Tour in Prairie du Sac, WI. 7. Type: Other Status: Other Year
Published: 2016 Citation: Kucek, LK, and Mirsky, SB. 2016. Legume cover crop breeding program introduction.
Midwest Cover Crop Council 8. Type: Other Status: Other Year Published: 2016 Citation: Kucek, LK. 2016.
Legume cover crop breeding program introduction. Midwest Cover Crop Council. Northern Plains Sustainable
Agriculture Society winter conference. 9. Type: Other Status: Other Year Published: 2016 Citation: Kucek, LK.
2016. Legume cover crop breeding program introduction. Arlington Agricultural Research Station field day

2015/09 TO 2016/08 What was accomplished under these goals? A collaborator meeting was scheduled to
discuss the launching of the project and plans for the upcoming field season. **PUBLICATIONS (not previously
reported):** 2015/09 TO 2016/08 No publications reported this period.
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NON-TECHNICAL SUMMARY

Vermont\'s organic dairy sector has grown from 2 herds in 1994 to about 200 herds since 2008. However, organic
dairy farms have been showing declining profitability over the past 5 years despite rising milk prices. Feeding
management practices are one of the biggest economic drivers on these dairies, yet feeding guidelines to aid
producers as a decision-making tool do not currently exist. This program stems from the crucial needs of the
organic dairy industry to develop economically sustainable feeding strategies to be used during the pasture
season, a period of nutritive variability. The program objectives are to: 1) Compile and assess data from regional
organic dairies during the pasture season, 2) Define the major categories of feeding strategies currently being
implemented on regional organic dairies, 3) Characterize trends within feeding strategy, 4) Determine whether
permutations (timing of feeding) within a feeding strategy can alter the animal and financial productivity of the
farm, 5) Construct feeding guidelines to optimize nutritional management, animal productivity and financial
viability, 6) Involve producers in on-farm research to encourage engagement and communication between
researchers and stakeholders, and 7) Disseminate research in an extensive outreach program. All data collection
and research will be performed on commercial organic dairies to obtain system-level responses, with research at
the soil-, plant-, animal- and financial- level. Encompassing all of these aspects in two on-farm phases of
research will allow us to formulate accurate guidelines for the agricultural community to use when making feeding
decisions during the grazing season.

OBJECTIVES

The long-term goals of this program are to identify organic dairy supplementation strategies, identify the most
economically sustainable strategies that optimize animal productivity, and construct supplementation guidelines
based on our research program findings.Our Specific Objectives are to:Compile and assess data from regional
organic dairies during the pasture season. Data will include:Pasture data (chemical profile, botanical composition,
grazing schedule, estimated grazing intakes)Supplementation data (chemical profile of supplement, feeding
schedule, estimated supplement intakes)Total dry matter intake data (supplement and pasture intake)Animal data
(lactation information, milk composition, body condition, nutrient balance)Soil data (chemical
composition)Economic data (revenue and cost analysis net farm profit)Define the major categories of feeding
strategies currently being implemented on regional organic dairies and categorize farms (termed \"Feeding
Strategy\")ldentify the percentage of organic dairies using pasture-only, low-level supplementation (\< 2 Ibs per



cow per day), and high-level supplementation (\> 2 Ibs per cow per day) strategies within the data set
compiledCharacterize trends within feeding strategy and outline any significant trends within the different
management practicesDetermine whether permutations within a feeding strategy can alter the animal and
financial productivity of the farmimplement treatments on specific commercial farms within each feeding strategy
and assess soil-, plant-, animal- and financial- level responsesConstruct guidelines within and across feeding
strategies to optimize:Nutritional management strategies,Animal productivity, andFinancial viabilityOur supporting
outreach objectives are to disseminate the findings and guidelines via several modes of outreach to maximize
producer awareness and implementation. Our specific outreach objectives are to:Involve producers in on-farm
research to encourage engagement and communication between researchers and stakeholdersDisseminate
research using internet, paper, and in-person methods in order to reach the regional organic dairy producers and
the greater communitylnclude both ongoing and endpoint dissemination activities to promote communication and
implementationinclude dissemination activities that target both stakeholder and research-focused
recipientsResults will be disseminated through local conferences and workshops, collaboration with organic dairy
nutritional consults, and other outreach opportunities such as on-farm meetings and Field days

APPROACH

PHASE 1 DATA COLLECTION AND ASSESSMENT: We will target to recruit 20 organic dairies in the New
England region.Data collection: All data collection outlined below will occur from the month preceding pasturing to
one month after the end of the grazing season.Milk production and general composition data: Recorded from
monthly DHIA collections.Milk fatty acid profile: A subsample of milk will be collected at the DHIA collections for
fatty acid analysis.Cow body condition score: All lactating cattle will be assessed for body condition on the same
days as DHIA collections.Animal information: At the time of the monthly DHIA sampling, producers will complete
a chart outlining current herd information.Feeding information: Producers will outline their feeding schedule and
approximate inclusion levels in the logbook.Pasture botanical composition: Pasture samples will be collected from
each paddock once per month during the pasture season to determine botanical composition.Pasture chemical
composition: A subsample will be used for determination of chemical composition using a Feed and Forage
Analyser, while another subsample will be used for pasture fatty acid profiling.Pre- and post- grazing pasture
mass: A folding plate meter will be used to estimate pre- and post-grazing pasture mass. Estimated pasture
intake of cattle: This will be estimated using the calculated pre- and post- grazing mass.Estimated supplement
intake of cattle: To estimate the daily DM supplement intake, once per month the supplement refusals from each
farm will be collected.Chemical composition of supplement: The chemical composition of each supplement will be
analyzed monthly using NIR.Calculated nutrient balance of cattle: Average animal parameters, diet chemical
profile and ingredients will be inserted in to CNCPS software to estimate the energy and protein balances of the
cows within each herd.Soil nutrient profile: The impact of geographical location on the soil profile will be assessed
through completion of chemical compositional analysis of soil samples collected from each paddock that is used
for grazing on each farm.Financial analysis: Each management activity will be recorded and costed to assure
consistent cost estimates. Each income side, including physical measurements of pasture and forage harvest will
be set up with the research team and the farmer. Comparison of milk production, value of production, and returns
over feed costs will be calculated for each treatment, providing an estimate of comparable profitability within the
farm and between farms.Stakeholder advisory group consultation: To ensure that we are meeting the needs of
stakeholders and are capturing the appropriate data, we will hold monthly conference calls with our stakeholder
advisory group.Data collation and analysis: This data will be analyzed as farmlets, with mean data analyzed using
a random coefficient regression model in SAS, including feeding strategy as a fixed effect. PHASE 2 ON-FARM
RESEARCH: We will repeat Phase 2 during the 2017 and 2018 grazing seasons to capture annual
diversity.Producer recruitment: We will target to recruit six Organic dairies in the New England region from within
those that participated in Phase 1.Treatments:Feeding strategy #1: Pasture management techniques (2 farms)
Permutation 1A. Providing 85% of daily pasture allowance after p.m. milking and the remaining 15% of the daily
pasture allowance 3 h before milking. Permutation 1B. Providing 50% of daily pasture allowance after a.m.
milking and 50% of daily pasture allowance after p.m. milking.Feeding strategy #2: Pasture + low-level
supplement (\<2 Ibs supplement per day; 2 farms)Permutation 2A. Providing supplement at the milking
immediately before being offered their new daily pasture allowance.Permutation 2B. Providing supplement at the
milking that is the most removed from when cows receive their 24 h grazing allowance.Feeding strategy #3:
Pasture + supplement (\> 2 Ibs supplement per day; 2 farms)Permutation 3A. Providing supplement at the milking
immediately before being offered their new daily pasture allowance.Permutation 3B. Providing supplement at the
milking that is the most removed from when cows receive their 24 h grazing allowance.Treatment periods: This
experiment will be completed as three 31-d periods: Spring (First grazing month of the pasture season), Summer
(July-August grazing period), and Autumn (September-October grazing).Estimated pasture intake using pasture
disappearance: Estimates of pasture intake will be determined by using the plate meter method.Supplement
intake: For farms participating in Feeding Strategies 2A, 2B, 3A and 3B, supplement intake will be calculated



during d 23 - 30 of each period.Estimated daily cow DMI using the additive method: The first method of
determining daily DMI of each cow will be through the addition of estimated daily pasture DMI per cow and daily
supplement intake.Estimated daily cow DMI using an internal marker: We will measure individual cow using
USDA certified carnauba wax as a dosed marker.Botanical and chemical composition of pasture: We will sample
forage for yield, quality and botanical composition as described in Phase 1 from samples collected ond 1, 8, 15,
22, and 29 during each period from each farm.Chemical composition of supplement: Representative samples of
supplement will be collected on d 2, 9, and 23 - 30 of each period, and pooled within farm within period to
determine the chemical profile of the supplement.Milk yield and composition: Milk yield will be determined daily
on each farm during each of the three periods. In addition, milk samples will be collected on d 3, 10, 17, 24, 26,
28 and 31 of each period from each milking cow on each farm for composition analysis.Rumen fluid sampling:
Rumen fluid samples will be collected on day 30 of each period from 5 cows per treatment per farm. Subsamples
of rumen fluid will be analysed for volatile fatty acid concentrations and microbiome profile.Soil chemical
composition: Soil samples will be collected from each paddock grazed during the data collection period from each
farm. These soil samples will be subjected to nutrient analysis as in Phase 1.Financial analysis: The financial
impacts from this research will determine whether the results will improve the economic sustainability of the
region\'s dairy farms. The financial analysis will consider all costs and benefits associated with various
treatments, compared to control groups, and determine the impact on farm level return over feed
costs.Stakeholder advisory group consultation: During both seasons of Phase 2 sampling and data collection, we
will hold monthly conference calls with our stakeholder advisory group.Statistical analysis: Data will be analyzed
within farm to determine the effect of feeding strategy permutation on animal, pasture and financial parameters.
The ANOVA will be conducted using the mixed model procedure of SAS and the repeated measurement option
within SAS will be used when appropriate. Data from Phase 2 will also be analyzed across farm using the farmlet
strategy outlined in Phase 1.PHASE 3 CONSTRUCTION OF SUPPLEMENT RECOMMENDATIONS: We will
build a set of supplementation guidelines based on the different feeding strategies investigated
outlining:Observed pasture and supplement intakes for each permutation analyzed in Phase 2Changes in soil
and feed chemical profile through season and how this impacts pasture nutritive value (Phase 2 periods 1, 2 and
3 comparison)Seasonal variability of milk production and composition, as well as impact of feeding strategy
permutation on these variables (Phase 2 periods 1, 2 and 3)Rumen environment in response to the different
feeding permutations and how this relates to milk and intakeCost and income analysis and comparison of the
different feeding strategies and permutations

PROGRESS

2015/09 TO 2020/08 Target Audience:This report marks the end of the project, and an outline of dissemination
and target audience profiles is oulined in the Products section of this report. Ultimately, we have disseminated our
research to over 2000 people through different platforms, and our target audience included the general public,
industry stakeholders, and scientists. During this last reporting period in specific, despite severe limitations due to
COVID-19, which eliminated our ability to hold additional field days this summer, we were able to co-sponsor the
Vermont Organic Dairy Producers Conference held on March 11th before the Vermont \"Stay Home, Stay Safe\"
order was initiated by the Governor. This conference included 103 participants, predominantly organic dairy
farmers, and featured a session by Patrice Vincent from Belisle Solution Nutrition, Inc. entitled \"Maximizing
efficiency and profitability - it starts in the field!\". This session was designed to help organic dairy farmers better
understand their on-farm nutrition from their field, which was the heart of this OREI program. Feedback from this
conference, and this session in particular, was positive. Changes/Problems:Overall, we did face some challenges
during this trial, including delayed recruitment of a graduate student during the early stages of the program, the
passing of one of our Co-Pls (economist Dr. Bob Parsons), our inability to secure an economist that could fill
Bob\'s role, some personnel changes (K. Hagen exiting the program), and the COVID-19 pandemic. Over the
past year specifically, COVID-19 severely restricted our ability to hold additional field days and workshops, and
public release of the guidelines is delayed as a result of the pandemic. However, we still feel that we\'ve
successfully met the intent and goals of the originally outlined project. What opportunities for training and
professional development has the project provided?During this program, we had an incredible opportunity for
training and professional development. A total of 9 undergraduate students (M. Lipschutz, M. Honan, M. Helstein,
S. Driscoll, A. Ayers, W. Pochal, C. Kadis, H. Malcomson, H. Churchill) participated in on-farm data collection, lab
analysis, and/or data analysis. One of these undergrads remained with the program (A. Ayers) and this program
was the foundation of her MS research. Of the participating students, almost 90% of these students have
continued their education in post-graduate professional education (vet school or graduate school) or are
considering that path, and 3 have continued graduate school in dairy research in specific (M. Honan, H.
Malcomson, and A. Ayers) as a direct result of their participation in this program. Over the past year in specific,
graduate student A. Ayers earned her MS, and is successfully employed in an animal research protections office
in Academia and an undergraduate student (H. Churchill) was employed to complete outstanding milk fatty acid



analysis until the COVID-19 school closure. This employment gave this student further insight into lab research,
and she is currently pursuing graduate school opportunities for pasture-related fields. How have the results been
disseminated to communities of interest?Over the course of this program, our research, including data and
progress, were reported at the following events in addition to the annual written reports and drop in meeting
sessions we held for producers participating in the trial: as an oral at the 2016 Northeastern Organic Conference,
as a report in the August 2017 Fresh from the Field publication (a listserv of approximately 1000 stakeholders
and public), an oral presentation at the 2017 Vermont Organic Dairy Producers Conference (hosts over 100
regional stakeholders annually), a poster at the UVM-Extension sponsored 2017 Summer Organic Dairy Series
field days, a poster at the 2018 NE ASAS conference, a poster at the 2018 UVM Student Research Conference,
an oral presentation and proceedings abstract at the 2019 Northeast Pasture Consortium (NEPC) Conference, an
oral update at the 2019 Vermont Organic Dairy Producers Conference, a poster and abstract at the 2019 ADSA
Annual Meeting, and a poster at the 2019 UVM Student Research Conference. Over this past reporting year, the
pandemic did restrict and reduce our original plans; however, we were able to co-support the 2020 Vermont
Organic Dairy Producers Conference in the early spring (March 11th, 2020) before the pandemic, where dairy
farmers from the region learned about improving their diet profiles and nutrition management, particularly from a
field nutrition perspective. The large stakeholder attendance at this meeting (103 attendees) as well as a session
specifically on grazing nutrition by a guest speaker, helped us reach the target audience. Over the past year, the
MS thesis of A. Ayers was also completed and will be publically available online
(https://scholarworks.uvm.edu/graddis/1191/), which allows access of all data and results to the general public.
Additionally, the additional diet tool and manual that will be imminently publically released are intended for
organic dairy farmers as well as other stakeholders. The diet tool and manual includes both general information
as well as updated specific guidance and information developed using the results reported by A. Ayers,
particularly in reference to protein profile of supplements. What do you plan to do during the next reporting period
to accomplish the goals? Nothing Reported

2015/09 TO 2016/08 Target Audience:During this reporting period PD Sabrina Greenwood described the
research to approximately 100 organic producers and stakeholders at the 2016 Northeastern Organic Conference
held in March 2016 in Vermont. The research team also successfully recruited 18 commercial organic dairies in
Vermont to participate in this first year of data collection, and have engaged regional organic dairy nutritionistMike
Thresher from Morrisons Feeds and Bill Kipp, a regional dairy consultant, as advisory panel members. Regional
producers and stakeholders are our key audience, and we are very pleased at the extent of interaction with
producers and stakeholders thus far through participation and word of mouth regarding the research program.
Changes/Problems:We have not encountered any major problems, but were not successful in recruiting an
appropriate graduate student for this project during this first reporting period(the position was offered to 1
acceptable candidate who declined the offer). To compensate for this, we have employed one technician from
UVM extensionpart-timeto aid in sampling and undergraduate student management through this sampling
season. PD Sabrina Greenwood\'s research technician in the Department of Animal and Veterinary Sciences also
helped with project operations during the spring 2016 setup period. We will readvertise the graduate position this
Fall 2016. As a result of these personnel adjustments, we were unable to get onto farms as quickly as we had
hoped for the 2016 spring sampling. To compensate for this, we will take measurements from the 18 recruited
organic dairies during the 2017 grazing season as well. All producers are aware that we hope to continue
sampling during the 2017 season and have given preliminaryagreement to participating next year. This additional
sampling will not hinder the projected timeline or outcomes, but will instead provide us with a more robust and
reliable data set to support our Phase 2 research and guideline development. What opportunities for training and
professional development has the project provided?We were unable to secure a graduate student during the first
reporting period; however, we did hire 3 undergraduate students during the summer 2016 sampling period and
will hire an additional student during the fall 2016 sampling period.Two of these undergraduates aim to pursue
graduate school after they have earned their BS in Animal Science, while the other two aim to continue working in
the dairy industry after graduation. This research experience has allowed the students to master important and
valuable skills that will help them contribute to their aimed professions, and the project has allowed these
students an enormous amount of exposure and insightto commercial organic dairy operations and grazing
management. How have the results been disseminated to communities of interest?We have been sharing
preliminary data with the participating producers and aim to provide these producers, as well as the greater
community, with the final season 1 results once data collection is complete and data is collated. What do you plan
to do during the next reporting period to accomplish the goals?During the next reporting period we aim to
continue collection of Phase 1 data from participating commercial dairies during the Fall 2016 grazing period,and
will also continue some of this collection during the 2017 grazing season in order to ensure a complete and
comprehensive data set. During the 2017 grazing season we will also begin Phase 2 of the program as per our
originally stated timeline. In alignment with our stated outreach objectives, we will aim to disseminate the 2016



grazing results at both the 2017 Northeastern Organic Conference and Northeastern Pasture Consortium annual
meeting.

IMPACT

2015/09 TO 2020/08 What was accomplished under these goals? Over the course of this program, we have
successfully addressed the above outlined goals, with specific details outlining completion of each objective
below: Objective 1: Compile and assess data from regional organic dairies during the pasture season. We
successfully collected survey data over two grazing seasons. We collected data from 17 commercial organic
dairy farms across the state of Vermont monthly from June to October in 2016, and collected survey data from 16
of these same farms across Vermont in the months of May, July and September of 2017. Survey data was
collected over a 2-day period from each farm during each of the collection months. Survey data includes pasture
data (the pasture chemical profile, botanical composition, grazing schedule, and estimated grazing intakes),
supplementation data (chemical profile of supplement, feeding schedule, and estimated supplement intakes),
total dry matter intake data (calculated from grazing and supplement intake data), animal data (including lactation
information, milk composition data, and body condition score from a subset of each herd), and soil data (chemical
composition). Objective 2. Define the categories of feeding strategies used on regional organic dairies. When
completing the farm surveys in 2016 and 2017, we included collection of information outlining the different
feeding strategies and feeding management practices used on participating farms. As part of initial survey, we
asked each participating producer to outline their daily feeding schedule and their typical management practices.
We met with each producer at each data collection month to verify if anything within their feeding schedule or
management plan had changed, and recorded any changes. Objective 3. Characterize trends within feeding
strategy and outline any significant trends within the different management practices. Objectives 2 and 3 were
tightly linked, and we successfully classified farms and identified differences in strategy that affected on farm milk
productivity. To address these objectives, all survey data collected during the 2016 and 2017 grazing seasons,
including feeding schedule and management practices, were compiled and assessed. We were able to quantify
the number of farms that utilized intensive rotational grazing practices, those that allowed back grazing, and
those that utilized a multi-paddock grazing strategy. We were also able to calculate the pasture area (ha), grazing
time (h), supplement usage (kg/cow/d) and productivity (kg milk/cow/d) of participating farms with high and low
milk productivity using the survey data collected. One major factor we also identified through this survey data was
that pasture intake estimates were crucial for the farmer, yet were difficult to accurately measure due to the
variability of pastures in Vermont using typical measurement methods (e.g rising plate meter and quadrat cuts).
To address this, we completed a trial to assess the feasibility of using an organic carnauba wax marker to assess
pasture intake on commercial organic grazing farms in Vermont. This was completed with one farm that
participated in the initial 2016 and 2017 surveys. Objective 4. Determine whether permutations within a feeding
strategy can alter the animal and financial productivity of the farm. One outcome of our analyses addressing
Objectives 1-3 was that nutritional profile of the supplement, not grazing strategy, appeared to be a limiting factor
affecting milk productivity on these commercial organic dairies. To address and validate this finding, we
completed an on-farm study with partnering commercial organic producers. Six farms that were included in the
original farm surveys participated in a 6-week on-farm trial during the summer 2018 grazing season. Three of the
farms continued over this 6-week period with their typical management and feeding practices, while the other 3
farms replaced their supplement with a newly formulated supplement containing an adjusted crude protein profile
for the last 4 weeks of the trial. Pasture, supplement, and animal data was collected weekly from each farm.
Through this research, we successfully identified and validated a supplementation feeding strategy (ie. modifying
dietary supplement crude protein profile) that does positively impact animal productivity during the grazing
season. During this past reporting period, A. Ayers completed interpretation and development of manuscripts that
outline the pasture data, supplement data, intake data, milk production data, animal profiles and grazing
management profiles from Objectives 1-4 of the outlined project. Objective 5. Construct guidelines within and
across feeding strategies. With the above information, we aimed to construct a written set of guidelines that
farmers could use as a resource for making on-farm nutritional management decisions. Over the past year, we
were able to make some progress with Objective 5 despite COVID-19 related closures. For this objective, we
have collaboratively developed a nutrition evaluation tool that organic dairy producers can use to assess their
total diet profile and quality during the grazing season and ultimately make management decisions based on their
pasture and supplement quality. While COVID-19 did slow progress of development of this tool, the tool will be
released within the year. Outreach objective 1. Involve producers in on-farm research to encourage engagement
and communication between researchers and stakeholders. We were fortunate to have a lot of producer interest
in this program, and all survey and research was completed on commercial organic dairy farms across Vermont.
Ultimately, we had 17 commercial organic farms enrolled in the on-farm survey. One farm was unable to



participate in a second year of surveying; however, the 16 farms that participated in both years of the survey were
completely engaged through both years and all 17 participating farms received full annual reports each year they
participated outlining all data collected on their respective farms in the previous grazing season. Feedback from
these participating farmers was very positive, with 75% indicating that they are/will be implementing more regular
forage and milk tests are a result of the survey program, 83% are/will be doing more soil tests on-farm as a result
of this program, and 58% are/will be doing more regular body condition assessments as a result of the program.
Six of these farms also participated in more intensive on-farm research during this program, including
implementation of feeding modified diets on their commercial farms, and this collaborative research enhanced the
producer-researcher relationships and led to fruitful collaborations. Outreach objective 2. Disseminate research to
the regional organic dairy producers and greater community. We were heavily focused on disseminating the
research results to stakeholders throughout the program. An outline of the specific events is listed below in
response to the question of \"How have the results been disseminated to communities of interest?\". As a result
of these efforts, we disseminated our research to over 2,000 people (based on participant attendance numbers),
including scientists, industry stakeholders, and general public. **PUBLICATIONS (not previously reported):**
2015/09 TO 2020/08 Type: Theses/Dissertations Status: Accepted Year Published: 2020 Citation: Ayers, A.
2020. Feeding strategies for grazing organic dairy cows and the impact on milk production. ScholarWorks @
UVM ISSN: 2576-7550

2015/09 TO 2016/08 What was accomplished under these goals? We are currently completing Specific Objective
1 (including subcategories 1 through 6), as well as Supporting Outreach Objective 1 and 2 in accordance with our
originally projected timeline. **PUBLICATIONS (not previously reported):** 2015/09 TO 2016/08 No publications
reported this period.
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NON-TECHNICAL SUMMARY

Our long-term goal is to create skilled, agriculturally literate college students nationwide who apply the critical
concepts of organic agriculture to their lives. We will build innovative curriculum that addresses the priorities of a
team of experienced instructors, accomplishing relevance across regions while leaving flexibility for instructors to
adjust modules to best fit into their program goals. Our overall objectives are: Objective 1) Characterize
instructors\' priorities for organic agriculture education at a diversity of institutions. Interviewing educators from
around the country will ensure that our curriculum engages students with the most relevant course material.
Objective 2) Develop student-centered curriculum that incorporates experiential learning approaches in the
classroom, where the interest of large, diverse classes can be captured when logistically unable to visit a farm.
The curriculum will merge science-based theory and real-life applications. We will film a series of 18 farmer
interviews from around the country - so students can virtually \"meet\" real farmers and see the diversity of
operations in the United States - from organic aloe vera in Texas to local bread wheat in Maine. Objective 3) Test
curriculum in target classes across regions, receiving feedback from both instructors and students to yield the
most effective final teaching materials to share online. The major outcomes of this project will include open-
access modular curriculum designed to engage students, creation of a strong community of collaborative
educators, and an immediate impact on at least 600 students in year two of the project.

OBJECTIVES

ObjectivesCharacterize instructors\' mental models for organic agriculture education.Develop introductory
curriculum to address critical concepts identified by instructors.Test curriculum in target classes across regions,
accounting for student perceptions.

APPROACH

Our development of a cross-regional organic agriculture curriculum will start with the development of an \"Expert
Model,\" developed by the Co-PDs, Project Advisors, and published literature. The Expert Model will establish the



focused interview questions that will be used tocharacterize instructors\' mental models, and to identify critical
concepts that will be featured in the newly developed curriculum that, lastly, will be evaluated in classrooms at a
wide range of colleges and universities across the U.S. To provide rich examples from regions throughout the
United States, the teaching materials will include a compilation of farmer interviews filmed around the country.

PROGRESS

2015/09 TO 2019/08 Target Audience:Educators in a diversity of academic disciplines and institution types
interested in organic agriculture teaching were reached through our mailing of curriculum modules, presentations
at several conferences, and eOrganic webinar (90 registrants for webinar, 35 attended live, and 128 YouTube
views in 4 months). Undergraduate and graduate students (16) interested in organic agriculture were supported
in participating in a regional organic agriculture conference. Regional organic farmers learned about this project
at a regional organic conference. Changes/Problems:We spent less on some components than originally
budgeted, so we used these available funds to further the goals of the grant in the following ways. 1) Help
support students to attend a local organic ag conference 2) Pay the fee to offer a webinar through eOrganic to
further extend this project to stakeholders of interest (this was not originally included in the proposal but really
broadened our reach and advertising of this work) and 3) Purchase books relevant to organic agriculture to create
a loan library for educators and students alike at the University of Wyoming (in process of setting this up
formally). We also had a new product from the project that was unexpected and arose from the instructor
workshop held in 2018. One of the participants led us in a visioning workshop of organic agriculture teaching in
2025. He collaborated with Pl Jabbour and two other workshop participants to draft a manuscript that is currently
in review at an agricultural teaching journal. We supported his attendance at a national ag teaching conference
as well through extra travel funds from this project. As indicated in a previous annual report, we found that it was
very difficult to receive formal feedback from participants on the modules. We are happy to know they are being
utilized and assume instructors are adapting them in ways that make sense for their individual classrooms. What
opportunities for training and professional development has the project provided?We hosted a two-day training
workshop for 18 instructors from 16 different institutions. We supported 16 university students (undergraduate
and graduate) attendance and participation in a regional organic agriculture conference, the High Plains Organic
Conference. We hosted a webinar through eOrganic for anyone in the academic community or public interested
in learning more. We trained an MS-level research scientist and some undergraduate student workers on topics
of organic agriculture and instructional design. How have the results been disseminated to communities of
interest?Pl Jabbour gave a webinar through the eOrganic extension community of practice. In addition, we
hosted the workshop mentioned above, and presented at many conferences of different disciplines. What do you
plan to do during the next reporting period to accomplish the goals? Nothing Reported

IMPACT

2015/09 TO 2019/08 What was accomplished under these goals? 1. We completed 19 interviews with college
faculty from around the United States about the topics and skills they teach in their organic agriculture classes.
These results were presented at multiple national conferences. A peer-reviewed publication summarizing this
objective was accepted for publication at the journal Natural Sciences Education. 2. We developed educational
modules on the topics of organic history, certification, seed, pest management, livestock management,
marketing, and social dimensions. These are publicly available through the teaching resources on the website of
the Sustainable Agriculture Education Association. Part of these teaching modules include a series of short films
\"Organic Producer Perspectives\" linked on the same website. The films have been viewed a total of 1021 times
(summed across all 8 films) since posting them 1 year ago. As part of this objective, we also hosted a training
workshop for instructors of organic agriculture on student-centered and active-learning teaching strategies.
Workshop participants were from 16 different institutions, including one community college, two 1890\'s land
grant institutions, and one hispanic-serving institution. 3. All lessons were tested with students at the University of
Wyoming. They were shared with the 18 participants at the workshop mentioned in #2, and packets of curricular
modules were mailed to at least 50 additional educators across the United States for use in the classroom.
**PUBLICATIONS (not previously reported):** 2015/09 TO 2019/08 1. Type: Journal Articles Status: Accepted
Year Published: 2019 Citation: Jabbour, R. and Pellissier, ME. In press. Instructor priorities for undergraduate
organic agriculture education. Natural Sciences Education. 2. Type: Journal Articles Status: Under Review Year
Published: 2019 Citation: Jabbour, R., Francis, C., Barbercheck, ME, and Uliman, K. Under review. Organic
agriculture teaching and learning in 2025: A futuring workshop to guide transformation of the learning landscape.
North American Colleges and Teachers in Agriculture (NACTA) Journal. 3. Type: Conference Papers and
Presentations Status: Published Year Published: 2018 Citation: Jabbour, R. and Pellissier, ME. 2018. Fresh
ideas for teaching pest management in the classroom! Presented at joint conference for Entomological Society of



American and Entomology Society of Canada in Vancouver, BC. 4. Type: Conference Papers and Presentations
Status: Published Year Published: 2019 Citation: Jabbour, R. and Pellissier, ME. 2019. Fresh ideas for teaching
weed management in the classroom! Presented at Western Society of Weed Science conference in Denver, CO.
5. Type: Conference Papers and Presentations Status: Published Year Published: 2019 Citation: Nobes, S.,
Pellissier, ME, and Jabbour R. 2019. Introductory organic agriculture curriculum for undergraduate students.
Presented at American Society of Horticultural Science in Las Vegas, NV. 6. Type: Conference Papers and
Presentations Status: Published Year Published: 2019 Citation: Nobes, S., Pellissier, ME, and Jabbour R. 2019.
Introductory organic agriculture curriculum for undergraduate students. Presented at High Plains Organic
Conference in Cheyenne, WY. 7. Type: Other Status: Published Year Published: 2019 Citation: Jabbour, R.
eOrganic webinar: New Modules for Teaching Undergraduate Students about Organic Agriculture. April 2019.
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NON-TECHNICAL SUMMARY

Microbial food safety and post-harvest quality are critical issues for organic produce. Recent advancements of
sensor, electronics, computer-based information, and intelligent modeling technique have potential to address the
complex issues of microbial safety and quality of organic produce. It is critical to develop the appropriate form of
technologies for real-world applications (i.e. safety and quality of organic produce). Thus, we adopted a two tier
approach to address this issue. In the first stage, our team ofinterdisciplinary faculty members (from six land grant
universities) chose to be engaged with the stakeholders of organic produce to identify and prioritize the problems
and needs via this planning grant proposal. Based on the identified needs, we intend to develop an integrated
proposal to OREI in 2016. We rationalize that this approach will lead to our success in bringing technological
solutions for the benefit of our organic agricultural system. In this approach, we intend to engage the stakeholders
in the development of the solution from day one and this will also allow them to be the advocate of the developed
solution. Our project is aligned with FY 2015 priorities \"develop and improve allowable post-harvest handling,
processing and food safety practices to reduce microbial contaminations while increasing shelf-life, and quality\".
Our project also is aligned with a few segments of the two OREI legislatively defined goals - \"improvement of
organic production and food safety\".Our proposed project is timely and is significant because we adopt a
system-based approach in addressing the complex issue of microbial safety and quality. Our approach for
microbial safety is based on risk prediction and therefore, is prevention-focused. Our overall approach for safety
and quality is based on innovative adaptations of potential emerging technologies and research-based evidences.
Our two tier-approachesin creating technology-based solutions are also appropriate. Our proposed research
activities will generate new knowledge and information related to stakeholder\'s needs, microbial safety,
harvesting, and post-harvest handling and technological adaptation for organic produce. Once completed, the
developed systems and processes will also be useful for growers, processors, researchers and policymakers in
making critical decisions related to produce quality and safety. This, in turn, contributes to the long-term
sustainability of organic as well as U.S. agriculture.

