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Executive Summary 

Overview 

The College of Food, Agricultural, and Environmental Sciences (CFAES) is known as the "cornerstone college" of The Ohio State University 

and encompasses three mission areas - teaching, research, and Extension. Though our efforts are divided across three campuses 

(Wooster, Columbus, and Statewide) we are connected by our mission: We sustain life. 

To ensure student success, focus CFAES scholarship and discovery, engage stakeholders and partners, and enhance efficiencies and 

resources in the college, CFAES actions are guided by our four Grand Challenges: 

• Sustainability- a simultaneous focus on viable agricultural production, food security and safety, and environmental and ecosystem 

sustainability. 

• One Health - the intersection or interaction of human, animal, plant, and environmental health. 

• Rural-Urban Interface- exploration of the tensions and opportunities created in the communities, industries, policies, economies, 

and communications between rural and urban residents. 

• Leadership - preparation of the next generation of scientists and leaders. 

CFAES recently updated our strategic plan to improve and transform how we meet our mission and Grand Challenges and ensure that we 

make the greatest impact. The CFAES Values and Goals below guide our work and actions at all levels. 

Goal 1: Student/Learner First Philosophy 

CFAES teaching reaches across the lifespan 

• 60,000+ youth served through 4-H programs 

• 2,800 undergrad and 500 graduate students pursuing degrees 

• 2 million plus lifelong learners in extension programs 

In-person teaching and learning was prioritized in our research labs, on campus, and through Extension programming. Ohio State 

University Extension (OSU Extension) continued to offer certification programs so people did not lose their license to practice. Our hands

on learning allows us to prepare the next generation of scientists and leaders as well as creating opportunities for lifelong learners. 

CFAES was also actively involved in workforce development of students through the Ohio 4-H Pathways career and college readiness 

program and the mikeroweWORKS Work Ethic Certification at Ohio State ATI (Agricultural and Technical Institute), the associate-degree

granting unit of CFAES. 

Goal 2: Innovative Scholarship to Sustain Life 

CFAES is a research powerhouse. During FY21, CFAES researchers had 344 grants awarded totaling $50 million as well as 25 new 

innovators, 18 patent filings, 7 active startups and 38 invention disclosures. In the last 18 months, more than $2.5 million dollars have 

been raised that benefits Extension programming. 

COVID-19 remains a critical research topic for CFAES. Dr. Lyda Garcia and Dr. Joy Rumble worked with meat packing plants nationwide to 

increase workers' use of face masks to slow the spread of COVID-19. The pandemic has also affected meat supply chains and highlighted 

the need for more meat processors. In response, Garcia and a team from CFAES created a free on line toolkit for people considering 

https://meatsci.osu.edu/programs/meat-processing-business-toolkit


starting up a meat processing facility. Scientists in the Center for Food Animal Health are working to develop a nanoparticle COVID-19 

vaccine and, along with Ohio State veterinary colleagues, identified the transmission of SARS-CoV-2 to the wild deer population in Ohio. 

OSU Extension has also played a role in response to the pandemic through its partnership with the CDC to address vaccine hesitancy. 

A high priority issue in our Plan of Work was prescription drug abuse and opioid addiction. The opioid crisis is a mental health crisis that 

has worsened during the pandemic. COVID-19 is taking a heavy toll on farmers' mental health. In response to this crisis, OSU Extension 

has partnered with the Ohio Department of Agriculture (ODA) on a grant entitled "Bridging the Gap for Agricultural and Rural Mental 

Health Training in Ohio" awarded by NIFA. This grant is providing education and outreach of mental health programming to the 

agricultural community and certified OSU Extension educators as trainers in Mental Health First Aid. 

A second high priority for research and Extension is water quality in Ohio. A key initiative is to maintain water quality in Lake Erie while 

maintaining viable agricultural productivity. OSU Extension water quality associates, funded with support from the Natural Resources 

Conservation Service and Cargill, have visited 300 Ohio farms. The water quality associates have conducted 26 on-farm applied research 

trials and partnered with faculty on regional soil health and water quality projects. The projects' outcomes were shared with producers 

and summary reports were included in the college's eFields report. CFAES researchers working on water quality are studying how best 

management practices (BMP) such as fertilizer placement, reduced application rates, and cover crops can improve water quality through 

nutrient reduction. 

Goal 3: Capacity Building of Our People and Our Communities. 

People are our greatest asset and CFAES strives to build on the success of our people. Changing workforce dynamics, COVID-19 pressures, 

market competition, economic drivers, an increasing desire for a more balanced approach to how life and work interface, and a need for 

diversifying our talent are all factors that we must continue to address. 

• CFAES has hired 18 new research and Extension faculty during FY21 and is currently interviewing to fill 25 new research and

Extension positions, pointing toward a bright future for research projects and Extension programs in the coming years.

• CFAES continues to support flexible work arrangements to achieve a reliable and productive work environment and work/life

balance.

CFAES is committed to communities across Ohio. 

• OSU Extension educators assisted Noble County in obtaining a grant from the Appalachian Regional Commission to determine the

next steps needed for broadband expansion.

• OSU Extension partnered with Ohio Treasurer Robert Sprague in an expansion of the Real Money. Real World. financial literacy

program.

• Funding from Nationwide has been applied to non-credit course work and certificate initiatives including the Certified Crop Adviser

Exam Study Course, the Ohio Township Advanced Leadership Academy course and a new 20 Questions in Plant Diagnostics

Workshop course.

• The Ohio Integrated Pest Management Program was able to conduct pest management related workshops, field days, and webinars

for our diversified stakeholder audience with funding from the USDA NIFA Extension Implementation Program.

Goal 4: Partner of Choice 

CFAES wants to engage our entire community, internal and external stakeholders. 

• The 59th Annual Ohio State University's Farm Science Review returned to an in-person format in September of 2021. More than 

70,000 people attended to view educational events, field demonstrations, "ask the expert" talks, and interact with 600 exhibitors.

• In a partnership with Nationwide, the Knowledge Exchange team collaborated with our college's researchers and Extension 

educators to develop a suite of communications products and data tools. This resource is designed to connect Ohioans to data and 

research on key topic areas in a way that is easy to access and understand.

• CFAES is also partnering with: NBC4, Apple, the Center of Science and Industry (COSI), and the Ohio Fair Managers Association.

Goal 5: Resource Stewardship in a One-College Model 

CFAES continues to transform and improve our physical environment across our three campuses. 

https://cfah.osu.edu/
https://kx.osu.edu/


• The new science building on the CFAES Wooster campus was completed and opened in January 2021. In addition to providing 

modern research space for the entomology department and classrooms and labs for ATI students, this building also serves as a 

social gathering place for students and researchers alike. 

• Significant progress has been made on the Controlled Environment Agriculture Research Complex, an interdisciplinary research 

space at Waterman Farm on the Columbus Campus. 

• Fund raising is also underway for our Multispecies Animal Learning Center, which will also be located on Waterman Farm on the 

Columbus Campus. 

The work we have been doing has allowed us to take advantage of opportunities to propel the college forward in fulfillment of our 

mission: We sustain life. 
Critical Issue: Animal Systems 

This is a Central State Critical Issue 

Critical Issue: CSU - Building new farmers, supporting limited-resource and urban farms 

This is a Central State Critical Issue 

Critical Issue: Advanced Technologies and Commercialization Systems. 

This is a Central State Critical Issue 

Critical Issue: CSU - Engaging Communities and Transforming Lives 

This is a Central State Critical Issue 

Critical Issue: CSU - Food Nutrition and Health Sytems 

This is a Central State Critical Issue 

Critical Issue: CSU - Preparing our youth for the future 

This is a Central State Critical Issue 

Critical Issue: CSU - Promoting food nutrition and health for socially-disadvantaged communities 

This is a Central State Critical Issue 

Critical Issue: CSU - Natural Resources and Environmental Systems 

This is a Central State Critical Issue 

Critical Issue: CSU - Supporting small and medium-sized farms 

This is a Central State Critical Issue 

Critical Issue: CSU - Plant Systems 

This is a Central State Critical Issue 

Critical Issue: OSU - Economic Vitality 

Nationally and within Ohio, more and more people are leaving the cities and suburbs to move to rural areas. These migration and moving 

patterns are causing a widening gap between the rich and the poor, poverty clusters and quality of life and environmental issues. More 

than 1 million Ohioans do not have access to high-speed internet, mainly in rural areas. The most recent analysis from the C. William 

Swank Program in Rural-Urban PoliCY. determined that there are between 92,000 - 170,000 Ohioans addicted to drugs, costing the state 

$6.6 - $8.8 billion. Employment in the Appalachian coal industry has declined 97% during the last century, leaving coal workers and a 

number of Ohio counties suffering economically. Deglobalization and increasing isolationism are increasing the need to study how policy 

change impacts regional economies and resource systems. To address these challenges, our experts are studying issues at the rural

urban interface including opioid abuse, changes to industry and the workforce, lack of broadband internet access, and environmental 

issues. It is crucial we study and address these issues to ensure a sustainable Ohio economy and environment as the Ohio population 

becomes more rural. 

EXTENSION 

Extension provides support for community and economic development in counties across the state. Along with numerous leadership 

development seminars and certificate programs, our Community Development work in leadership has expanded. We now work directly 

with business and nonprofit leaders, local government directors, and other administrators to equip them with process skills, which builds 

https://aede.osu.edu/programs/c-william-swank-program-rural-urban-policy


their capacity for impact. Programs include team alignment, organizational culture, DEi, strategic thinking, coaching, mentoring, 

decision-making, and other critical leadership theories for improved practice. Once equipped, these leaders can better reach, teach, and 

assist an exponential number of employees, clients, faculty, and staff. 

In Noble County, OSU Extension provided guidance and grant writing assistance, which resulted in a $50,000 grant from The Appalachian 

Regional Commission with $21,500 in matching funds from OSU Extension for a Broadband Technical Assistance Project. Broadband 

access is a critical community infrastructure and the COVID-19 pandemic and subsequent need for telehealth and telework options 

underscores this need further. Noble county is the "least connected" county in Appalachian Ohio and this project will assist community 

leaders in determining the next step in broadband expansion. 

RESEARCH 

Dr. Mike Betz, a member of the Institute for Por2ulation Research, and collaborators are working to determine the economic and 

demographic impacts of shale oil and gas drilling as well as how economic and contextual factors in rural areas impact drug overdose 

deaths. Oil and gas drilling activity tended to attract migrants with lower education levels while causing residents with higher education 

to leave the community more often. Oil and gas drilling activity also appeared to play a role in overdose death rates, with higher rates 

occurring where there was more activity. 

Dr. Lauren Jones is working to help researchers and policy makers measure the true value of the Earned Income Tax Credit (EITC). The 

EITC is the largest anti-poverty program in the United States and has been shown to have short term health benefits in young mothers. Dr. 

Jones hypothesized that there may also be long-term health effects since the increase in income can lead to increased funds for healthy 

food, health care and lower stress levels. She and her team were able to study survey answers by a cohort of women born between 1957 

and 1964 to determine their health outcomes at age 50. They found that a more generous EITC during one's life is related to improved 

physical health at age 50, with reduced incidence of physical health issues and reduced diagnoses of cancer and lung issues. Reducing 

the onset of disease until later in life will reduce healthcare costs for the economy at large since healthcare among Americans over age 65 

is publicly funded. 

Dr. Brent Sohngen leads Ohio State's Environmental Policy Initiative, which stimulates and focuses systematic collaboration in 

environmental policy nationally and internationally. His research focuses on the economics of land use change, the design of incentive 

mechanisms for water and carbon trading, carbon sequestration, and valuation of environmental resources. Sohngen has been helping to 

educate farmers and landowners about the value of their carbon resources. Carbon markets have emerged in recent years as large 

international companies have vowed to offset the carbon dioxide they put out in emissions from producing and transporting products. 

That can be done by paying farmers and foresters to take measures that store more carbon in plants and soil through activities such as 

starting no-till farming, planting cover crops or trees and more intensively managing existing forests. "I think it's something that's 

emerging," Sohngen said of carbon markets. "Within a decade, I wouldn't be surprised to see 20% to 40% of Ohio farmers involved in a 

contract." 

Dr. Drew Hanks has focused on research related to federal nutrition assistance policies (Accession number 1021854). He examined data 

from food pantries and the utilization of WIC in Ohio. By studying food pantry data from January 2019 until October of 2022, Hanks noted 

that food pantry visits increased during the first months of the COVID-19 pandemic. He was also able to show how participation in WIC 

reduces nutrition risk for children in the program. Both findings demonstrate the importance of food banks, especially during crises. 
Critical Issue: OSU - Environmental Quality and Sustainability 

Ohio State environmental experts educate Ohioans about their individual impact in a global community, while teaching them to be good 

stewards of the planet. 

EXTENSION 

Ohio has 125,000 lakes, reservoirs, and ponds as well as 60,000 miles of rivers and streams. Water quality issues such as harmful algal 

blooms in Lake Erie caused by phosphorous run off are a serious concern for the state. OSU Extension has trained farmers about water 

pollution and the connections between production practices and environmental stewardship. Through Cargill's and the Natural 

Resources Conservation Services support, water quality associates with OSU Extension have made more than 500 contacts with farmers 

and 300 on-farm site visits. Part of the team's work involves running field trials to determine the effects of applying varied rates of 

phosphorus, nitrogen, and potassium fertilizers to cropland. Extensive soil testing has been done on fields to see how planting cover 

crops and minimally tilling the land affects soil health. New water quality monitoring stations have been set up to show trends in nutrient 

runoff rates. 

https://ipr.osu.edu/
https://aede.osu.edu/programs/environmental-policy-initiative


Pesticide application businesses, public agencies, and farms need to manage pests safely and effectively. Employers need employees 

who are licensed, trained in best management practices, and current with state and federal regulations. The commercial and private 

pesticide applicators require continuing education to maintain their license and livelihoods. OSU Extension has been designated by the 

Ohio Department of Agriculture as the agency to deliver programming for pesticide education. Nearly 8,000 commercial and private 

applicators participated in re-certification courses. One of the primary goals of our pesticide education program is to improve the water 

quality in Ohio by training pesticide applicators in best management practices. 

RESEARCH 

Losses in biological, chemical, and physical water quality threaten the environment, as well as human health and well-being. For 

example, the frequency and severity of harmful algal blooms in both Lake Erie and the Ohio River have resulted in losses of water supply. 

Dr. Robyn Wilson and collaborators in the School of the Environment and Natural Resources used surveys and instrumented fields to 

understand farmer conservation decisions and their impact on water quality. For example, they were able to develop statistical models of 

how farmers allocate and manage their land use in response to economic signals and weather patterns. They also explored the drivers 

and constraints of farmers' adoption of conservation practices. Finally, they worked on production of a documentary "... And Water For 

All" about water affordability in Ohio. 

Dr. Sarni Khanal (accession number 1019638) is to understand the influence of nitrogen management practices on corn yield and develop 

methods to increase yield while preserving natural ecosystems and minimize environmental impacts. She collaborated with OSU 

Extension water quality associates to collect soil and biomass samples from farmers' fields that were planted in cereal rye. These were 

then analyzed for physiochemical properties and ammonium and nitrate concentration. They used remote sensing (e.g., sensors on 

drones) in parallel to assess the efficacy of this method in monitoring cover crop biomass and biomass nutrients and develop models to 

retrospectively monitor cover crop performance at field and landscape scales. 

Dr. Jay Martin, a faculty co-lead for Healthy Land and Water Systems in the SustainabilitY. Institute at Ohio State, is Project Director on a 

pilot watershed project in northwestern Ohio designed to demonstrate that agricultural conservation practices-if used on 70% of the 

farmland in a watershed and evaluated on a watershed scale-can help meet Lake Erie's water quality goals. The goals focus on reducing 

nutrient runoff from agricultural fields in the lake's watershed, especially phosphorus runoff, to reduce phosphorus levels entering the 

lake by 40%, resulting in reduced harmful algal blooms. 

Dr. Lingying Zhao and her group, who are working to develop sustainable animal production systems. The animal production industry 

significantly contributes to the US economy, however air pollutant emissions from the industry can cause significant environmental 

concerns. Ammonia emission from animal production accounts for 80% of human-caused ammonia release. The development of 

sustainable animal production systems is needed to reduce these emissions. Dr. Zhao is developing model tools to estimate air pollutant 

generation, distribution, and dispersion of NH3 emission from poultry layer facilities in Ohio. These tools can enable fair assessment and 

effective control of NH3 emissions. She also has been conducting field performance tests of electrostatic precipitators and spray 

scrubbers for dust control and pathogen deactivation at layer houses, which will help mitigate particulate matter emissions from these 

facilities. 

Dr. Yael Vodovotz, a member of the Center for Advanced Processing and Packaging Studies, is researching sustainable bioplastics for food 

packaging. Concerns about environmental pollution have stimulated her research in biobased biodegradable plastic materials. One 

promising bioplastic is poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV), but its use is limited by brittleness and poor processability. 

To overcome these challenges, Dr. Vodovotz and Dr. Katrina Cornish have developed a technology which significantly improves PHBV 

toughness and processability through reactive extrusion with natural rubber (NR) and a novel bio-based plasticizer from food waste. The 

novel rubbery bioplastic has shown promise for freezer-to-microwave food packaging. 

Dr. Ajay Shah and his team are studying the sustainable production of lactic acid and renewable fuels. Lactic acid has a number of 

applications in foods, textiles, and pharmaceuticals and is often produced by chemical synthesis from petroleum products. Shah's group 

studied bio-based lactic acid production and found the global warming potential (GWP) to be 63-88% lower than petroleum-based 

production at approximately the same cost. This group also analyzed the costs and GWP of renewable jet fuel production from 

pennycress, AKA "Stinkweed," a common farm weed. They estimated the environmental impacts of growing pennycress, transporting it 

to a biorefinery, and converting it to a usable jet fuel. According to Shah, renewable jet fuels are not yet financially competitive with fossil 

fuel-based fuels. But calculating the environmental impacts of alternative bio-based fuels should help both farmers and policymakers as 

they try to limit carbon dioxide in the Earth's atmosphere and, hopefully, to slow or stop climate change. 

https://youtu.be/BzYxEFtYEHI
https://si.osu.edu/
https://u.osu.edu/capps/


Critical Issue: OSU - Food Security and Production 

A sustainable food system not only benefits producers and protects consumers, but also ensures a safe food supply while feeding a 

growing population. Unfortunately, food security remains a pressing issue in Ohio. According to Feeding America, 1.5 million people in 

Ohio are facing hunger, a number that includes approximately 450,000 children. While many Ohioans don't know where their next meal is 

coming from, food waste is also a problem. Food waste and unsustainable practices throughout the food chain contribute to natural 

resource waste, climate change, food insecurity, and financial loss. CFAES researchers have created a number of partnerships on the local 

and national levels to analyze consumer behavior, consumer perceptions, and local food value chains to find ways to make our food 

system more sustainable, resilient, and efficient. 

EXTENSION 

OSU Extension is partnering with the Office of Student Life to build awareness about the majors within our college but particularly, the 

work of Extension and recruitment for future Extension professionals. Recent collaborations with the Office of Student Life included a 

service project to celebrate Urban October, where 500 volunteers packed 188,000 shelf-stable meals and OSU Extension and hundreds of 

local organizations distributed those meals at five locations in the Mahoning Valley area to food insecure individuals. 

When food insecurity issues were worsened by the pandemic, Master Gardener Volunteers from across Ohio stepped up and grew and 

donated more than 85,000 pounds of fresh produce to food pantries across the state. The pandemic also increased people's interest in 

growing their own food. Extension educator Tim McDermott, who writes a blog called Growing Franklin County, produced a virtual class 

on how Ohioans can grow their own vegetables all twelve months of the year. 

OSU Extension, in partnership with faculty in the Department of Food, Agricultural, and Biological Engineering and Ohio State's College of 

Engineering, conducts research and educates producers about best practices that increase yield and profitability. The eFields program, 

which has expanded to 249 research sites in 45 counties, is dedicated to advancing production agriculture through the use of field-scale 

research. The 2021 eFields Report is a culmination of the research conducted during the past year on partner farms throughout Ohio. 

With our new interactive eFields maR,, stakeholders can easily find relevant reports in the eFields research from the past five years. 

RESEARCH 

Dr. Brian Roe and collaborators analyze consumer behavior, consumer perceptions, and local food value chains to find ways to make our 

food system more sustainable, resilient, and efficient. Food waste is a huge problem - more than 40% of food that is produced is never 

eaten, which contributes to lost resources, pollution, economic costs, and decreased food security.?The Ohio State researchers partnered 

with the Solid Waste Authority of Central Ohio {SWACO) and the City of Upper Arlington using U.S. EPA funding to assess the effectiveness 

of an educational "Save More Than Food" campaign. Analysis of the campaign showed it was responsible for a net food waste reduction 

of 60% in the city of Upper Arlington when compared to food waste on the national level. 

The goal of Dr. David Barker's research (accession number 1011108) is to produce healthy, economically profitable, environmentally safe 

and socially responsible livestock forage. His research includes evaluation of different species and varieties of forage, developing growth 

models for Ohio grasslands, characterizing the nutritive value and herbage accumulation of alfalfa either alone or in an alfalfa-grass 

mixture as well as field trials of potato leafhopper resistant varieties. Dr. Barker also assisted growers in dealing with a rare fall armyworm 

infestation that occurred in Ohio in the fall of 2021. 

Dr. Luis Rodriguez-Saona, a member of the Food Innovation Center, uses spectrophotometric technique to analyze food quality and 

safety. Aflatoxins are highly toxic, carcinogenic toxins produced by certain fungi and found on agricultural crops including peanuts. 

Analytical methods to detect these toxins have traditionally been laborious and time intensive. Rodriguez-Saona's lab is pioneering a 

technique using infrared spectrophotometers to detect aflatoxin contamination on the surface of peanuts. This method could be used in 

the field and offer a time-sensitive approach to detection of these compounds. 

Dr. Andrea Gschwend, who is working to identify genetic variation that provides grapevines with heightened resilience to stress. Grapes 

are the highest valued fruit crop in the United States and the wine grape industry has a billion-dollar impact in Ohio's economy. With 

increasing erratic weather events, we need cultivated grapevine varieties that are resilient to diverse environmental stress and local 

pathogen pressures to increase vineyard productivity. The Gschwend lab used a comparative approach to make significant strides in 

identifying the genes that underlie important adaptive traits such as cold tolerance, fungal resistance, and response to insect herbivory in 

wild grapevines that make them resilient to many environmental stresses. These genes can be used as targets for molecular breeding or 

genetic engineering to incorporate them into grapevine cultivars, making the cultivated grapevines more resilient to a broader range of 

https://digitalag.osu.edu/efields
http://go.osu.edu/KXeFieldsMap
https://fic.osu.edu/


environmental stress, increasing yield without losing important fruit quality traits. These new varieties will have broader growing regions, 

contributing to the economic impacts of the grape industry in these impacted states, and will require less input of pesticides and 

fungicides, making these new varieties more cost effective and environmentally sustainable. 

Dr. Lisa Bielke's research focuses on poultry enteric health with emphasis on non-antibiotic strategies to prevent and treat disease. The 

chicken gastrointestinal tract (GIT) is quickly colonized after hatch and these pioneer colonizing bacteria are known to affect chick quality 

and immune function. Dr. Bielke and her group are manipulating GIT microflora through in ova injection with specific bacterial strains 

and measuring the influence these bacteria have on innate immune responses and inflammation. Her group has also made significant 

progress on assays to determine gut health and the effect primary colonizing bacteria have on immune function. For example, they found 

that primary colonization with Enterobacteriaceae may induce a state of tolerance, which can allow opportunistic and food safety 

pathogens to persist. The results of this research may lead to improved gut health and improved sustainability of animal agriculture 

through reduced disease. 
Critical Issue: OSU - Health and Wellness 

Our critical issue of Health and Wellness is an important part of our mission to sustain life. Nearly one third of adults and about 20% of 

children in Ohio are obese, which can lead to or exacerbate a number of health conditions. According to the Ohio Department of Health, 

Ohioans have a higher-than-average rate of chronic diseases such heart disease, cancer, COPD, diabetes, and kidney disease when 

compared to the United States as a whole. We believe that Ohioans should have a positive state of mental and physical health, which 

includes the prevention of disease, by creating and supporting healthy environments in homes, schools, workplaces, and communities. 

According to the 2021 State of Obesity Report, "The COVID-19 pandemic added new obstacles and exacerbated existing barriers to 

healthy eating and physical activity in 2020 and 2021, and deepened longstanding racial and economic inequities in the United States. 

Emerging data suggests eating habits shifted, physical activity declined, stress and anxiety increased, food insecurity worsened, and 

many Americans gained weight throughout the pandemic, a sharp reminder of the effects that underlying social, economic, and 

environmental conditions have on the health and well-being of Americans. Many of direct and indirect effects of the pandemic fell 

disproportionally on certain populations, including low-income communities and communities of color." 

EXTENSION 

OSU Extension is working to improve health and wellness with their community nutrition programs, SNAP-Ed and EFNEP. Funding for the 

SNAP-Ed program is consistently one of the largest awards at the university and reaches tens of thousands of participants (children and 

adults) in every county across the state. OSU Extension SNAP-Ed program assistants teach classes on nutrition, physical activity, food 

safety, and purchasing food on a budget. 

