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Executive Summary 

Overview 

The Vermont Agricultural Experiment Station (AES) and UVM Extension {EXT), housed within the College of Agriculture and Life Sciences 

(CALS), integrate higher education, research, and outreach to meet the changing needs of Vermont citizens, communities, and 

organizations. Together, we work to protect and enhance a quality of life characterized by a healthy natural environment, vibrant 

economy, strong sense of community, resilient youth, and a deeply ingrained connection to agriculture. 

Through multidisciplinary work and the integration of education, research and outreach, our efforts address the following critical issues 

in our state: 

• Sustainability of Vermont agriculture, food, and forests 

• Resilience of families and individuals 

• Development of communities 

• Stewardship of the natural environment 

• Foundational and exploratory research in agriculture 

• Nutrition, food safety and food security 

• Animal health and production 

In late 2020, CALS launched a Strategic Planning process to guide our efforts toward the following goals: 1) build on our reputation for 

exceptional research and scholarship to maximize local to international impact; 2) develop and support a dynamic community of 

students and alumni who make a difference in the world; and 3) create a culture of belonging that affirms the experiences and identities 

of diverse faculty, students, staff, and community partners. 

Our Vermont Agricultural Experiment Station is home to faculty in the departments of Animal and Veterinary Sciences, Community 

Development and Applied Economics, Nutrition and Food Sciences, Plant Biology, and Plant and Soil Sciences. In FY21, 42 AES faculty 

conducted 28 Hatch and 14 Hatch Multistate projects addressing the critical issues of our state (as named above). 

More than 150 UVM Extension specialists and professionals are located throughout the state. Among Extension's facilities are 11 field 

offices, a state Director's Office, one research farm, and an agricultural engineering lab. These people and resources provide solutions to 

contemporary challenges by integrating higher education, research and outreach which helps Vermonters in all 14 Vermont counties 

make sound decisions about their families, communities, businesses, and the natural environment. Notably, user access to these farms, 

offices, and training facilities only happens because they are leased from private real estate providers and landowners. 

In FY21, UVM Extension offered 300 significant educational events (educational programming of six or more hours), serving 3,175 non

traditional students. Thousands more learned by participating in webinars and workshops, through direct consultations or on-farm 

technical assistance, conferences and other educational events and publications. Across the Fence, Extension's signature farm, home, 

and community television show on WCAX-TV in Burlington, produces over 260 shows a year and reaches an estimated 15,000 households 

each day plus several thousand additional subscribers and followers via YouTube and Facebook. 

Regardless of the spending demands placed on its resources, UVM Extension delivers high-level science-based, research driven 

programming and support in traditional and sustainable agriculture; 4-H youth development, family and farmworker outreach; 

horticulture; forestry business; water conservation and management; soil, nutrient and grazing management; food system education; 

and farmworker/migrant worker education. 



The COVID-19 pandemic continued to impact our operations this year. While many research efforts were delayed and in-person activities 

limited, we recognize that the accomplishments of our faculty, staff, and partners were significant and valued. 
Critical Issue: Animal Health and Production 

The following ongoing AES research projects are addressing our critical issue of Animal Health and Production: 

National Animal Genome Research Program, ongoing research directed by Stephanie McKay, Ph.D. 

The goal of this project is to enhance annotation of epigenetic and epitranscriptomic elements in cattle and sheep genomes. Data 

generated from this project will be contributed towards the Functional Annotations of Animal Genomes (FAANG) project to enhance the 

bovine and ovine reference genomes. These tools and resources are utilized by academia, industry, and government researchers whose 

research enables enhanced livestock production and animal health. 

Influence of diet on the rumen metaproteome, ongoing research directed by Sabrina Greenwood, Ph.D. 

To improve sustainable productivity of dairy herds, we need to develop a better understanding of how the diet impacts rumen function. 

This project is aimed at characterizing how diet profile impacts the rumen metaproteome of dairy cows. Additionally, we aim to identify 

milk protein biomarkers that are indicative of rumen microbial protein profiles and rumen performance to create a non-invasive 

approach that can be used on-farm for herd assessment of rumen health. To date, we have completed proteomic analysis of the rumen 

metaproteome of lactating dairy cows fed different levels of starch and fiber. As we bring the experiments to full completion, we will 

continue to disseminate the research through presentations and written formats, which creates opportunity for broader impact and 

adoption. 

Contributions to the Hatch Multistate project NEl 748: Mastitis Resistance to Enhance Dairy Food Safety 

• Epidemiology and ecology of antimicrobial resistant Staphylococci on dairy farms, ongoing research directed by John Barlow, Ph.D. 

Bacteria in the Staphylococcus species group, including Staphylococcus aureus, are a major cause of mastitis leading to decreased 

productivity of dairy cattle, and are a group of pathogens of human public health concern. Antibiotic resistance is also an animal 

health and human health issue associated with this group of pathogens. There is limited information on the source of and spread of 

antibiotic resistant staphylococci on dairy farms. This project uses whole genome sequencing to explore the strain diversity and 

host specificity of antibiotic resistant staphylococci isolated from cattle and humans on dairy farms in Vermont that make 

farmstead cheeses. 

• Mastitis Resistance to Enhance Dairy Food Safety, ongoing Mu/tistate research directed by Feng-Qi Zhao, Ph.D. 

Mastitis is inflammation of the mammary gland resulting from intramammary bacterial infection. It is the most widespread and 

costliest disease in the dairy industry in the US and imposes approximately $2 billion of economic losses annually. The major cost 

of the losses is the reduced milk production in infected cows, but the underlying mechanisms remain to be elucidated. This study 

provides insight into the individual and combined effects of bacterial toxins and inflammatory cytokines on bovine mammary 

epithelial cell (MEC) survival and function. This will lead to the development of new interventions to reduce the damage of mastitis 

to the mammary gland and losses in milk production. Our findings provide candidates of biomarkers and targets to diagnose and 

treat mastitis in cows. The results have been published in a peer-reviewed scientific journal which is accessible to the public. The 

findings have also been presented in scientific meetings, including the ASAS Lactation Biology conference. 

Critical Issue: Development of Communities 

The following UVM Extension Programs made contributions toward our goal of "engaging with communities to support leadership 

development, capacity building and diverse voices in decision making" this year: 

• Leadership Development 

• Master Gardener 

• Migrant Education 

• Municipal Officer and Non-Profit Education 

• PROSPER: Drug & Alcohol Prevention 

• Tourism and Recreation 

• Urban & Community Forestry 

In total, these programs delivered 7,484 educational events (i.e., workshops, classes, consultations, presentations) that directly reached 

13,283 participants. An additional 2,783 contacts engaged with the 58 publications produced by these educators. 

Some program and project highlights from FY21 include: 



• The black ash, an integral part of Vermont's environmental habitat, has deep cultural significance for the Abenaki and other 

indigenous people who use splints from these trees for basket making. The arrival of the emerald ash borer in the state has put all 

ash trees at risk, prompting the Vermont Urban and Community Forestry program and others to support efforts of local indigenous 

people to harvest black ash for splints for baskets and to save seeds to preserve the genetic diversity of local trees for future 

replanting. 

• This year, the Migrant Education Program (MEP) was able to successfully recruit 302 students. This number is particularly 

impressive given staff's limited ability to conduct identification and recruitment efforts due to COVID-19. Staff were able to 

recuperate reduced student numbers that occurred in the 2019/20 reporting year when we saw a decrease to 276 students due to 

the pandemic. The Identification and Recruitment Coordinator developed a COVID-19 recruitment plan to ensure staff were able to 

conduct recruitment efforts both effectively and safely. In addition, MEP hired a Recruitment Specialist during the summer months, 

the busiest time for identifying eligible students. Of 116 school aged children enrolled in MEP, 114 demonstrated school readiness, 

advancement and/or completion. MEP was able to provide especially strong support to the eight graduating seniors to ensure they 

successfully completed high school. 

Critical Issue: Foundational and Exploratory Research in Agriculture 

The following AES research projects concluded in FY21: 

• Improving Forage and Bioenergy Crops for Better Adaptation, Resilience, and Flexibility, research directed by Eric Bishop Von 

Wettberg, Ph.D. 

This research aims to improve the rotational value of pea as a legume cover crop due to its contributions to food security, resilience 

against climatic change and fluctuations, and to nutrient management. Legume cover crops have the ability to increase soil fertility 

and subsequent crop yields at lower costs and environmental risks than fertilizers. This project trailed over 20 cultivars of winter 

tolerant peas as legume cover crops in Vermont and are taking a few forward as potential double crops. Double cropping, although 

common in more tropical or southern areas, is novel in Northern New England, and may greatly improve vegetable farm finances 

and productivity. This and other results from the research have been shared with farmers via the "Across the Fence" television 

show, radio interviews, two field days, several conferences, and more. The scientific community has been reached via journal 

articles and scientific conferences. 

• Analysis of a novel endosomal trafficking pathway critical for growth and cell wall organization in plants, research directed by Mary 

Tierney, Ph.D. 

The ability of plants to control the selective degradation of proteins, the secretion of new plasma membrane and cell wall proteins, 

and the targeting of proteins to various compartments within a cell, is essential for plant growth and the interaction of plants with 

their environment. This project furthered understanding of the cellular mechanisms that modulate wall organization and growth in 

plants through endosomal trafficking. Results of this research have been presented at national and international meetings (Pan

American Plant Membrane Biology Workshop), the Midwest Plant Cell Dynamics meetings, and the Plant Biology Marvin Seminar 

Series. This work has also been published as a research paper in the Plant Journal and as a methods chapter in Methods in 

Molecular Biology. 

• Pathways and potential controls of pheretimoid earthworm invasions into Vermont sugar maple forests, research directed by Josef 

Gorres, Ph.D. 

Asian earthworms in the pheretimoid group, commonly known as jumping worms, are reported from sugar maple forest in 

Vermont with increasing frequency. As climate changes, expansion of their range into higher elevations is expected. These 

invasions have ecosystem-wide effects, threatening the sustainability of maple syrup production. One component of this research 

was to better understand the dispersal pathways of Vermont's pheretimoids invasion. It has become clear that their main dispersal 

pathways are horticultural activities and more recently composts and mulches. It can be assumed that a large number of nurseries 

and compost facilities are contaminated with these earthworms. The main ecological and economic effects are the loss of 

biodiversity and reduction of regeneration of tree species. In Vermont, the reduction of maple saplings is of concern to both the 

maple syrup producers and to tourism (foliage). Building a network of citizen scientists has been difficult because of Covid 

restrictions. However, there are now several initiatives across the northeast that have taken on this task. We promote the use of 

easy-to-access smart phone web applications such as iMaplnvasives and iNaturalist to report the worms. Using these apps makes it 

possible to obtain data on the distribution of these worms. This research has been shared at more than 20 workshops and seminars 



in Vermont and regionally to academicians, garden clubs, and horticulture/landscape professionals. In addition, we published 

eight journal articles and received significant press coverage with at least 21 articles and radio interviews. 
Critical Issue: Nutrition, Food Safety and Food Security 

The following AES research projects concluded in FY21: 

• Creating the Conditions for Healthy Meal Preparation: Testing a Culinary Pedagogy in Different Circumstances, research directed by 

Amy Trubek, Ph.D. 

Home cooking has increasingly become the focus of public-health, nutrition, and policy intervention campaigns. But what is 

important to know and do? There is a need for a better understanding of cooking skills and knowledge to inform research on the 

connection between cooking and health. Our team defines Food Agency as one's ability to procure and prepare food within the 

contexts of one's social, physical, and economic environment. Addressing issues with present research on cooking, a 

comprehensive theory of Food Agency offers a nuanced understanding of daily food practices and provides guidance on how to 

teach cooking skills that are generalizable throughout varied life contexts. Our research has found that frequent cooking of all 

meals, more frequent scratch cooking, and less frequent cooking with packaged ingredients are all associated with greater food 

agency. We believe that this framework offers a promising approach to helping people be empowered to act, and improving 

everyday food lives. Communities of interest can learn more by visiting htt1::1s://site.uvm.edu/foodagencY.. 

• Evaluation of crystals and their relationship to grittiness in soft washed rind cheeses: Survey of the U.S. marketplace, research 

directed by Paul Kindstedt, Ph.D. 

Soft washed rind cheeses are known for their formation of yellow-orange smears at the cheese surface. Our previous work 

demonstrated that cheese smears induce the nucleation and growth of brushite, calcite, ikaite and struvite crystals, which may be 

responsible for the textural defect known as grittiness. Currently, there are no known strategies to prevent grittiness defect in this 

cheese variety. Therefore, the specific objective of this project was to determine the relationship between grittiness and the types 

and sizes of crystals in soft washed rind cheeses. Through our research, it was determined that a key to preventing grittiness is to 

limit crystal growth to less than 66 microns. Research also strongly suggests that grittiness may be controlled/prevented by 

controlling atmospheric levels of carbon dioxide and ammonia. Results of this research have been presented locally and 

internationally and published as two articles in the Journal of Dairy Science. Future work should seek to determine the effects of 

atmospheric levels of carbon dioxide and ammonia in the ripening room on crystal growth rates and grittiness intensity. 

Critical Issue: Quality of the Natural Environment 

The following UVM Extension Programs made contributions toward our goal to "integrate business and conservation to improve the 

quality of the natural environment where Vermonters live, work, and play" this year: 

• Forest Business 

• Forest Stewardship 

• Grazing & Livestock 

• Maple 

• Soil Health & Conservation 

• Urban & Community Forestry 

• Watershed Outreach & Education 

In total, these programs delivered 1,184 educational events (i.e., workshops, classes, consultations, presentations) that directly reached 

57,727 participants. An additional 21,310 contacts engaged with the 123 publications produced by these educators. 

Some program and project highlights from FY21 include: 

• Approximately 150 riparian forest restoration practitioners participated in Watershed Forestry Partnership (WFP) programs and 

received WFP materials, resulting in improved riparian forest restoration best practices, outreach to landowners, and collaboration 

between practitioners. WFP proudly launched its podcast "Restoration Roundup" this year, covering topics related to riparian forest 

restoration. All podcast episodes can be found at htt1::1s://www.uvm.edu/seagrant/watershed-forestry-1::1artnership/restoration

rounduP-:P-Odcast and on most podcast streaming platforms. 

• While irrigation is widely used on Northeast vegetable farms, few growers rely upon soil moisture sensors to schedule irrigation. 

Many farmers over-irrigate, causing nutrient leaching, or under-irrigate, leading to decreased yields and quality. Researchers with 

the UVM Center for Sustainable Agriculture's Farming and Climate Change program, in partnership with the University of Maine, 

https://site.uvm.edu/foodagency
https://www.uvm.edu/seagrant/watershed-forestry-partnership/restoration-roundup-podcast


conducted a survey of New England vegetable growers to ascertain how farmers make decisions about when and how much to 

irrigate. Better information about soil moisture conditions and soil moisture sensing technology, tailored to the scale and diversity 

of these farms, can greatly improve irrigation efficiency while protecting water quality and supply in an era of climate change. 

• Invasive pests such as emerald ash borer (EAB) can change the nature and functioning of Vermont's forests and cost municipalities 

thousands of dollars to manage infested hazard trees. EAB is in Vermont, and although it cannot be eradicated, informed residents 

can slow the spread, giving municipalities and property owners time to plan and spread out costs associated with management. In 

partnership with the USDA Forest Service, the Vermont Urban and Community Forestry Program (UCF) is designed to help 

communities plan, plant, and care for their community trees. For the 2021 EAB flight season (June - September) 50 UCF volunteers 

hung and monitored 112 purple prism traps for emerald ash borer in 61 municipalities across Vermont. We supported these 

volunteers by providing on line training, helping them determine the best locations for the traps, preparing and distributing kits 

with all of the needed gear. Locations of the traps and results from monitoring were entered into a database shared with Vermont 

Agency of Agriculture, Food & Markets and the Vermont Department of Forests, Parks and Recreation. 

The following AES research project concluded in FY21: 

• Evaluating Alternative Runoff Management Practices for Vermont Dairy Farm Production Areas, research directed by Stephanie 

Hurley, Ph.D. 

This funding supported two research projects on a relatively un-studied area of agricultural stormwater management. Water quality 

in the effluent of each system was improved compared to the influent runoff. Employing similar green infrastructure systems 

elsewhere in watersheds that have significant runoff from impervious surfaces in agricultural areas like roads and rooftops and 

silage bunkers, would help reduce nutrient loading and algae blooms in downstream waters. A master's thesis and two papers (one 

published on the silage system, the second in preparation related to the bioretention system) serve as examples of speaking to an 

academic audience about the efficacy of these systems; however, lessons have also been shared at academic conferences, on site 

tours (though limited by covid-19 in 2020 and 2021) with agriculture and engineering professionals, and in undergraduate courses. 

We are doing continued groundwater monitoring of sampling wells near the silage treatment area. We have used the bioretention 

findings to develop design recommendations for use in bioretention soil media, and leveraged the current research to pursue 

additional research targeting improvement of design guidance and soil media testing for the state of Vermont stormwater manual. 
Critical Issue: Resilience of Families and Individuals 

The following UVM Extension Programs made contributions toward our goal to "increase the resilience of families and individuals around 

health, education, and personal and family well-being" this year: 

• 4-H 

• COPE: Coping with Separation & Divorce 

• Migrant Health 

• Migrant Education 

• PROSPER: Drug & Alcohol Prevention 

Together these programs delivered 7,792 educational events (i.e., workshops, classes, consultations, presentations) and directly reached 

12,861 participants, including 7,348 children and youth. 4-H volunteers continue to be a critical component of our program, and this year 

contributed 4,648 hours of service. At an hourly rate of $24.60 in Vermont (lower than the national rate of $28.54) the value of that 

volunteer time totals $114,341. 

Some program and project highlights from FY21 include: 

• In partnership with the Vermont Network, UVM Extension 4-H educators trained 83 adults using the "Askable Adult" curriculum, 

equipping them to be more askable and supportive for children and youth in their lives. Of those who responded to a three-month 

follow-up survey, 72% used their learning to be more askable for youth in their life often or a lot. Bringing the Askable Adult training 

to adults in our communities aims to ensure that youth have supportive and affirming adults in their lives. This is always an 

important factor for youth resiliency but also particularly during this global pandemic when many young people are feeling isolated 

and anxious. Survey respondents also believe their learning is making an impact often or a lot (61 %). As one participant reflected, 

"The training was a great reminder of how important simply being consistent is. I've really ramped up my efforts to ensure I am 

following through for the kids in my life". 

https://www.vtnetwork.org/


• 4-H World Changers has allowed us to reach and provide computer science opportunities to more youth. To date, our collaboration 

with Marion County Ohio 4-H has benefited more than 125 youth from Vermont, Ohio, and other states. We are building a new 

generation of coders who are excited and passionate about learning web design, game design, coding languages and more. 

• In the past year, 562 individuals received health education and health access assistance from the Migrant Health program, including 

at least one of the following: health screening, mental health promotion, immunization education, COVID tests, COVID and/or flu 

vaccines, preventative, acute, or emergent health care services. 

• The Vermont 4-H Teen and Leadership program offers a wide variety of opportunities which enable teens to develop knowledge, 

skills, attitudes, and aspirations needed for success in the 21st century. In FY21, more than 1,800 young people engaged with 

almost 100 program offerings including: Teen Science Cafes, TRY for the Environment, Natural Resources Management Academy 

and more. Evaluation data show that 637 teens reported an increase in their STEAM related knowledge and/or skills because of 

their participation. 
Critical Issue: Sustainability of Vermont Agriculture, Food and Forests 

Please reference our AES final reports in REEport for accomplishments achieved in the following Hatch and Hatch Multistate projects: 

• Developing Multi-stakeholder Approaches to Dairy Personnel Health and Well-being, directed by Daniel Baker, Ph.D. 

• Consumer Response to Mandatory Genetic Engineering of Foods: A Suite of Analyses, directed by Jane Ko/odinsky, Ph.D. 

• Modernizing Tapping Guidelines for Sustainable High Yield Maple Syrup Production, directed by Timothy Perkins, Ph.D. 

• Supporting Agricultural Growth: Women Farmers' Social Networking & Social Media, directed by Sarah Heiss, Ph.D. 

• Renewing an Agriculture of the Middle: Value Chain Design, Policy Approaches, Environmental and Social Impacts, directed by 

David Conner, Ph.D. 

The following UVM Extension Programs made contributions toward our goal to "improve the financial, environmental and social 

sustainability of Vermont's agriculture, food and forest sectors" this year: 

• Agricultural Engineering 

• Agritourism 

• Crops 

• Farm Business 

• Food Safety for Processors 

• Forest Business 

• Forest Stewardship 

• Grazing & Livestock 

• Integrated Pest Management (1PM) 

• Maple 

• Master Gardener 

• Soil Health & Conservation 

• Tourism and Recreation 

In total, these programs delivered 4,641 educational events (i.e., workshops, classes, consultations, presentations) that directly reached 

34,110 participants. An additional 32,946 contacts engaged with the 247 publications produced by these educators. 

