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Non-Discrimination Policy

In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil
rights regulations and policies, the USDA, its Agencies, offices, and employees, and institu-
tions participating in or administering USDA programs are prohibited from discriminating based
on race, color, national origin, religion, sex, gender identity (including gender expression), sex-
ual orientation, disability, age, marital status, family/parental status, income derived from a
public assistance program, political beliefs, or reprisal or retaliation for prior civil rights activity,
in any program or activity conducted or funded by USDA (not all bases apply to all programs).
Remedies and complaint filing deadlines vary by program or incident.

Persons with disabilities who require alternative means of communication for program infor-
mation (e.g., Braille, large print, audiotape, American Sign Language, etc.) should contact the
responsible Agency or USDA's TARGET Center at (202) 720-2600 (voice and TTY) or contact
USDA through the Federal Relay Service at (800) 877-8339. Additionally, program information
may be made available in languages other than English.

To file a program discrimination complaint, complete the USDA Program Discrimination Com-
plaint Form, AD-3027, found online at How to File a Program Discrimination Complaint and at
any USDA office or write a letter addressed to USDA and provide in the letter all of the infor-
mation requested in the form. To request a copy of the complaint form, call (866) 632-9992.
Submit your completed form or letter to USDA by: (1) mail: U.S. Department of Agriculture, Of-
fice of the Assistant Secretary for Civil Rights, 1400 Independence Avenue, SW, Washington,
D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email: program.intake @ usda.gov.

USDA is an equal opportunity provider, employer, and lender.
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INTRODUCTION

President Abraham Lincoln coined the phrase “the People’s Department” acknowledging the role of the
Department of Agriculture in solving problems that benefits all people every day. Thus, well before the
coining of the modern day phrase of “technology transfer,” it was the culture of USDA to deliver
solutions to the people of the United States. Today, USDA broadly defines technology transfer as the
adoption of research outcomes (i.e., solutions) for public benefit. A seemingly simple statement, the
process of adoption is complicated, requiring integration of many assets from disparate sources in the
successful delivery of solutions. “Public benefit” is achieved through many mechanisms including
public release of information, tools, and solutions (e.g., germplasm, plants and other materials), adoption
and enhancement of research outcomes by partners through collaborative research, formal cooperative
research and development agreements (CRADA) authorized by the Federal Technology Transfer Act
(1986), direct Federal, State, or local technical assistance, or through licensing of biological materials or
protected intellectual property directly to not-for-profit entities and for-profit private sector firms.
Additionally, successful adoption of USDA knowledge and research outcomes typically requires
complementary assets and services provided by multiple agencies in USDA, including agencies that are

not primarily engaged in direct research in the physical and life science arenas.

Private sector involvement in technology transfer adds the benefits of creating new or expanded
businesses, jobs, and economic prosperity. Science-based innovations from USDA intramural research,
often developed through public-private partnerships (PPPs), create new or improved technologies,
processes, products and services that benefit the Nation by increasing productivity, increasing efficiency

(keeping costs low), and enhancing global competitiveness for the U.S. agriculture sector. Thus,
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technology-transfer functions are critical to accelerating utility of public research and development

investments, creating economic activity, and in job creation and sustainable economic development.

The Agricultural Research Service (ARS) has been delegated authority by the Secretary of Agriculture
to administer the patent program for ARS, and to review CRADAs and administer technology licensing
programs for all intramural research conducted by USDA. These activities are housed in the Office of

Technology Transfer.

On October 28, 2011, following a series of reports identifying the status of technology transfer from
Federal funds and Federal laboratories, the White House issued the Presidential Memorandum —
“Accelerating Technology Transfer and Commercialization of Federal Research in Support of High-
Growth Businesses.” Issuance of this Memorandum provided an unprecedented opportunity for
unifying technology transfer across USDA science and technology agencies as the mechanism to deliver
these outcomes for public good. In the USDA'’s response to the Presidential Memorandum

(http://www.nist.gov/tpo/publications/upload/USDA-Tech-Transfer-Plan.pdf), several initiatives were

identified to promote technology transfer and commercialization. These initiatives ushered in a new era
of unprecedented collaboration among agencies of USDA to enhance services and opportunities to the
customers and stakeholders of the Department. This report describes progress in implementing these

initiatives.

This report also covers technology-transfer activities and metrics for the USDA Agricultural Marketing
Service (AMS), Animal and Plant Health Inspection Service (APHIS), Agricultural Research Service
(ARS), Economic Research Service (ERS), Foreign Agricultural Service (FAS), Food Safety and

Inspection
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Service (FSIS), Forest Service (FS), Grain Inspection, Packers and Stockyards Administration (GIPSA),

National Agricultural Statistics Service (NASS), National Institute of Food and Agriculture (NIFA), and

Natural Resources Conservation Service (NRCS).
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COMBINED METRIC TABLES FOR ALL USDA AGENCIES

Table 1: Invention Disclosures and Patents from APHIS, ARS, and FS.

FY 2012 FY 2013 | FY 2014 FY 2015 FY 2016

Invention Disclosures
Number of new inventions disclosed 160 191 117 222 244
Patents
Number of patent applications filed 122 157 119 125 109
Number of patents received 69 65 83 94 60
Table 2: Active Licenses from APHIS, ARS, and FS.

FY 2012 FY 2013 | FY 2014 FY 2015 FY 2016
Total Active Licenses 384 400 414 424 441
To small business 119 139 154 150 152
To startups ND 13 13 13 7
Invention licenses 341 351 363 359 370
Total New Licenses 34 25 30 35 33
Invention licenses 28 19 28 20 27
Income Bearing Licenses, Total 379 397 412 421 439
Exclusive licenses 277 291 299 292 307
Partially exclusive licenses 14 13 15 11 9
Non-exclusive licenses 38 93 98 118 120

Table 3: Elapsed Amount of Time for Granting Licenses and Licensing Income from ARS*.

FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Elapsed Amount of Time for
Granting Licenses
Average (months) 5.8 3.5 59 2.8 4.9
Minimum (months) 0.3 0.4 0.9 0.5 0.9
Maximum (months) 19.7 125 215 10.0 16.0
License income
Total active licenses $3,806,164 | $4,385,952 | $4,927,938 | $5,066,988 | $4,784,466
Total invention license $3,670,692 | $4,053,931 | $4,733,200 | $4,842,256 | $4,456,054
Earned Royalty Income $3,059,989 | $3,353,876 | $3,610,774 | $3,509,904 | $3,633,239
Earned Royalty Income from top
1% of licenses N/R N/R N/R N/R N/R
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Earned Royalty Income from top

5% of licenses $1,752,367 | $1,969,155 | $2,048,317 | $1,756,460 | $1,811,637
Earned Royalty Income from top

20% of licenses $2,604,008 | $2,892,796 | $3,103,143 | $2,856,924 | $3,043,395
Minimum Earned Royalty Income $44 $5 $32 $13 $5
Maximum Earned Royalty Income $757,219 $856,987 $575,753 $728,017 $818,537
Median Earned Royalty Income $5,000 $3,609 $3,232 $3,525 $3,966
Disposition of Earned Royalty

Income

P_erc_ent of Ear_ned Royalty Income 2504 2504 2504 2504 2504
distributed to inventors

Percent of Earned Royalty Income

distributed to the agency or 0% 0% 0% 0% 0%
laboratory

Licenses terminated for cause 0 0 0 0 0

*Only ARS numbers are reported due to the low numbers of AHIS and FS licenses and their generated income.

N/R, data is not reported due to its proprietary nature.

Table 4: Collaborative research agreements from APHIS, FS and ARS.

FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Total Active CRADAS 274 259 267 301 238
With small businesses 130 117 102 106 76
Traditional CRADAS 211 211 193 188 161
Non-traditional CRADASs 63 48 74 113 77
Total Newly Executed CRADAS 65 86 60 80 79
With small businesses 32 14
Traditional CRADAS 45 54 39 52 43
Non-traditional CRADAS 14 21 21 28 36
X"ta' other collaborative R&D 14,601 16,199 16,144 14,206 11,854
greements
Newly executed other collaborative
R&D Agreements 1182 3255 2656 2489 3288

Includes Trust Fund Cooperative Agreements, Reimbursable Agreements, Material Transfer Research Agreements, Specific
Cooperative Agreements and Non-Funded Cooperative Agreements, Challenge Cost-Share Agreements, Collections
Agreements, Cooperative Agreements, Inter-agency & Intra-agency Agreements, Joint Venture Agreements, Participating

Agreements, Research Cost-Reimbursable Agreements, Research Joint Venture Agreements.
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Table 5: Small businesses, startups, and young companies.

FY 2012 FY 2013 FY 2014 FY 2015 FY 2016

Total number of small businesses
supported

Total number of startups and young
companies supported

Response to Presidential Memorandum on Accelerating Technology Transfer and
Commercialization of Federal Research in Support of High-Growth Business

USDA 1: New metrics proposed for standard annual reporting in addition to those required by

Circular A-11 instructions on annual reporting of technology transfer

This initiative was completed in FY 2013 and the new metrics are now a standard component of the

ARS report.

USDA 2: Update Policy and Procedure (P&P) 141.2 “Technology Transfer in ARS”

This initiative was completed in FY 2015 and the new P&P was issued.

USDA 3: Expand Agricultural Research Partnership (ARP) Network efforts to extend the impact

of ARS research

This initiative was completed in FY 2014 and the metrics are now a standard component of the ARS

report.
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USDA 4: Expand outreach efforts in technology transfer to scientists in ARS

This initiative was completed in FY 2015 and standard technology transfer PowerPoint training modules

are posted on AgLearn for e-training.

USDA 5: Encourage other S&T agencies to adopt OTT’s approach to technology transfer

This initiative was completed in FY 2015 and the metrics are now a standard component of the ARS

report.

USDA 6: Explore expanded use of Enhanced Use Lease (EUL) authority as technology transfer

tool to promote longer term relationships with key customer groups

Under the 2008 Farm Bill, the Secretary was given the authority to establish a pilot project at the
Beltsville Agricultural Research Center (BARC) to lease non-excess property to any private or public
entities. The EUL Project was used as a technology transfer tool designed to provide longer term public-
private partnerships than can be done through existing technology-transfer partnership instruments. The
pilot authority was used to develop a process to identify underutilized laboratory resources that could be
used by the private sector to commercialize ARS research outcomes. Prospective lessees needed to
establish either a licensing partnership or research collaboration with ARS. In exchange, EUL terms
provide the lessee 20 years of use of the facility to develop its business. EUL authority proved to be a
very successful strategy to leverage resources for entrepreneurial activities. USDA’s first lessee (Plant
Sensory Systems) was a small business that in FY 2013 was awarded a $1.8 million ARPA-E grant

(Better Biofuel Feedstock from Beets) based on the success of the research project conducted using
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BARC laboratory facilities. Access to these facilities was essential because this small business did not

have sufficient capital to build the facilities needed for this research project.

This pilot authority for BARC was reauthorized in 2014 Farm Bill. Discussion began in FY2015 and is
ongoing to identify a partner to establish an accelerator on the BARC campus for agriculture businesses

that utilize ARS technologies and/or research expertise.

USDA 7: Beginning in FY 2012 /2013, roll out a nationwide series of regional forums to identify

issues and deliver solutions

This initiative was completed in FY 2015 and the metrics are now a standard component of the ARS

report.

USDA 8: Provide opportunities for applicants to the USDA Small Business Innovation Research
(SBIR) program to partner with ARS scientists to further develop science necessary for

business success

This initiative was completed in FY 2015 and the metrics are now a standard component of the ARS

report.

USDA 9: Provide Cooperative Research and Development Agreement (CRADA) partners
opportunity to link to local Manufacturing Extension Partnership (MEP) resources to

assist in commercialization efforts
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This initiative was completed in FY 2015 and the metrics are now a standard component of the ARS

report.

USDA 10: Work with regional incubators and economic development organizations to identify

opportunities for ARS scientists and ARS commercial partners

This initiative was completed in FY 2015 and the metrics are now a standard component of the ARS

report on the Agricultural Research Partnerships (ARP) Network.

USDA 11: Establishment of the “Branded Food Products Database for Public Health” Public-

Private Partnership

In FY 2013, ARS, the ATIP Foundation, and the International Life Science Institute North America
(ILSI North America) established a public-private partnership to enhance the public’s health through
increased knowledge of the nutritional content of the nation’s food supply. This will be accomplished
by obtaining comprehensive food composition data from the food industry and making it available to
government, industry, the scientific community and the general public through an enhanced USDA
National Nutrient Database, developed and maintained by the ARS Nutrient Data Laboratory in

Beltsville, MD.

In FY 2015, the public-private partnership successfully beta tested a branded food products database.
Five food manufacturers participated in a beta-test by providing product label data and nutrition
information on 245 products through a GS1 certified data pool provider, FSEnet. These data were then

passed to ARS for incorporation into the USDA National Nutrient Database.
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In FY 2016, Secretary Tom Vilsack officially launched the USDA Branded Food Products Database, a
free online resource for families, the food industry, and researchers containing nutrition details on more
than 80,000 name-brand prepared and packaged foods available at restaurants and grocery stores. The
new database and user-friendly interface was the result of a partnership between ARS, ILSI North

America, GS1 US, 1WorldSync, and Label Insight.

USDA 12: Evaluate various options for reducing license negotiation transaction costs

This initiative was completed in FY 2015, and the metrics are now a standard component of the ARS

report.

USDA 13: Develop Material Transfer Research Agreement (MTRA) as a new instrument to

promote development and commercialization of materials from USDA

This initiative was completed in FY 2013, and the metrics are now a standard component of the ARS

report.

USDA 14: Accountability of scientists and engineers in technology-transfer accomplishments

In 2012 the annual performance standards for scientist evaluations were revised to include technology
transfer elements. In FY 2014, two new performance metrics, Science Delivery Products and Science
Delivery Activities, were deployed to measure technology transfer performed at each station. Science

Delivery Products, such as non-refereed publications, software, web, and multimedia products, enhance
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the usefulness of scientific information. Science Delivery Activities, such as workshops, communicate

the usefulness of scientific information to users.

Performance measure FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Science Delivery Activities NA NA 1,224 2,514 2,744
Science Delivery Products NA NA 429 442 310
Science Delivery Total NA NA 1,653 2,956 3,054

USDA 15: New uniform metrics for Forest Service outcomes

A major review of all performance metrics was conducted in FY 2014 that resulted in 10 new
performance metrics, 5 existing metrics were revised, 3 metrics were retired, and 10 existing metrics

were not changed. There were no additional changes to metrics during FY 2015-2016.

The “Chief’s Science Delivery Award” and the National Wilderness Award for Excellence in

Wilderness Research Applications were presented in February 2016.

Forest Service periodically assesses the number of citations of scientists’ publications as an index of the
impact of Forest Service science. These indices are: average number of times FS scientists’ papers are
cited in Science Citation Index during the previous 10-year period beginning 2 years after publication,
average annual number of high impact papers (papers cited >20 times), and average annual number of
very high impact papers (papers cited >50 times). As reported by Web of Science, from 2006 through
October 2015, publications authored by FS scientists were cited in peer reviewed scientific journals an
average of 14,634 times/year. There were 1,945 high impact papers and 596 very high impact papers for

the 10-year period ending in 2015.
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USDA 16: New metrics on research outcomes related to intellectual property (patents)

FS R&D developed and implemented the Research Information Tracking System (RITS), which became
the official FS reporting vehicle for all science publications in FY 2010. RITS improves data quality and
consistency, provides transparency to the public, and reduces burdensome data calls. The newest
version of RITS incorporates patent data which are connected to related publications on specific
technology focus areas. Patent data in RITS have been updated to include the last 20 years of
information. Going forward, patent data will be entered in RITS annually. Additional updates to

improve the patent portion of RITS are planned for future releases.