Mental health is an important issue for Ohioans as a whole and especially for farmers. As stated by CFAES Dean, Dr. Cathann A. Kress, "Our 

farmers and producers are facing incredible stressors. Many farmers are faced with unpredictable issues and concerns daily involving 

personal health and injuries, equipment and parts, animal health, weather, and crops. COVID-19 came at an already challenging time for 

farmers, adding uncertainties and complexities with supply chain and additional stressors with health and family concerns. Many mental 

health professionals are not trained, nor do they have direct experience working with the agricultural sector and their unique 

challenges." 

OSU Extension has partnered with the Ohio Department of Agriculture to meet this need. Our Farm and Ranch Stress Certification courses 

are targeted at mental health care professionals seeking to better understand the stressors of farm and ranch life. The lack of knowledge 

surrounding the agricultural industry is an identified barrier to mental health care for farmers and ranchers. 

OSU Extension also provides training for Extension professionals to become Certified Adult Mental Health First Aid Instructors and offers 

trainings in Mental Health First Aid for employees at Ohio State and members of the ag community to learn about the warning signs and 

symptoms of mental health issues. We also are helping to raise mental health awareness and advocacy on a national scale and have 

distributed nearly 25,000 copies of the 4-H project book Your Thoughts Matter: Navigating Mental Health, since its introduction in 2017. 

That includes 20,500 sold nationally and authors Jami Dellifield and Amanda Raines have contributed to other National 4-H mental 

health curricula as well. 

RESEARCH 

Dr. Ingrid Adams has been studying the effect of stress management, healthy eating and physical activity on African Americans living with 

hypertension and mild cognitive impairment. African Americans are at higher risk of developing Alzheimer's disease, which may be 

attributed to uncontrolled hypertension. Adams and collaborators piloted a randomized-controlled trial, Mindfulness in Motion (MIM) and 



the Dietary Approaches to Stop Hypertension (DASH). Interventions included sampling healthy new foods, homework assignments to 

practice the DASH diet and information about serving sizes and food groups. The results of the MIM DASH pilot indicated that the 

intervention was feasible and sets the stage for a future larger trial to establish the efficacy of the MIM DASH approach. 

Dr. Sheila Jacobi research in swine nutrition (accession number 1011106) can also have positive impacts on human nutrition. In her 

project, she looked at feed and management alternatives to in-feed antibiotics and their effect on animal wellbeing. Specifically, she 

focused on the effects of probiotics and lipids on piglet gut health. These piglet models can be used to improve infant nutrition such as in 

the development of new baby formulas. 

Flavor quality is an important attribute in food selection. Dr. Devin Peterson is studying the flavor properties of food with a focus on 

healthier food choices (accession number 1012391). For example, Americans often fail to consume the amount of whole grain foods that 

they should. Dr. Peterson's group identified several compounds that contribute to the dislike of whole wheat bread. These findings 

provide a basis to develop a better tasting whole wheat bread, which can increase consumption and promote health impacts. 
Critical Issue: OSU - Thriving Across the Lifespan 

EXTENSION 

OSU Extension has always worked collaboratively within communities to identify what our unique contribution will be in providing 

solutions and ensuring that we are not duplicating efforts already in place. We have developed partnerships based on these unique set of 

circumstances locally. These partners engage with us to build coalitions, fund programs and people, and create strategies for building 

pathways for Ohioans to thrive. 

OSU Extension and 4-H professionals partnered with Ohio Treasurer Robert Sprague to advance and expand the use of the college's Real 

Money. Real World. financial literacy program statewide. This program was developed by OSU Extension, designed for youth ages 12-18, 

and includes an interactive spending simulation that provides participants the opportunity to make lifestyle and budget choices similar 

to those they will make as adults. The program is designed to increase financial awareness using real-life scenarios such as what it costs 

to maintain a household, what it costs to care for a child, and the level of education required for the job they desire. 

As part of its Community Education Initiative, Apple provided the Ohio 4-H Youth Development Program with devices, programmable 

robots, and professional learning and support. Apple's gift of $1.2 million in devices and technology to OSU Extension has given our 

current 4-H professionals access to technology needed to reach 6,274 4-H youth in 44 counties in 2021. 

Successful Co-Parenting (SCP) is an educational program for parents of minor children who are in the process of separating or divorcing. 

Many counties offer this class in partnership with the county family court. Divorce effects approximately 28,000 children under the age of 

18 in Ohio each year. The SCP class is designed to equip parents with knowledge, skills, tools, awareness, and strategies to help their 

children adjust to their parents' divorce now and in the future. 

RESEARCH 

Dr. Mary Rodriguez studies food security and community resilience in re-settled refugee populations (Accession number 1012048). Dr. 

Rodriguez specializes in community leadership and engages with community members to create a resiliency framework with the 

intention of reducing household and community food insecurity. COVID-19 posed great difficulties in getting to work for members of 

these communities. Dr. Rodriguez and collaborators were able to develop a needs assessment questionnaire to address the needs of a 

primarily New American community in Columbus, OH. They were also able to create and support a local organization to learn more about 

the effects of COVID-19 on the community. Future work will include exploring how households have adapted to changes brought on by 

the COVID-19 pandemic. 

Merit and Scientific Peer Review Processes 

Updates 

None 



Stakeholder Input 

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

None 

Methods to identify individuals and groups and brief explanation 

None 

Methods for collecting stakeholder input and brief explanation 

None 

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

We collected and analyzed primary and secondary data and held various listening sessions with our employees, stakeholders, state level 

Extension advisory councils as well as monthly meetings between Dean Kress and the Commodity Round Table, which is composed of 

leaders of commodity groups, the Farm Bureau and others. Thus we ensured that the key voices from many regions have been heard and 

provided us with priority areas for us to explore during FY2021 and beyond, including: 

• Economic and Workforce Development (includes technology, broadband access, and digital skills) 

• Health and wellness (includes mental health, nutrition, resiliency) 

• Environmental and Agricultural Sustainability (includes climate mitigation/adaptation, water, food production, and food security) 

• Community development and capacity building (includes leadership development and convening) 

• Family, parenting, and 4-H youth development 

• Diversity, equity, and inclusion (includes reaching underserved) 

• Financial Management (includes financial literacy and resource management) 

High lighted Results by Project or Program 

Critica l Issue 

OSU - Economic Vita lity 

Community Economics: Ohio Business Retention and ExP-ansion (BRE) Program 

Project Director 

Deborah Lewis 

Organization 

Ohio State University 

Accession Number 

7002736

* Community Economics: Ohio Business Retention and Expansion Program 2021 Resu lts 

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

A decl i n i ng  sense of soc ia l  con nectedness, a comm u n ity's lack of u nderstand i ng  of its economic resou rces, and  an i l l

i nformed economic development p lan  a re confront ing many struggl i ng commun ities in today's ra p id societa l and economic 

cha nge. Many loca l govern ments a re left with decreas ing revenue streams, vaca nt bu i ld i ngs, and  h igh u nemp loyment rates. 

A hea lthy and  v ibrant  loca l economy depends on the wel l-be ing of loca l bus inesses. Loca l bus iness hea lth ca n be fostered via 

a commun ity- led Bus i ness Retent ion and Expans ion (BRE) Program .  

A BRE progra m invo lves a d i a logue with loca l bus inesses to  better u ndersta nd t he i r  issues and  concerns. Such  efforts can  

show the  comm u n ity's appreciat ion for bus iness contri but ions and  ena ble loca l leadersh ip  to  identify economic development 

strategies i n formed by loca l bus iness as wel l  as i nform the commun ity at la rge a bout i nd ivid ua l  and  commun ity-wide 

bus iness concerns. 

https://nrs.nifa.usda.gov/projects/14352


Comm u n ities that actively implement a n  on-go ing BRE program focus ing on the retent ion and  expansion of loca l bus inesses 

wi l l :  

o Imp rove the bus iness c l imate of the commun ity 

o He lp to make loca l bus inesses rema i n  competitive 

o I ncrease emp loyment 

o Sta b i l ize the loca l economy 

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 Bus i ness Retent ion and  Expans ion (BRE)  Program fac i l i tates imp roved re lationsh i ps a mong loca l development 

o rgan izat ions and  bus iness leaders. Th is co l la borat ion ca n lead to more effective commun ications and  long-term worki ng 

partnersh ips resu lt ing i n  more cooperative commun ity pol icy and decision -maki ng. 

BRE provides the resou rces, tra i n i ng, and tools to develop the capacity of the commun ity to better u ndersta nd its economy. I n  

add it ion to enha nced commun ity capacity to add ress critica l commun ity issues, other outcomes o f  such commun ity 

engagement inc lude a stream l i ned BRE p rocess that enab les loca l leaders to focus on p la n n i ng, action and  resu lts; a d ata base 

of loca l i n formation; and a more robust loca l economy. 

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

To help loca l leaders ga i n  a better u nderstand i ng  of issues re lated to the i r  economy, the Oh io  Busi ness Retent ion and  

Expa nsion (BRE )  progra m provides a structu red approach to  assess ing and  address ing bus iness needs. Com mun ity i n put was 

col lected and comp i led and formatted as a reference to better i n form loca l decision maki ng. 

In 2021, there were 10 commun ity su rveys conducted . More than 500 i nd ivid u a ls partici pated i n  the BRE program in 2021 .  

Pa rtic ipa nts i nd icated a n  imp roved worki ng re lationsh i p  beca use of  meeti ng more regu la rly to  d i scuss comm u n ity and  

economic development issues. Combi ned and  as a resu lt o f  the  p rogram,  s i x  new bus inesses were created; five new bus iness 

p lans were developed, 246 jobs were created, and nea rly 1800 jobs were reta ined .  

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

The new bus inesses and jobs that were created and jobs that were reta i ned; w i l l  greatly benefit the broader commun ities i n  

wh ich they a re located . Created 2 4  economic overview reports that i nc lude re levant economic data and  im pacts re lated to 

county i ndustries and  occu pations. 29 organ izationa l  p lans were created, and  82 pla ns/pol ic ies adopted . 

Partnershig to Assist the Develogment of Broadband Access for Ohio Aggalachian Counties 

Project Director 

Deborah Lewis 

Organization 

Ohio State University 

Accession Number 

7002740

* Partnership Developed to Provide Broadband Access for Noble County Located in Appalachia - 2021 Results 

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

https://nrs.nifa.usda.gov/projects/14356


Today, techno logy p lays a pivota l ro le i n  how bus inesses operate, how i nstitut ions provide services, and  where consu mers 

choose to l ive, work, and  p lay. The success of a commun ity has become dependent on how broad ly and  deeply the 

comm u n ity adopts techno logy resou rces, which i nc ludes access to re l ia ble h igh-speed networks, the d igita l l iteracy of 

res idents, and the use of on l i ne resou rces loca l ly for bus inesses, govern ment, and leisu re. Comm u n ities, particu la rly those i n  

ru ra l  a reas l i ke Nob le County, struggle with economic recession,  attrit ion, d isi nvestment, a pathy, a n d  overa l l  commun ity 

decl ine .  

Access to affordable broadband wi l l  a lso be a key issue i n  th is a rea.  The unemp loyment rate i n  Nob le Cou nty was 7.2% in 

December 2019 (the most recent data from the U n ited States Federa l  Reserve) . By com pa rison, the u nemp loyment rate across 

Oh io  for th is t ime period was 4.2%. H istorica l ly, unemp loyment rates in Nob le Cou nty reached a record h igh of 20.6% i n  

December 2010 and  a re consistently above the nationa l  average. 

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. 

I n  Nob le County, OSU Extens ion Com mun ity Development (CD) provided gu ida nce, project management, and  gra nt writi ng to 

enhance broadband  access with 92% of the popu lated a rea and  62% of households not havi ng access to m i n imum in ternet 

speeds. A $50,000 techn ica l assista nce gra nt from The Appa lach i a n  Regiona l  Comm iss ion with $21,500 i n  match ing fu nds 

from OSU Extens ion was imp lemented.  

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

The broadband ana lys is ut i l ized speed tests, add ress points and existi ng m idd le m i le i nfrastructu re, as well as a reas that were 

b id th rough the federa l  Ru ra l  Development Opportu n ity Fu nd for broadband  dep loyment. Six tota l project a reas were 

identif ied, one was se lected to seek add it iona l  pu b l ic  fu nd ing  for imp lementation through the Oh io  Governor's Office of 

Appa lach ia "distressed " broadband fu nd i ng. Nob le received a $750,000 gra nt with loca l match of $ 150,000 from loca l cou nty 

ARPA fu nd i ng. The second was selected by a n  ISP  for app l ication to NTIA. 

Wash ington E lectric Cooperative received a $ 1 .5 m i l l ion ARC POWER grant  matched with $600,000 for its $2 .1  m i l l ion Nob le 

County grid modern izat ion and make-ready for broadband dep loyment to u pgrade 215 m i les of ma i n - l i ne e lectrica l routes 

and  ena ble an ISP  to cost effectively dep loy fi ber a long the sparsely popu lated routes in the southern portion  of Noble. Tota l 

p la n n ing  and fu nd ing  impact was $3,271,500 across 259 m i les servi ng a n  estimated 1,500 households. 

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

OSU Extens ion is worki ng co l laboratively with cou nty comm issioners and the Governor's Broadband  Oh io  office to explore 

how to best identify broadband  needs and  solut ions across Oh io .  I n  particu la r, we a re shari ng  ou r  knowledge related to 

cu rrent and  futu re fa rm techno logy needs and  how broadband can contri bute to a more competitive agricu ltu ra l  sector i n  

Oh io. 

[ Closi ng Out  (end date 09/07/2023) I 
Behaviora l  economics and the intersection of healthcare and financial decision making across the lifesP-an 

Project Director 

Lauren Jones 

Organization 

Ohio State University 

Accession Number 

1019233

* Annual  Progress Report 

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

The answer to this question w i l l  he lp resea rchers and pol icy-makers measu re the true va lue of the E ITC progra m .  I t  w i l l  a lso 

he lp pol icy-makers u ndersta nd the hea lth im pacts of cash tra nsfer pol ic ies as com pa red to other potenti a l  hea lth - improvi ng 

pol icy too ls, such as pu bl ic hea lth i nsu rance p lans l i ke Med ica i d .  The resu lts of th is project wi l l  gu ide a l locat ion of sca rce 

https://nrs.nifa.usda.gov/projects/6242


public resources to help efficiently combat health disparities across the income spectrum. 

Briefly describe in non-technical terms how your major activities helped you achieve, or make significant 

progress toward, the goals and objectives described in your non-technical summary. 

The research team has been actively conducting analyses of our main secondary dataset, the National Longitudinal Survey of 

Youth 1979 cohort (NLSY79}. These data track a sample of nearly4,000 women born between 1957 and 1964, living across the 

US. Every year, the survey asks respondents about their finances, fertility and health. Using these data, we have related a 

measure of exposure to the EITC policy to health outcomes measured at age 50. Using research methods that allow us to 

identify causal effects of the pol icy, I have produced estimates that capture how raising children in an era with more generous 

income-support pol icy affects health at age 50. The results have revealed that exposure to more generous EITC over one's life 

is related to improved physical health at age 50, with reduced incidence of activity limiting physical health issues (i.e. difficulty 

climbing stairs, etc.) and reduced diagnoses of cancer and lung issues. 

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

Women who receive the EITC during theirchild-bearingyears are generally low-income, more likely to work as low-skilled 

labor and more likely to be single mothers. This is a population that is disproportionately affected by negative health impacts. 

The findings of this study suggest that the EITC - a major anti-poverty pol icy tool of the federal government - has significantly 

improved physical health among this vulnerable population in the long-term. These results add to the literature showing that 

the EITC has benefited women across the country. 

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

The results of this study demonstrate that the EITC may generate cost-savings to the federal government and taxpayers by 

reducing the onset of costly disease later in life. Because healthcare among Americans over age 65 is publicly funded, these 

cost savings accrue to taxpayers, and generate healthcare cost savings for the economy at large. Additionally, many low

income families are tasked with providing their own care for ailing relatives, since we do not presently have widely accessible 

public options for long-term care for sick or elderly available. This often leads family members to reduce work in order to 

provide care. Thus, staving off illness in old age also benefits family members, and the larger workforce, by reducing long

term care needs. 

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 project has resulted in a forthcoming publication (citation below). One co-author (Guangyi Wang) was a PhD student 

research assistant. She is now a post-doctoral fellow at the Philip R. Lee I nstitute for Health Policy Studies at University of 

California, San Francisco. Moving into the final reporting period of this project, I will be submitting at NIH grant proposal 

based on this research focused on identifying racial differences in the impact of the EITC on health and work outcomes. 

Jones, L. Wang, G., & Yilmazer, T. (in press). The Long-term Effects of the Earned I ncome Tax Credit on Women's Physical and 

Mental Health. Health Economics. 

Impact Statement (Optional) 
Use this space to talk about the impact that this resu t had, in layman's terms. Adding comments here will not change the content in the high lighted result. l 

Dr. Lauren Jones is working to help researchers and policy makers measure the true value of the Earned I ncome Tax Credit 

(EITC}, one of the largest anti-poverty programs in the United States. This program benefits underserved and under

represented populations such as disabled individuals and low-income, working parents. The EITC provides significant income 

support to low- and medium-income working families with eligible children. Since its inception in 1975, the credit has been 

expanded significantly, especially for larger families and families living in certain states. A long line of literature has 

demonstrated positive effects of the policy on short-term outcomes but little was known about the long term effects. Dr. 



Jones hypothesized that there may be long term hea lth effects from the pol icy s ince the i ncrease i n  i ncome ca n lead to 

i ncreased fu nds for hea lthy food, hea lth ca re and lower stress leve ls. She and her tea m were ab le to study su rvey a nswers by a 

cohort of women born between 1957 and  1964 to determ ine the i r  hea lth outcomes at age 50. They found  that a more 

generous E ITC d u ri ng  one's l ife is re lated to imp roved physica l hea lth at age 50, with red uced i nc idence of physica l hea lth 

issues and reduced d iagnoses of ca ncer and l ung issues. Red uc ing the onset of d isease u nti l later in l ife wi l l  red uce hea lthca re 

costs for the economy at la rge s ince hea lthca re among America ns over age 65 is pub l icly fu nded .  

Enhancing Rural  Economic o,rnortunities, CommunitY. Resilience, and EntreP..reneurshiP.. 

Project Director 

Mike Betz 

Organization 

Ohio State University 

Accession Number 

1018820 

* Enhancing Rural  Economic Opportunities, Community Resi lience, and Entrepreneurship 

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

Many ru ra l  a reas lag u rban a reas in across many i nd icators of economic vita l ity. D ivergi ng i ncomes, labor ma rket 

opportun it ies, and  q u a l ity of l ife between ru ra l  and  u rban a reas ca n lead to undes i ra b le outcomes nationa l ly and  su boptima l  

resou rce a l location that leave both ru ra l  and  u rban a reas worse off. Yet, much is u n known rega rd i ng  ru ra l/u rban 

i nterdependence and  optima l  pol icy formation that benefits both ru ra l  and  u rban a reas. Ou r  project seeks to create and  

d issem inate new knowledge concern i ng  these issues. 

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. 

I cu rrently have two resea rch projects re lated to th is project's goa ls. Fi rst is a project that a ims to determ ine the economic and 

demograph ic  i mpacts of  sha le o i l  and  gas  d ri l l i ng  i n  the commun ities which it occu rs. Th is project created new knowledge 

with rega rd to u nderstand i ng  how o i l  and  gas activities have i mpacted h uman  ca pita l  fo rmation decis ions of those l ivi ng i n  

d ri l l i ng  commun ities and  how those commun ities aggregate h uman  capita l  is impacted by  m igrat ion decis ions. T he  second 

p roject seeks to better u ndersta nd economic and  contextua l  factors i n  ru ra l  a reas im pact d rug overdose deaths. I a lso began 

work at the intersect ion of these two a reas identify ing the ro le of o i l  and  gas activity on overdose death rates i n  ru ra l  a reas. 

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

The resu lts of my resea rch a sa l ient for commun ity leaders tryi ng to u ndersta nd how oil and gas activities in thei r 

comm u n it ies w i l l  im pact loca l economic and  demograph ic  trends. Specifica l ly, my resea rch found  that ru ra l  a reas with 

greater oi l and gas activit ies attracted migra nts with lower average ed ucation leve ls than those with no oi l and gas activity, a l l  

e lse eq ua l .  Add itiona l ly, outmigrants from ru ra l  commun ities with more o i l  and  gas activity had had h ighe r  average ed ucation 

levels than outmigra nts from non-d ri l l i ng  commun ities. I a lso created new knowledge rega rd i ng  the im pact of oi l and gas on 

overdose d rug deaths, fi nd i ng  that greater o i l  and  gas activity led to h igher overdose death rates, particu la rly fo r ma le 

worki ng age i nd ivid ua ls. These fi nd i ngs provide  ru ra l  commun ity leaders with better i nformation about the i mpacts of o i l  and  

gas  activity i n  the i r  commun ities. 

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

Ou r  fi nd i ngs rega rd i ng  the impact of oil and gas development have imp l ications for the broader pu bl ic .  As the pu bl ic makes 

decis ions about o u r  nat ion's energy futu re and  wh ich fuels to use in e lectricity generation  and  home heati ng, the fu l l  ra nge of 

costs and  benefits must be considered .  U nderstand i ng  how domestic  o i l  and  gas prod uct ion may i mpact longer-term h uman  

ca pita l  decis ions have imp l ications for t h e  long-term v iab i l ity o f  ru ra l  extraction comm u n it ies. Th is i s  especia lly true given the 

boom/bust natu re of the i ndustry. Our work better e luc idates those costs that might not otherwise be fu l ly accounted for in 

consideri ng  the futu re of energy prod uction i n  the U n ited States. 

https://nrs.nifa.usda.gov/projects/6394


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. 

Co-Project D i rectors a re M a rk Pa rtridge and E lena I rw in  - AE D E  - The Oh io  State U n iversity 

Abboud,  A., & Betz, M .  R. (2021 ) .  The loca l economic  i m pacts of the o i l  and  gas i nd ustry: Boom, bust and  res i l ience to 

shocks. Energy Economics, 99, 105285. 

Pa rtridge, M., Tsvetkova, A., & Betz, M. (2021 ) .  Are the most prod uctive regions necessar i ly the most successfu l? Loca l effects of 

p rod uctivity growth on emp loyment and  ea rn i ngs. Journal of Regional Science, 61 (1 ) ,  30-61.  

Costs and Benefits of Natura l  Resources on Public and Private Lands: Management, Economic Valuation, and I ntegrated 

Decision-Making 

Project Director 

Brent Sohngen 

Organization 

Ohio State University 

Accession Number 

1018566 

* Costs and Benefits of Natura l  Resources on Public and Private Lands: Management, Economic Valuation, and 

I ntegrated Decision-Making 

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

This  resea rch is Oh io's contri but ion to a regiona l  resea rch project with twenty-one states i nvolved.  Objectives a re to est imate 

the economic  benefits of ecosystem management of forests and  watersheds; esti mate the economic  va lue  of chang ing 

recreationa l  access for motorized and  non-motorized recreation ;  calcu late the benefits and  costs of agro-envi ronmenta l  

pol ic ies; and  est imate the economic  va lues o f  agricu ltu ra l  l and preservation a n d  open space.  

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. 

U nder  Resou rce M a nagement 

1)  D .  M iteva contri buted to o u r  u nderstand i ng  of how protected a reas ca n s low deforestat ion and  provide i ncentives for 

resou rce conservation i n  regions where decis ions a re decentra l ized from centra l  government contro l .  

2) B .  Sohn gen and  co l leagues pu bl ished a paper that u pdated cu rrent esti mates of the costs of carbon seq uestration in  

agricu ltu re, forest and  other  land uses. Sohngen a lso worked with co l leagues at P I K-Potsda m  to inc lude forests i n  the globa l 

i ntegrated assessment model  MAG Pie .  Fi na l ly, Sohngen and  co l leagues exa m i ned how c l imate cha nge i nfluences forest stocks 

globa l ly over t ime through d istu rba nces and  changes i n  growth .  

3) Y. Ca i  and  co l leagues showed how forest losses cou ld i nfluence loca l cl i mate i n  the U n ited States. 

U nder  Economic  va luation :  

1 )  T. Haab  and  co l leagues have written a n  a rticle for the  Oxford Resea rch Encycloped ia  tha t  esta bl ishes the  state of  the  a rt i n  

conti ngent va luat ion methods a n d  approaches. 

2) H Kla i ber deve loped nove l va luat ion techn iq ues to est imate welfa re effects using sorti ng  models with resident ia l  data . He 

a ppl ied these techn iq ues to noise pollution i n  a E u ropea n context, and water q u a l i ty changes i n  the US.  

3) B .  Sohngen worked with F .  Lup i  at M ich igan State U n iversity to present two pa pers on Lake E rie beach va luat ions resu lt ing 

from a su rvey deve loped and  conducted jo intly by Oh io  State U and  M ich iga n  State U .  

https://nrs.nifa.usda.gov/projects/6286


U nder  I n tegrated Po l icy and  Decision M a ki ng  

1)  Dr. Ca i  s u m m a rize the  state of science on the ro le o f  u n certa i nty i n  economic  models o f  decis ion mak ing  especia l ly for 

decis ions i nvolvi ng c l imate cha nge pol icy. 