Some program and project highlights from FY21 include: 

• Although more than one third of all farmers and ranchers in the U.S. are women, these operators do not access available resources, 

including agricultural support programs, training, and other business tools, as effectively as their male counterparts. The national 

Women in Agriculture Learning Network, launched in October 2013 with leadership provided by the UVM Women's Agricultural 

Network (WAgN), is working to change that by providing information specific to this target group through its website, social media, 

e-newsletters, and other outreach efforts. To date, WAgN's outreach efforts have connected over 6,500 people with resources and 

information. Currently, the WAgN e-newsletter has 1,251 active subscribers with representation from all 50 states and Washington, 

D.C. Roughly 50% of subscribers are women who described themselves as either aspiring or beginning farmers. 

• Community Accreditation for Produce Safety (CAPS) is a program of the Vermont Vegetable and Berry Growers Association, 

administered by UVM Extension, that helps diversified produce growers in Vermont reduce risk and meet market expectations 



around produce safety requirements. By the end of 2020, 140 farms completed produce safety plans and provided all 

documentation required to demonstrate implementation of their plans to earn accreditation. These farms reported having 2,865 

acres of vegetable production, 417 acres of fruit production, and 1,822,000 square feet of greenhouse production. Using 2017 

Census of Agriculture data, we estimate total annual sales of fruits and vegetables by these farms to be $32 million. 

• The Northeast Center to Advance Food Safety (NECAFS) had a productive year focused on continued support of existing 

programming and workgroup activities, conducting extensive center evaluation, expanding the Food Safety Resource 

Clearinghouse to include a peer-review process of add-on content, and creating a significant body of original educational content 

pertaining to Food Safety Modernization Act (FSMA) Produce Safety Rule key legal questions. Since its inception, NECAFS has 

reached 55,371 participants in a wide range of programming. At the 2020 Annual Conference and Meeting, attendees 

overwhelmingly reported (93%) that they met someone new through NECAFS and the relationship created opportunities for 

collaboration on education, research and future funding. Evaluations also indicate that NECAFS participants are progressing along 

the collaboration continuum from information exchange (consulting) to decision-making based on interpersonal trust and shared 

language (coordinating). 

• The Vermont Vegetable and Berry Growers Association listserv was evaluated in February 2021. Of the 150 respondents answering 

the question, 142 (95%) indicated that over the past 3 years they had gained information from the listserv that they used in their 

farm operation or work and that the information helped improve farm profitability {70%), pest management (81 %), soil health 

and/or nutrient management {77%), equipment or infrastructure {78%), food safety practices (64%), and marketing (52%). 

• Through Northeast Dairy Business Innovation Center funding, the Grazing & Livestock program was able to successfully develop a 

pilot program to provide technical assistance to dairy farmers seeking to transition to rotational grazing. The program has been 

running since May 2020 and serves five dairy farmers. One of those farmers estimated saving $34,000 in stored feed costs during 

their first season grazing. Savings were also realized in animal healthcare-related expenses, particularly with hoof health. Based on 

this, the farm anticipates a return on initial infrastructure investment by the time of early grazing this coming season. This farmer's 

words speak volumes, " I'm very pleased with how this went. I should have done this ten years ago." 

• The Vegetable Nutrient Management program of UVM Extension provided technical assistance on soil health to 122 farms with 1,152 

acres in production in 2020. As a result, an estimated 18,000 lbs. of phosphorus application was avoided, and 644 acres of cover 

crops were planted. In collaboration with the UVM Agricultural Testing Lab, 774 soil test recommendations were provided for 

vegetables and berry fields, and 178 soil test recommendations for high tunnels were provided in collaboration with the University 

of Maine Soil Testing Lab. 

• Research, outreach, and network development is needed to support agritourism in Vermont and around the world. As a follow up 

to the First World Congress on Agritourism organized by Eurac Research in Italy in 2018, UVM Extension'sAgritourism Program will 

host the International Workshop on Agritourism (IWA) in Burlington August 30 - September 1, 2022 as a hybrid conference. Leading 

up to the Vermont conference, we hosted nine virtual agritourism gatherings (webinars) on a variety of topics between September 

2020 and May 2021, engaging 1,704 participants from 66 countries. 

• Evaluations collected from participants engaged in the programs of addressing this critical issue show that 721 individuals and 

business owners implemented recommended practice(s) designed to accomplish owner values and goals to improve/protect 

business sustainability. Some of these practices include completing a business or action plan, installing new infrastructure, 

adjusting feed rations, and improving food safety procedures. 

Merit and Scientific Peer Review Processes 

Updates 

Vermont Agricultural Experiment Station: 



Hatch and Hatch Multistate projects give the Vermont Agricultural Experiment Station (AES) seed funding to enable faculty to pursue 

research and to apply for additional funding. A call for Hatch/Multistate proposals is issued in January and proposals are due the last 

week of April. A Hatch Committee is charged with reviewing the proposals and assessing how the research proposed relates to Vermont's 

critical issues. The committee is made up of the College's research faculty from each unit and scores proposals based on the following 

criteria: significance of work based on the critical issues, scientific and technical feasibility, past progress, and innovation. The committee 

weighs each project with the availability of funding and decides which proposals merit funding. 

UVM Extension: 

To make progress on our purpose to "cultivate healthy communities," and provide organizational focus and direction, UVM Extension 

orients its work towards four Result Areas: 

1. Improve the financial, environmental, and social sustainability of Vermont's agriculture, food and forest sectors 

2. Increase the resilience of families and individuals around health, education, and personal and family well-being 

3. Engage with communities to support leadership development, capacity building, and diverse voices in decision making 

4. Integrate business and conservation to improve the quality of the natural environment where Vermonters live, work and play 

UVM Extension plans programming and measures success annually through the lens of the Result Areas and has internal processes that 

increase transparency and participation in decision making. This results framework provides boundaries for decision making about 

future investments and effort while remaining flexible enough for Extension to adapt to unforeseen challenges and opportunities. 

The Director's Cabinet is an administrative leadership committee that supports human resource, financial, operations and programmatic 

decision making. The Cabinet is organized to support decisions in the context of aligning Extension's work with the Result Areas, funding 

strategy and overall organizational strategy. In addition, Extension faculty and program staff participate in Result Area teams that meet 

regularly and provide overarching guidance on programmatic direction in support of alignment with the Result Areas. 

Stakeholder Input 

Actions to seek stakeholder input that encouraged their participation with a brief explanation 

To gain insight from industry leaders, elected officials, students and Vermonters, the Dean of the College of Agriculture and Life Sciences 

(CALS) appoints an advisory board which meets twice a year to provide feedback and advice. In addition, they review the College 

Strategic Plan and provide information on future trends of agriculture and life sciences. They are an invaluable source of counsel to the 

Dean and usually serve a three year term. 

Many UVM Extension (EXT) programs have advisory committees of one form or another that provide a sounding board and input on 

current issues and help prioritize programmatic direction. This input helps in all aspects of programming, including delivery method, 

outreach, and content. Most events ask participants if the programming met their needs and expectations. Post-event evaluations, 

including six-month follow-up check-ins about behavior change, are standard practice for EXT programs. This also provides an 

opportunity to gather further input informing future program effort. 

Partnerships with communities, public and private organizations, and businesses are important to reaching and serving clients with 

appropriate programming. These relationships remain a critical part of identifying needs and gaps for programming. 

Methods to identify individuals and groups and brief explanation 

The CALS Dean and Associate Dean of Research/Director of AES look at a wide range of expertise and appoint individuals in the advisory 

board who have experience in dairy farming, state legislation, research, finance and marketing, to name a few. 

UVM Extension faculty and staff identify logical external partners who work closely with their programs or generally within the scope of 

the Result Areas. Program participants are engaged in developing future programs through on-site data collection feedback tools. 

In a small state, relationships are critical in accessing key individuals with knowledge of current relevant issues for Vermonters. For 

example, ongoing and regular participation in the Vermont Agricultural Water Quality Partnership (VAWQP) helps us identify and gain 

access to key individuals. Stakeholders currently include leaders from USDA Natural Resources Conservation Service, Vermont Agency of 

Agriculture, Food, and Markets, Vermont Association of Conservation Districts, USDA Rural Development, USDA Farm Service Agency, 

representatives from all three Congressional offices, and other organizations as available or interested. 



Methods for collecting stakeholder input and brief explanation 

Individuals on the CALS Advisory Board meet twice a year and provide information on future trends of agriculture and life sciences. In 

addition, AES uses the following methods: 

• Meeting with traditional stakeholder groups 

• Survey of traditional stakeholder groups 

• Meeting with traditional stakeholder individuals 

• Survey of traditional stakeholder individuals 

• Meeting with invited selected individuals from the general public 

• Survey of selected individuals from the general public 

UVM Extension program personnel engage partners and stakeholders at multiple stages in the design and delivery of their programs. 

Stakeholder activities include: 

• facilitating ongoing stakeholder groups (e.g. farmer watershed coalitions) 

• program-level advisory groups 

• inviting stakeholders to programmatic meetings 

• conducting surveys and evaluations at and after programming events 

• collaborative relationships with individuals at partner organizations 

A statement of how the input will be considered and brief explanation of what you learned from your stakeholders 

The CALS Board of Advisors provides expertise and experience to the Dean, College leadership, and faculty to enhance the mission and 

goals of the college. The objectives of the Board are to: 

• Identify trends, issues, and new developments in areas significant to the College, 

• Cultivate relationships and to serve as ambassadors of the College to prospective students, employers of graduates, 

• alumni, policymakers, and others, 

• Engage the College with state, regional, national, and international organizations, and agencies. 

UVM Extension uses stakeholder input to develop and refine research and education programs that serve the needs of each program 

participants. This may result in the pursuit of new research topics, changes to the content of educational programs, or changes to how 

information is delivered to participants. 

Highlighted Results by Project or Program 

Critica l Issue 

An ima l  Health and Production 

[ Closi ng Out  ( end  date 09/07/2023) ] 

National  Animal Genome Research Program 

Project Director 

Stephanie McKay 

Organization 

University of Vermont 

Accession Number 

1024921

* McKay HATCH Report FY2021 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Va ria b le envi ronmenta l  cond it ions ca n fac i l itate chemica l  mod ifications to DNA or RNA base pa i rs that ca n a lter phenotypes. 

These mod ifications a re termed, ep igenetic or  ep itra nscri ptom ic, for DNA and RNA respectively. The goa l of this project is to 

enhance annotat ion of ep igenetic and epitra nscri ptomic  elements in cattle and sheep genomes. 

https://nrs.nifa.usda.gov/projects/2030


Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

Data generation  via next generation seq uenc ing is necessary to ena ble detect ion of ep igenetic and  ep itra nscri ptomic  

mod ifications.  To that  end,  we have generated seq uence data to  detect m u lt ip le ep igenetic mod ifications i n  the DNA of cattle, 

sheep, and  b ison .  These data a re cu rrently bei ng a n a lyzed to determ ine  s im i l a rities and  d ifferences of ep igenetic 

mod ifications between a n i m a ls and tissues. We a re cu rrently generati ng  seq uence data to detect RNA mediated ep igenetic 

mod ifications.  

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

M u lti p le graduate students a re cu rrently worki ng on a n a lyzi ng  the data generated for this project and a re writi ng  scientific 

m a n uscri pts of the i r  fi nd i ngs. Add i tiona l ly, these students have ga i ned professiona l  development ski l ls through poster and  

o ra l  p resentations of  thei r resea rch at nat ion a l  meeti ngs. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Data generated from this project w i l l  be contri buted towa rds the Functiona l  Annotations of An ima l  Genomes (FAANG) project 

to enha nce the bovi ne and  ovi ne  reference genomes. These tools and  resou rces a re ut i l ized by academia ,  i ndustry, and  

government resea rchers whose resea rch enab les enhanced l ivestock prod uction  and  an ima l  health .  

Describe and expla i n  any major changes or  problems encountered i n  approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

Data and resu lts from this this project were d issem inated via three ora l  presentations, one peer reviewed p u b l ication and two 

poster presentations.  

O ra l  Presentations:  

McKay S. 2020. Livestock Ep igenom ics. P u rd u e  U n iversity. 

McKay S. 2020. An I nvestigat ion of DNA Methylation  and  Hyd roxymethylation  i n  the L imb ic  System of the Bovi ne  Bra i n .  

M ich iga n  State U n iversity. 

McKay, S. 2021 .  Exa m i n i n g  the Extent of Environ menta l  Contri but ions towa rds DNA methylation  and  phenotypic va riation .  

Domestic An i m a l  DO H a D  and  Ep igenetics meeti ng, Quebec City, Quebec, Ca nada .  

Peer Reviewed Pu bl icat ions: 

Davenport, KM,  AT M assa, S Bhatta ra i ,  SD  McKay, MR Mousel, MK Herndon, SN Wh ite, N Cockett, TPL Sm ith and BM  M u rdoch .  

2021,  Characterizi ng  Genetic Regu latory E lements i n  Ovi ne  Tissues. Front iers i n  Genetics. 12 :  566 

https://do i .org/10.1093/af/vfa b056 

Poster Presentations:  

Bhatta ra i ,  S. ,  K. Davenport, BM M u rdoch, and  S.  McKay. 2021 .  Studyi ng DNA Methylation  i n  the Sheep Liver, Sp leen and 

Cerebe l l um .  U n iversity of Vermont Student  Research Conference, Bur l i ngton ,  Vermont 

Stassen,  E . ,  B .  M u rdoch, R .  Funston,  R .  Wea ber and S. McKay. 2021 .  Identification  of 5-Hyd roxymethylcytosi ne  M a rkers in the 

Cattle Bra i n .  U n iversity of Vermont Student Research Conference, B u rl i ngton ,  Vermont 

[ Closi ng Out  (end date 09/07/2023) ] 

Mastitis Resistance to Enhance Dairy Food Safety 

Project Director 

https://nrs.nifa.usda.gov/projects/6008
https://doi.org/10.1093/af/vfab056


Fengqi Zhao 

Organization 

University of Vermont 

Accession Number 

1017713

* Mastitis Resistance to Enhance Dairy Food Safety, FY21 Progress Report 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Mastit is is i nflammation of the mammary gla nd resu lt ing from i ntramammary bacteri a l  infection .  I t  is the most widespread 

and costl iest d i sease i n  the da i ry i ndustry i n  the US and imposes approximately $2 b i l l ion of economic losses a n n u a l ly. The 

major  cost of the losses is the red uced mi lk prod uction i n  i n fected cows, but  the u nderlyi ng mechan isms rema i n  to be 

e luc idated . This study wi l l  provide i ns ight i nto the i nd ivid ua l  and com bi ned effects of bacteri a l  toxins and i n flammatory 

cytok ines on MEC  su rviva l and  fu nction ,  wh ich wi l l  lead to the development of new in tervent ions to reduce the damage of 

mastitis to the mammary g land and  losses in m i l k  prod uction .  

Major goa ls of the project: 

(1) Cha racterize host mechan isms and  pathogen ic  vi ru lence factors associ ated with mastit is suscepti b i l ity and  resista nce to 

imp rove economic outcomes and  an ima l  we lfa re ( I D, LA, M l , OR, PA, NJ,  TN,  UT, VT, WA, Canada ) .  

(2 )  Identify and  app ly new strategies associated w i th  the control of  mastitis that  ca n reduce the use of a nt ib iotics i n  da i ry 

herds 

(CT, I D, M E, MN, MO,  NJ ,  TN ,  UT, VA, VT, WA, Canada ) .  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

Methods: The left and  right s ides of the 4th pa i r  of mouse mammary glands were a lternatively i njected with e ither 

l i popolysaccharide (LPS, Escher ich ia co l i 055: BS, 50 µL  of 0.4 mg/m l) or  ster i le PBS through the teat meatus 3 days 

postpa rtu m (n = 9 ) .  The 4th g lands were i nd ivid u a l ly col lected 12 h after LPS i nject ion and  ana lyzed to identify gene 

express ion changes by RNA seq uenc ing and  rea l-ti me PCR,  and  the p lasma was co llected before and after LPS cha l lengea nd 

ana lyzed to determ ine  the levels of 32 cytoki nes. 

Resu lts: Tra nscri ptome ana lysis showed that in add it ion to strong p ro- infla mmatory responses, which i nc luded gra n u locyte 

and  monocyte m igrat ion and  cytok ine prod uction and  signa l i ng, the LPS-treated g lands exh i b ited strong ub iqu iti n -med iated 

and  immu nemediated proteasome activat ion and  an increase in n itric oxide-mediated oxidative stress. Fu rthermore, LPS 

i nduced a down-regu lation in vesicle membrane, vesicle-med iated trafficki ng, and meta bol ic processes of am ino  acids and  

other organ ic  molecu les i n  the  mammary gla nd .  Of the  32 cytok ines ana lyzed , the  levels o f  24  (ma i n ly I L-6, G-CSF, MCP-1 ,  

RANTES, M IG, M I P- lb, KC, M I P-2, I P-10, and TN Fa) were i ncreased or  tended to increase i n  the b lood after LPS treatment, and 

on ly the leve ls of I L-9 were decreased . In  the mammary g land after LPS cha l lenge, the levels of I L-5, I L-6, I P-10, L I F, MCP-1 ,  M I P-

2, and  TN Fa were sign ifica ntly i ncreased, and  the leve ls of I N FY, I L-2, I L-4, I L-10, and  I L-12 (p40) were decreased . 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Ou r  fi nd i ngs provide cand idates of b ioma rkers and ta rgets to d i agnose and treat mastitis in cows. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

The resu lts have been pu bl ished in a peer- reviewed scientific jou na l  which is access ib le by genera l  pu bl ic (citat ion be low) . 

The fi nd i ngs have a lso been presented i n  scientific meeti ngs, i nc l ud ing  the ASAS Lactat ion Bio logy conference. 

Describe and expla i n  any major changes or  problems encountered in approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 



One gradu ate students (Ch risti a n  Lo lande) and one u ndergraduate student (Soph ia  Si n i ba ld i )  have been tra i ned in the 

p roject. 

D u ri ng  next report ing period, we wi l l  study the effects of LPS and  cytoki nes on metabol ism and m i l k  synthesis in mammary 

epithe l i a l  cel ls. 

Pu bl ication :  

M iyu ki Ta kash ima ,  Ch ristia n  Lalonde, La u ra O lsza nski , and  Feng-Qi Zhao.  (2021 ) .  Loca l ized and systemic  i n fla mmation 

mediators in a m u ri ne  acute mastitis model .  Journa l  of I nflammation Resea rch ( I F : 6.922) 14:4053-4067. do i :  

10.2 147 /J I R.S313799 

Critica l Issue 

Development of Comm u n ities 

[ Closi ng Out  (end date 09/07/2023) ] 

Towards Sustainable, Just and Efficient Small-scale Agroecological Food SY.stems 

Project Director 

Joshua Farley 

Organization 

University of Vermont 

Accession Number 

1021361

* Towards Sustainable, Just and Efficient Small-sca le Agroecologica l Food Systems 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

The goa l of this resea rch is to help deve lop food systems that ca n restore ecosystems damaged by short-sighted fa rm ing 

p ractices, provide a suffic iently h igh q u a l ity of  l ife (QoL) and  suffic ient i ncome to attract the next generation of  fa rmers, and  

feed a l l  peop le a hea lthy d iet, a l l  wh i le tra nsition ing away from a dependence on non-renewa ble resou rces. On  the 

p roduct ion side, the project focuses on sma l l-sca le agroeco logica l food systems that improve the wel l-be ing of the fa rmers, 

thei r commun ities, and  the ecosystems u pon  which they depend .  On the d istri but ion and  consumption side, the project 

focuses on economic mechan isms that effic iently a l locate food to those with the greatest physio logica l and socia l  needs, 

rather than those with the greatest ab i l ity to pay. 

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

This p roject was stitched together to he lp fu nd resea rch bei ng conducted by three d ifferent grad students a l l  ta k ing d ifferent 

paths to ach ieve the goa ls d iscussed a bove. 

With the average age of US fa rmers stead i ly i ncreasi ng and  few younger fa rmers enteri ng the fie ld, many next-generat ion 

fa rmers a re l i ke ly to come from immigra nt commun ities. We worked closely with two non-government organ izations focused 

on susta i n a ble agricu ltu re: New Fa rms for New America ns in Bu rl i ngton ,  VT, and  The Fa rley Center for Peace, J ustice and 

Susta i n abi l ity i n  Verona ,  W I .  We i n terviewed 28 immigra nt and  refugee fa rmers i n  Vermont and  Wiscons in to  better 

u ndersta nd the q u a l ity-of- l ife (QoL) experiences of a popu lation that genera l ly has h igh leve ls of preca rity and  systemic 

stress. We a re commun icati ng ou r  resu lts d i rectly to ou r  partners to he lp them imp rove the i r  progra ms and  the q u a l ity of l ife 

of next-generation fa rmers. We wi l l  a lso be commun icati ng resu lts to other NGOs, pol icy makers and  futu re resea rchers 

th rough p ub l ications and  pu bl ic presentations.  