OBJECTIVES

Our long-term goal is to adopt a system-based approach in developing scale appropriate management practices
using advanced and emerging technologies for sustainable food production (including organic crops). The goal of
this planning grant is to lay the foundation of for developing a multi-state interdisciplinary team of researchers and



stakeholders who will work together to identify priority research and extension needs for a subsequent integrated
OREI grant proposal. This grant will enable the team to share with the stakeholders the concepts of systems-
based management practice using risk-assessment modeling and sensor technologies to address safety and
quality issues of organic produce. Moreover, the team will also assess the stakeholder\'s needs and develop
pathways to address the identified needs related to safety and quality of organic produce. We intend to use two
vegetables - lettuce and tomato as our model organic produce during our study. Our interdisciplinary faculty
members with research and extension expertise represent six land grant universities and different geographical
regions of the U.S. Our university team members will work closely with the regional and national growers and
stakeholders. Thus, our team is well prepared to undertake this project.We propose the following specific
objectives to meet our goal of developing a competitive integrative grant proposal to OREI for 2016. The specific
objectives are:1. Organize a project meeting at Purdue University to be attended by all the project investigators
and a wide range of stakeholders.2. Conduct a survey among the stakeholders related to needs and practices for
safety and post-harvest quality of organic fresh produce.3. Develop informational-materials on emerging
information and sensor technologies and their potential applications for safety and quality issues of organic
produce.4. Participate in regional organic meeting to be engaged with a variety of stakeholders for assessment of
needs and technological solutions with respect to organic produce.5. Develop a competitive integrated OREI
proposal to be submitted in 2016.

APPROACH

We will organize a stakeholder\'s meeting and the scope of this meeting is to provide a non-aligned forum for
multi-state, multi-institution, trans-disciplinary researchers, extension specialists and different stakeholders to
discuss, share, brain storm different issues, as well as challenges related to safety and quality of organic
produce. The objective of this meeting will be to identify the priority research and extension needs that will
enhance long term sustainability and profitability of organic produce with emphasis on lettuce and tomato as
model vegetable crops. This meeting will also identify how all the stakeholders can develop collaborative
partnership to execute the research and extension needs and what strategies or roadmaps can be developed that
will be sustainable for continued growth of organic produce sector.The stakeholders meeting will be organized by
an organizing committee that will be formed at the inception of the grant. All the investigators of the proposal will
be in the organizing committee. The stakeholders meeting will consist of three, 3-hour sessions. Each session will
consist of need assessment and overview modules. The need assessment modules will involve interactive small
and large group discussions using proven need assessment techniques. Facilitations will be provided to engage
stakeholders in a collaborative manner so that stakeholders (non-university) become a part of the proposed
solutions. Role and responsibilities of the stakeholders will be identified. Moreover, the roadmaps and roadblock
will be identified so as that the different stakeholders can participate with positive contributions.During the
planning grant period, we will also develop a survey instrument with contributions from our co-Pls. Dr. Panigrahi
will lead this survey process and we will follow all the applicable rules and policies related to human subject
research. We will obtain IRB (Institutional Review Board) approval from all the participating institutions. The
survey will be designed to obtain feedbacks from different stakeholders related to the needs and issues
associated with organic produce, produce safety, and produce quality. We will use internet (web-based survey)
using publicly available tools. The web-based survey will be hosted in Purdue computer server and will be
accessible to the stakeholders during the survey period of six months. Advertisement about the survey and its
web-link will be circulated via the newsletters published by different organic growers association (i.e. MOSES).
The feedbacks from the web-survey will be recorded and analyzed using both qualitative and quantitative
statistics. We will work with the Statistical Consulting service available at Purdue for analysis of the data. This
analyzed result will be presented in the stakeholder\'s meeting, or conferences. The analyzed information will
also be used for prioritization of the needs of the stakeholders. We also intend to develop informational material
related to emerging information and sensor technologies and their potential applications for microbial safety and
quality of organic produce. We will use computer-based animation and simulation techniques to develop
demonstration materials for different quality and safety related processes/ events. This will help the stakeholders
to visualize and understand the complex interaction of various elements (environment, soil, plant, microbes)
affecting quality and safety of organic produce. We will also develop and demonstrate a few selected cell-phone-
based \"apps\" related to sensors for explaining the capabilities of these tools to monitor and control quality
parameters of organic produce.In addition to the stakeholder\'s meeting, we also plan to attend four regional
organic agriculture conferences in different regions within the USA. Our goal is to interact with a wide range of
stakeholders. We postulate that these regional conferences will be suitable venues for our team to achieve our
goal. Each conference will be attended by at least one of our faculty team members. We will host workshops in
each of the conferences. In these workshops, we will discuss about different safety and quality issues of organic
produce and engage the attendees (the stakeholders) in interactive discussions to assess their needs. We will
also inform and demonstrate the stakeholders about different technologies and technology-based solutions for



safety and quality problems. We will use developed informational materials during this process. We will obtain
their feedbacks (perceptions, concerns, and needs) for the discussed technology-based solutions. We will also
conduct IRB-approved survey in these conferences as per the IRB guidelines.In addition, a majority of our faculty
team members have extension /outreach responsibilities. So, they will also visit farms, attend local meetings or
events, and conduct small meeting (one-on-one) to be engaged with the stakeholders. From these engagements,
they will assess the stakeholder\'s needs related to safety and quality issues of organic produce.One of our
objectives of this planning grant is to develop a quality proposal to OREI in 2016. The information obtained from
the survey and the stakeholder\'s meeting will be analyzed by the organizing committee (stakeholder\'s
representative and university researchers) to identify the research and extension needs and their priorities in
terms of long-term sustainability (market growth, social and environmental impact), and profitability. Roadmap will
be developed focusing on how to solve the prioritized needs through research, development, demonstration and
deployment (R-D-D-E) in alignment with the mission of OREI program. Additional layout will also be developed
focusing on: i) the desired structure of the multidisciplinary teams for the required R-D-D-E activities, ii)
management and operational plan, iii) formation of an advisory board, iv) how an integrated (research and
extension) grant can be developed to OREI in 2016, v) how to develop coalition with growers, extension agents,
and other stakeholders to disseminate the generated information, and vi) developing post-award sustainability
plan. For developing the planned grant, we plan to meet once a month via web conferencing to be provided by
eOrganic group. We will also use the virtual workspace to be provided by eOrganic to develop and manage our
proposal development process.

PROGRESS

2015/09 TO 2016/08 Target Audience:Growers and stakeholders related to organic agriculture
Changes/Problems:We faced some problems in hiring udnergraduate students in the project. We engaged an
undergraduate student (who was on schoalrship from LSAMP program at Purdue University). The IRB
developmetn and approval process more time then we had planned for. What opportunities for training and
professional development has the project provided? Nothing Reported How have the results been disseminated
to communities of interest?3 presentations have been made in three conferences What do you plan to do during
the next reporting period to accomplish the goals? Nothing Reported

IMPACT

2015/09 TO 2016/08 What was accomplished under these goals? One of the objectives of the grant (objective 2)
was to conduct a survey among the stakeholders related to the needs and practices for safety and post-harvest
quality of organic produce. For this objective, our team worked on to develop survey instrument that consisted of
three segments: 1) written anonymous survey using questionnaire, 1) a stakeholders meeting to be hosted at the
Purdue University, West Lafayette Campus or in West Lafayette, Indiana, and 3) obtain feedback from the
stakeholders via extension meetings/events and/or informational workshops(s). It is to be noted the proposed
objective 1 of the project \"organize a project meeting at Purdue University to be attended by all the project
investigators and stakeholder) of the project\" has been included as the second segment of the survey instrument
mentioned above. Similarly, the objective 4 of the project \"participate in regional organic meeting to be engaged
with a variety of stakeholders for assessment of needs and technological solutions with respect to organic
produce\" has been incorporated as the third segment of the survey instrument mentioned above. We obtained
the IRB approval for the instrument mentioned above from Purdue University. We conducted multiple group
meetings among the project investigators. An anonymous survey questionnaire was developed and was powered
by qualtrics via on-line. Printed hardcopies of the survey were used in conferences as per the IRB protocol.
Unfortunately, we only obtained valid response from 1 respondent. Under objective 1, a meeting was organized
at Purdue University, West Lafayette, IN from August 25-26, 2017. This was a one and half-day meeting. Three
of the investigators of the project along with two stakeholders (not part of the project) were present. Different
topics related to organic produce and their quality as well as safety were discussed. Summary of the feedbacks
and discussion are as follows: There is a need on how to empower the growers to make decisions that are
appropriate for their farms. Safety is about risk reduction and quality is about marketing of product. Dealing with
both quality and safety is an important issue. Often they are inseparable. Self-assessment (asking growers about
quality and safety) may be considered. Empower farmers to make best decisions for their operations/resources,
diversifications of commaodities (e.g. washing and cleaning). A few areas that need attention are - sail
amendment, agricultural water, worker health hygiene, and wild life & livestock monitoring. Consumers remain a
vital component in maintaining produce (product) safety. Simple tools for identifying E.coli, pesticide drift, and
compost safety (readiness) will be helpful. Soil health - healthy soil can have pathogens; good microbes in soil
diminishes risks. So, there is a need to know how amendments (soil) influence microbe population. Plant



breeding could take care of the plant diseases. Development of disease resistant organic crop would be helpful.
Rewarding good practices for land conservation with subsidies would be a positive incentive. Organic farmers
have diversified market and diversified crops. A tool (based on market information, resources, soil, and weather
etc.) to help farmers decide which produce to sell or grow could help. Being sensitive to the needs in different
regions is important (audience or customer analysis). Providing incentives for best practices in food safety would
promote favorable actions. Farmers do not prioritize such practices until they reach a risk threshold. Providing
innovative tools/technology in farmers\' hand is another form of incentive. Promote post-harvest communication
between farmers and consumers. Traceability is driven by regulation or liability. Incentive-based card to track
individuals (who bought what) could be helpful. Traceability is also influenced by the volume of products sold by
the farmers. The more the volume, the more is the capacity to create a traceability system. Consumers could be
involved in traceability with loyalty cards. It will be helpful to know how nutritional quality of organic produce
compensates/convinces the consumers. It is important to know (via research) how the quality of produce relates
to or change with the date of harvest. We have such information for hay. But we do not have such information for
organic produce. Easy to use sensor/tools to read parameters (i.e. temperature, humidity, ethylene etc.) with
different user interface and alert mechanism could be useful. Ethylene filter is also needed. Food style-based
demand is short lived. People\'s perception of availability of crop/produce availability is based on what they see in
grocery store. In reality, it is different. A simple poster that has storage and temperature holding information for
produce can be helpful for farmers - at the storage area. Ethylene sensitivity of produce, recommendations for
washing can also be included. As a part of the objective 3, we focused on developing informational materials on
emerging information and sensor technologies and their potential application for safety and quality of organic
produce. In this project our emphasis was on two model vegetables - lettuce and tomato. As temperature is an
important parameter for post-harvest quality and safety, one of our presentations focused on the use of
commercially available infrared thermometers for temperature measurement of produce in comparison with
conventionally used thermometer. This was presented in Hort congress in Indianapolis, 2016. Subsequently, we
developed the framework for measuring temperatures for different objects (water or air) used for organic produce
handling using low-cost electronic systems and sensors. Core temperature (internal temperature) is an important
parameter for organic produce. Using tomato as a model produce, we also developed an initial framework for
determining internal temperature (in a non-destructive manner) from the surface temperature of the produce
using non-contact infrared thermometer (commercially available). We also developed an initial framework on
visual assessment of air temperature (based on color change) and its application in organic produce handling (in
the storage area and packaging shed). This will not need separate temperature measurement system such as
thermometer. We also developed information on how smart-phone-based computer apps can have applications
for organic agriculture including post-harvest quality and safety. We also developed information on: a) risk factors
and modeling related to produce quality and safety, and b) use of QR (quick response) code for possible use in
organic produce traceability. This was shared in NOFA summer conference in 2017. Under objective 4, we
interacted with office bearers of MOSES (Midwest Organic & Sustainable Education Services) and presented a
verbal discussion session on organic produce safety in MOSES conference in 2016. Similarly, we presented
information and interacted with stakeholders in other two conferences - Hort Congress in 2016 and NOFA
summer conference in 2017. We are working on to submit a follow up OREI proposal in 2018. **PUBLICATIONS
(not previously reported):** 2015/09 TO 2016/08 Type: Other Status: Other Year Published: 2017 Citation:
Panigrahi, S. 2017. Technology and tools for enhancing post-harvest quality and safety of organic produce. A
poster presented at the NOFA Summer conference, August 11-13, 2017. Hampshire College, Amherst, MA.
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OBJECTIVES

Milk production has been one of the fastest growing segments of organic agriculture in the United States, yet
rising feed costs and volatile milk prices have created new challenges for dairy farmers in the Northeast and
Midwest. Specifically, organic dairy farmers are searching for alternative feeding strategies, including reducing or
even eliminating grains from dairy rations to enhance farm profitability.Our goal isto bring together a multiregional
team of researchers, extension personnel, and industry stakeholders to establish a consortium of expertise
(Research and Extension Advisory Panel) to address current and future needs of organic dairy farmers interested
in resilient forage production systems and new milk markets in the Northeast and Midwest.Our planning network
will conduct focus group meetings, surveys, and follow-up workshops to identify the research and extension
needs of organic dairy farmers who have adopted or are considering adopting diverse forage crop communities to
improve soil and forage quality while marketing high quality, environmentally-friendly organic milk. Specific
objectives are described below:Objective 1: Develop an in-depth understanding of the research and extension
needs of organic dairy farmers from the NE and MW considering or currently using diverse forage crop
communities to improve soil and forage quality, and farm profitability, via focus group meetings.Objective 2:
Prioritize research and extension needs identified in the focus groups with a broader population of farmers via
survey methods.Objective 3: Verify and validate the priorities with team members and stakeholders, and begin a
planning process for conducting integrated soil-forage-dairy research and extension programs via follow-up
workshops.Objective 4: Submit integrated proposal(s) to address the prioritized organic research and extension
needs under the guidance of the Research and Extension Advisory Panel.

APPROACH

Focus groups: Participants for the focus groups will be drawn from multiple mailing and email lists that include

organic dairy farmers. In addition, leaders from industry and nonprofit organizations and University extension staff
will be asked to provide names of key individuals involved in the organic dairy industry. Focus group meetings will
be hosted at six sites (three per region) targeting geographical areas of substantial organic dairy production in the



Northeast and Midwest. The most likely sites will be VT, NY, and PA in the NE, and WI in the MW. However, the
planning team will invite farmers from other states and locations will be chosen to maximize farmer participation.
Each focus group will include eight to 10 participants with attention paid to a balance of farmers, industry
representatives, gender/ethnic representation, and length of time involved in organic production. Purposeful
sampling is a common method for identifying participants for qualitative inquiry such as focus groups. Focus
group questions will be developed by planning personnel as a very general set of draft questions and will be
modified based upon feedback from a few key stakeholders and planning grant collaborators. Facilitators for the
focus groups will include planning personnel and extension staff from each site with evaluation expertise. Care
will be taken not to recruit facilitators for a given region who are already deeply involved with farmers, hence
encouraging honest and frank responses by participants. Each focus group will be conducted in a similar manner,
with the facilitator providing a brief introduction of the goals of the study, the ground rules, and instructions to
obtain consent from participants. Eight to 10 open-ended questions will be asked and the facilitators will ensure
all participants respond, drawing out members when necessary, and politely closing off dominant participants if
required. The sessions will be recorded to ensure comprehensive capture of input. Notes from each focus group
will be reviewed for obvious location-specific differences, and these differences, if any, will be noted.Surveys: The
survey instrument will be pilot tested with five to eight organic dairy farmers, asking each to complete the survey
and participate in a follow up phone call to ensure content validity. Questions will be modified based upon the
pilot test and a final copy of the survey instrument will be created and implemented. An introductory (pre-survey)
will be introduced to organic dairy farmers via email and announcements in farmer-oriented publications to
increase the response rate when the actual survey request is sent. Included in the communications will be a
mailing address, phone number, and email address of the evaluator if questions arise about the survey. The
actual survey instrument will contain a brief introductory message along with informed consent information and an
estimate of how long it will take to complete the survey.Follow-up workshops: Research staff, faculty, extension
personnel, and key stakeholders will be asked to attend the regional workshops that will follow this tentative
agenda: 1) Welcome and introduction of project; 2) Discussion of findings; 3) Breakout sessions (sessions will
reflect the themes identified in the study, such as forage production, pasture management, soil quality,
environmental impact, economic issues and marketing, etc.); and 4) Invitation to participate in on-farm research,
extension resource development, or serving on the Research and Extension Advisory Panel.Development and
submission of integrated proposals: Approximately 10 stakeholders (farmers and industry personnel) from the
Northeast and Midwest empowered with the assistance of the planning team will meet and begin to develop
research proposals for submission to the OREI, AFRI, and other USDA programs.

PROGRESS

2015/09 TO 2017/08 Target Audience:We engaged organic dairy farmers, extension educators, milk processors,
veterinarians, and dairy nutritionists in the Northeast and Midwest through7 focus group interviews, 2 regional
surveys, and 2 workshops. Approximately 250 organic dairy farmers participated in our focus groups, surveys,
and workshops. Changes/Problems:Project activities were developed as planned. What opportunities for training
and professional development has the project provided?Our planning grant was developed to document farmers\'
perspectives regarding best strategies to maximize the use of forage resources to improve farm profitability.
However, we did provide educational opportunities to farmers and extension educators during our 2 workshops.
We presented research data relevant to our planning network and provided farmers, extension educators, and
industry personnel the opportunity to learn about forage crop systems, soil health, pasture management, and
dairy nutrition. How have the results been disseminated to communities of interest?Results from our focus groups
and surveys have been disseminated in workshops, field days, scientific and farmer-oriented conferences,
classrooms, and University online media and Extension websites. What do you plan to do during the next
reporting period to accomplish the goals? Nothing Reported

IMPACT

2015/09 TO 2017/08 What was accomplished under these goals? Impact: Milk production has been one of the
fastest growing segments of organic agriculture in the United States, yet rising feed costs and volatile milk prices
have created new challenges for dairy farmers in the Northeast and Midwest. Specifically, organic dairy farmers
are searching for alternative feeding strategies, including reducing or even eliminating grains from dairy rations to
enhance farm profitability. Through 7 focus group interviews, 2 regional surveys, and 2 workshops our planning
grant team brought together organic dairy farmers, scientists, extension educators, graduate and undergraduate
students, and industry personnel (e.g., dairy nutritionists, veterinarians, milk processors employees) to voice their
perspectives regarding organic milk production practices that maximize profitable forage use resources.
Approximately 250 organic dairy farmers who participated in our focus groups, surveys, and workshops agree



that managing positive feedbacks to optimize forage nutritive value and soil health on organic dairy farms through
increased legume proportion and persistence in pasture swards, as well as improved forage energy:protein
balance and nitrogen utilization are critical research and extension needs that must be addressed. These results
are currently being used by our team in workshops, field days, and presentations in scientific and farmer-oriented
conferences to educate farmers and allied industry about success and constraints to produce organic milk relying
of high-forage or no-grain diets. We also empowered organic dairy farmers by developing and submitting grant
proposals to OREIl and ORG programs addressing their extension and research needs. Objective 1: Develop an
in-depth understanding of the research and extension needs of organic dairy farmers from the NE and MW
considering or currently using diverse forage crop communities to improve soil and forage quality, and farm
profitability, via focus group meetings. A total of 7 focus group interviews were conducted in New Hampshire,
Maine, Vermont, New York, and Wisconsin. Approximately 80 organic dairy farmers attended our group meetings
and voiced their perspectives regarding research and extension needs to capitalize on forage-based resources to
optimize the profitability of milk production in the Northeast and Midwest. Several topics emerged from this rich
discussion including research to address pasture establishment and renovation, incorporation of annual and
alternative forage crops, soil fertility, grazing management, increased proportion of legumes in pasture and
hayfields, and increased energy:nitrogen ratio in forage crops used for pasture and stored feeds (e.g., hay,
silage, baleage). Objective 2: Prioritize research and extension needs identified in the focus groups with a
broader population of farmers via survey methods. We conducted 2 surveys targeting organic dairy farmers who
are using only forage resources (pasture and conserved forages) to produce organic milk. \"Grass milk\" is an
emerging niche market for organic dairy farmers and there is a growing number of dairies making the transition
from grain use to forage-only diets. The Northeast survey targeted organic dairy farmers from Vermont and New
York and the Midwest survey targeted Wisconsin organic dairies. In the Northeast our team collaborated with
Sarah Flack (private dairy consultant), Heather Darby (University of Vermont), and Fay Benson (Cornell
University) develop and release the survey instrument, while in the Midwest (i.e., Wisconsin) we collaborated with
Organic Valley. Even though we are still analyzing our survey results, preliminary data from the Northeast
showed an average farm size of 319 acres, 20 out of 79 farmers grow some annual crops for harvest or grazing,
41 out of 79 farmers feed an energy supplement at least occasionally, 66% farmers do intensive grazing, 15%
farmers have a more simple rotational system, and 19% farmers do little or no rotation/continuous grazing.
Survey results are key to prioritize research and extension needs in the Northeast and Midwest and we will soon
complete our survey analyses to incorporate in educational events and grant proposals. Objective 3: Verify and
validate the priorities with team members and stakeholders, and begin a planning process for conducting
integrated soil-forage-dairy research and extension programs via follow-up workshops. Our team conducted 2
workshops with the first being held in Madison (WI) and the second in Durham (NH). We brought together
approximately 30 attendees including organic dairy farmers, scientists, graduate and undergraduate students,
extension educators, and industry personnel (dairy consultants and nutritionists, milk processors employees,
veterinarians). Based on the focus group and survey results, the workshops were done to streamline research
topics for in-depth assessment and discussions to be used or not in grant proposals according to team expertise
and farmers\' priorities. Objective 4: Submit integrated proposal(s) to address the prioritized organic research and
extension needs under the guidance of the Research and Extension Advisory Panel. To date our team submitted
2 integrated grant proposals to both ORG and OREI programs. The grant proposal titled \"Developing advanced
perennial legume-grass mixtures harvested as stored feeds to improve herd productivity and mitigate greenhouse
gas emissions in organic dairies in the Northeast\" (Pl Andre Brito) was funded by the ORG program and
activities are developing. The grant proposal \"Managing positive feedbacks to optimize forage nutritive value and
soil health on organic dairy farms\" (Pl Richard Smith) was submitted to the OREI program last year and despite
not being recommended for funding, it was well received by the review panel who considered the proposal very
good. Our team are encouraged by this positive review and will resubmit the grant proposal this coming funding
cycle. We will continue pursuing other funding sources as well. **PUBLICATIONS (not previously reported):**
2015/09 TO 2017/08 No publications reported this period.
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NON-TECHNICAL SUMMARY

Industry interest in organically produced sweetpotatoes has increased in recent years. However, growth in
organic sweetpotato acreage has lagged behind conventional sweetpotato production and production of other
organic specialty crops. Currently, certified organic sweetpotato production is perceived to be well below demand.
This planning proposal seeks to 1.) conduct a market assessment and outlook for organically grown
sweetpotatoes to determine potential demand for both fresh and processing markets, 2.) construct survey
instruments to determine the greatest needs of certified and transitional organic sweetpotato producers and the
greatest barriers to entry for conventional producers interested in organic production, and 3.) establish an
Organic Sweetpotato Stakeholder Advisory Group (OSSAG) to guide future research and extension efforts in
organic sweetpotato production systems and ensure that the greatest stakeholder needs are addressed and
research results are applicable to current and future organic sweetpotato production systems. Survey instruments
will be disseminated through participating university scientists in Fall 2015. Results will guide the discussion at
the inaugural OSSAG meeting to be held in February 2016 in conjunction with the US **Sweet Potato**
Convention in Chattanooga, TN. Results from the proposed objectives will establish baseline information and
guide the development of future research and extension efforts including a USDA-NIFA-OREI multi-regional,
integrated project proposal in the calendar year 2016.

OBJECTIVES

This planning proposal seeks to 1.) conduct a market assessment and outlook for organically grown
sweetpotatoes to determine potential demand for both fresh and processing markets, 2.) construct survey
instruments to determine the greatest needs of certified and transitional organic sweetpotato producers and the
greatest barriers to entry for conventional producers interested in organic production, and 3.) establish an
Organic Sweetpotato Stakeholder Advisory Group (OSSAG) to guide future research and extension efforts in
organic sweetpotato production systems and ensure that the greatest stakeholder needs are addressed and
research results are applicable to current and future organic sweetpotato production systems.

APPROACH



The investigators propose to conduct an economic analysis of organic sweetpotato demand, develop an Organic
Sweetpotato Stakeholder Advisory Group, and meet with stakeholders in the four primary sweetpotato producing
states (CA, LA, MS, and NC) and additional states, and at a national commodity meeting to determine the most
pressing research and extension needs of organic sweetpotato industry and barriers to entry.North Carolina and
California have well-established, large-scale organic sweetpotato producers, and the participating scientists from
those states have experience working with the organic and conventional sweetpotato producers in their
respective states. The experience of Dr. Schultheis and Mr. Stoddard will help to guide the data collecting
instruments utilized in this proposal and will ensure that all pertinent information is collected. Participating
scientists from California, Louisiana, Mississippi, and North Carolina will work to bring together university
researchers and extension specialists, government agency personnel, and stakeholders from all across the U.S.
Efforts will be made to include relevant scientists from small and mid-sized colleges and universities as well as
1890 and 1994 Land-Grant Institutions. Upon receipt of funding, an initial contact email will be sent to members
of the National Sweetpotato Collaborator Group, the foremost sweetpotato research and extension working
group, to solicit interest from additional states. Interested researchers will meet via video or teleconference to
develop the survey instruments, identify a pool of stakeholders, and determine an adequate survey respondent
sample size.Two survey instruments will be developed- one each for current and future organic sweetpotato
producers. Surveys will be disseminated in Fall 2015 in each state through the participating university
investigator. Transitional and certified organic producers will be asked questions designed to identify current and
future production problems that limit crop production efficiency and quality, as well as marketing and distribution.
Conventional growers with an interest in organic production will be asked targeted questions designed to identify
key barriers to entry into certified organic production agriculture. Questions for transitional and certified
stakeholders will be focused on three main areas of emphasis: crop production practices, stakeholder needs, and
economic assessment. Crop production information will include cultivars utilized, fertilizer sources, tillage
practices, cover crop management, pest management, crop rotation, and acres in production. This information
will ensure that future research and extension efforts are applicable to stakeholders and can be readily
implemented. Additionally, it will provide insight into how certified organic and transitional production systems
differ from conventional production systems. Stakeholder need information will include potential limitations
pertaining to overall production, pest management, and marketing and distribution. Economic assessment
information will include the current end-use of organic sweetpotatoes and current market structure. Questions for
conventional stakeholders interested in certified organic production will include the aforementioned crop
production practices plus questions aimed at identifying potential barriers of entry for conventional growers
interested in organic production systems. Additionally, questions will be asked to determine if growers are aware
of existing programs to aid those interested in transitioning to organic production.In February 2016 the to-be-
formed national Organic Sweetpotato Stakeholder Advisory Group will meet in conjunction with the U.S.
Sweetpotato Council Convention in Chattanooga, TN. Preliminary data from the stakeholder survey instruments
will guide this stakeholder-driven conversation. This meeting will serve as a forum for stakeholders and
investigators to acquire complementary information not captured in the survey instruments and to promote
interaction among investigators and stakeholders from across the United States. Attendees who had not
responded to the initial survey will be asked to fill out one of the two survey instruments at this meeting. Following
the initial advisory group meeting, participants will complete a standard evaluation survey to determine if the
meeting itself resulted in a change in knowledge, skill, or intended changes to existing production
practices.Following the national meeting of the Organic Sweetpotato Stakeholder Advisory Group, scientists from
CA, LA, MS, NC (and newly participating states) will meet with producers in their respective states individually
and collectively at off-season production or council/commission meetings (February and March 2016) to reflect on
both the state and national survey results and the national advisory group meeting. These meetings will be
coordinated with the California Sweetpotato Council, Louisiana Sweet Potato Commission, Mississippi Sweet
Potato Council, and North Carolina Sweet Potato Commission, respectively. In states with limited acreage, a
web-based seminar will be used to interact with and determine the needs of this group of stakeholders. At the
conclusion of the national and state-wide stakeholder meetings, an underlying set of industry needs will be
identified and used to guide future organic sweetpotato research and extension efforts and grant opportunities. In
Fall of 2015, a preliminary analysis of market demand for organic sweetpotatoes will be conducted. This market
overview will provide key information on six areas: 1) Market demand for fresh and processed organic
sweetpotatoes, including any value-added organic sweetpotato products, 2) Average price data and trends, 3)
Premiums fetched at fresh markets and through sales to processors or distributors, 4) Distribution channels, and
6) The use of alternative marketing methods, such as local and regional food systems, by organic sweetpotato
suppliers. This economic assessment along with existing long-run projections for the overall U.S. organic and
sweetpotato markets will serve to provide an outlook for the organic sweetpotato market. Emphasis will be placed
on markets for which secondary data is readily available, including California, Louisiana, Mississippi, and North
Carolina. Secondary data, which is more time efficient when compared to primary data, will be used primarily
during this planning stage. Data sources will include industry records as well as databases collected by USDA\'s



NASS, ERS, and AMS, such as the Organic Production Survey, National Fruit and Vegetable Organic
Summaries, and Fruit and Vegetable Market News.Data analysis of the transitional/certified organic and barriers
to entry surveys will depend largely upon the survey instruments developed by the investigators. Surveys will
include a combination of closed and open ended questions to allow for both quantitative and qualitative
analysis.Results from the standard evaluation survey taken by national Organic Sweetpotato Stakeholder
Advisory Group participants will be analyzed by the Mississippi State University program development evaluation
specialists to determine the impact of the meeting on stakeholder knowledge, skill, and intended changes to
production practices. Long-term success of this project will be determined by the future research, extension,
and/or education programs that develop as a result of this planning proposal. Likely impact from future programs
includes increased adoption of organic sweetpotato production (number of exempt, transitional, and certified
producers), improved production efficiency (yield per acre), and increased profitability (net income per acre).