4) S Gopala krish n a n  s u m m a rized the l iteratu re and  state of economic  science on assess ing the effects of c l imate cha nge on 

coasta l resou rces, he lp ing  pol icy ma kers better design pol icies and  progra ms to assist l andowners i n  adapt ing to  c l imate 

cha nge. 

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

State and federal policy makers:US E PA and US Depa rtment of State used est imates of carbon seq uestration deve loped by 

Sohn gen to set the US N at iona l ly Determ i ned Com mitment to the Pa ris Agreement.  They used esti mates for other  countries to 

negotiate with those countries Resu lts have been used in the I n tergovern menta l Pa ne l  on  C l imate Change report. Federa l  

pol icy m a kers used methods deve loped b y  Yongya ng C a i  t o  calcu late t h e  soci a l  cost o f  carbon i n  t h e  l nteragency Worki ng 

G ro u p  Report on  the soci a l  cost of carbon .  Federa l  pol icy m a kers have used work by S. Gopala krish n a n  to  develop c l imate 

adaption p lans for coasta l a reas. 

Non governmental organizations: N u merous agencies used work by D .  M iteva on  deforestat ion in develop ing i n ternationa l  

pol ic ies to  slow deforestation .  They have used esti mates of  the cost of  carbon seq uestrat ion i n  agricutlu re and  forests by 

Sohn gen to he lp  ed ucate fa rmers and  landowners a bout  the va lue  of the i r  carbon resou rces. 

The environmental and natural resource research community has benefited from th is resea rch as evidenced by the 2528 

Google Scho lar  citations for the i nd ivid u a ls on  the project. 

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

The broader  pu bl ic  has benefited from the resea rch wh ich provides access to economic  va lues for ecosystem service flows. 

I m porta nt flows we have va lued a re 

1) Ca rbon storage i n  forests and  agricu ltu ra l  soi ls 

2) Water q u a l ity i m p rovements, i nc l ud ing  red uctions in the i m pacts of ha rmfu l a lga l blooms 

3) Coasta l resou rces 

4) Forest biod iversity 

5) No ise pol lut ion 

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. 

Participants: 

B. Sohngen,  T. Haab, A. Kla i ber, S. Gopala krish nan ,  D. M iteva , Y Ca i  



Publications: 

M iteva D.A. and  S. K. Patta naya k. (2021 ) .  "The effectiveness of protected a reas in the context of decentra l ization". World 

Development 142: 105446. 

Chen, W, J . E .  Flatnes, D .A. M i teva, H .A. Kla i ber. (2021 ) .  " I m pact of deforestation on ecotou rism:  Evidence from citizen-sc ience 
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Impact Statement (Optiona l) 
Use this space to ta lk  about the impact that this resu lt had ,  in layman 's terms. Add i ng  comments here wi l l  not change the content in the high l ighted resu lt. 

Dr. Brent Sohngen leads Oh io  State 's Envi ronmenta l  Po l icY. I n iti ative, wh ich sti mu lates and  focuses systematic co l la boration  i n  

envi ronmenta l  pol icy nationa l ly and  i nternationa l ly. H is  resea rch focuses on t he  economics o f  l a nd  u se  change, t h e  design of 

i ncentive mechan isms for water and  carbon trad i ng, carbon seq uestration ,  and  va luat ion of envi ronmenta l  resou rces. 

Sohn gen has been he lp ing to ed ucate fa rmers and  landowners a bout the va lue of the i r  carbon resou rces. Ca rbon ma rkets 

have emerged i n  recent yea rs as la rge i nternationa l  compan ies have vowed to offset the carbon d ioxide they put out i n  

em iss ions from prod uc ing and  tra nsporti ng prod ucts. That ca n be  done  by  payi ng fa rmers and  foresters t o  ta ke measu res that 

store more carbon i n  pla nts and soi l  through activities such as sta rti ng no-ti l l  fa rm ing, p lant ing cover crops or  trees and more 

i ntensive ly ma nag ing existi ng forests. " I  th i n k  it's someth i ng  that's emergi ng," Sohngen sa id of carbon ma rkets. "With i n  a 

decade, I wou ld n 't be su rprised to see 20% to 40% of Oh io  fa rmers invo lved i n  a contract." 

Critica l Issue 

OSU - Envi ronmenta l  Qua lity and Susta inab i l ity 

Pesticide SafetY. Education Programs for Commercial and Private AP-P-licators 

Project D i rector 

Debora h  Lewis 

O rga n ization  

Oh io  State U n iversity 

Access ion N u m ber  

7002753

* Pesticide Safety Education Programs for Commercial and Private Applicators - 2021 Resu lts 

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

Pestic ide app l ication bus inesses, pu bl ic agenc ies, and fa rms need to manage pests safe ly and  effective ly. Employers need 

employees who a re l icensed, tra i ned in best management practices, and cu rrent with state and federa l  regu lat ions. The 

commercia l  and private pest ic ide app l icators req u i re conti n u i ng ed ucation to ma i nta i n  the i r  l icense and l ive l i hoods. 

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. 

Pestic ide Safety Ed ucation Programs (PSEP) offered pest ic ide exa m preparation  workshops to 224 new com merc ia l  pest ic ide 

a ppl icators. In add it ion, 267 new wood destroyi ng i nsect i nspectors were tra i ned.  Conti n u i ng  ed ucation progra ms were 

p rovided to 3,530 com merc ia l  pest ic ide app l icators to assist them i n  meeti ng req u i rements u nder Oh io  pestic ide law. 

Approximately 25 state Extens ion specia l ists and cou nty ed ucators contri buted the i r  expertise to the recertificat ion programs. 

Nea rly 60 percent of these app l icators (n=2,052) took the self-paced on  l ine recertifi cation cou rse. 

Through recertification p rograms, PSEP  provided research-based recommendat ions and  best practices tra i n i ng  for 

commercia l  a ppl icators. PSE P  a lso provided i n -service tra i n i ng  and  teach ing resou rces for county ed ucators to he lp them 

prepa re for county pestic ide app l icator meeti ngs; 4,239 p rivate a ppl icators recertified through partici pation i n  more than 100 

county meeti ngs i n  2021 .  

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

Commercia l  a ppl icators attend ing  recertification programs agreed they had lea rned how to control pests more effectively 

(94%) and  were better i n formed how to comp ly with pestic ide and  envi ronmenta l  regu lations (95%) . For those attend ing  

county meeti ngs, more than 92% agreed they had lea rned how to app ly pest ic ides more safely, had imp roved practices to 

p rotect the envi ronment, and contro l led pests more effective ly. Each private and  commercia l  app l icator attend ing  i n-person 

recertification programs i n  2021 received a n  OSU Extens ion pub l ication  with cu rrent pest management recom mendations. 

https://aede.osu.edu/programs/environmental-policy-initiative
https://nrs.nifa.usda.gov/projects/14371


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

One of the long-term goa ls of the PSEP  is to red uce ru n-off of pest ic ides thereby he lp ing to improve water q u a l i ty in Oh io .  

Water Qua lity Education 

Project D i rector 

Debora h  Lewis 

O rga n ization  

Oh io  State U n iversity 

Access ion N u m ber  

7002760

* Water Quality Education - 2021 Resu lts 

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

Oh io  has 125,000 la kes, reservoi rs, and  ponds as we l l  as 60,000 m i les of rivers and  streams. Water q u a l ity issues such as 

ha rmfu l a lga l blooms in Lake E rie ca used by phosphorous ru n off from fa rms a re a serious concern for the state. 

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. 

OSU Extens ion has tra i ned fa rmers about water pol lut ion and  the con nections between prod uct ion practices and 

envi ronmenta l  stewa rdsh ip .  Through Cargi l l 's and the Natu ra l  Resou rces Conservation Service's support, water q u a l ity 

associates with OSU Extens ion have made more than 500 contacts with fa rmers and 300 on-fa rm site visits. 

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

Pa rt of the team's work invo lves ru n n i ng field tr ia ls to determ ine the effects of app ly ing va ried rates of phosphorus, n i trogen,  

and  potassi u m  fert i l izers to crop land .  Extensive soi l  test ing has been done on  fields to see how p lant ing cover crops and 

m i n ima l ly t i l l i ng the land affects soi l  health .  New water q u a l ity mon itor ing stat ions have been set up to show trends in 

n utr ient ru noff rates. 

D rone-assisted projects have saved loca l partners approxi mately $40,000 by provid i ng  l lS free fl ights coveri ng more than 

1,400 a i r  m i les. I n  2021 ,  these projects i nc luded :  

o the development of a n  Oh io  cover crop data base. 

o a d ra i nage ti le mapp ing  project that is us ing m u ltispectra l and therma l  imagery to map t i le l i nes in d ifferent soi ls and  

management practices; and  to  map  therma l  d ifferences i n  water i n  d itches to  locate t i l e  d ra i ns. 

o a cover crop  b iomass/n itrogen-u pta ke study. 

o a m u ltispectra l d rone and  i n -field b iomass eva l uat ion that is compa ri ng  manu re versus commercia l  ferti l izer. 

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

https://nrs.nifa.usda.gov/projects/14379


Education from the OSU Extens ion Water Qua l ity tea m does not stop at the fa rmer leve l .  Al l  Water Qua l ity Wed nesday 

Webi na rs, as wel l  as water-q ua l ity focused Extens ion events a re open to the pu bl ic .  In add it ion, the tea m has co l laborated 

with two mun ic ipa l i ties on d ri n ki ng  water mon itor ing to imp rove the q u a l ity of the cities' water for the genera l  pu bl ic .  A new 

water q u a l ity Extens ion website was a lso created to p rovide easy access to water q u a l ity re lated info rmation and 

p rogramm ing  to Oh ioans and  beyond .  watergua l itY.extens ion .osu .ed u 

l mP-roving techno-economics and emissions of feedstock supply systems for biobased industries

Project Director 

Ajay Shah 

Organization 

Ohio State University 

Accession Number 

1021119

* Improving techno-economics and emissions of feedstock supply systems for biobased industries

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

Costs and  em issions a re two major  l im it ing factors for susta i n able prod uct ion of b ioprod ucts and  renewa ble fue ls. We have 

ana lyzed the costs and  em iss ions for (1 )  logistics of d ifferent feedstocks, i nc l ud i ng  corn gra i n ,  corn stover, m isca nth us, 

pen nycress (a n o i lseed) ,  Taraxacum kok-saghyz (a n a lternative rubber crop) and hemp, and (2) convert ing b iomass feedstocks 

and  wastes to b ioprod ucts ( lact ic ac id )  and  renewa ble fuels (jet fuel, b io-oi l ,  fue l  pel lets) . 

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 presented three practica l strategies that cou ld be imp lemented i n  the near term to imp rove the performance of the corn 

stover s upp ly cha i n  and red uce overa l l  cost, energy use, and greenhouse gas em iss ions on an average, by 34-35% from the 

cu rrent average bench ma rks. Tech no-economic a n a lysis was performed for s upp lyi ng corn stover and m isca nth us for a lactic 

ac id b iorefi ne ry, which i nd i cated lower b iomass product ion and logist ics costs for m isca nth us, owi ng to its higher b iomass 

yield . 

Techno-economic and  l ife cycle ana lyses of lactic ac id prod uction  from corn gra i n ,  corn stover and m iscanthus through th ree 

fermentation pathways, i nc l ud ing  bacter ia , fu ngi and yeast, was conducted . Ou r  study found  that the tota l lactic acid 

p roduct ion costs for al l  feedstocks and through d ifferent pathways were com pa rab le to lactic ac id prod uced from petro leum .  

The  globa l warm ing  potenti a l  (GWP) for b iobased lactic ac i d  prod uced through d ifferent pathways were 63-88% lower t han  

t ha t  for petro leum based . Imp rovement o f  process effic iencies and  identificat ion o f  microorga n isms tha t  ca n withsta nd the 

acidic fermentation  cond it ions can lower the costs and envi ronmenta l  im pacts of lactic acid prod uction .  

The costs and  GWP of renewable jet  fuel prod uct ion from pen nycress seeds was a lso estimated . M i n imum  se l l i ng pr ice of 

renewable jet  fuel was comparab le to those prod uced from s im i l a r  o i lseeds, i nc l ud ing  soybean and  canola .  GWP of 

pen nycress-based renewa ble jet  fue l  was a lso lower than those prod uced from s im i l a r  o i lseeds and  the commercia l  jet fue l  

base l ine .  The m i n imum sel l i ng pr ice and GWP cou ld be fu rther reduced by supp lyi ng pennycress gra i n  at a lower pr ice, 

i ncreasi ng the pen nycress seed yield and o i l  content, and  i ncreasi ng the prod uction capacity of the b iorefi nery. 

Techno-economic ana lysis was conducted for hemp prod uction  and  process ing fo r gra i n ,  Cannabid io l  (CBD) and fi ber. Based 

on  the ma rket pr ices, net revenues for CBD oil were much h igher than that for gra i n ,  and fi ber-based prod ucts. However, there

a re h igh fluctuation i n  the CBD o i l  pr ices compared to gra i n  and  fi ber-based prod ucts. Thus, stable ma rket pr ices for hemp

fi ber and  gra i n  prod ucts com pa red to CBD o i l  make them low-risk a lternatives for fa rmers.

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

The project activities eva lu ated the costs and em iss ions of prod uc ing d ifferent b ioprod ucts and b iofuels us ing b iomass 

feedstocks. The fi nd i ngs were pu bl ished in peer- reviewed journa ls and presented at the loca l, regiona l  and  i n ternationa l  

conferences and  shared w i th  resea rchers and  re levant sta keholders, such as b iobased prod uct and energy com pan ies, and  

commod ity grou ps. M u lti p le parties i n terested i n  esta bl ish i ng  b iobased i ndustries us i ng  d ifferent feedstocks from d ifferent 

pa rts of the world contacted us and  benefitted from our d iscuss ions and  i nsights on  the i r  commercia l  operation feasi b i l ity. 

http://waterqualityextension.osu.edu/
https://nrs.nifa.usda.gov/projects/7144


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

Ou r  ana lysis identified the com merc ia l  sca le feas ib i l ity, costs and envi ronmenta l  i mpacts of lactic acid and renewable jet fue l  

p roduct ion systems from b iomass feedstocks. Our  study identified the bottlenecks for procur ing and  converti ng b iomass 

feedstocks to the selected p rod ucts at commerc ia l  sca le. The methodo logy imp lemented in the ana lysis a lso provided 

gu ide l i nes to conduct tech no-economic and l ife cycle ana lyses of other new biobased systems. 

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. 

o 2 Postdocs, 2 Ph .D .  Students and 1 M .S. Student were tra i ned on cond ucti ng tech no-economic and l ife cycle ana lyses of 

b iobased system and have presented the i r  resea rch fi nd i ngs at va r ious professiona l  conferences. 

o The fi nd i ngs were presented at the loca l, regiona l  and i nternationa l  conferences and shared with resea rchers and 

re levant sta keholders, such as b iobased prod uct and  energy compan ies, and  com modity grou ps. 

o We wi l l  conti n ue  ana lyzi ng techno-economic and l ife cycle envi ronmenta l  i mpacts of d ifferent b iobased prod ucts and 

fuels from d ifferent b iobased feedstocks. 

o There was no forma l  co-P l  on the project. However, for d ifferent projects, we co l laborated with the resea rchers and  

sta keholders from d ifferent depa rtments from OSU and  the  other i nst itut ions and i nd ustries. 

Journal papers 

1. A. Khana l, A. Manandha r, S. Ad h i ka ri ,  A. Shah .  2021 .  Techno-economic analysis of novolac resin production by partial 

substitution of petroleum-derived phenol with biooil phenol. Biofue ls, B ioprod ucts and  Biorefi n i ng 15 (6) : 161 1-20. 

httP-s://doi .org/10 .1002/bbb.2268 

2 .  S .H .  Mousavi-Avva l, A. Shah .  2021 .  Techno-economic analysis of hydroprocessed renewable jet fuel production from 

pennycress oilseed. Renewable and Susta i n able Energy Reviews 149: 1 1 1340. 

httP-s://doi .org/10 .1016/j . rser.2021 . 1 1 1340 

3 .  S .H .  Mousavi-Avva l, A. Shah .  2021 .  Life cycle energy and  envi ron menta l  impacts of hyd roprocessed renewa ble jet fue l  

prod uct ion from pennycress. App l ied Energy 297 :  117098. httP-s://doi .org/10 .1016/j . aP-energY..2021 . 1 17098. 

4. A. Shah ,  A. Manandha r, M .  Da rr. 2021 .  Near-term practical strategies to improve the life cycle techno-economics, energy 

use and greenhouse gas emissions of corn stover supply system for biobased industries. Biofuels, B ioprod ucts and  

B iorefi n i ng  15(3) :793-803. https://do i .org/10. 1002/bbb.2199 

Presentations 

1. H .  Stockham, A. Khana l, A. Shah .  2021 .  Techno-economic analysis of co-pelletization of agricultural residue and plastic 

waste for cement production. ASABE An nua l  I nternationa l  Meeti ng 2021, J u ly 12-16 .  Vi rtua l .  [ Poster] 

https://doi.org/10.1002/bbb.2268
https://doi.org/10.1016/j.rser.2021.111340
https://doi.org/10.1016/j.apenergy.2021.117098
https://doi.org/10.1002/bbb.2199


2. A. Kha n a l, A. Shah .  2021 .  Techno-economic analysis of hemp production and logistics in the U.S. ASABE An n u a l  

I nternationa l  Meeti ng 2021, J u ly 12-16, V i rtu a l .  [Ora l] 

3. A. M a n a n d h a r, S. Kha n a l, A. Shah .  2021 .  Tech no-economic analysis of implementing UA V technologies for crop health 

monitoring. ASABE An n u a l  I nternationa l  Meeti ng 2021,  J u ly 12-16, Vi rtua l .  [Ora l] 

4. A. M a n a n d h a r, S. Kha n a l, A. Shah .  2021 .  Tech no-economic analysis of implementing unmanned aerial systems for corn 

crop health monitoring. The CFAES An n u a l  Research Conference, Apri l 8, vi rtu a l .  [Poster] 

5. A. Kha n a l, A. Shah .  2021 .  Techno-economic comparison of hemp production and processing for grain, Cannabidiol 

(CBD) and fiber. The CFAES An n u a l  Research Conference, Apri l 8, vi rtua l .  [Poster] 
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* Future Challenges in Animal  Production Systems: Seeking Solutions through Focused Faci litation 

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

The a n i m a l  prod uction  i ndustries s ign ificantly contri bute to the U .S .  economy. However, a i r  pol lutant em iss ions associ ated 

with a n i m a l  prod uction  ca use sign ifica nt envi ron menta l  concerns. For exa m ples, d ust em ission from pou ltry faci l it ies 

p resents a n i m a l  hea lth, occu pationa l  safety and hea lth, and food safety concerns. Am mon ia  (N H3) em ission from a n i m a l  

fa rms contri butes 80% o f  t h e  tota l a nthropogen ic  N H3 em iss ions t o  t h e  atmosphere i n  t h e  U .S .  and  represents a s ign ifica nt 

stress to the ecosystems. Tools and  solut ions to u ndersta nd and  m itigate the concerns a re needed to he lp  the a n i m a l  

i ndustries i n  develop ing susta i n a ble a n i m a l  p rod uct ion systems. 

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. 

My efforts fitt ing i nto the objectives of m u lti -state project S-1074 have been focused on develop ing model  tools to est imate a i r  

em iss ion generation ,  d istri but ion,  and  d ispers ion,  and  a i r  em iss ion mitigation  techno logies. I n  2021,  w e  have been worki ng 

on  two projects. 

Project 1: A N I FA Fou ndationa l  grant  project " Model ing F luxes, Fate and  Tra nsport of Ammon ia  Em iss ion from Egg Prod uction  

and  M a n u re Ma nagement Fac i l i t ies". 

o AERMOD s imu lations were deve loped for esti mation of d ispers ion and  deposition  of N H3 em iss ion from typica l 

m a n u re-belt layer fac i l i ties i n  Oh io .  

o F ie ld measu rement ca m paigns for N H 3  d ispers ion were conducted i n  a com merci a l  m a n u re-belt layer fa rm i n  August 

and  October of 2021 .  Extensive data on ammon i a  em iss ion rates from va rious type of the pou ltry layer fac i l it ies, 

i nc l ud i ng  prod uction  houses, m a n u re com posti ng fac i l it ies, m a n u re storages, and  waste water process ing lagoons, 

were successfu lly obta i ned .  Am mon ia  concentrat ion data at u pwind location  and 20 downwi nd locations over 10 days 

were co l lected a long with the on-site weather cond it ion data . 

https://nrs.nifa.usda.gov/projects/5938


o The AERMOD model was va l idated us ing the data co l lected from field measu rement .  

o Eq u i pment and  methods for field measu rement of low leve l of ammon ia  were investigated . 

Project 2. A N I FA grant  project "E lectrostatic Preci p itation for Ai r Clea n i ng  of Pa rticu late Matter (PM )  Em iss ions at An ima l  

Prod uction Fac i l i ties." 

o We prima ri ly conducted field performa nce tests of electrostatic prec ip itator (ESP) and  e lectrostatic spray scru bber 

( ESS) prototypes for dust control and pathogen deactivation at pou ltry layer houses. Materia ls and  energy costs of the 

ESP and ESS operations were recorded .  Techno-economic ana lyses for both the optim ized ESP and ESS devices were 

conducted based on the long-term field test data . A Ph .D .  d issertation on m itigation of d ust em iss ion at pou ltry layer 

faci l it ies us ing ESP and ESS had been fi n ished in 2021 .  A M .S.  graduate study on control of pathogens us ing the ESP 

and  ESS devices had a lso been sta rted i n  2021 .  

o A journa l  a rticle on  A COMSOL computer s imu lation mode l  to  si mu late and  optim ize electrostatic prec ip itators (ESPs) 

for co l lect ion of d ust pa rt icles has been pu bl ished. 

o A journal  a rticle on  optim ization of ESS has been submitted . 

o An extens ion workshop on PM control at pou ltry faci l it ies us ing electrostatic prec ip i tation techno logies has been 

developed and wil l be offered at the 2022 Waste to Worth Conference in Apri l ,  2022. 

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

The ta rgeted aud iences a re peer researchers, u n iversity facu lty, graduate students, l ivestock and pou ltry professiona ls and  

an ima l  prod ucers. 

o The project resu lts have been d issem inated through i n-person meeti ngs among the team mem bers and with the 

professiona ls and managers of the co l laborati ng fa rm - New Day Fa rms, LLC. 

o The project resu lts have been d issem inated through pub l ications of severa l journa l  papers and conference 

presentations, and  popu la r  press a rt icles. See the pub l ication sect ion for deta i ls . 

o An extens ion workshop on the resu lts has been deve loped and wil l be offered the 2022 Waste to Worth Conference in 

Apri l ,  2022 and then th rough on a n  on l i ne  platform. 

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

o The outcomes of the Project 1 i nc lude a fu ndamenta l  mechan istic a i r  em iss ion model (AEM ) ,  a fa rm-scale, processed

based AEM,  and  the d ispers ion model AERMOD for N H3 em iss ions from pou ltry faci l it ies and  su bseq uent tra nsport and  

deposition .  These decis ion support tools for the  a n ima l  i ndustries and  govern menta l  agencies a re expected to  enable 

fa i r  assessment and effective control of N H3 em iss ions for imp roved hea lth of pub l ic, fa rm worker, and an ima ls. I n  

add it ion, the outcomes w i l l  contri bute to susta i n able egg prod uct ion a n d  agroecosystems. 

o The outcomes of the Project 2 inc lude effective and economica l ly feas ib le PM control techno logies that wil l enable the 

pou ltry i nd ustry to effective ly mit igate PM em issions, wh ich wi l l  resu lt i n  imp roved One Hea lth (hea lth of people, 

a n ima l, p la nt, and the envi ron ment) , reduced outbreaks of food borne d iseases, reduced losses due to outbreak of 

i n fectious d isease in pou ltry prod uction ,  enhanced envi ron menta l  q u a l i ty, and  susta i n able an ima l  prod uction .  The 

project wi l l  a lso contri bute i n novative PM contro l  solut ions for a com petitive and  susta i n able egg prod uction i ndustry 

i n  the U .S .  



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. 

o Describe and exp la i n  a ny major changes or  problems encou ntered in approach. 

o Covid-19 pandemic and  the associate lockdown has sign ificant ly de layed the field tests i n  ea rly month of 202, 

but we were a ble to fi n ish the majority of field tests i n  fa l l  of 2021 with a n  N I FA approved no-cost extens ion of 

the projects. 

o Add itiona l ly, note opportu n ities for tra i n i ng  and  profess iona l  development provided, 

o The P l  attended the S-1074 project sem i na rs, the a n n u a l  meeti ng, and  grant  proposa l d iscuss ions on l i ne  

meeti ngs. 

o The graduate student and postdoctora l resea rch associate pa rtici pated AERMOD model ing tra i n i ngs offered by 

The La kes Envi ronmenta l  Softwa re (https ://www.webla kes.com/) . 

o They presented the resea rch resu lts at professiona l  conferences through Zoom or recorded presentations 

o Among the resea rch group, a co l la boration between researcher from North Ca ro l i na  State U n iversity and  The 

Oh io  State U n iversity, va r ious i nterna l  tra i n i ngs on how to use d ifference measu rement eq u i pment and  d ifferent 

mode l i ng tools were conducted . 

o how resu lts have been d issem inated to commun ities of i nterest, and  

o See above the re lated sect ion 

o any new deta i ls rega rd i ng  what the project or  progra m plans to do d u ri ng  the next report ing per iod to accompl ish the 

goa ls. 

