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I. Report Overview
1. Executive Summary

Penn State's Agricultural Experiment Station (AES) and Cooperative Extension Service (CES) operate in
concert within the College of Agricultural Sciences to address present and future needs in agriculture at
local, state, national, and international scales.

Our faculty strive to conduct research that will provide solutions to the most pressing challenges to
growers, producers, industry, and other stakeholders, and to team with extension personnel to transfer
new knowledge and innovations into the field where they can make a measurable difference in the bottom
line.

Penn State's College of Agricultural Sciences saw a 7 percent increase in research expenditures in fiscal
year 2017-2018, to $121 million. We leverage NIFA funding and Hatch funds salary support with those
dollars to multiply our impacts.

Continuing focus on entrepreneurship. The college's and university's trend toward encouraging
entrepreneurship is continuing and growing. The college hired a research commercialization leader with
expertise in helping researchers and startups successfully navigate commercialization. We started a
faculty learning community interested in advancing global knowledge through new methodologies and
technologies.

A new biobased treatment for bedbugs developed by Penn State entomologists saw strong sales from
pest application professionals in its first year on the market. Another team is working on sustainable,
biologically derived materials created using polysaccharides with potential applications in sustainable
packaging, construction materials, food products, and biomaterials for health care.

The fight again spotted lanternfly. Interdisciplinary efforts to fight the invasive spotted lanternfly include
public education; study of its genetic markers to estimate the effective size of the current population, track
population growth and movement, and detect subsequent invasions; assessment of its microbiome to
determine whether it transmits bacterial or fungal pathogens to plants through feeding; and observation of
its mating and dispersal patterns. Spotted lanternfly could damage Pennsylvania's $18 billion wine, tree
fruit, hardwood, and/or nursery industries. Similar efforts are underway against numerous other invasive
insects that could bring serious economic hardship to important agricultural industries.

Planned Programs. Our research efforts, as outlined in the College's 2014-2019 strategic plan, fall into
the planned programs below. The planned programs are dynamic and allow for the development and
integration of new scientific approaches. Departmental annual reviews and strategic plans, as well as their
signature research areas, also inform the planned programs.

Advanced Agricultural and Food Systems-Transforming thinking and practice in agricultural and food
systems through research and extension programming focused on productivity, sustainability, and
adaptability.
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Biologically Based Materials and Products-Discovering novel approaches to using genetic systems and
biological materials for value-added commercial and consumer products. Laying the groundwork for
biobased energy and industries in Pennsylvania.

Community Resilience and Capacity-Helping communities improve their economic resilience, create
sustainable infrastructures, and promote their local economy through value-added opportunities, new
business development, and improved efficiency in established operations.

Environmental Resilience-Providing innovative research and extension programming to enhance and
protect managed and natural ecosystems, ecosystem services, and human well-being. Exploring potential
issues resulting from global climate change, and possible mitigation and adaptation strategies.

Global Engagement-Providing global solutions to challenges in agriculture, health, and sustainability that
affect the future of an interconnected world.

Integrated Health Solutions-Advancing and improving the health of people, animals, and communities
through research and extension programming into preventive, corrective, diagnostic, and predictive
solutions to challenges presented by food safety, lifestyle, diseases, pests, and toxins.

Positive Future for Youth, Families, and Children-Providing a wide range of evidence-based programming
to support healthy families, build positive youth skills, and strengthen intergenerational relationships within
rural and urban communities.

Diverse teams of faculty from the College of Agricultural Sciences are addressing complex societal issues
that transcend disciplines to impact people on scales ranging from local to global.

Our planned programs capture the systems approach that we have identified as a key element for
generating impact, uniting our research efforts with our extension education capacity. Penn State provides
an environment that encourages interdisciplinary work and values outreach to stakeholders. The University
has built a framework of university-wide consortia and institutes (e.g., Life Sciences; Energy and
Environment; Social Sciences--Children, Youth, and Families; Materials; Ethics; Sustainability), and the
College of Agricultural Sciences plays an integral role in these organizations. This interdisciplinary
philosophy has reinforced the natural tendency of our faculty and extension educators to work
cooperatively to solve problems. Coupled with the joint research-extension appointments of over 200 of
our college faculty, our work effectively unites fundamental knowledge with practical solutions delivered to
stakeholders. The net result is a tangible benefit in economic prosperity and quality of life for Pennsylvania
citizens and beyond.