PROGRESS

2015/09 TO 2017/08 Target Audience:The target audiences of the planning grant are United States sweetpotato
growers currently producing sweetpotatoes organically and/or transitionally as well as those currently producing
sweetpotatoes conventionally but with an interest in organic. Changes/Problems: Nothing Reported What
opportunities for training and professional development has the project provided? Nothing Reported How have
the results been disseminated to communities of interest?In January 2018, results will be presented at a joint
meeting of the National Sweetpotato Collaborators Group and the National Sweet Potato Convention as well as
presented to the US Sweetpotato Stakeholder Advisory Panel. What do you plan to do during the next reporting
period to accomplish the goals? Nothing Reported

2015/09 TO 2016/08 Target Audience:The target audiences of the planning grant are United States sweetpotato
growers currently producing sweetpotatoes organically and/or transitionally as well as those currently producing
sweetpotatoes conventionally but with an interest in organic. Changes/Problems:A one-year no cost extension
was requested due to availability of the graduate student associated with the grant. Fewer producers utilized
participant support costs than the investigators expected, citing an unwillingness to file a W9 with the university.
What opportunities for training and professional development has the project provided? Nothing Reported How
have the results been disseminated to communities of interest?Market assessment data are currently being
edited for publicaiton in peer-reviewed journals for scientists and an Extension publication for producers. Results
from the two survey instruments are currently being analyzed. What do you plan to do during the next reporting
period to accomplish the goals?A graduate student at Mississippi State University will conduct more in-depth
research in areas addressed by the Organic Sweetpotato Industry Assessment. Data from the survey instruments
will be analyzed and interpreted. Collaborating scientists will use the survey instruments to develop a full OREI or
ORG proposal that focuses on stakeholder needs.

IMPACT

2015/09 TO 2017/08 What was accomplished under these goals? Goal #1: An in-depth market assessment was
conducted and contained information regarding the growing value of the organic sweetpotato industry, the
growing demand for organic sweetpotatoes, average retail prices by region of the country, relative price premium
and grower-paid premium information for organic sweetpotatoes compared to conventional, a portfolio of organic
sweetpotato-containing goods, and challenges and opportunities. The report entitled \"Organic Sweetpotato
Industry-Assessment of Market Demand\" is available upon request for review by USDA. Data from the market
assessment and the grower survey will be combined into a manuscript and submitted to a peer-reviewed journal.
The data will also be published in an Extension publication for stakeholders. Goal #2: Two survey instruments
were developed- one each for current and future organic sweetpotato producers. Surveys were disseminated
online, as well as at the US Sweet Potato Convention in 2016 and each participating state through the
participating university investigator. Transitional and certified organic producers were asked questions designed
to identify current and future production problems that limit crop production efficiency and quality, as well as
marketing and distribution. Conventional growers with an interest in organic production were asked targeted
questions designed to identify key barriers to entry into certified organic production agriculture. Questions for
transitional and certified stakeholders were focused on three main areas of emphasis: crop production practices,
stakeholder needs, and economic assessment. Crop production information included cultivars utilized, fertilizer
sources, tillage practices, cover crop management, pest management, crop rotation, and acres in production.
This information will ensure that future research and extension efforts are applicable to stakeholders and can be



readily implemented. Additionally, it will provide insight into how certified organic and transitional production
systems differ from conventional production systems. Stakeholder need information included potential limitations
pertaining to overall production (fertility, crop rotation, etc.), pest management (diseases, weeds, insects,
nematodes), and marketing and distribution. Economic assessment information included the current end-use of
organic sweetpotatoes (fresh or processing; loose sale, bagged, or individually wrapped; baby food, fries, chips,
etc.) and current market structure (retail, wholesale). Questions for conventional stakeholders interested in
certified organic production included the aforementioned crop production practices plus questions aimed at
identifying potential barriers of entry for conventional growers interested in organic production systems (lack of
owned land, multi-year transitional period, lack of knowledge regarding certified organic production, lack of
information pertaining to organic vs conventional budgets, lack of funding from lender, lack of labor to hand-
remove weeds, costs of certification, etc.). Additionally, questions were asked to determine if growers are aware
of existing programs to aid those interested in transitioning to organic production (for example, cost-share
programs to help with the certification process). Results from these surveys revealed stark contrasts between
conventional and organic sweetpotato producers in regards to farm size, cultivar selection, crop fertility, crop
rotation, cover crop use, irrigation, plastic mulch use, slip origin, pest management, and production, marketing,
pricing, and regulatory issues. Goal #3: Formation of the Organic Sweetpotato Stakeholder Advisory Group
paralleled the formation of a National Sweetpotato Stakeholder Advisory Panel. In an effort to reduce duplicity,
there will be only one stakeholder panel. The created panel includes sweetpotato producers (both conventional
and organic), processors, research scientists and Extension specialist from all sweetpotato-producing states.
Additionally, the Extension specialists in each sweetpotato-producing state will continue to work with state-wide
sweetpotato councils/commission to determine the greatest needs of its organic sweetpotato producers.
**PUBLICATIONS (not previously reported):** 2015/09 TO 2017/08 1. Type: Conference Papers and
Presentations Status: Accepted Year Published: 2017 Citation: Meyers, S.L., M.W. Shankle, D. Picha, and T.
Smith. 2017. Updates from the US Sweet Potato Stakeholder Advisory Panel and American Sweetpotato
Marketing Institute Meeting, Grower Research and Extension Priorities, and Grant Opportunities. National
Sweetpotato Collaborators Group Annual Meeting. Mobile, AL. 2. Type: Conference Papers and Presentations
Status: Accepted Year Published: 2018 Citation: Meyers, S.L., T.C. Barickman, A. Collart, J.R. Schultheis, T.
Smith, C.S. Stoddard, and I. Imre. Results of a USDA-NIFA-Organic Agriculture Research and Extension
Initiative Planning Grant.

2015/09 TO 2016/08 What was accomplished under these goals? An initial in-depth market assessment was
conducted and contained information regarding the growing value of the organic sweetpotato industry, the
growing demand for organic sweetpotatoes, average retail prices by region of the country, relative price premium
and grower-paid premium information for organic sweetpotatoes compared to conventional, a portfolio of organic
sweetpotato-containing goods, and challenges and opportunities. The report entitled \"Organic Sweetptoato
Industry- Assessment of Market Demand\" is in a second draft and is available upon request for review by USDA.
Surveys were collected from 11 organic/transitional growers across the US representing 1,532 acres currently in
production. The surveys represent 3 Mississippi producers (141 acres), six North Carolina producers (1,326
acres), one Tennessee producer (40 acres), and one multi-state producer (40 acres). Surveys were collected
from 33 conventional growers with an interest in growing organic sweetpotatoes and representing 10,424 acres of
potential organic sweetpotato expansion. These surveys represent producers from (number of producers- acres):
AL (2- 315 acres), AR (1- 64 acres), CA (1- 20 acres), LA (13- 2,876 acres), MS (8- 1,626 acres), NC (3- 1,025
acres), TN (3- 98 acres), LA/IMO/AR (1- 3,700 acres), and Ontario (1- 700 acres). The investigators established a
list of produers who will serve as an advisory committee on future organic sweetpotato proposals.
**PUBLICATIONS (not previously reported):** 2015/09 TO 2016/08 1. Type: Conference Papers and
Presentations Status: Published Year Published: 2016 Citation: Meyers, SL and MW Shankle. 2016. Stakeholder
Participation in Developing Proposals for Multi-State, Transdisciplinary Grants. US Sweet Potato Council
Convention (Chattanooga, TN). Jan. 26, 2016. 2. Type: Other Status: Awaiting Publication Year Published: 2016
Citation: Collart, AJ, SL Meyers, TC Barickman, and J Ellington. Organic Sweetpotato Industry- Assessment of
Market Demand.
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NON-TECHNICAL SUMMARY

The use of diverse cover crop mixtures is a rapidly expanding area of grower interest, yet there islittle science-
based information to guide farmers toward mixture designs that meet their needs. To fill this gap, our long-term
goal is to fine-tune, quantify, translate, and extend the benefits andtrade-offs of using cover crop mixtures across
a range of soil, climate, and management conditions. Our recent research revealed that cover crop mixtures can
serve multiple functions in organic feed systems, but the realized benefits depend on the mixtures\' response to
environment and management. Thus our goals are to: 1) reliably predict benefits and costs of cover crop mixtures
in the context of regional climate, soil, and management variability, 2) empower organic grain farmers to use
mixtures to meet farm-specific goals, and 3) integrate research intoundergraduate organic education. Our
multidisciplinary research, extension, education, and farmer team will integrate experiments on one research
station and seven organic farms in New York and Pennsylvania with a suite of innovative outreach activities. We
will assess cover crop mixture performance based on profitability, yield, nutrient management, soil health, and
pest management. We will foster co-learning with farmers and extension educators at events focused on \"farm-
tuning\" mixtures to meet grower goals. Outreach will be a collaborative effort with two grower networks and two
regional sustainable agriculture non-governmental organizations. Three universities (Penn State, Deleware State,
and University of Maryland Eastern Shore) will collaborate to design research-based educational materials that
strengthen undergraduate curricula.

OBJECTIVES

The use of biodiversity to enhance farm performance is deeply rooted in organic farming philosophy, reflected in
USDA organic standards, and consistent with current ecological theory. Recently, farmers have shown interest in
using diverse cover crop mixtures, or cocktails, to increase biodiversity in their cropping systems.However, there
is a lack of applied research and outreach to support farmer efforts to employ diverse cover crop mixtures. Our
long-term goals for this project are to fine-tune, quantify, translate, and extend benefits and trade-offs of using
diverse cover crop mixtures in organic feed grain rotations. Our outreach goals are to increase on-farm
participatory research and facilitate farmer networks to empower organic grain farmers to use mixtures to meet
their farm-specific targets. Our educational goal is to integrate research into undergraduate education to increase



the exposure of undergraduates to organic agriculture. To meet these goals, our specific objectives are
to:Research Objective 1. Determine how cover crop mixtures affect a suite of grower-identified functions,
including: 1) nutrient supply to the following crop, 2) nutrient retention, 3) weed suppression, 4) insect pest
regulation, 5) increasing organic matter quantity and quality, 6) erosion control, 7) soil moisture control, 8) yield,
and 9) and short-term profitability. Expected outcome for Objective 1: We hypothesize that cover crop mixtures
will deliver more grower-identified beneficial functions than monocultures, but that the number of species in a mix
is not as important as the abundance of plants with key traits (e.g. N fixation, winter hardiness).Research and
Outreach Objective 2. Use farmer participatory on-farm research, research station experiments, and outreach to
understand and predict variation in cover crop mixture growth in the context of regional climate, soil, and
management variability. Expected outcome for Objective 2a: We hypothesize that variability in growing season
length and soil inorganic N will be dominant controls on species dominance and multifunctionality of mixtures.
Expected outcome for Objective 2b: Knowledge of farm-specific conditions can be used by farmers in PA and NY
to fine-tune cover crop mixture management (e.g., adjust seeding rates, species, planting or termination dates) to
realize mixtures with trait abundances that confer farmer-prioritized functions.Outreach Objective 3. Foster
information sharing and co-learning in two regional organic crop producers\' networks to support organic grower
innovations with cover crops and inform our research and extension programs. Expected outcome for Objective
3a: Members of two regional organic crop producers\' networks, including our farmer-cooperators, will adapt
information shared at network meetings to incorporate cover crop mixtures relevant to their farm. Expected
outcome for Objective 3b: Members will place high value on the information received at network meetings, which
will contribute to the growth and persistence of networks due to their provision of knowledge relevant for solving
problems.Outreach Objective 4. Create research- and farmer-based informational resources on the benefits,
management challenges, and costs associated with using cover crop mixtures in organic systems and deliver
them to growers, Extension educators, other trainers, and organizations through field-based events, workshops,
and other media. Expected outcome for Objective 4: Research- and farmer-based information about cover crop
mixtures will be used both locally and nationally by growers, Extension educators, other trainers, and agriculture-
related organizations to promote effective use of cover crops.Educational Objective 5. Leverage knowledge
gained from this research to strengthen undergraduate curricula at teaching-focused agricultural universities.
Expected outcome for Objective 5: Undergraduate students at Penn State, Delaware State, and the University of
Maryland Eastern Shore will learn about practices central to the management of organic systems and gain a
broader perspective of ecosystem services available from conventional and organic agricultural systems.By
completing objectives we expect to: 1) reliably predict the benefits and costs of cover crop mixtures in the context
of regional climate, soil, and management variability, 2) empower organic grain farmers to use mixtures to meet
their farm-specific goals, and 3) integrate organic research into undergraduate education.

APPROACH

Our methods includes five interconnected activities: ) experiment station research at PSU; Il) on-farm research in
PA and NY; Ill) data analysis and synthesis; IV) outreach through producer networks, eOrganic, and other
extension activities; and V) development and testing of undergraduate education materials.l. Research station
experiments. Two experiments will be conducted at Penn State\'s research farm. The first takes advantage of an
existing randomized complete block design experiment with four replications in which the following 12 cover crop
diversity treatments are embedded in a rotation of corn, soybean, and wheat: no cover crop; monocultures of
crimson clover, field pea, forage radish, canola, triticale, and oats; pea and triticale biculture; pea, crimson clover,
and triticale mixture; pea, oats, and forage radish mixture; pea, red clover, crimson clover, triticale, and canola
mixture; and pea, crimson clover, triticale, canola, forage radish and oats mixture. In each of these treatments we
will quantify: 1. soil erosion, 2. weed suppression, 3. arthropod regulation, 4. nutrient supply, 5. nutrient retention,
6. soil organic matter quality and quantity, 7. soil moisture, 8. corn grain yield, and 9. short-term profitability. A
second research station experiment will explicitly test they hypothesis that variation in growing degree days
(GDD) and soil N will be important controls on variation in species-specific growth in mixtures. We will plant a
factorial experiment with two levels of N inputs and three levels of planting date using a pea, red clover, crimson
clover, canola, triticale mixture. The earliest and latest planting dates will be timed to match the GDD expected for
cover crops at our southern-most and northern-most on-farm sites, respectively. The middle planting date will
coincide with planting the other research station experiment. Immediately before planting, one half of each plot
will receive 50 kg N/ha as Chilean nitrate. We will measure a subset of response variables as described above
including: fall and spring cover crop biomass by species (including weeds), nitrate in soil between May (after
cover crop termination) and August (when corn uptake slows), and yield of the subsequent corn crop.Il. On-farm
research: To understand on-farm variability and create outreach that reflects farm-specific constraints on mixture
growth we will establish 7 on-farm research sites that span a climate gradient of 3 plant hardiness zones (from
zone 5 to 7). Each farmer will plant a pea, red clover, crimson clover, canola, triticale mixture and a \"farm-tuned\"
version of this mixture in a replicated randomized complete block design. These two treatments will allow us to



learn from farmer designs, while maintaining one constant treatment that can be compared among farms and the
research station. A subset of measurements related to nutrient supply and retention, soil quality, weed
suppression, and yield will be made in the on-farm experiments. Standard soil fertility analysis, including % soil
organic matter, will be performed on a composite soil sample (20 cm depth) of each field prior to cover crop
establishment. The nitrate concentration in this sample will be used to test the hypothesis that variation in soil N
leads to predictable changes in the biomass of species in the mixture. Biomass of cover crops and weeds will be
estimated in 0.25 m2 quadrats in late fall and spring. Nitrogen concentration and uptake in the above-ground
cover crop and weed biomass will be measured. Corn yield will be measured with a hand harvest.lll. Data
synthesis and analysis: Univariate approaches using general linear or mixed models will test for statistical
differences among treatments on any of the response variables that are indicators of our 9 ecosystem functions.
Model selection based on Akaike Information Criterion will determine whether trait abundance is a better predictor
of multifunctionality than species number. We will compare the predictive capacity of ten functional diversity
metrics based on cover crop traits of seasonal growth potential, C:N ratio, and architecture. We will analyze the
relationship between each functional diversity metric and each of the 9 measured functions and with an indicator
of multifunctionality. Two approaches will quantify multifunctionality, the average of 9 measured functions and a
weighted average of the 9 functions. Weights will be based on values assigned by our advisory board.To
determine factors that influence the expression our on-farm treatments across all farms and site years we will use
multivariate regression trees. Regression trees identify the specific conditions that lead to a given outcome, which
will guide us toward context-specific controls on mixture expression. Spider plots provide an opportunity to
synthesize our diverse array of datasets in a way that is both scientifically rigorous and amenable to translation
for outreach and education. Each of the 9 quantified ecosystem functions will be represented by one axis on the
spider plot.lV. Outreach Plan: We will collaborate with two organic grower networks to facilitate winter grower
network meetings on the theme of cover crop mixtures. Spring network meetings will be hosted by farmer
collaborators on their farms to view performance of the cover crop mixtures. At these meetings, network
participants and the project team will share cover crop management experiences and research results. Farmer
experiences shared at network meetings will be distilled into newsletter articles and incorporated into fact sheets
that are published and publicly available online. Two regional field days based at our on-farm sites will be co-
sponsored by the Pennsylvania Association of Sustainable Agriculture and Pennsylvania Certified Organic.
Attendees will engage in participatory activities such as identifying weed species, scouting for insects, and
assessing cover crop biomass and N content. Diverse stakeholders will also attend project team organized
workshop, and one twilight walk or field day will be held at each of the farms conducting on-farm research in NY
and PA. We will develop 1 webinar for delivery to eOrganic to disseminate information resulting from our research
and co-learning activities to a national audience. We will evaluate the impact of our educational activities on: 1)
increase of participants\' knowledge, attitudes, skills, and intentions related to using cover crop mixtures; 2)
increase of farmer adoption of cover crop mixtures; 3) the perceived value and quality of information from each
program format and 4) extension educators\' capacity, commitment, and involvement in providing information to
help organic crop producers manage cover crops.?V. Undergraduate education module: We will develop an
undergraduate educational module on organic agriculture and cover cropping. Key personnel from PSU, the
University of Maryland Eastern Shore, and Delaware State University will meet to provide input on types of
information most needed, desired delivery methods (e.g., experiential and/or online), and other key aspects of the
moduleThe module will be developed in conjunction with an undergraduate organic agriculture course at PSU
and use our experiments as a \"living lab\" where students can observe cover crop mixtures and quantify their
multifunctionality.

PROGRESS

2015/09 TO 2020/08 Target Audience:The goals of this project were to: 1) reliably predict the benefits and costs
of cover crop mixtures in the context of regional climate, soil, and management variability typical of Pennsylvania
and New York, 2) empower organic grain farmers to use cover crop mixtures to meet their farm-specific goals,
and 3) integrate organic research into undergraduate education. For the first two goals, our primary target
audiences were farmers in Pennsylvania and New York, along with consultants, extension educators and any
agricultural professionals who assist with making decisions about cover crop planting. First, we worked closely
with a subset of our primary target audience: the eight farmers who hosted our on-farm research and the farmers
and other agricultural professionals who served on our project advisory board. The knowledge about cover crop
mixtures gained from our on-farm and on-station research was the foundation for our outreach activities, through
whichwe reached a much wider group of farmers and other agricultural professionals. In addition, farmer
relationships with other farmers were an important component of the outreach of this project. The farmers
involved in this project shared their knowledge and experience with planting cover crop mixtures both through
events such as network meetings and field days and through their own interactions with other farmers. The target
audience for the third project goal included scientists and educators at undergraduate institutions. We developed



three education modules to introduce cover crops and demonstrate how farmers choose among cover crop
species to achieve farm-specific goals. These modules were designed for use by undergraduate instructors to
incorporate a lesson or unit on cover crops into an existing course. Ultimately, the audience for these modules is
undergraduate students in agriculture and environmental science. Changes/Problems: Nothing Reported What
opportunities for training and professional development has the project provided?The project provided a
collaborative learning environment for undergraduate students, graduate students, postdoctoral scholars, and
faculty across multiple disciplines, including weed ecology, soil science, agronomy, entomology, and agricultural
economics. Over the past year, five undergraduate students (majoring in Environmental Resource Management,
Plant Science and Biochemistry and Molecular Biology) have developed research skills through participating in
field data collection, laboratory analyses and data management. In the final year of the project, two more
graduate students completed their master\'s theses, one in soil science and one in entomology, based on field
work done at the research station. A former graduate student and a former postdoctoral scholar from Penn State
recently published research findings from this project in peer-reviewed journals. Several members of the team
presented work related to cover crop mixtures at both scientific meetings and outreach events. How have the
results been disseminated to communities of interest?Our research on cover crop mixtures has contributed to the
scientific community. In the final year of the project, we have published 6 papers in peer-reviewed journals, 2
book chapters, and 2 master\'s theses. Our team members presented 5 talks and posters related to the project to
national and international scientific meetings such as the Society for Invertebrate Pathology/IOBC Annual
Meeting and the Plant Biology Conference. Also, we gave presentations at two department seminars: one at
Penn State and one at Cornell. We have continued to share our research results with farmers and other
agricultural professionals. Within the past year, five extension articles have been produced, which are available
on the Penn State Extension site. We have presented at several outreach events, including the Pennsylvania
Association of Sustainable Agriculture\'s Farming for the Future annual conference, the Delmarva Soil Summit
and Penn State\'s Ag Progress Days. Two webinars have been developed: one for the Agronomy Team Inservice
and one for the Chesapeake Bay Funders Network. Finally, we have shared information about designing cover
crop mixtures with undergraduate educators. The cover crop modules have been completed and are now
available online <https://sites.psu.edu/covercropmodules/>) along with a short video describing the content of the
modules. These modules have been shared with our collaborators at various universities that helped develop the
modules, as well as posted on the OER Commons, Open Educational Resource
list:(<https://www.oercommons.org/courses/cover-crop-educational-modules>) andshare d with the Pennsylvania
High School Agricultural Educators Network. We plan to share them with other educator networks, Penn State
Faculty and Extension Educators, and the Northeast Cover Crop Council. What do you plan to do during the next
reporting period to accomplish the goals? Nothing Reported

2018/09 TO 2019/08 Target Audience:Famers interested in cover crops and cover crop mixtures, scientists and
instructors from universities across the North East. Changes/Problems: Nothing Reported What opportunities for
training and professional development has the project provided?The project provided a collaborative learning
environment for undergraduate students, graduate students, postdoctoral scholars, and faculty across multiple
disciplines, including weed ecology, soil science, agronomy, entomology, and agricultural economics. Several
members of the team organized and participate in the 2nd North East cover crop council (NECCC) meeting, that
was held in State College in November 2018 and where cover crop cocktails research was featured. Other
members also presented work related to cover crop mixtures at other national and international scientific
meetings. Members of the team also attended farmer learning circle meetings where they had opportunities for
networking and learning from farmer experience and invited speakers. Similar to previous reporting periods,
several undergraduate courses and labs, as well as groups of farmers and extension educators, visited the
research station site for hands-on learning, which provided opportunities for team members to practice
communication skills and facilitate information sharing. Members of the team have also been invited to present at
different conferences and workshops where they had the opportunity to network and gain insight into other
research related to cover crops. How have the results been disseminated to communities of interest?We have
published 8 papers in peer reviewed publications and produced 4 Extension articles that are now available on the
Penn State Extension site. Our team members also presented 17 talks and posters related to the project to
national and international scientific meetings such as the Society for Invertebrate Pathology/IOBC Annual
Meeting, the Ecological Society of America Annual Meeting or the Annual Meeting of the American Society of
Agronomy. We have also presented results at 9 Extension seminars and field days nationally and we
collaborated in the ASA-CSSA-SSSA webinar and in the Cornell Soil Health Lab and American Farmland Trust
Soil Health Specialist Training Series Webinar presenting results from the project. Several undergraduate
courses and labs have visited the research station site for hands-on learning modules related to agronomy, weed
ecology, soil ecology, and biodiversity, and the project has been highlighted in lectures for several courses in
agroecology, entomology, and ecosystem science and management. We led a half-day workshop on managing
organic feed grain crops for soil health, that included crop mixture research at the Pennsylvania Association of



Sustainable Agriculture\'s Farming for the Future annual conference in February 2019. Around 30 participants
attended the workshop and evaluated it very satisfactorily. Finally, we hosted our annual Advisory Board meeting
on February 2019 where we shared and got input from our farmer collaborators and extension agents on our
research. What do you plan to do during the next reporting period to accomplish the goals?To accomplish the
goals of the project, we will continue to measure ecosystem services provided by cover crops on the research
station for one more season (Objective 1). We will continue to create research- and farmer-based educational
resources on the benefits, management challenges, and costs associated with using cover crop mixtures in
organic systems and deliver them to growers through fact sheets, articles and other Extension publications.
Similarly, we will continue to foster co-learning study circles with growers and participate in field days and other
extension events to share the results of this project (Objectives 3 and 4). We will post our cover crop mixture
educational modules on-line and publicize them so they are known and used by instructors of the North East and
nationally (Objective 5).

2017/09 TO 2018/08 Target Audience:Target audience for this reporting period are farmers, extension educators,
students and researchers. Changes/Problems: Nothing Reported What opportunities for training and professional
development has the project provided?The project provided a collaborative learning environment for
undergraduate students, graduate students, postdoctoral scholars, and faculty across multiple disciplines,
including weed ecology, soil science, agronomy, entomology, and agricultural economics. Several members of
the team attended many scientific conferences nationwide, including the 1st North East cover crop council
(NECCC) conference. This year, some members of the team are on the organizing committee of the 2nd NECCC
conference which will be held in State College, PA in November 2018 and where the cover crop cocktails
research will be featured. Members of the team also attended farmer learning circle meetings where they had
opportunities for networking and learning from farmer experience and invited speakers. For the fifth year, our
team co-organized an undergraduate summer research orientation program and an annual university-wide
sustainable cropping systems symposium, which allowed graduate students and post-docs an opportunity to
share research and network. Similar to previous reporting periods, several undergraduate courses and labs, as
well as groups of farmers and extension educators, visited the research station site for hands-on learning, which
provided opportunities for team members to practice communication skills and facilitate information sharing.
Members of the team have also been invited to present at different conferences and workshops where they had
the opportunity to network and gain insight into other research related to cover crops. How have the results been
disseminated to communities of interest?We hosted one field day and a twilight walk on December 2017 and
August 2018 respectively, at one of our on-farm locations. We led a half-day workshop on cover crop mixtures
and on-farm research at the Pennsylvania Association of Sustainable Agriculture\'s Farming for the Future annual
conference in February 2018. Around 100 participants attended the workshop and evaluated it very satisfactorily.
Several undergraduate courses and labs have visited the research station site for hands-on learning modules
related to agronomy, weed ecology, soil ecology, and biodiversity, and the project has been highlighted in
lectures for several courses in agroecology, entomology, and ecosystem science and management. We also
hosted our annual Advisory Board meeting on February 2018 where we shared and got input from our farmer
collaborators and extension agents on our research. We have published project results in several peer reviewed
journals and produced Extension materials such as videos and extension articles. The two extension videos
about calculating seeding rates of cover crop mixtures and choosing the right species for a cover crop mixture are
now available on the Penn State Extension website. We have presented results at Extension and scientific
meetings and seminars nationally. Finally, our research has been showcased in the Field, Lab, Earth podcast,
sponsored by ASA/CSSA/SSSA. What do you plan to do during the next reporting period to accomplish the
goals?To accomplish the goals of the project, we will continue to measure ecosystem services provided by cover
crops on the research station for one more season (Objective 1). We will continue to create research- and farmer-
based educational resources on the benefits, management challenges, and costs associated with using cover
crop mixtures in organic systems and deliver them to growers through fact sheets, articles and other Extension
publications. Similarly, we will continue to foster co-learning study circles with growers and participate in field
days and other extension events to share the results of this project (Objectives 3 and 4). During winter 2018, we
will continue to work with faculty at Penn State, Delaware State, and the University of Maryland Eastern Shore to
improve the undergraduate curriculum on the management of organic systems and cover crop mixtures and we
will make those materials available to any instructor that may want to use them for their teaching (Objective 5).

2016/09 TO 2017/08 Target Audience:The target audience reached during this reporting period has been:
farmers, extension educators, NGOs, undergraduate students and scientists. Changes/Problems:At the
complementary research station experiment, we did not observe any differences in mixture expression between
the plots amended with Chilean nitrate and those with no additional fertilization.. We attribute this lack of
response to the application of manure to the entire location prior to the start of the experiment. To address this



issue, this year we have not applied any manure to the plot and have only amended half of the plots with the
Chilean nitrate. Two of our original off-campus Extension collaborators (PD- Dupont and PD - Hautau) left Penn
State last year. Two new Extension educators, David Wilson and Rachael Milliron have replaced them. Similarly,
PD-Justin O\'Dea from Cornell University left the project to take a new position) and he has been replaced by
Christian Malsatzki. We also noticed that Barbara Baraibar, post-doc of Plant Sciences (Dept. of Plant Sciences,
bub14@psu.edu) who is a co-PD on the project is not listed in the participants list. What opportunities for training
and professional development has the project provided?The project provided a collaborative learning
environment for undergraduate students, graduate students, postdoctoral scholars, and faculty across multiple
disciplines, including weed ecology, soil science, agronomy, entomology, and agricultural economics. Several
members of the team attended scientific conferences and farmer learning circle meetings where they had
opportunities for networking and learning from farmer experience and invited speakers. The group received a
training session entitled \"Effective Learning and Time Management.\" This training fostered an interesting
discussion about methodologies to increase efficiency when planning and writing research papers. For the fourth
year, our team co-organized an undergraduate summer research orientation program and an annual university-
wide sustainable cropping systems symposium, which allowed graduate students and post-docs an opportunity to
share research and network. Similar to previous reporting periods, several undergraduate courses and labs, as
well as groups of farmers and extension educators, visited the research station site for hands-on learning, which
provided opportunities for team members to practice communication skills and facilitate information sharing. How
have the results been disseminated to communities of interest?We hosted two field days in October 2016 and
May 2017 at two on-farm locations. Another is scheduled for November 2017. We led a workshop at the
Pennsylvania Association of Sustainable Agriculture\'s Farming for the Future conference in February 2017. Fifty
participants attended the workshop and evaluated it very satisfactorily. We will also offer a half-day cover crop
workshop at the 2018 conference, where researchers and farmers will team up to discuss the results of the first
year of the on-station and on-farm \"farm-tuning\" cover crop experiments. Several undergraduate courses and
labs have visited the research station site for hands-on learning modules related to agronomy, weed ecology, soil
ecology, and biodiversity, and the project has been highlighted in lectures for several courses in agroecology,
entomology, and ecosystem science and management. We have published project results in several peer
reviewed journals and produced Extension materials. Similarly, we have presented results at Extension and
scientific meetings and seminars nationally. What do you plan to do during the next reporting period to
accomplish the goals?To accomplish the goals of the project, we will continue to measure ecosystem services
provided by cover crops on the research station (Objective 1) and on the collaborating farm locations (Objective
2). We will continue to create research- and farmer-based educational resources on the benefits, management
challenges, and costs associated with using cover crop mixtures in organic systems and deliver them to growers
through field days, fact sheets, webinars and other Extension publications. Similarly, we will continue to foster co-
learning study circles with growers and organize and participate in field days and other extension events to share
the results of this project (Objectives 3 and 4). During winter 2017, we will work with faculty at Penn State,
Delaware State, and the University of Maryland Eastern Shore to shape the undergraduate curriculum on the
management of organic systems and cover crop mixtures (Objective 5).