■ We wi l l  conti n ue  to partici pate the S-1074 sem i na rs /workshops to establ ish networks and co l la boration  with 

other mem bers of the S-1074 m u lti -state project. Seek proposa l co l la boration opportu n ities with the S-1074 

members. 

■ We have fi n ished Project 1 ,  but wil l conti n ue  to pu bl ish the resea rch work on using AERMOD model fo r 

estimation of ammon ia  d ispers ion from pou ltry p roduct ion faci l it ies and  a PALM model for si mu lations of 

d ispers ion and  deposition of N H3 em iss ion from pou ltry fac i l i ties i n  co l la boration with Dr. G i l  Boh rer. 

■ We have fi n ished field tests for Project 2. We wi l l  conti n ue  to ana lyze the field test data and  pu bl ish the l ab  

performa nce test and  field test resu lts as journa l  a rticles. The project w i l l  be fi n ished i n  Apri l 2022. 

■ More proposa l writi ng opportu n i ties wil l be deve loped i n  co l la borat ion with other S-1074 project members or  

peers. 

o U pdate U n iversity approva ls, I RB 

o N/A 

o I nc lude the names, depa rtments of CO-P is  that contri buted . 

https://www.weblakes.com
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Journa l  paper: 

1 .  Jepsen ,  L.Y. Zhao, and A. Soboyejo. 2022. Quantifyi ng fa rmers' exposu re to corn and soybean d ust in on-fa rm gra i n  

storage b i ns. J .  o f  Agricu ltu ra l  Safety and  Hea lth, 28 (2) : xx-xx. htti:2s://do i .org/10. 13031/jash . 14877 

2 .  Kn ight, R. M. L.Y. Zhao, and  H. Zhu .  2021 .  Model l i ng and optim isation of a wi re-p late ESP for mitigation  of pou ltry PM 

em iss ion us i ng  COMSOL.  B iosystems Eng ineeri ng, 2 1 1, 35-49 . htti:2s://doi .org/10 .1016/j . b iosY.stemseng.2021 .08.026 

3 .  Tong, X., L.Y. Zhao, R. B. Man uzon ,  M. J .  Da rr, R. M. Knight, C.  Wang, A. J .  Heber, J.Q. Ni . 2021 .  Ammon ia  Concentrations 

and  Em iss ions at Two Commercia l  M a n u re-Belt Layer Housed with M ixed Tu nne l  and  Cross Venti lation .  Tra nsactions of 

the ASABE.  64(6) : 2073-2087. (do i :  10 . 13031/tra ns. 14634) 

4. Hong, S. -w.; Park, J.; Jeong, H.; Lee, S.; Choi ,  L. ; Zhao, L. ; Zhu ,  H. F lu id  Dynam ic  Approaches for Pred ict ion of Spray Drift 

from G round Pestic ide Appl ications: A Review. Agronomy 2021, 11 ,  1182. htti:2s://doi .org/10.3390/ 

5. Kn ight, R. ,  X. Tong, L. Zhao, R. B. M a nuzon ,  M .  J. Da rr, A. J. Heber, J. Q. N i .  2021 .  Pa rticu late matter concentrat ions and 

em iss ion rates at two retrofitted manu re-belt layer houses. Tra nsactions of  the ASABE.  64(3 ) :  829-841 .  (do i :  

10 . 13031/tra ns. 14337) 

Presentation: 

1. Kn ight, R., M. Herki ns, M. and  L.Y. Zhao.  2021 .  A Review of E lectrostatic Preci pitation  Ai r Clea n i ng  Techno logies fo r 

Contro l  of Dust Em iss ions and  Pathogen ic  Bacter ia at An ima l  Prod uct ion Faci l it ies. Presented at 2021 I nternationa l  

Sym posi u m  on  An ima l  Envi ronment and Welfa re, Chongq i ng, Ch ina ,  October 21-23, 2021 .  

Editor Reviewed Article in Popular Press 

1 .  Zhao.  L.V. 2021 .  Venti lat ion and  Contro l  of Ai rborne Pathogens i n  I ndoor Environment for H u man  and  An ima l  Health .  

Oh io's Cou ntry Jou rna l .  J u n .  2021 .  

2 .  Zhao .  L.V. 2021 .  Venti lat i ng La rge An ima l  Ba rns i n  Wi nter for Comfort and  Health .  Oh io's Cou ntry Jou rna l .  J a n .  2021, 

Impact Statement (Optiona l) 
Use this space to ta lk about the impact that this resu lt had ,  in layman 's terms. Add ing  comments here wi l l  not change the content in the high lighted resu lt. 

The an ima l  prod uction i ndustry contri butes sign ifica ntly to the U .S .  economy and globa l food prod uction .  However, 

particu late matter (PM ,  a lso known as dust) and  ammon i a  em iss ions from an ima l  prod uct ion faci l it ies ca use envi ronmenta l  

q u a l ity a n d  hea lth concerns. T h e  pou ltry i ndustry contri butes sign ificantly to each o f  these pol luta nts. Dust em iss ions from 

pou ltry faci l it ies ca n ca rry pathogen ic  bacteria and viruses, affect ing the hea lth of both a n ima ls and  workers as we l l  as the 

envi ronmenta l  q u a l ity of neighboring comm u n it ies. A severe avi a n  i nfluenza outbreak in 2015 i n  the US ki l led more than 50 

m i l l ion pou ltry an ima ls and scientists bel ieve PM em iss ions contri buted to the spread of d isease. H igh ammon ia  

concentrat ions i ns ide pou ltry houses affect the  respi ratory and immune systems of  b i rds, threaten i ng  vi ab i l ity. Once released 

to the outside, ammon ia  em iss ions can have negative im pacts on h uman  hea lth and the ecosystem .  

https://doi.org/10.13031/jash.14877
https://doi.org/10.1016/j.biosystemseng.2021.08.026
https://doi.org/10.3390/


There is a n  u rgent need to control and  ma nage PM and ammon ia  em iss ions from pou ltry faci l it ies. Dr. Zhao's team has 

deve loped e lectrostatic preci pitators and  spray scru bbers for PM mitigation  i n  commercia l  pou ltry faci l it ies and a re cu rrently 

conduct ing field performa nce tests at pou ltry layer houses to determ ine  the PM remova l effic iency, energy consu mption and  

economic feas ib i l i ty of  these devices. They a re a lso develop ing tools to  est imate ammon ia  em ission i ns ide and  downwi nd of 

pou ltry layer faci l it ies for regu lation and m itigat ion pu rposes as well as eva l uat ing the effic iency of venti lat ion systems. 

The u lt imate goa l of th is work is to make an ima l  prod uction  more susta i n a ble with imp roved an ima l  health, red uced d isease 

outbrea ks, and enhanced envi ronmenta l  q u a l ity. 

[ Closi ng Out  (end date 09/07/2023) ] 
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I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 

Ou r  resea rch focuses on the i nd ivid ua l, socia l  and  i nstitutiona l  d rivers of decis ion maki ng  as it re lates to water q u a l ity 

management.  I ncreasi ng ou r  u nderstand i ng  of how people p rocess complex, tech n ica l  i nformation; how ind ivid ua l  decis ions 

a re i nfluenced by soc ia l  context; and how co l laborative networks emerge enab les us to encou rage more info rmed decis ions 

both i nd ivid u a l ly and co l lective ly. These goa ls a re often re lated to more ta ng ib le outcomes in the physica l envi ronment, such 

as red uced n utr ient loss and improved water q u a l ity. 

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. 

Wi lson pa rtici pated i n  severa l federa lly fu nded projects focused on u nderstand i ng  fa rmer conservation decis ions, where 

severa l su rvey data sets were ana lyzed to develop statistica l models of how fa rmers a l locate the i r  l and to food prod uction ,  

energy prod uct ion, and  conservat ion given cha nges i n  economic s igna ls; how fa rmers manage the i r  l and i n  response to 

va ri ab i l ity in a n n u a l  weather patterns; and  what type of program design and payment might encou rage fa rmers to set as ide 

land for constructed wetla nds. The outcomes to d ate for these projects a re cha nges i n  knowledge, such as increased 

u nderstand i ng of fa rmer heterogeneity in decis ion making and d rivers of behavior as we ana lyze the su rvey data and work on 

p ub l ications .  

Wi lson and  Toman worked with one doctora l student on a project exam i n i ng the effects of fi nanc ia l  and  tempora l  sca rcity on 

fa rmer decis ions to engage i n  conservation behaviors. Th is  p roject exam i ned the effect of seasona l  fluctuations i n  ava i la b le 

time and resou rces on fa rmers and cons idered imp l ications for the tim i ng  of data co l lection to forecast adopt ion rates of 

conservat ion behaviors. Toman  a lso worked with th is doctora l student and  a post-doctora l associate to assess a construct 

designed to assess the occu pationa l  identity of fa rmers and  exa m ine  correlat ions between fa rmer identity and  adopt ion of 

conservat ion practices. 

Berardo worked on  a project in co l la boration  with Tomas O l ivier (assista nt professor at Florida  Atlant ic U n iversity) and 

Federico Ho lm (postdoctora l researcher at the U n iversity of  M ich igan)  explori ng the governance system that  fo rms when 

water q u a l ity sta keholders pa rtici pate i n  the development of  non-po int  sou rce pol lut ion management p lans i n  Oh io .  By 

match ing watershed Tota l Maximum  Da i ly Load i ng  (TM DL) ana lyses to the content of the management pla ns, we deve loped 

an 'efficacy index' for each plan and use socia l  network ana lysis (SNA) techn iq ues to exam i ne whether higher leve ls of efficacy 

a re d riven by specific structu res i n  the network of sta keholders pa rtici pati ng i n  the p lans .  

Berardo a lso worked on the prod uction of And Water For all, a docu menta ry on water affordab i l ity i n  Oh io  that is set to 

p remiere on Ma rch 22nd,  2022. The movie reviews both the fi nanc ia l  cha l lenges to bu i ld and  ma i nta i n  the expensive 

i nfrastructure to clean both d ri n ki ng  and  waste water in ru ra l  and  u rba n sett ings as we l l  as the pol it ica l d ifficu lties that 

ut i l it ies face when they serve popu lations that ca n not afford to pay for the ra p id ly i ncreas ing rates that they i mpose. 

https://nrs.nifa.usda.gov/projects/840


Hamilton participated in a project integrating assessments of environmental and socio-cognitive processes to construct and 

derive insight from a systems model of drinking water qual ity in a region of rural Appalachia that has experienced significant 

water qual ity management challenges. Data collection is ongoing and the research team plans to begin dissemination of 

results during the 2022 summer. 

Hamilton also supported research on how farmers, Natural Resource Conservation Service (NRCS} personnel, and agricultural 

researchers perceive interactions among factors related to soil health. This study, led by two recently-graduated PhD students 

and published in 2021, revealed significant variation in the cognitive maps of members of these three communities and 

demonstrated that NRCS personnel and researchers underappreciated the degree to which farmers prioritize soil health in 

decision-making. Hamilton supported research led by two PhD students on how representatives of local stakeholders 

collaborate to address climate change adaptation issues (including water resource management) in the Columbus, OH, 

region. During the 2021 summer, over 100 interviews were conducted; data are currently being analyzed and findings will be 

disseminated to stakeholders and academic audiences during 2022. 

Berardo and Hamilton will continue supporting a PhD student's research on interactions among climate change adaptation 

issues, organizations, and decision-making processes in Ohio. This research will identify the conditions under which 

organizations bridge "collaboration gaps" among interrelated climate change adaptation issues, including water quality, 

nutrient management, and stormwater management. One manuscript was published in 2021, and another is under review. 

Jackson-Smith participated in several projects that explore the drivers and constraints of farmer adoption of conservation 

practices that directly affect water quality outcomes. In 2021, this included analysis of results from a suite of farmer 

interviews, surveys, and fieldwork (including results of the 2020 Ohio Farm Poll and fieldwork/survey data from a USDA OREi 

funded project on organic farmer soil health management). He also worked with Wilson (and a team of colleagues from other 

universities) to develop and publish a conceptual model to integrate insights and lessons from diverse social science theories 

and literatures. 

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

These results benefitted our target audience (farmers, outreach professionals and policy makers) by identifying how best to 

target and engage unique groups of farmers to promote conservation; how to think about the protection of natural resources 

in complex governance systems; and how to influence the design and implementation of OSU extension and research 

programs to accelerate adoption of conservation behaviors. Finally, this project also led to meaningful and sustainable 

partnerships with and among local communities and organizations. 

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

The project improves basic and applied scientific understanding of environmental decision-making, with a focus on 

interactions among individual behavior, social processes, and institutional structures. A better understanding of the interplay 

among these elements of environmental management is crucial for designing more effective policies and other interventions 

that benefit natural and human communities. The general public will benefit from these outcomes over time through 

improved water governance, improved farmer engagement, increased private lands conservation, and ultimately, improved 

water qual ity. 

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. 

Co Project Directors are Ramiro Berardo, Matthew Hamilton, Douglas Jackson-Smith, Eric Toman - School of Environment 

and Natural Resources, The Ohio State University 

Ten presentations were given to diverse audiences on these findings, including both interdisciplinary academic audiences 

and members of the public. Fourteen papers were published (with 10 in review or in prep) (see below). Three new grants were 

submitted and funded that will begin in 2022, one focusing on increasing conservation from 30% to 70% of the acreage in a 

small watershed to measure the ability to meet water quality goals, one focused on statistically modeling dynamic decisions 

of farmers in response to information about about achieving social and water quality goals at different scales, and the third 

exploring the social, economic and environmental pros and cons of alternative strategies to integrate crop and livestock 



prod uction .  A docu menta ry was prod uced, and  severa l resea rch and  pol icy brief were written .  1 u ndergraduate, 8 graduate 

students, and  3 postdoctora l resea rchers received tra i n i ng on th is project. The project a lso su pported 5 facu lty with the i r  

resea rch appoi ntments. 

Journal Articles 

Beetstra , M ., K. Slagle, and  E. Toman. 2021 .  Recogniz i ng dynam ic  agricu ltu ra l  identities i n  chang ing ru ra l  landscapes and  the i r  

i mpact on conservat ion practices. Resea rch Note. Landscape and  U rban P la n n i ng. 207. 

httP-s://doi .org/10 .1016/j . l a ndu rbP-lan .2020.103999 

Brooker, M . R. ,  J .  D 'ambrosio, M . M .L .  Jones, M. Ka lcic, K.W. Ki ng, G .  Labarge, T. Pa ncha l i ngam,  B.E. Roe, E . R. Schwab, C. Soldo, 

N . D . Sto ltzfus, R.S. Wilson, R.J . Winston and J . F. Ma rti n .  2021 .  "A Pub l ic-P rivate Pa rtnersh ips to Locate Fields for 

Imp lementation and  Mon itori ng of Best Management Practices to Treat Legacy Phosphorus". Frontiers in Sustainable Food 

Systems (Waste Management in Agroecosystems), 5: 7 42817. 

Epanch in -N ie l l ,  R.S. , D.B. Jackson-Smith, R.S. Wilson, M. Ashenfa rb, A.A. Dayer, V. H i l l is, G.D. l acona,  E .M .  Ma rkowitz, S .T. 

M a rqua rt-Pyatt and T. Trea kle. 2021 .  " Private land conservation decision -maki ng: An i n tegrative soci a l  science model ." 

Journal of Environmental Management, 302: 1 13961 .  

Te l lez, C.*, R.S. Wilson and  H .  Wa lpole .  2021 .  "Overcoming  ba rriers to government program pa rt ic ipat ion for i n terested 

fa rmers". Journal of Soil and Water Conservation, 76(6) : 558-567. 

Kast, J.* ,  M. Kalcic, R.S. Wilson, D. Jackson-Smith, N. Breyfogle, and J .  Ma rti n .  2021 .  " Eva l uat ing the Efficacy of Ta rget ing 

Options for Conservation  Practice Adoption on Watershed-Sca le Phosphorus Red uctions". Water Research, 201 :  117375. 

Schwa b, E.*, M. Ka lcic, and R.S. Wilson. 2021 .  "Assessi ng  the accu racy of fa rmers' n utr ient loss risk perceptions". 

Environmental Management, 68(4) : 539-552. 

Schwa b, E.*, R.S. Wilson and M. Ka lcic. 2021 .  " Explori ng the mechan isms beh i nd  fa rmers' perceptions of n utr ient loss risk". 

Agriculture and Human Values, 38(3) : 839-850. 

Wade, J., M . A. Beetstra, M. Hamilton, S. W. Cu lman ,  and A. J .  M a rgenot. 2021 .  "So i l  Hea lth Conceptua l ization Differs across Key 

Stakeholder G roups in the M idwest." Journal of Soil and Water Conservation, 76 (6) 527-533. 

Jasny, L, J .  Sayles, M. Hamilton, L.R. Gomez, D.  Jacobs, C. Prel l ,  P. Matous, E .  Schiffer, A. M. Guererro, M . L. Ba rnes. 2021 .  

" Pa rtici pant Engagement i n  Envi ronmenta l ly Focused Socia l  Network Research ." Soci a l  Networks 66 :  125-38. 

https://do i .o rg/ 10 .1016/j .socnet.2021 .01 .005. 

H am i lton, M., A. P. Fischer, L. Jasny. 2021 .  " Bridgi ng Co l laborat ion Gaps in Fragmented Environmenta l  Governa nce Systems." 

Environmental Science & Policy 124: 461-70. 

O l ivier, T., and R. Berardo. 2021 .  "B i rds of a feather fight together : foru m i nvo lvement i n  a weakly i nstitutiona l ized eco logy of 

pol icy ga mes." Policy Studies Journal. DOI: 10. 1 1 1 1/psj . 12418. 

Spru nger, C. , S .  Cu lman ,  L. Deiss, C. Brock, and D .  Jackson-Smith. 2021 .  Which management p ractices i nfluence soi l  hea lth i n  

M idwest organ ic  corn systems? Agronomy Journa l  113 :4201-4219 .  https://do i .org/10 .1002/agj2 .20786. 

Cu lman ,  S. , C. Brock, D .  Doohan ,  D .  Jackson-Smith, C. Herms, V. N .  Chaga nti , M. Kle i n henz, C.D. Sprunger, and J .  Spa rgo. 2021 .  

Base cation satu rat ion ratios vs. sufficiency level o f  n utr ients: a fa lse d ichotomy i n  practice. Agronomy Journa l  

https://do i . o  rg/ 10 . 1002/ agj2 .20787 

Brock, C.*, D .  Jackson-Smith, S. Cu lman ,  C. Herms and D .  Doohan .  2021 .  Organ ic  corn prod uction practices and profita b i l ity i n  

t h e  eastern Corn Belt. Susta i nab i l ity 1 3 :  8682. https://do i .org/10.3390/sul3168682 

Presentations 

R.S. Wi lson, A. Wi lson and  M .  Doidge. 2021 .  "Oh io  State stud ies the c l imate and  agricu ltu re". I nvited speaker on the 'Ou r  Oh io  

Weekly' Podcast. V i rtua l  Event. 

https://doi.org/10.1016/j.landurbplan.2020.103999
https://ofbf.org/2021/07/06/ohio-weekly-ohio-state-studies-climate-agriculture
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R.S.  Wi lson, H .  Wa lpole and  C. Te l lez. 2021 .  " Fa rmer cl i mate adaptation :  Fa rm ing  h a rder, fa rm ing  d ifferent and  stopp ing  

a ltogether". Spea ker  at the Soi l  and  Water Conservation  Society An n u a l  Conference.  Vi rtu a l  Event. 

R .S.  Wi lson .  2021 .  " U nderstand i ng  c l imate ada ptation  decisions in la rge-sca le agricu ltu re". I nvited sem i n a r  spea ker at the 

Sta nford U n iversity Ser ies "Approach ing  susta i nab i l ity: Conversations with lead i ng  scho lars". Vi rtua l  Event. 

R .S.  Wi lson .  2021 .  " Land-use behavior and keep ing the eco logica l carbon iso lated ". I nvited pane l ist at The Ohio State 

U n iversity Susta i nab i l ity I n st itute Energy Sym posi u m  "What does it  mea n  to go negative?". Vi rtua l  Event. 

R .S.  Wi lson and A. Wi lson .  2021 .  "Agroecosystem res i l ience: Regiona l  i n tegrated mode l i ng  of fa rmer adaptations to gu ide  

m a nagement i n  a chang ing c l imate". I nvited spea ker  at the N C3 Webi n a r  Series. Vi rtua l  Event. 

R .S.  Wi lson .  2021 .  " U nderstand i ng  c l imate ada ptation  and m itigation  decis ions i n  la rge-sca le agricu ltu re". I nvited spea ker at 

The Oh io  State U n iversity Depa rtment of M a rket ing Brown bag. Vi rtua l  Event. 

R .S.  Wi lson and M. Doidge. 2021 .  "U ndersta nd ing  c l imate adaptat ion decis ions i n  the eastern Corn Belt". I nvited spea ker at 

Env i ronmenta l  Science Gra d uate Progra m Sem i n a r. Vi rtua l  Event. 

M. H a m i lton,  C .  Evers, M. N ielsen-P i ncus.  2021 .  "Cross-j u risd iction  coord i nat ion of risk in fragmented governa nce sett ings". 

An n u a l  Meeti ng of the America n Associat ion of Geogra phers (vi rtua l  presentation ) .  

R .  Bera rdo.  2021 .  " U ncoveri ng  the  po lycentric natu re of  water  q u a l ity governance:  Evidence from Oh io's Non  po in t  Sou rce 

I m p lementation  Strategic P lans." I nvited spea ker  at the Depa rtment of Polit ica l Science, P u rd u e  U n iversity. Apri l 27. 

D .  Jackson-Smith " Hypoxia Task Force States N utr ient Red uct ion Strategies;' Pa ne l  orga n izer and p resenter at 2021 U n iversity 

Consorti u m  for Water Research (U COWR) a n n u a l  meeti ng (vi rtua l ) ,  J u ne, 2021 .  (Co-authored with A. W i lke, C. Wa rd ropper, K. 

Genskow, and  A. Rissman ) .  

Other Products 

R. Bera rdo.  "And Water For Al l :  A documenta ry on  water afford a bi l ity i n  Oh io ." The docu menta ry wi l l  be re leased on M a rch 

22nd,  2022 (World Water Day) . Pre-prod uction sta rted i n  Apri l of 2021,  prod uct ion took place from late J u ly to ea rly December. 

Beestra, M .  Po l icy Brief 1. Fa rmer Resou rces and  Cover Crop  Perceptions F luctu ate Throughout the Yea r. CFAES. 

Beestra, M. Po l icy Brief 2 .  F luctuati ng Resou rces and Cognit ion Lead to Seasona l  Sca rcity Among Fa rmers. CFAES. 

Beestra, M. Po l icy Brief 3 .  Fa rmer Perceptions of the COVI D-19 Pa ndemic  and I m p l ications fo r Conservation .  CFAES. 

Beestra, M. Po l icy Brief 4. Suggested Changes to Cu rrent Cover Crop I n centive Progra ms. CFAES. 

Beestra, M. Po l icy Brief 5 .  Fa rmers Perceive Cover Crop Benefits and Cha l lenges as F luctuati ng  Throughout the Yea r. CFAES. 

Beetstra , M. 2021 .  I ncreasi ng Adoption  of Cover Crops and Other Conservation  Tools Among Ohio Fa rmers. OSU Knowledge 

Exchange Resea rch Brief. kx-assets.s3 . amazonaws.com/2021-03/KX_Pol icyBriefs_v4.pdf 
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I n  2-3 sentences, briefly describe the issue or problem that you r  project addresses. 
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This p roject address to two im porta nt gaps i n  knowledge to bala nce agricu ltu ra l  p roduct ion and water q u a l ity: 1. it is 

u n known how long effective BMPs req u i re, and what a nnua l  rates of adoption a re needed to reach mandated water q u a l ity 

ta rgets, and  2. it is u n known how changes i n  c l imate wi l l  im pact the ab i l ity of B M Ps to reach these ta rgets. 

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. 

I n  a conti n ued sta keholder-d riven ,  m u lti p le-mode l ing co l laborat ion, we identified feas ib le scena rios that wou ld l i ke ly be 

adopted across agricu ltu ra l  lands that comprise ~80% of the watershed.  We then ana lyzed scena rios with futu re c l imate 

i n puts to u ndersta nd how d ischa rge and  management needs may cha nge with va ri at ions in preci p itat ion and temperatu re. 

Th is  is described in severa l peer- reviewed papers (Kujawa et a l . , 2021; Evenson et a l . ,  2021; Ma rt in et a l . , 2021 ) .  

We have a lso expanded on  th i s  project a long two themes. 