This Year's Program Highlights. In addition to the projects highlighted in summaries for each Planned
Program, we had other stand-out projects in all aspects of our research and extension programs. We
mention here just a few.

Advanced Agricultural and Food Systems projects featured two first reports: first North American report of
allium leafminer on onions and first report of black rot on arugula in California.

Teams of scientists are diversifying Christmas tree breeding stock for needle retention and conducting
yearly trials of flower varieties for the commercial market.

Several projects address climate change, for example, studies of its effects on animal agriculture in
Pennsylvania and on insects in the U.S., and an analysis of the uncertainty surrounding U.S. livestock
methane emission estimates. Extension work includes programs on managing orchards with climate

Report Date  08/22/2019 Page 2 of95



2018 Pennsylvania State University Combined Research and Extension Annual Report of Accomplishments and Results
change.
Other extension highlights include a virtual farm website to explore options in dairy farm sustainability.

The College's research and extension work contributes directly to the success and health of the agriculture
sector in Pennsylvania. The College's Fruit Research and Extension Center in Biglerville, PA, celebrated
its 100th year of industry collaboration and innovation in 2018. The Penn State Mushroom Short Course
marked its 60th year of providing mushroom growers with researched-based information and expertise
aimed at advancing the industry.

lllustrating the broad nature of the program on Biologically Based Materials and Products, we have a
project seeking to determine whether Brazil nut meat and egg powders could be used as cost-effective
alternatives to synthetic methionine in organic laying hen diets, an economic assessment of landowners'
willingness to supply energy crops on marginal lands in the Northeast U.S., and an assessment of
strategic entrepreneurship among pallet manufacturers who seek revenue-generating methods of
managing wood waste versus those who pay to dispose of it.

In the Community Resilience and Capacity program, our Shale extension team continues to expand and
excel. They offer a monthly webinar series and are developing Spanish language digital materials. They've
created an online biosecurity course for natural gas contractors working on farms. They continue to be in
high demand to educate foreign government officials about what has worked in Pennsylvania and what to
look out for in natural gas development.

Other projects in this area include analysis of how flooding and recent changes to the federal flood
insurance program are affecting rural Pennsylvania, changes in farming in the Marcellus shale region
associated with unconventional natural gas drilling activity, and the economic impact of organic agriculture
hotspots.

Climate change, migration, and regional economic impacts in the U.S. were the focus of a study in the
Environmental Resilience program, as were the assessment of estrogens in vernal pools and an analysis
of the potential to improve water quality in Chesapeake Bay using payments for ecosystem services. Other
researchers in this area worked on the fight against invasive insects such as spotted lanternfly and Asian
long-horned beetle, and continuing progress toward restoration of the American chestnut tree.

Some extension program highlights include an educational program centered around nontimber forest
products (food, medicinals, etc.), and the Master Watershed program, in which more than 300 volunteers
conduct water quality sampling, stream cleanups, freshwater mussel monitoring, public education about
water quality issues, and much more. The Green Industry team developed a golf course nutrient
management program and revised home lawn fertilizer recommendations, both of which will help improve
Chesapeake Bay water quality.

Several studies in the Global Engagement planned program address climate change: an analysis of
climate in the crop yield record of SubSaharan Africa, determination that agroforestry may help mitigate
climate change, and an exploration of how a heterogenous climate affects migration in Indonesia.

A number of projects within Global Engagement address insect-borne diseases. Our researchers are
examining the adoption of innovations to reduce malaria, risk factors for asymptomatic malaria in seasonal
surveys along the China-Myanmar border among displaced persons, and urbanization as related to
hantavirus epidemics in Chinese cities.