USDA 17: Explore additional ways FS and ARS can work together on intellectual property-

related matters

Cooperative Research and Development Agreements (CRADAS) are widely used within the FS to
enable researchers to work with university partners and industry leaders and are drafted by the FS Grants
and Agreements Specialists. Recognizing efficiencies that could be gained by having standardized
agreement language and procedures, FS has used ARS as a CRADA resource in FY 2014-FY2016 to

assist with CRADA questions. Further collaboration is planned for FY 2017.

USDA 18: Enhance education and extension outreach efforts

Natural Inquirer is a science education journal based on Forest Service science and written for middle

school students. Expanded Natural Inquirer products include science journals for upper elementary

students, scientist cards for middle and high school students, Readers for K-2, and an informal activity
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guide for middle school students. All of these products are based directly on Forest Service scientists
and their research. In FY 2016, 67,440 Natural Inquirers, Investi-gators, Readers, and NSI: Nature
Science Investigators were distributed to classrooms, homeschools, and conferences. Over 100,000
scientist cards were distributed, including 65,000 women or minority cards. In total, 160 Forest Service
scientists were introduced on the scientist cards. Increase in social media: Facebook: 25 percent;
Twitter: 18 percent; and Pinterest: 25 percent. The Natural Inquirer Web site had 72,834 unique visitors
in FY 2016, a 25 percent-increase over FY 2015. Noteworthy distribution points included the National
Science Teachers Association; the Association for Supervision and Curriculum Development; the
Women of Color in STEM Conference; the Minorities in Agriculture, Natural Resources, and Related
Sciences Conference; Americas for Conservation + the Arts; the Ecological Society’s Annual SEEDS
Conference; and the Detroit City School System. All work is accomplished in cooperation with our non-
profit partner, the Cradle of Forestry in America Interpretive Association, and the University of Georgia.

http://naturalinquirer.org

USDA 19: Enhance FS interactions with entrepreneurship activities at educational institutions

FS Patent Program continued working with University of Wisconsin-Whitewater through their Small
Business Development Center, in which upper class undergraduate business and entrepreneurship
students enrolled in “Consulting for Entrepreneurial Companies” develop marketing plans and ideas for
patented FS technologies. Each semester a single technology is investigated in-depth and a marketing
report is produced. This report is shared with the FS inventors and, if applicable, joint owners for
possible further action. In addition, students are encouraged to consider starting businesses based on the

technologies.
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FS has also continued to work with University of Wisconsin-Madison MBA students in the “Strategic
Management of Innovation” class each spring semester. For this class, a variety of patented FS
technologies along with patented technologies from Wisconsin Alumni Research Foundation, the
patenting and licensing arm of the University of Wisconsin are presented to the class at the beginning of
the semester. Students are divided into groups of 4-6 students. Each group picks one of the technologies
to research and prepare a marketing report. These students are also encouraged to consider starting

businesses based on the technologies.

USDA 20: Increase awareness in WS of technology transfer mechanisms, leading to increased

pace of effective technology transfer and commercialization

WS NWRC has traditionally been active in transferring technology and scientific information through
use of outreach to collaborators, including WS operational personnel and through publications.
Successful outcomes may include improved wildlife damage management practices, scientific
information that enhances U.S. competitiveness by protecting crops and property, or increased
awareness about wildlife diseases that threaten health of livestock or humans. Most of these outcomes
do not require a patent and license for implementation. This initiative is designed to increase awareness

among WS personnel about the importance of both formal and informal technology transfer.

The Manager of the Technology Transfer Program provided a formal and information technology
transfer training to NWRC biologists at both the headquarters and field locations, increasing the general

knowledge and raising the awareness of scientists as to the power of partnerships, importance of
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developing intellectual property, and the array of technology transfer agreements available to facilitate
their research. In addition, WS NWRC’s Technology Transfer staff continued to reach out to WS

Operations on technology transfer and intellectual property issues. WS Operations staff contacted WS
NWRC’s Technology Transfer Program for regulatory advice on issues related to feral swine trapping,

four confidentiality agreements.

WS continues to emphasize the importance of collaborative agreements with stakeholders to offset
diminishing discretionary funding, while increasing relevance of research to stakeholders, such as the
private sector. WS, as part of the annual report table, continues to track the number of agreements it
maintains each year, including cooperative agreements, cooperative service agreements, memorandums
of understanding, and interagency agreements. In addition, WS will track numbers of specific
technology transfer agreements, including CAs, MTAs, MTRAs, CRADAs, invention disclosures, and

patent and license activity.

During FY 2016, WS NWRC Technology Transfer staff completed 45 unique intellectual property
agreements. These included 7 CAs, 18 MTAs, 7 MTRAS, and 2 CRADAs. These agreements brought
more than $683,737 in cooperator funding to the NWRC, allowing scientists to pursue collaborative
research aimed at developing products to mitigate wildlife damage issues. In addition, licensing royalties
received by NWRC totaled $17,500, of which $6,325 were disbursed to inventors, the remainder used
internally to support ongoing technology transfer efforts. In total, NWRC Technology Transfer efforts

accounted for more than $701,237 in extramural funding.

In addition to traditional technology transfer mechanisms, the WS National Wildlife Research Center

publishes scientific manuscripts, book chapters, and reports. In FY 2016, the NWRC released 118
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publications, including 99 scientific manuscripts in peer-reviewed outlets and 8 in non-indexed outlets.
Also during FY16, NWRC scientists served as editors or authors of 10 books or book chapters. NWRC
also tracks Internet website traffic and publication downloads. In FY16, the NWRC website saw
143,190 publication downloads from a total for 214 countries. Website referrals were most frequent

from Google, Google Scholar and Google India.

In addition to Center-wide publication efforts, the staff of the Technology Transfer Program published
two peer-reviewed manuscripts and submitted two additional manuscripts for publication in non-indexed
outlets and one book chapter. The Registration Unit prepared 23 EPA data submissions for registering
sodium nitrite as a toxicant for feral swine. These data submissions were part of a CRADA partnership
with an Australian enterprise in support of an Experimental Use Permit application to the U.S.

Environmental Protection Agency for developing sodium nitrite as a toxicant for feral swine.

USDA 21: Increase knowledge of WS and NWRC and their impact in preventing wildlife
conflicts, leading to increased development of collaborative research and more

effective use of public resources

WS NWRC has committed to increasing the amount of information disseminated to the general public
and stakeholders on research, collaborations and products provided by the Program. The WS NWRC
works closely with APHIS public affairs staff in the preparation and dissemination of information on
WS NWRC research and collaborations, as well as WS’s role as the premier organization for managing

human-wildlife conflicts.
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As part of continued efforts to increase local and regional community awareness of the WS NWRC, in
FY 2016, the Center hosted tours to approximately 240 students, visiting scientists, business and agency
partners, and USDA employees. Center representatives hosted booths at several university career fairs to
inform students of careers and potential job opportunities with the WS NWRC, as well as funded the
development of a new overview video and 5 shorter video vignettes highlighting the Center’s diverse
workforce, technology transfer, and unique mission. Through the USDA'’s blog site, Twitter site,
YouTube, and GovDelivery system, WS NWRC notified 10,000+ stakeholders of various research
activities, accomplishments, and events. WS NWRC responded to 134 media and community requests
for information and published approximately 20 brochures, factsheets, press releases, and reports for the

general public.

USDA 22: Increase the pace of WS technology transfer and commercialization activities

To accomplish this objective, WS NWRC will increase its efforts to obtain partners for technologies

ready to be commercialized by working with ARS and by utilizing the ATIP Program.