2015/09 TO 2016/08 Target Audience:The target audience consists of farmers, and particularly,but not
exclusively, organic farmers in the mid-Atlantic region of the U.S. as well as extension personnel, industry
leaders,government agency and non-profit staff, University students, and interested members of the public.
Changes/Problems:The triticale that we used for our cover crop mixtures after wheat came from a faulty batch
with a very low germination rate, so the density and biomass of this grass in its monoculture plots and in mixtures
was very low during this first year of the experiment. Because we had a lot of volunteer wheat emergence, we will
try to use the wheat as a surrogatefor the grass component of the mixtures. This year (2016), germination rates
were assessed for all cover crop species before planting to ensure that the situation did not happen again. Two of
our original off-campus extension educators (PD- Dupont and PD - Hautau) have left the project during this year
(one got a new job and the other retired). Until their positions are filled, we have been working with other
extension educators and members from Pennsylvania Certified Organic (PCO) to get the on-farm study on the
ground and to continue to foster the organic study circles that have been so successful in the past. What
opportunities for training and professional development has the project provided?The project includes two
postdocs who were co-Pls on the grant. During the reporting period these postdocs were given opportunities to
present their research and develop new extension materials. Baraibar is leading the weed management portion of
the grant and gained experience in field methods, proposal writing, data analysis, and in leading large teams.
Murrell is leading the on-farm research portion of the project, gaining skills in collaborating with farmers and
extension educators and coordinating large research networks. Murrell also gained mentoring experience over
the past year overseeing research of an undergraduate in Penn State\'s Women in Science and Engineering
(WISER) program. Three technicians contributed to the project gaining experience in experimental design,
extension, and data analysis. We recruited two new graduate students to the project who arrived at the end of



this reporting period. This project supported two annual professional development events at Penn State. The first
is the annual undergraduate research orientation for all students conducting research in sustainable agriculture
over the summer. This popular program helps undergraduates learn about all of the sustainable agriculture
research projects at the research farm. The second is the annual Penn State Sustainable Cropping System
Symposium in which all graduate students, postdocs, and faculty conducting sustainable agriculture research at
Penn State meet for a one day workshop. At this workshop we share research results and future research ideas
and discuss how the various sustainable agriculture projects can work together to amplify the impact of our work.
How have the results been disseminated to communities of interest?Wehosted a field day at the research station
and collaboratedin delivering the Pennsylvania Association of Sustainable Agriculture (PASA) summer
conference where we discussed the results of the previous project and some insights gained from the first year of
the project. Similarly, several undergraduate courses and labs have visited the research station site for hands-on
learning modules related to agronomy, weed ecology, soil ecology, and biodiversity, and the project has been
highlighted in lectures for several courses in agroecology, entomology, and ecosystem science and management.
We delivered additional extension and scientific presentations as outlined in the \"products\" portion of this report.
What do you plan to do during the next reporting period to accomplish the goals?To accomplish the goals of the
project we will continue to measure ecosystem services provided by cover crops on the research station
(Objective 1) and on the collaborating farm locations. We will increase the creation of research- and farmer-based
informational resources on the benefits, management challenges, and costs associated with using cover crop
mixtures in organic systems and deliver them to growers through field days, fact sheets, webinars and other
extension publications. We will continue to work with our on-farm collaborators and follow the cover crops we are
planting this summer through the winter and spring, until cover crop termination (Obj. 2). We willmeasure cover
crop and weed biomass as well as nitrogen dynamics. Next year, we will plant the cover crops again and we will
farm tune the cover crop mixtures based on feedback from each farmer. Based on the results of Objectives 1 and
2 we plan to participatein co-learning study circles with growers and organize and participate in field days and
other extension events to share the results of this project (Obj. 3 and 4). One field day is scheduled at the farm of
a participating grower on October 6, and we submitted a proposal to lead a workshop at the winter PASA
meeting. We will initiatework with faculty at Penn State, Delaware State, and the University of Maryland Eastern
Shore to start to develop an undergraduate curriculum on the management of organic systems (Obj. 5).

IMPACT

2015/09 TO 2020/08 What was accomplished under these goals? To meet our first and second goals, we
continued our experiment at Penn State\'s Russell E. Larson Agricultural Research and Education Center. We
planted cover crop monocultures and mixtures in August2019 and monitored all grower-identified priorities
throughout the growing season (Research objective 1). We planted cover crops on30 August (after wheat) and
no-till planted cereal rye on November 6 after corn grain harvest. We planted wheat after soybeans after applying
20 T/A of manure. Post-wheat cover crops were sampled repeatedly during this reporting period to determine
seedling emergence, soil fall biomass production, weed pressure in the fall and spring, winter survival, spring
biomass production, nutrient uptake and potential for N loss through leaching using buried anion resins, and
bucket lysimeter captures. We periodically measured several soil characteristics, including soil pH, electrical
conductivity, labile organic matter, gravimetric soil water content, and matric potential. Cover crops were
terminated on 13 May 2020. After cover crop termination, plots were tilled, and we applied manure. We planted
corn on 1 June, tine weeded two times, rotary hoed one time, and cultivated two times. We then, applied Chilean
nitrate to subplots to assess N-limitation of treatments on corn yields contribution of nitrogen from cover crops.
We planted cereal rye after soybean harvest. We sampled plots previously planted to Austrian winter pea,
triticale, and 4 species mix for weed and cover crop biomass in the fall and in spring prior to termination. These
treatment plots represented the highest and lowest plots regarding nitrogen provisioning to the following corn ,as
well as a mixture. We also sampled fallow plots as a no-cover crop control. We terminated cereal rye on 20 May,
and tilled and planted soybeans on 16 June. Although the on-farm research concluded in Fall 2018, analysis of
the on-farm and research station data continued in 2019-2020. We found that soil inorganic nitrogen and growing
season length are important controls on which species dominate cover crop mixtures (Bariabar et al., 2020).
Specifically, high soil inorganic nitrogen levels at the time of cover crop planting, tend to lead to highly competitive
species dominating mixtures, potentially decreasing services provided by other species. Longer growing seasons
led to canola dominating our five-species mixture (canola, pea, trticale, red clover and crimson clover), while
shorter growing seasons favored the growth of triticale. In the final year of the project, outreach has continued
both through events and educational products. For example, we presented a workshop in organic research at the
PASA Farming for the Future Conference in February 2020. In recent months, many outreach events have
shifted to a virtual format, but we have continued to highlight our research at events such as Penn State\'s Virtual



Ag Progress Days. In addition, we have developed several extension fact sheets and two webinars. Finally, the
cover crop education modules were completed and are now available online:
(<https://sites.psu.edu/covercropmodules/>). **PUBLICATIONS (not previously reported):** 2015/09 TO 2020/08
1. Type: Journal Articles Status: Published Year Published: 2020 Citation: Ahmad, |., Jiménez-Gasco, M. D. M.,
Luthe, D. S., Barbercheck, M. (2020). Systemic colonization by Metarhizium robertsii enhances cover crop
growth. Journal of Fungi, 6, 64. 2. Type: Journal Articles Status: Published Year Published: 2020 Citation:
Ahmad, I., Jiménez-Gasco, M. D. M., Luthe, D. S., Shakeel, S. N., Barbercheck, M. (2020). Endophytic
Metarhizium robertsii enhances maize growth, suppresses insect growth and alters plant defense gene
expression. Biological Control, 104167. 3. Type: Journal Articles Status: Published Year Published: 2020 Citation:
Amsili, J.P. and J.P. Kaye. 2020. Root traits of cover crops and carbon inputs in an organic grain rotation.
Renewable Agriculture and Food Systems: 1-10. doi:10.1017/S1742170520000216. 4. Type: Journal Articles
Status: Published Year Published: 2020 Citation: Baraibar B, Murrell EG, Bradley BA, Barbercheck ME,
Mortensen DA, Kaye JP, White CM (2020) Cover crop mixture expression is influences by nitrogen availability
and growing degree days. PLoSONE 15 (7): €0235868 DOI: 10.1371/journal.pone.0235868 5. Type: Journal
Articles Status: Published Year Published: 2020 Citation: Cloutier, M.L., Murrell, E., Barbercheck, M., Kaye, J.,
Finney, D., Garcia-Gonzalez, |. and Bruns, M.A., 2020. Fungal community shifts in soils with varied cover crop
treatments and edaphic properties. Scientific reports, 10(1), pp.1-14. <https://doi.org/10.1038/s41598-020-63173-
7>. 6. Type: Journal Articles Status: Published Year Published: 2020 Citation: Hinds, J., Barbercheck, M.E. 2020.
Diversified floral provisioning enhances performance of the generalist predator, Orius insidiosus (Hemiptera:
Anthocoridae), Biological Control 149: Article 104313 In press, https://doi.org/10.1016/j.biocontrol.2020.104313 7.
Type: Book Chapters Status: Published Year Published: 2020 Citation: - Ahmad, I., Zaib, S. (2020). @Mighty
microbes: Plant growth promoting microbes in soil health and sustainable agriculture€y. In: Giri, B. & Varma A.
(Eds). Soil Health, Vol. 59, Springer Nature. 8. Type: Book Chapters Status: Under Review Year Published: 2020
Citation: Ahmad, |., Barbercheck, M., Gasco-Jimenez, M. (2020). € The Role of Endophytic Insect-Pathogenic
Fungi in Biotic Stress Management®. In: Giri, B. & Varma A. (Eds). Plant Stress Biology. Springer Nature.
(Under review). 9. Type: Theses/Dissertations Status: Published Year Published: 2019 Citation: Flonc, B. 2019.
DO FUNGI MAKE CATERPILLARS PICKY EATERS? EFFECTS OF ENDOPHYTIC METARHIZIUM ROBERTSII
ON CORN, ZEA MAYS, GROWTH AND FALL ARMYWORM, SPODOPTERA FRUGIPERDA. Master\'s Thesis.
PSU. 10. Type: Theses/Dissertations Status: Published Year Published: 2019 Citation: Mejia, C. 2019. Erosion
Protection Potential of Three Cover Crops Under High-Intensity Rain. Master€s Thesis. Penn State. 11. Type:
Conference Papers and Presentations Status: Published Year Published: 2020 Citation: Ahmad, I., Jiménez-
Gasco, M.D.M., Luthe, D.S., & Barbercheck, M. (2020). Mighty Microbes: The tri-trophic interactions of
endophytic Metarhizium in maize. Penn State Microbiome Center, PA, USA, Feb. 14, 2020, invited talk. 12. Type:
Conference Papers and Presentations Status: Published Year Published: 2020 Citation: Ahmad, I., Jiménez-
Gasco, M.D.M., Luthe, D.S., & Barbercheck, M. (2020). Mighty Microbes: The tri-trophic interactions of
endophytic Metarhizium in maize. XXVIII Plant and Animal Genome, 2020, San Diego, CA, USA, Jan. 11-15,
2020, invited talk. 13. Type: Conference Papers and Presentations Status: Published Year Published: 2019
Citation: Ahmad, 1., Jiménez-Gasco, M.D.M., Luthe, D.S., Shakeel S.N., & Barbercheck, M. (2019). Endophytic
Metarhizium robertsii enhances maize growth and suppresses insect growth by eliciting plant defense. Plant
Biology 2019, San Jose, CA, USA, Aug. 3-7, 2019, poster presentation. 14. Type: Conference Papers and
Presentations Status: Published Year Published: 2019 Citation: Ahmad, |., Jiménez-Gasco, M.D.M., Luthe, D.S.,
Shakeel S.N., & Barbercheck, M. (2019). Endophytic Metarhizium robertsii affects maize growth and gene
expression and growth of black cutworm by eliciting plant defense. Society for Invertebrate Pathology 2019,
Valencia Spain, Jul. 28-Aug.1, 2019, Invited talk. 15. Type: Conference Papers and Presentations Status:
Published Year Published: 2018 Citation: Amsili J. 2018. Root traits of cover crops. AFT-NY Advanced Soil
Health Training. Ithaca, NY. 23 October 2018. (Oral presentation). 16. Type: Conference Papers and
Presentations Status: Published Year Published: 2018 Citation: Amsili J. 2018. Root traits of cover crops and soll
organic carbon stabilization. Northeast Cover Crop Conference. State College, PA. 11 November 2018. (Oral
presentation). 17. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation:
Amsili J. 2018. Digging deeper to uncover the hidden relationships between roots and soil health. 2019 Empire
State Producers Expo. Syracuse, NY. 15 January 2019. (Oral presentation). 18. Type: Conference Papers and
Presentations Status: Published Year Published: 2020 Citation: Barbercheck, M. (panelist with J. Wallace, K.
Borrelli, J. Cook). 2020. Organic Crop Production Q & A. Virtual Ag Progress Days Session. 34 attendees. 11
August 2020. 19. Type: Conference Papers and Presentations Status: Published Year Published: 2020 Citation:
Barbercheck, M. (organizer and presenter) 2020. Organic Research Flash Talks & Discussion Session. PASA
Farming for the Future Conference, 8 Feb. 2020. 80-min workshop. Lancaster, PA. 20. Type: Conference Papers
and Presentations Status: Published Year Published: 2020 Citation: Barbercheck, M.E., Regan, K., Rivers, A,
Voortman, C. 2020. Ground rules: Conserving epigeal predators and other beneficial organisms in organic
cropping systems. Invited talk for Symposium \"Insect pests and beneficial arthropods in climate-change-resilient
diversified cropping systems€. Entomological Society of America Annual meeting, Orlando, FL. Nov. 2020. 21.



Type: Other Status: Published Year Published: 2019 Citation: Barbercheck, M. 2019. Ecology of a multifunctional
fungus, Metarhizium robertsii, in organic cropping systems. Invited seminar. Dept. of Plant Pathology and
Environmental Microbiology, Penn State University. Sept. 30, 2019. 22. Type: Other Status: Published Year
Published: 2020 Citation: Barbercheck, M., Borrelli, K. 2020. Terminating Winter Cover Crops in Organic Feed
and Forage Crops. Field Crop News, July 8, 2020. https://extension.psu.edu/terminating-winter-cover-crops-in-
organic-feed-and-fo rage-crops 23. Type: Other Status: Published Year Published: 2020 Citation: Barbercheck,
M. 2020. Many Factors Influence Interpretation of Soil Health Tests. Field Crop News, 15 May 2020.
https://extension.psu.edu/many-factors-influence-interpretation-of-soil-healtht ests?j=536510&sfmc
sub=35519620&I=159 HTML&u=10724487&mid=7234940&jb=9&utm medi um=email&utm
source=MarketingCloud&utm campaign=FAFC-2020-MAY-13-GN-EM-Field+Cr op+News&utm content=FAFC-
2020-MAY-13-GN-EM-Field+Crop+News&subscriberkey=0030W0 0003P0ySiQAJ 24. Type: Other Status:
Published Year Published: 2020 Citation: Barbercheck, M. 2020. Predators control pests and crop damage during
transition to organic. Research highlight. Field Crop News 15 April 2020. https://extension.psu.edu/predators-
control-pests-and-crop-damage-during-transi tion-toorganic?j=531624&sfmc sub=35519620&I=159
HTML&u=10500004&mid=7234940&jb= 9&utm medium=email&utm source=MarketingCloud&utm
campaign=FAFC-2020-APR-16-GN-E M-Field+Crop+News&utm content=FAFC-2020-APR-16-GN-EM-
Field+Crop+News&subscriber key=0030WO00003P0ySiQAJ 25. Type: Other Status: Published Year Published:
2020 Citation: Borelli, K. Busch, A., Barbercheck, M. 2020. Is organic certification right for your operation? Field
Crop News 27 May 2020 https://extension.psu.edu/is-organic-certification-right-for-your-operation?j=5
38536&sfmc sub=35519620&I1=159 HTML&u=10818935&mid=7234940&jb=9&utm medium=email &utm
source=MarketingCloud&utm campaign=FAFC-2020-MAY-28-GN-EM-Field+Crop+News& utm content=FAFC-
2020-MAY-28-GN-EM-Field+Crop+News&subscriberkey=0030W00003P0yS iQAJ 26. Type: Other Status:
Published Year Published: 2020 Citation: Borrelli, K., Busch, A., Barbercheck, M. 2020. Transitioning to Organic
Crop Production. Field Crop News, 1 October 2020. https://extension.psu.edu/transitioning-to-organic-crop-
production?j=561154&sfm c sub=35519620&I=159 HTML&u=11842937&mid=7234940&jb=9&utm
medium=email&utm sour ce=MarketingCloud&utm campaign=FAFC-2020-SEPT-30-GN-EM-
Field+Crop+News&utm cont ent=FAFC-2020-SEPT-30-GN-EM-
Field+Crop+News&subscriberkey=0030WO00003P0ySiQAJ 27. Type: Other Status: Published Year Published:
2019 Citation: Barbercheck, M. 2019. Introduction to Organic: Making a Successful Transition to Organic Crop
Production. Agronomy Team In-Service Webinar. 25 November 2019. 28. Type: Other Status: Published Year
Published: 2020 Citation: White, C. 2020. Harnessing the benefits of cover crops through precision management.
Cornell University, Crop and Soil Sciences Department Seminar, January 30, 2020. 29. Type: Other Status:
Published Year Published: 2020 Citation: White, C. 2020. On-Farm Trials to Inform Cover Crop and Nitrogen
Management. Chesapeake Bay Funders Network Webinar Series. June 25, 2020. 30. Type: Conference Papers
and Presentations Status: Published Year Published: 2020 Citation: White, C. 2020. Quantitative Decision
Making for Cover Crops. Delamarva Soil Summit. February 26, 2020.

2018/09 TO 2019/08 What was accomplished under these goals? To meet our first and second goals, we
continued our experiment at Penn State\'s Russell E. Larson Agricultural Research and Education Center. We
planted cover crop monocultures and mixtures in August 2018 and monitored all grower-identified priorities
throughout the growing season (Research objective 1). We planted cover crops on 28 August (after wheat) and
no-till planted cereal rye on December 12 after corn grain harvest. We planted wheat after soybeans after
applying 20 T/A of manure. Post-wheat cover crops were sampled repeatedly during this reporting period to
determine seedling emergence, pre- and post- cover crop termination insect and natural enemy communities,
late-season armyworm damage in corn, soil fall biomass production, weed pressure in the fall and spring, winter
survival, spring biomass production, nutrient uptake and potential for N loss through leaching using buried anion
resins, and bucket lysimeter captures. We periodically measured several soil characteristics, including soil pH,
electrical conductivity, labile organic matter, gravimetric soil water content, and matric potential. Cover crops were
terminated on 16 May 2019. After cover crop termination, plots were tilled, and we applied manure. We planted
corn on 12 June, tine weeded two time and cultivated two times. We then, applied feather meal to subplots to
assess N-limitation of treatments on corn yields contribution of nitrogen from cover crops. We planted cereal rye
after soybean harvest. We sampled plots previously planted to Austrian winter pea and triticale for weed and
cover crop biomass in the fall and in spring prior to termination. These treatment plots represented the highest
and lowest plots regarding nitrogen provisioning to the following corn. We also sampled fallow plots as a no-cover
crop control. We terminated cereal rye on 21 May, and tilled and planted soybeans on 6 June. On-farm research.
We measured corn yield at our eight farmer collaborators from across Pennsylvania and New York, after they all
had planted the same 5 species mixture (\"standard mix\") during the summer and fall of 2017. We continued to
meet with our farmer collaborators and extension agents during our annual advisory board meeting to share the
results of the on-farm research that concluded in fall 2018 (goal 2). We also supported two study circles that
convened in February and March 2019 to discuss organic production topics, including cover crop mixtures.



Finally, to meet our third goal, we have improved our 3 educational modules for undergraduate courses at Penn
State with the comments and feedback from our two collaborating universities (Delaware State and University of
Maryland Eastern Shore) and several other instructors across universities and colleges in the North East
(Educational Objective 5). **PUBLICATIONS (not previously reported):** 2018/09 TO 2019/08 1. Type:
Conference Papers and Presentations Status: Published Year Published: 2019 Citation: White, C. (2019)
Harnessing the Benefits of Cover Crops through Quantitative Analysis and Adaptive Management, University of
Delaware Department Seminar Series, University of Delaware Department of Plant and Soil Sciences. 2. Type:
Conference Papers and Presentations Status: Published Year Published: 2018 Citation: White, C., Kaye, J. P., &
Colin, A. (2018) New Tools for Nitrogen Management in Organic Cropping Systems. Annual Meeting, American
Society of Agronomy, Baltimore, MD. 3. Type: Other Status: Other Year Published: 2019 Citation: Barbercheck,
M., Regan, K., Baraibar, B., Bradley, B., White, C. (2019) Argentinean Farmer tour of organic research sites at
Russell E. Larson Agricultural Research Center. 15 attendees. June 2019 4. Type: Journal Articles Status:
Published Year Published: 2018 Citation: Baraibar, B.; D. A. Mortensen, M. Hunter, M. E. Barbercheck, J. P.
Kaye, D. Finney, W. Curran, J. Bunchek, C. White. 2018. Growing degree days and cover crop identity explain
weed biomass in cover crops. Agronomy for Sustainable Development 38: 65. https://doi.org/10.1007/s13593-
018-0543-1 5. Type: Journal Articles Status: Published Year Published: 2018 Citation: Randhawa, P. K., Mullen,
C., Barbercheck, M. 2018. Plant identity, but not diversity, and agroecosystem characteristics affect the
occurrence of M. robertsii in an organic cropping system. Biological Control 124:18-29.
https://doi.org/10.1016/j.biocontrol.2018.06.001 6. Type: Journal Articles Status: Published Year Published: 2019
Citation: Murrell, E.G., Ray, S., Lemmon, M.E., and Luthe, D.S. 2019 Cover crop species affect mycorrhizae-
mediated nutrient uptake and pest resistance in maize. Renewable Agriculture & Food Systems.
https://doi.org/10.1017/S1742170519000061. 7. Type: Journal Articles Status: Published Year Published: 2019
Citation: Bell, T., K.L. Hockett, R.l. Alcala-Brisefio, M. Barbercheck, G. A. Beattie, M.A. Bruns, J. Carlson, T.
Chung, A. Collins, B. Emmett, P. Esker, K. A. Garrett, L. Glenna, B. Gugino, M. del mar Jimenez-Gasco, L.
Kinkel, J. Kovac, K. Kowalski, G. Kuldau, J. Leveau, J. Myrick, K. Peter, A. Shade, N. Stopnisek, X. Tan, A. T.
Welty, K. Wickings, E. Yergeau. 2019. Manipulating Wild and Tamed Phytobiomes: Challenges and
Opportunities. Published Online: 9 May 2019. https://doi.org/10.1094/PBIOMES-01-19-0006-W 8. Type: Journal
Articles Status: Published Year Published: 2019 Citation: Hunter, M.C., M. E. Schipanski, M. H. Burgess, J. C.
LaChance, B. A. Bradley, M. E. Barbercheck, J. P. Kaye, D. A. Mortensen. 2019. Cover Crop Mixture Effects on
Maize, Soybean, and Wheat Yield in Rotation. Agric. Environ. Lett. 4:180051 doi:10.2134/2el2018.10.0051 9.
Type: Journal Articles Status: Published Year Published: 2019 Citation: Hunter, M.C., White, C.M., Kaye, J.P.
and Kemanian, A.R., 2019. Ground-Truthing a Recent Report of Cover Crop€Induced Winter Warming.
Agricultural & Environmental Letters, 4(1). 10. Type: Journal Articles Status: Published Year Published: 2019
Citation: Hunter, M.C., Schipanski, M.E., Burgess, M.H., LaChance, J.C., Bradley, B.A., Barbercheck, M.E.,
Kaye, J.P. and Mortensen, D.A., 2019. Cover crop mixture effects on maize, soybean, and wheat yield in rotation.
Agricultural & Environmental Letters, 4(1). 11. Type: Journal Articles Status: Published Year Published: 2019
Citation: Kaye, J., Finney, D., White, C., Bradley, B., Schipanski, M., Alonso-Ayuso, M., Hunter, M., Burgess, M.
and Mejia, C., 2019. Managing nitrogen through cover crop species selection in the US mid-Atlantic. PloS one,
14(4), p.e0215448. 12. Type: Conference Papers and Presentations Status: Published Year Published: 2019
Citation: Barbercheck, M, Wallace, J., Hoover, R., Smyer, A., Esbenshade, W. Managing Organic Feed Grain
Crops for Soil Health: Reduced-Tillage and Cover Crops. PASA Farming for the Future Conference, 9 Feb. 2019.
3-hr workshop. 30 attendees. 13. Type: Conference Papers and Presentations Status: Published Year Published:
2019 Citation: Ahmad I., Jiménez-Gasco, M.D.M., Luthe, D.S. Shakeel S.N. & Barbercheck, M. (2019).
Endophytic Metarhizium robertsii enhances maize growth and suppresses insect growth by eliciting plant
defense. Plant Biology 2019, San Jose, CA, USA, Aug. 3-7, 2019. (Poster presentation) 14. Type: Conference
Papers and Presentations Status: Published Year Published: 2019 Citation: Ahmad I., Jiménez-Gasco, M.D.M.,
Luthe, D.S. Shakeel S.N. & Barbercheck, M. (2019). Endophytic Metarhiziumrobertsii affects maize growth and
gene expression and growth of black cutworm by eliciting plant defense. Society for Invertebrate Pathology 2019,
Valencia Spain, Jul. 28-Aug.1, 2019. (Oral presentation) 15. Type: Conference Papers and Presentations Status:
Published Year Published: 2018 Citation: Ahmad I., Flonc, B., Voortman, C., Jiménez-Gasco, M. D. M., Luthe, D.
S. & Barbercheck, M. (2018). Going underground: The ecology of a beneficial fungus in an organic
agroecosystem. North-East Cover Crop Council Meeting, State College, PA, USA. Nov. 15, 2018. (Poster
presentation) 16. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation:
Ahmad I., Voortman, C., Jiménez-Gasco, M. D. M., Luthe, D. S. & Barbercheck, M. (2018). Harnessing nature:
Role of beneficial soil-borne fungi in an agroecosystem. Pestworld2018, Orlando, FL, USA, Oct. 23-27, 2018.
(Oral presentation) 17. Type: Conference Papers and Presentations Status: Published Year Published: 2018
Citation: Ahmad I., Voortman, C., Jiménez-Gasco, M. D. M., Luthe, D. S. & Barbercheck, M. (2018). Going
underground: The ecology of a beneficial fungus in an organic agroecosystem. Plant Sciences Symposium,
University of lllinois, Urbana-Champaign, IL, USA. Sep. 6, 2018. (Poster presentation). 18. Type: Conference
Papers and Presentations Status: Published Year Published: 2019 Citation: White, C. New Tools for Nitrogen



Management with Cover Crops. 2019. Central Susquehanna Valley Organic Crop Producer Study Circle, New
Columbia, PA. 19. Type: Conference Papers and Presentations Status: Published Year Published: 2019 Citation:
Barbercheck, M., Voortman, C. 2019. Conservation of Metarhizium, a multifuctional beneficial fungus, in
agronomic crops. Eastern Branch Entomological Society of America Annual Meeting, Blacksburg, VA, March 9-
12, 2019 (Invited). 20. Type: Other Status: Other Year Published: 2018 Citation: Barbercheck, M. 2018. Women
farmers sustaining agriculture. Pasto Museum Women in Agriculture Day. Pasto Museum, Rock Springs, PA. 22
September 2018. 15 attendees, 13 women, 2 men. 21. Type: Other Status: Other Year Published: 2018 Citation:
Barbercheck, M., Regan, K., Baraibar, B. 2018. Kazakhstan Farmer tour of organic research sites at Russell E.
Larson Agricultural Research Center. 25 attendees. 17 September 2018 22. Type: Other Status: Other Year
Published: 2019 Citation: Barbercheck. 2019. Managing soil health on urban farms. Homewood Historical Farm.
Pittsburgh, PA. 13 July 2019. 35 attendees, 3 African American, 3 youth, 20 women. 23. Type: Other Status:
Published Year Published: 2018 Citation: Barbercheck, M. 2018. Boyd Station Serves Growing Market for
Processed Organic Soybeans. Field Crop News 20 September 2018. https://extension.psu.edu/boyd-station-
serves-growing-market-for-processed-orga nic-soybeans 24. Type: Conference Papers and Presentations Status:
Published Year Published: 2019 Citation: Jabbour, R., Francis, C., Barbercheck, M., Ullman, K, Organic
Agriculture Teaching and Learning in 2025: An Exercise in Visioning. (poster) June 18-21, 2019. University of
Southern Idaho, Twin Falls, ID 25. Type: Conference Papers and Presentations Status: Published Year
Published: 2018 Citation: Bradley, B., Murrell, E., Kaye, JP. 2018. Variation in mixture expression impacts on
nitrogen dynamics: Impact of seed rate adjustments overwhelmed by farm and year conditions. Northeast Cover
Crop Council Conference. November 15, State College (PA) (Poster) 26. Type: Conference Papers and
Presentations Status: Published Year Published: 2018 Citation: Baraibar, B., Bradley, B., White, C. 2018.
Planting date and nitrogen availability drive cover crop mixture expression. North East Cover Crop Council
Meeting. State College (PA)(Oral presentation) 27. Type: Other Status: Published Year Published: 2018 Citation:
Barbercheck, M., Ahmad, I., Voortman, C. 2018. Managing a beneficial soil fungus for insect control. Penn State
Extension. https://extension.psu.edu/managing-a-beneficial-soil-fungus-for-insect-control 28. Type: Conference
Papers and Presentations Status: Published Year Published: 2019 Citation: Hunter, M. 2019. Cover Crop
Mixtures for Organic Grain Farms. MN Organic Conference, St. Cloud, MN, Jan 10. 29. Type: Other Status:
Published Year Published: 2018 Citation: Barbercheck, M. 2018. Successful Transition to Organic at Banner
Farm. Field Crop News. 6 Sept. 2018. 30. Type: Other Status: Other Year Published: 2019 Citation: Ahmad I.,
Jiménez-Gasco, M.D.M., Luthe, D.S. Shakeel S.N. & Barbercheck, M. 2019. Conservation of a multifunctional
insect-pathogenic fungus in agroecosystems. Field Day, Russell E. Larson Agricultural Research Station, Rock
Springs, PA, Jun. 11, 2019. (Oral presentation) 31. Type: Other Status: Other Year Published: 2018 Citation:
Malsatzky, C. 2018. Choosing the right cover crop. Cornell Ulster New Landowner Workshop September. 28
participants. 32. Type: Other Status: Other Year Published: 2019 Citation: Malsatzky, C. 2018. Cover Crops 101.
Cornell Ulster New Farmer Program January. 19 participants 33. Type: Other Status: Other Year Published: 2019
Citation: Hartman, D., Busch, A. Wallace, J. 2019. Weed Control in Organic Systems. Central Susquehanna
Valley Organic Crop Producer Study Circle, New Columbia, PA. 29 registrants. 34. Type: Conference Papers and
Presentations Status: Published Year Published: 2018 Citation: Murrell, E. 2018. When Loess is More: Managing
Agricultural Soils to Improve Pest Resistance in Plants. Entomological Society of America, Vancouver, BC. 35.
Type: Conference Papers and Presentations Status: Published Year Published: 2019 Citation: Murrell, E. 2019.
Persistence of (Soil) Memory. Invited speaker in the special session: Improving the Definition of Ecological
Intensification in Agriculture in Hopes That It May Actually Deliver on High Expectations. Ecological Society of
America, Louisville, KY. 36. Type: Conference Papers and Presentations Status: Other Year Published: 2018
Citation: Murrell, E. 2018. The Long and the Short of It: Pest Management Strategies in Annual and Perennial
Cropping Systems. Invited seminar at the Entomology department, Kansas State University. 37. Type: Other
Status: Published Year Published: 2019 Citation: Cornelisse, S., Borrelli, K., Baraibar, B., Barbercheck, M. 2019.
Organic Grain Crop Enterprise Budgets. https://extension.psu.edu/organic-grain-crop-enterprise-budgets