We're also involved in global work to build diversity and sustainability of agricultural crops. Some examples
of this type of work include efforts to foster the craft chocolate market to increase cacao growers' incomes
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by analyzing how plant cultivars, climate, soil, and processing methods influence flavor and aroma
characteristics of cacao beans, and efforts to empower female farmers in Cambodia by teaching them to
grow a diverse, nutritious, and affordable supply of food.

Several projects within the Integrated Health Solutions planned program examine how certain foods affect
health, including a study of the impacts of dietary broccoli on the gut microbiome, and the finding that
mushrooms may help reduce diabetes in mice.

Some researchers are examining the prevention of drug resistance in dairy calves. Other researchers are
modeling Marek's disease transmission in chickens, or studying Johne's disease in cattle.

Still other teams are attempting to identify new antimicrobials from ants, and to test the repellency and
toxicity of natural compounds against certain ticks.

We also have researchers studying the healthfulness of at-home food expenditures, and the local food
environment and child obesity.

Integrated Health Solutions extension programs address drinking water quality, respirator fit for safe
application of farm chemicals, food service/foodborne diseases, and compliance with Food Safety
Modernization Act regulations, as well as farm animal health.

Some highlights of the Positive Futures for Youth, Families, and Children program are a quantification of
the economic value of poor mental health days, a study showing that investing in public education
increases upward mobility, and two projects related to the concentration of poverty, both rural and urban,
since 2000.

Our faculty conducted a program that supports youth as social science researchers in their communities,
and analyzed predictors of leadership skills in Pennsylvania youth.

This planned program contains strong and continuing extension offerings such as PROSPER, Better Kid
Care, and the Strengthening Families Program.

We expect to have a draft of our next College Strategic Plan by fall 2020, when the final university-wide
Penn State Strategic Plan for 2021-2026 should be completed.

Total Actual Amount of professional FTEs/SYs for this State

Extension Research
Year: 2018
1862 1890 1862 1890
Plan 460.9 0.0 705.2 0.0
Actual 418.8 0.0 424.7 0.0

Il. Merit Review Process
1. The Merit Review Process that was Employed for this year
e Internal University Panel

e External University Panel
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e External Non-University Panel

e Combined External and Internal University Panel

e Combined External and Internal University External Non-University Panel
e Expert Peer Review

2. Brief Explanation

Internal university panels review AES projects. At least two qualified faculty internally review Hatch,
Mclntire-Stennis, Animal Health, and State projects at initiation for the following metrics: 1) Relevance to
priorities and mission of the units; 2) Probability of practical benefits; 3) Probability of contribution to basic
knowledge; 4) Personnel available and qualified to do proposed work; 5) Provision for cooperative efforts;
6) Adequacy of equipment and facilities available; 7) Probability that objectives will be reached in proposed
duration; 8) Proposal complete and format conforms to AES guidelines; and 9) Overall scientific and
technical quality.

In addition, external university panels are used for Multistate Research Project (MRP) activities. These
projects are reviewed multiple times during the five-year duration. At initiation, multistate activities are
evaluated for sound scientific approach, achievable goals/objectives, appropriate scope of activity to
accomplish objectives, potential for significant outputs (products) and outcomes and/or impacts; and
overall technical merit. Midterm evaluations rate progress reports and accomplishment of state objectives,
linkages among project participants and with other projects/agencies, funding sought or obtained, and
success or plans for information and technology transfer. Both extension and academic faculty are
encouraged to participate to meet the jointly agreed objectives.

External non-university panels are used as new Penn State extension programmatic issues or AES
projects are implemented. Stakeholder and/or program advisory groups provide ongoing review of
programs to ensure a focus on priority needs as identified by external panels. Reviewers' comments
provide mechanisms for improving our educational and research programs.

Combined internal and external university panels are assigned to each of the programmatic issues. These
panels are representative of integrated, multidisciplinary State Program Team Units made up of field-
based extension educators and faculty with split extension/research appointments. Program Team
members broadly represent all parts of the Commonwealth, and faculty members are chosen to represent
relevant research and extension perspectives. Extension Assistant Directors of Programs provide overall
leadership to the State Program Teams, and extension administrators review programs. State
administrators and academic unit leaders serve as liaisons to each unit. Each State Program Team
developed a program plan, based on formal needs assessment processes, that guides extension
programming and applied research efforts.