WS continues to maintain existing products and registering new products with the Environmental
Protection Agency (EPA) and the Food and Drug Administration for use by WS personnel and the
public. In FY 2016, APHIS WS maintained 24 Section 3 registrations with the Environmental Protection
Agency and made 1 pesticide Experimental Use Permit (EUP) application submission, and received 1
EUP EPA exemption for a new active ingredient intended for a product to control feral swine. A total of
20 Section 24c (Special Local Need) pesticide registrations were maintained and 3 new labels were
obtained; 1 Experimental Use Permit was in place. In addition, APHIS WS maintained two

Investigational New Animal Drug permits with the Food and Drug Administration.
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USDA 23: Enhance collaboration efforts in pest detection and management

PPQ’s scientific support focuses on improving and developing pest detection and management tools to
discover new invasive species early and respond quickly, better identify and target offshore pest threats,

develop diagnostic tools and techniques, and transfer technology to cooperators and impacted industries.

Strengthen PPQs pest exclusion system:

Completed analysis of three molecular diagnostic pilots at four PPQ Plant Inspection Stations to
evaluate the use of molecular diagnostics at Plant Inspection Stations. A Molecular Diagnostics
Working Group (MDWG) was formed and began developing a framework for implementing molecular
diagnostic to support plant inspections at Ports of Entry. A team is being established to lead
consultations and discussions with trading partners on the use of molecular diagnostics for pest

exclusion.

Contributed to the International Plant Protection Convention (IPPC) Technical Panel for Diagnostic

Protocols that supports international standard harmonization.

PPQ participates in the North American Plant Protection Organization (NAPPO), and in FY 2016, PPQ
participated in the development and/or review of protocols for 14 pests. Provided data on diagnostics
of wood borer pest interceptions to NAPPO that will impact discussions on wood packaging material

regulations.
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CPHST conducted a Next Generation Sequencing study to characterize the utility of this technology on
384 individuals from previous fruit fly population genetic-based pathway analyses using highly
variable genetic regions. The results will direct future efforts to understand the location of origin of
invasive pest species and demonstrate the potential of this technique to dramatically reduce cost and

time of such analyses.

Over 6,000 gypsy moths intercepted at ports of entry and domestic locations were genetically analyzed
for presence of the Asian strain. No Asian gypsy moths were found in the U.S., and only one egg mass

was found at a port.

Further progress was made on completing content development for the “Online identification tools for
Phytophthora.” The tool was beta tested by 23 researchers in a hands-on workshop conducted at the
2016 American Phytopathological Society meeting. This database will increase the accuracy of

Phytophthora diagnostics.

Developed or updated ca. 22 plant pathogen diagnostic methods and established a PPQ cross-
functional team to evaluate the use of next generation sequencing (NGS) related to platform selection,
cost-benefit and regulatory implications. A roadmap for its use is being developed.

Initiated the development of an innovative “Molecular toolbox for Fungi of concern.” This is a high-
quality database of sequence files of well authenticated specimens of the CPHST Beltsville Lab

collection.

e [Initiated “Taxonomists for the Future,” a program to promote the development of U.S. taxonomic
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expertise that PPQ can engage for identification needs.

Developed a Bee Mite ID tool. An Identification tool for bee-associated mite genera of the world
that will distinguish mites that harm bees from non-harmful mites. This tool for non-experts will be

added to the ITP toolbox.

Successfully implemented the web-based image library, imagelD, which aids in pest identification,
particularly by PPQ and CBP identifiers. imagelD is a website that provides enhanced screening
efficiency for port and domestic identifiers. imagelD is now the primary source for visual-based
screening of intercepted pests at our ports. During 2016, over 16,000 images were added to the
database. By September 2016, imagelD contained over 87,000 images, representing over 15,700

taxa.

Better identify and target offshore pest threats:

Continued development of an enhanced prioritization tool for the Cooperative Agricultural Pest
Survey program to improve the risk basis for rankings and therefore better utilize resources in all 50
States. In FY 2016, the predictive impact model was validated for arthropods by assessing 75
arthropods and comparing results to actual impact. Work on phase I, a model for likelihood of

introduction continued.

Completed analysis of options for the light brown apple moth (Epiphyas postivittana Walker)
program. A report was prepared that identified baseline and alternative program options, presented

modeling results estimating potential future spread of LBAM under different options, estimated
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positive and negative impacts of each option on stakeholders (Federal and State governments, fruit
and vegetable host crop producers, nursery businesses, exporters of host crops), and developed

recommendation for future policy response.

e Completed pathway and economic analyses to support for PPQ decisionmakers determining how to

respond to spotted lantern fly.

e Analyzed the risk associated with 43 wood borers and bark beetles from Mexico; characterized the

risk of 10 taxa (family or genus level) of organisms intercepted on WPM from Mexico.

e Analyzed the data compiled by the Otis Lab on beetle larvae reared from intercepted in wood
packing material, beetle species composition, interception dates, wood species, indicated treatment

type, etc., were evaluated for useful patterns of information.

e Responded to stakeholder notifications, country consultations and rulemaking activities related to Q-
37 (regulations governing importation of plants for planting) Guatemala Pelargonium; and Q-56
(regulations governing importation of fruits and vegetables) Mexico Avocado, South Africa

Avocado, and China Fragrant Pear.

e Completed 23 risk assessments and 9 pest lists to support the safe import of fruit and vegetable
commodities for consumption and of plants for planting. Fourteen risk assessments from previous

years were updated to include the most current information.
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Completed 20 export risk assessments including assessments to expand market access for
commercially produced apples and French pears to Israel, Stenocarpella maydis (popcorn) to

Russian Federation, and corn grain for consumption to South Africa.

Reviewed other countries’ phytosanitary requirements for the export of U.S. maize into Australia,
U.S. strawberry, raspberry, and blueberry into Morocco, U.S. blueberry to Peru, and U.S. cherry

plants to Peru.

Pest list reviews for California avocado fruit to India and to Thailand; onions to Jordan; cranberries
to China; Cynodon dactylon stolons, Zoysia matrella stolons, and Paspalum vaginatum stolons to
Vietnam; fresh peach fruit to China; Medicago sativa seeds, Sorghum spp. seeds, and Cynodon
dactylon seeds to Vietnam; Zantedeschia spp. to Mexico; Zantedeschia spp. and Eucomis spp. to

Guatemala; weed seeds in Glycine max to Russian Federation.

Analyzed new pests and pests of imminent threat under the New Pest Advisory Group (NPAG) and

completed 26 full NPAG reports and 20 preassessments.

Completed 12 reports on pests recommended for deregulation at ports of entry.

Completed a pathway and economic impact analysis on the likelihood of reintroduction of pink
bollworm (Pectinophora gossypiella) (PBW) and impact analysis of the eradication program for
pink bollworm. The pathway analysis identified and characterized the potential pathways for

reintroduction of PBW into the United States after it is eradicated. The impact analysis evaluated the
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efficacy of the PBW eradication program in a cost-benefit framework. The results of the analysis are
useful for informing policy and funding decisions if PBW is reintroduced into the United States and
technical discussions between U.S. stakeholders and high-risk trading partners regarding mitigation

and eradication activities to reduce the likelihood of PBW reintroduction.

Completed an examination of the evidence that seeds of Poncirus genus and hybrids may transmit
Candidatus Liberibacter species, the causal agent of citrus greening as well as a global pest list of
Citrus spp. pathogens and an examination of evidence for seed transmission. The results of the

analysis provide the technical support for regulations associated with the movement of Citrus and

Poncirus seeds.

Completed several analyses to support exempting certain commodities from the Light Brown Apple
Moth (LBAM) quarantine regulations. The results of this work lessened the regulatory burden on

producers within the LBAM quarantine areas.

Completed an evaluation and pathway analysis for Xanthomonas vasicola pv. vasculorum (Xvv) to

support decisionmakers determining how to respond to Xvv.

Noxious Weeds;
o Completed screening and characterization of 38 plant species for potential risk and to
determine if the species are potential targets for exclusion under the Federal Noxious Weed

regulations or NAPPRA (Not Authorized Pending Pest Risk Analysis).
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o0 Completed 51 datasheets for NAPPRA listing candidates (weeds); 36 were completed
through a cooperative agreement with North Carolina State University’s Center for
Integrated Pest Management and 15 were completed by PERAL analysts.