Fi rst, we a re mon itori ng and mode l i ng soi l  hea lth and the correspond i ng  impact on water q u a l ity. We a re mon itori ng 

p roperties re lated to soi l  hea lth on fields i n  Oh io  and  determ ine  whether there a re re lationsh i ps between soi l  hea lth and 

water q u a l ity i n  agricu ltu ra l  ru noff. We a re a lso focus ing on critica l hyd ro logy model imp rovements needed to more 

accu rate ly sim u late soi l  hea lth imp rovements, i nc l ud ing  soi l  physica l properties, i n  the Soi l  and  Water Assessment Too l  

(SWAT) , a watershed mode l  used to  s imu late the effects of  B M Ps on water q u a l ity. 

Second,  we a re mon itori ng and  model ing legacy phosphorus in agricu ltu ra l  fie lds. We a re expand i ng  ou r  sta keholder-d riven 

approach to engage with nu trient service providers (NSPs), such as agronom ists and  certified crop  advisors who provide 

techn ica l assista nce to prod ucers i n  fert i l izer management at a field sca le. Th is pu bl ic-private partnersh ip  wi l l  be used to 

i mplement BMPs on fa rm fie lds with elevated phosphorus levels, and we wi l l  assess the outcomes with edge-of-field 

mon itori ng and sim u late extrapolat ion of the approach with the SWAT model .  

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

Ou r  resea rch group  has presented fi nd i ngs to the broader resea rch comm u n ity through the professiona l  conferences, as well 

as through sta keholder meeti ngs and ta rgeted worki ng grou ps. We have a lso presented fi nd i ngs to loca l and regiona l  

sta keholders through i nvited presentations to  Oh io  Environmenta l  Protect ion Agency, Oh io  Depa rtment of  Agricu ltu re, 

ta rgeted meeti ngs through Oh io  State U n iversity's Col lege of Food, Agricu ltu ra l, and Envi ronmenta l  Sciences, and through 

workshops with a sta keholder advisory group  composed of experts and  advocates i n  agricu ltu ra l, envi ron mental , and  pol icy 

sectors. 

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

Through work with the agricu ltu ra l  and scientific commun ity we have identified management p lans with the potenti a l  to 

ach ieve water q u a l i ty goa ls for Lake E rie wh i le ma in ta i n i ng agricu ltu ra l  prod uctivity. Broader pu bl ic benefits of th is 

ach ievement i nc lude; food supp ly, water q u a l ity improvements, and  imp roved recreationa l  and cu ltu ra l  benefits from su rface 

waters. 

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. 

Co-Project D i rectors: 

o Ma rga ret Ka lcic - Food, Agricutl u ra l  and B io logica l Engi neeri ng, The Oh io  State U n iversity 

o Rya n Winston - Food, Agricutl u ra l  and  Bio logica l Eng ineeri ng, The Oh io  State U n iversity 
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Luell, S.K., Winston, R.J., and Hunt, W.F. (2021}. "Monitoring the water qual ity benefits of a triangular swale treating highway 

runoff." Journal of Sustainable Water in the Built Environment. 7(1), 05020004. 



Sustainable bioP-lastics for food P-ackagi.ng 

Project Director 

Yael Vodovotz 

Organization 

Ohio State University 

Accession Number 

1014122

* Sustainable bioplastics for food packaging 

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

Bacteri a l ly synthesized po ly- (3-hyd roxybutyrate-hyd roxyva lerate) PH BV, a lthough a promis ing composta ble b io-p lastic and  

potent ia l  p lastic packag ing replacement polymer, has l im ited use  d ue  to  therma l  degradat ion, and  britt leness at room 

tem peratu re. Blend i ng  of PHBV with natu ra l  rubber (N R), when optim ized, ca n imp rove both the im pact resista nce and  

toughness p roperties of  the materi a l .  Va rious u n ique  req u i rements need to  be met  when  consideri ng a materi a l  for food 

packag ing app l i cat ions that encom pass the dynam ic  i nteract ion between food, packagi ng materi a l  and the envi ron ment. 

Add i tiona l ly, other more common properties such as gas and water vapor permea b i l ity, mechan ica l changes, sea l i ng and  

thermoform ing capabi l it ies, mach i nab i l i ty, tra nspa rency, a nti -fogg ing, pri ntab i l ity, resista nce to  l ight, water, ac i d ,  grease, 

ava i l ab i l ity and  of cou rse cost a l l  a re i mporta nt facto rs. 

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 yea r, o u r  m u ltid isci p l i na ry team has concentrated on sca l i ng u p  ou r  polymer blend i n  a n  i nd ustria l  sett ing. To that end 

we have worked closely with M uce l l  and P lasti lene, two packag ing compan ies, to prod uce the materi a ls i n  a p i lot sca le with 

resu lts that ca n be d i rectly tra nslated to la rge i ndustri a l  sett ing. The P H BV/N R  blend sent to P lasti lene did not successfu l ly 

sheet i n  the p i lot eq u i pment .  However, when 0.5-1 .0% epoxid ized spent coffee ground  o i l  was added,  resu lts were 

d ramatica l ly imp roved.  Va rious batches were tested and  sheeti ng was very successfu l .  To sca le u p  to the next leve l of 

manufactu ri ng, The blend has been sent to the M uce l l  fac i l i ty. Funds a re be ing sought to prod uce prototype food trays and  

cosmetic tu bes from the  b lend  to  he lp i n  commercia l iz i ng th i s  techno logy. Add i tiona l ly, va rious materi a l  characterization 

tests a re bei ng conducted on the P lasti lene prod ucts to assu re the materi a l  w i l l  meet i ndustry expectations. These inc lude 

therma l  and rheo logica l ana lysis, water and gas permeabi l ity tests and  biodegradab i l ity tests. 

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

This reporti ng term we have worked on tra nslati ng our laboratory resu lts of a prom is ing b iobased, com postable food 

packag ing materi a l  to an i nd ustri a l  sett ing. Worki ng with partner com pan ies we have shown that ou r  blend ca n be processed 

as prototypes by i ndustry. When p roject is complete, we hope to have vi ab le, well cha racterized more susta i n able food 

packag ing a lternatives. These packag ing a lternatives, i f  ut i l ized by i ndustry wou ld greatly decrease the landfi l l  b u rden 

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

Uti l iz i ng more susta i n able, compostable food packagi ng ca n decrease waste as well as lower the envi ronmenta l  i mpact of 

trad itiona l  p lastics. 

Impact Statement (Optiona l) 
Use this space to ta lk about the impact that this resu lt had ,  in layman 's terms. Add ing  comments here wi l l  not change the content in the high lighted resu lt. 

Concerns over envi ronmenta l  pol lut ion have stim u lated resea rch in b iobased biodegradable p lastic materi a ls .  Cu rrent 

estimates pred ict that the food packag ing ma rket wi l l  grow from USD $292.91 b i l l ion i n  2018 to USD $378.58 b i l l ion i n  2022. 

Th is  expected increase is due to consumer demands fo r food prod uct packag ing that offers conven ience, the risi ng u rban 

popu lation ,  and  to m i n im ize food waste. P lastic packagi ng accounts for >30% of globa l p lastic consu mption, with >99% of 

them bei ng derived from foss i l -derived ca rbon and  h igh ly reca lcitrant  i n  the envi ronment. Moreover, p last ic packag ing is 

common ly (>50%) si ngle use pr ior to d isposa l .  

https://nrs.nifa.usda.gov/projects/4887


Thus far, recyc l ing has fa i led to provide solut ions to mit igate the accumu lation of these plast ics i n  landfi l ls . Aside from the 

p lastic recyc l ing rate bei ng low (<10%) , what is recycled has d im i n ished va lue s ince most of these materi a ls a re downcycled 

such they a re d isposed i nto landfi l ls. The packag ing i ndustry is actively seeki ng a lternative materi a ls that meet or  exceed 

cost-performance req u i rements of cu rrent plastics wh i le be ing biodegradable in defi ned cond it ions a nd ,  based on l ifecycle 

a n a lysis, have favorable red uctions in green house gas em issions and  energy ut i l ization .  

Dr. Yae l  Vodovotz's and  Dr. Katri na  Corn ish 's  resea rch on a PHBV/N R  b lend ca n potenti a l ly he lp advance the field of  b iop lastic 

food packagi ng and represent progress towa rd ou r  la rger goa l of develop ing state-of-the a rt bio-based a nd/or biodegradable 

food packagi ng materia ls to imp rove the susta i nab i l ity of the food i ndustry by red uc ing p lastic waste. 

Critica l Issue 

OSU - Food Secu rity and Production 

Connecting Science to Farm Fields: The Ohio State Digita l Agriculture eFields Program 

Project D i rector 

Debora h  Lewis 

O rga n ization  

Oh io  State U n iversity 

Access ion N u m ber  

7002750

* Connecting Science to Farm Fields: The Ohio State Digita l Ag eFields Program 2021 Resu lts 

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

OSU Extens ion, in partnersh ip  with facu lty in the Depa rtment of Food, Agricu ltu ra l, and B io logica l Engi neeri ng and  Oh io  

State's Col lege of Eng ineeri ng, conducts resea rch and  ed ucates prod ucers about best practices that  i ncrease yield and  

p rofita b i l i ty. I n  2017, the  Digita l Agricu ltu re tea m decided to  i n it iate a new on-fa rm resea rch effort tha t  was  named eFields. 

The twenty-person team i nc luded county ed ucators, fie ld speci a l ists, students and on-campus  facu lty. eFie lds is a n  Ohio State 

p rogram ded icated to advanc ing prod uct ion agricu ltu re us ing fie ld-sca le resea rch .  Th is progra m ut i l izes modern techno logies 

and i n formation to conduct on-fa rm stud ies with an ed ucationa l  and demonstration component used to help fa rmers and  

thei r advisors u ndersta nd how new practices and  tech n iq ues ca n imp rove fa rm effic iency and  profita b i l ity. The p rogram is 

a lso dedicated to del iveri ng t imely and re levant, data -d riven, actionable i n formation .  

As  the D igita l Ag Team reflected on 2021  i n  th i s  yea r's eFie lds ed itori a l  message, the COVI D-19 pandemic conti n ued to impact 

the agricu ltu re i ndustry and  beyond .  As the yea r progressed , supp ly cha i n  and  labor issues created u n ique  cha l lenges. 

Shortages in pa rts and e lectron ic  components made mak ing repa i rs d ifficu lt by ha rvest t ime. Some crop protect ion prod ucts 

were d ifficu lt to buy i n  late s ummer. Unfortu nately, s upp ly shortages, labor, and  now energy costs have i mpacted the supp ly 

and  costs of i nputs. Ferti l izer p rices a re at a n  a l l-time h igh as 2021 comes to end with it bei ng d ifficu lt to p u rchase crop 

p rotect ion prod ucts. Fortunately for Oh io  fa rmers, the 2021 growing season was favorable, lead i ng  to high yields that have 

he lped offset i n put pr ice increases. 

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. 

Du ri ng  its fi rst yea r (2017), a tota l of 45 stud ies were conducted i n  14 cou nties with 39 pa rtneri ng  fa rms that a lso inc luded 21  

i ndustry partners, wh i ch  su pported va rious projects. The eFields project has conti n ued to  expand s ince 2017. I n  2021, the 

eF ie lds p roject i nc luded :  249 stud ies, 144 fa rm co l laborators, 78 i ndustry pa rtners, and 68 Ohio State investigators. Projects 

covered seven focus a reas: precis ion seed i ng, precis ion n utr ient management, precis ion crop management, so i l  com paction ,  

remote sensi ng, forages and  data ana lysis and  management.  Resu lts from a l l  five yea rs a re provided to sta keholders as a 

pr inted report and  a lso as a n  on l i ne  pub l ication ava i la b le at go.osu .edu /eFieldsRe12orts The a n n u a l  report h igh l ights how 

techno logy and i n put management decis ions ca n imp rove Oh io  crop prod uction .  D istri but ion and viewing inc luded more 

than 40 US states and  38 add itiona l  i nternationa l  cou ntries. 

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

https://nrs.nifa.usda.gov/projects/14367
https://go.osu.edu/eFieldsReports


The eFields progra m has expanded on-fa rm resea rch across the state and  strengthened re lationsh i ps between fa rm managers 

and  Extens ion professiona ls. Key resu lts ( i n  2020) i nc luded the soybea n seed ing rate stud ies, fert i l izer management, and soi l  

hea lth stud ies. T h e  soybea n seed ing rate resu lts i nd i cated fa rmers cou ld p lant less seed wh i le ma in ta i n i ng  yield with a n  

opti mum  soybean seed ing rate between 120,000 and  140,000 seeds/ac. Ferti l izer resu lts h igh l ight t he  im porta nce of 

app l ication placement and ti m i ng. A soi l  hea lth su rvey of 88 fa rm fie lds in Oh io  has he lped provide  data for Oh io  fa rmers to 

beg in  benchmarki ng soi l  hea lth metrics and  u nderstand i ng  how ma nagement practices im pact soi l  health .  Feed back from 

fa rmers and  consu lta nts has been exce l lent with suggest ions on how to imp rove futu re programs and  what stud ies fa rmers 

wou ld l i ke to see completed by Oh io  State. 

Cu rrent projects a re focused on precis ion n utr ient management strategies and  techno logies to imp rove effic iency of fert i l izer 

p lacement, ena ble on-fa rm eva l uat ion, a utomate mach ine fu nctiona l ity, enhance placement of pest ic ides and seed, and to 

deve lop ana lytica l tools for d igita l agricu ltu re. 

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

The 2021 eFields Report (go.osu .edu /eFieldsRe12orts) is a cu lm i nat ion of the resea rch conducted d u ri ng  the past yea r on 

partner fa rms throughout Oh io .  With ou r  new interactive eFields map  (httP-;L/go.osu.ed u/KXeFieldsMa12) , wh ich was 

deve loped in partnersh ip  with the co l lege's Knowledge Exchange u n it, sta keholders ca n easi ly fi nd relevant reports in the 

eF ie lds resea rch from the past five yea rs. 

Mitigating Food l nsecuritY. with CommunitY. Service and Food Production Education Programs 

Project Director 

Deborah Lewis 

Organization 

Ohio State University 

Accession Number 

7002749

* Mitigating Food I nsecurity with Community Service and Food Production Education Programs - 2021 

Resu lts 

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

Food i nsecu re popu lations often must ca refu l ly manage l im ited resou rces when d i eta ry choices a re made, often im pacti ng the 

q u a l ity of foods consu med .  Consu mption patterns low i n  fru its, vegetab les, low-fat da i ry, and whole gra i ns and h igh i n  less 

expensive sta rchy foods contribute to risks fo r obesity and  d iet- re lated chron ic  d i seases. Chron ic  d iseases, such as d i a betes, 

compound food i nsecu rity s ince they a re costly to ma nage and  therefore com pete with l im ited fi nanc ia l  resou rces. 

Fu rthermore, acq u i ri ng  hea lthy foods and ma nag ing food do l la rs m ight be especia lly cha l lengi ng i n  impoverished ru ra l  

comm u n it ies lacki ng fu l l-service grocery stores, ma rkets, or  services. Com mun ity organ izat ions, food pantries, and  food 

i nsecu re fam i l ies do not a lways engage with one a nother to add ress cha l lenges. Conseq uently, opportu n ities a re m issed to 

fu l ly ca pita l ize on loca l h u man ,  natu ra l, and fi nanc ia l  resou rces to effectively address comm u n ity food i nsecu rity. 

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. 

Two major  commun ity service-type p rojects, " U rban October" and  Master Ga rdener Vo lu nteer donations, he lped to m itigate 

food i nsecu rity by provid i ng  she lf-sta ble mea ls and  fresh prod uce to food i nsecu re comm u n it ies. 

T im McDermott, Agricu ltu re and Natura l  Resou rce Extens ion Ed ucator in Fra n kl i n  County deve loped an on l i ne  cou rse to teach 

i nd ivid u a ls how to grow the i r  own food yea r- round .  He reports that new ga rdeners, ed ucators, and  students conti nue  to be 

engaged by this programm i ng. In 2021, he was ab le to retu rn to both i n -person and v i rtua l  classes and in many cases the 

same program is su pported both ways to maxim ize engagement.  

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

https://go.osu.edu/eFieldsReports
http://go.osu.edu/KXeFieldsMap
https://nrs.nifa.usda.gov/projects/14366


I n  2021, OSU Extension partnered with the Office of Student  Life to bu i ld awa reness a bout  the majors with i n  o u r  co l lege but  

particu la rly, the work of Extens ion and  recru itment for futu re Extension profess iona ls. Recent co l laborations with  the Office of  

Student Life i nc luded a service p roject to  celebrate U rban October, where 500 vo lu nteers packed 188,000 she lf-sta ble mea ls 

and  OSU Extens ion and  h u n d reds of loca l orga n izations d istri buted those mea ls at five locations in the Mahon i ng  Va l ley a rea 

to food i nsecu re i nd ivid u a ls. 

D u ri ng  2021,  our 3,250 master ga rdener  vo lunteers have recru ited more than 700 i n terns, com pleted nea rly 50,000 hou rs of 

conti n u i n g  ed ucat ion, and  vo lu nteered more than  100,000 vo lu nteer hou rs, respond i ng  to nea rly 10,000 ga rdener  and  

homeowner Ask  the  Expert q u estions, and  donated more than  85,000 pounds  of  fresh prod uce to  food i nsecu re i nd ivid u a ls 

and  loca l food ba n ks. 

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

Nea rly 4,000 vo lunteers across Oh io  (both master ga rdeners and food packers) ca me together to help add ress the food 

i nsecu rity issues in Oh io .  Tim McDermott's yea r- round  ga rden ing  progra m was offered v i rtua l ly not on ly to Fra n kl i n  County 

c l ient- res idents, but  a lso to the Oh io  State com m u n ity. The Growing Franklin website/blog, wh ich is access ib le to a l l, was a 

critica l p iece of d igita l i n frastructure used to house created content for easy shar ing and  secondary viewing .  

Identification and molecu lar evolution of genes underlying adaP-tive traits in wild Vitis SP-ecies. 

Project Director 

Andrea Gschwend 

Organization 

Ohio State University 

Accession Number 

1021403 

* Transcriptomic investigation of genes that underlying adaptive traits in Vitis labrusca . 

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

With increased erratic weather events and  land use effic iency issues, we need crops that a re res i l ient  to d iverse envi ronmenta l  

stress. G ra pes a re t h e  h ighest va lued fru it crop i n  t h e  U n ited States b u t  breed ing  cu ltivated gra pevi nes for i ncreased yield a n d  

q u a l ity tra i ts, fo llowed by clona l  propagation ,  h a s  decreased the i r  genetic d iversity, mak ing  them more suscepti ble to 

weather and  pathogen pressu res. Crop wi ld re latives, on the other  hand ,  have gone through natu ra l  se lection  to su rvive i n  

thei r chang ing envi ronments. By us ing com pa rative and  fu nctiona l  genomic  tech n iques, m y  l a b  identifies genetic va riation  

that provides gra pevi nes and  thei r wi ld re latives with  res i l ience to  a b iotic and  biotic stress, fo r i n tegrat ion of these genes i n to 

cu ltivated va rieties. 

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. 

Gra pe prod uct ion i n  the U n ites States was va lued at 4.78 b i l l ion  do l la rs i n  2020. The species of gra pe common ly used 

for wine prod uction  is Vitis vinifera, and has d isti nct va rieties, such as Chardonnay, Pi not No i r, and Ca bernet Sa uvignon .  V. 

vinifera is not wel l  ada pted to the d iverse c l imates and  pests fou nd i n  the U n ited States, l im it ing its growing ra nge; i n  a reas 

where grown,  it req u i res la rge amou nts of fu ngic ides and pest ic ides, at great costs to growers. North America has many 

native wi ld gra pevi ne species that grow across the cou ntry and  a re ada pted to the i r  loca l c l imates and  pests. These wi ld  

North America n gra pevi nes have been used to make hybrid cu ltiva rs w ith  V. vinifera to create co ld to lerant  or  pest resista nt 

va rieties, but  breeders have yet to fu l ly exploit the extensive genetic d iversity ava i la b le i n  wi ld gra pevi ne species, as many of 

the u nderlyi ng  genes contri but ing to these ada ptive tra i ts have yet to be identified . 

S ince the i n it iat ion of th is  study, we have seq uenced, assem bled, and  a n a lyzed the fi rst long-read, ha plo id-reso lved 

Vitis fabrusca genome, a wi ld gra pevi ne species that grows in the Northeastern U n ites States. Th is  gra pevi ne  species is 

to lerant  to co ld tem peratu res and  m a ny loca l pathogens and  has some u n iq u e  berry tra i ts com pa red to V. vinifera. We 

performed com pa rative genomic  ana lyses with V. vinifera va rieties, as well as another wi ld gra pevi ne ( V. riparia), to explore 

genomic  structu ra l  d ifferences between w i ld and  cu ltivated gra pevi ne and  identified genetic va r iat ion that may underl ie 

ada ptive tra its. A manuscri pt over our fi nd i ngs is  u nder  revis ion to be re-submitted to The Plant Jou rna l .  These resea rch 

efforts accom pl ish Objectives la ,  l b, and  parti a l ly accom pl ish le as descri bed i n  the Project Methodo logy. 

https://nrs.nifa.usda.gov/projects/662


For the 2021 report ing period, we have made sign ifica nt progress towa rds Objectives le and  2a .  We have generated a n  

extensive V. labrusca transcri ptome dataset encompass ing 14  d ifferent tissue types and  three developmenta l stages, making 

it one of  the most comprehensive transcri ptome data sets for grapevi ne. We a re cu rrently ca rryi ng out comparative ana lyses 

between wi ld and  cu ltivated grapevi ne tra nscri ptomes. We have selected a biotic (co ld damage) and  b iotic ( insect herbivory) 

th reats to grapevi ne yield to fu rther p u rsue to identify the genes i nvo lved i n  res i l ience in V. labrusca compared to V. vinifera. 

We have ca rried out a set of bud dorma ncy and deaccl imation stud ies to identify genes invo lved i n  th is importa nt p rocess. 

We a lso performed i nsect herbivory stud ies to identify genes i nvolved in V. labrusca i nsect herb ivory res i l ience com pa red to V. 

vinifera suscepti b i l i ty. We wi l l  use ou r  tra nscri ptome fi nd i ngs to identify genes that provide resista nce to pathogens and  

to lerance to  extreme weather cond it ions, to  i n form breed i ng  and  gene ed it ing efforts to  imp rove ou r  gra pevi ne va rieties. Ou r  

p rogress for 2021  is descri bed i n  more deta i l  be low. 

Objective 1. I nvestigate the evolut ion of ada ptive tra i ts in the Vitisegenera 

Ribosomal protein evolution in grapevine 

We i nvestigated the gene fam i l ies that encode ri bosoma l  protei ns, wh ich make the com plexes essenti a l  for tra nslat ion 

and prote in  prod uction .  Ri bosoma l  prote in  genes a re conserved and dosage-sensitive, but we found  that the ri bosoma l  

p rote in  gene fam i l ies i n  Vitis have u ndergone gene ga i n  and loss events, but i n terest ingly, t he  overa l l  gene express ion for each 

gene fam i ly was s im i l a r. Our fi nd i ngs h igh l ight d ifferent methods of gene dosage bala nce i n  ri bosoma l  gene fam i l ies and 

p rovide i ns ight i n to gene fam i ly evolut ion i n  grapevi ne .  A man uscri pt deta i n i ng  ou r  resu lts i n  i n  the fi na l  stages of 

p repa ration .  

Objective 2. Study the transcri ptome response to a b iotic and  b iotic stress resista nce i n  wi ld and  cu ltivated Vitisespecies. 

V. labrusca reference transcriptome 

Besides berries and leaves, there a re few other gra pevi ne tissues with transcri ptomic  seq uences ava i lab le, espec ia l ly 

for wi ld gra pevi ne species. We generated a n  extensive V. labrusca tra nscri ptome dataset encompassi ng 14 d ifferent tissue 

types (Leaves, buds (3  stages of development) , stems, roots, tend ri ls, shoot ti p, berries (3 stages of development), and 

i nflorescences (3  stages of  development) , maki ng  it one of  the most comprehensive tra nscri ptome data sets for grapevi ne. 

We a re cu rrently ca rryi ng out gene express ion ana lyses across tissue types, between developmenta l  stages, and  between wi ld 

and  cu ltivated gra pevi ne tissues. We a im to identify genes that contri bute to un i q ue  tra i ts i n  V. labrusca, which can be used 

for futu re breed i ng  efforts. 

Herbivory resilience in wild grapevine 

I n sect herb ivory ca n be a major  sou rce of yield loss in grapevi ne. I n  genera l, cu ltivated V. vinifera va rieties a re m uch 

more suscept ib le to i nsect herbivory than w i ld grapevi ne species. We i nvestigated th is fu rther by ca rryi ng out a n  i nsect 

herb ivory study us ing a lead i ng  grapevi ne i nsect pest, Popillia japonica (J apanese Beetle) . We ca rried out a series of choice 

assays, where we a l lowed the beetles to feed on either a V. labrusca and  V. vinifera leaf and  q u antified the leaf a rea 

consu med. The beetles ate eight t imes more of the V. vinifera leaves than the V. labrusca leaves. We next wanted to 

determ ine  the defense mechan isms present in V. labrusca that were deterred feed i ng. We investigated mechan ica l defenses, 

such as trichomes, and  found  trichome density to be sign ifica ntly greater on V. labrusca leaves. We a lso a re i nvestigati ng the 

p roduct ion of chemical defense com pou nds. We a l lowed the beetles to feed on the V. vinifera and V. labrusca leaves for 0 

hou rs, 0.5 hours, 1 hour, and  4 hou rs and  co llected these leaves for RNA seq uenc ing. We recently received the transcri ptome 

seq uences data back and  a re i n  the process of a na lyzi ng it . We wi l l  a lso ca rry out metabolom ics to identify the chemica l  

compou nds be ing prod uced . 