2017/09 TO 2018/08 What was accomplished under these goals? To meet our first and second goals, we
conducted an experiment at Penn State\'s Russell E. Larson Agricultural Research and Education Center and at
our eight farmer collaborators\' farms. At the research station, we planted cover crop monocultures and mixtures
in August 2017 and monitored all grower-identified priorities throughout the growing season (Research objective
1). In 2017, we planted cover crops on 16 August (after wheat) and no-till planted cereal rye on November 17
after corn grain harvest. We planted wheat after soybeans after applying 20 T/A of manure. Post-wheat cover
crops were sampled repeatedly during this reporting period to determine seedling emergence, pre- and post-
cover crop termination insect and natural enemy communities, late-season armyworm damage in corn, soil fall
biomass production, weed pressure in the fall and spring, winter survival, spring biomass production, nutrient
uptake and potential for N loss through leaching using buried anion resins, and bucket lysimeter captures. We
periodically measured several soil characteristics, including soil pH, electrical conductivity, labile organic matter,
gravimetric soil water content, and matric potential. Cover crops were terminated on 23 May 2018. After cover



crop termination, plots were tilled, and we applied manure. We planted corn on 8 June, tine weeded one time and
cultivated 2 times. On 21 June, we applied Chilean nitrate to subplots to assess N-limitation of treatments on corn
yields contribution of nitrogen from cover crops. We planted cereal rye after soybean harvest. We sampled plots
previously planted to Austrian winter pea and triticale for weed and cover crop biomass in the fall and in spring
prior to termination. These treatment plots represented the highest and lowest plots regarding nitrogen
provisioning to the following corn. We also sampled fallow plots as a no-cover crop control. We terminated cereal
rye on 1 June, and tilled and planted soybeans on 18 June. On-farm research. Our same 2016 eight farmer
collaborators from across Pennsylvania and New York planted the same 5 species mixture (\"standard mix\")
during the summer and fall of 2017. A \"farm-tuned\" mixture of the same five species was also planted in each
farm in which each farmer optimized seeding rates with the objective to ensure an even expression of all the
species in the mixture and provide farmer-identified goals (Research and Outreach objective 2). Prior to planting,
we sampled soils at each farm for micro- and macronutrients, pH, organic matter and electric conductivity, and
prevalence of Metarhizium spp. We buried anion resin bags in four of the eight farms to measure potential nitrate
leaching. At all farms, we sampled cover crop and weed biomass in November before the first frost and in spring,
prior to cover crop termination. In spring, we sampled insect communities in the cover crops with a sweep net.
We terminated all cover crop mixtures (standard and farm-tuned) in April and May, depending on farm location
and local practices, and planted corn. We measured corn leaf area at peak biomass to estimate N uptake by the
crop. We will estimate corn yield at harvest. Complementary on-farm research: For the second year in a row and
in order to emulate the climatic and soil nutrient scenarios on the participant farms and estimate the influence of
GDD and soil N status on cover crop mixture expression, we planted the 5-species standard mixture on three
planting dates (4 and 22 August and 12 September) in a randomized complete block design experiment with 4
replicates at the research station. Immediately before each planting date, we applied Chilean nitrate to half of
each treatment plot. We sampled cover crop and weed biomass for each planting date treatment in the fall and
spring in the same manner as the main experiment. Our preliminary results show that planting date and soil N
availability modify the composition of cover crop mixtures. We conducted a field day in December 2017 at Hougar
Farms. Forty participants attended the field day. At the field day, we featured cover crop research and fostered
information sharing and co-learning among famers about cover crop mixture design and expression (goal 2,
Objective 3). Additionally, two study circles convened in February and March 2018 to discuss organic production
topics, including cover crop mixtures. To further expand our outreach impact, some team members recorded a
podcast entitled \"Cover Crop Cocktails with Ebony Murrell and Mac Burgess\", sponsored by ASA/CSSA/SSSA,
and we produced two extension videos on \"calculating seeding rates for cover crop mixtures\" and \"choosing the
right species for a mix\". We also featured the cover crop mixtures research at the Penn State Soil Health
Diagnostic Clinic and produced and distributed a project newsletter in spring 2018. Finally, to meet our third goal,
we have designed 3 educational modules for undergraduate courses at Penn State, our two collaborating
universities (Delaware State and University of Maryland Eastern Shore) and several other instructors across
universities and colleges in the North East. We are currently gathering feedback from our collaborators before we
can start distributing the materials for instructors to use (Educational Objective 5). **PUBLICATIONS (not
previously reported):** 2017/09 TO 2018/08 1. Type: Conference Papers and Presentations Status: Published
Year Published: 2017 Citation: Hunter MC, Mortensen DA. 2017. Cover crops and drought: implications for
climate resilience (poster). Sustainable Agriculture Systems Research Symposium, Penn State University,
University Park, PA, Mar 31. 2. Type: Conference Papers and Presentations Status: Published Year Published:
2017 Citation: Hunter MC, Mortensen DA. 2017. Cover crops and drought: implications for climate resilience
(poster). Gamma Sigma Delta Research Expo, Penn State University, University Park, PA, Mar 28. 3. Type:
Conference Papers and Presentations Status: Published Year Published: 2018 Citation: Ahmad |, Mullen C,
Jimenez-Gasco M, Luthe D, Barbercheck M. 2018. Going underground: The ecology of a beneficial fungus in an
organic agroecosystem. Plant Sciences Symposium, University of lllinois, Urbana-Champaign, IL, USA. (poster
presentation) 4. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation:
Ahmad I, Mullen C, Jimenez-Gasco M, Luthe D, Barbercheck M. 2018. Going underground: The ecology of a
beneficial fungus in an organic agroecosystem. Penn State Plant Biology Symposium. (poster presentation) 5.
Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation: Ahmad I, Flonc B,
Mullen C, Jimenez-Gasco M, Luthe D, Barbercheck M. 2018. Going underground: The ecology of a beneficial
fungus in an organic agroecosystem. 8th Annual PSU Sustainable Cropping Systems Symposium, Penn State,
PA, USA. (poster presentation) 6. Type: Conference Papers and Presentations Status: Published Year
Published: 2018 Citation: Ahmad I, Flonc B, Mullen C, Jimenez-Gasco M, Luthe D, Barbercheck M. 2018. Going
underground: The ecology of a beneficial fungus in an organic agroecosystem. Farming for the future, organized
by PASA, Penn State, PA, USA. (Poster presentation) 7. Type: Conference Papers and Presentations Status:
Published Year Published: 2017 Citation: Ahmad |, Mullen C, Barbercheck M, Luthe D, Jimenez-Gasco M. 2017.
Metarhizium: A Multifunctional Fungal Bodyguard of Plants. Bioinformatics & Genomics Retreat 2017, Huck
Institutes of Life Sciences, Penn State, PA, USA, 22-23rd Sep. 2017. (Poster Presentation) 8. Type: Conference
Papers and Presentations Status: Published Year Published: 2018 Citation: Mejia C, Kaye J. 2018. Testing the



erosion protection potential of three different cover crops. 8th Annual PSU Sustainable Cropping Systems
Symposium, State College, PA. April 2018. (Poster Presentation) 9. Type: Conference Papers and Presentations
Status: Published Year Published: 2017 Citation: Amsili J, Kaye J. 2017. Root traits of winter annual cover crops
as monocultures and mixtures. Soil Science Society of America Annual Meeting. Tampa, FL. 24 October 2017.
10. Type: Conference Papers and Presentations Status: Published Year Published: 2017 Citation: Amsili J, Kaye
J. 2017. Root traits of winter annual cover crops as monocultures and mixtures. Northeast Cover Crops Council
Annual Meeting. Ithaca, NY . 9 November 2017 11. Type: Conference Papers and Presentations Status:
Published Year Published: 2018 Citation: Amsili J, Kaye J. 2018. Cover crop root traits and carbon inputs in an
organic grain rotation. 8th Annual PSU Sustainable Cropping Systems Symposium. State College, PA . 6 April
2018. 12. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation: Amsili J,
Kaye J. 2018. Cover crop root traits and carbon inputs in an organic grain rotation. 21st Annual Environmental
Chemistry and Microbiology Student Symposium. State College, PA. 14 April 2018. 13. Type: Conference Papers
and Presentations Status: Published Year Published: 2018 Citation: Elizondo E, Murrel E, Kaye J. Nitrogen input
from cover crops affects protein content in corn grain. 2018. 8th Annual PSU Sustainable Cropping Systems
Symposium, State College, PA. April 2018. (Poster Presentation) 14. Type: Conference Papers and
Presentations Status: Published Year Published: 2018 Citation: Barbercheck, M. 2018. Effects of cover crops on
invertebrate pests and their natural enemies in conservation tillage systems. 2018 North Central Branch ESA
Meeting, March 18-21, 2018, Madison, WI. Invited Symposium (Influence of Cover Crops on Crop Insect
Management) 15. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation:
Flonc, B., Ahmad, I., Mullen, C., Barbercheck M.E. 2018. Can fungi make caterpillars picky eaters? Effects of
endophytic Metarhizium on corn (Zea mays) and fall armyworm (Spodoptera frugiperda). 2018 Eastern Branch
ESA Meeting, March 17-19, 2018, Annapolis, MD. 16. Type: Conference Papers and Presentations Status:
Published Year Published: 2018 Citation: Barbercheck, M. 2018. Restructuring plant-associated arthropod
composition. Workshop on \"Manipulating phytobiomes: challenges and opportunities,\" Wild and Tamed
Phytobiomes:21st Penn State Plant Biology Symposium, June 19-22, 2018. University Park, PA. (Invited oral
presentation) 17. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation:
Barbercheck, M. 2018. Farming and fungi: Agroecosystem impacts on a multifunctional fungus in an organic
cropping system. Wild and Tamed Phytobiomes:21st Penn State Plant Biology Symposium, June 19-22, 2018.
University Park, PA. (Invited plenary presentation) 18. Type: Conference Papers and Presentations Status:
Published Year Published: 2018 Citation: Ahmad |, Flonc B, Barbercheck M, Mullen C, Jimenez-Gasco M, Luthe
D. 2018. Going underground: The role of a beneficial fungus in organic cropping systems. Wild and Tamed
Phytobiomes:21st Penn State Plant Biology Symposium, June 19-22, 2018. University Park, PA. (Poster
presentation) 19. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation:
Flonc B, Ahmad I, Mullen C, Barbercheck ME. 2018. Can fungi make caterpillars picky eaters? Effects of
endophytic Metarhizium on corn (Zea mays) and fall armyworm (Spodoptera frugiperda). Wild and Tamed
Phytobiomes:21st Penn State Plant Biology Symposium, June 19-22, 2018. University Park, PA. (Poster
presentation) 20. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation:
Baraibar B, Mortensen D. 2018. Cover crops mediate weed ? corn competition. 2018 Annual meeting of the
Weed Science Society of America. Arlington, Virginia, January 2018. (oral presentation) 21. Type: Conference
Papers and Presentations Status: Published Year Published: 2018 Citation: Finney DM. 2018. Ecosystem
services from cover crop mixtures and monocultures in an organic feed and forage rotation. Organic Farming
Research Foundation Organic Farming Research Conference. New Brunswick, NJ. 22. Type: Journal Articles
Status: Published Year Published: 2017 Citation: Finney DM, Murrell EG, White CM, Baraibar B, Barbercheck
ME, Bradley BA, Cornelisse, S, Hunter MC, Kaye JP, Mullen CA, Mortensen DA. 2017. Ecosystem services and
disservices are bundled in simple and diverse cover cropping systems. Agricultural and Environmental Letters
2:170033. 23. Type: Journal Articles Status: Published Year Published: 2017 Citation: Baraibar B, Hunter MC,
Schipanski ME, Hamilton A, Mortensen DA. 2017. Weed suppression in cover crop monocultures and mixtures.
Weed Sci. doi:10.1017/wsc.2017.59 24. Type: Journal Articles Status: Published Year Published: 2018 Citation:
Randhawa PK, Mullen C, Barbercheck M. 2018. Plant identity, but not diversity, and agroecosystem
characteristics affect the occurrence of M. robertsii in an organic cropping system. Biological Control 124:18-29.
https://doi.org/10.1016/j.biocontrol.2018.06.001 25. Type: Journal Articles Status: Under Review Year Published:
2018 Citation: Murrell EG, Ray S, Lemmon ME, Luthe DS, Kaye JP. In review. Cover crops produce legacy
effects on mycorrhizal colonization, induced plant defenses, and pest insect performance in maize. Renewable
Agriculture and Food Systems. 26. Type: Journal Articles Status: Under Review Year Published: 2018 Citation:
Cloutier M, Murrell EG, Barbercheck ME, Kaye JP, Finney DM, Gonz?lez IG, Bruns MA. In review. Cover crop
type and soil texture shape fungal assemblages and functions in a multi-species cover crop experiment. Applied
Soil Ecology. 27. Type: Other Status: Published Year Published: 2017 Citation: Murrell E, Regan K, Barbercheck
M. 2017. Soil Health Diagnostic Clinic. PSU Agronomy Research Farm. July 20, 2017. 28. Type: Other Status:
Published Year Published: 2017 Citation: Malsatzki C. 2017. Cornell Cooperative Extension of Ulster County New
& Beginning Farmer/Landowner Series 11/17. 29. Type: Other Status: Published Year Published: 2017 Citation:



Malsatzki C. 2017. Small grains grower meeting: Cover crop uses, ideas, and application?. 30. Type: Other
Status: Published Year Published: 2018 Citation: Barbercheck M. 2018. Organic Agriculture: A growing
opportunity for Pennsylvania farmers. Farm Bureau Commodity Committee Meeting. Camp Hill, PA. 10 July
2018. 31. Type: Other Status: Published Year Published: 2018 Citation: Barbercheck M. 2018. Soil health and
pest management. Mid-Atlantic Fruit and Vegetable Convention. Hershey, PA. 31 January 2018. 32. Type:
Conference Papers and Presentations Status: Published Year Published: 2018 Citation: Barbercheck M, Baraibar
B, Mortensen D. 2018. Putting cover crop mixtures to work: Lessons from 8 farms in PA and NY. PASA Farming
for the Future Conference, 8 Feb. 2018. 4-hr workshop. 33. Type: Conference Papers and Presentations Status:
Published Year Published: 2018 Citation: Barbercheck M, Gareau T, Smith T, Mortensen D. 2018. Using spider
plots to understand multifunctionality of agroecosystems. Workshop on teaching organic agriculture. June 10 ?
12, 2018. Ames, lowa. Invited oral presentation. 34. Type: Other Status: Published Year Published: 2018
Citation: Regan K, Baraibar B. 2018. Penn State University Cover Crop/Reduced Tillage Field Day for
Argentinian Farmers. 17 May 2018. 35. Type: Websites Status: Published Year Published: 2018 Citation:
Barbercheck M, Ahmad I, Mullen C. 2018. Managing a Beneficial Soil Fungus for Insect Control.
https://extension.psu.edu/managing-a-beneficial-soil-fungus-for-insect-control 36. Type: Theses/Dissertations
Status: Published Year Published: 2018 Citation: Amsili J. 2018. 37. Type: Theses/Dissertations Status: Awaiting
Publication Year Published: 2018 Citation: Amsili J. 2018. Root traits of cover crops and their influence on soil
organic carbon stabilization. Master thesis. Penn State 38. Type: Theses/Dissertations Status: Awaiting
Publication Year Published: 2018 Citation: Hunter M. 2018. Agroecological Diversification and Climate
Resilience. PhD Thesis. Penn State University 39. Type: Other Status: Published Year Published: 2017 Citation:
Schmidt E, Regan K, Barbercheck M. 2017. Seedcorn Maggot as a Pest of Corn and Other Large-Seeded Crops.
Updated Fact Sheet. http://ento.psu.edu/extension/factsheets/seedcorn-maggot-as-a-pest-of-corn-and- other-
large-seeded-crops

2016/09 TO 2017/08 What was accomplished under these goals? To meet our first and second goals, we
conducted an experiment at Penn State\'s Russell E. Larson Agricultural Research and Education Center and at
our eight farmer collaborators\' farms. At the research station, we planted cover crop monocultures and mixtures
in August 2016 and monitored all grower-identified priorities throughout the growing season (Research objective
1). In 2016, we planted cover crops on 24 August (after wheat) and no-till planted cereal rye on November 2 after
corn grain harvest. We planted wheat after soybeans after applying 20 T/A of manure. Post-wheat cover crops
were sampled repeatedly during this reporting period to determine seedling emergence, pre- and post- cover crop
termination insect and natural enemy communities, late-season armyworm damage in corn, soil fall biomass
production, weed pressure in the fall and spring, winter survival, spring biomass production, nutrient uptake and
potential for N loss through leaching using buried anion resins, and bucket lysimeter captures. In addition, we
periodically measured several soil characteristics, including soil pH, electrical conductivity, labile organic matter,
gravimetric soil water content, and matric potential. We also completed deep soil cores to 80 cm in spring before
cover crop termination, as well as biological soil sampling for microbial analysis. Cover crops were terminated on
4 May 2017. After cover crop termination, plots were tilled and manure was applied. We planted corn on 2 June
and tine weeded three times. On 21 June, we applied Chilean nitrate to subplots to assess N-limitation of
treatments on corn yields and the contribution of nitrogen from cover crops. We planted cereal rye after soybean
harvest. We sampled plots previously planted to Austrian winter pea and cereal rye for weed and cover crop
biomass in the fall and in spring prior to termination. These treatment plots represented the highest and lowest
plots regarding nitrogen provisioning to the following corn. We sampled fallow plots as a no-cover crop control.
We terminated cereal rye on 18 May 18, and tilled and planted soybeans on 6 June. On-farm research. Eight
farmer collaborators across Pennsylvania and New York planted the same 5 species mixture (\"standard mix\")
during the summer and fall of 2016. We selected farms to span a wide range of growing season lengths (growing
degree days) and nitrogen availability (number of years the field had been farmed organically). A \"farm-tuned\"
mixture of the same five species was also planted in each farm in which each farmer optimized seeding rates with
the objective to ensure an even expression of all the species in the mixture and provide farmer-identified goals
(Research and Outreach objective 2). Prior to planting, we sampled soils at each farm for micro- and
macronutrients, pH, organic matter and electric conductivity, and prevalence of Metarhizium spp. We buried
anion resin bags in four of the eight farms to measure potential nitrate leaching. At all farms, we sampled cover
crop and weed biomass in November before the first frost and in spring, prior to cover crop termination. In spring,
we sampled insect communities in the cover crops with a sweep net. We terminated all cover crop mixtures
(standard and farm-tuned) in April and May, depending on farm location and local practices, and planted corn.
We measured corn leaf area at peak biomass to estimate N uptake by the crop and we will estimate corn yield at
harvest. Complementary on-farm research: To emulate the climatic and soil nutrient scenarios on the participant
farms, and estimate the influence of GDD and soil N status on cover crop mixture expression, we planted the 5-
species standard mixture on three planting dates (3 and 24 August and 7 September) in a randomized complete
block design experiment with 4 replicates at the research station. Prior to starting the experiment, we applied



manure to the whole site to reduce fertility heterogeneity. Immediately before each planting date, we applied
Chilean nitrate to half of each treatment plot. We sampled cover crop and weed biomass for each planting date
treatment in the fall and spring in the same manner as the main experiment. We terminated cover crops on the
same date as in the main research-station experiment. We conducted two field days: in October at Charvin
Farms, and in May at Stone House farms. Forty seven participants attended the field day in October and 25
participated in May. At both field days, we featured cover crop research and fostered information sharing and co-
learning among famers about cover crop mixture design and expression (goal 2, Objective 3). Additionally, four
study circles convened to discuss organic production topics, including cover crop mixtures. To further expand our
outreach impact, we created three educational video clips that will be available on the internet and during farmer
meetings to showcase results of our cover crop research (goal 2, Outreach objective 4). We also produced and
distributed a project newsletter in spring 2017 and are currently producing a fall edition. Finally, to meet our third
goal, we are designing educational materials for undergraduate courses at Penn State and our two collaborating
universities (Delaware State and University of Maryland Eastern Shore). A project network meeting will take place
in early November to progress this goal (Educational Objective 5). **PUBLICATIONS (not previously reported):**
2016/09 TO 2017/08 1. Type: Journal Articles Status: Published Year Published: 2017 Citation: Finney, D.M.,
Buyer J.S., and Kaye J.P. (2017) Living cover crops have immediate impacts on soil microbial community
structure and function. Journal of Soil and Water Conservation. July/August 2017 vol. 72 no. 4 361-373. doi:
10.2489/jswc.72.4.361 2. Type: Journal Articles Status: Published Year Published: 2017 Citation: Finney, D.M.
and Kaye J.P. (2017) Functional diversity in cover crop polycultures increases multifunctionality of an agricultural
system. Journal of Applied Ecology. doi: 10.1111/1365-2664.12765 3. Type: Journal Articles Status: Published
Year Published: 2017 Citation: Kaye, J.P., and Quemada M. (2017) Using cover crops to mitigate and adapt to
climate change: A review. Agronomy for Sustainable Development 37. DOI 10.1007/s13593-016-0410-x 4. Type:
Journal Articles Status: Published Year Published: 2017 Citation: Schipanski, M., Barbercheck M.E., Murrell E.G.,
Harper J., Finney D.M., Kaye J.P., Smith R.E., and Mortensen D.A. (2017) Balancing multiple objectives in
organic feed and forage cropping systems. Agriculture, Ecosystems & Environment. 239:219-227. 5. Type:
Journal Articles Status: Published Year Published: 2017 Citation: White, C.M., DuPont, S.T., Hautau, M.,
Hartman, D., Finney, D.M., Bradley, B., LaChance, J.C., Kaye, J.P. (2017) Managing the trade off between
nitrogen supply and retention with cover crop mixtures. Agric. Ecosyst. Environ. 237, 121?133.
doi:10.1016/j.agee.2016.12.016 6. Type: Journal Articles Status: Published Year Published: 2017 Citation:
Murrell, E.G., M.E. Schipanski, D.M. Finney, M.C. Hunter, M. Burgess, J.C. LaChance, B. Baraibar, C.M. White,
D.A. Mortensen, and J.P. Kaye. (2017) Achieving diverse cover crop mixtures: Effects of planting date and
seeding rate. Agronomy Journal, 109:2597271. doi:10.2134/agronj2016.03.0174 7. Type: Conference Papers
and Presentations Status: Published Year Published: 2016 Citation: Hunter, M.C., D.A. Mortensen. 2016. Cover
Crops and Drought: Implications for Climate Resilience. ASA, CSSA and SSSA International Annual Meetings,
Phoenix, AZ, Nov 7. 8. Type: Conference Papers and Presentations Status: Published Year Published: 2017
Citation: White, C., D. Finney, M. Hunter, B. Baraibar Padro, E. Murrell, J. Hinds, M. Barbercheck, D. Mortensen,
and J. Kaye. 2016. Multifunctionality of cover crop mixtures in an organic grain and forage cropping system. In
Can Cover Crop Mixtures Maximize Agro-Ecosystem Services? Annual Meeting, American Society of Agronomy.
Phoenix, AZ. 9 November, 2016. 9. Type: Conference Papers and Presentations Status: Published Year
Published: 2016 Citation: White, C.M. A. Kemanian, and J.P. Kaye. 2016. Predicting Corn Yield with a Soil
Organic Matter Test and Cover Crop Nitrogen Credits. ASA/CSSA/SSSA International Annual Meetings. Phoenix,
AZ. 10. Type: Conference Papers and Presentations Status: Published Year Published: 2017 Citation: Kaye, J.P.
2017. Using cover crops to adapt to climate change. Chesapeake Bay Program Science and Technical Advisory
Team workshop on Monitoring and Assessing Impacts of Changes in Weather Patterns and Extreme Events on
BMP siteing and design. Annapolis, MD. September 7, 2017. 11. Type: Other Status: Published Year Published:
2017 Citation: Flonc, B. M. Barbercheck, and C. Mullen. 2017. Does endophytic Metarhizium make fall armyworm
picky eaters? 7th Annual PSU Sustainable Cropping Systems Symposium, PSU, 31 March 2017. Poster 12.
Type: Other Status: Published Year Published: 2017 Citation: Ahmad |, Barbercheck ME, Mullen C, Luthe DS,
Jimnez-Gasco M. 2017. Metarhizium: A Multifunctional Fungal Bodyguard of Plants. Post-Doctoral Research
Exhibition and Bioinformatics & Genomics Retreat 2017. Penn State, PA, US. Poster 13. Type: Other Status:
Published Year Published: 2017 Citation: Amsili, Joseph and Jason Kaye. 2017. Root Traits of Winter Annual
Cover Crops: Monocultures and Mixtures Poster. 7th Annual PSU Sustainable Cropping Systems Symposium. 31
March 2017. Poster 14. Type: Other Status: Published Year Published: 2017 Citation: Baraibar B., Bradley B,
White C. 2017. What you plant is not always what you get: How planting date and nutrients affect cover crop
mixture expression and weediness. Post-doc research exhibition Penn State. September 2017. First prize award.
Poster 15. Type: Theses/Dissertations Status: Published Year Published: 2017 Citation: Randhawa, P. 2017.
EFFECT OF COVER CROPS AND SOIL CHARACTERISTICS ON THE OCCURRENCE OF METARHIZIUM
ROBERTSII IN AN ORGANIC CROPPING SYSTEM. MSc Thesis, Dept. of Entomology, Pennsylvania State
University 16. Type: Other Status: Published Year Published: 2017 Citation: Schmidt, E., K. Regan, and M.
Barbercheck. 2017. Seedcorn Maggot as a Pest of Corn and Other Large-Seeded Crops. Updated Fact Sheet.



http://ento.psu.edu/extension/factsheets/seedcorn-maggot-as-a-pest-of-corn-and- other-large-seeded-crops 17.
Type: Other Status: Published Year Published: 2017 Citation: Hunter, M.C., C.M. White. 2017. Optimizing Cover
Crop Seed Mixtures for Soil Health and Nutrient Retention. Partnership for Agricultural Resource Management
Webinar, Jun 27. http://bit.ly/2uSkOOG. 18. Type: Other Status: Published Year Published: 2017 Citation:
Barbercheck, M. Fungal Endophytes: Fungi that Facilitate Farming Penn State Extension Sustainable Agriculture
Webinar Series focused on Cropping Strategies for Managing Soil Health. February 6th. 2017. 56 attendees 19.
Type: Other Status: Published Year Published: 2017 Citation: White, C. 2017. Crediting Nitrogen from Cover
Crops and Soil Organic Matter. Cropping Strategies for Managing Soil Health Webinar Series. Penn State
Extension: University Park, PA. 20 February 2017. 20. Type: Other Status: Published Year Published: 2017
Citation: White, C. 2017. Getting more from your cover crop with species mixtures. Mid-Atlantic Fruit and
Vegetable Convention. Pennsylvania Vegetable Growers Association: Hershey, PA. 1 February 2017. 21. Type:
Other Status: Published Year Published: 2017 Citation: White, C. 2017. Crediting Nitrogen from Cover Crops and
Soil Organic Matter. Pennsylvania Agronomic Education Society Conference. State College, PA. 19 January
2017. 22. Type: Conference Papers and Presentations Status: Published Year Published: 2017 Citation: Hinds,
J., Barbercheck, M.E., Hagler, J. 2017 Impacts of cover crop diversification on attraction, dispersal, and pest
suppression by generalist predators. Newport, RI. Invited Speaker for Mark Recapture Symposium. 23. Type:
Conference Papers and Presentations Status: Published Year Published: 2017 Citation: Hinds, J and
Barbercheck, M. 2017. Impacts of cover crop diversification on attraction, dispersal, and pest suppression by
generalist predators. USDA Arid Land Agricultural Research Center. Maricopa, AZ. Invited Speaker Presentation
24. Type: Conference Papers and Presentations Status: Published Year Published: 2017 Citation: Regan, K., M.
Barbercheck. Argentinian Organic Farmer Delegation Visit. Insects in organic cropping systems. 13 June, 2017.
15 attendees. 25. Type: Conference Papers and Presentations Status: Published Year Published: 2017 Citation:
Barbercheck, M. Crop Management and Soil Health: Is Your Soil Alive? Agronomy Team Diagnostic Clinic
workshop, July 18 and 19, 2017. 26. Type: Conference Papers and Presentations Status: Published Year
Published: 2017 Citation: Barbercheck, M. Pest and beneficial insects and Soil Health at the Penn State student
farm. Workshop. Saturday Aug. 5, 2017. The Student Farm at Penn State. 27. Type: Conference Papers and
Presentations Status: Published Year Published: 2017 Citation: Murrell, E., M. Hunter, M. Barbercheck, J. Kaye,
Bosak L. 2016. Designing Cover Crop Mixtures to Provide Multiple Benefits. Cover Crop Field Day, Mifflin, PA,
Oct 6. 47 participants 28. Type: Conference Papers and Presentations Status: Published Year Published: 2017
Citation: Barbercheck, M. Cover crop mixtures and insect-parasitic fungi in organic cropping systems. Organic
Cropping Systems Field Day. 6 October 2016. Charvin Farm, Mifflin, PA. 9:00 am ? 2:00 pm. 29. Type:
Conference Papers and Presentations Status: Published Year Published: 2017 Citation: Barbercheck, M. Co-
organizer (w/Katie Miller). USAID East Africa Delegation visit to discuss research and extension on cover crops,
reduced tillage, and soil health in organic cropping systems. 10 October 2016. 11:00 am ? 3:00 pm, Russell E.
Larsen Research Center, Rock Springs, PA. 30. Type: Other Status: Published Year Published: 2017 Citation:
Central Susquehanna Organic Crop Growers Network learning circle meeting. February 23, 2017. Tillage and
weed control equipment. New Columbia, Union County (21 attendants) 31. Type: Other Status: Published Year
Published: 2017 Citation: Central Susquehanna Organic Crop Growers Network learning circle meeting. March
23, 2017. Cover crops and market opportunities. New Columbia, Union County (16 attendants) 32. Type: Other
Status: Published Year Published: 2017 Citation: Organic Field Crop Study Circle. February 7, 2017. Tools of the
Trade: Equipment for Weed Management. Lancaster county (23 participants) 33. Type: Other Status: Published
Year Published: 2017 Citation: Organic Field Crop Study Circle, March 28, 2017. Growing and Selling Organic
Small Grains. Dauphin county (11 participants)