Combined internal and external university and external non-university panels were used to create advisory
committees for each State Program Team. These panels assisted in identifying issues where expertise
can be applied in program efforts. The work plans were developed and revised with input from the panel
members.
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lll. Stakeholder Input

1. Actions taken to seek stakeholder input that encouraged their participation

Use of media to announce public meetings and listening sessions
Targeted invitation to traditional stakeholder groups

Targeted invitation to non-traditional stakeholder groups
Targeted invitation to traditional stakeholder individuals
Targeted invitation to non-traditional stakeholder individuals
Targeted invitation to selected individuals from general public
Survey of traditional stakeholder groups

Survey of traditional stakeholder individuals

Survey of the general public

Survey specifically with non-traditional groups

Survey specifically with non-traditional individuals

Survey of selected individuals from the general public

Other (County Extension Boards)

Brief explanation.

College administration and faculty advisory groups confer regularly with key stakeholder groups.
The Penn State Ag Council (http://agsci.psu.edu/business/agcouncil) provides us with direct contact
to nearly 100 member organizations and groups representing the agricultural industry across
Pennsylvania. Also, part of the Ag Council are organizations such as the Chesapeake Bay
Foundation and the County Commissioners Association of PA.

In addition, college leadership meet regularly with individual stakeholder groups, such as the
Pennsylvania Farm Bureau and PennAg Industries, and state and federal partners, including the
Pennsylvania Departments of Environmental Protection and Conservation and Natural Resources,
the US Department of Agriculture, and the US Environmental Protection Agency.

Targeted invitations to traditional and non-traditional stakeholder groups and/or individuals are
extended to these stakeholders and members of the general public to identify industry
representatives and/or individuals who would formulate program advisory committees (e.g., Green
Industry Statewide Advisory Board, Center for Pollinator Research's Stakeholder Advisory Board,
PROSPER program collaborators).

Surveys and/or focus group meetings of traditional and non-traditional stakeholder groups and/or
individuals are used to collect more detailed information. For example, the Equine extension team
surveyed stakeholders about their interests in various extension programs and their preferences for
times, formats, and locations.

Each year, various programs within the College participate in outreach events, such as the
Pennsylvania Farm Show, Ag Progress Days, and the Great Insect Fair. Informal discussions at
these events bring valuable feedback.

Penn State Extension has implemented a new Program Development Process that all Extension
Program Teams use to leverage our areas of excellence and educational expertise to focus on the
most relevant and highest priority issues of our stakeholders and customers. This formal, facilitated
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process uses market research and requires extensive stakeholder input.

The Penn State Extension offices in Philadelphia and Pittsburgh greatly expand the reach of our
programs to traditionally under-served urban audiences.

No matter the method of engagement, we seek feedback on the quality and relevance of our
programs, the quality of our presenters, suggestions of other resources stakeholders need, etc. We
sometimes collect more detailed retrospective evaluations to gather information from participants
who actually put into practice lessons learned through extension programs. Attempting to measure
costs averted or profit increased can show powerful, tangible benefits of our programming. Some of
our successes in these measures are highlighted in the projects featured in this annual report.

Faculty use research by stakeholder groups to inform their decisions about which research projects
to pursue. For instance, an industry-wide survey by the PA Wine Marketing and Research Board
identified varietal selection and best management practices as two top priorities. Our faculty are
answering that call with research in these topics.

2(A). A brief statement of the process that was used by the recipient institution to identify
individuals and groups stakeholders and to collect input from them

1. Method to identify individuals and groups

Use Advisory Committees
Use Internal Focus Groups
Use External Focus Groups
Open Listening Sessions
Needs Assessments

Use Surveys

Other (External Consultants)

Brief explanation.