0 Completed 22 original weed risk assessments (WRAS). Thirteen were completed in support
of plants for planting import market access requests. Four were completed in support of fruit
and vegetable import market access requests. Two, Oxalis hispidula and Philydrum
lanuginosum, were completed in response to new U.S. detections. One, Saccharum
spontaneum, was completed in response to a BRS request. Two were completed as part of

ongoing safeguarding efforts.

USDA 24: Provide timely scientific and technical support for emergency response and

management

PPQ must develop and maintain a high level of expertise to support preparedness in the areas of science,

technical support, and technology transfer for rapid response efforts.

e The National Plant Protection Laboratory Accreditation Program accredits plant pathogen diagnostic
labs and certifies diagnosticians within accredited labs to assist PPQ in screening samples in
regulatory surveys. In 2016, NPPLAP developed, validated and distributed proficiency test (PT)
panels for HLB, P. ramorum and PPV, and administrated PT program for high-consequence plant
pathogens to support NPPLAP. Forty-three (43) HLB panels were distributed that resulted in the

certification of 38 diagnosticians from 13 laboratories. For P. ramorum, 51 panels were distributed
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that resulted in 41 diagnosticians from 16 labs being certified. For PPV, 23 participants received

panels and 20 diagnosticians from 10 labs were certified.

e CPHST confirmed the presence of plant pathogens first in the United States (Candidatus,

Phytoplasma pini and Phytoplasma fraxini-related, Xanthomonas vasicola pv vasculorum,

e Mobilized staff to support PPQ’s emergency response to a new bacterial disease of corn in the
United States. Conducted diagnostic testing and provided diagnostic expertise to additional testing
labs. Developed forecasting models, trade, economic, risk and pathway analyses to determine

alternative regulatory options, non-regulatory alternatives, areas of spread and impact.

e Supported PPQ emergency response to citrus canker detections in Texas, conducted NGS to
determine that the strain primarily affected limes and conducting epidemiological studies to inform

PPQ actions.

e Established an unmanned aircraft system (UAS) technical working group to coordinate pilot tests
and operational implementation of UAS and develop strategic partnerships on this technology.
Assemble a report on the requirements for certification of authorization, economic analysis, strategic
sourcing, and information management in a full UAS program. The team is developing a roadmap
for PPQ applications and investments in UAS technology for various regulatory programs.
Completed successful pilot tests to demonstrate UAS applications, including release of sterile pink

bollworm in eradication programs and survey for forest pests such as the Asian longhorned beetle.
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Contributed to the long-term goal of eradicating European grapevine moth (EGVM) from the

United States:

e The EGVM Technical Working Group reviewed the 2015 and 2016 season data with program

partners and delivered a report supporting the end of the EGVM quarantine.

e PPQ organized a post-eradication planning group and delivered an eradication plan in January 2016.

This was publically posted when EGVM eradication was declared in August.

e A spatial analysis of the eradication program data was conducted that demonstrated the effectiveness

of the program’s 500 meter quarantine radius for survey and regulation.

¢ In addition to the target goals, S&T provided quality assurance technical support to ensure the

effectiveness of EGVM trapping.

e Asaresult of the eradication program, and with technical support from PPQ S&T, APHIS
successfully completed one of the agency’s top 10 goals and declared eradication of EGVM in North

America on August 18, 2016.

CPHST contributed to the long-term goal of preventing citrus greening disease (Huanglongbing,

HLB) from California:

e Provided methods support to California program partners that increased their efficiency of
Tamarixia (the parasitic wasp bio-control agent) production by 31 percent and decreased mortality

of collected wasps to lower than 5 percent. The program produced >2.7 million Tamarixia and
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300,000 Diaphorencyrtus in 2016. A new rearing facility starting production in October of 2016 is

expected to increase output by another 1.5 million Tamarixia per year.

e Evaluating bio-control sites, Tamarixia has been established at 92/100 evaluation sites in southern
California and at 14/32 monitoring sites in western Arizona at some sites greater than 15 miles from
release location indicating widespread establishment of Tamarixia is underway in Arizona. In
California, Diaphorencyrtus recoveries have been made at 10/15 monitoring sites, and recoveries

have been made in all counties where releases have been made.

e Intensive sampling and molecular diagnostic testing for citrus greening disease or Huanglongbing
(HLB) in Asian citrus psyllids (ACP) collected in Texas and California provided an opportunity to
analyze spatial patterns and to locate infections of HLB earlier than plant sampling alone. Taking
advantage of the large amount of diagnostic data and spatial location data associated with the
samples, CPHST analyzed the spatial pattern of the Ct-values across the landscape. This type of
“hot spot” cluster analysis allows us to derive information from these samples and update the maps
with potential HLB hot spots. Using this analysis, CPHST identified a potential “cluster” that

resulted in finding the San Gabriel, California area infections.

e CPHST evaluated new molecular methods for early detection and the use of root samples for
detection. CPHST managed funds and provided field support for the development of canine HLB
detection. In addition, administered funds for near-term solutions using enhanced survey tools, soil

amendments, thermo-therapy and disease spread models.

e Accurate HLB diagnostics were assured by the NPPLAP Proficiency Test program ensuring lab
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capability of correctly performing the USDA Work Instructions for HLB diagnostic testing for
USDA regulatory purposes; 34 participant analysts in 12 labs were certified in 2016 for HLB

diagnostics.

Developed and delivered a revised citrus nursery stock (CNS) protocol as well as two nursery stock

facility reviews to improve exclusion and quarantine processes.

Provide scientific methods to the fruit fly program:

DNA analyses of oriental fruit fly captures in California and Florida were identified as new
introductions to exclude possibility of resurgent population or single high risk pathway. Analyzed
two fruit fly captures in south Texas as Anastrepha sp, most likely introduced from Mexico.
Analyzed Mediterranean fruit flies from four separate capture/interception events during 2016 using
the Medfly Molecular Tool (MMT). Specimens from three of the events were interceptions from
U.S. ports of entry. The fourth, representing an international collaborative effort, consisted of fruit

flies captured in Aruba that were analyzed as per request by the Aruba Ministry of Agriculture.

Completed confirmatory diagnosis of European cherry fruit flies, Rhagoletis cerasi. The specimens
were provided by CFIA,; the results support the presence of the fly in Canada. CPHST developed
and delivered recommendations/protocols for detection trapping for the European cherry fly, which

were used to initiate trapping efforts in New York and Pennsylvania.

Completed the sequencing of eight mitochondrial DNA genomes belonging to Anastrepha distincta,

A. ludens, A. serpentina, A. fraterculus, A. obliqua, A. suspensa, A. grandis, and A. striata, all of
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which are considered species of economic importance. Sampling included the A. ludens black pupa
strain currently being mass reared and released. The information will be used to improve species 1D

and pathway analyses tools.

Completed a methods validation study to examine the performance of a SNP genotyping assay used
to distinguish lab reared TSL strains of Medfly from wild flies. This technology is the outcome of a
collaborative project with USDA ARS to use Next Generation Sequencing for developing rapid

diagnostic assays.

CPHST conducted a Next Generation Sequencing study to characterize the utility of this technology
on 384 individuals from previous fruit fly population genetic-based pathway analyses using highly
variable genetic regions. The results will direct future efforts to understand the location of origin of
invasive pest species and demonstrate the potential of this technique to dramatically reduce cost and

time of such analyses.

In 2016, CPHST released comprehensive updates of the recorded host plants of Bactrocera
cucurbitae, B. dorsalis, B. tau complex and Anastrepha ludens. These lists are used to generate

Federal Orders for regulatory purposes in the implementation of area-wide emergency programs.

Provided critical technical support to the Dominican Republic to address a major Mediterranean fruit

fly outbreak that disrupted trade and was a potential threat to the United States.

Fruit fly rearing: Developed several improvements in fruit fly rearing for sterile insect eradication

programs that will improve quality and reduce costs:
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0 Replaced torula yeast with toasted soy in larval rearing diet for Mediterranean fruit fly in
Guatemala facility, resulting in cost savings of $185,000/year.