2015/09 TO 2016/08 What was accomplished under these goals? Toward Objective 1, we planted a cover crop
diversity experiment at Penn State\'s experimental farm.The experiment is a full-entry, randomized block design
with 12 cover crop treatments planted within a corn-soybean-wheat rotation. The treatments are fallow control, 6
monocultures (crimson clover, Austrian winter pea, oats, triticale, canola, and forage radish), a two species mix
(pea and triticale),two three species mixes (pea,clover, triticale or radish, oat, pea), afive species mix (red clover,
crimson clover, pea, canola, triticale), anda 6 species mix thatincluded all species grown in monoculture. These
new cover crop monocultures and mixtures were planted as planned on the research station on August 2015 and
we have been monitoring all grower identified priorities throughout the cover crop growing season (Objective 1).
Our2015 cover crop cocktails were planted on August 17th (after wheat) and cereal rye was no-till planted on
October 27th after corn for grain was harvested. Wheat was planted after soybeans after applying 20 T/A of
manure (5 tones/A more than in previous years to try to improve yields). On average, extra manure addition has
improved yields by 1000Ib/A. Post-wheat cover crops were sampled repeatedly during this reporting period to
determine seedling emergence, fall biomass production, weed pressure in the fall and spring, winter survival,
spring biomass production and nutrient uptake. Cover crop and weed sampling included biomass clipping in fall
and spring and sorting to cover crop and weed species. Nutrient retention was measured using several
strategies, including measuring cover crop N uptake through elemental analysis of dried cover crop biomass, and



by using field lysimeters and anion resin bags for nitrate leaching potential. We also completed deep soil cores to
80 cm in spring before cover crop termination, as well as biological soil sampling for microbial analysis. Cover
crops were terminated on May 5th. After cover crop termination, plots were tilled and manure was added to all
plots. Corn was planted on May 26th and tine weeded three times. On June 30th, Chilean nitrate was added to a
small area within those plots to try to achieve maximum corn yields and be able to fully elucidate the contribution
of nitrogen from cover crops to corn yields. A subset of the cereal rye planted plots was sampled for weed and
cover crop biomass in spring prior to termination. The sampled plots were those which during the previous project
had been planted to Austrian winter pea and cereal rye since they represented the highest and lowest plots
regarding nitrogen provisioning to the following corn. Fallow plots were also sampled as a no-cover crop control.
Cereal rye cover crops were terminated on May 16th, plots were tilled and planted to soybeans on June 1st. Soil
water content and year round bucket lysimeter data in the corn and soybean cash cropswerecollected. We also
monitored early season arthropod dynamics both before cover crop termination and late-season armyworm
damage in corn. In the pre-corn plots, we also analyzed soil pH, electrical conductivity, labile organic matter,
metric potential and prevalence of Metarhizium spp. The on-farm research component of the project (Objective 2)
where farmers would be planting a 5 species standard mix and a \"farm-tuned\" mix has started during the
summer of 2016. We used the winter and spring periods to get in contact with farmer collaborators and the
extension educators involved in the project. In February 2016 we had a very productive and engaging advisory
board meeting, attended by 9 farmers and 7 extension educators, as well as representatives from PASA
(Pennsylvania Association of Sustainable Agriculture), PCO (Pennsylvania Certified Organic) and the cover crop
seed industry. During the meeting researchers, farmers, extension educators, industry and NGO participants
learnt from each other\'s experiences using cover crop cocktails and we discussed how to \"farm tune\" cover
crop mixtures to meet the farmer collaborators specific goals. These exercises were useful to prepare the cover
crop cocktails design that would take place in the spring. After the meeting, and during spring 2016 all farms were
visited by team member Murrell to choose experimental fields and discuss about cover crop planting logistics for
the summer. Cover crop mixtures were planted during the writing of this report. At the research station, we are
also currently conducting asecond experiment to complement the on-farm work. Our experiment tries to resemble
the different climatic and soil nutrient scenarios present on the participant farms, in order to assess how they may
influence cover crop mixture expression. To do so, the standard 5 species mix is being planted on three different
dates (early, middle and late August) with two fertility levels (no nitrogen added and Chilean nitrate) in a split plot
design with 4 blocks. We are measuring the impact of this climate and N variation on the growth of each species
in the mixtures to improve predictions of how these factors lead to dominance or evenness of cover crop species
in mature cover crop stands. A field day to be held in October is currently being organized to foster information
sharing and co-learning among famers about cover crop cocktail design and expression (Objective 3). Since this
is the first year of the project, we haven\'t created any informational resources about the current experiment yet
(Outreach objective 4). However, based on the information gathered during the previous funded OREI project, we
are producing extension materials to be used by farmers and educators to learn about cover crop mixtures
benefits and challenges. For example, we are working on the editing of three short video clips to be disseminated
on the internet and during farmer\'s meetings to show cast the results of our previous research about cover crop
cocktails. We notinitiated work on Educational Objective 5 yet. **PUBLICATIONS (not previously reported):**
2015/09 TO 2016/08 1. Type: Other Status: Published Year Published: 2016 Citation: Barbercheck, M., W.S.
Curran. 2016. Ch. 11. Organic Crop Production. Pp 137 ? 146 in: The Agronomy Guide 2015-2016. AGRS026. 2.
Type: Other Status: Other Year Published: 2016 Citation: Rodale Institute/Argentinian Organic Farmer Delegation
Visit. June 14, 2016. 10:00 am ? 3:30 pm, Russell E. Larsen Research Center, Rock Springs, PA. 3. Type: Other
Status: Other Year Published: 2016 Citation: Hunter, M. and C. White. 2016. Making the Most of Cover Crop
Mixtures. Cover Crops for Soil Health: A Northeast SARE Professional Development Workshop, Baltimore, MD,
Mar 29. 4. Type: Conference Papers and Presentations Status: Other Year Published: 2016 Citation: Hunter, M.,
J. Lachance, C. White. 2015. Cover Crops: Where are we now? What about mixes? Atlantic Seed Association
63rd Annual Convention, Gettysburg, PA, Oct 3. 5. Type: Other Status: Other Year Published: 2016 Citation:
Baraibar, B., Mortensen, D., Murrel, E., White, C., Regan, K., Randawa, P. June 2016. Cover crop mixtures for
organic farming. Argentinian Delegation visit. 15 attendees. 6. Type: Conference Papers and Presentations
Status: Other Year Published: 2016 Citation: Finney, D.M. and S.B. Mirsky. July 2016. Customizing cover crop
species mixtures to meet farmer needs and the behavior of cover crop mixtures. Southern Cover Crop
Conference. Goldsboro, NC. (200 participants) 7. Type: Other Status: Other Year Published: 2016 Citation:
Finney, D.M. December 2015. Farm-tuning soil fertility with cover crop mixtures. Organic Vegetable Production
Intensive. Penn State Extension. Easton, PA. (50 participants) 8. Type: Other Status: Other Year Published: 2016
Citation: White, C. 2016. Farm-tuning cover crop mixtures: Finding the right cover crop for your soil. Columbia
County Ag Day: Bloomsburg, PA. 24 February 2016. 150 people attended. 9. Type: Other Status: Other Year
Published: 2016 Citation: Hartman, D. 2016. Organic Grower Study Circle. Union County. 25 people attended.
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NON-TECHNICAL SUMMARY

Recent successes in building New England\'s local organic wheat economy have inspired newmarkets for a
variety of food grains. Our region now boasts scores of businesses (e.g., mills,bakeries, malt houses, and
distilleries) with business models centered around locally grown organic grains. Concurrently, the need for local
sources of organic and non-GMO feed grains continues to increase. Synergy among these markets and the
related infrastructure creates the opportunity for organic grains to become an important agricultural sector for our
region.We aim to address the three critical factors that prevent expansion of organic grain production in our
region: robust weed and disease management strategies, efficient legume green manure systems, and engaged
end-users with strong social networks. Our objectives are:1. Actively partner with organic farmers, processors,
and end-users to investigate:Innovative sowing/cultivation systems to control weeds and disease in a diversity of
crops;Legume green manure species, mixes, and termination methods for nitrogen supply; andEmerging disease
threats and organic management options.2. Develop and evaluate sowing and hoeing equipment, and rotation
budgeting tools to help farmers reduce production risks and design profitable organic grain systems.3. Strengthen
knowledge, skills and networks among farmers, processors, end-users, and educators through:Farmer
exchanges within our states and neighboring Canadian provinces;End-user workshops for food and feed
grains;Farmer learning groups and farmer-driven research; andField days, conferences, videos, and factsheets.

OBJECTIVES

We aim to address the three critical factors that prevent expansion of organic grain production in our region:
robust weed and disease management strategies, efficient legume green manure systems, and engaged end-
users with strong social networks. Our objectives are:1. Actively partner with organic farmers, processors, and
end-users to investigate:e Innovative sowing/cultivation systems to control weeds and disease in a diversity of
crops;* Legume green manure species, mixes, and termination methods for nitrogen supply; ands Emerging
disease threats and organic management options.2. Develop and evaluate sowing and hoeing equipment, and
rotation budgeting tools to help farmers reduce production risks and design profitable organic grain systems.3.
Strengthen knowledge, skills and networks among farmers, processors, end-users, and educators through:e
Farmer exchanges within our states and neighboring Canadian provinces;* End-user workshops for food and



feed grains;* Farmer learning groups and farmer-driven research; and+ Field days, conferences, videos, and
factsheets.

APPROACH

Research Analysis and InterpretationOur agronomic field studies rely on common experimental designs suitable
for routine analysis of variance and protected mean separation procedures. While statistical significance is a
straightforward test, biological, agronomic and economic significance will require input from our research and
outreach teams and participating farmers and advisors. To facilitate this, we will include economic analyses,
mostly partial budgeting comparisons, to evaluate our experimental systems relative to our typical farmer\'s
standard system.Project EvaluationWe will use both formative and summative evaluation strategies to ensure
that the project meets its stated objectives and overall goal. Formative evaluations will allow us to monitor and
improve our programming as the project progresses, and will center on stakeholder engagement activities,
including annual project advisory board meetings and project team quarterly meetings. These ongoing check-ins
will ensure that the project is on track and relevant to farmer and other stakeholder needs, and they will provide
insights to improve or enhance the outcomes of the project.Summative evaluation will seek to assess the
projects\' outputs and outcomes as outlined in a logic model that helped guide design of the project (Appendix D).
Summative questions seek to answer who and how many benefitted from the project; increases in participant
knowledge, awareness, skills, and intentions to change behavior; participant behavior changes as a result of the
project; and changes in the agricultural landscape in New England.Project outputs will be measured by the
number of farmers, bakers, maltsters, distillers, and others who participate in the project\'s farmer exchanges,
workshops, conferences, and field days. Web content usage statistics (via Google and YouTube Analytics) will be
documented for content (articles and videos) published by eOrganic to eXtension.org; these will include total and
average visits to the content, time viewed, and most frequently accessed content.To assess project outcomes,
data collection methods will primarily be post-event surveys administered on site at the close of the farmer-to-
farmer tours, workshops, conferences, and short courses. Online surveys will be administered to participants of
webinars; eOrganic staff will administer these surveys at the end of speaker presentations, upon the completion
of each webinar, and six months following the webinars (to assess behavior change as a result of information
shared). Lastly, we will conduct two overall project evaluations after Years 2 and 4 to collect cumulative
information on behavior changes, associated impacts (e.g., increased yield, acres, or markets), and the economic
value stakeholders assign to those impacts. Summative data collected will be analyzed, included in annual and
final project reports, and used to guide future activities.

PROGRESS

2015/09 TO 2020/08 Target Audience:Our primary target audience for this project was current and aspiring
organic grain farmers, processors, and end-users in New England, and the crop advisors and agricultural service
providers who work with these businesses. Efforts to engage this audience included the numerous conferences,
workshops, field days, farm tours, webinars, videos, and research reports listed under \"Other Products\", as well
as Advisory Board meetings and the organizational support of the Northern Grain Growers Association and
Maine Grain Alliance. Our secondary target audience for this project was the national and international
community of organic grain researchers, which we reached via the professional presentations and journal articles
listed under \"Products\". Changes/Problems: Almost all projects proceeded as planned, with three exceptions.
We redesigned one of the green manure research projects to increase efficiency and address reviewer concerns.
The research objectives remained the same, but the project took five years instead of three. We did not conduct
profitability groups with farmers due to time constraints and low interest, however, we did provide one-on-one in-
depth consultations with five farmers as part of the beta testing of the whole farm rotation budgeting tool. Finally,
we were able to add a number of small grain variety trials that, while not originally planned, were driven by
interest from our organic farmer advisors. What opportunities for training and professional development has the
project provided?We trained two Masters students in organic crop production through this project. One, trained in
organic weed ecology, is now pursuing a PhD in physical weed control for organic cereals at Aarhus University in
Denmark. The other student, trained in soil fertility, now works for New Jersey Cooperative Extension. Their
published theses are listed under \"Products\". We offered a variety of educational events for farmers,
processors, grain end-users, crop advisors, agricultural service providers, and researchers to increase their
knowledge and skills in organic grain production, processing, and use. These events are listed under \"Other
Products\". How have the results been disseminated to communities of interest?The results of this project were
disseminated through publications, presentations, educational and networking events, and a variety of other
tools, research reports, and resources that were made available on our Extension websites. See \"Products\" and



\"Other Products\" for a complete listing. What do you plan to do during the next reporting period to accomplish
the goals? Nothing Reported

2017/09 TO 2018/08 Target Audience:The target audience for this project is current and aspiring organic grain
farmers, processors, and end-users in New England. Efforts to engage this audience have included the
numerous workshops and field days listed under Outputs, as well as Advisory Board meetings and the
organizational support of the Northern Grain Growers Association and Maine Grain Alliance. Changes/Problems:
Nothing Reported What opportunities for training and professional development has the project provided?We
offered a variety of educational events for farmers, processors, grain end-users, farm advisors, and researchers
to increase their knowledge and skills in organic grain production, processing, and use. These events are listed
under \"Other Products\". How have the results been disseminated to communities of interest?The results of this
project to date have been disseminated mainly through the educational events that we offered and research
reports. What do you plan to do during the next reporting period to accomplish the goals? Finish final edits and
submit manuscripts on the innovative sowing and cultivation systems research. Analyze and summarize research
results from the 2018 season. Write and post research reports. Write one factsheet on selection and
management of undersown legume green manures. Write one factsheet on pest prevalence in small grains in the
northeast. Write and submit a manuscript on results from the green manure termination trials. Conduct a second
year of on-farm trials of the camera-guided cultivation system versus farmers\' standard practice. Complete the
test crop year of the three-year green manure rotation study. Conduct on-farm spelt variety and no-till grain trials.
Develop small grain ration formulator tool. Continue to develop the NEEOGRAIN network by seeding discussion
on the listserv and holding 2-3 winter webinars with expert farmer speakers from within the region. Hold the 2018
grain conferences, field days, and farm tours.

2016/09 TO 2017/08 Target Audience:The target audience for this project is current and aspiring organic grain
farmers, processors, and end-users in New England. Efforts to engage this audience have included the
numerous workshops and field days listed under Outputs, as well as Advisory Board meetings and the
organizational support of the Northern Grain Growers Association and Maine Grain Alliance.
Changes/Problems:Two changes in timing occurred related to the cultivation systems objectives. The research
station trials comparing sowing and cultivation systems in non-cereals began one year earlier than originally
planned so that the Master\'s student could finish this and the comparison in cereals during her two-year
program. On the other hand, the evaluation of the cultivation system on farm was delayed a year due to delays in
acquiring the camera-guidance system. The first year of on-farm trials will be 2018. What opportunities for
training and professional development has the project provided?We offered a variety of educational events for
farmers, processors, grain end-users, farm advisors, and researchers to increase their knowledge and skills in
organic grain production, processing, and use. These events are listed under \"Other Products\". How have the
results been disseminated to communities of interest?The results of this project to date have been disseminated
mainly through the educational events that we offered and research reports. What do you plan to do during the
next reporting period to accomplish the goals?Analyze and summarize research results from the 2017 season in
research reports. Write and submit manuscripts on the two years of results from evaluations of sowing and
cultivation systems in cereals and non-cereal crops. Conduct on-farm trials of the camera-guided cultivation
system versus farmers\' standard practice. Complete the second trial of the two-year evaluation of green manure
termination methods. Continue to test the whole farm rotation budgeting tool with individual farmers and make
adjustments based on their feedback. Conduct one farmer workshop to train farmers to use the tool. Continue to
develop the NEEOGRAIN network by seeding discussion on the new listserve and holding 2-3 winter webinars
with expert farmer speakers from within the region. Hold the 2018 grain conferences, field days, and farm tours.

2015/09 TO 2016/08 Target Audience:The target audience for this project is current and aspiring organic grain
farmers, processors, and end-users in New England and elsewhere. Efforts to engage this audience have
included the numerous workshops and field days listed under Other Products, as well as Advisory Board
meetings and organizational support of the Northern Grain Growers Association and the Maine Grain Alliance.
Changes/Problems:Almost all projects have proceeded as planned. The exception is the research project to
evaluate green manure (GM) species and mixes. We originally planned to screen 12 GM treatments in a two-year
sequence of GM undersown into a small grain followed by a small grain test crop. We decided instead to do an
initial one-year screening trial to identify a smaller number of species and mixtures that perform well as
undersown green manures in our region. This will allow us to increase our replicate number and statistical power
for the two-year sequence trial, which will be initiated in 2017. What opportunities for training and professional
development has the project provided?We offered a variety of educational events for farmers, processors, grain
end-users, farm advisors, and researchers to increase their knowledge and skills in organic grain production,
processing, and use. These events are listed under \"Other Products\". How have the results been disseminated



to communities of interest?At this point, the results of this project to date have been disseminated mainly through
the educational events that we offered. Research reports and a video of the Swedish equipment will be produced
and posted online this winter. What do you plan to do during the next reporting period to accomplish the
goals?We will initiate replicates of all of the trials described above, conduct the second year of the green manure
termination trial, and initiate the first year of the 2-year green manure-grain sequence trial. We will produce and
make available online and in print research reports from the first year of research. We will produce a summary
presentation and video of the Swedish band sowing and cultivation system from footage taken during the trip, and
work with our farmer partners to develop and field test designs for adapting existing planters to band sow and for
building hoeing equipment. We will work with two Maine farmers to test and refine the whole farm budget tool and
develop case study whole farm budgets, and then offer a workshop for a small group of farmers to further
evaluate the tool. We will take teams of farmers and researchers to New Brunswick for the Atlantic Canadian
Organic conference followed by tours of organic grain farms and a research center, and sponsor Vermont
farmers to attend the 2017 Maine Grain Conference. We will conduct at least two farmer-driven research trials on
wild radish control in spring grains and winter rye varieties for multiple markets. We will host winter conferences
in each state and multiple workshops, field days, and farm tours.

IMPACT

2015/09 TO 2020/08 What was accomplished under these goals? IMPACTS: Our 20 on-station and on-farm
research projects produced actionable information for organic grain farmers in the Northeast including strategies
to better manage weeds, diseases, and legume green manures. Farmers also now have an easy way to evaluate
the likely economic performance of different organic grain crops and rotations with our whole farm rotation budget
tool. We made over 2800 contacts with farmers, processors, grain end-users, crop advisors, and agricultural
service providers throughout the Northeast region through 40 educational events. We also gave 14 presentations
at grower conferences around the country, and developed extensive online resources. We expanded our regional
organic grain farmer network to include our Canadian neighbors by forming the Northeast US and Eastern
Canada Organic Grain Network (NEEOGRAIN). We produced 26 research reports, 1 budget tool, 7 videos, 10
abstracts and proceedings, 2 theses, 1 book chapter, and 8 journal articles. An end of project survey showed that
farmers, processors, and commercial end-users have made significant changes and improved the viability of their
organic grain businesses as a result of participating in this project. All of the 18 farmers who responded said they
had changed at least one practice, and on average four, based on what they learned over the last five years of
our project. These include expanding crop diversity, changing a fertility, weed, or disease practice, and selecting
varieties based on regional research reports. As a result of those changes, farmers reported improved weed
management (92%), grain yields (60%) and quality (93%), and increased sales (80%) and profitability (80%). Of
the 11 grain processors and commercial end-users who responded to the survey, 80% reported having increased
purchases of local organic grains and 86% reported having increased sales and profitability. As a result of
changes made, 78% of farmers and 86% of processors/end-users reported increasing or maintaining
employment. The average economic value respondents placed on what their businesses gained from this project
was \$12,904 for farmers and \$24,611 for processors/end-users. All seven farm advisor respondents reported
having substantially increased their knowledge of organic grain growing, processing, use, and markets. Among all
respondents, 86% reported having shared what they learned with others, and 100% said they had grown and
strengthened their organic grain network as a result of participating in this project. OBJECTIVE 1: Innovative
Sowing and Cultivation Systems - In 2016 through 2019, field experiments in Maine and Vermont evaluated weed
management in grain crops grown with band-sowing and inter-band hoeing compared with conventionally drilled
crops with tine harrowing; crops included barley, wheat, oat, field pea, and flax. Crop bands (12.7 cm) were sown
on 27.9 cm centers. The inter-band zone (15.3 cm) was hoed using a 12.7 cm-wide sweep. Although weed
management was generally improved with band-sowing plus hoeing, in most cases this was not reflected in crop
yields. When conventionally drilled barley (in 17.8 cm spaced rows) was hoed and harrowed, weed control
efficacy was improved and only slightly lower than efficacy in the band-sown system. Rapidly advancing camera-
guidance technology will make this a viable option for farmers who have relatively precise sowing equipment.
Optimizing Legume-based Green Manure (GM) Systems - Interviews with organic grain farmers and advisors in
six Northeastern states in 2017 and 2018 identified cost, overdependence on and accessing external N sources,
weed management, and predicting N mineralization of organic residues as major N management challenges.
From 2017 to 2020, rotation trials compared three alternative GMs with the standard GM, medium red clover
(RC). GMs were interseeded in barley, grown for 1 or 2 years, and followed by a wheat test crop. Mammoth RC
and New Zealand white clover had reduced risk of interfering with barley harvest. All GMs, except 1-year alfalfa,
produced wheat grain yield and protein equal to or greater than medium RC. GM termination trials conducted
from 2016 to 2018 demonstrated that skim plowing provides a better balance of providing over-winter soil cover,



green manure kill efficacy, and N supply to the following grain crop than plowing or undercutting. Emerging
Disease Threats and Organic Control Options - In 2016 and 2017, disease and insect pests were surveyed at 53
organically managed cereal grain fields in ME, VT, MA, and NY. Leaf spots such as tan spot (*Pyrenophora tritici-
repentis*), Septoria tritici blotch (*Zymoseptoria tritici*), and Stagonospora leaf and glume blotch
(*Parastagonospora* spp.) were identified at all but one site. Loose smut (*Ustilago™ spp.), identified in 3 states,
was likely from growers saving or purchasing contaminated seed lots. Symptoms of fusarium head blight (FHB)
(*Fusarium graminearum®) were observed in all states but predominately on spring wheat in VT. Insect pest
damage was minimal across years and locations. From 2016 to 2019, individual and interactive effects of
moderately resistant cultivars and application timings of organic approved fungicides were evaluated on wheat
yield, FHB, and deoxynivalenol (DON). Organic fungicides did not reduce severity of the disease compared with
the control. Investment in varieties that are moderately resistant to FHB remains a top priority for organic
production. OBJECTIVE 2: Machinery Evaluation - In 2017, a team of four farmers and two researchers visited
organic grain farmers, researchers, and equipment manufacturers in Sweden and returned with a detailed
understanding of the technology and the scale at which it is being used. In 2018, we collaborated with three
farmers to test the Robocrop® camera and side-shift system (Garford Farm Machinery, Peterborough, UK) in
standard narrow row spacing. The camera and side-shift system effectively guided cultivator sweeps between
narrow rows, and at speeds up to 8 km hr-1. One farmer stated, \"l feel that the cultivator slowed the weed
pressure and let the grain compete better with the weeds. With a bigger cultivator and better timing | think it
would make a significant difference on my farm.\" In 2019, the ME team received additional funding from the
Northeastern IPM program to purchase a farm-scale cultivator and conducted on-farm and research station trials
that included an evaluation of the potential for selective cutting implements (e.g., CombCut®) to reduce weed
seed production. Cultivation alone reduced weed density by 54% and weed biomass by 30%, as compared with
the standard practice (tine harrowing), but had no effect on weed reproductive biomass, whereas adding selective
cutting reduced reproductive biomass by 50%. Whole Farm Rotation Budget Tool - We developed an Excel-
based enterprise and whole farm system tool to evaluate the profitability of organic grain rotations. Five farmers
helped us beta-test the tool through individual in-depth consultations. We created two video tutorials, which we
posted with the tool on the UMaine Extension Grains and Oilseeds website. OBJECTIVE 3: To expand and
strengthen our regional network of organic grain growers, we took ME and VT farmers to a Canadian organic
conference, invited Canadian farmers to speak at our events, and initiated the Northeast US and Eastern Canada
Organic Grain Network (NEEOGRAIN). We also provided organizational support for our state grain organizations
and the new Northeast Grainshed Partnership. We conducted 10 farmer-driven on-farm projects on camera-
guided cultivation, topdressing winter grains, and heritage varieties for farmer/baker collaborations. We offered 9
winter conferences, 4 winter workshops, 3 end-user workshops, 9 research field days, 6 farm tours, and 1
regional expo. In addition, via NEEOGRAIN, we hosted a regional listserv, 3 winter webinars, 1 virtual grower
meeting, and 4 cross-border farm tours. **PUBLICATIONS (not previously reported):** 2015/09 TO 2020/08 1.
Type: Journal Articles Status: Published Year Published: 2020 Citation: McCollough, M.R., Gallandt, E.R., and
Molloy, T. 2020. Band-sowing with hoeing in organic grains: Il. Evidence of improved weed management in
spring wheat, oats, field peas, and flax. Weed Science 68(3):294-300. DOI:10.1017/wsc.2020.18 2. Type:
Conference Papers and Presentations Status: Published Year Published: 2019 Citation: Heather Darby and
Hillary Emick. 2019. Evaluation of copper based fungicide applications plus cultivar resistance to reduce FHB and
DON infection of wheat and barley in New England. In: Canty, S., A. Hoffstetter, B. Wiermerand R. Dill-Macky
(Eds.), Proceedings of the 2019 National Fusarium Head Blight Forum (p. 7). East Lansing, Ml/Lexington, KY:
U.S. Wheat & Barley Scab Initiative. 3. Type: Conference Papers and Presentations Status: Other Year
Published: 2019 Citation: Gallandt, E. 2019. Organic weed management: seed, seedling, and system strategies.
2019 Albert Lea Seed Annual Farm Conference, November 21-22, Albert Lea, Minnesota. 4. Type: Journal
Articles Status: Published Year Published: 2020 Citation: Pickoff, M., J. Leahy, and E.B. Mallory. 2020.
Challenges, strategies and research priorities in legume-based nitrogen management for organic small grain
producers in the Northeastern US. Renewable Agriculture and Food Systems, 1-10.
DOI:10.1017/S1742170520000071 5. Type: Journal Articles Status: Under Review Year Published: 2020
Citation: Pickoff, M., E.B. Mallory, and T. Molloy. In Review. Alternative methods for terminating green manures in
organic small grain systems. Submitted to Agronomy Journal. 6. Type: Conference Papers and Presentations
Status: Published Year Published: 2019 Citation: Mallory, E. 2019. Green manures for organic small grains: Can
we do better than medium red clover? In Abstracts. ASA-CSSA-SSSA International Annual Meetings, November
11-14, 2019, San Antonio, Texas. Poster. 7. Type: Conference Papers and Presentations Status: Published Year
Published: 2019 Citation: Gallandt, E. 2019. Weed management in organic grains: competition, harrowing and
hoeing. Weed Management Innovations for Organic Systems Symposium. ASA-CSSA-SSSA International
Annual Meetings, November 10-13, 2019, San Antonio, Texas. Oral presentation. 8. Type: Conference Papers
and Presentations Status: Other Year Published: 2020 Citation: Darby, H. 2020. Our northeast grainshed:
Vermont highlights. The Northeast Grainshed Symposium, January 30, Canton, Massachusetts. 9. Type:
Conference Papers and Presentations Status: Other Year Published: 2020 Citation: Mallory, E. 2020. Our



northeast grainshed: Maine highlights. The Northeast Grainshed Symposium, January 30, Canton,
Massachusetts. 10. Type: Conference Papers and Presentations Status: Other Year Published: 2019 Citation:
Noyes, T., K. Hanney, E. Mallory, and A. Lambke. 2019. Expanding Maine€s grain economy. The Northeast
Grain Gab, October 7-8, Yale University, New Haven, Connecticut. 11. Type: Other Status: Published Year
Published: 2018 Citation: Darby, H., E. Cummings, H. Emick and S. Ziegler. 2018. 2017 Organic Spring Wheat
Variety Trial. University of Vermont Extension Northwest Crops & Soils Program, St. Albans, VT. Available online
at https://www.uvm.edu/extension/nwcrops/research (accessed 7 Feb. 2019). 12. Type: Other Status: Published
Year Published: 2018 Citation: Darby, H., E. Cummings, H. Emick and S. Ziegler. 2018. 2017 Organic Winter
Wheat Variety Trial. University of Vermont Extension Northwest Crops & Soils Program, St. Albans, VT. Available
online at https://www.uvm.edu/extension/nwcrops/research (accessed 7 Feb. 2019). 13. Type: Other Status:
Published Year Published: 2018 Citation: Darby, H., E. Cummings, H. Emick and S. Ziegler. 2018. 2017 Organic
Heirloom Spring Wheat Variety Trial. University of Vermont Extension Northwest Crops & Soils Program, St.
Albans, VT. Available online at https://www.uvm.edu/extension/nwcrops/research (accessed 7 Feb. 2019). 14.
Type: Other Status: Published Year Published: 2018 Citation: Darby, H., E. Cummings, H. Emick and S. Ziegler.
2018. 2017 Organic Heirloom Winter Wheat Variety Trial. University of Vermont Extension Northwest Crops &
Soils Program, St. Albans, VT. Available online at https://www.uvm.edu/extension/nwcrops/research (accessed 7
Feb. 2019). 15. Type: Other Status: Published Year Published: 2018 Citation: Darby, H., H. Emick and E.
Cummings. 2018. 2017 Oat Variety Trial. University of Vermont Extension Northwest Crops & Soils Program, St.
Albans, VT. Available online at https://www.uvm.edu/extension/nwcrops/research (accessed 7 Feb. 2019). 16.
Type: Other Status: Published Year Published: 2017 Citation: Mallory, E. and T. Molloy. 2017. Malting barley
variety trial: 2016 results. Available online at https://extension.umaine.edu/grains-oilseeds/topics/ (One of the two
evaluation sites was certified organic and partially supported by this grant.) 17. Type: Other Status: Published
Year Published: 2018 Citation: Mallory, E. and T. Molloy. 2018. Malting barley variety trial: 2017 results. Available
online at https://extension.umaine.edu/grains-oilseeds/topics/ (One of the two evaluation sites was certified
organic and partially supported by this grant.) 18. Type: Other Status: Published Year Published: 2020 Citation:
Mallory, E. and T. Molloy. 2020. Malting barley variety trial: 2019 results. Available online at
<https://extension.umaine.edu/grains-oilseeds/topics/> (One of the two evaluation sites was certified organic and
partially supported by this grant.) 19. Type: Other Status: Published Year Published: 2020 Citation: Mallory, E.
and T. Molloy. 2020. Oat variety trial: 2019 results. Available online at <https://extension.umaine.edu/grains-
oilseeds/topics/> (One of the two evaluation sites was certified organic and partially supported by this grant.) 20.
Type: Other Status: Published Year Published: 2018 Citation: Mallory, E. and T. Molloy. 2018. Winter rye variety
trial: 2017 results. Available online at <https://extension.umaine.edu/grains-oilseeds/topics/winter-rye-variety-trial-
2017-results/> (accessed 30 Nov. 2018). 21. Type: Journal Articles Status: Published Year Published: 2019
Citation: Carr, P.M., M.A. Cavigelli, H. Darby, K. Delate, J.O. Eberly, G.G. Gramig, J.R. Heckman, E.B. Mallory,
J.R. Reeve, E.M. Silva, D.H. Suchoff, and A.L. Woodley. 2019. Nutrient cycling in organic field crops in Canada
and the United States. Agronomy Journal 111(6):2769-2785. doi.org/10.2134/agronj2019.04.0275 22. Type:
Journal Articles Status: Published Year Published: 2020 Citation: Carr, P.M., M.A. Cavigelli, H. Darby, K. Delate,
J.O. Eberly, G.G. Gramig, J.R. Heckman, E.B. Mallory, J.R. Reeve, E.M. Silva, D.H. Suchoff, and A.L. Woodley.
2020. Green and animal manure use in organic field crop systems. Agronomy Journal 112(2):648-674.
doi.org/10.1002/agj2.20082