Advisory committees, such as program advisory committees at the county, district, and state
extension unit level and the University Industry Advisory Committee, assisted our programs with
identification and selection of stakeholder individuals and groups. Program advisory committee
members were selected to represent program areas, emerging issues, geographic areas, and
population diversity. These groups helped extension educators with program design and
implementation, which may include identifying resources to support the programs, tailoring the
content to specific audience needs, and marketing the programs to targeted audiences and
communities.

External focus groups, such as the County Extension Boards, were representative of demographics
of the county/district in which they serve, and where appropriate, Hispanics, African Americans,
Asians, Anabaptists, or other minorities serve on the groups and provide input to extension
programs. Our programs met the needs of traditional agricultural information consumers (e.g.,
farmers, rural residents), as well as homeowners; newer audiences such as urban farmers; and,
increasingly, those historically underserved by extension. Our reorganization of Extension in 2017
was designed to increase both the diversity of our stakeholder groups and our stakeholders' benefits
from our programs.

Penn State Ag Council meetings were publicly announced, and broad representation was
continually reassessed to ensure the inclusion of new and traditionally underserved audiences.
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External consultants (i.e., Fieldstone Innovations, etc.) were contracted to assist in identifying
industry stakeholders that can provide leveraging dollars and research opportunities for faculty and
help establish long-term working relationships.

Maintaining contact with alumni is an important strategy throughout the College. This helps meet our
students' needs for career networking, builds direct links to our stakeholder groups and industries,
and increases the likelihood of leveraging funds in the future. Alumni and friends' banquets and
football tailgates were common throughout the College, and enjoyed continuing high attendance.

Our faculty served on dozens of state and federal government and professional association boards
and groups. Their selection and election to these roles reflects their stature in their fields. They will
continue this service.

Our Agricultural Experiment Station Director's service as chair of the APLU ESCOP last year, and
accompanying broad engagement with NIFA and stakeholder groups, brought insights and guidance
unique within the system.

2(B). A brief statement of the process that was used by the recipient institution to identify
individuals and groups who are stakeholders and to collect input from them

1. Methods for collecting Stakeholder Input

Meeting with traditional Stakeholder groups
Survey of traditional Stakeholder groups

Meeting with traditional Stakeholder individuals
Survey of traditional Stakeholder individuals
Survey of the general public

Meeting specifically with non-traditional groups
Survey specifically with non-traditional groups
Meeting specifically with non-traditional individuals
Survey specifically with non-traditional individuals

Brief explanation.

To collect stakeholder input, educators or faculty held regularly scheduled meetings, such as
advisory groups and Penn State Ag Council. Research commercialization was featured during the
Ag Council research tour on campus. The Food Safety Modernization Act extension team, through
funds from a USDA-NIFA grant, is working with an Amish produce growers' group on the
development of culturally relevant learning tools and on co-teaching sessions to help this
underserved group comply with the federal produce safety regulation.

Many programs regularly use surveys of traditional stakeholder groups to gauge how current
programs meet clients' needs. For example, the Equine extension team surveyed stakeholders via
email and Facebook to gather information about topics of interest and preferred times, locations,
and formats for learning.

Requests for information from extension staff provided additional measures of client needs. If similar
information is requested repeatedly, we try to develop a resource to meet that need.

Extension teams very often receive unsolicited emails, calls, and in-person testimonials about the
positive impacts extension trainings or information have had on clients' operations. For example, the
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Poultry extension team says, "Stakeholders agree. The areas of research the team is pursing are
addressing critical production issues. This feedback is important for the continued support of the
poultry team, the Poultry Research Check-Off, and our efforts to improve poultry production.”

More extension programs are collecting long-term follow-up data, surveying participants three
months or more after an educational event to gather information about actual changes that have
been made, and the associated costs and added values. More extension programs are also
estimating economic impacts.

Many programs held regular field tours (e.g., pasture walks) and site tours, which allowed them to
see conditions on the ground and hear from stakeholders directly. The dean led an industry tour to
the Pittsburgh area focusing on the green industry and entrepreneurship and innovation.

Most departments and extension program teams held at least annual meetings with stakeholders to
share updates and gather feedback.