The cha l lenges of recru iti ng the next generation of fa rmers is on ly one of many faced by agricu ltu re .  Despite its smal l  sha re of 

GDP, agricu ltu re is the most i mporta nt economic sector. At the same t ime, conventiona l  agricu ltu ra l  poses enormous th reats 

to globa l ecosystems and the l ife-susta i n i ng  services they generate and  is the economic sector most dependent u pon those 

https://nrs.nifa.usda.gov/projects/956


services. Furthermore, carefully designed regenerative agriculture may offer one of the most cost-efficient approaches to 

restoring ecosystem services. It is no longer enough for agriculture to focus on food production alone: we must develop 

agriculture systems that produce both food and ecosystem services and policies that provide the proper incentives. 

To this end, and working with the same groups of farmers in Vermont and Wisconsin, as well as with teams of researchers at 

the UVM Agroecology Livelihoods Collaborative, the UVM ARS, and the Gund Institute for the Environment, we are developing 

a social-ecological-economic (SEE} sustainability analysis toolkit. This will be available for farmers and Extensionists to 

administer independently and for free, with the goals of increasing small and medium scale farms' sustainability and 

resiliency. The application of the toolkit will also help inform local communities and policy makers of the ecosystem service 

benefits that these farms are generating for the wider public - ultimately bolstering community support for farms that provide 

a host of public goods and services and informing policies that can incentivize the provision of these public goods. 

Another element of this project was the analysis of alternative ecological farming strategies characterized by diversity and 

adaptation to local circumstance. We outlined a framework for understanding multiple dimensions of food systems 

movements, argued for its importance in understanding ecologically based alternatives and applied it to the history of the 

organic farming concept. While initially defined as a different way of looking at farming systems, organic farming has 

increasingly become identified with a set of farming practices, largely defined by the set of techniques that are prohibited. 

This innovation has made organic farming legible to bureaucracies and facilitated its promotion through differentiated 

markets and public subsidies, while also eroding democratic and popular control of the concept. Many other alternative 

agriculture concepts have not coalesced around specific criteria for dividing farms who fit within that concept and those 

which do not. This stymies efforts to directly promote these approaches through bureaucracies but protects the aspects of 

these strategies built around democracy, participation, and traditional and tacit knowledge. Alternative agriculture 

movements face a tension between the usefulness and simplicity of rigorous and replicable categories, and their politics of 

ecology and participation. This research can help improve existing certification processes while also understanding their 

limitations. 

Briefly describe how your target audience benefited from your project's activities. 

The farmers with New Farms and the Farley Center will be the most immediate beneficiaries of the research on Qol of new 

farmers from immigrant communities. Both NGOs are also interested in using these results to improve their programs with 

direct benefits to participants. The NGOs will also benefit from the sustainability analysis toolkit, the results of which can be 

used in grant applications to justify public and donor support for these programs. We will also apply these results to the 

design of policies that incentivize the joint production of food and ecosystem services, such as payment for ecosystem 

services, co-investment in stewardship, and similar subsidies. 

Our research also calls attention to a serious problem with the certification of alternative ecological farming strategies. 

Ecological farming by definition provides ecological benefits, many of which are public goods. The current certification 

system asks farmers to bear the costs of certification in exchange for higher prices born by consumers. In short, the private 

sector is being asked to pay for public goods. We hope this research will contribute to efforts to gain public funding for 

certification which will reduce its cost to farmers and help facilitate the transition to regenerative agriculture. 

Briefly describe how the broader public benefited from your project's activities. 

It is hard to overstate the broader public benefits of designing resilient and regenerative agriculture systems. Both 

agriculture and ecosystem services are essential to human survival and increasingly threatened by climate change and 

ecological degradation. Modern agro-industry is chemical intensive, contributing to ground water and surface water 

pollution, the catastrophic collapse of insect populations around the world with unknown consequences, worsening dead

zones around the world cause by nutrient and chemical runoff, and humanity's exceeding planetary boundaries for 

biodiversity loss, climate change, nitrogen and phosphorous emissions, and novel entities (e.g. chemicals}. Modern agro

industry is also highly mechanized, reducing the demand for farm labor and hence employment opportunities in rural 

communities, driving a rural-urban exodus and diminishing qual ity of life for the remaining farmers. While no single project 

can change the agro-industrial paradigm, we believe this project contributes to the growing awareness of the need for 

regenerative agriculture and can help inform the policies required to achieve it. 

Describe and explain any major changes or problems encountered in approach. Additionally, note 

opportunities for training and professional development provided, how results have been disseminated to 

communities of interest, and any new details regarding what the project or program plans to do during the 

next reporting period to accomplish the goals. 



This p roject was origi na l ly meant to fu nd the resea rch of two add itiona l  PhD  students i n  another department where the Pl has 

a jo i nt-appoi ntment, but we learned afterwa rd that the money had to be spent on students i n  my department. One of the 

add it iona l  PhD students was nonetheless ab le to complete h is d issertation i n  2021, wh i le the other is on track to fi n ish th is 

yea r. 

Over the past yea r we d issem inated project resu lts i n  the fo l lowi ng venues: 

Both i n  Sess ion on  Decom modification and Democratizat ion of Essent ia l  Resou rces 

Taylor, Josi a h  (2021 ) .  U n iversa l  access to fa rm land and  q u a l ity of l ife support systems for fa rmers from d iverse demograph ics .  

Presented at the I nternationa l  On l i ne  Joint Conference of the i nternationa l  degrowth resea rch networks, the I nternationa l  

Society for Eco logica l Economics, and  the E u ropean Society for Eco logica l Economics: Bu i ld i ng  Alternative Live l i hoods i n  

T imes o f  Eco logica l and  Polit ica l Cris is. Hosted by  U n iversity o f  Ma nchester, U K, J u ly 5-8, 2021 

Bl iss, Sam (2021 ) .  Non-ma rket food for degrowth .  Presented at the I nternationa l  On l i ne  Joint Conference of the i n ternationa l  

degrowth resea rch networks, the I nternationa l  Society for Eco logica l Economics, and  the E u ropea n Society for Ecologica l 

Econom ics: Bu i l d i ng  Alternative Live l i hoods i n  Ti mes of Ecologica l and  Polit ica l Cris is. Hosted by U n iversity of Manchester, U K, 

J u ly 5-8, 2021 

Dartmouth Col lege field cou rse on agroeco logica l tra nsit ions (Oct. ,  2021) 

U n iversity of Vermont u ndergraduate class on Pa rtici pato ry Action Resea rch (Nov 8/2021) 

The reseach a lso contri buted to the fo l lowing re lated pu bl ications, some of wh ich received support from other fu nd ing  

sou rces as wel l :  

Du be, Benj am i n  T imothy, " E mbrac ing Uncerta i n ty, Ambigu ity, And Com plexity In Agricu ltu re, Science, And Po l icy" 

(2022) .  Graduate College Dissertations and Theses. 1502. https://scho larworks.uvm .ed u/gradd is/1502 

Neher, D .  A., J . eM .  Ha rris, C. E .  Horner, M. J. Sca rborough,  A. R. Bad i reddy, J .  W. Fa u lkner, A. C. Wh ite, H. Da rby, J . C .  Fa rley and  

E .  J .  B ishop-von Wettberg (2022) .  " Resi l ient Soi ls for Res i l ient Fa rms: An I ntegrative Approach to  Assess, Promote and  Va lue  

Soi l  Hea lth for Sma l l- and Med i um -Size Fa rms." Phytob iomes Jou rna l .  

Brasi le i ro-Ass ing, A .  C . ,  J .  Kades, P. A. de Almeida S in isga l l i ,  J .  Fa rley and  A .  Sch m itt-F i l ho (2022) . " Performance Ana lysis of 

Da i ry Fa rms Tra nsition ing to Environmenta l ly Friend ly G razi ng Practices: The Case Study of Sa nta Cata ri na ,  Brazi l." Land 1 1 (2) . 

S im ion i ,  G. F. , A. L. Schmitt F i l ho, F. Joner, J. Fa rley, A. C. Fa nti n i  and  A. P. T. More i ra (2022) .  " Response of b i rds to h igh 

biod iversity si lvopastora l systems: I n tegrat ing food prod uction and  biod iversity conservat ion through app l ied n ucleat ion in  

southern Braz i l ." Agricu ltu re, Ecosystems & Environ ment 324 :  107709. 

Fa rley, J .  and K. Kish (2021 ) .  " Eco logica l econom ics: The next 30 yea rs." Eco logica l Econom ics 190: 107211 .  

Amazon as, I .  T., e t  a l .  (2021 ) .  "A partici patory model ing experience with young  fa rmers: assess ing t he  susta i nab i l ity o f  fa m i ly 

fa rmers i n  Braz i l ." Research, Society and Development 10(1) : e5061011 1928. 

Castelo Bra nco Brasi le i ro-Ass ing, A., M. W i ronen,  A. Ada ms, J .  Fa rley, P. A. De Almeida S in isga l l i  and A. Schm itt-F i l ho (2021 ) .  

"Susta i n able i ntensification of  l ivestock as a means to ach ieve forest conservat ion and food prod uction i n  the Brazi l i an  

Southern Atlant ic forest." Agroecology and  Susta i n able Food Systems 45(6) : 817-842 . 

Severa l other a rt icles a re cu rrently i n  preparation ,  i nc lud i ng: 

Taylor, J. , Fa rley, J . ,  B l iss, S. ,  Egler, M ., and Poud le, S. (Fa l l  2022) . Creati ng res i l iency and enhanc ing regiona l  susta i nab i l ity 

th rough i ntegrated ana lysis of ecological , soci a l, and  economic factors on sma l l  and  med i um  sca le fa rms i n  the U n ited States. 

The Journal of Agriculture, Food Systems, and Community Development. 

Taylor, J . ,  Fa rley, J. (Fa l l  2022) . Assess ing and  imp rovi ng q u a l ity of l ife su pports for fa rmers from refugee and  imm igrant  

backgrounds i n  the U n ited States. The Journal of Agriculture, Food Systems, and Community Development. 

UVM Extension: CommunitY. DeveloP-ment Program 

Project Director 

Fitzroy Beckford 

https://nrs.nifa.usda.gov/projects/142
https://scholarworks.uvm.edu/graddis/1502


Organization 

University of Vermont 

Accession Number 

7000142

* Grant Provides Clean Air for Libraries 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Pu bl ic l i b ra ries, essenti a l  to the proper fu nction i ng  of a democracy, a re worki ng ha rd to serve patrons and  the i r  commun ities 

d u ri ng  the pandem ic. In recent months, this has i nc luded efforts to open o r  parti a l ly open l i b ra ry spaces for employees and  

patrons. Ma i nta i n i ng  a i r  q u a l i ty is a cha l lenge, l im it ing the  space ava i la b le fo r use  by  staff, and often ent i rely el im i n at ing the 

ab i l ity to accom modate patrons. Recommended air pu rification eq u i pment is not necessa ri ly expensive, but l i b ra ry budgets 

a re modest and  were not created with a pandemic in m i nd .  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

A grant  from the UVM Office of Engagement was used to buy a i r  fi ltrat ion and pu rification eq u i pment so that selected l i bra ries 

cou ld operate more fu l ly. Followi ng recommended science, the eq u i pment enab les l i b ra ry spaces to be safer, fortify ing other 

accepted practices i n  manag ing the spread of COVI D-19.  The Vermont Department of L ibra ries pub l ished venti lat ion gu ida nce 

and  resou rces from which l i b ra ry d i rectors made the i r  eq u i pment select ions. The grant  p rovided $22,989 towa rd the pu rchase 

and  de l ivery of 54 porta ble a i r  fi ltrat ion and pu rification u n its for enclosed l i b ra ry spaces, and  three mechan ica l  mod ifications 

for venti lat ion a nd/or HVAC systems. In add it ion, the Office of Engagement awa rded $ 1,000 for pu bl ic ity items, i nc l ud ing  

p ri nti ng and  postage of  these materia ls for de l ivery to a l l  benefiti ng l i b ra ries. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

The overa l l  goa l was to provide greater patron and comm u n ity access d ue  to h igher assu rances of safe air to breathe i n  

Vermont pu bl ic l i b ra ries. L ibra ri ans  were very appreciative o f  the eq u i pment and  mod ifications a n d  provided positive 

feed back a bout how the grant  enab led them to create safer  spaces for both employees and patrons and re l ieved the fi na nc ia l  

b u rden of p u rchasi ng the eq u i pment themselves on l im ited l i b ra ry budgets. "The UVM grant a l lowed fo r the pu rchase of a i r  

pu rifiers for ou r  bu i ld ing that wou ld have been out of our reach fi na nc ia l ly," the l i b ra ry d i rector at the Putney Pu bl ic L ibra ry in  

southeastern Vermont exp la ined .  " I n  add it ion to soci a l  d ista nc ing and  other safety measu res, our staff is a b le to work 

together in the same room, and we know that we wil l be provid i ng  a h igher leve l of safety when we welcome the pu bl ic back 

i nto our bu i ld i ng."The l i b ra ry d i rector of the Albu rgh Pu bl ic L ibra ry i n  northern Vermont shared that "With the winter  season 

u pon us, we had no way to properly c i rcu late the a i r  in the l i b ra ry. This grant  enab led us to buy fou r  H E PA air pu rifier  u n its to 

imp rove air q u a l ity and ci rcu lat ion both u psta i rs and downsta i rs a l lowi ng for a safer  workplace for o u r  employees and  

patrons! " Other l i b ra ri ans  commented on  how safer  spaces for both employees and  visitors w i l l  a l low greater patronage as  

not on ly ca n they open  the i r  l i b ra ries to  the pu bl ic aga i n  but tha t  everyone can rema i n  i ns ide the  bu i l d i ng  for longer periods 

of t ime. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

The va lue of pu bl ic l i b ra ries is i nd isputable . They a re more than j ust a p lace to borrow books, access free ed ucationa l  

resou rces, or  use  a computer. L ibra ries a re a gather ing p lace, a commun ity h u b, wh ich a re free, access ib le, and  safe for every 

member of the comm u n ity. Patronage su rged throughout the pandem ic, cha l leng ing l i b ra ries to fi nd i n novative solut ions to 

serve the i r  commun it ies. Fu nd ing  fo r a i r  fi ltrat ion and  pu rification eq u i pment meant a safer  work envi ronment, a l lowing 

l i bra ries to  conti n ue  to meet the needs of  thei r patrons wh i le operati ng with i n  COVI D-19 gu ide l i nes. 

* Supporting Indigenous People in Their Efforts to Conserve Black Ash 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 



Black ash (Fraxi nus  n igra ) has no resista nce to, or to lerance for, the emera ld ash borer (EAB), a n  invasive pest that has been 

reported i n  severa l cou nties i n  Vermont.  As a resu lt, u n less action  is  ta ken to conserve th is  species, th is i m porta nt ri pa ri a n  

and  wetla nd tree m a y  soon d isappear from t h e  Vermont la ndsca pe. I n  add it ion t o  its eco logica l ro le i n  mit igati ng  floods and  

p rovid i ng  wi ld l ife hab i tat, b l ack  ash has very i m porta nt cu ltu ra l  s ign ifica nce fo r the Abenaki and  other  Eastern Wood lands 

i nd igenous people. The Abenaki and  other  Northeast tri bes have expressed i n terest i n  fi nd i ng  ways to ha rvest these trees and 

stockpi le sp l i nts for basket m a ki ng. I n  add it ion,  they hope to save seeds to preserve some of the genetic d iversity of loca l 

stock for futu re rep lant ing. 

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

I n  response to th is  i nterest, the Vermont U rba n & Com m u n ity Forestry progra m has pa rtnered with a basket m a ker  from the 

N u lhega n Band of the Coosuk  Abenaki N at ion;  facu lty and  graduate students from U n iversity of M a i ne 's School of Forest 

Resou rces; the Akwesasne Task Fo rce on the Env i ronment  Black Ash Project coord i n ator; and  staff from the Vermont Land 

Trust; the Vermont Depa rtment of Fo rests, Pa rks and  Recreation ;  and  the U .S .  Forest Service, Northeastern Area State and 

Private Forestry, to offer a n  i nformationa l  webi n a r  i n  M ay 2021 .  Presentations focused on the cu ltu ra l  i m porta nce of b lack 

ash,  cu rrent resea rch ,  and  efforts to i nventory sta nds and  save seeds.  Futu re workshops a re p lan ned to ed ucate the pu bl ic  

a bout th is species and  the Abenakis '  re lationsh i p  to black ash and  basket maki ng. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

To date, 50 people have viewed the recorded webi n a r  with 19 respond i ng  to a post-web ina r  eva l uat ion su rvey. The majority of 

respondents sa id that they p lan  to share the i n formation with others. One  i nd ivid u a l  commented, "Yes, I defi n ite ly have some 

thoughts to ta ke back to my com m u n ity. Perha ps we sho u ld identify a ny hea lthy, seed-prod uc ing, b lack ash i n  our town and  

consider investi ng  i n  systemic  pestic ide treatment.  Also, I w i l l  m a ke s u re tha t  we  use/donate any b l ack  ash  we  ha rvest i n  a 

p reem ptive cut wise ly," a reference to m u n ic ipa l it ies that a re cutti ng  ash pre-em ptively before EAB i n festat ions devastate 

loca l ash trees. As a resu lt of the connections made and  i n formation shared d u ri ng  the webi nar, a gro u p  of concerned citizens, 

o rga n izat ions, and agencies a re co l laborati ng to support efforts of loca l i nd igenous people to ha rvest black ash for pou nd ing  

sp l i nts for basket m a ki ng. Jo i n i ng  the  Abenaki basket m a ker  i n  th i s  endeavor a re representatives from the  Vermont U rba n & 

Com m u n ity Forestry progra m;  the Vermont Depa rtment of Forests, Pa rks and  Recreat ion;  the Vermont Land Trust; and  the 

Montgomery Center for the Arts. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Black ash is an i m porta nt com ponent of wetla nd forests throughout Vermont and the northern U n ited States. Dec l ine  and  

eventu a l  exti nction  of  th i s  species d u e  to  a destructive insect pest, w i l l  have wide-reach ing  i m pact, i nc l ud ing  i ncreased 

flood i ng  and loss of ha bitat and a food sou rce for m a ny wi ld l ife species that depend on forested wetla nds.  In com m u n ities 

with la rge ash tree p lant ings, loss may red uce the tree ca nopy, wh ich provides shade, red uces ra i nfa l l  ru noff, and offers 

aesthetic benefits. Although not commercia l ly i m porta nt, b lack ash is va lua ble cu ltu ra l ly to the Abenaki and  other  i nd igenous 

people who over the centu ries have ha rvested th is  wood fo r basket m a king  and  other  uses. Shou ld the black ash d isappear 

from Vermont forests, the cu ltu ra l  trad it ions associated with th is  species w i l l  be lost as wel l .  

* Vermont Tree Wardens Head Back to School 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Vermont's tree wa rdens play a critica l ro le in ma in ta i n i n g  the hea lth of pu bl ic  green spaces in o u r  com m u n ities. They a re on 

the front l i ne  of a host of envi ron menta l  issues, manag ing the i m pacts of the i nvasive emera ld ash borer, the decl i ne of ag ing 

u rba n trees, regiona l  cl i mate changes, effects of natu ra l  d isasters and  other  envi ron menta l  stressors, and  wea knesses i n  past 

m u n ic ipa l  p la n n i n g  i n iti atives. I n  2020, the Vermont Tree Wa rden Statutes, fi rst adopted i n  1904, were a mended and  u pdated 

to reflect the chang ing natu re of the offic ia l  d uties and  respons ib i l it ies of today's tree wa rdens.  These cha nges resu lted in a n  

opportu n i ty t o  better con nect tree wa rdens across Vermont for ed ucat ion, co l la boration ,  and  networki ng. 

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 



The Vermont U rban & Com mun ity Forestry Program responded by establ ish i ng  the Vermont Tree Wa rden School to provide 

d i rect ed ucationa l  assista nce and elevate the ro le of the tree wa rden .  Th is new cou rse offer ing was designed to he lp both 

vetera n and  newly appoi nted state tree wa rdens and  commun ity decision -makers learn how to ma nage thei r pu bl ic tree 

resou rces more effective ly. I t  focused on such topics as u nderstand i ng  the ro le and respons ib i l it ies of the tree wa rden ,  

identifyi ng trees as a pu bl ic resou rce, and  strategies for con necti ng with loca l sta keholders. I nformation was presented 

through video presentat ions, resou rces, and activities. Fou r  l ive d iscuss ions focused on  statutes changes, outreach, and tree 

risk management, among other topics. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Whi le many tree wardens a re tra i ned a rborists, fo resters, or  natu ra l  resou rces p rofessiona ls, others a re mun ic ipa l  employees 

in pu bl ic works departments, pa rks depa rtments, or h ighway road crews, a l l  with va ryi ng levels of expertise and  experience. 

The Vermont Tree Wa rden School he lped fu lfi l l  a critica l need for these appoi nted posit ions by i ncreas ing awa reness of the 

lega l cha nges of the newly a mended statutes, shar ing resou rces to he lp pa rt ic ipa nts fu rther develop the i r  tree ca re techn ica l 

ski l ls, and  provid i ng  a much-welcomed opportu n ity for networki ng. Forty tree wardens partici pated i n  th is i n augu ra l  self

paced cou rse offered i n  spri ng  2021 .  Feed back was positive with severa l part ic ipa nts comment ing that they felt that the 

tra i n i ng was well-orga n ized and  thorough .  A tree warden from a northwestern Vermont town noted ,  "The cou rse work is 

extensive, and the presentations a re great. I th i n k  novices as well as seasoned tree wa rdens wil l rea l ly benefit from the cou rse. 