0 Developed liquid diet to replace agar diet to feed adults; resulting in annual savings of
$150,000.

o Transferred new black pupal sexing strain of Mexican fruit fly to Texas Mexfly program,
resulting in 15 percent reduction in diet costs and significant reduction in equipment and

space requirements.

USDA 25: Improve communications between CPHST and its customers to assure market

relevance

CPHST aims to establish and maintain an effective dialogue with its customers to ensure development

activities are useful and applicable to customer needs.

e Through the National Clean Plant Network, S&T built and supports a PPQ-focused network of 29
crop-specific clean plant programs located in 23 centers in 17 States. The NCPN covers 7 crops
(fruit trees, grapes, hops, berries, citrus, sweet potato and roses) engaging the work of 100 scientists.
In 2016, the NCPN advanced the use and understanding of advanced technology such as next
generation sequencing. Critical resources were provided to California, Florida, and Texas in support
of the citrus clean plant program quarantine facility and equipment needs of each State to ensure the

availability of clean plants for replanting groves affected by citrus greening.

e In order to meet customer needs, conducted a portfolio review of S&T geospatial and predictive

modeling activities and developed a roadmap to provide a unified structure, goals, and roles and
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responsibilities for geospatial and modeling support.

e Updated export analysis templates and guidelines for training of additional staff in order to expand
capacity for export market support. In FY 16, S&T completed 38 analyses to support or maintain

access to agricultural export markets.

e Published a biweekly S&T newsletter to enhance communications, with specific sections designated
to answer anonymously submitted employee questions, provide EEO and diversity information, and

a new section on safety and health issues.

e In addition to annual program review meetings, S&T’s citrus health program initiated a listening
session with major PPQ and industry stakeholders to better understand the issues that were
impacting each citrus State. This session provided new perspectives that influenced new project

direction.

e PPQ participates in Commodity Sector meetings each year bringing representative from major
commaodities sectors such as citrus, potato, cotton, grain, apple, nursery, grapes, etc., that advise and

provide constructive comments as to how PPQ and the sectors work together.

USDA 26: Improve the CPHST work plan development and project prioritization process to

assure high quality outcomes for customers / stakeholders

CPHST will continue to develop a process with PPQ operations to produce mutually acceptable work

plans that ensure appropriate product quality.
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Delivered employee training and guidance to all project leaders managing cooperative agreements to

ensure high-quality work plans and knowledge of administrative requirements.

Provided quality management training and guidance to PPQ staff and State cooperators.

In FY 2016 S&T leadership continued discussions with CPHST labs and held town hall video

conference calls with S&T staff.

Continued development of an enhanced prioritization tool for the Cooperative Agricultural Pest
Survey program to improve the risk basis for rankings and therefore better utilize resources in all 50
States. In FY 2016, the predictive impact model was validated for arthropods by assessing 75
arthropods and comparing results to actual impact. Work on phase 11, a model for likelihood of

introduction continued.

Provided oversight of 295 cooperative agreements with domestic and foreign researchers and
organizations with a total value of over $32,948,052. S&T receives Farm Bill Section 10007 funding
totaling $12,818,910 for agreement development, and in 2016, the distribution of those funds for
cooperative agreements were: 64 percent academia, 5.7 percent international institutions, 3.1 percent
industry, 0.6 percent non-profit entities, 10.4 percent State government, and 13.7 percent interagency
agreements (ARS and FS). S&T provides administration and management of all Huanglongbing

Multi-Agency Coordination Group funding.

USDA 27: New metrics (beginning FY 2014) on NIFA outcomes
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Efforts to develop procedures for requesting information from NIFA awardees are in progress.

Information will be collected on: (1) number of new jobs created by a small business as the result of

receiving SBIR grant funds; (2) increase in sales of technology or services developed by a small

business as the result of receiving SBIR grant funds; and (3) sale to other businesses of licenses to

technology developed by a small business as the result of receiving SBIR grant funds.

The data on the patents issued based upon Competitive NIFA Funding have been collected for FY 2015

and are now being reported (see Table 1).

Table 1. Patents Issued in FY 2016 based upon Competitive NIFA Funding.

Institution Name Award Number Patent Issue Date Invention Description
Number

Colorado State 2912-34141-20309 5253 (PVP 5/16/2016 | AAC Spendor Russet

University Certified)

Colorado State 2012-34141-20309 5254 (PVP 5/16/2016 | AAC Stout

University Certified)

University of 2006-35504-17436 9,150,869 10/6/2015 | Sugar Transport

Wisconsin, Madison Sequences, yeast Strains
having Improved Sugar
Uptake

University of 11-CRHF-0-6055 9,180,168 | 11/10/2015 | Use of Glycomacropeptide

Wisconsin, Madison to Improve Women’s
Health

University of 2001-335204-10184 9,180,181 | 11/10/2015 | H3 Influenza A Virus

Wisconsin, Madison

University of 11CRHF-0-6055 9,187,790 | 11/17/2015 | Sacchiarification of

Wisconsin, Madison Lignocellulosic Biomass

Michigan State 20008-51110-04352 9,193,514 | 11/24/2015 | Product Packaging System

University with Antimicrobial Agent

Auburn University 2009-34605-19805 9,201,048 12/1/2015 | Systems for Characterizing
Resonance Behavior of
Magnetostrictive
Resonators

Mississippi State Capacity Funding 9,222,032 | 12/29/2015 | Composition and Methods

University for Improved Fuel
Production

Cornell University 2005-35100-16044 9,238,680 1/19/2016 | Engineering Heat-Stable

Disease Resistance in
Plants
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University of 2005-35503-16303 9,254,266 2/9/2016 | Inhibiting Surfaced

Wisconsin, Madison Enhanced Crystallization of
Amorphous
Pharmaceuticals

Cornell University 2005-35603-15298 9,267,220 2/23/2016 | Nanofibers, Nanotubes and
Nanofiber Mats
Comprising Crystallizing
Metal Oxides

University of 11-CRHF-0-6055 9,282,738 3/15/2016 | Antimicrobial

Wisconsin, Madison Compositions and Methods
of Use Thereof

Pennsylvania State Capacity Funding 9,289,435 3/22/2016 | Anti-Leukemic Property of

University Cyclopentenone
Prostaglandin Metabolite of
Omega-3 Fatty

University of Maryland, | 2006-34467-17102 9,321,806 4/26/2016 | Novel methods for

College Park Recovery of Leaf Proteins

University of 09-CRHF-0-6055 9,322,068 4/26/2016 | Methods and Compositions

Wisconsin-Madison for Improved Fertilization
and Embryonic

Michigan State 2005-35504-16195 9,328,335 5/3/2016 | A Methods to Produce

University Acetyldiacylglycerols (Ac-
Tags)

Auburn University 2010-34605-20651 9,335,292 5/10/2016 | Electrochemical Proximity
Assay

Michigan State 2004-34158-15188 9,371,539 | 6/21/2016 DNA Encoding Ring Zinc-

University Finger Protein and the Use
of the DNA in Vectors

University of 05-CRHF-0-6055 9,371,562 | 6/21/2016 Methods and Compositions

Wisconsin-Madison for Genetically Detecting
Improved Milk Production

Mississippi State 2004-35204-14211 9,375,467 | 6/28/2016 Live Attenuated Catfish

University Vaccine and Method of
Making

Cornell University Capacity Funding 9,376,668 | 6/28/2016 Fagopyritol Synthase
Genes and Uses Thereof

University of 05-CRHF-0-6055 9,422,608 | 8/23/2016 Methods and Compositions

Wisconsin-Madison for Improved Cattle
Longevity and Milk
Production

University of 09-CRHF-0-6055 9,428,770 | 8/30/2016 Over-Production of

Wisconsin-Madison Secondary Metabolites by
Over Expression

University of 04-CRHF-0-6055 9,446,110 | 9/20/2016 Vaccine Candidates

Wisconsin-Madison Against Johne’s Disease

University of Capacity Funding PP26600 | 4/12/2016 Rhododendron Plant

Minnesota Named “UMNAZ 493"

University of Capacity Funding PP26601 | 4/12/2016 Rhododendron Plant

Minnesota Named “UMNAZ 502"
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USDA 28: Partner with ARS and the Animal and Plant Health Inspection Service (APHIS) at
USDA on the National Plant Diagnostic Network, and the National Animal Health

Laboratory Network

There are two goals for NIFA in this area.