Cold stress response in V. labrusca 

With weather events becoming  more erratic, a spri ng  frost, occu rri ng after the buds have a l ready broken dormancy, 

ca n damage the tender grapevi ne bud tissue and  be detrimenta l  to gra pe yield fo r the fo l lowing season .  My la b is 

i nvestigati ng the genes that u nder l ie grapevi ne bud dorma ncy and cold deaccl i mat ion i n  w i ld and cu ltivated grapevi nes, 

wh ich va ry in the i r  cold ha rd i ness, req u i red ch i l l i ng  hours, and  co ld deaccl imat ion t imel ine .  We a re i nvestigati ng the n umber 

of ch i l l i ng  hours necessary to break dormancy for pla nts col lected from d ifferent Vitis labrusca popu lat ions. We a re 

specifica l ly i nterested i n  d ifferences between V. labrusca popu lations and  the genetic va riation that m ight u nder l ie these 

d ifferences. We have co llected two yea rs of ch i l l i ng  req u i rement data and  pre l im i n a ry data suggests a s ign ificant decrease i n  

d ays to  bud break, as ch i l l i ng  hou rs increase, with a n  average o f  15 days after 548 hou rs and  6 days after 1220 hours of 

ch i l l i ng. There is a lso va riat ion in ch i l l i ng  req u i rement across accessions. We performed Quantitative PCR to i nvestigate the 



express ion of co ld ha rdy genes i n  II. /abrusca and  d iscovered d ifferent CBF gene cop ies a re expressed u nder 4°C, -10°c, and  

-20°C co ld treatment cond it ions. Moving forwa rd ,  we p lan to  ca rry out tra nscri ptom ics stud ies to  get a comprehensive p ictu re 

of genes invo lved i n  deaccl i mat ion and  spri ng freeze response i n  wi ld II. /abrusca com pa red to V. vinifera. 

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

The ta rget aud iences reached by my efforts on this project i nc lude co l laborators, breeders, and the scientifi c  pu bl ic .  

G rapevi ne co l laborators from OSU and other u n iversities have benefited from the resu lts of th is project, by us ing our fi nd i ngs 

as prel im i n a ry data for co l laborative grants. We have a lso up loaded ou r  II. /abrusca genome seq uence and gene a n notations 

to NCB I ,  so it ca n be accessed and  ut i l ized by other gra pevi ne scientists or  gra pevi ne breeders and  used for fu rther stud ies or  

molecu la r breed ing i n iti atives. II. labrusca is a popu la r  parent species of cu ltivated hybrid va rieties, so breed i ng  programs 

and com pan ies ca n use our resu lts to ta rget genes of i n terest fo r i ntrogress ion .  Also, our fi nd i ngs on gra pevi ne genome 

evolut ion adva nces ou r  bas ic b io logica l u nderstand i ng  of how p lant genomes evolve and  more clea rly e luc idates the origi n 

and  retent ion of genetic va riation that provides a n  adaptive adva ntage. 

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

The pu bl ic w i l l  benefit from the project accompl ish ments th rough the use of ou r  genetic fi nd i ngs by breeders and compan ies 

to prod uce va rieties that ma i nta i n  fru it q u a l ity tra i ts, but increase ab iotic and b iot ic stress res i l ience. For grapevi ne growers, 

use of these va rieties that a re res i l ient to b iotic pathogens w i l l  decrease the need for pestic ide, fu ngic ide, and  other costly 

treatments on the i r  v ines. Res i l ience to a b iotic stress may a lso a l low for d ifferent grapevi ne va rieties to be grown outs ide of 

thei r cu rrent growth zone, provid i ng  growers with more grapevi ne va rieties, wh ich cou ld have positive economic im pacts. 

The wine i ndustry is very lucrative with loca l v ineya rds and  wineries becoming  i ncreas ingly popu la r  tou rist desti nat ions. I n  

Oh io, for examp le, the gra pe a n d  wine i nd ustry has a 1 .3 b i l l ion do l la r  impact on  the state's economy a nn u a l ly 

(fi ndoh iowi nes.com) .  Consu mers wi l l  benefit from the greater va rieties of gra pes grown regiona l ly, wh ich wi l l  i ncrease the 

d iversity of wi nes and  table grapes that a re loca l ly prod uced and  sold . I ncrease i n  sa les of loca l w ine wou ld i n  tu rn benefit 

each state's economy and the people who l ive there. 

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. 

Changes in your project or problems encountered 

Overa l l ,  the project is progress ing as p lan ned, but we have experienced a few m inor  setbacks. S i nce gra pevi nes a re 

perenn i a ls, we were sti l l  strugg l ing with some p lant hea lth issues stemming  for the Covid-19 q u a ra nt ine i n  2020. We were 

a b le to req uest new cutti ngs from the USDA and  propagate some new p lants, as wel l  as design a treatment reg ime for ou r  

rema i n i ng grapevi ne p lants. I n  add it ion, we  had issues isolati ng h i gh  q u a l ity RNA from ou r  grapevi ne tissues. Many kits and  

p rotocols a re made fo r a n ima l, bacter ia l ,  or  mode l  p lants, l i ke Ara b idopsis. The RNA isolat ion kits d id  not work for gra pevi ne 

RNA isolation .  We needed to repeat many of the RNA isolations for our II. /abrusca t issues and create our own protoco l, wh ich 

took extra t ime to co l lect add itiona l  tissue and  isolate h igh q u a l ity RNA for seq uenci ng. I n  add it ion, my lab lost a postdoc and 

a graduate student, wh ich a lso sign ifica ntly s lowed our progress on our project a ims. 

Opportunities for training and professional development 

This project has many opportu n ities fo r tra i n i ng. My team of three graduate students and a postdoc received hands on 

tra i n i ng th rough experiments i n  the laboratory, computationa l  and  b io i nformatics ana lyses, and  man uscri pt w i ri ng, wh i le 

tack l ing the objectives of th is project. My postdoc is a n  expert i n  b io info rmatics and computationa l  genetics. He worked with 

my graduate students to tra i n  them on how to assem ble and ana lyze transcri ptome data and how to a n notate a genome. My 

graduate students have a lso tra i ned each other on lab techn iques, for exam ple more experienced graduate students have 

tra i ned the less experienced graduate students on ou r  grapevi ne RNA isolat ion protoco l .  All three graduate students a lso 

attend b io i nformatics workshops to strengthen thei r data ana lysis ski l ls. They have a lso presented the i r  resea rch at loca l and  

a nationa l  conference to  ga i n  add itiona l  experience i n  science commun ication and  have won awa rds fo r the i r  resea rch ta lks 

and  posters. 

My postdoc a lso had a chance to enhance his ski l ls and  professiona l  development, mostly through i ndependent study 

and  co l la borat ion with me and  ou r  co l leagues. He has presented h is fi nd i ngs at mu lt ip le loca l resea rch symposia and  won 

awa rds for h is posters. He and  I have a lso worked closely on th is project and man uscri pt writi ng, so he is fu rther develop ing 
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professiona l  ski l ls from th is  i nteraction .  He recently accepted a perma nent position  as a resea rch scientist at OSU, but  the 

tra i n i ng he received i n  my lab  benefited h is  ca reer. 

Fou r  u ndergraduate students a lso ga i ned p ractica l resea rch experiences i n  the lab .  They had the opportu n ity to lea rn 

l ab  ski l ls and  experi menta l  techn iques, such as PCR, RNA isolation ,  and  Q-PCR, from myself and  my graduate students. They 

have presented posters over thei r resu lts ( re lated to th is project) at departmenta l  and  u n iversity resea rch sym pos ia .  One of 

my u ndergradu ate students wi l l  be graduat ing with resea rch d isti nction  th is  May. 

How results were disseminated to target audiences or communities of interest 

My tea m has presented o u r  project resu lts at m u lti p le resea rch sym posia ,  sem i n a rs, and  outreach events. My postdoc 

p resented h is  resu lts as a poster and gave an ora l  presentat ion at the H CS graduate student resea rch sym posi u m .  He a lso 

p resented a poster at the 14th a n n u a l  i nternationa l  scho lar  resea rch exposition ,  the OSU P lant  Sciences Sym posi u m ,  and  at 

the 2021 CFAES An n u a l  Resea rch Conference, where he won th i rd p lace for his poster. 

My gradu ate students have presented the i r  p roject p roposals to o u r  department at the HCS graduate student  resea rch 

sym posi u m  and  via the departmenta l  sem i n a r  series. They have a lso presented posters at the 2022 P lant  and  An i m a l  Genome 

conference (PAG) .  My graduate students have a lso partici pated i n  com m u n ity outreach events with me and  post resea rch 

b iogs. 

In add it ion to com m u n ity outreach,  I have presented o u r  project fi nd i ngs at five d ifferent loca l and  state sem i n a rs. I 

h ave made o u r  seq uenc ing data ava i la b le on NCB I ,  so the scientific com m u n ity ca n access it .  The most effective and  fa r

reach ing  d issemi nat ion of o u r  resu lts w i l l  be i n  the form of a peer- reviewed journa l  a rtic le, wh ich we a re i n  the fi n a l  stages of 

edit i ng and  re-subm itti ng. 

Plans for next year's activities 

Next yea r we wi l l  be ca rryi ng out  ana lyses on o u r  transcri ptome data . We w i l l  a n a lyze o u r  V. /abrusca transcri ptome 

d ata for the 14 tissues, ca rry out com pa rative a n a lyses with V. vinifera, and  look and  genes invo lved i n  bud ,  flower, and  berry 

development.  We wi l l  a lso a n a lyze o u r  herbivory transcri ptome dataset and  identify genes that a re invo lved in herb ivory 

defense in V. /abrusca and  V. vinifera. We wi l l  identify a ny u n i q u e  genes between the two that provide i ncreased res i l ience i n  

V. /abrusca. W e  w i l l  a lso ca rry o u t  a n  experi ment re lated to frost response i n  w i ld a n d  cu ltivated gra pevi nes and  i nvestigate 

genes i nvo lved in frost to lera nce. 

In add it ion,  my tea m wi l l  conti n u e  to p repa re and submit  m a n uscri pts over the com pleted aspects of the project and  

p resent o u r  fi nd i ngs and  loca l and  nat ion a l  conferences. I a m  a lso p la n n i ng to  br i ng  i n  another graduate student and  

u ndergraduate student  to  mentor and  who wi l l  contribute to  address ing the  rema i n i ng  project objectives. 

Publications resulting from or related to the project 

Li, B.; Gschwend,  A. R. *. (2022) . l n tragenomic  Va riat ion and  Segmenta l  D u p l ication  Drive Genome D iversification of Wi ld and  

Cu ltivated G ra pevi nes. Subm itted to: U nder  revis ion fo r re-subm ission  to  The P l an t  Jou rna l .  

L i ,  B . ;  Gschwend,  A. R.* .  R i bosoma l  RNA p rote in  gene d ivergence i n  gra pevi ne  and  i m pl icat ions fo r heterogeneous ribosomes. 

M a n uscri pt In Preparation .  

Impact Statement (Optiona l) 
Use this space to ta lk about the impact that this resu lt had ,  in layman 's terms. Add ing  comments here wi l l  not change the content in the high lighted resu lt. 

G ra pes a re the h ighest va lued fru it crop in the U n ited States and  the wine gra pe i ndustry has a b i l l ion-do l lar  i m pact in Oh io's 

economy. M a ny cu ltivated gra pevi ne  va rieties a re not wel l -ada pted to the va r ious c l imates and  pests fou nd throughout the 

U n ited States, l im it ing their growing regions and req u i ri ng  extensive m a nagement progra ms with a great cost to growers. As 

the n u m ber  of v ineya rds and wineries conti nues to increase across the U n ited States, there is growing demand fo r more 

res i l ient  w ine gra pe ( Vitis vinifera) cu ltiva rs .  

W i ld gra pevi ne  species grow across the cou ntry and  a re ada pted to the i r  loca l envi ronments. Hybrid cu ltiva rs have been 

generated to comb ine  the ada ptive tra i ts of wi ld gra pevi ne  species with the fru it q u a l ity tra i ts of V. viniferaeva rieties, yet the 

genes that underl ie these ada ptive tra i ts i n  wi ld gra pevi nes a re sti l l  la rge ly u n known .  



Dr. And rea Gschwend 's l ab  used a comparative approach to make s ign ifica nt strides i n  identifyi ng the genes that u nder l ie 

i m porta nt ada ptive tra i ts i n  wi ld gra pevi nes and  u nderstand i ng  how those genes evolved . They were a b le to identify genes in 

w i ld gra pevi nes that a re pred icted to i ncrease co ld to lera nce and  fu nga l and  pest resista nce.  The u lt imate goa l of th is  resea rch 

is  to use these genes a re ta rgets for molecu l a r  breed i ng  or  genetic engi neeri ng to i ncorporate them in to V. vinifera gra pevi ne 

cu ltiva rs, making the cu ltivated gra pevi nes more res i l ient  to a broader ra nge of envi ron menta l  stress, i ncreas ing yield without 

los ing  i m porta nt fru it  q u a l ity tra i ts. These new va rieties w i l l  have broader  growing regions, contri but ing to the economic  

i m pacts of  the grape i ndustry i n  these i m pacted states, and  wi l l  req u i re less i n put of  pest ic ides and  fu ngic ides, mak ing  these 

new va rieties more cost effective and  envi ronmenta l ly susta i n a ble. 
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* Non-Destructive Raman Technique for Aflatoxin Screening 

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

H aving a ra p id tech no logica l approach to m a ki ng  the assessment of aflatoxi n in h igh-risk crops wou ld res u lt in both 

assu rance of regu latory comp l i a nce as well as cost savi ngs in the product ion of prod ucts. Aflatox ins a re fu nga l b io-agents that 

merit attent ion on acco u nt of bei ng h igh ly toxic and ca rci nogen ic  to h u m a ns and great treat to vu lnera b le agricu ltu ra l  

com mod ities. M a ny methods for assess ing fu nga l-conta m i nated crops have been deve loped, beca use o f  regu latory 

restrictions.  However, the laborious, s low, com plex and  expensive sam ple preparat ion and  a n a lytica l methods (th i n - layer 

chromatogra phy, h igh-pressu re l iq u i d  chromatogra phy, i m m u noaffi n ity co l u m ns, and enzyme- l i nked i m m u nosorbent assays) 

l im it non-destructive rea l-ti me assessments. A rea l t ime sensitive approach to conti n u a l ly mon itor th is process cou ld resu lt i n  

a s ign ificant cost savi ngs t o  t h e  i ndustry. 

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. 

A su rvey of 1000 pea nuts showed low preva lence of aflatox in  with on ly 27 pea nuts conta i n i n g  20 ppb  or  h igher  aflatox in  

levels. However, 18 pea nuts showed levels ra ng ing from 1 .8  ppm to 1 %. Ra m a n  spectroscopy is position ing  as a n  attractive 

fi ngerpri nti ng  tech n ique  for screen i ng  for conta m ina nts. Adva ntages of Ra m a n  spectroscopy inc lude porta ble and  rugged ized 

i nstru mentat ion for fie ld dep loyment, l ittle or  no sam ple preparat ion req u i rement, non-contact and  non-destructive 

ca pab i l it ies. We have employed a new generat ion of hand  held Ra m a n  spectrometers that a re eq u i pped with a near- infra red 

excitation  wavelength (1064nm)  and  l nGaAs a rray detector that e l i m i n ates the fluorescence l im itation  and  improves the 

Ra man  signa l  i ntensity. Our resu lts show the feas ib i l i ty of using th is  non-destructive Ra m a n  techn ique  fo r detect ion of 

aflatoxi n conta m i n at ion in the su rface of pea n uts. We have developed the ca l ib ration  with 60 pea nuts that were i nocu lated 

with leve ls of aflatox in  ra ng ing from 0.35 to 5 ppm.  Th is  non-destructive approach has a l lowed d iscri m i nat ing pea n uts ta i n ted 

with aflatox in  from controls with no m iss-classification when us ing a va l idat ion set. We have ada pted a method ca pable of 

si m u lta neously acq u i ri ng  q u a ntitative i nformation of aflatox in  levels by us ing Qu ECh E RS to el i m i nate matrix i nterference and  

a l lowing  q u a ntifyi ng aflatox in  leve ls from s ingle pea n uts. LC-MS/MS a l lowed to  determ ine  leve ls of aflatox in  on  s ingle pea nut  

tha t  were sp iked w i th  the  mycotoxins fo r development of  classification mode l  based on Ra man  spectroscopy. The method 

showed exce l lent agreement with levels i nocu lated i n  pea n uts for development of the ca l ib rat ion models. Th is  new ca pab i l ity 

has confi rmed the accu racy of the sp ik ing method for develop ing a n  externa l  set of sta nda rds and  was used for generati ng  a 

PLSR model  for pred iction  based on Ra man  spectra . However, cons ideri ng aflatox in  haza rd to health,  m a ny cou ntries have 

esta bl ished mandatory regu lations of aflatox in  level i n  food and  agricu ltu ra l  prod ucts. The Food and  Drug Ad m i n istration 

(FDA) i n  the U n ited States has set the l im it ing va lue  of aflatoxi n content at 20 ppb for food and 300 ppb for feed . S ince o u r  

i n iti a l  study employed t h e  lowest leve l o f  3 5 0  ppb, w e  explored t h e  sensitivity o f  t h e  Ra man  techno logy b y  chemica l ly sp ik ing 

pea n uts at levels ra ng ing from 20 to 400 ppb .  Spectra was co l lected on  two s ides fo r each pea nut, one of the s ides was sp iked 

with aflatox in  and the opposite side of the pea nut  served as contro l .  Ra m a n  spectra showed u n iq u e  spectra l patterns of the 

pea nut  su rface and the spectra was eva luated by pattern recognit ion a n a lysis. The classification ana lysis showed l im ited 

ca pabi l ity for d iscri m i nat ing pea n uts sp iked with aflatox ins at leve ls below 100 ppb.  We have esta bl ished co l la boration  with 

https://nrs.nifa.usda.gov/projects/7139


Dr. Zacha ry Sch u ltz, whose resea rch focuses on develop ing new tools fo r identifyi ng molecu les re levant to biomed ica l 

d iagnostics and  other app l ications and  has vast expertise i n  Raman  spectroscopy and  techn iq ues such as su rface enha nced 

Ra man  spectroscopy and t ip-enhanced Ra man  scatteri ng (TERS) .  We a re co l laborati ng in s igna l  enha ncements i ncorporated 

i nto ou r  measu rements of food contam i na nts such as mycotoxins .  We a re worki ng in u nderstand i ng  nanomateri a ls with 

p lasmonic properties i n teracti ng with l ight to a lter the response from nea rby contam i n ant molecu les and imp rove the 

sensitivity of the Raman  techno logy. 

Fu rthermore, we eva luated a globa l set of honey and  maple syru p sa mp les for a uthentication based on the i r  spectra 

generated by the Progeny 1064n m Raman  system, a l lowing to col lect spectra l data through clea r glass/plastic conta i ners to 

mon itor the i r  contents without perturb ing the sam ple. Ou r  resu lts showed that by us ing an excitation laser of 1064nm 

m i n im ized the effect of  fluorescence and  provided sharp and  wel l-reso lved bands fo r identification of  potenti a l  tam pered 

sa mp les. We identified the preva lence of adu lteration in the ma rket with 23% (honey) and 15% (maple syru p) of sto re-bought 

sa mp les la beled as "pu re" were ta i n ted with other i ngred ients. Our resu lts were i n  accorda nce with reports from J RC Round  

Table and  America n Bee Keep ing Associat ion that approximately 14-23% of  honeys i n  t he  ma rket a re adu lterated .  

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

Students a re develop ing ski l ls in spectra l co l lect ion, chromatograph ic  a na lysis and data ana lysis. O u r  La b has tra i ned 1 OSU 

Food Science u ndergraduate students, D i ana  Ka rajeh,  that p laced fi rst in the u ndergraduate resea rch competition  at the 2021 

S H I FT Conference with her work on "DEVELOPMENT  OF A RAP I D  ANALYT ICAL TOOL  FOR DETERM I NATION  OF CAPSAIC I N  

CONTENT I N  COM M E RCIAL HOT SAUCES". I n  add it ion, we  graduated o ne  MS student with h e r  d i ssertat ion thesis on  

"Appl icat ion of  I n fra red and  Raman  Sensors i n  Qua l i ty Screen i ng  of  Ma ple Syru p and  Oat  G roats". Fi na l ly, we tra i ned the 

visit i ng schola r Jorge Mel lado that was awa rded a Fu lbr ight scho larsh ip  for 6 months from the Food, I n novation & Eng iner ing 

( Food I E) p rogram at the Depa rtament d ' Engi nyer ia Qu fm ica, Esco la Tecn ica Su perior  d ' E ngi nyeria Qu fm ica - U n iversitat 

Rovi ra i Vi rgi l i  (Ta rragona,  Spa i n ) ,  worki ng on the ana lysis of P isco (Peruvia n  Bra ndy) for the rapid screen i ng  of q u a l ity tra i ts 

us ing m i n iatu rized spectroscopic sensors. 

Amid the d ifficu lties posed by the COVI D-19 pandem ic, the resu lts of my students have been d issem inated at the I FT and SCIX 

events that ta rget scientifi c  and i nd ustri a l  a ud iences i nterested in v ibrationa l  spectroscopy and food app l i cat ions of the 

techno logy to mon itor q u a l ity parameters and detect economic adu lteration .  In add it ion, I have been i nvited to present ou r  

techno logy to  va r ious com pan ies that have i nterest i n  dep loyi ng these hand held/portable devices for i n -field data co l lection .  

We conti n ue  key co l laborations with Thermo N i co let, Riga ku, Si -Wa re, Hamamatsu ,  Wasatch and  Agi lent to  eva luate the 

app l ications of state-of-the-art portable hand held/portable spectrometers for rea l-ti me sensi ng of food.  

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

The resu lts from ou r  Hatch project have been d issem inated i nternationa l ly and nationa l ly through events that ta rget scientific 

and i nd ustri a l  aud iences i nterested in ra p id a lternatives for mon itor ing q u a l ity parameters and detect ion of food 

contam i na nts. These events provided a perfect sett ing for exchang ing ideas with experts in the fie ld,  d iscuss cu rrent work, 

receive feed back from potenti a l  end-users, develop professiona l  and i ndustri a l  partnersh ips and d issem inate knowledge 

through m u lt id isci p l i na ry co l laborations. 

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 wi l l  be eva l uat ing the feas ib i l i ty of us ing Ra man  techn iques (SERS and TERS) to esta bl ish re l i a ble mon itori ng progra m (s) 

for the detect ion of contam i na nts in foods. SERS ca n provide detect ion and  q u a ntification of contam i n ant levels through 

spectra l s ignatu re profi les enab l ing for h igh-throughput measu rements for contro l l i ng the prod uct strea m and  address ing risk 

management.  

Co-Pis 
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Zachary Sch u ltz, Associate Professor, Depa rtment of Chemistry and  Biochem istry, The Oh io  State U n iversity, 3033c 

McPherson La b, 140 W. 18th Aven ue, Colu m b us, O H ,  43210.  Ph: (614) 292-5775, Ema i l :  Schu ltz.l33@osu .ed u 

M .  Mon ica G i usti, D isti ngu ished Professor, The Oh io  State U n iversity, CFAES - Food Science and  Techno logy Department 

614-247-8016 Office giusti.6@osu.edu osu.edu 

Conference Presentations 

J a n  4 - J a n  14, 2021 .  Food P igments and  Adva nces i n  Ch romatogra phy and  Spectroscopy i n  Food Ana lysis (Colorantes 

Al imentarios y P igmentos" y "Cromatograffa Ava nzada y Espectroscopia  para el Ana l is is de Al i mentos) . Open & Doctora l Leve l 

Cou rse. U n ivers idad Nac iona l  Agra r ia,  L ima - Peru . E n ro l lment:  29 .  

Trends and  Emerg ing Approaches for Authentication of Food I ngred ients - The Hand held Spectroscopy Revolut ion .  

Conference at G u m ushane U n iversity. V i rtua l  Presentation .  J u ly 6th ,  2021 .  Tu rkey. 

Apl icacion de i nstru mentos portati les pa ra la eva l uac ion de adu ltera ntes y conta m i n a ntes de a l i mentos en ca m po. Vi rtua l  

Presentation .  Coloq u io  Pre Congreso CCB I PERU .  J u ly 19 - 23 ,  2021 .  

SCIX2021  - Cha i r  2 1 FORENS-02 Food Forensics sess ion .  September  26 - October!, 2021 ,  Rhode  I s l and  Convent ion Center, 

Providence, R I .  