Another amazing service from the Vermont U rban & Commun ity Forestry Program ! "  Many echoed the sentiments of a fe l low 

partici pant who summed it up by sayi ng, "I hope that you a re a ble to offer Tree Wa rden School a n n u a l ly (or bi a n n u a l ly) . 

On l i ne  format is very conven ient and  access ib le .  Networki ng and  ed ucation a re i nva l u able fo r any pu bl ic vo lu nteer position ." 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Tree wa rdens have a u n ique  lega l respons ib i l i ty to protect and celebrate a natu ra l  resou rce with i n  the i r  comm u n ity. They 

consu lt with res idents and  the i r  loca l h ighway department on specific tree issues and  hand le envi ron menta l  issues that ca n 

i mpact i nd ivid u a l  tree hea lth and  the overa l l  hea lth of a n  ecosystem by manag ing invasive pests, assess ing potenti a l  haza rds 

re lated to dead or  d i seased trees, and  making decis ions to ensu re the hea lth of trees a long pu bl ic roadways and i n  mun ic ipa l  

spaces--a l l  for the benefit of the res idents and  visitors. 

Critica l Issue 

Foundationa l  and Exploratory Research in Agricu lture 

[ Closi ng Out  (end date 09/07/2023) ] 

ExP-loring Epigenetic mechanisms of flowering time evolution in the temP-erate cerea l grass clade Pooideae 

Project Director 

Jill Preston 

Organization 

University of Vermont 

Accession Number 

1025229

* Perennial  temperate grasses vary in their flowering response to cold temperatures

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

This p roject add resses genetic/ep igenetic mechan isms that have shaped temperatu re- regu lated floweri ng t ime evolut ion i n  

t he  temperate Pooideae grasses. Goa ls i nc lude descri b ing va riation i n  t he  length o f  verna l ization  (a bove freezing co ld) 

req u i red to satu rate floweri ng com petency in Me/ica grasses, and defi n i ng  the ca use of th is va riation at the leve l of phylogeny, 

native c l imate, and  u nderlyi ng genes. 

Briefly describe in non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

https://nrs.nifa.usda.gov/projects/2158


D u ri ng  the report ing period, my lab  has treated 9 popu lations of Mefica cifiata and  a s ingle representative popu lat ion from 19 

add it iona l  Mefica species with d ifferent lengths of verna l ization ,  and  mon itored n u m ber  of days to flowering.  We now have a 

good sense of the verna l ization  response and  verna l izat ion satu ration t ime for 5 popu lations, and  a re conti n u i n g  to mon itor 

non-floweri ng i nd ivid u a ls in the green house.  Georeference and cl i mate data have been down loaded for all taxa and stems 

tissue has been co l lected from two M. cifiata popu lations for tra nscri ptome a n a lyses. We have a lso seq uenced ch lorop last 

ma rkers to defi ne the phylogenetic re lationsh i ps among species and  a re growing- u p  add it iona l  tissues for 24 M. cifiata 

access ions to exa m ine  the express ion of the verna l ization  response genes VRNl and  VRN3. Together, these data wi l l  a l low us 

to determ ine  if  low tem perature-mediated floweri ng va ri at ion ca n be exp la i ned by phylogeny, native c l imate, and  va riat ion at 

known verna l izat ion response gene 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Data generated from this project will i ncrease the scientific com m u n i ty's knowledge on the d rivers of floweri ng time va riation .  

S ince floweri ng t ime affects both vegetative and  gra i n  y ie ld ,  th is w i l l  be i m porta nt for pred icti ng the response of tem perate 

perenn i a l  grasses to c l imate cha nge. The d iscovery of genes i nvo lved in th is va ri at ion wi l l  a lso be usefu l to agronomists 

i nterested i n  ma rker-assisted breed i ng. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Resu lts of the project w i l l  add to o u r  knowledge of how to i m p rove crop yield in a chang ing c l imate. This is i m porta nt in the 

context of a growing popu lation that w i l l  req u i re more food sou rces and a lternatives to fossi l  fuels (e.g. biofue ls) . The focus on 

Mefica, which is closely re lated to severa l potent ia l  biofue l  and food crops wi l l  a lso provide  i ns ight i nto perenn i a l  grass 

floweri ng, a growth a hab i t  that is more susta i n a ble than  the a n n u a l  ha bit of most gra i n  crops. 

Describe and  expla i n  any major changes or  problems encountered in approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

Training and professional development opportunities: This project has so fa r tra i ned one P h D  and two u n dergraduate 

students. 

Dissemination of results: Work from th is  project and a re lated project* have been pu bl ished i n  peer- reviewed journa ls, and  

have been advertised across the UVM ca mpus  th rough the Col lege of  Agricu ltu re and  Life Sciences b log. 

*P reston,  J . C. ,  Wooliver, R. ,  D riscol l ,  H., Cough l i n ,  A., and Sheth, S .  N. (2022) Spati a l  va r iat ion in high tem peratu re- regu lated 

gene express ion pred icts va ri at ion of plasticity with c l imate change in the sca rlet mon keyflower. Mo lecu lar  Eco logy. 31 :  1254-

1268. 

*P reston,  J . C. ,  and Fje l lhe im,  S .  (2022) U pdate on  the evolut ion of tem peratu re regu lated floweri ng. Floweri ng t ime runs hot 

and  co ld .  P lant  Physio logy. Accepted. 

Plans for the next reporting period: For the next reporti ng  period we p lan  to fi n ish co l lecti ng  floweri ng t ime data on a l l  Mefica 

popu lations, use q u a ntitative PCR to a m pl ify VRNl and  VRN3 from M. cifiata popu lations, and  to fi n ish generati ng  seq uence 

d ata for ch lorop last ma rkers. Floweri ng t ime behavior w i l l  then be ana lyzed as a response va riab le, with genetic d ista nce and  

m in imum tem peratu re of the  co ldest month  as exp lanatory va riab les. We  wi l l  a lso m a ke cDNA l i b ra ries for the  RNA of  two M .  

c i l i ata popu lations with d ivergent floweri ng behaviors across treatments and  ca rry o u t  RNAseq, seq uence assemb ly, a n d  

d ifferent ia l  gene express ion ana lyses. Th is  w i l l  com p rise chapter 1 o f  a P h D  thesis. 

[ Closi ng Out  (end date 09/07/2023) ] 
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1024370 

https://nrs.nifa.usda.gov/projects/1594


* Camp Depletion I n  Fatty Liver Periparturient Dairy Cow 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Bovi ne fatty liver d isease (FLD)  is a d i sease that occu rs in nea rly 50% of a l l  d a i ry cattle to some degree a round the t ime of 

ca lvi ng. Fatty liver d i sease in da i ry cattle is associated with a n u m ber of costly co-morbid ities. In th is gra nt we proposed to 

identify u nderlyi ng biochemica l  mechan isms of development of fatty l iver d isease i n  da i ry cattle. With that project we 

conti n ued to develop an in vitro model of fatty liver d i sease and  co llected hepatic t issue from an ima ls with and  without fatty 

l iver d isease. 

Briefly describe in non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

We stud ied the basic b io logy of the da i ry cow near the t ime of ca lvi ng and  found  that a sign ifica ntly greater i nc idence of fatty 

l iver d isease (FLD) occu red than we a ntici pated .  As such, ou r  fi nd i ngs i nd icate that FLD and  the associated co-morbid ities, 

such as ketosis, cou ld be a h igh ly attractive ta rget for prevent ion of economica l  losses to the da i ry fa rmer. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Severa l pub l icat ions have been generated from this work with more expected .  O u r  ta rget aud ience will hopefu l ly benefit from 

the u nderstand i ng  that bovi ne fatty l iver d isease is potenti a l ly much more economica l ly costly than origi n i a l ly estimated . 

Submitted 

1. Testroet, E. D . ,  J . eM .  de Avi la ,  S. C lark D. C. Beitz, and  M .  Du .  2021 .The effect of pa lmitate and  TN Fa on a batto i r-derived 

Ho lste in  cow liver prima ry cel l  cu ltu re .  In prepa ration to be re-su bmitted to J. Da i ry Sci .  

I n  Preparation 

1. S. Choudha ry, M .  Lacasse, R. K. Choudha ry, M .  R incon ,  D. C. Beitz, and  E. D. Testroet. 2021 .  In vivo and  in vitro 

express ion of m itochond ri a l  comp lex 1 i n h i bitor i n  bovi ne l iver. I n  prepa ration to be subm itted to J .  Da i ry Sci .  

Published Abstracts 

1. Lacasse, M ., S. Choudha ry, R. Choudha ry. J. de Avi la, D. C. Beitz, M .  Du ,  and E. D. Testroet. A nonperfus ion-based 

method of hepatic cel l  isolation and development of fatty l iver d isease model for da i ry cattle. Poster. To be presented 

at the 2020 Experimenta l  Bio logy An nua l  Meeti ng, San Diego, CA. 

S .  Choudha ry, R. Choudha ry, Lacasse, M ., J .  de Avi la, D .  C. Beitz, M. Du, M. R incon and E. D. Testroet. Express ion of 

m itochond ri a l  comp lex 1 i n h i b ito r  in bovi ne tissue, prima ry hepatic cel ls, and  detect ion of its' transcri pt in cond it ioned med i a  

m im icki ng 



Briefly describe how the broader pub lic benefited from you r  project's activities. 

The broader pu bl ic w i l l  benefit from the resu lts of this p roject th rough,  u lt imate ly, see ing imp rovements in a n ima l  hea lth that 

tra nslate to improved an ima l  effic iency, welfa re, and decreased cost for da i ry prod ucts. 

Describe and  expla i n  any major changes or problems encountered in approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

Summary of progress. 

M a ny of ou r  resea rch p lans were de layed sign ifica ntly by the COVI D-19 pandem ic. 

I t  is our hypothesis that dysregu lation of PDE4b resu lts in hepatic l ip idosis and that u lt imate ly mod u lation of PDE4b activity 

ca n lead to prevent ion of hepatic l ip idosis i n  the peri pa rtu rient cow. Cu rrently we a re i n  the process of fi na l iz i ng a n  in vitro 

model of bovi ne hepatic l ip idosis (man uscri pt i n  fi n a l  revis ion to be subm itted u pon va l idat ion of hepatic ce l l  fu nction and  

g luconeogen ic  behavior i n  response to  g lucagon stim u lation ) .  We have isolated and cu ltu red prima ry bovi ne hepatocytes 

and  have completed fu nctiona l  va l idat ion ( i .e . ,  l i p id  accu mu lation ,  u rea prod uct ion, a l b um i n  prod uction ,  LDH lea kage, and  

cytotoxicity ma rkers) but a re completi ng the  above fu rther va l idat ion at the req uest of  the  associate editor. 

We have performed l iver and  ad i pose b iopsies on 24 cattle that were meant to either experience hepatic l ip idosis or not based 

on  d ieta ry treatment d u ri ng  the d ry period .  We had expected to exa m ine  key signa l i ng  pathways related to prote in  k inase A 

(PKA) , AM P-activated prote in  k inase (AM PK) ,  and  phosphodiesterase 4b (PDE4B) .  We have ana lyzed key gene and  prote in  

express ion data co l lected from these 24 cows and  a re i n  the process of  i nterpreti ng these data (to be subm itted for 

p ub l ication and  fo rm the M .S.  thesis of Ms. M iche l le Lacasse - defense sched u led for 12/2021 ) .  

U nexpected ly, d u ri ng  ou r  on-fa rm experiment, a l l  cattle, rega rd less of  treatment, deve loped fatty l iver d isease as  

cha racterized by percentage l ip id i n  l iver tissue on a wet weight basis. We have contacted a uthors of  recently pu bl ished 

man uscri pts that have ut i l ized s im i l a r  methodologies and found  that they have observed s im i l a r  resu lts ( i nduct ion of fatty 

l iver d isease rega rd less of d i eta ry treatment i n  the d ry period) .  We a re u ndergoi ng  efforts to perform a l im ited meta-a na lysis 

of these data from comb i ned stud ies. O u r  hypothesis is that genetic se lection has a ltered the physio logy of the "modern" 

da i ry cow such that previous ly establ ished experimenta l  protoco ls to i nd uce fatty l iver d isease a re no longer effective (and i n  

fact nea rly a l l  d a i ry cattle develop fatty l iver d isease i n  t h e  peri partu r ient period ) .  

I n  add it ion, we have received fu nd i ng  to  characterize the  bovi ne hepatic l ip idosis mode l  as a mode l  fo r h uman  NAFLD and 

NASH,  and to exam ine  use of  a novel s iRNA as a preventative for development of  hepatic l ip idosis i n  the tra nsit ion period of  

da i ry cattle. We have made l ittle progress on th i s  objective beca use of  pa ndemic- related delays, but cu rrently have RNA 

col lected from cattle w i th  fatty l iver d isease from ou r  on-fa rm experiment, prima ry ce lls grown and  i nduced to deve lop fatty 

l iver d isease in vitro, and we wi l l  be subm itti ng these samp les for RNA-seq and b io i nformatic ana lyses and  compa rison to 

pub l ished seq uenc ing data of h u mans with NAFLD and  NASH .  

Critica l Issue 

Nutrition ,  Food Safety and Food Secu rity 

[ Closi ng Out  (end date 09/07/2023) ] 

Linking croP- and diet diversitY. with nutritional outcomes over time and scales 

Project Director 

Meredith Niles 

Organization 
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Accession Number 
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* Crop Diversity Affects Nutrition 

https://nrs.nifa.usda.gov/projects/2146


I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

N utritiona l  stab i l ity - a food system's capacity to provide suffic ient n utr ients despite d i stu rba nce - is an importa nt, yet 

cha l leng ing to measu re outcome of d iversified agricu ltu re .  U nderstand i ng  how the d iversity of crop prod uction in a place 

i nfluences the ava i lab i l ity and  supp ly of nu tr ients is a n  im porta nt food and  n utrit iona l  secu rity question ,  especia lly as the 

world grapp les with chang ing envi ronment, trade, ma rkets and d is ru pt ions such as war o r  fa m i ne. Th is project explores how 

the d iversity of crops prod uced i n  a given place relates to the n utrients ava i la b le to the people i n  a place, i nc l ud ing  these 

re lationsh i ps over t ime, as we l l  as the i r  re lationsh i p  to c l imate change and  actu a l  d ieta ry i nta ke. 

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

This p roject has three core goa ls, for wh ich progress has been made i n  th is report ing period on two. The objectives i nc lude :  

Objective 1: Assess the im porta nce of i nd ivid u a l  crops to nu trient ava i lab i l ity and  stab i l ity. 

Objective 2: L i nk  cl i mate change sensitivity of i nd ivid ua l  crops to nu trient network to assess potenti a l  i mpact of cl i mate 

cha nge on n utr ient ava i lab i l ity and  stab i l ity 

Objective 3: Develop case stud ies i n  specific cou ntries to exa m ine  the re lationsh i p  of crop d iversity and  n utritiona l  stabi l ity to 

the d iversity of d iets us ing n utriti ona l  i nta ke data 

Through conti n ued data ana lysis, jo i n i ng  together of datasets, and visua l izations and on l i ne tools, we have conti n ued to 

explore the ro le of i nd ivid u a l  crops for n utr ient ava i lab i l i ty and  stab i l ity globa l ly, as wel l  as exam i ned the re lationsh i p  of crop 

d iversity to n utrition outcomes i n  the U .S. ,  and  begun efforts to do so i n ternationa l ly. 

The work has resu lted in two pub l ications :  

N icholson, C.C. ,  Emery, B . F. & N i les, M .T. G loba l  re lationsh i ps between crop d iversity and n utrit iona l  stab i l i ty. Nat Commun 12, 

5310 (2021 ) .  https://do i .org/10.1038/s41467-021-25615-2. 

Rod riguez-Cruz, L.A., Alva rez-Berrios, N ., N i les, M .T. 2022 Env i ron .  Res. Lett. in press https://do i .org/10 .1088/1748-9326/acG00 

In add it ion, we a re p i loti ng and  develop ing a beta vers ion of o u r  on l i ne crop-n utr ient 

networks: https://n utri net.sh i  nyapps. io/n utri net/ 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

The i ntended aud ience for our work inc ludes academ ics, as wel l  as pol icymakers and decis ion makers. O u r  pub l ication was 

pub l ished open access to fac i l i tate broader d issem inat ion to these aud iences. As well , this pub l ication was d iscussed through 

soci a l  med ia  and  b iogs, demonstrati ng its broader impact. F i na l ly, we have been worki ng to bu i ld a pu bl ic fac ing dashboa rd ,  

that a l lows people to explore the data from 180 countries over t ime on crop prod uction and  n utriti ona l  outcomes. Th is  w i l l  

enable a user  i n terface that  inc ludes maps and  figu res, as we l l  as network d iagra ms that  enable i n teractive "p lay" and  data 

exploration ,  especi a l ly for pol icymakers and practitioners outs ide of academia .  I n  add it ion, the work from Puerto Rico, where 

we explored how on-fa rm crop  d iversity re lated to food secu rity outcomes among fa rmers after a c l imate d isaster, was 

tra nslated i n to Span ish, and pub l ic ly shared .  As well , a Spa n ish and Engl ish pol icy brief were developed to be pub l ic ly 

d issem inated with pol icyma kers and  Extens ion i n  Puerto Rico. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

We have pr iorit ized the development of a pu bl ic fac ing dashboa rd ,  that a l lows people to explore the data from 180 cou ntries 

over time on crop prod uct ion and n utrit iona l  outcomes. This will enable a user i n terface that inc ludes maps and figu res, as 

wel l  as network d i agra ms that ena ble i n teractive "p lay" and data explorat ion, espec ia l ly for pol icyma kers and practitioners 

outs ide of academia .  The jo i n i ng  of datasets together, as th is project has enab led, and visua l izi ng them i n  a con nected way is 

especia l ly i mporta nt to exp la i n  and visu a l ize re lationsh i ps that a re ha rd to grasp. For examp le, showing the n utr ients that a re 

fou nd i n  a s ingle servi ng of a particu la r  crop ca n expand nu trit ion ed ucation and  u ndersta nd i ng, but a lso showing how a 

countries' food p rod uct ion has changed over t ime, and  is i nfluenced by imports and exports, a lso provides i mporta nt i nsight 

i nto ma rket and trade pol icy. For our work i n  Puerto Rico, our work, i nc l ud ing  the tra nslat ion of our work i n to Spa n ish ,  is 

he lp ing to i n form pol icy d iscuss ion and decisions related to d isaster prepa red ness, nu trit ion and agricu ltu re fo l lowi ng cl i mate 

d isasters. 

https://nutri
https://doi.org/10.1088/1748-9326/acG00
https://doi.org/10.1038/s41467-021-25615-2


Describe and  expla i n  any major changes or problems encountered i n  approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

One cha l lenge we a re fac ing is the lack of exist ing datasets that ca n provide c l imate sensitivity of crops, which we cou ld 

i ncorporate i n to ou r  models. Wh i le there is some work happen ing i n  th is a rea, it is prima ri ly with major crops, and  i n  l im ited 

geograph i c  contexts, which l im its o u r  globa l approach with h u nd reds of crops. We wi l l  conti nue  to try to make progress on 

th is effort, but may have to l im it ou r  c l imate assessment to si ngle crops or  locat ions with better q u a l ity existi ng data . 

We d id  h i re a new u ndergraduate student, and  provided professiona l  mentorsh ip  and  development opportu n ities fo r th is 

student to learn new programm ing  ski l ls and  web development p latforms. Th is student has developed our onl ine p latform 

and visua l izations .  

Examining Cookingas a Health Behavior 

Project Director 

Elizabeth Pope 

Organization 

University of Vermont 

Accession Number 

1018241 

* Food Agency in College Students 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Many col lege students struggle to cook  freq uently which has imp l ications for the i r  d iet q u a l ity and  health .  Students' ab i l ity to 

p lan ,  p rocu re, and prepare food (food agency) may be an i mporta nt ta rget for sh ift ing the col lege student d iet away from 

i nsta nt and  i nexpensive stap les l i ke packaged ramen .  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

The ra ndom ized i ntervent ion study i nc luded two seq uent ia l  cook ing i n tervent ions (1 )  six weeks of cook ing classes based i n  

food agency pedagogy held once pe r  week, and  (2) six weeks o f  weekly home  de l ivered mea l  kits ( 3  mea ls pe r  kit) t o  improve 

food agency, d iet q u a l ity, and  at home cook ing freq uency of co l lege students. Based on ava i lab i l ity and  su bseq uent 

ra ndom ization ,  part ic ipa nts were assigned to one of fou r  cond it ions that inc luded active cooking classes, meal  k i t  provis ion,  

o r  no i ntervention .  Pa rtic ipants who took part i n  the cooki ng i n tervent ion had sign ifica nt improvement i n  food agency 

immediately fo l lowing the i n tervent ion period . Pa rtic ipa nts who d id  not partici pate i n  cooking classes and  on ly received mea l  

kits experienced s ign ifica nt, though less pronou nced imp rovement, i n  food agency scores fo l lowing the meal kit provis ion .  