1) Develop competitive funding opportunities to include ARS scientists in the development of
diagnostic assays and validation protocols that are needed to support APHIS regulatory
surveillance efforts for foreign and emerging plant and animal diseases. Plans for FY 2017

are under development

2) Coordinate APHIS regulatory and ARS research efforts with relevant components of the
Cooperative Extension Service in order to better identify producer needs and the transfer of

relevant technology. Plans for FY 2017 are under development.

USDA 29: ERS is making wider use of social media and new technologies (such as mobile
readiness) to widen and expand the reach of our information services to the general

public.

ERS’s wider use of social media and new technologies (such as mobile-responsiveness and open data
methodologies) widen and expand the reach of our information services to the general public. ERS has
been a leading innovator in support of the Administration’s Digital Strategy and Open Data initiatives,

providing a wealth of products—including data and information—designed to enhance mission delivery.
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In FY 2016, ERS used several new tools designed to help consumers more easily access critical

programs and stimulate further innovation:

e Responsive Design: ERS optimized its website for mobile users, with mobile-friendly pages that
automatically adapt to the user’s PC, tablet, and smartphone—without having to pinch or expand.
This method also provides internal efficiencies in design/production (versus developing multiple

style sheets for individual devices/platforms).

e APIs (Application Programming Interface) for select data and geospatial/mapping applications,
enabling researchers and developers to build applications using ERS data and process for additional

insights.

e Data Visualization: New tools and technologies have been adopted to present data in a series of
active online charts that allow users to interact with ERS data and design charts that reflect different

views of data for an enhanced user experience.

The new products and tools extend and expand access to ERS research findings, market outlook, and
data—making the agency’s information more readily available to the general public. These items were a
first among USDA (and many government agencies), enabling USDA to meet its Digital Government
Strategy goals to ensure high-value services and systems are available anywhere, any time, and on any
device. The work also supports the President’s Management Agenda to improve efficiency, share data

with entrepreneurs and businesses, and stimulate job growth.
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USDA 30: ERS is exploring new methods for evaluating economic impacts of research
collaboration and partnerships between public agricultural research institutions and

the private sector.

In 2012, ERS began a multi-year project to develop metrics to quantify the impact of economic and
related social science research and analysis, including measurements of impact of ERS research as
evidenced by briefings for senior policy officials, citations of ERS research in the scientific literature,
use in government decisionmaking, media citations, and customer use of information published on the
ERS website. This initiative is now completed, and the new metrics are now a standard component of

the ERS report.

USDA 31: Engage in consultation with the Agricultural Research Partnerships Network to assist

in establishing U.S. commercial partners with foreign entities.

FAS continued coordination with the ARS/Office of Technology Transfer to engage ARP Network
members that were interested in establishing commercial partnerships with foreign entities. FAS
developed relevant guidance and talking points that the ARS/Office of Technology Transfer routinely
disseminated to ARP Network members that were interested in consulting with FAS. This initiative is

completed.
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1.0. Agricultural Marketing Service (AMYS)
http://www.ams.usda.gov/AMSv1.0/

1.1. Mission Statement

The mission of AMS is to facilitate the strategic marketing of agricultural products in domestic and
international markets, while ensuring fair-trading practices, and promoting a competitive and efficient
marketplace to the benefit of consumers of U.S. food and fiber products. This includes distributing
market information, developing grade standards—many of which are used in the voluntary grading
programs funded by user fees—protecting producers from unfair marketing practices, testing of
commaodities for pesticide residues, granting intellectual property rights protection to new plant varieties,

and oversight of industry-funded programs to promote agricultural products and research.

1.2. Nature and Structure of Program

The Agricultural Marketing Service (AMS) is a service-oriented organization that provides a vast array
of marketing services to the agricultural industry. Its mission is derived from 50 statutes aimed at
facilitating the marketing of food and fiber commodities in domestic and international commerce,
commodity grade standards, and voluntary certification and inspection programs and laboratory testing.
The challenge for AMS is to adapt these programs to changing marketing practices, scientific and
technological advances and be responsive to the grading, quality, and health issues facing domestic
agriculture. AMS does not have a research and development program in place to address these needs.
However, AMS works with other Federal, State, and local agencies, academia and food and fiber

industry stakeholders in developing and testing innovative technologies that improve upon current
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marketing tools and services in a cost-effective way. Both AMS commaodity and support programs and

our stakeholders have benefited from this association.

1.3. Current Technology Transfer Goals, Objectives, and Measures of Success (Metrics)

Although AMS does not have a formal technology transfer program in place, the agency does oversee a
number of programs where innovative tools and practices have been used to assist agency stakeholders
in marketing their food and fiber commodities. This collaboration provides our agricultural stakeholders
with a valuable mechanism to introduce new commercial applications and standards to the marketplace,
document market-enhancing claims, and uses our various Internet-based e-business portals to facilitate
domestic and international trade. Our goal is to provide an entrepreneurial spirit, leverage these
program assets to contribute to innovation, job creation, and business opportunities in the agricultural

community.

AMS programs that promote these goals include the following:

Plant Variety Protection

The Plant Variety Protection (PVVP) Act (of 1970, and amended in 1994), which provides legal
protection in the form of intellectual property rights to developers of new varieties of plants. The intent
of the Act is to “encourage the development of novel varieties of sexually reproduced plants and tuber
propagated plants and to make them available to the public, providing protection to those who discover,
develop, and/or breed new varieties, and thereby promoting progress in agriculture in the public

interest.” In order to gain protection over their intellectual property, plant breeders must demonstrate
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that their new varieties are distinct from previously existing variety, uniform within each generation of
reproduction, and stable across generations of reproduction. Once these standards have been met, plant
breeders gain control over the marketing of their new variety (i.e., advertising, exportation, importation,
and sales). The term of protection is 20 years for most crops and 25 years for trees, shrubs, and vines.
This creates an incentive for investment in the development for new plant varieties. Thus, the PVP Act
facilitates technology transfer by protecting the intellectual property rights of those individuals who

discover, develop, and/or breed new plant varieties.

The AMS’ Plant Variety Protection (PVP) Office has the responsibility for administering the program
and is user-fee funded. Since 1970, PVP Office has issued more than 11,200 certificates of protection.
The Office maintains crop databases for over 180 species including 70,000 commercial seed-reproduced

varieties.

The PVP Office interacts with several Federal agencies and international organizations. These
relationships help to coordinate the application of Federal regulations related to the marketing of plant
varieties. For example, applicants for PVVP certificates are required to submit seed samples or tissue
cultures to support and enable their applications. These samples are stored at the National Center for
Germplasm Resources Preservation (NCGRP) in Ft. Collins, Colorado. The PVP Office regularly
discusses issues of common concern with NCGRP staff. A Memorandum of Understanding, between the
two programs, is updated on a regular basis. The seed samples deposited in support of applications are

made available to the public after the term of protection ends.

Seeds from outside the United States must be accompanied by a phytosanitary certificate. When they are

shipped into the United States, they must be shipped to USDA’s Animal and Plant Health Inspection
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Service, Plant Protection and Quarantine (PPQ) Office. Once the seeds or tissues pass quarantine, PPQ
sends them directly to NCGRP. Plant varieties also need to have a variety name that is unique for
marketing purposes. The Federal Seed Act, administered by the AMS’ Livestock, Poultry and Seed
(LPS) Program, Seed Regulatory and Testing Division oversees truth-in-labeling laws to protect
consumers. Such laws cover variety naming and trueness-to-variety testing. The PVP Office uses the
services of the LPS Program to determine if the variety names provided in PVVP applications are

acceptable.