HONORS AND AWARDS 

Winner  of the 2021-2022 Distinguished Teacher Award - Col lege of Food, Agricu ltu ra l, and  Environ menta l  Sciences and  the 

Office of Academic  Progra ms. 

W inner  of the 2021 Lumley Interdisciplinary Research Award - Col lege of Engi neeri ng  at The Ohio State U n iversity. 

Publications 

Menevseoglu A, Aykas D P, Hatta-Sa koda B, To ledo-Herrera VH, Rod riguez-Saona  LE .  2021. On- i nvasive mon itor ing of etha no l  

and  methano l  levels i n  gra pe-derived p isco d isti l late by v ibrationa l  spectroscopy. Sensors 21 (18) :6278. 

J Me l lado-Ca rretero, J . ;  Aykas, D P. ;  Puxeu ,  M .; Va rela ,  S. ;  Rod riguez-Saona,  L . ;  Ga rcia-Gonza lo, D . ;  de  Lamo-Caste l lvf, S. 2021. 

Appl ication  of ha nd-he ld near- infra red and Ra m a n  spectrometers in su rface treatment a uthentication  of cork stoppers. Food 

Packag ing Shelf Life .  28: 100680. 

Borba, K.R.; Aykas, D .P. ;  M i lan i ,  M . I . ; Co lnago, L.A.; Ferre i ra ,  M . D . ;  Rod riguez-Saona ,  L.E. 2021. Porta ble nea r  I nfra red 

Spectroscopy as a Too l  for Fresh Tomato Qua l ity Contro l  Ana lysis in the F ie ld . Appl .  Sci .  1 1 :3209. 

Shotts M L, Plans M ,  Wong K, M i l l iga n  AM,  Aykas DP, Rod riguez-Saona LE .  2021. Appl ication  of M id - I nfra red Porta ble 

Spectrometer for the Rapid Determ i nation  of Tra ns-Fatty Acid Content i n  Lipid Extracts of Snack and Ba kery Products. J AOAC 

I nt 104(1 ) :29-38. 

Yao, S. ,  Aykas, D .  P., & Rod riguez-Saona,  L. 2021. Rapid Authentication of Potato Ch ip  Oil by Vi brationa l  Spectroscopy 

Combi ned with Pattern Recognit ion Ana lysis. Foods (Basel,  Switzerla nd ) ,  10(1 ) ,  42. 
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In 2-3 sentences, briefly describe the issue or problem that you r  project addresses. 
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Pioneer colonizing bacteria of poultry can affect chick quality and overall health, including gut and immune function. 

Assessing changes to animals, as affected by early gut colonization of bacteria, is difficult due to the complexity of host

microbe interactions and the systems affected. This project assessed methods of measuring how pioneer colonizing bacteria 

affect chick quality and multiple methods of determining their effect on immune function. 

Briefly describe in non-technical terms how your major activities helped you achieve, or make significant 

progress toward, the goals and objectives described in your non-technical summary. 

I n  assessing the influence of early exposure to Enterobacteriaceae and its role in mild gut inflammation, measures of body 

weight gain (BWG), acute phase protein AlGP, and yolk sac (YS) parameters were more valuable when combined than when 

analyzed separately. In addition to various measures for gut inflammation, timing also proved to be a valuable component of 

the assessment. By adding more time points in future experiments, trends in AlGP and yolk sac parameters can be evaluated 

over time to track the influence of day of hatch (DOH) exposure to Enterobacteriaceae. As evidenced by inconsistencies with 

BWG and Al GP concentrations between experiments, mild gut inflammation may not produce demonstrable shifts in 

inflammatory measures. 

Therefore, gut specific measures can be added to reveal gut specific inflammation, which may be more sensitive to mild gut 

inflammation, as opposed to generalized inflammation measures. Since Enterobacteriaceae exposure on DOH may disrupt 

gut microbial populations just enough to result in minor, nearly undetectable, gut inflammation, utilizing multiple methods, 

including measures of gut specific and general inflammation, as well as various time points, would strengthen understanding 

of mild gut inflammation. While the initial hypothesis was that these changes would be seen through two weeks of age, 

evidence suggested a change to acute phase response, as indicated by fluctuations in Al GP overtime, to last through the 

fourth week of life. While minimal differences in BWG, fluorescein isothiocyanate dextran (FITC-d) recovery, YS retention, YS 

weight, and both aerobic and Enterobacteriaceae recovery of the YS were noted, it is important to consider that early, low 

level pathogen exposure may not have major effects on these parameters. Future studies should focus on including additional 

measures of gut specific inflammation including, but not limited to, changes to inflammatory cytokines on the mucosa I 

surface, alterations in tolerance, and changes in intestinal physiology, to characterize the influence of DOH exposure to 

Enterobacteriaceae on mild gut inflammation through two weeks of age and beyond. Additionally, analysis on how early 

pathogen exposure influences microbial populations within the GI tract and immune development should be considered, 

since this was likely where DOH Enterobacteriaceae inoculation had the greatest impact. 

Additionally, we examined the impact of Citrobacterfreundii(CF) and lactic acid bacteris (LAB) in ovo inoculations on total 

protein (TP), serum protein fractions characterized by serum protein electrophoresis (SPE), and immunofluorescent (IF) 

staining of dendritic cell (DC} surface receptor CD205 in intestinal tissue. It was hypothesized that in ovo inoculums would 

initiate an acute phase response (APR) that could be captured and characterized via changes in a, 13, and y fractions 

characterized through SPE, and that inoculums would activate dendritic cells resulting in migration to diffuse secondary 

lymphoid tissue including ileal Peyer's patches. Significant changes were noted in 131 and 132 fractions following SPE for all 

three replicate experiments. A lack of changes in a fractions was unexpected as several acute phase proteins within this 

fraction are associated with bacterial infection in poultry. One potential explanation for these results are the variable half

lives of the multitude of acute phase proteins secreted during the APR. I n  particular, the 13 fraction transferrin, ovotransferrin 

in the chicken, has a much longer half-life of 8-10 days relative to some a fraction which have half-lives between 2-5 days in 

mammals though limited information is available regarding these half-lives in chickens. It is possible that in ovo inoculations 

did elicit an early APR, but by 10 days of age, only artifacts of 13 fraction were remaining in circulation prior to eventual 

clearance while a fraction had already been cleared from circulation. More importantly, the lack of persisting changes in these 

fractions at 10 days of age could also suggests that in ovotreatments did not induce a state of chronic inflammation 

accompanied by prolonged acute phase protein secretion, but instead may have induced a state of tolerance to the pioneer 

colonizing isolates. Due to multiple contributing APR proteins with unique peak response times and half-lives, assessing 

serum composition at a single time point via SPE is not a reliable means for capturing cumulative responses. An alternative 

would be to assess serum via SPE at multiple timepoints from the time of introduction of inflammatory stimuli until a 

resolution of total responsiveness is observed. However, with respect to these goals of these experiments, SPE did help to 

narrow a list of serum biomarkers of inflammation to 13 fraction proteins for future pursuit and corroborated the findings of 

others. 

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



Sign ifica nt progress was made i n  develop ing assays to assess gut hea lth, especi a l ly re lated to host-microb iota i nteract ions 

and the i nfluence of p ioneer co lon iz ing bacteria on immune fu nction .  I t  a ppea rs that co lon izat ion by Enterobacter iaceae may 

be i nd uc ing a state of to lera nce. Wh i le th is ca n be usefu l i n  terms of aski ng the immune  system to ignore non-ha rmfu l 

components with i n  the gut, it ca n a lso a l low opportu n istic and food safety pathogens to persist, wh ich i nc ludes bacteria that 

ca use i nflammation .  Scientists and veteri n a ri ans  ca n use th is i nformation to fu rther study the i mpact of gut hea lth treatments 

on a n ima ls and  to begi n tryi ng to a lter p ioneer co lon iz ing bacteria to imp rove d i sease resista nce. 

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

By estab l i sh ing methods to measu re and begi n to u ndersta nd the ro le of p ioneer co lon iz ing bacteria on gut health, the 

broader aud ience benefits from improved susta i n abi l ity of an ima l  agricu ltu re th rough reduced d i sease and improved feed to 

ga i n  ratio. 

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. 

Opportu n i ties for professiona l  development -

Students worked with co l laborators to lea rn new laboratory techn iques and  i n teracted with other scientists i n  the field wh i le 

attend ing  scientifi c  conferences re lated to the topic . 

D issemi nat ions of resu lts -

Resu lts were presented at the I nternationa l  Pou ltry Scientific Foru m and  the Annua l  Meeti ng of the Pou ltry Science 

Association ,  as wel l  as pub l ished as resea rch a rticles. 

Pub l ications -

Rod rigues, D .R . ,  K. M .  Wi lson, L .R .  B ie lke.  2021 .  Proper immune  response depends on ea rly exposu re to gut m icrob iota i n  

broi ler ch icks. Front iers Physio logy. httP-s://do i .org/10.3389/fp.b.Y.s.2021 .  758183 

Chasser, K.M ., K. McGovern, A. F. Duff, M. Trombetta, B.D. G raham,  L. G raham ,  W.N .  Briggs, D.R. Rod rigues, and L.R. B ie lke.  

2021 .  Enteric permeabi l ity and  i nflam mation associated with day of hatch Enterobacter iaceae i noculation .  Pou lt. Sci .  

100:101298 

Chasser, K.M ., K. McGovern, A. F. Duff, B.D. G raham,  W.N .  Briggs, D.R. Rod rigues,M .  Trombetta, E .  Winson, and L.R. B ie lke.  2021 .  

Eva l uat ion of  day of  hatch exposu re to  va r ious Enterobacter iaceae on i nd uc ing gastro intesti na l  i n fla mmation i n  ch icks 

th rough two weeks of age. Pou lt. Sci .  100: 101193 

Goa ls for next report ing period -

Du ri ng  the next reporti ng period, fu rther refi nement of gut hea lth assessment assays and  i nfluence of vertica l tra nsm iss ion of 

bacteria from pa rent stock to p rogeny w i l l  be investigated . 
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I n  2-3 sentences, briefly describe the issue or problem that your project add resses. 

Food waste often represents an inefficiency in the food supply chain. The U.N. identifies food waste as an important 

component 

of food insecurity in their Zero Hunger Challenge. However, food waste proves difficult to address in many 

countries. However, consumers are being asked to address several other food issues including to handle foods in a manner 

that minimizes the chances and severity of food borne illness and to make food intake decisions that support nutrition. In 

some cases the actions that might seemingly forward one goal could frustrate another goal. For example, simple reminders 

to consumer that they should reduce food waste might induce consumers to 'clean their plate' and, in the absence of strict 

portion control during food preparation and commensurate purchasing discipline, could lead to consuming additional 

calories that increase the odds of undesirable nutrition outcomes such as obesity. As another example, strict adherence to the 

label dates 

on purchased food ingredients in an attempt to reduce the odds of food borne illness may stimulate food waste.The overall 

objective of this proposal is to understand more about the process households use to make decisions about food purchasing, 

preparation and consumption and to improve our understanding of how interventions designed to address one of these three 

goals (reducing food waste, improving food safety or enhancing nutrition) might affect progress towards the other goals. 

Increased understanding of this decision making process and potential behavioral conflicts faced by consumers can improve 

education and policies concerning food purchasing, handling and consumption that might best address all three objectives 

simultaneous. 

Briefly describe in non-technical terms how your major activities helped you achieve, or make significant 

progress toward, the goals and objectives described in your non-technical summary. 

We use national survey data from July 2020 to understand the food acquisition, preparation, and management strategies 

that American households implemented in response to the COVID-19 pandemic. We find a substantial increase in the amount 

of food prepared and consumed at home which scales with respondents' time availabil ity, perceived risks of dining out, 

and pandemic-induced income disruption. We then identify several household responses to support this increase in home 

food consumption that are in line with practices suggested to enhance resiliency at other links in the food supply chain, 

including increased cold storage capacity and enhanced in-house capability via improved cooking and food management 

skills. We discuss how responses such as improved food skills can reduce the propagation of shocks through the supply chain 

by 

allowing greater flexibility and less waste, while actions such as increased home cold storage capacity could 

undermine system resilience by exacerbating bull whip effects, i.e., amplifying consumer demand shocks that are propagated 

to upstream food supply chain actors. 

I n  another effort, we worked to improve our ability to measure household food waste among U.S. households by adapting an 

online survey validated with European households for American audiences and then validating its use via a pilot study 

with households from across the continental United States. We find that a sample of 150 online panelists provided 

sufficient statistical power to replicate standard findings from the literature that smaller households and older respondents 

gene rate less food waste, but not e no ugh statistical power to identify a statistically significant week-to-week reduction in 

reported food waste among households who received a food waste message rather than a control message. Power analysis 

conducted via bootstrapping with the pilot data suggests a usable sample size of 180 per group is required, providing 

guidance for other researchers who require a cost-efficient and convenient approach to measuring household food waste. 

I n  another effort, we detail accounts of losses from several distinct fresh tomato supply chains in the United States with the 

goals of understanding the drivers of produce lost in the field and other early supply chain segments and of assessing 

the potential for policies and programs aimed at reducing these losses. Two key factors arise as drivers of loss across the 

three case studies considered (one in Florida and two in California) --the market and the natural environment. These factors 

are interrelated: environmental events can impact price, and market conditions impact the degree of damage from 

environmental factors that buyers will accept. A preoccupation of growers is developing strategies and expertise for mitigating 

these factors. Labor scarcities, policy issues, buyer specifications, consumer preferences, and production costs also arose as 

highlighted loss drivers. Given that the landscape of opportunities and challenges will evolve with technological and 

i nstitutio na I facto rs, 

we argue that the need for input from relevant stakeholders and field testing is crucial in advance of the promotion and 

scaling of any suggested interventions. 

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

We provided policy makers and food system practitioners insights about the role of COVID in the generation of household 

food waste. We provided researchers and practitioners a simple, validated instrument that can be implemented online to US 

households to reliably measure their household food waste levels and guidance as to the needed sample size to yield reliable 



estimates. We provide policy makers and agribusinesses with an outline of opportunities and challenges facing farm-level 

reductions in fresh tomoato loss and identify the types of input needed from relevant stakeholders and field testing that will 

be crucial in advance of the promotion and scaling of any suggested food loss interventions. 

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

The creation of the U.S. household food waste measurement survey instrument will pave the way for a consistent method to 

measure food waste among U.S. households, permitting easier and more consistent assessment of the efficacy of numerous 

household food waste interventions. This will permit prioritization of intervention efforts that can inform the formation of 

national food waste reduction strategies. Reducing food waste yields numerous public benefits, including reduced 

environmental impacts, reduced food prices, and decreased food insecurity. 

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. 

Two graduate students have received training in methods related to the measurement of food waste and economic analysis of 

the reasons for waste. Journa I articles and invited presentations to communities of policy make rs and practitioners (both live 

and via webinar) have 

occurred. Media interviews have also publicized several sets of results. Article summaries have been posted to the 

investigator's site dedicated to food waste (https:/ /u.osu.edu/foodwaste/). We will continue to analyze data that is currently 

available and collect additional data to refine insights from recent published work. 

Dissemination included the following peer-review journal articles and professional presentations: 

Roe, Brian E. (2021} "Progress and Challenges in Empirical Food Waste Research: A Commentary on 'Estimating Food 

Waste as Household Production Inefficiency; and 'Household Food Waste and Inefficiencies in Food Production."' 

American Journal of Agricultural Economics, 103(1):22-25. http:/ /dx.doi.org/10.1111/ajae.12163 

Shu, Y., Roe, B. E., & Bender, K. (2021} "Adapting, Refining and Expanding a Validated Questionnaire to Measure Food 

Waste in US Households:· MethodsX, 8, 101377. https://doi.org/10.1016/j.mex.2021.101377 

Bender, K.E., A. Badiger, B.E. Roe, Y. Shu, D. Qi. (2021} "Consumer Behavior during the COVID-19 Pandemic: An 

analysis of food purchasing and management behaviors in U.S. households through the lens of food system resilience," 

Socio-Economic Planning Sciences, https:/ /doi.org/10.1016/j.seps.2021.101107 

Baker, Greg, Calvin, Linda, Gillman, Anne, Kitinoja, Lisa, Osland, Travis, Pearson, Pete, Prezkop, Leigh, Roe, Brian E., 

Spang, Edward, and Tooley, Jean B. "Tomato Tales: Comparing Loss-Reduction Drivers and Opportunities across U.S. 

Fresh Tomato Supply Chains." In The Economics of Food Loss in the Produce Industry. Travis Minor, Suzanne 

Thornsbury, and Ashok K. Mishra (eds.) Routledge Publishing, London, chapter 10. 

Roe, Brian E. "Existing Efforts in Measuring and Modeling Early Value-Chain Food Losses:• In The Economics of Food 

Loss in the Produce Industry. Travis Minor, Suzanne Thornsbury, and Ashok K. Mishra (eds.) Routledge Publishing, 

London, chapter 3. 

Qi, D., R. Li, J. Penn, B. Houghtaling, W. Prinyawiwatkul, B.E. Roe. 2021. "The Efficacy and I nteractions of Nudges to 

Reduce Restaurant Plate Waste and Improve Vegetable I ntake: A Field Experiment," AAEA & WAEA Joint Annual 

Meeting in Austin, TX, August 1-3. 

Qi, D., Bailey Houghtaling, Jerrod Penn, Witoon Prinyawiwatkul, and Brian E. Roe. 2021. "Vegetable Forward: Does 

vegetable consumption improve when more vegetables are selected?" 10th Annual Conference of the American Society of 

Health Economists, June 2 1 - 23, Zoom. 

Qi, D., R. Li, J.W. Apolzan, B.E. Roe. 2021. "Market Liberalization, Dairy Intake and Adolescent Height: Results from the 

Chinese Health and Nutrition Study, 1991 - 2009." Selected Poster, American Economic Association, Allied Social 

Science Association Virtual Annual Meetings, Jan. 3-5, 2021. 

Critical Issue 
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* Community Nutrition Education Programs - 2021 Resu lts 

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

Accord i ng  to the State of Obesity 2021 report, 15.7% of youth ages 10-17 and  35.5% of adu lts in Oh io  were cons idered obese. 

Oh io  is ra n ked 14th in the U n ited States for overweight and obese adu lts. Accord i ng  to Feed i ng  America, 13.1 % of people i n  

O h i o  face h u nger and  food i nsecu rity issues, which i s  o n e  i n  eight people. 

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. 

S ince 1969, OSU Extens ion has imp lemented the EFN EP  progra m and s ince 1996 it has been the sole i mplementi ng agency for 

the SNAP-Ed program .  These two federa l  n utrition ed ucation programs a re focused on teach ing el ig i b le aud iences to choose 

and  prepare foods of h igh n utr ient va lue  and  manage food resou rces to decrease food secu rity. Specifica l ly, for youth obesity 

p revent ion, embrac ing comprehensive evidence-based strategies de l ivered through commun ity-based ed ucation and pu bl ic 

hea lth approaches. Fu nd i ng  fo r the SNAP-Ed program is consistently one of the la rgest awa rds at Oh io  State and  reaches tens 

of thousands of part ic ipa nts (ch i l d ren and adu lts) i n  every cou nty across the state. OSU Extension SNAP-Ed progra m 

assista nts teach classes on n utrition ,  physica l activity, food safety, and  p u rchasi ng food on a budget. SNAP-Ed imp lemented a 

soci a l  ma rket ing cam pa ign i n  2019 ca l led "Celebrate You r  Plate" (CYP) .  

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

In 2021 most n utrition ed ucation classes conti n ued to be offered on l i ne, in which 23,788 youth and 2,441 adu lts were reached 

through face-to-face and on l ine nu trit ion ed ucation programs. N i nety-five percent (95%) reported imp rovement i n  d i et 

q ua l ity, 85% report better food resou rce management practices, more than 50% of pa rt ic ipa nts reported eati ng more fru its 

and  vegetab les. Also reported were sign ificant pre/post increases i n  meal  p la n n i ng, buyi ng hea lthy foods on a budget and  

confidence tha t  food wi l l  last through the  month .  The CYP Socia l  Ma rket ing Ca mpa ign i ncreased imp ress ions by  1,309% and  

reach by  21  % .  

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

Us ing a resea rch-based, i n teractive approach, peer ed ucators from the commun ities they support reach over 25,000 l im ited 

resou rce fa m i l ies and  youth each yea r. More than 80 percent of E FNEP  fam i l ies report l ivi ng at or be low 100 percent of 

poverty. Positive impacts of E FNEP  inc lude fam i ly engagement, savi ng money, i ncreas ing i nta ke of fru it and  vegetable 

consumption and a n  increase of physica l activity. 

Through SNAP-Ed classes part ic ipa nts learn to select, prepare, and  i ncorporate fru its and  vegetab les, whole gra i n ,  low-fat 

p rote in  foods and low-fat da i ry prod ucts i nto a hea lthy d iet; to use l im ited resou rces to p lan ,  pu rchase, and  prepare food for 

the fa m i ly; to be physica l ly active every day; and to store and  hand le food so it is safe for consu mption .  At Oh io  State SNAP-Ed,  

is one of the la rgest awa rds at the u n iversity and  reaches tens of thousands of part ic ipa nts (ch i l d ren and  adu lts) i n  every 

county across the state. 
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* Mental Health Literacy 2021 Program Resu lts 

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

Accord i ng  to the N ationa l  Al l i a nce on Menta l I l l ness, approxi mate ly 16% (1 .9  m i l l ion )  of Oh ioans have a menta l  hea lth 

cond it ion .  In O h io, a bout 478,000 a d u lts aged 18 o r  o lder (4. 1  % of all adu lts) have a serious menta l  i l l ness (SM I )  with i n  the 

yea r prior to bei ng su rveyed . Menta l  hea lth awa reness is therefore, an i m porta nt issue for all ed ucators and com m u n ity 

mem bers who engage the pu bl ic, as they a re often the fi rst l i ne  of defense for the i r  pa rt ic ipa nts. Ed ucation profess iona ls have 

recogn ized the i m pact that a part ic ipa nt's menta l  hea lth has on re lationsh i ps, prod uctivity, and  ach ievement and  they rea l ize 

that there is  a great dea l  that ca n be done to he lp  people with menta l  hea lth issues. 

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. 

Of parti cu la r  concern - many menta l  hea lth p rofessiona ls a re not tra i ned, nor  do they have d i rect experience worki ng with the 

agricu ltu ra l  sector and the i r  u n iq u e  cha l lenges. OSU Extens ion has partnered with the Ohio Depa rtment of Agricu ltu re to 

meet th is  need . O u r  Fa rm and  Ranch Stress Certification cou rses a re ta rgeted at menta l  hea lth ca re p rofessiona ls seeki ng to 

better u ndersta nd the stressors of fa rm and  ra nch l ife .  The lack of knowledge s u rround i ng  the agricu ltu ra l  i ndustry is a n  

identified ba rrier  t o  menta l  hea lth ca re for fa rmers and  ra nchers. 

In 2018, OSU Extension had its fi rst i nstructors certified to teach and tra i n  tra i ners i n  Menta l  Hea lth Fi rst Aide (M H FA) and in 

2019, Tra u m a  I nformed Care (T IC)  was added .  Also i n  2019, a " R u ra l  and Fa rm Stress Task Force" was formed . In 2021,  a 

" Behaviora l  Hea lth Field Specia l ist" position  was created i n  Agricu ltu re and  N atura l  Resou rces to gu ide  progra m m i ng efforts 

in menta l  hea lth l iteracy in the agricu ltu ra l  com m u n ity. 

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

In 2021, certified Extension professiona ls tra i ned :  

o 268 4-H C lu b Advisors i n  a " M enta l  Hea lth Series Webi n a r  Series" 

o 182 a d u lts in Menta l Hea lth Fi rst Aid (Ad u lt M H FA) 

o 60 a d u lts in Question, Persuade, Refer (QPR Su ic ide Prevent ion)  

o 74 a d u lts i n  Tra u m a  I n formed Care 

o 414 a d u lts i n  Youth Menta l Hea lth Fi rst Aid (YM H FA) 

I n  add it ion,  m u lt ip le progra ms were offered on dea l i ng  with stress (e.g. ,  " B u ry Seeds Not Stress", " Com m u n icati ng  About  

Stress: Knowing When to Ask for He lp", "Cop ing with  COVI D ", etc . ) ,  wh ich were attended by 282 pa rtici pants. 

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

OSU Extens ion provides tra i n i ng fo r Extens ion professiona ls to become Certified Ad u lt Menta l Hea lth Fi rst Aid I n structors and  

offers tra i n i ngs i n  Menta l  Hea lth Fi rst A id  for employees at Oh io  State and  members of  the agricu ltu ra l  com m u n ity to  lea rn 

a bout the warn ing  signs and sym ptoms of menta l  hea lth issues. We a lso a re he lp ing  to ra ise menta l  hea lth awa reness and  



advocacy on a nat iona l  sca le and  have d istri buted nea rly 25,000 copies of the 4-H project book You r  Thoughts Matter: 

N avigati ng Menta l  Hea lth, s ince its i ntrod uction i n  2017. That i nc ludes 20,500 sold nationa l ly and a uthors J am i  Del l ifie ld and 

Amanda Ra i nes have contri buted to other N ationa l  4-H menta l  hea lth cu  rricu la  as wel l .  

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

opportun ities for train 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. 