Ne ither i n tervent ion imp roved d i et q u a l ity or  rout ine ly imp roved cooking freq uency. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Col lege students in the study pa rtici pated in cook ing classes, some received meal kits, and some improved the i r  food agency. 

We learned that cooki ng classes a re one way to improve food agency for co l lege students. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

We learned that cooki ng classes a re one way to improve food agency for co l lege students. Young  adu lthood is a pivota l t ime 

for develop ing cook ing ski l ls and  agency, pa rtici pati ng i n  cooki ng classes but not necessar i ly meal  kit provis ion he lped 

imp rove food agency. 

Describe and  expla i n  any major changes or problems encountered in approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

https://nrs.nifa.usda.gov/projects/389


commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

The resu lts of the study were pu bl ished in N utrients. Citation :  Pope, L., Alpa ugh, M ., Tru bek, A., Ske l ly, J., H a rvey, J. (2021 ) .  

Beyond Ramen :  I nvestigati ng methods to imp rove food agency among co l lege students. Nutrients. 13: 1674. 

https://do i .org/10.3390/nu l305167 4. 

Enriching branched-chain fatty acids in cellular lipids of rumen bacteria 

Project Director 

Jana Kraft 

Organization 

University of Vermont 

Accession Number 

1016999 

* Enriching branched-chain fatty acids in cellular lipids of rumen bacteria 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

M i l k  and  da i ry prod ucts a re a un i que  sou rce of bioactive bra nched-cha i n  fatty ac ids as they a re princ ipa l ly derived from 

ru men microorga nisms. Beca use l i ttle is known about the b iosynthesis of bra nched-cha i n  fatty acids i n  bacteri a and  p rotozoa 

in the ru men envi ron ment, th is p roject is designed to assess the interconvers ion of va rious branched-cha i n  fatty acid 

su bstrates, bra nched-cha i n  am i no acids, to bra nched-cha i n  fatty ac ids by ru men bacteria and protozoa .  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

I n  the past yea r, we conducted three i n -vitro dose-response stud ies us ing d ifferent d ieta ry su bstrates ( leuci ne, iso leuc ine, and 

va l i ne) to  ga i n  a better u nderstand i ng  of  how rumen microbes synthesize bra nched-cha i n  fatty acids. We iso lated bacteria l  

and  protozoa [  cel l  fract ions from rumen flu i d  contents and  measu red the bra nched-cha i n  fatty ac id content and  com position  

of the i r  l i p i d  membra nes. Two stud ies have been com pleted and  ou r  data provide d i rect evidence tha t  r umen  bacteria and  

p rotozoa use  d ieta ry leuci ne and isoleuc ine as a precu rsor fo r the  synthesis o f  bra nched-cha i n  fatty acids. The d ata a n a lysis of 

the th i rd study, test ing va l i ne  as a d ieta ry su bstrate, is cu rrently u nder way and  wi l l  be com pleted th is s ummer. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

The resu lts from this work a re being d issem inated to the scientific commun ity. Two a bstracts have been subm itted and 

accepted to be presented (ora l  presentation)  at the 2022 America n Da i ry Science Associat ion (ADSA) a n n u a l  meeti ng. 

U ndergraduate and graduate students wi l l  be presenti ng the i r  resea rch to the U n iversity of Vermont commun ity at the a n n u a l  

student resea rch conference. I n  add it ion, o ne  man uscri pt h a s  been subm itted t o  a scientific journa l  for peer review. Th is 

p roject expands the scientific knowledgebase on rumen microbes prod uc ing bra nched-cha i n  fatty ac ids, a d isti nct and 

u nderstud ied group  of bioactive fatty acids. The resea rch fi nd i ngs wi l l  provide the framework fo r the development of 

i n novative feed i ng  strategies designed to enhance the content of BCFA i n  m i l k/d a i ry prod ucts. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

The broader pu bl ic has not yet benefited from ou r  project's activities as outreach has been l im ited due  the ongo ing 

pandem ic. We wi l l  conti n ue  to d issem inate ou r  resea rch fi nd i ngs to the scientific commun ity but specifica l ly a im  to reach 

sta keholders, such as fa rmers, agricu ltu ra l  professiona ls, and  ed ucato rs. 

Describe and  expla i n  any major changes or problems encountered i n  approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

https://nrs.nifa.usda.gov/projects/347
https://doi.org/10.3390/nul305167


Tra i n i ng and professiona l  development opportun it ies: Th is project has tra i ned two Master's students and three 

u ndergraduate students. 

Critica l Issue 

Qua lity of the Natura l  Environment 

Centaurea moncktoni i  Is  an I nvasion on the Vermont horizon? 

Project Director 

Jane Molofsky 

Organization 

University of Vermont 

Accession Number 

1017732 

* How genetic mixing between closely related plant species can create a new invasive plant species : the case 

of Centaurea moncktonii  

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

I nvasive p lants a re a major  th reat to eco logica l commun ities in Vermont and  e lsewhere. However, i ntrod uced species may not 

sta rt out  that way but may evo lve to become invasive post- i ntrod uction .  Hybrid ization between two closely re lated species 

ca n resu lt in a th i rd species that is more i nvasive than either of the origi n a l  two species. Ou r  goa l is to u ndersta nd the ro le 

that hybrid izat ion p lays in contribut ing to the invasive success of Centaurea moncktonii, an i nvasive species in Vemont that 

forms from two less i nvasive species ( Centaurea jacea and Centaurea nigra) . 

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

The ma i n  goa l of th is project was to determ ine if there has been evolut ion post- i ntrod uction i n  e ither invasive hybrid species 

or the two parenta l  species. A second goa l is to determ ine  how the tra i ts expressed by the hybrid d iffer from the tra i t  

expressed by the parenta l  species th rough common ga rden stud ies and  identify how th is sh ift i n  p lant fu nctiona l  tra i ts has 

i ncreased the i nvasiveness of the hybr id species re lative to the origi n a l  parenta l  species. A th i rd goa l is to be ab le to identify 

the d ifferent species through specific morphologica l tra i ts that wi l l  a l low someone to determ ine  if they have the invasive 

hybrid on thei r property. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

In o u r  study, we were ab le to identify specific morphologica l tra i ts that w i l l  a l low for a determ inat ion of whether the i nvasive 

hybrids a re present i n  the p lant commun ity. Because we verified each species' identity with genetic ma rkers, we can correlate 

the genetic identity of each species with specific morphologica l tra its. Therefore, ou r  resea rch provides a way for fa rmers, 

state agencies and non-profits l i ke the Natu re Conserva ncy to determ ine if the i nvasive hybrid is on the i r  property and  ta ke 

steps to remove it . 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

I nvasive species a re among the greatest th reats to the world 's biod iversity. Vermont is not immune to this th reat. By studying 

two closely re lated species that hybrid ize to form a more i nvasive th i rd species, we a re begi n n i ng  to u ndersta nd how changes 

at the genetic leve l create morphologica l changes that lead to greater invasive ab i l i ty and  u lt imately to greater spread .  

Because i ntrod uced species ca n u ndergo evolutionary cha nge post- introduct ion, ou r  study is document ing t he  potenti a l  

detrimenta l effects o f  conti n ua l ly i ntrod uc ing new genetic va riants or  va rieties i nto landscapes, even when  t he  landscape 

a l ready conta i ns non- i nvasive re latives. 

Describe and  expla i n  any major changes or  problems encountered in approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

https://nrs.nifa.usda.gov/projects/4369


commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

Pub l ications resu lt ing from this work 

Pa lac io-Lopez, K. and J .  Mo lofsky 2021 .  Phenotyp ic sh ifts fo l lowing adm ixtu re in recomb inant  offspri ng  of Arabidopis thaliana. 

Evolutionary Ecology DO I :  10 .1007 /sl0682-021-10118-9 

UVM Extension: Natural  Resources and Environment Program 

Project Director 

Fitzroy Beckford 

Organization 

University of Vermont 

Accession Number 

7000143 

* Measuring Soil Moisture to Schedu le I rrigation on Northeast Vegetable Farms 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Cl imate change is d isru pt ing prec ip i tation patterns and lead i ng  to i ncreased d roughty periods d u ri ng  the growing season .  As a 

resu lt, vegetable fa rmers i n  the Northeast a re increasi ngly recogn iz ing the need for i rrigation ,  and  for more effic ient i rrigation .  

Wh i le soi l  moistu re sensors a re common ly used i n  other regions and sectors, these systems often a re not opti m ized for 

Northeast growers, so few re ly u pon th is techno logy to sched u le i rrigation .  Many fa rmers a re i nterested i n  u nderstand i ng  if 

networked soi l  moistu re sensors with conti nuous  measu rements a re worth the i nvestment. That is, wil l the i ncreased 

i rrigat ion effic iency brought by this techno logy pay back in terms of yield or  q u a l ity of prod uce? 

Briefly describe in non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

Resea rchers with the UVM Center for Susta i n able Agricu ltu re 's Fa rm ing  and  C l imate Change Program, i n  partnersh ip  with the 

U n iversity of Ma i ne, conducted a su rvey of New England vegetable growers to ascerta i n  how fa rmers make decis ions about 

when and  how much to i rrigate. Us ing the su rvey resu lts, they successfu l ly app l ied for a Northeast Susta i n able Agricu ltu re 

Resea rch and  Ed ucation Novel Approaches gra nt. The fu nded project enta i ls resea rch for two fu l l  growing seasons to measu re 

water usage, yield, q u a l i ty, and  n itrogen leachate i n  cucumbers, tomatoes, and peppers as a fu nct ion of va r ious approaches 

to i rrigat ion sched u l i ng. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Although the project is sti l l  in i ts second yea r, va luable i nformation was ga i ned from the fi rst yea r of study, as wel l  as 

complementa ry work on other worki ng vegetable fa rms i n  Vermont. No  sign ifica nt yield d ifference was observed as a resu lt of 

the usage of the soi l  moistu re sensi ng techno logy. Th is resu lt has been shared through m u lt ip le fa rmer presentations and 

conversations with agricu ltu ra l  service providers, wh ich has he lped avoid costly investments i n  troub lesome techno logy. At 

the same t ime, knowledge and awa reness of the importa nce of effic ient water usage has spread throughout the fa rm ing 

comm u n ity. Awa reness of  other, less expensive and  s im pler techno logies a lso has been ra ised . Fa rmers and  service providers 

who have chosen these options have presumed ly used water more effic iently, resu lt ing i n  imp roved yields and  profits. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Whi le i rrigat ion is wide ly used on Northeast vegetable fa rms, few growers rely u pon soi l  moistu re sensors to sched u le 

i rrigation .  Many fa rmers over- i rrigate, ca us ing n utr ient leach i ng, or u nder- i rrigate, lead i ng  to decreased yields and  q u a l ity. 

Better i nformation a bout soi l  moistu re cond it ions and  so i l  moistu re sensi ng techno logy, ta i lo red to the sca le and d iversity of 

these fa rms, ca n greatly imp rove i rrigation effic iency wh i le p rotect ing water q u a l ity and  supp ly in an era of c l imate change. 

http://121.199.17.194/paperRedirect/1397702030401191936
https://nrs.nifa.usda.gov/projects/143


* Recru iting Community Volunteers for Emerald Ash Borer Education 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

I nvasive pests such as the emera ld ash borer (EAB) ca n change the natu re and  fu nction i ng  of Vermont's forests and  cost 

m u n ic ipa l it ies thousands of do l la rs to m a nage infested haza rd trees. EAB is in Vermont, and  a lthough it ca n not be erad icated , 

i nformed residents ca n slow the spread, givi ng m u n ic ipa l it ies and  property owners t ime to p lan  and  spread out costs 

associated with management.  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

The Vermont U rban & Com m u n ity Forestry Progra m (VT UCF) partnered with the Vermont Department of Forests, Pa rks and  

Recreation ;  the Vermont Agency of  Agricu ltu re, Food and  M a rkets; and  the  Vermont Land  Trust on  EAB  Awa reness Week, held 

May 15-22, 2021,  send i ng  out press re leases and soc ia l  med ia  posts to ra ise awa reness. In add it ion,  VT UCF provided support 

and  gave away EAB Awa reness Week Toolkits to the fi rst n i ne  towns that subm itted req uests p lus  supp l ied a n  add it iona l  two 

towns that held events with other  outreach mater ia ls. Vo lu nteers i n  the Forest Pest Fi rst Detector p rogra m  and  mem bers of 

Conservation  Com m iss ions i n  each of the 1 1  m u n ic ipa l it ies created pu bl ic ity and  outreach and  ed ucation  events i n  the i r  

com m u n it ies. These inc luded a rtic les and  press re leases, gu ided ash tree wa lks, presentations, ash tree taggi ng events, 

com m u n ity d isp lays, and  event booths. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

As a resu lt, residents a re lea rn i ng  a bout  EAB and management options from other  res idents of thei r com m u n ities. As a n  

exa m p le, a Forest Pest Fi rst Detector, w h o  i s  a lso a town tree warden and  forest owner, used materi a ls and  support from the 

VT UCF p rogra m to put  together an invasive pest awa reness booth at h is  town 's  Memori a l  Day Celebration ,  the la rgest and  

best attended town-wide event every yea r. Us i ng  h is  knowledge of  the  com m u n ity, t h i s  i nd ivid u a l  p icked the r ight event to 

host a d isp lay booth,  was a b le to recru it  a Conservation  Com m ittee member  to he lp  staff it, and  placed the booth in a h igh

traffic location next to the fi re department's BBQ booth .  As a resu lt, approxi mately 60 town residents received i n formation 

a bout the threat of th is  i nvasive pest and management options for d ifferent types of property (ya rd , forest, and  m u n ic ipa l) 

th rough one-on-one conversations and  ed ucation a l  l iteratu re, i nc l ud ing  wal let-size EAB identification ca rds. An often-heard 

comment  was, " I  d i d n ' t  know that." These outreach and  ed ucation efforts by com m u n ity vo lu nteers have greatly expa nded 

the state 's outreach capacity for d issem inat ing EAB i nformation .  

Briefly describe how the broader pub lic benefited from you r  project's activities. 

In recent yea rs, EAB has become a s ign ifica nt threat to u rban and com m u n ity forests in Vermont and m a ny other  states as it 

k i l ls both stressed and hea lthy ash trees that not o n ly bea utify ne igh borhoods, but  p rovide shade to coo l  streets and homes. 

Loss of these trees has a staggeri ng economic  i m pact on com m u n ities that need to spend thousa nds of do l la rs to manage or 

remove infested trees and replace with other  species. I ncreas ing pu bl ic  awa reness wil l  enco u rage people to ta ke action  to 

help the places where they l ive, work, and play to better manage th is i nvasive pest through i n formation shari ng  as wel l  as 

mon itori ng and  report ing of trees suspected to be i nfested .  

Critica l Issue 

Resi l ience of Fami l ies and I nd ivid ua ls 

UVM Extension: 4-H, Fami ly and Farmworker Education Program 

Project Director 

Fitzroy Beckford 

Organization 

University of Vermont 

Accession Number 

7000077 

https://nrs.nifa.usda.gov/projects/77


* Askable Adult Training Impact

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Accord i ng  to the " Beyond the Gap :  How America Can Add ress the Widen ing Opportu n i ty Gap  Fac ing You ng People" wh ite 

paper re leased by the Nat iona l  4-H Cou nci l ,  " PYO programs p rovide a place for youth to experience psychologica l and  

physica l  safety, to  belong and  matter, to  deve lop su pportive peer re lationsh i ps, and  to  experience positive soci a l  norms and  

bounda ries ( Eccles & Gootman,  2002) - a l l  importa nt i ngred ients for a l leviati ng youth stress and  bu i l d i ng  res i l ient m i ndsets 

and  ski l ls ." Th is wh ite paper a lso states that "the widen i ng  opportu n ity ga p in America is affected by fou r  key elements - race, 

eth n icity, Z I P  code and socio-economic status" and  that "COVI D-19 has exacerbated the inequ ities ou r  young  people face i n  

terms o f  the i r  menta l  hea lth, the i r  access to ed ucation and  the i r  emp loya b i l ity - particu la rly amongst those w h o  were a l ready 

experienc ing tra u ma, systemic  soc ia l  i nequ ity and other d isadvantages pr ior to the pandem ic." In fac i l itati ng the Vermont 

Network's Aska ble Ad u lt tra i n i ng, two UVM Extens ion 4-H ed ucators (La u ren and Al l ison) a imed to expa nd the n umber of 

adu lts tra i ned i n  provid i ng  safe, trusti ng, and affi rm ing  relationsh i ps with youth i n  thei r l ives to he lp bu i ld protective factors 

and  i ncrease youth res i l iency i n  Vermont comm u n it ies. 

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

At the onset of the pandem ic, La u ren and  Al l ison attended the Askable Ad u lt tra i n i ng and were i nsp i red to ta ke u p  the tra i n i ng 

as fac i l i tators. They have s ince fac i l itated five sess ions of the Askable Ad u lt tra i n i ng. Each tra i n i ng is a tota l of th ree hours and 

covers topics such as: 

o Bu i l d i ng  Trust ing & Affi rm ing Relationsh i ps

o Com mit to Consistent Connections

o Com mit to Ca ri ng  Commun ication

o Be a Cu rious Co-Pi lot

Aska ble Ad u lt is a conversation based tra i n i ng. Pa rtic ipan ts l isten to i n terviews of youth-mentor pa i rs and then a re given 

reflect ion questions d iscussed in severa l formats: sma l l  group, la rge group, and breakout pa i rs. The tra i n i ng  was deve loped 

out of and looks at data co l lected from a 2017 su  rvey by the Vermont Network of 584 youth ages 10-24. The su  rvey " identified 

an a rray of concerns that ca use them stress in thei r everyday l ives-inc lud i ng  d rug and a lcohol  use; poverty; sexism and  

ha rassment; body sham ing and bu l ly ing; and  homophob ia and  transphob ia .  When  asked what  wou ld he lp ,  young  people sa id 

that the n umber one solut ion wou ld be having more su  pportive and  "askable" adu  lts i n  the i r  l ives." 

(sou rce: https://vtnetwork.org/wp-content/uploads/2020/03/Askable-Adult-Lesson-Plan-Fac i l i tator-Guide.pdf) We can 

a lso assume with the onset of the globa l pa ndemic that both new and  old stressors have been accentuated for youth in o u r  

comm u n it ies. Eq u i  pp ing adu  lts with t he  skil l s t o  be  more askable ca n he l p  support youth particu larly d u ri ng  th is t ime  and  

he lp add  ress th i s  added  stress for youth .  

Through the tra i n i ng , we reached 83 adu  lts spa n n ing across Vermont and other states i nc l ud ing  New Hampsh i re and 

Massachusetts. Pa rtic ipa  nts i n c luded ed ucators, parents, Afterschool professiona l s, foster pa rents, youth sports coaches, 

members of re l ig ious organ i zat ions, and  other youth serving organ i zations.  

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

At the end of each sess ion an eva l ua t ion was adm in istered .  The VT Network a lso fo l lowed up with respondents in a th ree 

month su  rvey. I n  the i n i t i a l  program su  rvey, 31 pa rt ici pants responded that they had practiced commun ication and  l isten i ng  

ski l l s to  imp rove ca ri ng commun ication w i th  youth .  When asked what  part ic ipa nts learned that  they wi l l  b r i ng  back  to  the i r  



re lationsh i ps with ch i ld ren  and  youth,  e ight specifica l ly l isted the WAIT too l  (why a m  I ta lki ng?) that he lps adu lts remember  to 

p ractice l isten i ng  when ta lki ng  to youth .  M a ny other  partic ipants l isted l isten i ng, patience, and  cu ltivati ng  a sense of cu riosity 

i n  the i r  re lationsh i ps with youth .  

In  the three month fo l low u p  su rvey, 18 pa rt ic ipa nts responded.  I t  is i m porta nt to note that we do  not have a way of knowi ng 

if  these partic ipants were i n  o u r  UVM Extens ion led  sessions or  if they were led  by other  faci l itators. Ten respondents sa id that  

they has used what they lea rned i n  the Aska ble Ad u lt tra i n i ng often with  three sayi ng that they use it  a lot  and  three 

partici pants who have used thei r knowledge someti mes. As a res u lt of the tra i n i ng 15 part ic ipa nts had identified and worked 

on  bu i l d i ng  a ski l l  to become more aska ble and 14 had actively lea rned a bout a topic re leva nt to youth as prom pted by the 

tra i n i ng. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Br ing ing the Aska ble Ad u lt tra i n i n g  to adu lts in o u r  com m u n ities a ims  to ensure that youth have supportive and affi rm ing  

a d u lts i n  the i r  l ives. Th is  is a lways a n  i m porta nt factor for youth res i l iency but  a lso particu la rly now when many youth a re 

fee l i ng  iso lated and  a nx ious d u e  to the globa l pandem ic.  As one partic ipant reflected ,  "The tra i n i ng was a great rem i nder  of 

how i m porta nt s im p ly be ing consistent is. I 've rea l ly ra m ped u p  my efforts to ensu re I a m  fo l lowing through fo r the kids i n  my 

l ife". Another partici pant reflected on how they have ada pted their v i rtua l  progra ms with youth :  " I  used what I learned i n  the 

tra i n i ng to structu re a vi rtua l  youth progra m for more shari ng  out and  space for youth to lead the conversation .  I a lso tr ied to 

be consistent in affi rm ing  and  not j u dg ing what youth shared i n  that space.  I a lso a m  worki ng to bri ng Aska ble Ad u lt to other  

a d u lts." La u ren and  Al l i son look forwa rd to conti n u i n g  to bri ng  th is  content to d ifferent segments of the com m u n ity that  

m ight fi nd  the tools offered i n  the Aska ble Ad u lt tra i n i n g  he lpfu l to supporti ng youth i n  the i r  com m u n ity. 