2017/09 TO 2018/08 What was accomplished under these goals? IMPACTS: Our evaluations of innovative
sowing and cultivation systems to control weeds in spring crops showed band sowing with inter-row hoeing
reduced weed density and, in most cases, reduced weed biomass, as compared with the region\'s standard
practice. We identified the most prevalent disease and insect pests in organic grain production in our region by
scouting 53 organically managed fields over two years. We conducted six research station trials and six on-farm
projects. We strengthened connections among organic farmers in our region through our Northeast US and
Eastern Canada Organic Grain Network (NEEOGRAIN) including a regional listserv, winter webinars, and a
cross-border farmer exchange. Finally, we made over 650 contacts with farmers, processors, grain end-users,
and crop advisors through nine winter conferences, field days, and tours. Over 60% of the 70 survey respondents
at the 2018 VT Grain Conference indicated that reduced grain quality prevented them from selling their grain at
least once in the last 5 years. 100% reported they had adopted practices to help them improve grain quality and
sales, and over 60% said they had adopted new varieties, crop rotations, weed control, and post handling
practices. Farmers overwhelmingly agree (93%) that our grain outreach events have helped improve their access
to markets. In regards to research, farmers felt that they had been able to take the information they had learned
and implement better fertility management (18%), identify pests (32%), adopt cover crops (40%), modify weed
management (29%), and improve grain drying (27%). Five farms indicated that the financial grain to their farm
from participating in our grain events/projects was between \$50,000 and \$100,000. OBJECTIVE 1: Band-sowing
with cultivation - We finalized analysis and summary of results from two evaluations of band-sowing with inter-row
hoeing. In 2016 and 2017 field experiments performed in spring barley in ME and VT, band-sowing with inter-



band hoeing reduced surrogate weed density on average by 48% from the standard practice, however, the effect
on weed biomass was inconsistent. Suboptimal timing of hoeing, and adverse weather conditions may have
contributed to the lack of consistent treatment effects. In separate field experiments in ME with spring wheat, oat,
field pea, and flax, band-sowing improved weed control, however, crops with greater competitive ability (wheat
and oat) performed superior to less competitive crops (field pea and flax). Yields were largely unaffected. Green
manure termination - We completed the second repetition of a 2-year study in both ME and VT to evaluate
different methods of terminating a green manure (GM) in terms of the Kkill effectiveness, soil cover, and the
amount and timing of N supply to a subsequent wheat crop. Termination treatments were standard moldboard
plow, shallow moldboard plow, undercutting with sweeps. In ME, over-winte soil cover was significantly higher
with skim plowing (12%) and undercutting (84%) as compared with plowing (2%). GM kill efficacy was about
equal with the skim plow and plow (94 vs 99%, respectively) but much lower for the undercutter (57%).
Termination treatment did not affect wheat crop nitrogen uptake, grain yield, or grain protein. Green manure
species and mixes rotation trial - We completed the second year of a three-year rotation trial to compare green
manure species and mixes, and initiated a second repetition of the trial in a separate field. Disease scouting - We
summarized results from our regional survey of small grain diseases and insect pests conducted during the 2016
and 2017 growing seasons. We scouted a total of 53 organically managed fields of wheat, barley, rye, spelt, and
oats in 4 states. Powdery mildew (Blumeria graminis) was more prevalent in VT and MA than in ME, and winter
wheat and spring barley appeared to have a higher rate of susceptibility than other cereals. Leaf spots such as
tan spot (Pyrenophora tritici-repentis), Septoria tritici blotch (STB) (Zymoseptoria tritici), and Stagonospora leaf
and glume blotch (Parastagonospora spp.) were identified at all but one site. Leaf rust (Puccinia spp.), recorded
in 3 states, appears to be related to location rather than variety or grain type. Loose smut (Ustilago spp.), also
identified in 3 states, seems associated more by variety, which could be due to growers saving or purchasing
contaminated seed lots. Symptoms of fusarium head blight (Fusarium graminearum) were observed in all states
but predominantly on spring wheat grown in VT. Cereal leaf beetle (Oulema melanopus) and thrip (order
Thysanoptera) were the most prevalent insect pests but overall, damage was minimal. Organic fungicides - We
completed the third year of biofungicide testing and finished summarizing results from 2017. DON concentrations
in spring wheat grain treated with the certified organic treatment of ChamplON applied at heading was statistically
similar to the conventional fungicide Caramba applied at heading although differences in grain yields were
observed. We are currently analyzing the 2018 data and will create a research report summarize this 3-year
study. No-till organic soybeans and cereals - Organic grain farmers in our region are interested in growing
soybeans as a higher value rotation crop but weed control has proven problematic. They are interested in
reducing tillage. In ME, we evaluated the no-till mulch system that has shown promise elsewhere for organic
soybean production. Winter rye was planted in October 2017. In early June, we implemented three no-till/mulch
treatments (crimp-plant, plant-crimp, and plant-mow) in factorial combination with two planting methods (drill at
17cm and plant 76 cm row spacing) and evaluated soybean stand counts, weed density and biomass, and
soybean yield. In VT, we evaluated no-till wheat production using winter terminated cover crops (oats,
sudangrass, millet, and forage brassicas). Spring wheat was no-till drilled into winter killed cover crop residue and
we measured weed density and biomass, and wheat stands and yield. OBJECTIVE 2: In 2017, ME purchased a
Robocrop® camera and side-shift system (Garford Farm Machinery, Peterborough, UK) with the intention of
demonstrating its use in wide-rows with band sowing. We quickly realized that the precision guidance of the
camera technology might allow us to cultivate spring grains in standard narrow row spacing using smaller
sweeps. During the 2018 season, we collaborated with three farmers to test this idea with our plot-scale cultivator
designed for vegetable production. The camera and side-shift system effectively guided the cultivator sweeps
between narrow rows, and at speeds up to 8 km hr-1. As one farmer stated, \"l feel that the cultivator slowed the
weed pressure and let the grain compete better with the weeds. With a bigger cultivator and better timing | think it
would make a significant difference on my farm.\" The ME team has applied for additional funds to purchase a
more aggressive and rugged field-scale cultivator to allow us to continue on-farm evaluations and
demonstrations. OBJECTIVE 3: We provided organizational support for state grain grower groups, and
maintained our regional NEEOGRAIN listserv. We conducted 6 farmer-driven research projects evaluating a
camera-guided cultivation system, heirloom winter spelt varieties, no-till seeding. We reached over 650 farmers,
processors, grain end-users, and crop advisors throughout the Northeast region through 2 winter conferences, 2
webinars, 3 summer research tours, 1 short-course, and 3 tours. We met with 3 malthouses to review variety trial
data and develop production guidelines for farmers, 4 bakers to discuss cereal rye quality standards and baking
methods, and 2 local tortilla businesses to develop a mycotoxin experiment. We also held sessions for end-users
on \"Using Small Grains in Rations\" and \"Redressing and Maintaining Milling Stones\". **PUBLICATIONS (not
previously reported):** 2017/09 TO 2018/08 1. Type: Theses/Dissertations Status: Other Year Published: 2018
Citation: McCollough, M. 2018. Band sowing and cultivation for weed management in organic cereals and
alternative field crops. M. S. thesis. University of Maine, Orono. 2. Type: Book Chapters Status: Published Year
Published: 2018 Citation: Gallandt, E.R., S. Birthisel, B. Brown, M.R. McCollough, and M. Pickoff. 2018. Organic
farming and sustainable weed control. In Korres, N.E., Burgos, N.R. and S.O. Duke (eds.) Weed Control:



Sustainability, Hazards and Risks in Cropping Systems Worldwide. Science Publishers, CRC Press / Taylor &
Francis Group. 3. Type: Conference Papers and Presentations Status: Published Year Published: 2018 Citation:
McCollough, M.R. and E.R. Gallandt. 2018. Band sowing and cultivation for weed management in organic grains.
Weed Science Society of America Annual Meeting, Arlington, VA (1/30/2018, Abstract 163). 4. Type: Conference
Papers and Presentations Status: Other Year Published: 2018 Citation: Mallory, E. 2018. Expanding organic
grain and pulse production in Maine. Snapshots of the Food System € Ranking all 50 States from Farm to Fork,
Union of Concerned Scientists, July 31. Webinar. 5. Type: Conference Papers and Presentations Status: Other
Year Published: 2018 Citation: Mallory, E. 2018. Organic grain markets and management in Maine. 2018 Organic
Principles Review, Montana State University Western Agriculture Research Center, July 11, Corvallis, Montana.
6. Type: Conference Papers and Presentations Status: Other Year Published: 2018 Citation: Kersbergen, R.
Feeding small grains and small grain silages. March 22, 2018. 14th Annual Grain Growers Conference, Essex,
Vermont. 7. Type: Conference Papers and Presentations Status: Other Year Published: 2018 Citation: Darby, H.
2018. Diversifying Small Grain Rotations. Trans-Atlantic Meeting on Organic and Conservation Grain Production.
John Innes Center, 31 Jan. 2018. Norwich, England. 8. Type: Conference Papers and Presentations Status:
Other Year Published: 2018 Citation: Mallory, E. 2018. Cereal production in northern New England: Adding value
and managing fertility. Transatlantic Workshop on Conservation and Organic Agriculture, John Innes Centre,
January 31, Norwich, England. 9. Type: Conference Papers and Presentations Status: Other Year Published:
2018 Citation: Pickoff, M. and E. Mallory. 2018. Improving legume-based fertility for organic small grains: An
evaluation of green manure termination methods. Organic Farming Research Conference, Organic Farming
Research Foundation, January 26, New Brunswick, New Jersey. 10. Type: Conference Papers and Presentations
Status: Other Year Published: 2018 Citation: Darby, H. 2018. Production of Organic Small Grains. Minnesota
Organic Conference. 11-12 Jan. 2018. St. Cloud, MN. 11. Type: Conference Papers and Presentations Status:
Other Year Published: 2018 Citation: Darby, H. 2017. Organic Grain Production. Growing PA Organic Farms
Conference. 12-13-Dec. 2017. Harrisburg, PA. 12. Type: Other Status: Published Year Published: 2017 Citation:
Mallory, E. 2017. Building a cross border organic grain network. Atlantic Canadian Organic Regional Network
(ACORN) Newsletter Issue 63, page 9. 13. Type: Other Status: Published Year Published: 2018 Citation:
Delonge, Marcia. €Designing innovative organic systems in Maine.€ In, @50-State Food System Scorecard:
Conservation Practices.€, Union of Concerned Scientists, published online May 12, 2018.
https://www.ucsusa.org/food-agriculture/food-system-scorecard#bycategory (accessed 30 Nov. 2018; see story
for \"Conservation Practices\" category) 14. Type: Other Status: Published Year Published: 2018 Citation:
Catalina, E. 2018. @Field days € Maine€s successful grain movement is powered by farmers, products and
research.€ UMaine Today Fall/Winter 2017. Article and video available at
https://lumainetoday.umaine.edu/stories/2017/field-days/ 15. Type: Other Status: Published Year Published: 2018
Citation: Darby, H., E. Cummings, H. Emick and S. Ziegler. 2018. 2017 The Efficacy of Spraying Fungicides to
Control Fusarium Head Blight Infection in Spring Malting Barley. University of Vermont Extension Northwest
Crops & Soils Program, St. Albans, VT. Available online at: http://www.uvm.edu/extension/cropsoil/wp-
content/uploads/2017-Spring-Barley-Fun gicide.pdf (accessed 30 Nov. 2018). 16. Type: Other Status: Published
Year Published: 2018 Citation: Darby, H., E. Cummings, H. Emick and S. Ziegler. 2018. 2017 The Efficacy of
Spraying Organic Fungicides to Control Fusarium Head Blight Infection in Spring Wheat. University of Vermont
Extension Northwest Crops & Soils Program, St. Albans, VT. Available online at:
http://www.uvm.edu/extension/cropsoil/wp-content/uploads/2017-Spring-Wheat-Fung icide.pdf (accessed 30 Nov.
2018). 17. Type: Other Status: Published Year Published: 2018 Citation: Darby, H., A. Hazelrigg, E. Cummings,
and G. Maia. 2018. 2017 Small Grain Disease and Insect Pest Scouting Report. University of Vermont Extension
Northwest Crops & Soils Program, St. Albans, VT. Available online at: http://www.uvm.edu/extension/cropsoil/wp-
content/uploads/2017-Grains-Pest-Scout ing-Report.pdf (accessed 30 Nov. 2018).

2016/09 TO 2017/08 What was accomplished under these goals? IMPACTS: During this reporting period we
completed the second and final field season of five of our main research projects: innovative sowing and
cultivation systems for cereals and in non-cereals, undersown green manure species and mixes, alternative
green manure termination methods, and organic fungicides for Fusarium head blight. We completed a second
year of regional on-farm disease surveys and initiated a three-year green manure rotation trial. Maine set up a
camera-guided cultivation system that will be trialed by farmers during the 2018 season. We completed a whole
farm rotation budget tool and worked with four farmers to test it. We built and strengthened connections with
organic farmers in Atlantic Canada by establishing the Northeast US Eastern Canada Organic Grain Network
(NEEOGRAIN), creating a regional listserve, and hosting cross-border farmer exchanges. Finally, we offered
eleven educational events for farmers, processors, and grain end-users including winter conferences, field days,
and farm tours. As a result of this project, farmers in northern New England have increased their knowledge and
capacity to produce organic grains for local, high-value markets. Of the 41 farmers who responded to recent
surveys, 85% said they had changed a practice based on what they learned from participating in conferences,
farm tours, field days, or other project events over the last two years. Fifty-one percent grew a new crop type,



56% increased their acreage of small grains, 58% changed a fertility, weed, or disease practice, 56% improved
cleaning, drying and storage systems, and 52% expanded markets. As a result of the changes they made, they
reported improved grain yields (71%), improved grain quality (84%), enhanced farm or grain business viability
(73%), and improved family quality of life (61%). The 20 grain buyers and processors who responded to the
survey reported that they increased purchases (58%), developed new sources (58%), and developed new
markets (45%) as a result of participating in project activities. OBJECTIVE 1: We completed a second year of
comparing sowing and cultivation systems in barley in Maine and Vermont. The treatments were: 1) local
Standard practice; 2) narrow rows, high crop density (Narrow HD); 3) wide rows with inter-row hoeing (Wide +);
4) band sowing without inter-band hoeing (Band); and 5) band sowing with inter-band hoeing (Band +). In 2016 in
Vermont, Band+ and Wide+ were successful in decreasing surrogate weed presence relative to Standard but did
not provide a yield or quality advantage in this dry year. In Maine, Narrow HD treatment was the only treatment to
reduce surrogate weed biomass relative to Standard, but cultivation in Wide+ and Band+ occurred later than
optimal, which was corrected in 2017. There was no treatment effect on crop biomass. We are compiling
research results from 2017. In a green manure screening trial, we evaluated 10 legume species, 3 grass species
and 6 legume/grass mixes for performance when frost-seeded into winter triticale or rye and interseeded with
barley at planting. In 2016, treatments with red clover (either medium or mammoth produced the most fall
biomass. Mammoth and medium red clover types had similar above-ground to below-ground biomass ratios but
the overall C:N ratio was higher for medium clover than mammoth (15.3 vs. 14.4), which might affect N release
the following year. None of the green manure treatments affected the yield of the companion cereal crop. This
trial was repeated in 2017 in Maine. In both Maine and Vermont, we completed the first repetition of a 2-year
study to evaluate different methods of terminating a green manure (GM) for kill effectiveness, soil cover, and the
amount and timing of N supply to a subsequent wheat crop. The GM treatments (red clover, red clover/ryegrass,
no-GM check) were established in the spring of year 1, termination methods (moldboard plow, shallow moldboard
plow, undercutter with sweeps, and no fall tillage) were imposed in November of year 1, and wheat (Maine) or
barley (Vermont) was planted in the spring of year 2. During year 2, plant N uptake, soil inorganic N, crop yield,
and grain protein were monitored. In Maine, the undercutter and no fall tillage treatments had high soil cover (82
and 96%, respectively) and lower soil temperatures in the weeks preceding spring crop planting as compared
with the skim plow and plow treatments (16 and 2% soil cover, respectively). Spring regrowth of red clover plants
occurred following undercutting, indicating that the kill efficacy of the mechanism may be dependent on spring
weather conditions, which in 2017 were very wet and delayed secondary tillage. Wheat peak biomass was
significantly higher in plow treatments (plow, skim plow) compared with high residue treatments (undercutter, no
fall tillage). Additional results are forthcoming. We conducted on-farm surveys of cereal diseases in 2016 and
2017 that included early season and mid-season field visits to assess incidence and severity of leaf and grain
head diseases and testing of grain samples for seed diseases. In 2016, 15 farms were scouted in Maine,
Vermont, Massachusetts, and New York and a report was generated. Warm, dry growing conditions resulted in
relatively low levels of plant diseases. Diseases identified included Powdery mildew (Erysiphe graminis f. sp.
Tritici), Tan spot (Pyrenophora tritici-repentis), Septoria tritici blotch (STB) (Zymoseptoria tritici), Stagonospora
leaf and glume blotch (Stagonospora nodorum), Leaf rust (Puccinia recondite), Striped rust (Puccinia striiformi),
Loose smut (Ustilago tritici) and Fusarium head blight (FHB) (Fusarium graminearum). Insect pests included
cereal leaf beetle, thrips, brown wheat mite, wireworm, slugs, Mexican bean beetle, and aphids. We are
compiling results from 2017. In Vermont, we evaluated six biofungicides for their control of FHB and
deoxinivalenol contamination. The 2016 growing season was ideal for spring grains. Warmer than average
temperatures and below normal rainfall resulted in minimal fungal growth. All treatments, including the untreated
control had DON concentrations below the 1 ppm threshold. None of the treatments attained the industry
standard for test weight, perhaps due to dry growing conditions. We are compiling the 2017 data. OBJECTIVE 2:
Maine purchased and field-tested a camera-guidance system for cultivation. It performed well in research station
fields. This winter, researchers will work with three farmers to adapt the system to their equipment in preparation
for on-farm evaluations this coming summer. Also under this objective, we developed a beta-version of a whole
farm rotation budget tool and used it to develop customized whole farm budgets for four Maine farmers of varying
scales. Based on feedback from those farmers the tool was revised and will be used with other farmers this
winter. The information we gather will then be used to develop generic model whole farm budgets for small,
medium, and large organic grain farms with varying rotations. OBJECTIVE 3: We offered three winter
conferences, two summer research field days, three farm tours, two maltsters/brewers workshops and one baker
workshop; and initiated three farmer-driven on-farm research projects evaluating heirloom spelt varieties, winter
rye topdressing, and winter rye varieties. We provided organizational support for state grain grower groups and
continue to advise and coordinate with the Organic Grain Collaboration. We took 13 farmers from Maine and
Vermont to participate in an Atlantic Canadian organic conference and farm tours, held a cross-border farm tour
(Maine - New Brunswick), and invited Canadian farmers to speak at our winter conferences. Based on farmer
interest, we initiated the Northeast US Eastern Canada Organic Grain Network (NEEOGRAIN) and set up a
listserve, with farmer and agriculture advisor members from Pennsylvania to Nova Scotia. **PUBLICATIONS (not



previously reported):** 2016/09 TO 2017/08 1. Type: Journal Articles Status: Published Year Published: 2017
Citation: Roche, E., E. Mallory, T. Molloy, and R. Kersbergen. 2017. Evaluating organic bread wheat as a rotation
crop for organic dairy farms. Renewable Agriculture and Farm Systems pp. 1716. DOI:
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Fungicides to Control Fusarium Head Blight Infection in Spring Wheat. University of Vermont Extension
Northwest Crops & Soils Program, St. Albans, VT. Available online at: http://www.uvm.edu/extension/cropsoil/wp-
content/uploads/2016-Spring-Wheat-Fung icide.pdf (accessed 30 Nov. 2017). 5. Type: Other Status: Other Year
Published: 2016 Citation: Darby, H., A. Hazelrigg, E. Cummings, and G. Maia. 2016. 2016 Small Grain Disease
and Insect Pest Scouting Report. University of Vermont Extension Northwest Crops & Soils Program, St. Albans,
VT. Available online at: http://www.uvm.edu/extension/cropsoil/wp-content/uploads/2016-Grains-Pest-Scout ing-
Report.pdf (accessed 30 Nov. 2017). 6. Type: Other Status: Other Year Published: 2016 Citation: Darby, H., H.
Emick and E. Cummings. 2016. Performance of Green Manure Species Seeded into Spring Barley. University of
Vermont Extension Northwest Crops & Soils Program, St. Albans, VT. Available online
http://www.uvm.edu/extension/cropsoil/wp-content/uploads/2016-Spring-Barley-Gre en-Manure-Report.pdf
(accessed 30 Nov. 2017). 7. Type: Other Status: Other Year Published: 2016 Citation: Darby, H., J. Cubins, E.
Cummings, H. Emick, A. Gupta, and J. Post. 2016. 2016 Barley Weed Control Trial. University of Vermont
Extension Northwest Crops & Soils Program, St. Albans, VT. Available online
http://www.uvm.edu/extension/cropsoil/wp-content/uploads/2016-Barley-Weed-Contr ol-Report.pdf (accessed 30
Nov. 2017).

2015/09 TO 2016/08 What was accomplished under these goals? IMPACTS: Significant progress was made in
our evaluation and adaptation of the band and wide-row sowing system that is used by innovative organic grain
farmers in northern Europe. A team of four farmers and two researchers visited organic grain farmers,
researchers, and equipment manufacturers in Sweden and returned with a detailed understanding of the
technology and the scale at which it is being used. Each state\'s team built band-sowing equipment and initiated
field evaluations. In other research, we initiated two trials evaluating alternative green manure species/mixes and
alternative termination strategies to improve nitrogen supply and soil conservation in cash grain systems; and
completed our first year of a region-wide survey of diseases affecting organic grains. We developed a series of
individual crop enterprise budgets for organic cereals and grain legumes that are being revised based on farmer
feedback. These will form the base for a whole farm rotation budget tool that will be tested with individual farmers
this fall. We provided organizational support for the Northern Grain Grower Association and the Maine Grain
Alliance, the latter of which submitted a successful project proposal to the Maine Technology Institute Cluster
Program to evaluate climate adapted, appropriately scaled grain drying and storage facilities to scale up the
regional supply of organic grain. Finally, we offered a variety of educational events for farmers, processors, and
grain end-users: 2 winter conferences, a malt workshop, 3 summer research tours, 4 farm tours including a tour
of an accomplished organic grain farm in Quebec, and an \"Organic Grain Opportunity Day\" in partnership with
the Organic Grain Collaboration. OBJECTIVE 1: We conducted six field experiments, most at multiple sites, and
one regional farm survey to address organic grain weed, fertility, and disease issues. We compared sowing and
cultivation systems in barley in Maine and Vermont. The treatments were: 1) local best management practices
(Standard); 2) narrow rows, high crop density (Narrow HD); 3) wide rows with inter-row hoeing (Wide +); 4) band
sowing without inter-band hoeing (Band); and 5) band sowing with inter-band hoeing (Band +). One concern with
band sowing was accurate control of seeding depth, but there was no measurable difference in seed depth
among the treatments. Crop biomass was equivalent across treatments while surrogate weed biomass was
reduced most in the Narrow HD treatment. The lack of an effect from hoeing in the Band+ and Wide+ systems
was attributed to hoeing too late. In contrast, comparison of the Band+ and Standard systems in non-cereal
rotation crops showed weed biomass reductions with Band+ in field pea, oat, and spring wheat, but not in flax. In
Maine, an additional experiment demonstrated that the efficacy of inter-row hoeing is improved for both ambient
and surrogate weeds when hoeing is immediately followed by a pass with a spring-tine harrow. In a green
manure (GM) screening trial, we evaluated 10 legume species, 3 grass species and 6 legume/grass mixes for
their performance as interseeded GMs in terms of biomass and nitrogen production and impacts on companion
grain crop. GM treatments were frost-seeded into winter triticale or rye and interseeded with barley at planting in
both Maine and Vermont. Seven of the legume species had excellent stands, consistent in both grain crops.
Biomass, biomass nitrogen, and overwinter survival results are pending. We initiated a separate 2-year study to



evaluate different methods of terminating a green manure (GM) in terms of the kill effectiveness, soil cover, and
the amount and timing of N supply to a subsequent wheat crop. The GM treatments (red clover, red
clover/ryegrass, no-GM check) were established in the spring and termination methods (standard moldboard
plow, shallow moldboard plow, undercutting with sweeps, and no fall tillage) were imposed in early November.
We conducted an on-farm survey of cereal diseases on 14 organic farms in Maine, Massachusetts, New York,
and Vermont. Early season and mid-season visits were conducted to assess incidence and severity of leaf and
grain head diseases and farmers submitted grain samples to assess seed diseases. In Vermont, we conducted a
trial to evaluated six biofungicides for their potential to control Fusarium head blight and deoxinivalenol
contamination. Results from both disease efforts are forthcoming but, in general, dry conditions throughout the
season led to low disease pressure. OBJECTIVE 2: A team of four farmers and two researchers visited organic
grain farmers, researchers, and equipment manufacturers in Sweden and returned with a detailed understanding
of the technology and the scale at which it is being used. Each state\'s team built band-sowing equipment and
initiated field evaluations. Also under this objective, we developed a series of individual crop enterprise budgets
for organic cereals and grain legumes that are being revised based on farmer feedback. These will form the base
for a whole farm rotation budget tool that will be tested with individual farmers this winter. OBJECTIVE 3: We
provided organizational support for the Northern Grain Growers Association and Maine Grain Alliance (MGA) and
continue to advise and coordinate with the Organic Grain Collaboration. MGA submitted a successful grant
proposal to the Maine Technology Institute Cluster Program to evaluate how climate-adapted, appropriately
scaled grain drying and storage facilities in northern Maine could increase the regional supply chain for organic
grain. We strengthened our regional network of grain growers by sending six Maine farmers to the Vermont
winter grain conference, featuring Canadian farmer speakers at the Maine winter conferences, and hosting a tour
of an accomplished Quebecois grain farm. **PUBLICATIONS (not previously reported):** 2015/09 TO 2016/08
No publications reported this period.
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NON-TECHNICAL SUMMARY

The Student Organic Seed Symposium (SOSS) is a three-day event that brings together graduate students, plant
breeding professionals, and organic farmers in the public, private, and non-profit sectors.The symposium aims to
facilitate collaborations among graduate students, networking with plant breeding professionals, and knowledge
sharing about new research and techniques for organic plant breeding.SOSS is an annual event, begun in 2012,
and organized each year by a committee of graduate students.Organizers are seeking funding for the fifth
symposium, to be held in Greensboro, VT, August 2016, titled \"The Student Organic Seed
Symposium:Supporting and educating future leaders in organic seed and plant breeding.\" The symposium will
directly address the OREI priorities of strengthening organic crop seed systems through identifying needs for
plant breeding for organi**c** production.

OBJECTIVES

The long-term goal of the Student Organic Seed Symposium (SOSS) is to create a network of training and
support for graduate students interested in organic plant breeding and seed systems. Plant breeding for organic
systems is a growing field that is attracting a new cohort of graduate students in public plant breeding programs.
Yet at any given land-grant university, there may be only a few students working on organic plant breeding
projects, thus lacking a community of support for their work. SOSS brings together graduate students from across
the country to interact with one another, as well as with plant breeding professions in the private, public, and non-
profit sectors. The specific objectives of this conference include: Increased opportunities for graduate student
networking and collaboration; Exposure to plant breeding professionals in the private, public, and non-profit
sectors; Presentation of the latest organic plant breeding research; Interaction with organic farmers and organic
producers

APPROACH



Proposed AgendaDate: August 7-11, 2016. Location: Greensboro, VT. Sunday, August 7 Participants arrive with
welcome reception and dinner. Monday, August 8 The morning session will include four 45 min presentations on
topics such as \'The Future of Organic Seed Systems\', \'Challenges in Breeding for Organic Systems\', and
\'Experimental Designs for Organic Breeding.\' The afternoon session will be field tours, including a visit to
Butterworks Farm, an organic dairy farm that is breeding locally-adapted wheat varieties.Tuesday, August 9: The
second day will consist primarily of field tours. We will visit High Mowing Organic Seed Company and view their
operations and seed production fields in the morning. In the afternoon, we will visit the student trial plots, where
students will have the opportunity to present on their research. In the evening, we will have a keynote dinner, with
the theme of: \'Moving Toward Seed Sovereignty\'"Wednesday, August 10: The morning session will examine
strengthening public-private partnerships in the organic seed sector with presentations about \'The International
Seed Industry\' and \'Developing Participatory Systems for On-Farm Plant Breeding\'. We will also have a career
panel with panelists from both the public and private sectors. The afternoon session will be field tours, including a
visit to Pete\'s Greens, a large organic farm using innovative marketing and distribution strategies. We will have
concluding remarks at the dinner on Wednesday evening.Thursday, August 11: Symposium participants depart.