The Oh io  Fa rm Bu reau Fou ndat ion recognized J am i  Del l ifie ld with the fi rst ever Yvonne Lesicko Persevera nce Prize, or  Y Prize 

for short, for her i n novative work on fa rmer menta l  hea lth i n iti atives. 

Del l if ie ld serves as a Fa mi ly and Consu mer Sciences ed ucator with Oh io  State U n iversity Extens ion 's H a rd i n  Cou nty office. 

After see ing the stress effects of fa rm l ife on prod ucers in her a rea, Del l if ield led the charge of bring ing fa rmer menta l  hea lth to 

the forefront of her efforts. Del l ifie ld took it u pon herself to fi nd tra i n i ng and  resou rces - not j ust for herself, but for othe rs i n  

OSU  Extens ion to  address fa rm stress issues. 

The Y Prize is a new awa rd created by the Yvonne Lesicko Memor ia l  Fu nd .  The fu nd was created in 2020 to honor Yvonne 

Lesicko, former vice pres ident of  pu  bl ic pol icy for Oh io  Fa rm Bu  rea u .  The fu nd ,  with i n  the Oh io  Fa rm Bu reau Foundat ion, was 

establ ished to support the ca uses and i n iti atives that were im  porta nt to Lesicko. 

" I am beyond honored to be a part of th is as I th i n k  a bout al l of the amaz ing th i ngs that Yvonne did to keep the menta l  hea lth 

of fa rmers and ou r  ent i re commun ity a pr iority," Del l ifie ld sa i d .  "She was a true leader and did so much for this very im  porta nt 

issue fo r agricu ltu re." 

Del l if ie ld is a tra i ner  and  an advocate for menta l  hea lth l iteracy programs such as Menta l  Hea lth Fi rst Aid and  Question ,  

Persuade, Refer (QPR) ,  where the focus is on improvi ng knowledge of s igns and  sym ptoms of menta l  hea lth and  su  bsta nce 

use prob lems. She has ta ught well over 1,000 fa rmers and  fa rm youth a round  the state and has a lso been a tra i ner  for 

p rofessiona ls worki ng with fa rm commun ities. 

As the 2021 Y Prize awa rd winner, Del l if ield wil l be given a p latform to share her work and the efforts of Oh io  State U n iversity 

Extens ion for fa rm stress and  menta l  health .  Del l ifie ld wi l l  be a presenter at the 2022 Young  Ag Professiona ls Wi nter 

Leadersh ip  Experience. Al l  of this is part of the award 's goa l of lessen i ng  the stigma su r round i ng  menta l  hea lth issues. 

Video presentation/ interview: https://Y.outu  . be/fuW2rc5he9s 

Discovery and develoP-ment of insecticides with novel mechanisms of action for mosguito control 

Project Director 

Peter Piermarini 

Organization 

Ohio State University 

Accession Number 

1013867 

Resu lt l*

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

Mosq u itoes a re 'the most dangerous an ima ls on earth '  beca use they tra nsmit dead ly pathogens to h umans, i nc l ud ing  

p rotozoans (e.g. , ma lar ia pa rasites) , a rbovi ruses (e.g. , Z ika virus) , and  fi lar ia l  nematodes (e.g., fi l a rias is) . U nfo rtu nate ly, on ly a 

l im ited n umber of i nsect ic ides a re ava i la b le for pu bl ic hea lth use, which has led to i nsectic ide resista nce. To overcome the

cha l lenge of i nsectic ide resista nce i n  mosq u itoes and  control the spread of emergi ng mosq u ito-borne a rbovi ruses, we wi l l

deve lop a new generat ion of i nsectic ides that wi l l  k i l l  mosq u itoes via unexplo ited mechan isms.

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://youtu.be/fuW2rc5he9s
https://nrs.nifa.usda.gov/projects/4885


We d iscovered a nove l and  natu ra l  prod uct that is eq ua l ly efficac ious as a n  i nsectic ide aga inst i nsectic ide-suscepti ble and  

i nsectic ide-resista nt stra i ns  of  mosq u itoes. We generated i nsights i nto how th i s  prod uct ca uses i nsect morta l i ty by  cond ucti ng 

i n  vitro physio logica l assays on mosq u ito tissues. We fou nd that  the natu ra l  prod uct d isru pts a n  aspect of mosq u ito 

physio logy not previous ly exploited by other i nsect ic ides, suggest ing a un i que  mode of action .  Col la borat ions with chem ists 

have a l lowed us to identify key chemica l  featu res of the natu ra l  prod uct that contri bute to its insectic ida l  activity. We a re 

cu rrently attempt ing to bu i ld u pon these i nsights to generate novel derivatives of the natu ra l  prod uct that exh i b it su perior 

i nsecticid a l  activity aga i nst mosq u itoes. 

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

My ta rget aud ience of academic resea rchers benefited from pub l ications and presentations, wh ich provide new i nsights i n to 

mosq u ito physio logy and h igh l ight nove l aven ues for develop ing chemica l  control agents to ma nage mosq u ito popu lat ions. 

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

The broader pu bl ic benefited by my project's revea l ing of basic i ns ights i nto mosq u ito physio logy and toxicology, wh ich wi l l  

lead to the development of nove l chemica l  tools for protect ing the pu bl ic from the n u isa nce and  d isease transm iss ion ca used 

by mosq u i toes. 

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. 

Peer-reviewed journal publications in 2021: 

1. Aretz C, Kha rade SV, Ch ron ister K, Trigueros RR, Rod riguez EM ,  Piermarini PM, Denton JS, Hopk ins CR (2021) Fu rther 

SAR on the (phenylsu lfonyl) p i peraz ine scaffo ld as i n h i bitors of the Aedes aegyptieKirl (AeKi r) channe l  and  la rvic ides. 

Chem MedChem 16: 319-327. do i : 10 . 1002/cmdc.202000598. 

2 .  Kalsi M ,  Wa lter A, Lee B, DeLaat A, Trigueros RR, H appel K, Sepesy R, Nguyen B, Manwi l l  PK, Ra kotond ra i be LH ,  

Piermarini PM (2021) Stop the crop :  I n sights i n to the i nsectic ida l  mode of  action of  c i nnamod ia l  aga i nst mosq u itoes. 

Pestic Biochem Physiol  171 :  104743 . do i : 10 .1016/j . pestbp.2020. 104743. 

Research Presentations in 2021: 

Piermarini PM (2021) Discovery of nove l chemica l  tools for contro l l i ng the most dangerous a n ima ls on Earth .  I nvited sem ina r, 

Department of Bio logy, Va lpara iso U n iversity (presented on- l i ne) . 

Li V, Piermarini PM (2021) Putative ro le of rena l  (Ma lp igh i an )  tubu les i n  regu lati ng calci u m  homeostasis i n  the mosq u ito Aedes 

aegypti. Subm itted poster, Oh io  Physio logica l Society An nua l  Conference. C leve land ,  OH .  

Graduate and Post-Doctoral Advising in 2021: 

MS students: 

Yua n  Li (Received Gra nts in Aid of Resea rch from Sigma Xi and  Oh io  Mosq u ito Vector Contro l  Associat ion) 

o List of Visiting Scholars advised and their institution: 

Dr. Gujja ri Loh itha ( Nationa l  I n st itute of Pha rmaceutica l Ed ucation and Resea rch ,  I nd i a ) .  

Teaching Efforts 



I ta ught an on- l i ne Veteri n a ry Entomology cou rse in the Spri ng, Summer, and Autu m n  2021 semesters . A tota l of 592 students 

en ro l led and  were i ntrod uced to the b io logy of i nsects and  a rachn ids that tra nsmit d i seases to domestic a n ima ls and  d isru pt 

a n ima l  prod uction .  

On-line Certificate Course Development: 

I n  2021, I revised and  expa nded 3 on- l i ne  certificate cou rses for conti n u i ng ed ucation cred it with assista nce from OSU 

Extens ion .  

Impact Statement (Optiona l) 
Use this space to ta lk about the impact that this resu lt had ,  in layman 's terms. Add ing  comments here wi l l  not change the content in the high lighted resu lt. 

Dr. P ierma ri n i  and  co l laborators in the OSU Col lege of Pha rmacy have identified u n ique  chemica ls from the Cinnamosma 

plant that a re toxic and  repel lent aga i nst mosq u itoes and  outperform most cu rrent repel lants (e.g. DEET) . These new, p lant

based chemica ls have the potenti a l  to protect people from mosq u itoes that tra nsmit Z ika virus and  other mosq u ito-borne 

d iseases, such as ma la ria ,  dengue fever, West N i le fever, and ch ikungu nya fever, which co l lectively deb i l itate the hea lth and  

well-bei ng of  h u nd reds of  m i l l ions of  people a round  the  globe each yea r. Th i s  natu ra l ly based com pound  cou ld eventu a l ly 

replace ha rmfu l, synthetic i nsectic ides. 

Critica l Issue 

OSU - Thrivi ng Across the Lifespan 

Education Course for Divorcing Parents of Minors - Successful Co-Parenting 

Project D i rector 

Debora h  Lewis 

O rga n ization  

Oh io  State U n iversity 

Access ion N u m ber  

7002733

* Education Course for Divorcing Parents of M inors - Successfu l Co-Parenting 2021 Program Resu lts 

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

When parents d ivorce, the ch i ld ren often pay the h ighest price. Of the approximately 29,000 ma rriages that brea k up in Oh io  

each  yea r, nea rly 43% invo lve m inor  ch i ld ren (Oh io Depa rtment of  Hea lth, 2020 Ma rriages & Divorces Report) . The term "co

parent ing" refers to the cooperative process of parenti ng together wh i le l ivi ng a pa rt. Co-pa renti ng a l lows a ch i ld or  ch i ld ren 

to have a secu re u pbring ing without confl ict of interest. Co-parent ing enab les the ch i ld or  ch i ld ren of d ivorce to ma i nta i n  a 

hea lthy close relationsh i p  with both parents. 

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. 

Fam i ly and Consu mer Sciences' Successful Co-Parenting is a two- to three-hour  class (face-to-face or  on  l i ne) designed to 

eq u i p  pa rents with the knowledge, ski l ls, too ls, awa reness and strategies to he lp the i r  ch i ld ren adjust to d ivorce now and i n  

t h e  futu re .  Pa rents w h o  partici pate i n  th is progra m lea rn how to foster res i l iency to the cha l lenges o f  d ivorce, he lp ing the i r  

ch i l d ren to recover from or retu rn to previous fu nction ing after encou nter ing the cha l lenge faced by the i r  pa rents' 

d ivorce/sepa ration .  Pa rents ca n foster res i l iency by: movi ng on after d ivorce towa rd persona l  growth; develop ing a hea lthy, 

sta ble re lationsh i p  with the i r  ch i ld ;  establ ish i ng  proper bounda ries with the i r  ch i ld ;  and  havi ng m i n ima l  confl ict with the i r  co

parent - a l l  of which a re ski l ls and  tech n iq ues ta ught in the class. 

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

https://nrs.nifa.usda.gov/projects/14349


I n  2021, more than 1200 partic ipan ts took  pa rt i n  the Successful Co-Parenting© (SCP) program . Approximately 1,000 of those 

took  the SCP Online©, which was deve loped in 2019 as an afforda  ble and  easy-to-navigate on l i ne cou rse ava i la b le to anyone 

a nywhe re i n  Oh io  and beyond .  N i nety-two percent  (92%) of pa rt ici pants report be ing more p repa red to co-pa rent as a resu lt 

of the progra m; 95% report lea rn i ng  new i nformation  and  97% p lan  to use the i nformation  that they learned i n  the class. 

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

Divorce effects approximately 28,000 ch i ld ren u nder the age of 18 in Oh io  each yea r. The Successfu l Co-Pa renti ng Class, 

rega rd less of whether it is ta ken at the begi n n i ng of the sepa rat ion p rocess or nea r  the end of the d ivorce process, benefits a l l  

sepa rati ng coup les who have m inor  age  ch i ld ren ,  i nc l ud ing  those who have cohabited and  never ma rried .  Research te lls us 

that there a re great benefits to ch i ld ren and  the i r  pa rents when co-pa rents work together i n  a civi l and  pu  rposefu l way to ra ise 

thei r ch i ldren .  Research suggests that ch i ldren of d ivorce a re at greater risk of lower school success, behavior prob lems, 

depress ion and a nxiety, and thei r own futu re d ivorce. Research has consistently noted the lea rn i ng  benefits parents 

experience by pa rtici pati ng i n  a co-pa rent ing class. For i nsta nce, stud  ies have found  that parents reported increased 

knowledge about how to redu ce and reso lve confl ict with the other parent and usefu l ideas for red uc ing stress in ch i ld ren .  As 

parents make improvemen ts in the i r  ab i l i ty to commun icate effectively with each other and  reso lve confl ict, the leve l of 

tens ion between them is l i ke ly to decrease and  redu ce tension among pa rents wi l l  then redu ce the leve l of ha rmfu l stress on 

ch i  ld ren .  

Sou rce: httRs://scpon l i ne.osu .ed u/a bout-scR-on l i ne/ 

Financial Literacy Program for Youth 

Project Director 

Deborah Lewis 

Organization 

Ohio State University 

Accession Number 

7002641

* Financial Literacy for Youth - Real Money. Real  World . 2021 Program Resu lts

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

One of the most importa nt l i fe ski l ls young  people wi l l  need to succeed as adu lts is resou rcefu l money management.  OSU 

Extens ion developed the Real Money. Real World. cu rricu l um designed to: 1 )  i ncrease youth awa reness of how ed ucation leve l 

and  correspond ing  career choice i nfluence persona l  i ncome and  fi nanc ia l  secu rity; 2) i ncrease youth knowledge of money 

management tools used i n  da i ly spend i ng  for cost-of- l ivi ng decis ions; and  3) i ncrease youth awa reness of how i ncome and  

l ifestyle choices affect the  a mount of  money ava i la b le for d iscretiona ry spend i 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. 

M idd le and  h igh school age youth lea rn basic money ma nagement practices i n  the classroom and  then make si mu lated 

l ifestyle and budget choices through a spend i ng  si mu lation .  D u ri ng  the spend i ng  s imu lation ,  youth assume the ro le of a 27-

yea r-old adu lt. They receive an occu pation ,  month ly sala ry, and the n umber of ch i ld ren they a re to ra ise. Comm u n ity 

vo lunteers staff booths that represent actu a l  bus inesses i n  the commun ity. The cu rricu l um was u pdated i n  2020 and  has been 

adopted by 70 of Oh io's 88 cou nties i n  2021 .  

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

In 2021, approximate ly 14,000 youth partici pated in the Real Money. Real World. program and 765 adu lt vo lunteers were 

engaged i n  staffi ng the sim u lation booths (e.g., i nsu ra nce com pany, ba nk, ch i ld ca re fac i l i ty, ut i l ity com pany) . Of the sam pl ing 

of 2 ,161 youth who completed the end of program eva luat ion, 72 .3% reported a positive change i n  u nderstand i ng  deductions 

taken from paycheck; 61 % reported a positive change i n  u nderstand i ng  the costs to ma i nta i n  a household and the 

i mporta nce of having a spend i ng  p lan ;  and  66.7% reported a positive change i n  u nderstand i ng  the costs to ca re for a ch i ld .  

https://scponline.osu.edu/about-scp-online/
https://nrs.nifa.usda.gov/projects/14249


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

Oh io  Treas u rer  Robert Sprague has partnered with OSU Extens ion 's Fa m i ly and Consu mer Sciences and 4-H Youth 

Development profess iona ls to advance and expa nd the use of the co l lege's Real Money. Real World. fi na nc ia l  l iteracy progra m 

statewide.  The a n nouncement co i nc ides with the a n n u a l  America Saves Week, wh ich a ims  to ra ise awa reness a bout  fi nanc i a l  

l i teracy ed ucation  wh i le he lp ing  i nd ivid u a ls to  ach ieve fi nanc ia l  sta b i l i ty. Approxi mate ly 14,000 Oh io  youth ta ke part i n  the  

experienti a l  fi nanc ia l  l iteracy progra m each  yea r. 

Ohio 4-H Youth DeveloRment 

Project Director 

Deborah Lewis 

Organization 

Ohio State University 

Accession Number 

7000197

* Ohio 4-H Youth Development 2021 Impacts 

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

Oh io  State U n iversity Extens ion is  committed to he lp ing Oh ioans th rive across the i r  l ifespa n;  in 4-H we a re com mitted to 

he lp ing  young  peop le develop ski l ls that w i l l  he lp  them succeed.  O u r  goa ls a re to em power youth to develop and  expa nd 

cha racteristics, knowledge, and  ski l ls that  create a strong foundat ion for a positive a d u lthood, i nc l ud ing  ca reer  and  col lege 

read i ness. We develop and  strengthen the ski l ls of cu rrent and  futu re leaders to add ress today's most p ress ing issues. 

In 4-H ,  youth (ages 5-18) lea rn by do ing  p rojects that a re designed to fit the i r  needs at d ifferent ages. Through a va riety of 

p rojects - from food and  forestry to rockets and  ra bbits - 4-H gives ch i ld ren  and  teens opportu n it ies to learn l ife ski l ls, to 

p ractice them, and  become confident in the i r  ab i l i ty to use them in the futu re .  4-H teaches you n g  people how to meet thei r 

needs for belong ing, mastery, i ndependence, and  generosity i n  positive ways. More specifica l ly, 4-H progra m m i ng is b u i lt 

a round  E ight Essenti a l  E lements, someti mes a lso ca lled the E ight Key E lements: 

1. A Positive Relationsh i p  with a Cari ng  Ad u lt 

2. An I nc lusive Environment  

3 .  A Safe Emotiona l  and  Physica l Envi ron ment 

4. Opportu n ity for Mastery 

5. Engagement i n  Lea rn i ng  

6 .  Opportu n ity to  See Oneself as a n  Active Pa rtic ipant i n  t he  Futu re 

7. Opportu n ity for Self-Determ i nat ion 

8 .  Opportu n ity to Va lue  and  Practice Service to Others 

https://nrs.nifa.usda.gov/projects/197


Oh io  4-H works with young  people i n  a va riety of sett ings i nc l ud ing  schools, day ca mps, overn ight cam ps, afterschool ca re, 

c lu  bs, and other lea rn i ng  envi ronments. Rega rd less of the envi ronment, we re ly on the experienti a l  lea rn i ng  model in wh ich 

lea rn ing  ta kes place when youth experience, share, process, gene ra l ize, and app ly a pa rti cu la r  practice, idea, o r  p iece of 

i nformation .  Al l  4-H programs focus on active i nvolvement and  q u a  l i ty experiences, wh ich stimu  late l ife long lea rn i ng  of va lues 

and  ski l ls . 

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 Oh io  4-H Youth Development Progra m enro l led 84,330 youth members i n  2021 .  Of those, 58,188 partici pated i n  c lu  bs, 

16,436 were reached though school-based p rogramm i ng, and  1 1,314 partici pated in 4-H camps. 2021 conti n ued to be a 

cha l leng ing yea r for a l l, but  4-H youth a re res i l ient! V i rtu a l  programs, c l ub  meeti n gs, service lea rn i ng, project j udgi ng, ca mps 

and  fa i rs a l l  contri buted to youth ga i n i ng ski l ls they w i l l  use long after the i r  4-H membersh ip  ends. I nc luded here is a l i n k  to 

the "Oh io 4-H Youth Development 2021 I m  pact Report": httP-;ilgo.osu.ed u/OH4-H2021 imRact and  the "2021 Oh io  4-H Stats" 

i n fogra p h ic  https://go.osu . ed u/OH4-H2021Stats 

F inanc ia l  impact of Oh io's adu lt 4-H vo lunteer t ime contribut ion :  

o Us ing a n  average of 10 hou rs per month of donated vo lunteer t ime for 2021 ,  and  a va lue of Oh io  vo lunteer t ime at

$28.54/hour  (2021 data, from the I ndependent Sector) :

o 10 hou rs x 12 monthse= 120 hou rs/yea r

=o 120 x $28.54 $3425 per yea r per vo lu nteer

=o $3425 x 12,042 ad u lt 4-H vo lu nteerse $41,243,850 of donated t ime.

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

One 2021 program h igh l ight is o u r  conti n ued pa rtnersh ip  with App le, wh ich began in 2019. As pa rt of its Com mun ity 

Education I n iti ative, Apple provided the Oh io  4-H Youth Development Program with devices, programma ble robots, and  

p rofessiona l  lea rn i ng  and  support. App le's g ift  of  $1 .2  m i l l ion i n  devices and  techno logy to  OSU Extens ion has given ou r  

cu rrent 4 -H  staff access to  techno logy needed to  reach 6,274, 4 -H  youth i n  44 cou nties i n  2021 .  More t h a n  64% o f  t he  youth 

reached a re new to 4-H ,  so th is partnersh ip  with Apple has g iven access to new youth across Ohio to connect with 4-H 

p rogramm i ng. OSU Extens ion 4-H professiona ls teach youth in K-12 cod i ng  and creativity using the techno logy provided by 

Apple. Clovers CODE  (Creati ng Opportun ities Designed for Everyone) he lps youth become content creators using techno logy 

rather than j ust content consumers of techno logy. Oh io  4-H is prepa ri ng youth for futu re ca reer opportu n ities through the 

Clovers CODE  program .  

Knowledge o f  t he  science o f  genetics, nu trit ion, management, hand l i ng, and  envi ronment i n  re lat ion to t he  youth 's food 

an ima l  projects p lays a critica l ro le in the success of p rod uc ing safe and wholesome food prod ucts for consu mers. By 

partici pati ng in lea rn i ng  activities designed to help ensu re the i r  food an ima ls a re well ca red fo r and that the i r  prod ucts a re 

safe for consumers, j u n ior  fa i r  exh i b ito rs and  thei r fa m i l ies wi l l  u ndersta nd the i mporta nt l i nkages among the i r  

responsi b i l ities, ob l igations, pu bl ic perceptions and  consumer confidence i n  assu ri ng  wel l-ca red -fo r  a n ima ls and  q u a l ity 

p rod ucts. The Oh io  Depa rtment of Agricu ltu re (O DA) req u i res a l l  youth exh i b iti ng food an ima l  p rojects to partici pate i n  q u a l ity 

assu rance programm i ng. OSU Extens ion provides leadersh ip  for implementi ng q u a l ity assu rance programm ing  i n  pa rtnersh ip  

w i th  ODA, FFA and  County Agricu ltu ra l  Societies' Sen ior  Fa i r  Boa rds. When Tracy Winters, 4 -H  ed ucator i n  Ga l l i a  Cou nty, 

rea l ized that resale pr ices of fa i r  ma rket an ima ls were d ropp ing d ue  to poor meat q u a l ity, she was determ ined to fi nd a 

solut ion for her 4-H mem bers. She knew ed ucation was key, and  with the assista nce of a n  Oh io  4-H Foundat ion gra nt, she 

designed a series of tra i n i ngs fo r youth to lea rn how the i r  actions as l ivestock prod ucers affect the q u a l ity of the i r  prod uct. 

From experts with the CFAES Depa rtment of An ima l  Sciences, Oh io  4-H members learned about food safety and the eth ica l 

cons iderat ions that go i n to ra isi ng q u a l ity meat. They were a lso ab le to ta ke an ima l  q u a l ity assu rance tra i n i ng i n  sma l l-group  

sett ings. Th i s  req u i red tra i n i ng  teaches youth best practices when  dea l i ng  with food an ima l  prod uction .  S i x  tra i n i ng  sess ions 

were held th roughout Apri l and May, with 320 4-H and  FFA youth pa rtici pati ng a long with the i r  parents. Kits created with the 

grant  fu nds provided youth with ha nds-on activities used i n  club sett ings and la rge-group  demonstrations. The resu lt? "Youth 

http://go.osu.edu/OH4-H2021impact
https://go.osu.edu/OH4-H2021Stats


d id n't rea l ize thei r practices were h u rt ing the q u a l ity of their prod ucts," sa id Winters. "They learned how stress ca n affect 

meat prod ucts, and  ou r  program eva luat ions reflected a cha nge in youth attitudes, especia lly when th i n ki ng  about 

tra nsporti ng a n ima ls and  wh i le on the fa i r  grounds." 

sou rce: "Oh io  4-H Youth Development 2021 I m pact Report" : httP-;.ligo.osu .ed u/OH4-H2021 imP-act 

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

OSU Extens ion resea rch shows that Oh io  youth cred it thei r 4-H c l ubs with maki ng  them better citizens, leaders, and  

comm u n icators. Resea rch from Tufts U n iversity shows tha t  4 -H  youth a re competent, confident, ca ri ng, and  con nected, and  

tha t  they exh i b it strong cha racter. The Tufts study shows tha t  4-H 'ers contri bute more to  the i r  fam i l ies and commun ities, 

ach ieve h igher grades in school and  a re more l i kely to go to co l lege than youth who a re not in 4-H ,  or even youth who 

partici pate i n  other out-of-school programs. I n  add it ion, youth i nvolved i n  4-H lead health ier, more p rod uctive l ives, a re less 

l i ke ly to suffer from depress ion and  a re less l i kely to partici pate in risky behaviors l i ke d ri n king  and  smoking. 

Type Projects / Programs 

Projects / Programs without a Critica l Issue 0 

Not Provided 
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