* Promoting Mental Health and Self-Care with Farmworkers 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Lati no fa rmworkers leave loved ones and  fa m i l i a r  s ights, sou nds, and tastes beh i nd  when they ta ke an often-a rd uous path 

across the U n ited States border. They come to Vermont to support the i r  i m mediate and  often extended fa m i l ies in meeti ng 

d a i ly l ivi ng  expenses wh i le at the same t ime hoping to p rovide a sta ble economic  futu re for themselves. Once i n  Vermont, 

they work long, h a rd days wh i le fac ing sign ifica nt geogra ph ic, cu ltu ra l, and l i ngu istic isolation .  The i r  l ived experiences and  

the expectations of  thei r ab i l i ty to  provide for the i r  fa m i l ies ca n create or  contri bute to  stress and  a nxiety. Despite i ncreasi ng 

awa reness, conversations, and  med ia  coverage a bout menta l  hea lth promotion and  se lf-ca re across the U n ited States, these 

concepts and practices a re not fa m i l i a r  to m a ny workers. 

Briefly describe in non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

Bridges to Hea lth (BTH)  is a grant  fu nded hea lth access and  outreach progra m that works with m igrant  fa rmworkers across 

every county in Vermont to create more eq u a l  hea lth opportu n ities. For the past three yea rs, BTH staff have i ncorporated 

conversations a bout persona l  hea lth and  wel lbe ing i nto thei r visits to fa rmworker households by ut i l i z ing comics based on 

stories to ld by workers, wel lbe ing wheels, and  engagi ng in one on one and  gro u p  conversations. Last yea r, BTH h i red a 

Person a l  Hea lth and  Wel lbe ing Coord i n ator to offer more one on one sess ions explori ng  strategies - l i ke yoga , med itation ,  and  

d rawing  - to  add ress non-cl i n ica l  stress and  a nxiety. Th i s  expa nded capacity enab led the  BTH tea m to  he lp  over 60  

fa rmworkers lea rn new ski l ls designed to  medi ate menta l  hea lth stressors. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Through the fo l lowing stories a re of i nd ivid u a l  resu lts, they a re a strong representat ion of the va lue  of this work: 

Story 1 :  Da rio* is a m igrant  fa rmworker who l ives in a remote town in northeastern Vermont. U nt i l  recently, he worked seven 

d ays a week and  over 12 hours a day. He now works six d ays a week on the overn ight sh ift of 12 hou rs. He descri bes h is  

workd ay as " ha rd and  long without  brea ks." He sa id that l ivi ng isolated with  no-one nea rby to visit and  worki ng a l l  the t ime 

meant that he often wou ld go from work to the house and  back to work without  con necti ng with  a nyone off the fa rm. He often 

fe lt "stressed , isolated, and  bored ." 



Dario had never heard of yoga and med itat ion u nt i l  he met Megha n  (BTH 's Person a l  Hea lth and Wel lbei ng Coord i n ato r) . 

Meghan exp la ined that both practices cou ld he lp  both h is  body and  m i n d .  He met i n  person a few t imes when the weather 

was n i ce last yea r and  then d id  some sess ions v i rtua l ly. He says that yoga "he lped h is  body re lax after the stress and 

exhaust ion of d a i ly work." The med itat ion he lps h im "concentrate h is  mind and  let go of the th i ngs that a re botheri ng  h i m ." 

Dario doesn't have a lot of t ime i n  h is  day and  p refers to do sess ions with someone e lse. However, he says he has practiced 

enough that he knows many of the movements and ca n practice i ndependently o r  us ing videos that Megha n  has shared for 

both yoga and  med itation .  Dario  says he feels "ha pp ier  and  l ighter" after do ing  both yoga and  med itat ion and  that both have 

he lped with h is  sleep - someth i ng  that was a cha l lenge for h i m  previous ly. 

Story 2: Last fa l l ,  a n  outreach n u rse offeri ng a hea lth screen i ng  and  COVI D ed ucation with a m igrant  fa rmworker, identified 

h igh b lood pressu re as a s ign ifica nt concern . She referred the worker to the Person a l  Hea lth and Wel lbe ing Coord i n ator who 

i ntrod uced h i m  to yoga . A fo l low up visit with the n u rse fou n d  that his b lood pressu re had decreased, and he reported fee l ing  

m uch better. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Vermont fa rms a re i ncreas ingly dependent on the i m m igra nt fa rmworker popu lation .  The economic  success of these fa rms 

re l ies on  havi ng a hea lthy, prod uctive, and contented workforce; a goa l reached in pa rt by supporti ng i m p roved cu ltu ra l ly and  

l i ngu istica l ly appropri ate hea lth ca re access, hea lth ed ucation ,  and  the  p romotion  of hea lthy l ivi ng choices, i nc l ud ing  menta l  

hea lth and  se lf-ca re . 

Critica l Issue 

Susta inab i l ity of Vermont Agricu lture, Food and Forests 

Multi -state Coordinated Evaluation of WinegraP-e Cultivars and Clones 

Project Director 

Terence Bradshaw 

Organization 

University of Vermont 

Accession Number 

1025443 

* Emerging winegrape cu ltivars and practices improve grape and wine industry 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Winegrapes a re a growing sector of Vermont agricu ltu re, with growth from essenti a l ly zero acres in the 1990s to 

approximately 175 acres (~ 70 hecta res) in 2019 and  potenti a l  economic  va lue  of $6.5 m i l l ion of w ines grown in the state. 

V ineya rds may be expected to atta i n  positive cash flow after fifteen or  more yea rs from the t ime of p lant ing, so selection  of a 

cu ltiva r poorly su ited to the site or with su bopti m a l  w inemaki ng  q u a l ity ca n su bsta nti a l ly i m pact v ineya rd profita b i l i ty. Long

term cu ltiva r eva lu at ions have been conducted at UVM s ince 2007, but  newly-released or adva nced eva l uat ion selections may 

offer improved wine q u a l ity or  horticu ltu ra l  cha racteristics that make them more su ita ble to Vermont v ineya rds and wineries. 

However, new cu ltiva rs but  must be eva lu ated u nder  contro l led cond it ions before recommend ing  to i ndustry to avoid costly 

mista kes that may cost u p  to $250,000 /ha in lost p rod uction .  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

I n  th is  new eva lu ation ,  five cu ltiva rs (Cri mson Pea rl, Petite Pearl, Verona ,  St Pep in ,  and  M N  1285) were pla nted i n  a 

ra ndom ized , rep l i cated tri a l, and  fou r  sol id rows of Bri anna ,  Lou ise Swenson, M a rq u ette, and  M a rech a l  Foch were a lso 

pla nted to eva luate management practices on those cu ltiva rs. In 2018-2019, v ines were managed without fu ngic ide 

a p p l ications to eva lu ate natu ra l  suscepti b i l ity to d isease. No  cu ltiva rs were consistently d isease-free, and  a l l  exh i b ited some 

degree of black rot and  powdery m i ldew i nfection .  Relative suscepti b i l i ty to d isease was not consistent across both yea rs, but  

' Bria nna '  had greater i nc idence of b lack rot and  ' Lou ise Swenson '  showed lower i nc idence of powdery m i ldew i n  both yea rs. 

The re latively new cu ltiva rs 'Cr imson Pea rl '  and  'Verona '  exh i b ited com pa ratively moderate d isease suscepti b i l ity overa l l .  

https://nrs.nifa.usda.gov/projects/2171


Crop yield rema i ns re latively low for some cu ltiva rs. Ma recha l  Foch had the greatest mean yield i n  2021 with 8.4 kg per two

v ine pane l  (~3.5 tons/acre) ,  whereas some less-vigorous cu ltiva rs, e.g. , Cr imson Pea rl, Lou ise Swenson ,  and  Bri anna ,  had less 

than one tone per acre eq u iva lent yield . Bri a nna  has suffered from crown ga l l  in previous yea rs and was la rge ly cut back to the 

ground  i n  2020 to ma nage that d isease. Lou ise Swenson has been u nder-vigorous at th is and other nea rby sites i n  pr ior 

p lant ings, typica l ly u nt i l  the fou rth o r  f ifth yea r from plant ing when it catches up with other cu ltiva rs. In th is p la nti ng, 

Crimson Pea rl a ppea rs to have a s im i l a r  tendency. However, the no-spray ma nagement in the fi rst three yea rs of growth l i ke ly 

reduced overa l l  growth for th is and  other cu ltiva rs. J u ice q u a l ity for winemak ing was acceptable, with cha pta l ization ,  fo r a l l  

cu ltiva rs. Of pa rti cu la r  note is tha t  a l l  cu ltiva rs except Ma rquette had j u ice titratable acid ity below 1 .01 g/100 ml .  

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

In the 1990s, there was no grape or  wine i ndustry in Vermont, but conti n ued refi nement of cu ltiva r breed i ng  and selection fo r 

u n i que  cold-cl imate regions have increased the q u a l i ty of wi nes made and  the economic impact of wineries i n  the reg ion .  By 

2016, w inegrapes were grown on 165 acres and wine was va lued at over $5 m i l l ion a n n u a l ly. I n  a 2021 su rvey, growers 

i nd icated a red uct ion of pla nti ngs of legacy cu ltiva rs l i ke ' Frontenac '  and  'St Croix' and  a n  i ncrease i n  pla nti ngs of newer 

cu ltiva rs with potenti a l ly improved j u i ce chemistry for wine maki ng. I n novation in the Vermont i ndustry was recognized i n  

2019 when  t he  state was selected to  host Viti Nord 2022 (origi na l ly 2021, delayed due  to  COVI D ) .  T h i s  is t h e  premier  

i nternationa l  co ld c l imate grape and  wine conference i n  the world which wi l l  attract su bsta ntia l  attent ions to the i ndustry 

from regiona l, nat iona l, and  i nternationa l  sta keholders. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

A stable and even growing grape and wine i ndustry provides su bsta nti a l  economic and cu ltu ra l  benefits to ru ra l  and  

associated commun ities. Respondents to  a 2012  grape and  wine prod ucer su rvey i nd i cated average of  2 .6 fu l l-ti me employees 

per operation ,  exc lusives of owners and  managers, and  mea n  a n n u a l  sa les over $200,000 per operation .  However, w inery 

tou rism and  associated activities extends economic activity fa r beyond i nd ivid ua l  w ineries or even co llective wine sa les. I n  a 

2016 study of economic im pact of Northern, co ld -ha rdy wine and  gra pes, i nc l ud ing  data from Vermont, v ineya rd emp loyment 

i ncome was est imated to be 20% of tota l gross grape revenue, o r  $ 1  m i l l ion estimated i n  Vermont a n n u a l ly. Tou rism-re lated 

economic activity was est imated at an add itiona l  69% of tota l sa les, or  about $3.5 m i l l ion a n n u a l ly in Vermont [1,2] . We 

est imate that tota l economic activity from wine and re lated activities in Vermont contri butes over $10 m i l l ion to the economy. 

1. Tuck, B.; Ga rtner, W. Economic Contri but ion :  Vi neya rds and  Wineries of the North .  Ava i la b le on l ine :  

htt1;1s://www.a1;1ec. umn .ed u/sites/a1;1ec. umn .ed u/files/winerY. fi na l  re1;1ort- l .1;1df ( 

2. Vermont Susta i n able Jobs Fu nd .  Vermont Farm to Plate Strategic Plan Chapter 3.3 Food Production: Hard Cider, Spirits, and 

Wine Montpel ier, VT, 2013; 

http://www.vsjf.org/assets/files/Agricu ltu re/Strat Pla n/Cha1;1ter%202 Gett ing%20to%202020 Low%20Res .1;1df. 

Describe and  expla i n  any major changes or problems encountered i n  approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

Project outputs and supporting activity: 

Hazel rigg, A. L., T. L. Bradshaw and  G. S. Ma i a .  2021 .  " D isease Susce1;1t ib i l i tY. of l nters1;1ecific Cold -Ha rdY. G ra1;1e Cu ltiva rs i n  

Northeastern U .S.A." Horticu ltu rae 7 (8) : 216 .  Specia l  issue on G rape Responses to Abiotic and  Biotic Stresses. 

DO l : 10.3390/horticu ltu rae7080216 

Bradshaw, T. ( lead a uthor) .  2021 .  G rapes and  Wine .  Vermont Susta i n a ble Jobs Fu nd Fa rm to P late 2 .0 Prod uct Brief. Issue 

briefs d rafted by statute for presentation to Vermont legislatu re i n  2019-2020 sess ion .  

htt1;1s://www.vtfa rmto1;1late.com/assets/resou rce/files/Vermont%20Food%20SY.stem%20P1an%20Prod uct%20Brief%20Gra 1;1es.1;1df 

Bradshaw, T. UVM Fru it Website, http ://www. uvm .ed u/~fru it . Outreach website for tree fru it and  viticu ltu re- re lated 

horticu ltu ra l  and  1 PM  i nformation for com merci a l  growers. Affi l i ated blog a rch ives 12 ema i l  post ings made to gra pe prod ucer 

l istserv (275 su bscri bers) d u ri ng  report ing period . 

Bradshaw, T. L. ; Haze l rigg, A.; Berkett, L. Relative Disease Rati ngs for Wine G rape Va rieties G rown i n  Vermont; UVM FRT003; UVM 

Extens ion :  Bu rl i ngton ,  VT, 2020; https://www. uvm .ed u/~fru it/grapes/gr _i pm/UVM FRT003_2020RelativeGra peD isease. pdf. 

https://www.apec.umn.edu/sites/apec.umn.edu/files/winery_final_report-1.pdf
http://www.vsjf.org/assets/files/Agriculture/Strat_Plan/Chapter%202_Getting%20to%202020_Low%20Res.pdf
https://www.mdpi.com/2311-7524/7/8/216/htm
https://www.vtfarmtoplate.com/assets/resource/files/Vermont%20Food%20System%20Plan%20Product%20Brief%20Grapes.pdf
https://www.uvm.edu/~fruit/grapes/gr
http://www.uvm.edu/~fruit


Fund Leveraging 

Eva l uat ing systems com ponents for orchard and vi neya rd crops in Vermont. Vermont Agricu ltu re Experi ment Stat ion Hatch 

G rants Progra m,  Oct 2020 -Sep 2025 . $63,942. P l :  T. Bradshaw 

Vit i  Nord 2022:  A pivota l opportu n ity for ed ucat ion,  co l la boration ,  and  i n novation a mong Vermont gra pe and  wine prod ucers. 

USDA/Vermont Agency of Agricu ltu re Specia lty Crops Block G rants Progra m .  Pl :  T. Bradshaw. October 2021  - M a rch 2023. 

$20,548. 

Vermont 1 P M  Extens ion I m p lementation  Progra m :  2021-2024. USDA CPPM E I P. PD: A. H azelrigg. Co-P is :  S. Bosworth,  T. 

Bradshaw, H .  Da rby, M .  Ski n ner. August 2021  - J u ly 2024. $499,574 tota l, $91,677 for Fru it  emphasis a rea . 

Harnessing Chemical Ecology to Address Agricultural Pest and Pollinator Priorities 

Project Director 

Yolanda Fanslow Chen 

Organization 

University of Vermont 

Accession Number 

1025484 

* I nsecticide resistance and stress priming in the Colorado potato beetle, Leptinotarsa decemlineata 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

O u r  project add resses the evolut ion of i nsectic ide resista nce in the Colorado potato beetle, a globa l ly i nvasive agricu ltu ra l  

pest. I n sectic ide resista nt threatens the prod uctivity o f  US agricu ltu re .  S i nce tem peratu re rises d u e  to c l imate cha nge a re 

p rojected to i ncrease i n  popu lation  expa nsions i n  i nsect pests, o u r  project a lso add resses the i n teractive effects of i nsectic ide 

exposu re and  heat stress on  i nsect performance as wel l  as genomic  responses. By exa m i n i ng these responses among 

i nsectic ide resista nt and  suscepti ble Colorado potato beetle stra i ns, o u r  a i m  is to  provide i nformation to  he lp  develop 

effective pest management tools to com bat the evolut ion of i nsectic ide resista nce 

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

We have made su bstant ia l  progress i n  accom pl ish i ng  o u r  project goa ls. I n  the past yea r, we conducted a l l  of the cross

to lerance experi ments us ing two sets of res ista nt and  suscepti ble beetle stra i ns. We co l lected the phenotypic data from these 

experi ments and  a n a lyzed for statistica l d ifferences. For the genom ics part of o u r  study, both gene express ion and  ep igenetic 

seq uenc ing projects were com pleted last s ummer, and we a re cu rrently a n a lyzi ng those data sets using a h igh comput ing 

server. The a n a lys is w i l l  be com pleted by the end of th is s u m mer. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

The resu lts from our project will a l low o u r  ta rget a u d ience (growers, pest ma nagement scientists, evolutionary b io logists) to 

better u ndersta nd the i m pacts of stress on insect pest l ife-h istory tra i ts, patterns in gene express ion,  and ep igenetic 

mod ifications.  G iven that ep igenetic mod ifications have been l i n ked to stress to lerance i n  other  orga n isms, our fi nd i ngs wi l l  

contri bute to  th is growing field i n  i nsect pests. Th is  i n formation may potenti a l ly he lp  identify genetic ta rgets for the 

development of genetica l ly based pest ma nagement tools that ca n he lp  red u ce the rates of evolutionary change with i n  

economica l ly i m porta nt insect pests. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

The activities of o u r  project ca n potenti a l ly benefit the broader pu bl ic  through outreach events gea red towards ed ucati ng 

others a bout ra p id evolut ion i n  i nsect pests and  what it means for food secu rity and  pest m a nagement.  Presenti ng  o u r  

fi nd i ngs w i l l  a l low us  t o  not on ly d iscuss t h e  i m porta nce u nderstand i ng  h o w  insect pests adapt t o  m u lti p le stressors but  w i l l  

a lso he lp create a d i a logue a round  the u rgency of fi nd i ng  more susta i n a ble pest m a nagement solut ions.  

https://nrs.nifa.usda.gov/projects/2174


Describe and  expla i n  any major changes or problems encountered i n  approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

Bueno, E. M., C. Mc l lhen ny, and Y. H. Chen .  Subm itted .  Cross to lera nce to stress in i nsect pests: I mpl icat ions for pest 

management i n  a chang ing c l imate. Pest Management Science. 

[ Closi ng Out  (end date 09/07/2023) ] 

I ndustrial  HemP- Production, Processing, and Marketing in the U.S. 

Project Director 

Heather Darby 

Organization 

University of Vermont 

Accession Number 

1025380

* Ferti lity and Pest Management of Hemp in the Northeast 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Hemp acreage is q u ickly expand i ng  in VT and  beyond .  At the conclus ion of 2019, the Vermont Agency of Agricu lt u re, Food and  

Ma rkets had registered over 9,000 acres of  hemp and issued j ust u nder 1,000 registrat ions to  grow the  crop .  The ra pid 

expansion is a resu lt of the passage of the 2019 Fa rm B i l l  wh ich grants hemp "crop status", therefore removi ng it from the Drug 

Enforcement Ad m in istrat ion l ist. The a mount  of research-based d isease and pest i nformation ava i la b le to growers is l im ited 

and  the i n formation ava i la b le is often based on a reas with d ifferent c l imate cond it ions and  d isease/pest pressu res. Many 

hemp growers a re new to fa rm ing  and  a re struggl ing with d isease and  pest identification and  management. Researchers a re 

u nclea r as to the scope of the problems and  the severity. I n  add it ion, fa rmers lack basic resea rch based i n formation on 

fert i l ity management and  va riety selection that  wi l l  maxim ize yields and  q u a l ity. 

Briefly describe in non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

The goa l of th is project is to do a statewide su rvey identifyi ng d isease and  a rthropod cha l lenges and  to assist fa rmers with 

develop ing best management strategies for growing h igh yield and q u a l ity hemp. There were 1 1  fa rms visited twice 

th roughout the season to su rvey for d isease and  a rthropod pests. Sp ider m ites and  thri ps were the least common pests seen 

on  the hemp leaves. Sp ider m ites were scouted at on ly one locat ion in New York, and thri ps were scouted at one fa rm in New 

York and  one i n  Vermont. E u ropean corn borers (ECB) were on ly scouted i n  Con necticut and  Vermont, and  flea beetles were 

on ly seen i n  Vermont. Aph ids were the p rima ry i nsect pests and  were identified i n  every state, fo l lowed by leaf hoppers i n  

Ma i ne and  Vermont. T h e  warm and  d ry growing cond it ions th roughout m u c h  o f  the season resu lted i n  re latively low leve ls of 

fo l i a r  and  root d isease. Sc/erotinia white mold was observed in Ma i ne  and  Vermont, and  powdery m i ldew was observed i n  

Connecticut a n d  Vermont. Leaf spots were seen i n  every state, and  a t  every fa rm site except o n e  fa rm i n  Add ison, Vermont. 