PROGRESS

2015/09 TO 2017/08 Target Audience:Graduate students were the primary benefactors of this conference.
Conference attendees also included seed company representatives, farmers, university faculty and non-profit
organizations. Graduate students attended the event, 8 invited speakers attended, and 11 others attended from
seed companies and universities. Universities represented include: University of Wisconsin-Madison, University
of Georgia, Washington State University, University of West Virginia, Texas A&M, University of California at
Davis, Oregon State University, Cornell University, Colorado State University. Other organizations and
companies represented include: Medomak Valley High School\'s Heirloom Seed Project, Wood Prairie Family
Farm, The Rodale Institute, Global Crop Diversity Trust, Organic Seed Alliance, Bauta Family Initiative on
Canadian Seed Security, Prairie Road Organic Seed, Wild Folk Farm, Johnny\'s Selected Seeds, and Fedco
Seed Cooperative. Changes/Problems:One of the keynote speakers was unable to attend due to changes in US
Visa regulations. A substitute speaker was found. What opportunities for training and professional development
has the project provided?See above, professional development was a major objective of the project. How have
the results been disseminated to communities of interest?The conference itself was a mechanism of
disseminating the results of organic plant breeding projects to the community of interest. In addition, a video was
created which will be used to inform graduate students and the broader plant breeding community about this
annual conference and opportunities to learn more about organic plant breeding. What do you plan to do during
the next reporting period to accomplish the goals? Nothing Reported

IMPACT

2015/09 TO 2017/08 What was accomplished under these goals? The long-term goal of the Student Organic
Seed Symposium (SOSS) is to create a network of training and support for graduate students interested in
organic plant breeding and seed systems. Plant breeding for organic systems is a growing field that is attracting a
new cohort of graduate students in public plant breeding programs. Yet at any given land-grant university, there
may be only a few students working on organic plant breeding projects, thus lacking a community of support for
their work. SOSS brings together graduate students from across the country to interact with one another, as well
as with plant breeding professions in the private, public, and non-profit sectors. The specific objectives of this
conference include: 1. Increased opportunities for graduate student networking and collaboration Through the
course of the 3-day event, student participants had ample opportunities to make new connections with other
students and explore new collaborations. Organized activities which encourage student networking included the
presentations of student field plots at Johnny\'s Selected Seeds, which allowed students to learn about each
other\'s work in a hands-on way. A seed exchange event later in the schedule allowed students to trade seed with
each other, including breeding lines and rare materials. Building on these activities, ample informal time for
chatting and networking resulted in students forming connections with each other that are likely to continue
online, particularly among students with shared research interests. A final example of the ongoing network and
collaboration resulting from this event is that a new team of 6 student volunteers is now working on organizing a
Student Organic Seed Symposium for 2017 at the University of California-Davis. 2. Exposure to plant breeding
professionals in the private, public, and non-profit sectors Students were able to connect with and learn from
leaders in plant breeding and seed systems in the public, private, and non-profit sectors in multiple ways. The
schedule of talks, each with time for discussion and questions, covered a broad array of topics and allowed
students to learn in detail about each guest speaker\'s work. Of equal importance, though, were the many
opportunities for students to get to know these guest speakers in an informal setting. Because of the small size of



the event and the fact that almost all speakers stayed for the entire symposium, students were able to talk to
speakers in small groups during meals, bus rides, and other unscheduled time. Indeed, several speakers
remarked positively on the unique, intimate nature of the event and how it allowed them to get to know the
students on a one-on-one basis. These kinds of connections are invaluable because they open the door for
students to find new academic and professional mentors across multiple sectors. 3. Presentation of the latest
organic plant breeding research As in years past, one of the highlights of the symposium is the student plots,
where graduate student participants send seeds of their organic breeding projects prior to the symposium to be
grown for a live field demonstration. This year\'s student plots were planted and managed in the trial grounds of
Johnny\'s Selected Seeds. Nineteen student participants sent seed this year, for presentations on organic
breeding projects in a wide range of crops including carrots, beets, watermelon, tomato, onion, barley, green and
dry beans, pepper, corn, cotton, kale, oats, wheat, and quinoa. In addition, two of the planned plenary speakers
presented on topics of agricultural science that are relevant to organic plant breeding. Dr. Kristine Nichols from
the Rodale Institute spoke about soil science and the impact of organic farming practices on soil health. The other
plenary speaker, Dr. Salvatore Ceccarelli, was unfortunately unable to attend because his recent work in Syria
made him unable to fly to the United States without extra documentation that he did not acquire in time. As the
foremost plant breeder working in participatory plant breeding systems, his presence was greatly missed. 4.
Interaction with organic farmers and organic producers Two of the keynote speakers were organic farmers,
including Jim Gerritsen (organic potato farmer and seed producer in Maine) and Theresa Podoll (diversified
vegetable and grain farmer, plant breeder, and seed producer in North Dakota). As mentioned earlier, both
speakers participated in the entire symposium, and student participants had numerous opportunities to engage
with these farmers on a one-on-one basis. In addition, the symposium included field trips to a number of organic
farms, including Wild Folk Farm (diversified organic farm experimenting with rice production), Four Season Farm
(diversified organic farm owned by Elliot Coleman and Barbara Damrosch - well-known figures in the organic
farming community), and one of the on-farm trial locations for Fedco Seeds. **PUBLICATIONS (not previously
reported):** 2015/09 TO 2017/08 No publications reported this period
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NON-TECHNICAL SUMMARY

Organic farming systems represent unique cropping environments distinct from conventional farming systems.
Consequently, plant breeding activities focused in organic farming systems will result in cultivars well tailored to
production needs of those systems. Further, a range of niche consumer markets exists for organic producers,
including new and novel traits or trait combinations. The objectives of this program are to develop a framework for
organic producers in Northern California to interact with faculty and students at UC-Davis to identify cultivar
needs in vegetable and bean crops, prioritize development of new cultivars, and to breed and commercialize new
cultivars. The public plant breeding programs at UC-Davis will develop new cultivars for organic production while
providing experiential training for undergraduate and graduate students in field-based plant breeding directly in
organic systems, both at the UC-Davis organic student farm and on-farm with organic producers. Students will
gain familiarity with organic cropping systems, resulting in a cadre of next generation plant breeders ideally suited
for organic crop improvement. By cooperating with the Organic Seed Alliance, we will have regular interactions
and meetings between student researchers, faculty, organic seed companies and organic growers. We will
develop and conduct on-farm trials, host extension events at trial sites, and ensure that new, publicly released
cultivars derived from our program will be useful and available to organic growers and organi**c** seed
companies.

OBJECTIVES

Our long term goals are to produce cultivars useful to the organic grower and seed producer community while
providing experiential plant breeding learning opportunities for graduate and undergraduate students who will
become the plant breeders of tomorrow.The specific goals of this project are to design and implement an
infrastructure to identify breeding targets and conduct breeding programs for organic farming systems designed
to produce useful cultivars and to develop vegetable and bean breeding programs that engage with the organic
farming community and develop cultivars to address the particular needs of that community, and to provide
students experiential learning opportunities for hands-on, field-oriented plant breeding.



APPROACH

For this project, we will undertake a number of breeding programs designed to develop new cultivars of
vegetables for organic production. The mechanism to identify breeding targets will be regular meetings between
university-based breeders and students with the organic grower and seed producer community. Once identified,
breeding programs will follow the typical methods used for cultivar development - identifying useful germplasm,
making crosses among desirable genotypes, evaluating plants under diverse field conditions, and synthesizing
cultivars as appropriate for the mating system and the type of cultivar desired. Evaluations will be done on
certified organic land on research farms and in organic on-farm production environments. Farmers will be
involved to the extent they are interested in making selections, choosing final cultivars to move to
commercialization, or simply in trialing advanced cultivars. Graduate and undergraduate students will lead the
projects, develop breeding plans in consultation with faculty advisors, and maintain databases to ensure
continuity of the program as students graduate and new students take over responsibilities.

PROGRESS

2015/09 TO 2020/08 Target Audience:The target audience for this project includes a diverse set of stakeholders.
First, the program is working to develop and release new cultivars of various crops adapted to organic production.
These cultivars will be of interest to growers, seed companies, gardeners, and consumers. During the breeding
process, all of these groups are reached through field days, social media posts, and on-farm trials of promising
germplasm. Second, undergraduate and graduate students learn about plant breeding directly through active
participation and experiential learning in the program or indirectly through field days, seminars, and in-class
presentations about the program. Changes/Problems: This project proceeded as planned. It will continue under a
new grant awarded in 2020. What opportunities for training and professional development has the project
provided?We have had 5-15 graduate and 10-20 undergraduate students actively involved with this project each
year; most students were involved for more than one quarter, and many for an entire year (or longer). In addition,
several part time postdoctoral scientists, who had previously been graduate student participants in the program,
were involved for continuity and to provide leadership for the graduate and undergraduate students. The students
were part of weekly or biweekly team meetings to discuss both weekly work needs as well as overall breeding
goals and strategies. All students gained hands-on breeding experience as well as experience with horticultural
management issues, such as fertilization and irrigation. All work is conducted on organic land, and we organized
several discussions around organic production in general to help educate students. In addition, 10-15 graduate
and undergraduate students participated in weekly seminars held throughout the fall, winter, and spring quarters,
some of whom were not otherwise involved in the project. In 2020, students participated in a culinary internship,
learning about culinary aspects of SCOPE crops, including cooking meals, as well as plant breeding topics. How
have the results been disseminated to communities of interest?We have had numerous activities to spread the
word about the work and the project in general. We continued to so similar events as in past years. °
Presentations at the Organic Seed Growers Conferece in Corvallis OR and bean seeds given away at that and
other events. * Presentations at the UCD Plant Breeding Center retreat « SCOPE field days reaching farmers,
extension personnel, and undergrad and grad students * Presentation by team members at the California Organic
Seed Summit « Fall Welcome events in conjunction with the Student Farm as outreach to undergraduates
interested in gardening and farming * Student Farm Okra-Chile Cook-off: provided peppers for the cooking
competition and helped with event. ¢ 2 hour lecture for PLS 152 (Intro to Plant Genetics) by grad student Saarah
Kuzay « Numerous in-class announcements about SCOPE to generate interest among graduate and
undergraduate students made by current SCOPE participants * Bean and pepper tasting events open to the
campus * Online presence: multiple UC Davis news releases, tweets, etc. -
https://www.plantsciences.ucdavis.edu/news/uc-davis-releases-6-new-varieties-o rganic-beans -
https://www.plantsciences.ucdavis.edu/news/travis-parker-wins-national-photo-c ontest-plant-breeding Gave
hands-on \"Wheat Quality & Waffle-tasting Seminar\" on Jan 30, 2020 with 15 attendees. In preparation, SCOPE
wheat interns milled the flour and made the waffles from scratch for the seminar attendees. Co-hosted two virtual
\"IG Live\" tours with the California Wheat Commission: \"From Field to Bread\" (Sat May 30, 9-10am); \"Virtual
Field Tour: meet the wheat breeders at SCOPE\" (Wed May 20, 9-10am). Students and staff made weekly posts
the to SCOPE instagram page detailing activities done for the SCOPE remote internship Harvested, threshed,
and cleaned seed for wheat crop at Dingle Elementary in Woodland, CA. This wheat planting is part of their
school educational garden program. Provided images and curated and developed content for the Golden State
Grains website (https://www.goldenstategrains.com/) launched by the California Wheat Commission What do you
plan to do during the next reporting period to accomplish the goals? Nothing Reported

2015/09 TO 2016/08 Target Audience:Our target audience are plant breeders, organic farmers, gardners, and
students. Changes/Problems:The project is progressing on track and no changes are anticipated at this time.



What opportunities for training and professional development has the project provided?We have had 12 graduate
and 12 undergraduate students involved with this project in the past year. The students were part of weekly or
biweekly team meetings to discuss both weekly work needs as well as overall breeding goals and strategies. All
students gained hands-on breeding experience as well as experience with horticultural management issues, such
as fertilization and irrigation. All work is conducted on organic land, and we organized several discusions around
organic production in general to help educate students. How have the results been disseminated to communities
of interest?We have had numerous activities to spread the word about the work and the project in general. These
included: SCOPE field day for undergrad and grad student outreach, SCOPE growers meeting to discuss
projects with organic growers and seed producers Presentation by Dr. Brummer at the California Organic Seed
Summit 5 minute video \"How to Breed Plants: As told by Students\" hosted on the UC Davis Plant Breeding and
Agricultural Sustainability Institute homepages Fall Welcome event at which students made take-home pepper
reistras ; an outreach to undergraduates interested in gardening and farming Article and in-field interview with
UCD Outlook Magazine and Ag Alert Press release about SCOPE pepper project (released by HortiBiz
http://www.hortibiz.com/item/news/a-cross-between-bell-pepper-and-jalapeno/) Presentation by grad student
Zach Dashner at the \"Farm Tank\" conference on SCOPE breeding project Kids in the Garden: provided pepper
transplants and taught K-12 kids how to plant and care for pepper plants; separate activity taught importance of
crop evolution and breeding using peppers and other solanaceous crops Student Farm Okra-Chile Cook-off:
provided peppers for the cooking competition and helped organize the event 2 hour lecture for PLS 152 (Intro to
Plant Genetics) by grad student Saarah Kuzay Marker assisted breeding demonstration with common bean,
organized by grad student Travis Parker What do you plan to do during the next reporting period to accomplish
the goals?In the coming year, we intend to continue developing the breeding programs, clarifying objectives, and
educating students on proper plant breeding methodologies. Field trials, including on-farm trials, will be included
this year, in conjunction with the Organic Seed Alliance. We will deploy a database for all field data and notes this
year; we have been working with several options and will instantiate one of them this year to help ensure
continuity with the project long-term. We will continue with student outreach, through a quarterly seminar series
organized by Dr. Brummer and other events to generate student interest. We will develop further leadership
activities to help develop students into active leaders in the plant breeding field.

IMPACT

2015/09 TO 2020/08 What was accomplished under these goals? In the third through fifth years of the project
(Sept 2017- Aug 2020), we continued to advance and evaluate our breeding germplasm and to develop new
breeding populations. We continued our four original breeding programs, focused on tomato, pepper, lima bean,
and common bean and added a new project on organic wheat breeding in 2018. Team Tomato took selections
from the field each year and advanced them a generation in the greenhouse during winter. Additional populations
were also developed based on trialing of additional OP and hybrid cultivars. We are looking for multiply disease
resistant varieties that tolerate the heat of the Central Valley, have resistance to sunscald and cracking, and have
good flavor. We evaluated our advanced populations (ranging from F2 through F7) at the UCD Student Farm and
on three on-farm sites in Northern California across the three seasons. We have started screening all breeding
materials with genetic markers for multiple disease resistances prior to trialing in the field. A number of advanced
lines are being promising candidates for release following another year or two of additional, multilocation trialing.
Team Pepper has two breeding projects to create: (1) a jalapefio popper, an extra-large stuffing jalapeno and a
(2) bell pepper variety resilient to sunburn. The most advanced Jalapeno popper breeding lines from 2018 were
advanced in the greenhouse over winter 2018-19 and planted in the field in 2019 and 2020. Our seven most
advanced lines were grown in trials at the UCD Student Farm and in two on-farm trials. One sunburn resilient bell
pepper line and two large cavity jalapefio lines performed particularly well in two on-farm trials in 2020, and will
be considered for release following another year of trialing in 2021. Team Common Bean has developed eight
heirloom-type varieties that have BCMV resistance, upright plant architecture, high yield, and taste equivalent to
heirlooms. These eight lines were evaluated for a third year in trials on the UCD Student Farm and on four on-
farm trials throughout California to generate data for cultivar release; six of the lines were released by UC Davis
in spring 2020. Five of these releases have been accepted as registration articles in the Journal of Plant
Registrations at the time of this report. These varieties are being grown on at least 14 cooperating farms in 2020
in somewhat larger quantities (0.25-25 Ibs/variety/farm), in seven states/territories from Hawaii to New York. 1000
smaller seed packets (of 25 seeds each) were distributed to hundreds of organic seed growers at the OSA
Organic Seed Grower\'s Meeting and California Seed Summit in February 2020. The varieties are being sold in
restaurants in San Diego, CA. Team Lima Bean is developing a large seeded white and also colored/patterned
bush-type lima resistant lygus damage. In 2019 and 2020, we evaluated promising populations in the field.
Additional trialing will be needed to identify lines for release in the future. Team Wheat is the new project we



began in 2018. One of the interests in developing SCOPE was to give students experience on plant breeding with
various crops. With interest form California wheat growers and the California Wheat Commission, we began
project in 2018 to breed new varieties of wheat for California organic wheat growers. In 2018, we evaluated a
number of heirloom and heritage wheat cultivars for their value under organic conditions. Results from 2018 will
inform crossing plans over winter. For 2019-2020, the wheat program included an evaluation of 147 inbred lines,
18 F4 populations, and a variety of F2-F5 populations. The field planting also included a large seed increase of
UC Amairillo to provide certified organic grain of this recent variety release for millers and organic growers. Grain
quality testing was done in collaboration with the California Wheat Commission. In addition to the specific team
activities, we have streamlined the collection of data and the maintenance of data in a database. Farmer
involvement. Growers were engaged through meetings and breeding targets were revisited during annual grower
field days. The breeding project was based at the organic Student Farm on the UC Davis campus, and we built a
network of participating regional organic growers interested in field trialing varieties. Summary. A unique aspect
of this project is that the breeding programs are organized and led by students, with one or two graduate student
lead breeders assisted by undergraduates and permanent staff. We have had more than 23 graduate students
and 60 undergraduate students participate in the project over the past 5 years. The outputs from the breeding
programs include six heirloom-type common bean varieties with Bean Common Mosaic Virus-resistance currently
being released. Promising pepper breeding lines will be evaluated for 1-2 more years of field trials before release.
The breeding target for tomatoes shifted from cherry tomatoes to high-yielding, heirloom-like slicing tomatoes
based on grower feedback. In 2018, we added a wheat breeding project. We developed an internship structure
that engages students directly in plant breeding for organic systems, we created a weekly seminar series where
guest speakers (including organic farmers, seed producers, and plant breeders), crop teams, and faculty
presented on topics related to plant breeding and organic agriculture. Outreach to the organic community through
field days and events such as the California Seed Summit continued throughout the project. **PUBLICATIONS
(not previously reported):** 2015/09 TO 2020/08 1. Type: Journal Articles Status: Accepted Year Published: 2020
Citation: Parker, T., A. Palkovic, E.C. Brummer, and P. Gepts. 2020. Registration of @UC Tiger€s Eye¢
Heirloom-like Dry Bean. J. Plant Registrations. DOI: 10.1002/plr2.20084. 2. Type: Journal Articles Status:
Accepted Year Published: 2020 Citation: Parker, T., A. Palkovic, E.C. Brummer, and P. Gepts. 2020. Registration
of @UC Sunrise€ Heirloom-like Orange and White Mottled Bean. J. Plant Registrations. DOI:
10.1002/pIr2.20096. 3. Type: Journal Articles Status: Accepted Year Published: 2020 Citation: Parker, T., A.
Palkovic, E.C. Brummer, and P. Gepts. 2020. Registration of @UC Southwest Red€ Heirloom-like Red and
White Mottled Bean. J. Plant Registrations. DOI: 10.1002/plr2.20092. 4. Type: Journal Articles Status: Accepted
Year Published: 2020 Citation: Parker, T., A. Palkovic, E.C. Brummer, and P. Gepts. 2020. Registration of @UC
Rio Zape€ Heirloom-like Dry Bean. J. Plant Registrations. DOI: 10.1002/plr2.20095 5. Type: Journal Articles
Status: Accepted Year Published: 2020 Citation: Parker, T., A. Palkovic, E.C. Brummer, and P. Gepts. 2020.
Registration of @UC Southwest Red€y heirloom-like red and white mottled bean. J. Plant Registrations.
\accepted pending minor revisions\ 6. Type: Conference Papers and Presentations Status: Other Year Published:
2020 Citation: Xiao M, Brummer EC, et al. Organic Pepper Breeding for Fruit Size and Sunscald Tolerance. The
American Seed Trade Association (ASTA) 59th Vegetable & Flower Seed Conference. Feb. 2020, Monterey, CA,
USA.

2015/09 TO 2016/08 What was accomplished under these goals? During the first year of this project, we
developed the general infrastructure for the project, developed initial breeding targets, assembled teams to
conduct the work, and completed the first year of field trials. We had meaningful interactions with organic farmers
and seed compannies through several face-to-face meetings and through a survey we conducted to help clarify
breeding needs and goals. The involvement of the Organic Seed Alliance has been critical for developing
significant stakeholder involvement. The project discussed and adopted a name: SCOPE, for Student
Collaborative Organic Plant Breeding and Education project. There are four breeding programs underway,
focused on tomato, pepper, lima bean, and common bean. Team Tomato is developing heirloom-like varieties
with improved flavor, higher total marketable yields, and greater resistance to cracking, blossom-end rot and
sunscald. Completed activities included parental evaluation of OP heirloom tomato varieties (Summer \'16); OP x
OP crosses in the greenhouse (Summer \'16) that will be selfed in the GH over winter \'16-\'"17, and F2s will be
planted in the Summer \'17 growing season; and crosses of OP x OP and OP x F1 hybrids will be attempted in
GH over winter \'16-\'"17 and planted in the Summer \'17 growing season. Team Pepper has two breeding projects
to create:(1) Jalapeno Popper, an extra-large stuffing jalapeno and a (2) Bell pepper variety resilient to sunburn.
Jalapeno popper breeding lines will evaluated this year for yield, fruit shape, fruit size, and disease resilience.
Seed from the top 10-13% of selections will be increase in the greenhouse over the winter and advanced the
following year. Summer 2016 field inventory (approx. 90 plots replicated 3 times) included BC1F2 through BC1F5
breeding lines; F2 plants and F3 families for selection; F1 hybrid and OP varieties serving as checks and parent
evaluation. Sunburn resilient Bell: evaluated for yield, fruit shape, fruit size, disease and sunscald resilience
(approx. 50 plots replicated 3 times). Parent evaluation of hybrid and OP bell, lamuyo, and italian pepper



varieties; crosses between selected parents will be attempted in gh over winter \'16-\'17. Made F1 x OP and F1 x
F1 crosses in the greenhouse (Spring \'16) Team Common Bean is developing new varieties suited for organic
production in California. Specific traits include seed coat patterns and cooking quality typically found only in
heirloom varieties; resistance to bean common mosaic virus (BCMV); upright plant architecture; and high yields.
We have advanced our backcrossing program from the BC2F1 generation to the BC5F2 generation. We also
evaluated and intercrossed F2 and F3 families from about a dozen heirloom x elite crosses. Team Lima Bean is
developing a large seeded white and also colored/patterned bush-typelima resistant lygus damage. Lygus
hesperus or the Western Tarnished Plant Bug, can reduce lima yields up to 70%and is the largest pest issue
facing CA organic and conventional farmers. Additional traits include the reduction in \'fish lips\' (cotyledon
coming apart) and high yields We have advanced 35 crosses to F2 and 3 to F3 generations. We have also
evaluated most of the parents in the field and made field selections of other advanced crosses that could serve
as parents. **PUBLICATIONS (not previously reported):** 2015/09 TO 2016/08 No publications reported this
period. **ORG**
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NON-TECHNICAL SUMMARY

The 2016 Organic Agriculture Research Symposium (OARS) will be held in Pacific Grove, California in January,
in conjunction with the longest running organic farming conference in North America. The symposium will be
national and international in scope, interdisciplinary in content, and will reach out to the entire organic community
as the target audience. Submissions will be peer reviewed and papers will be evaluated for their contributions to
long-term profitability and sustainability. A symposium is needed to bring together researchers in organic
agriculture from all disciplines and regions. The program will be peer reviewed and will give an opportunity to
present the latest results from projects related to organic methods to an audience that includes farmers,
practitioners, extensionists, teachers, and interested members of the public, as well as other researchers. The
venue will be structured in a way to facilitate interaction and discussions with farmers and other interested
parties. Key sessions will be live streamed as webinars via eOrganic. Other sessions will be captured on audio or
video. Proceedings will be made available and accessible on-line. Consenting random participants will be
interviewed at the conference and a survey will be sent to all participants after the conference to evaluate its
impact.

OBJECTIVES

Our long-term goal is to exploit light as a natural and non-chemical means of controlling powdery mildews for the
benefit of those involved in organic crop production.

APPROACH

Circadian rhythms, signal reception, signal interpretation, and signal disruption. We will elucidate true circadian
rhythms in selected powdery mildews, and explore the disruption of circadian rhythms to suppress pathogen
development.We will use a finely divided LED array comprising specific narrow-band wavelengths that can be
applied singly or in any combination, and can be varied in intensity. The LED arrays will be deployed within a
wind tunnel modified from an earlier design that successfully used in previous published studies on effects of light
on spore release. Where an identifiable pathogen response is associated with light or the absence of light, we will
first assess the relationship between light and a putative circadian rhythm using a simple experimental design
from previous work involving inversion of expected day and night periods. Once this has been accomplished, the
next step will be to attempt disruption of the circadian clock through provision of a \"false dawn\".Convergent
genetic studies. Our approach will also involve the screening of pathogen genomes for likely genetic components
involved in circadian rhythms as well as light signal reception, signal interpretation, and signal disruption. E.



necator will be grown in 24h darkness to the point of dense hyphal colonies that are sporulation competent.
These colonies will be maintained in the dark, and triplicate samples removed at 4h intervals for six timepoints,
starting at 2 AM. Strand-specific RNA-Seq will be completed targeting at least 10 million sequence reads per
replicate, aligning reads to draft genomes and transcriptomes previously published for E. necator. The null
hypothesis is that E. necator uses the same clock genes as closely related ascomycetes; therefore, temporal
expression analysis of candidate genes will be analyzed first to test this hypothesis. If the candidate clock genes
do not follow the expected circadian clock patterns of expression, the benefit of RNA-Seq is that a discovery
approach can be pursued to cluster by expression pattern and identify suites of genes that do follow the expected
circadian clock pattern.There will be several statistical analyses focused on targeted or global gene
expression:Circadian clock candidate gene timecourse in continuous dark every 4 hours for 7 timepoints, to test
for differential expression consistent with previous publications in model fungi, plants, and mammals. Discovery
approach to cluster by expression pattern and identify suites of genes co-regulated with circadian clock.Three
light treatments that differentially trigger sporulation for statistical comparison of sporulating versus non-
sporulating gene expression at 0, 1, 4, and 8 hours post-treatment.Night-disruption of circadian clock (Dis) for
independent comparison to no-light control (C, both treatments non-sporulating) and sporulation-inducing
treatment (P), which could have timepoints at 0, 1, 4, 5, 8, and 12 hours post-disruption treatment.Modifications
of natural light caused by plastics and glass in plant growth systems and effects on powdery mildews. We will
quantify the aging effects of natural sunlight upon a wide variety of new and aged glass and plastics. The
resultant altered spectral characteristics will then be evaluated under standardized conditions to isolate the effect
of the altered spectrum upon growth and development of powdery mildews.Samples of several materials will be
obtained from manufacturers and will tested for their spectral properties under controlled conditions using
multispectral radiometry. The materials will also be subjected to standardized weathering over a 2-yr period to
examine how the original spectral properties are altered over time.Modifications of lighting to remediate effects of
plastic and glass enclosures on powdery mildews. We will design and conduct experiments wherein the
quantified lighting conditions of high tunnels are used as experimental variables, with controls being the light
condition measured immediately outside the tunnel, i.e., natural unobstructed or unfiltered daylight. The foregoing
will provide guidance on the light supplementation treatments to be evaluated in this part of the project.Diverse
designs for diverse end users. We will focus upon several diverse devices and technology for a variety of end
users. Although this technology has particular utility for organic production, where options to suppress disease
are limited, our results have broad applicability for production agriculture. In the simplest iteration, we can
evaluate a single or paired UV-B lamp(s) of the type used in our prior studies (Q-Lab UVB-313 EL) that is
manually passed over the crop by the grower. Likewise, there are multiple ways in which UV-B lamps could
traverse a crop, ranging from towable units, to suspending lamps from existing mobile spray booms or picking
platforms to fully automated robotic systems. Our development plan for devices to apply UV-B and LED
technology is a two-way street, on which devices will intially be developed in consultation with stakeholders,
tested for efficacy, and then presented to stakeholders for evaluation. Subsequent designs will be refined or
developed anew based upon stakeholder evaluations.Optimization studies within the UV-B band. We have
identified the specific wavelength (i.e., 280 nm) within the UV-B band that is the effective component. An XeBr
lamp that produced a narrow peak output of 280 nm has been made available to project scientists for furhter
experiments by Ushio Inc, a major producer of lamps. The specificity and intensity of output would allow for the
following: (i) application of higher UV-B doses for greater pathogen suppression due to elimination of UV-B
wavelengths that are not relevant to pathogen suppression; and (ii) shorter application times at equivalent UV-B
dose, an important factor in mobile application devices.Training and Evaluation Workshops. We will extend
knowledge gained in our project within the context of an integrated disease management program through state
and regional NOFA workshops.Production of high-quality audiovisual media for training in pest management.
[Software for computer-generated animation (CGA) is sufficiently advanced that remarkably sophisticated
animations are possible with modest effort. The Research Experience for Undergraduates effort will be directed
towards recruitment of talented undergraduates with CGA skills. The students will work with project scientists and
key extension personnel at Cornell and partner institutions in the design and production of digital imagery and
educational video tools.]{.mark}
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2019. Book of abstracts, p. 15. Type: Conference Papers and Presentations Status: Published Year Published:
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Status: Published Year Published: 2019 Citation: https://cals.cornell.edu/news/uv-light-may-be-ripe-replace-
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https://twitter.com/Cornell/status/1124334622949761024 Type: Websites Status: Published Year Published: 2019
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https://www.growingproduce.com/fruits/uv-light-treatment-could-put-plant-pathogens-in-the-dark/ Type: Websites
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NON-TECHNICAL SUMMARY

The 2016 Organic Agriculture Research Symposium (OARS) will be held in Pacific Grove, California in January,
in conjunction with the longest running organic farming conference in North America. The symposium will be
national and international in scope, interdisciplinary in content, and will reach out to the entire organic community
as the target audience. Submissions will be peer reviewed and papers will be evaluated for their contributions to
long-term profitability and sustainability. A symposium is needed to bring together researchers in organic
agriculture from all disciplines and regions. The program will be peer reviewed and will give an opportunity to
present the latest results from projects related to organic methods to an audience that includes farmers,
practitioners, extensionists, teachers, and interested members of the public, as well as other researchers. The
venue will be structured in a way to facilitate interaction and discussions with farmers and other interested
parties. Key sessions will be live streamed as webinars via eOrganic. Other sessions will be captured on audio or
video. Proceedings will be made available and accessible on-line. Consenting random participants will be
interviewed at the conference and a survey will be sent to all participants after the conference to evaluate its
impact.

OBJECTIVES

The Organic Agriculture Research Symposium (OARS) will bring together scientists and others, including end-
users, to identify research, education or extension needs, update information, and advance understanding of
organic issues and problems using a systems-based approach. The OARS will provide current information to
farmers and ranchers at a venue held in conjunction with the Ecological Farming Conference in Pacific Grove,
CA. Continuous improvement in organic farming systems and technology transfer requires making the latest
results of research accessible to farmers and other practitioners.

APPROACH

The symposium will be held at Asilomar State Park in Pacific Grove, CA on Wednesday, January 20, 2016. The
Ecological Farming Conference\--thought by many to be the longest running conference of organic producers and
processors held in North America\--has been going since 1981 and was attended by nearly 1,900 people in 2014.
The event will be promoted nationally and internationally. The Co-Pl, conference coordinator and OFRF staff will
work with organizations like California Certified Organic Farmers (CCOF), California FarmLink and the EcoFarm
Association (EFA) to perform outreach to farmers and other farmers. The Conference Coordinator and PI will help
with outreach to researchers, extensionists and agricultural professionals. Additional plans include broadcast by
live streaming, participant interviews, and publication of proceedings on eOrganic.info.



PUBLICATIONS

Another lost/omitted project: ORGANIC AGRICULTURE RESEARCH SYMPOSIUM Sponsoring Institution
National Institute of Food and Agriculture Project Status TERMINATED Funding Source OTHER GRANTS
Reporting Frequency Annual Accession No. 1007352 Grant No. 2015-51300-24150 Project No. CA-SW-ADM-
7920-0OG Proposal No. 2015-07418 Multistate No. (N/A) Program Code 113.A Project Start Date Sep 1, 2015
Project End Date Aug 31, 2016 Grant Year 2015 Project Director Dahlberg, J. Recipient Organization
UNIVERSITY OF CALIFORNIA, DAVIS 410 MRAK HALL DAVIS,CA 95616-8671 Performing Department
Agriculture & Natural Resource Non Technical Summary The 2016 Organic Agriculture Research Symposium
(OARS) will be held in Pacific Grove, California in January, in conjunction with the longest running organic
farming conference in North America. The symposium will be national and international in scope, interdisciplinary
in content, and will reach out to the entire organic community as the target audience. Submissions will be peer
reviewed and papers will be evaluated for their contributions to long-term profitability and sustainability. A
symposium is needed to bring together researchers in organic agriculture from all disciplines and regions. The
program will be peer reviewed and will give an opportunity to present the latest results from projects related to
organic methods to an audience that includes farmers, practitioners, extensionists, teachers, and interested
members of the public, as well as other researchers. The venue will be structured in a way to facilitate interaction
and discussions with farmers and other interested parties. Key sessions will be live streamed as webinars via
eOrganic. Other sessions will be captured on audio or video. Proceedings will be made available and accessible
on-line. Consenting random participants will be interviewed at the conference and a survey will be sent to all
participants after the conference to evaluate its impact.
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