There is a continuing demand for classes, including those necessary for required certifications, such
as those for retail food service managers, despite the fact that other organizations may offer them in
shorter, less expensive formats.

3. A statement of how the input will be considered

In the Budget Process

To Identify Emerging Issues

Redirect Extension Programs

Redirect Research Programs

In the Staff Hiring Process

In the Action Plans

To Set Priorities

Other (how and where programs are offered)

Brief explanation.

Budget Process: Availability of extramural funding influenced resource allocations.

To Identify Emerging Issues: Stakeholder feedback helped to identify emerging issues that would
benefit from extension programming and/or research when multiple stakeholders indicated the same
need. For example, our entomology programming regularly adjusts to provide education about the
latest invasive insects, most recently spotted lanternfly.

Redirect Extension Programs: Information collected from stakeholders was used to adjust focus
areas for Extension programming. For example, programming to meet the requirements for the Food
Safety Manufacturing Act has grown over the past couple of years.

Redirect Research Programs: Information collected from stakeholder groups, such as industry
associations, directly influenced applied research activity through local decisions about priorities. For
example, responses to the industry-wide PA Wine Marketing and Research Board survey have
influenced research directions in the Grape Profitability and Sustainability extension program.

In the Staff Hiring Process: Information collected from stakeholders influenced hiring decisions for
faculty and extension educators to address unmet needs. Stakeholder feedback also indicated
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where volunteers and donors would be interested in assisting with programs and initiatives. The
reorganization of Extension in 2017 demonstrates our commitment to maximizing our
programming's benefit to our clients. Fairly extensive reorganization of staff was needed to
implement this plan. To meet emerging needs, we also hired new faculty, for example, in harvesting
mechanization, and new staff, such as a research technologist to act as a liaison among PSU
researchers and residents and mushroom growers in the Chester County region.

In the Action Plans: Our mission is to serve our stakeholders, so we analyzed their feedback and
adjusted our action plans to meet their needs. For example, the Forestry extension team is
developing new programs in fire ecology, fire management, and prescribed burning in response to
unmet needs in the Northeast and Mid-Atlantic.

To Set Priorities: Our stakeholders' priorities must be our priorities, and we adjusted our programs
as needed. For example, the Tree Fruit extension team has an expanding focus on orchard
mechanization to ease continuing labor shortage issues.

Other - How and Where programs are offered: Stakeholder input directly affects how we offer our
extension programs. Feedback indicated that additional methods of program delivery were needed
as demands for resources and/or time increased. Our new and expanding online education
programs dramatically increase the reach and distribution of extension products and services,
making them available when, how, and where customers want them. Digital products complement
current face-to-face programming and allow educators to utilize their in-the-field time more
strategically by putting routine educational materials online.

Brief Explanation of what you learned from your Stakeholders

Stakeholder input directly affects how we offer our extension programs. Feedback indicated that
participants need adaptations in programs because many have little money or time available for
travel. As a result, educational opportunities are being offered via other methods, such as home-
study courses, pasture walks, podcasts, and online webinars, via synchronous and asynchronous
means, and the number of interactions in a traditional classroom setting is declining. In addition,
stakeholder input helps determine the locations, times, and frequencies that extension programs are
offered.

Globalization of research efforts, outcomes, and extension is increasingly important. As more and
more people travel and the Internet and mobile phones break down barriers to information, scientists
are realizing that a crop or technique that works in Pennsylvania might be adaptable to places in
Africa, for instance. With travel comes increased threat of epidemics and transfer of diseases from
farm animals to people.

Research commercialization, engagement with industry, and economic development are important
to our stakeholders. As grant funding becomes tighter, there is greater pressure to raise funds by
commercializing research innovations. Most of our programs, including the Biologically Based
Materials and Products researchers, the Shale Education team, the Food Science team, and the
Integrated Crop Production team, are engaged in some degree of effort in this area.

The Food Safety Modernization Act and Good Agricultural Practices regulations continue to
challenge our stakeholders and drive new and continuing programs. In addition to participation by
food industry partners, these training workshops have been attended by regulators, including FDA
inspectors and members of the USDA F