Botrytis was a lso recorded in every state. 

In 2021, we tested organ ic  approved fu ngic ides in repl i cated hemp plots to determ ine efficacy and  cost, in add it ion to 

assess ing genera of p lant parasit ic nematodes in the crop, a known pathogen of hemp.  Of the fu ngic ides tested ,  on ly a 

copper-based p rod uct (Koci de 3000) showed efficacy aga i nst common fu nga l  d iseases i n  hemp.  Al l other orga n ic  fu ngic ides 

d id  not reduce d isease compared to the contro l .  Add itiona l  prod ucts wi l l  be tested i n  2022. 

Resea rch tr ia ls were a lso i n iti ated to eva luate the impact of n itrogen ferti l ity and va riety selection on hemp yield and q u a l ity. 

N itrogen rates ra ng ing from O to 200 lbs per acre were added to rep l i cated p lots of hemp bei ng grown for gra i n ,  fi ber, and  

flower. N itrogen rates between 100  and  125  provided optimum  yields at the  lowest n itrogen rate. N itrogen rates wi l l  be 

stud ied aga i n  in 2022. 

Va rieties of hemp bei ng grown for gra i n ,  fi ber, and flower were eva lu ated i n  repl icated tria ls conducted at Borderview 

Resea rch Fa rm in Albu rgh, Vermont. Va rieties were secu red from compan ies th roughout the U n ited States, Canada ,  and  

E u rope. Sepa rate tr ia ls eva lu ated the  i mpact of  va riety on  hemp fi ber yield (13 hemp va rieties were eva luated ) ;  t he  yield 

https://nrs.nifa.usda.gov/projects/2155


potent ia l  of hemp gra i n  va rieties i n  the Northeast (22 gra i n  and  d u a l-pu rpose he lp va rieties were pla nted ) ;  and assessed 

hemp flower for yield, q u a l ity and  to lerance to pests (27 fu l l  season hemp va rieties for eva l uation ) .  

Resu lts from a l l  tri a ls were summarized and  d istri buted to ou r  ta rget aud iences (see pub l ications and  outreach chan nels 

referenced below) . Th is adds to the body of resea rch-based hemp info rmation ava i la ble and  necessary to support th is ra p id ly 

growing crop .  

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Project i n formation and resu lts were del ivered to our ta rget aud ience throughout the 2021 growing season .  The ta rget 

aud ience inc ludes fa rmers and  other sta keholders that assist fa rmers with growing hemp.  

The 3 rd Annua l  Hemp Conference was held v i rtua l ly i n  Februa ry, 2021 .  There were 185 attendees from 8 states and  3 

p rovi nces. The conference provided i n formation on pest and  fert i l i ty management, va riety selection ,  ma rket ing, and  a wide 

ra nge of d iverse hemp in formation .  Research from the Hatch tr ia ls was h igh l ighted . There were 16 l ive presentations and  13 

on-demand presentations.  Essenti a l ly there was nea rly 25 hours of ed ucationa l  materi a l  offered through the conference. 

In the spri ng  of 2021, a series of webi n a rs focused on hemp prod uction  was de l ivered to sta keholders d u ri ng  the s ummer. 

There were 2 webi n a rs held from J u ne  th rough Septem ber. The goa l was to provide t imely i n formation to growers related to 

p roduct ion and regu lation .  

G rowi ng H igh Qua l ity Hemp Sta rts w i th  G retchen Sch ime lpfen ig, La u ren Tonti , and  Chris Ca l la h an .  (12-Apri l ,  21 ) .  57 attendees 

& 225 views. htt12s://www.Y.outu be.com/watch?v=a i h9  DY.tzdg 

Development of Tri p lo id Seed less Hemp Va rieties. (20-May, 21 )  43 attendees & 215 views. htt12s://www.youtu be.com/watch? 

v= NY.1 ZUy_filOU 

On  August 10, 2021 a hemp field d ay was hosted at Borderview Fa rm . There were 65 attendees from 3 states. Fa rmers were 

a b le to tou r  hemp resea rch tri a ls i nc l ud ing  fert i l i ty, va riety, and  pest management tr ia ls. I n  add it ion, a scout ing i n tensive was 

held to help fa rmers learn more a bout pest identification and pest management.  

Of the fa rmers i n  attendance 75 i nd i cated that they were ab le to better identify pests, u ndersta nd ferti l ity amendments, ta ke 

and  read a soi l  test, and  pest management options. 

The pandemic sh ifted much of our outreach remotely but we sti l l  were ab le to provide fa rmers with h igh q u a l ity ed ucation .  

We focused on va rious topics such as fert i l i ty management, ta ki ng soi l  sa mp les, and  read ing  a soi l  test over severa l 

ed ucationa l  events. Attendees were su rveyed post event and  the n umber of fa rmers i nd icati ng cha nges i n  knowledge were 

recorded .  

We a lso were a b le to com plete on l ine reports to d istri bute to the fa rm ing  commun ity and  other profess iona ls (see l ist in  

comments section ) .  

Briefly describe how the broader pub lic benefited from you r  project's activities. 

The genera l  pu bl ic a re welcome to jo in  the UVM outreach events and often mem bers of the pu bl ic do jo in  to lea rn more a bout 

agricu ltu re .  Hemp is a crop that is often misunderstood and  ed ucationa l  events ca n d raw la rge crowds. In  genera l, our 

outreach i n -person, v i rtua l, and on l ine resou rces have he lped the genera l  pu bl ic better u ndersta nd the opportu n ities that 

exist for i nd ustri a l  hemp.  

Describe and  expla i n  any major changes or  problems encountered i n  approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

There were no major cha l lenges d u ri ng  the 2021 growing season .  Weather was exceptiona lly d ry but did not seem to impact 

hemp growth and  development.  D ry weather d id  keep most pest pressu re low. Outreach of the resu lts to sta keholders was 

l im ited due to the ongo ing pandemic but v i rtua l  events were he ld to share resea rch info rmation .  

On l i ne  reports d istri buted to the fa rm ing commun ity and  other professiona ls: 

https://www.youtube.com/watch?v=aih9_Dytzdg
https://www.youtube.com/watch?v=Ny1_ZUyEQOU


Da rby, H . ,  Su  l l ivan ,  L. and  J. Bruce. 2021 .  I n d  ustri a l  Hemp F iber Va riety Tri a l .  U n iversity of Vermont Extens ion Northwest Crops 

and Soi ls Program .  St. Alba ns, VT. httr2s://www. uvm.ed u/sites/defa u lt/fi les/No rthwest-Cror2s-a nd-Soi ls-

Program/2021 %20Resea rch%20RP-ts/2021 hemr2 fi ber rer2ort.r2df (accessed 13 Jan 2022) . 

Da rby, H . ,  Su  l l ivan ,  L. and  J. Bruce. 2021 .  I n d  ustri a l  G ra i n  Hemp Va riety Tri a l .  U n iversity of Vermont Extens ion Northwest Crops 

and Soi ls Program .  St. Alba ns, VT. httr2s://www. uvm.ed u/sites/defa u lt/fi les/No rthwest-C ror2s-a nd-Soi ls-

Program/2021 %20Resea rch%20RP-ts/2021 G ra i n  hemr2  VT rer2ort fi n a l .r2df (accessed 24 Feb 2022) . 

Da rby, H . ,  Bruce, J . ,  Davidson, C. and  L. Su l l iva n .  2021 .  Hemp Flower N itrogen Fert i l ity Tri a l . U n iversity of Vermont Extension 

Northwest Crops and Soi ls Program .  St . Alba ns, VT. httr2s://www.uvm.ed u/sites/defa u lt/fi les/No rthwest-Cror2s-a nd-Soi 1s

Program/2021 %20Resea rch%20RP-ts/2021 Hemr2 N itrogen Fert i l ity F i na l .r2df (accessed 14 Mar 2022) . 

Da rby, H . ,  Bruce, J . ,  Su  l l ivan ,  L. and  S. Z iegler. 2021 .  Hemp Flower Va riety Tri a l .  U n iversity of Vermont Extens ion Northwest 

Crops and  Soi ls Progra m.  St. Albans, VT. httr2s://www.uvm.edu/sites/defa u lt/files/No rthwest-Cror2s-a nd-Soi 1s

Program/2021 %20Resea rch%20RP-ts/2021 UVM Hemr2 Flower Va riety Tria l  F i na l .r2df (accessed 14 Mar 2022) . 

Da rby, H . ,  Su  l l ivan ,  L. and  J. Bruce. 2021 .  I n d  ustri a l  Hemp Fert i l ity Tri a l .  U n iversity of Vermont Extens ion Northwest Crops and  

Soi ls Progra m.  St. Albans, VT. httr2s://www.uvm.ed u/sites/defa u lt/fi les/No rthwest-Cror2s-a nd-Soi 1s-

Program/2021 %20Resea rch%20RP-ts/2021 I nd ustria l  Hemr2 Ferti l i ty Rer2ort .r2df (accessed 14 Ma r  2022 ) .  

Da rby, H . ,  Hazlerigg, A . ,  Ma lone, R., Bruce, J . ,  Wi lcox-Wa rren ,  S. and  S. Lewins .  2021 .  On-Fa rm New Engla nd Hemp Pest & 

D isease Scout ing Report. U n iversity of Vermont Extens ion Northwest Crops and  Soils Progra m.  St. Albans, VT. 

httr2s://www. uvm.edu/sites/defa u lt/files/Northwest-Cror2s-and-Soils-Progra m/2021 %20Resea rch%20RP-ts/2021 On

Fa rm Hemr2 Scout ing Rer2ort.r2df (accessed 14 Mar 2022 ) .  

Genomic and demograP-hic insights into red SP-ruce resP-onses to climate in northeastern forests 

Project Director 

Stephen Keller 

Organization 

University of Vermont 

Accession Number 

1025287

* Sampling of growth indices and dendrochronology of red spruce at the Colebrook plantation

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Hea lthy and  well-adapted forest ecosystems a re key com ponents of susta i n able envi ronments, provid i ng  clea n a i r  and water, 

carbon seq uestration ,  wi ld l ife habitat, forest prod ucts, and  recreationa l  opportu n ities. As the cl i mate changes, forest tree 

popu lations face the threat of potent ia l  ma ladaptat ion that may offset these criti ca l ecosystem services. Th is project assess 

the c l imate adapta b i l ity and  responses of a keystone forest tree species -- red spruce -- us ing a comb i nat ion of genomics, fie ld 

demograph ic  su rveys, and model ing for pred iction .  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

I n  th is activity, P l  Kel ler and  h is  resea rch staff and  co l laborators trave led to Colebrook, N H , where red spruce has been 

establ ished in a pla ntation tri a l  dat ing back to the 1960s for the pu rpose of assess ing growth responses of trees from d ifferent 

c l imate p rovenances. Th is pla ntation conta i ns matu re red spruce trees that have experienced over 6 decades of weather 

va ri ab i l ity and  changing growing seasons -- effects that a re recorded by d ifferent i nd ices of p lant growth response. I n  fa l l  

2020, we measu red a l l  s u rvivi ng trees fo r the i r  d i ameter at 1 .3 m tru n k  height, and  thei r tota l overa l l  he ight  us ing a laser 

ra nge-fi nder inc l i nometer. 

I n  add it ion, we sa mp led tree ri ngs of red spruce to get deta i led growth measu rements for each a n n u a l  growing season from 

the 1960's to present. Fo r th is, we sa mp led 2 cores each from > 100 trees i n  the Colebrook pla ntation and  brought them back 

to UVM fo r process ing. These tree ri ngs a re cu rrently bei ng processed by our co l laborator at UVM 's dendroch rono logy lab in 

co l la borat ion with our co l league at the USDA Forest Service, Pa u l  Schaberg, who is a n  expert i n  dendrochrono logy and  

c l ia mte associat ions i n  red spruce. 

https://www.uvm.edu/sites/default/files/Northwest-Crops-and-Soils-Program/2021%20Research%20Rpts/2021_hemp_fiber_report.pdf
https://www.uvm.edu/sites/default/files/Northwest-Crops-and-Soils-Program/2021%20Research%20Rpts/2021_Grain_hemp_VT_report_final.pdf
https://www.uvm.edu/sites/default/files/Northwest-Crops-and-Soils-Program/2021%20Research%20Rpts/2021_Hemp_Nitrogen_Fertility_Final.pdf
https://www.uvm.edu/sites/default/files/Northwest-Crops-and-Soils-Program/2021%20Research%20Rpts/2021_UVM_Hemp_Flower_Variety_Trial_Final.pdf
https://www.uvm.edu/sites/default/files/Northwest-Crops-and-Soils-Program/2021%20Research%20Rpts/2021_Industrial_Hemp_Fertility_Report.pdf
https://www.uvm.edu/sites/default/files/Northwest-Crops-and-Soils-Program/2021%20Research%20Rpts/2021_On-Farm_Hemp_Scouting_Report.pdf
https://nrs.nifa.usda.gov/projects/2142


Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Whi le this activity is la rge ly report ing new sam pl ing and has not prod uced resu lts yet, the overa l l  activity and the resu lts it w i l l  

p rod uce a re a great benefit to other resea rchers i n  forestry, envi ronmenta l  science, genetics, and  c l imate change science who 

a re i nterested i n  assess ing how genetica l ly d ifferenti ated sou rce popu lations respond u n ioq uely i n  the i r  tree ri ng growth 

patterns to major sh ifts in c l ia mte, i nc l ud i ng  ear l ier, warmer spr ings, prolonged s ummer d rought, and u np red ictable 

winters.We have been shari ng  our study's goa ls and experimenta l  design with other resea rchers i n  the field and have engaged 

in open and co l laborative d iscuss ions on this activity and ou r  p lans for re lati ng the data to c l iamte adapta b i l ity in red spruce 

and  other forest trees. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

The broader pu bl ic benefits from pol ic ies and envi ronmenta l  stewa rdsh ip  decis ions that a re gu ided bby the best scientific 

knowledge ava i la b le. But, with the pace of c l imate cha nge ha ppen ing  rapid ly, and the long-l ived natu re of most trees, it is 

d ifficu lt to gather the k ind of deta i led growth data needed that span decades of cl i mate va riab i l ity and a lso i n tegrate the 

genetic d iversity of d ifferent sou rce popu lations respond ing  to th is c l iamte va riab i l i ty. Our activity p rovides the basis for j ust 

such a n  ana lysis, and  wi l l  form the basis of a mechan istic u nderstand i ng  of how trees experience long-term c l imate effects 

that a re integrated i nto the i r  a n n u a l  patterns of growth and  seasona l  dorma ncy. Th is w i l l  be a d i rect benefit to the managers 

of users of the U .S.'s forest ecosystems. 

Describe and expla i n  any major changes or  problems encountered i n  approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

We a re on-sched u le with ou r  samp l i ng  of overa l l  growth i nd i ces, and a head of sched u le with the samp l i ng  of the tree ri ngs. 

Biologica l Control in  Pest Management SY.stems of Plants 

Project Director 

Margaret Skinner 

Organization 

University of Vermont 

Accession Number 

1014268

* Biologica l Control of Saffron Pests 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Saffron is a h igh-va l ue  crop that cou ld provide sma l l  US fa rmers with added revenues to susta i n  the i r  agricu ltu ra l  operations. 

H u nd reds of fa rmers nat ionwide a re sta rti ng to grow saffron, se l l i ng their crop for $20-75/gram .  Damage from bulb mites and  

sma l l  mamma ls ca n red uce saffron reven ues. Saffron is a fa l l -b looming  crocus tha t  cou ld provide  a va luable food sou rce fo r 

pol l i nato rs, he lp ing to susta i n  them over the wi nter. 

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

The prima ry goa l of th is project is to assess b io logica l control tactics to add ress saffron pest prob lems. We tested the 

effectiveness of a com merci a l ly ava i la b le p redatory m ite, Stratiolaelaps scimitus, as a b io logica l control tool .  Th is fi rst 

i nvo lved identificat ion of the species of bu lb  mites that a re associated with saffron corms, and  lea rn i ng  how to rea r them i n  

t h e  laboratory. W e  a lso conducted l a b  tr ia ls to determ ine  what re lease rate was best to suppress pest prob lems. Through th is 

research, we determi ned that the predatory m ite species tested consu med the bu lb m ites q u ickly, and the 1 :5 predator/prey 

rat ion was the most effective. We a lso fou nd that comb in i ng  predatory mites and  an i nsect-ki l l i ng fu ngus increased the 

effectiveness of bulb m ite suppression .  

We a lso conducted a su rvey of  i nsects attracted to  saffron flowers and  found  tha t  over 90% were honeybees. We a lso lea rned 

that honeybees were more abundant  on  days with a few clouds than on s unny days. 

https://nrs.nifa.usda.gov/projects/4969
https://winters.We


Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

We held m u lti p le on-fa rm and on l i ne  ed ucationa l  events reach ing over 1,000 growers. These events i nc luded d iscuss ion of 

bu l b  m ite and  d isease ma nagement in saffron fields. We a lso p repa red factsheets for new growers, descri b ing how to pla nt, 

ha rvest, d ry and ma rket saffron .  

Briefly describe how the broader pub lic benefited from you r  project's activities. 

The genera l  pu bl ic benefits from ou r  work to promote saffron prod uction beca use saffron su pports sma l l  fa m i ly fa rms. These 

make up over 90% of fa rms in the US and  a re responsible for prod uc ing vegeta b les and  other sta ple food crops. Develop ing 

saffron as a h igh-va l ue  crop  wi l l  contri bute to susta i n i ng  these fa rms, and  d iscou rage subu rban sprawl and  non-agricu ltu ra l  

development on a rab le l and .  

Describe and  expla i n  any major changes or  problems encountered i n  approach. Add it iona lly, note 

opportun ities for tra in ing  and  professiona l  development provided, how resu lts have been d isseminated to 

commun ities of interest, and  any new deta i ls regard ing what the project or program plans to do du ring the 

next reporti ng period to accomplish the goa ls. 

Major changes: 

We focused on field rather than h igh tun nel  prod uction beca use most growers i n  the US a re growing saffron i n  the fie ld, not 

h igh tu n nels. We have lea rned that saffron su rvives over the wi nter even in p lant ha rd i ness zones 4 and 5, a l lowi ng field 

p rod uction .  

We focused ou r  resea rch on bu lb  m ite management rather than sma l l  mamma ls beca use the latter posed a m in ima l  problem 

i n  our field sites. In add it ion, plac i ng deer nett ing over the saffron beds appea red to be suffic ient i n  most cases to red uce th is 

issue based on d iscuss ions with growers. 

Opportunities for training and professional development provided: 

Because saffron is sti l l  a new crop tra i n i ng  of begi nn i ng  growers is critica l for supporti ng and  expand i ng  the i ndustry. 

Therefore, we have i nvested considerab le t ime hold i ng  ed ucationa l  events, both on fa rms and  on l i ne  to i ntrod uce new 

growers to the basic methods as well as provide advanced tra i n i ng for establ ished growers. 

Project plans in the future: 

1. Conti n ue  outreach to growers, i nc l ud ing  hosti ng the 6th a n n u a l  workshop on saffron i n  Ma rch 2022, ma nag ing and 

expa nd ing  the saffron l istserv; u pdati ng the UVM Saffron  Center website. 

2 .  Conti n ue  resea rch on assessment of b io logica l control of bu l b  m ites. 

Peer-reviewed publications: 

Gha lehgolabbehbahan i ,  A., C .F. Su l l ivan ,  A. Dava ri, B .L .  Pa rker, A. Razavi & M. Ski n ner. 2022. B io logica l control of Rhizoglyphus 

robinius ing the entomopathogen ic  fu ngus, Metarhizium brunneum and  predatory mite, Strateio/aelaps scimitus u nder 

laboratory cond it ions. Experi menta l  and App l ied Aca ro logy. I n  press. 

Gha lehgolabbehbahan i ,  A., M. Ski n ner, B .L .  Pa rker, A. Razavi, P. Reese & A. Dava r i .  2020. A sta nda rd ized method for rea ri ng 

Rhizog/yphus robini (Astigmata: Aca ridae) .  J .  P lant Dis .  Protection .  do i .org/10 .1007/s41348-020-00381-3 

Presentations, Workshops and non-refereed Publications: 

Ski nne r, M . ,  B .L .  Pa rker, Jonathan Chapp le-Sokol & A. Gha lehgola bbeh bahan i .  2021 .  Saffron Corm Ha rvest ing. UVM North 

America n Center for Saffron Resea rch & Development, Bu rl i ngton, VT. 

Gha lehgolabbehbahan i ,  A., M .  Ski n ner, B .L .  Pa rker, & S. Schneebel i .  2021 .  Saffron Dryi ng Methods. UVM North America n 

Center for Saffron Resea rch & Development, Bu rl i ngton, VT. 

Ski nne r, M . ,  B .L .  Pa rker  & A. Gha lehgolabbehbahan i .  2021 .  Where Ca n You Order Saffron Corms? UVM North America n Center 

for Saffron  Research & Development, Bu rl i ngton ,  VT. 

https://doi.org/10.1007/s41348-020-00381-3


Ski nner, M, B .L .  Pa rker & A. Gha lehgolabbeh  ba han i .  2021 .  H a rvest ing Saffron F lowers. UVM North America n Center fo r Saffron 

Resea rch & Development, B u rl i ngton,  VT. 

Ski nner, M . ,  B .L .  Pa rker  & A. Gha lehgola  bbehba h a n i .  2021 .  Saffron :  A Golden Opportun  ity. A New Crop to Support Sma l l  Fa m i ly 

Fa rms. UVM North America n Center for Saffron Research & Development, B u rl i ngton,  VT. 

Ski nner, M . ,  B .L .  Pa rker  & A. Gha lehgola  bbehba h a n i .  2021 .  Saffron :  A Golden Opportun  ity for D iversified Fa rmers. UVM North 

America n Center for Saffron Resea rch & Dev., Bur l i ngton ,  VT. 

Ski nner, M . ,  B .L .  Pa rker  & A. Gha lehgola  bbehba h a n i .  2021 .  Saffron Prod uct ion for Home Gardeners: P lant ing Depth and  

Density for Saffron Corms. UVM North America n Center fo r Saffron Research & Development, B u rl i ngton ,  VT. 

Ski nner, M . ,  B .L .  Pa rker  & A. G ha lehgola  bbehba h a n i .  2021 .  Saffron Cu  ltivation :  Descri ptions of P lant ing Methods. UVM North 

America n Center for Saffron Resea rch & Devel . ,  B u rl i ngton,  VT. 

Pa rker, B. L., M .  Ski nner, A. Razavi & A. Gha lehgolabbeh  ba han i .  2021 .  How to Ba la  nce You r  Saffron :  UVM North America n Center 

for Saffron  Research & Development, B u rl i ngton ,  VT. 

Sk i nne r, M . ,  A. G h a l ehgolabbehba han i  & J .  Pylypiv. 2021 .  The Potent ia l  of Saffron for Sma l l  Fa rmers. Podcast #14. Wisconsi  n 

Extens ion System .  https : //soundc loud .com/cutt ing-edge-podcast/cutt ing-edge-ep isode- l4 -saffron

Ski nner, M . ,  A. G h a lehgola  bbehbahan i ,  J .  Pylypiv & P. Shorey. 2021 .  The M a rket Potenti a l  of Saffron  for US Fa rmers. Podcast 

#15.  Wisconsi  n Extension System .  

Ski nner, M . ,  A .  G h a lehgola  bbehbahan i ,  J .  Pylypiv & P. Shorey. 2021 .  The F i ne r  Poin ts o f  Prod uc ing Saffron i n  t he  US.  Podcast 

#16 .  Wisconsi  n Extension System .  

Ski nner, M . ,  A .  G h a lehgolabbehba han i  & B .L .  Pa rker. 2021 .  Saffron :  From Sta rt to  F i n i sh ,  P lant ing to  Sel l i ng. 4th annua l  saffron 

workshop.  North America n Center for Saffron Resea rch & Development, B u rl i ngton,  VT. 

Ski nner, M . ,  A. G h a lehgolabbehba han i  & B .L .  Pa rker. 2021 .  Saffron from the Begi n n i n g  and  Saffron D ryi ng Research;  on-fa rm 

demonstration ,  Hyde Park, VT Sept. North America n Center  for Saffron Research & Development, B u rl i ngton,  VT. 

Ski nner, M . ,  A. G h a lehgolabbehba han i  & B .L .  Pa rker. 2021 .  Saffron Winter  Su  rviva l a nd  the Next Step i n  Cu  ltivat ion;  on-fa rm 

demonstration ,  Wells River, VT M ay. North America n Center for Saffron Resea rch & Development, B u rl i ngton,  VT. 

Ski nner, M . ,  A. G h a lehgolabbehba han i  & B .L .  Pa rker. 2021 .  Saffron Corm Sampl i  ng, P lot Preparation  and  Disease and  M ites; 

on-fa rm demonstration ,  Ba rre, VT J u ly. North America n Center for Saffron Research & Development, B u rl i ngton ,  VT. 

Ski nne r, M . ,  A. G h a lehgolabbehba han i  & B .L .  Pa rker. 2021 .  Corm H a rvest ing; on  l i ne  tra i n i n g  August. North America n Center for 

Saffron Resea rch & Development, B u rl i ngton,  VT. 
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* Directing Resources to Women Farm and Ranch Operators

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

The 2017 USDA Census of Agricu ltu re reports that 36% of a l l  fa rmers and  ra nchers a re fema le, and  56% of a l l  fa rms have at 

least one fem a le decision -maker. The n u m ber  of U .S. fa rms with a fem a le princ ipa l  operator nea rly q u a d ru p led over the past 

fou r  decades, from 5% i n  1978 to a bout 29% i n  2017.  But  women fa rmers and  ra nchers encou nter m a ny cha l lenges. More than  

80% of  women-operated fa rms reported sa les and  govern ment payments of  less than  $50,000 accord i ng  to  the USDA- N ationa l  

Agricu ltu ra l  Statistics Service. Women operators do not app ly for or  uti l ize agricu ltu ra l  support progra ms as effectively as the i r  

m a le counterpa rts, and  the bus inesses of m a ny begi n n i n g  fa rm and  ra nch women do not su rvive the fi rst five yea rs. 

https://soundcloud.com/cutting-edge-podcast/cutting-edge-episode-14-saffron
https://nrs.nifa.usda.gov/projects/74


Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

The nationa l  Women i n  Agricu ltu re Lea rn i ng  Network, l au nched i n  October 2013 with leadersh ip  provided by the UVM 

Women's Agricu ltu ra l  Network (WAgN) ,  is worki ng to enhance opportu n ities fo r ed ucato rs i nterested i n  improvi ng, expand i ng, 

and  sta rti ng outreach programs for begi n n i ng  fa rm and  ra nch women .  The overa rch ing goa l of the i n iti ative is to he lp women 

fa rmers and  ra nchers across the U .S .  meet the i r  bus i ness and  q u a l ity of l i fe goa ls. One com ponent is a nationa l  website 

(women inag.extens ion .org) that provides info rmationa l  resou rces and tools gea red to topics of h igh re levance to women fa rm 

and ra nch operators. The website a lso i nc ludes a nat iona l  d i rectory of U .S .  women in agricu ltu re progra ms and l i n ks to 

tra i n i ng, cu rricu l um ,  and resea rch reports to help ed ucators and tech n ica l  assista nce providers develop effective 

p rogramm i ng. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

Outreach efforts, conducted us ing a comb i nat ion of e-newsletters and soc ia l  med ia  posts, have connected over 6,500 people 

with resou rces and i nformation .  Cu rrently, the Women i n  Agricu ltu re Lea rn i ng  Network e-newsletter has 1,251 active 

su bscri bers. All SO states and  Wash ington ,  D.C.  a re represented on the l ist. Of the tota l n umber of su bscri bers, 954 people 

p rovided info rmation about their occu pation .  Of those, 368 i nd i cated that they a re agricu ltu ra l  ed ucators and techn ica l 

service providers worki ng for Cooperative Extens ion Services, nonprofit organ izat ions, l and-grant  u n iversities, or other 

i nstitut ions of h igher ed ucation .  The ba lance of su bscri bers a re a mix of fa rmers, ra nchers, landowners, fa rm employees, and 

the genera l  pu bl ic .  Th is l ist i nc ludes 476 women who described themselves as e ither asp i ri ng  or  begi n n i ng  fa rmers. Accord ing 

to Google Ana lytics data , s ince the begi n n i ng of  2019 ,  the nationa l  website has had 6,586 u n ique  U .S .  visitors i n  8,21 1  

sessions. About 23% o f  users were retu rn visitors. Rough ly 64% o f  a l l  visito rs use desktop computers t o  access t he  site, wh i le 

32% use smart phones, and  4% use ta b lets. Visitors came from a l l  SO states, the U .S .  Vi rg in  I s lands, and  Puerto Rico. Page visit 

d ata (a tota l of 20,550 page views) i nd icates that i nd ivid u a ls go to the site to look for i nformation resou rces and sea rch fo r 

p rograms and  opportu n ities i n  thei r a rea.  The most popu l a r  pages after the home page a re the resou rce l i b ra ry 

) with 1 ,618 page views and the d i rectory of women i n  ag progra ms 

) with 1,462 page views. D u ri ng  th is past yea r, U .S .  users accessed 

materi a ls a nd/or down loaded resou rces 942 t imes. Th is effort was made poss ib le by the USDA N I FA Begi n n i ng Fa rmer and  

Rancher Development Program (Awa rd No.  2014-68006-21873) and  g ift  fu nd ing  from Agri ba nk  and  many generous sma l l  

donors to  WAgN .  Col laborators i nc luded Iowa State U n iversity, U n iversity of  M issou ri Extens ion, Pen nsylvan i a  WAgN ,  the 

U n iversity of Arka nsas School of Law, and approximate ly two dozen fa rmers, ra nchers, and agricu ltu ra l  profess iona ls from 

a round  the U .S .  

(women i nag.extens ion .org/resou rce- l i b ra ry

(women inag.extens ion .org/women- in -ag-programs

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Although more than one th i rd of all fa rmers and ra nchers in the U.S. a re women,  these operators do not access ava i la ble 

resou rces, i nc l ud ing  agricu ltu ra l  support progra ms, tra i n i ng, and other bus iness tools, as effectively as their ma le 

counterpa rts. The nationa l  Women i n  Agricu ltu re Lea rn i ng  Network is worki ng to cha nge that by provid i ng  info rmation 

specific to th is ta rget group  through its website, socia l  media, e-newsletters, and other outreach efforts. 

* Finding a Viable Solution for Small and Medium Produce Growers for Drying Greens 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

An im porta nt factor in growing and  se l l i ng h igh-q u a l ity greens is bei ng ab le to effic iently wash, coo l, and d ry the prod uct. The 

d ry ing step is common ly done us ing centrifuga l force i n  a sp inner, wh ich sp ins the water off the greens through a fi lter basket 

or other porous conta i ner. Sma l l- and  med i u m-sca le fa rms often fi nd themselves stuck in the midd le, where i nexpensive, 

sma l l-sca le sp inners ca use a bottleneck, but it is h a rd to j ustify a more expensive i ndustri a l, sta i n less, resta u ra nt-style 

mach ine to d ry greens. The solut ion for many of these growers is to use a wash ing mach ine .  Use of th is eq u i pment is not 

p roh i bited by the Food Safety Modern ization Act Prod uce Safety Ru le (PSR) ,  wh ich sets mandatory, science-based, m i n imum 

sta nda rds fo r t he  safe growing, ha rvest ing, packi ng, and  hold i ng  o f  fru its and  vegetab les grown for h uman  consu m ption .  

However, its use as a greens sp inner  ca n present food safety concerns maki ng  proper design and  ma nagement essenti a l .  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

https://womeninag.extension.org/women-in-ag-programs
https://womeninag.extension.org/resource-library
https://womeninag.extension.org


To imp rove the effic iency of wash ing mach i nes used as greens sp inners and  prevent them from caus ing more problems than 

they so lve, Andy Cha mber l in and Chris Ca l la h an  from the UVM Extens ion Ag Engi neeri ng Program have app l ied hygien ic  

design pri nc ip les to reduce prod uce safety risks. With proper management and  attent ion to the deta i ls of hygien ic  design, a 

wash ing mach ine greens spi n ner, l i ke any other eq u i pment, ca n meet the sta nda rds of the PSR [112 . 123(a) & (c) ] .  Through 

research, the agricu ltu ra l  eng ineers deve loped best practices for se lecti ng a wash ing mach ine fo r convers ion,  sta nda rd 

operati ng p roced u res (SOPs) for conduct ing the convers ion,  and gu ida nce for ma i ntenance, clea n i ng, and  san itiz ing such 

convers ions. These resou rces a re ava i la b le to prod uce growers through UVM Extens ion blog posts, downloada ble PDFs, and 

You Tu be videos. I n  add it ion, workshops on ha nds-on sp inner convers ion have been held so growers ca n bri ng  the i r  wash ing 

mach i nes for he lp w i th  convers ion .  

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

To date, 34 growers have expressed i nterest in improvi ng the i r  homemade greens sp inner. Fifteen of those have a l ready done 

at least one convers ion .  G rowers have rema rked on the t ime saved i n  clea n i ng, the ease of wash-pack clea n u p  us ing a sp inner  

on  wheels, and  the cycle t ime imp rovement that  comes from havi ng a mach ine w i th  a bra ke i nsta l led . They a lso have 

expressed tha nks for the clea r i nstructions (SOPs) provided for specific models of wash ing mach i nes. Educationa l  materi a ls 

a bout greens sp inners for fa rm use not on ly benefit growers and  the i r  customers. Prod uce safety enforcement personne l  from 

a round  the cou ntry have used the materia ls to better u ndersta nd the n u ance of th is pract ice and  how it ca n be done i n  such a 

way that comp l ies with the federa l  regu lat ions. Th is has eased some concerns by growers and encou raged conversations 

a bout needed improvements on specific fa rms i n  Vermont. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Consu mers expect the food they pu rchase to be grown and hand led so that it is safe to consume.  Yet every yea r, the Centers 

for D isease Contro l  and  Prevention est imates that a round  one i n  six America ns contracts a food borne i l l ness with more than 

fou r  m i l l ion people gett ing food poison i ng  from prod uce. G rowers have a respons ib i l i ty to fo l low good food safety practices at  

each stage of prod uction from p lant ing, ha rvest ing, and  process ing to ma rket ing to m i n im ize the r i sk  of  food borne i l l ness 

from greens and  other p rod uce. I n novative resea rch such as th is is a win-win s ituat ion for both the grower and  the customer 

as it provides a n  a lternative to expensive sp i nners for fa rms wh i le fo l lowing federa l  gu ide l i nes for food safety to protect the 

consu mer. Fund i ng  was made poss ib le, i n  pa rt, by the Food and Drug Ad m in i strat ion, Food Safety Outreach Program, and by 

USDA Northeast Susta i n able Agricu ltu re Research and  Ed ucation .  

* Produce Safety Accreditation for Vermont Farms 

In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

The Food Safety Modern izat ion Act (FSMA) was s igned i n to law in 2011 .  I t  i nc ludes the Prod uce Safety Ru le, wh ich is the fi rst 

federa l  sta nda rd for the prod uct ion, ha rvest, and  hand l i ng  of fru its and  vegetab les. FSMA esta bl ished that vegetable and fru it 

fa rms with a n n u a l  prod uce sa les less than $25,000 a re " not covered " by the law, and that fa rms with a n n u a l  sa les of food less 

than $500,000 may be "qua l ified exempt" from compl i ance if at least ha lf those sa les a re with i n  a state, or  with i n  275 m i les of 

the fa rm, to "q u a l ified end users," such as consumers and  reta i le rs that sell d i rectly to consu mers. The passage of FSMA led to 

concerns a bout the lack of a n  appropri ate food safety progra m for the many sma l l  fa rms i n  Vermont that e ither were not 

covered or q u a l ified exempt from FSMA. 

Briefly describe in non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

The Com mun ity Accred itation for Produce Safety (CAPS) program was created i n  2014 as a co l laborative effort of UVM 

Extens ion, the Vermont Vegeta ble and Berry Growers Associat ion (VVBGA), and the Vermont Agency of Agricu ltu re, Food and  

Ma rkets (VAAFM) .  I ts pu rpose is to  esta bl ish practica l p rod uce safety sta nda rds for sma ll- and  med i u m-sca le fa rms, ma i nta i n  

ma rket i n tegrity for VVBGA fa rmers exempt from FSMA, provide a tra nsparent way for growers to  exp la in  the i r  food safety 

p ractices, reduce risk from food borne pathogens on fresh prod uce, improve the q u a l ity and  she lf- l i fe of fresh prod uce, and  

bu i ld a n  on l i ne  commun ity where growers and  service p roviders share i n formation .  

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 



In 2020, 160 fa rms used CAPS resou rces on the VVBGA website (vvbga .org) to write or  modify prod uce safety plans with 140 of 

those fa rms ea rn i ng  CAPS accred itation .  Of these 140 fa rms, 38 a lso completed CAPS-P lus by comp leti ng a traceab i l ity p lan ,  a 

mock reca l l ,  and  pass ing a n  on-fa rm aud i t  with VAAFM. The 140 accred ited fa rms had a n  aggregate product ion of 2,865 

vegeta ble acres, 447 fru it acres, and 1,822,000 sq . ft. of greenhouse/h igh tun nels representi ng a tota l of $32.4 m i l l ion i n  

estimated aggregate a n n u a l  sa les. 

Briefly describe how the broader pub lic benefited from you r  project's activities. 

Accred itation through the CAPS progra m reassu res both customers and reta i l  buyers that prod uce grown on  loca l fa rms was 

hand led us ing best practices to not on ly m i n im ize food safety risk but a lso to ensu re the q u a l ity of fresh prod uce. 

Type Projectse/ Programs 

Projects / Programs without a Critica l Issue 1 

I nfluence of diet on the rumen metaRroteome 

Project D i rector 

Sa b ri n a  G reenwood 

O rga n ization  

U n iversity o f  Vermont 

Accession  N u m ber  

1020197

* Rumen metaproteome impacted by d iet 

I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

To imp rove susta i n able prod uctivity of da i ry herds, we need to develop a better u nderstand i ng  of how the d iet im pacts rumen 

fu nction .  Th is project is a i med at characterizi ng how d iet profi le impacts the ru men metaproteome of da i ry cows. 

Add i tiona l ly, we a im  to identify m i l k  prote in  b ioma rkers that a re i nd i cative of rumen microb ia l  prote in  profi les and  rumen 

performance to create a non- i nvasive approach that ca n be used on-fa rm for herd assessment of ru men health .  

Briefly describe i n  non-techn ical terms how your  major activities helped you achieve, or  make sign ificant 

progress toward , the goa ls and objectives described i n  your  non-techn ica l summary. 

Three experi ments a re he lp ing us ach ieve ou r  goa l :  

1 .  In our fi rst experi ment, we cha racterized changes i n  the rumen microb ia l  prote in  profi le i n  response to fi ber and  sta rch 

levels in the d iet. For th is experiment, we ut i l ized ru men flu i d  samp les that were co l lected from cows fed either i )  a h igh 

sta rch ,  low fi ber d iet, i i )  a h igh sta rch ,  high fi ber d iet, i i i )  a low sta rch, low fi ber d iet, or  iv) a low sta rch, high fi ber d iet. We 

iso lated the prote ins from the rumen flu id ,  and  determi ned the microb ia l  prote in  (ru men metaproteome) profi les and 

identified changes d ue  to d iet. 

2 .  In o u r  second experi ment, we focused on rumen samp les co llected from cows fed the low sta rch ,  h igh fi ber d iet 

( representative of a control d iet) and  cows fed the h igh sta rch, low fi ber d i et ( representative of a h igh-risk su bacute ru m i n a l  

ac idosis, o r  SARA, d i et) . We  ana lyzed both r umen  flu id  and  m i l k  samp les co l lected from these cows a t  d ifferent t imes o f  day, 

and  identified m i l k  prote ins that were affected by these two d iet treatments.The abundances of these prote ins a re be ing 

va l idated as b ioma rkers of ru men performa nce. 

3 .  In o u r  th i rd experiment, we a rtific ia lly i nduced a h igh-risk SARA envi ronment in the rumen,  and a re fu rther characterizi ng 

and  va l idati ng the impacts of these d iets on the ru men and  m i l k  p rote in  profi les. 

O u r  goa l of ga i n i ng a better u nderstand i ng  of how ru men microbes (and the i r  protei ns) a re affected by d iet is bei ng ach ieved 

through the a bove activities. 

Briefly describe how you r  ta rget aud ience benefited from you r  project's activities. 

https://nrs.nifa.usda.gov/projects/6889
https://vvbga.org


To date, we have completed proteomic analysis of the rumen metaproteome of lactating dairy cows fed different levels of 

starch and fiber (experiment 1 listed above}. The results have been submitted in the form of an abstract to be presented at the 

American Society of Animal Science (ASAS} 2022 annual meeting. Sharing these results with the scientific community. 

Additionally, this work has been submitted to a leading dairy science journal for peer review to allow for broad dissemination 

of the work. Our aim is to widely publish results from all experiments as a means to support progression of the dairy industry. 

Briefly describe how the broader public benefited from your project's activities. 

As we bring the experiments to full completion, we will continue to disseminate the research through presentations and 

written formats, which creates an opportunity for broader impact and adoption. Validating the relationship between the 

rumen metaproteome and the milk protein profile will allow an avenue for immediate application of the results. 
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