The United States is a member of The International Union for the Protection of New Varieties of Plants,
known by its French acronym UPOV. The UPQV treaty sets forth the principles of how intellectual
property rights are granted to plants. These principles are then used to enact legislation in each member
county, such as the PVP Act and the Plant Patent Act. Regular meetings with UPOV working groups
and the governing council helps to update treaty language and processes. As a member of this treaty
organization, the PVVP Office provides information about what plant varieties are seeking PVP
protection. Recently, UPOV released an online version of this information so it is more quickly
available to member countries. UPOV is also leading the discussion about harmonization of forms,
processes, and the sharing of varietal descriptive information. The PVP Office is actively involved in

these discussions.

In fiscal year (FY) 2015 and 2016, the PVVP Office received a total of 413 applications, ranging from
agronomic crops to flowers and vegetables, requesting PVP. The Office conducted searches on 463
applications to determine whether the plant constituted a new variety. On the basis of those searches, the
program issued 467 certificates of protection. At the end of the fiscal year, 7,410 certificates were in

force while protection expired for 210 different varieties. During the same period, the Seed Regulatory
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and Testing Division cleared 1,312 different variety names and tested 231 trueness-to-variety samples

for 3 different kinds of seeds.

The Plant Variety Protection Office (PVVPO) is continuing its work to further develop the electronic
Plant Variety Protection (ePVP) system by adding additional crops that will bring the total to 55 crops
available from the system. The project continues to use the Agile software development technique and
has released two versions of the software, release 1 and release 2, internally for examination of 47 crops
by the PVPO. The release 3 project will be take place in FY 2017 with a projected release date of June
2017. The fully operational system available to the public and stakeholders is scheduled for an official
launch in late calendar year 2017. The ePVP system will allow stakeholders the ability to file new plant
variety applications electronically and provide PVPO examination staff with tools to conduct full

examinations including variety searches.

Pesticide Data Program

The Pesticide Data Program (PDP) is a critical element in meeting the requirements of the 1996 Food
Quality Protection Act (FQPA), which directs the Secretary of Agriculture to provide improved data
collection of pesticide residues, standardized analytical and data reporting methods, and increased
sampling of foods most likely to be consumed by infants and children. In a collaborative effort, AMS,
the Environmental Protection Agency (EPA), and the Food and Drug Administration (FDA) coordinate
and prioritize residue-testing and program activities. In addition, AMS conducts annual planning
meetings with all program participants, including the cooperating State agencies, other USDA agencies
and agricultural industry stakeholders, to select commodities and sampling sites for inclusion in the

program.
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The data collected reflects the actual residue exposure from food and enables multiple stakeholders to
carry out their missions. The EPA uses the data to assess dietary risks from pesticide exposure and
determine which pesticides can continue to be used in domestic agricultural production. It also uses the
data to harmonize U.S. pesticide tolerance levels with international levels. The FDA uses the data to
enhance its surveillance of imported foods. State public health and environmental agencies use the data
to fulfill their consumer protection commitments. Growers and distributors use the data to resolve trade
issues. This helps to keep diverse crop protection tools available to farmers and producers who benefit,
along with consumers, from the continued competitiveness of U.S. agricultural products in the global
market. Additionally, the Codex Alimentarius Committee on Pesticides Residues recognizes PDP

methodologies as official and validated methods for the determination of pesticide residues in foods.

The AMS’ Monitoring Programs Division (MPD) has the responsibility for administering the program,
which is an appropriated program. Since 1991, PDP has tested 113 different commodities for over 640
different pesticide residues. In FY 2015, PDP tested over 10,000 samples and generated over 2.3
million data points, including positive residue detections and non-detects. All data are electronically

transferred to data users by way of the PDP website or on DVD when requested.

In 2015, sampling services were provided by 10 States (California, Colorado, Florida, Maryland,
Michigan, New York, North Carolina, Ohio, Texas, and Washington). Laboratory services were
provided by the States of California, Florida, Michigan, New York, Ohio, Texas, and Washington, along

with the AMS’ National Science Laboratories.
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PDP sampled and tested 22 commodities [apples, blueberries, broccoli, carrots, celery, cherries,
cucumbers, grapes, green beans (fresh, canned, and frozen), nectarines, oranges, peaches, peanut butter,
pears, potatoes, spinach, strawberries, sweet corn, tomatoes, and watermelon] identified by EPA for
testing. The program publishes an Annual Summary, which reviews the data collected by each

commaodity, provides a program overview, and explains sampling and testing methodologies.

AMS released the 2013 PDP Annual Summary in December 2014. The 2013 database contains over 2

million data points. The program plans to release the 2014 Summary by the end of calendar year 2015.

Market News and Portal

The Market News Service (Market News) provides current, unbiased information on supply, demand,
prices, movement, location, quality, condition, and other market data on agricultural products in specific
markets and marketing areas — both domestic and international. The data is collected for cotton, dairy,
livestock, meat, grain, poultry, eggs and specialty crops, including fruits, vegetables, nuts, ornamentals.
This information is supplied to buyers and sellers, producers and handlers, transportation and logistics
companies, insurance and lending institutions, and others in the marketing chain, including consumers.
The information reported by Market News provides a high level of market transparency that contributes
to the orderly marketing of agricultural commaodities and helps to promote fair trade for all market
participants. The market information also supports government policymakers and is widely used for

value determinations, such as in courts and mediation.
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Federal and State reporters obtain market information on a voluntary basis with the exception of the
Mandatory Price Reporting for specified livestock, meat, and dairy product information. The
information is accessible through the Internet and e-mail subscriptions. The site issues hundreds of
reports daily for some 700 products and commodities resulting in millions of e-views by the public on
an annual basis. Market News is currently in the process of expanding farmers market, auction, and

regional data sources on the portal and AMS website.

For FY 2017, Market News is continuing to redesign its data and technical infrastructure to improve its
service to agricultural market stakeholders by increasing information transparency, reporting speed,
accuracy, and flexibility. AMS continues to develop a new market analysis and reporting system
(MARS) that will assist in the collection and distribution of commodity information from remote

locations.

The Livestock Mandatory Reporting Program

The Livestock Mandatory Reporting (LMR), initiated on April 2, 2001, and reauthorized by the
Agricultural Reauthorizations Act of 2015 (P.L. 114-54, Title 1), requires market information (i.e.,
pricing, contracting, and supply and demand conditions) to be reported to AMS by livestock processing
plants that annually slaughter a minimum of 125,000 cattle, 100,000 swine, 200,000 sows and boars, or
process an average of 35,000 lambs, and by importers who annually import an average of at least 1,000

metric tons of lamb meat products.
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The LMR system allows the plants to transfer information electronically in order to meet this
requirement. The data that is reported covers 78 percent of slaughtered cattle, 90 percent of boxed beef,
97 percent of slaughtered hogs, 59 percent of slaughtered sheep, 50 percent of boxed lamb meat, and 71

percent of wholesale pork.

Using this marketplace information, AMS implemented a web-based interactive dashboard that provides
stakeholders with real time price data paid by packers to producers for cattle, hogs, and sheep; daily and
weekly prices received by packers for their sales of boxed beef and boxed lamb to retailers, wholesalers,
and further processors; and information on prices received by importers of boxed lamb. It also allows
the user the ability to access DataMart in order to gain a historical and/or marketing trend perspective.
The livestock and meat industry use the information for production decisions and contract pricing

references and formulas. Producers use the data to evaluate market conditions and pricing.

Dairy Product Mandatory Reporting

Public Law 106-532, passed in 2000, required persons engaged in the manufacture and sale of selected
dairy products to report certain information including the price, quantity, and moisture content where
applicable. Any manufacturer that processes and markets less than 1 million pounds of dairy products
per year is exempt from the sales reporting requirements. The Mandatory Price Reporting Act of 2010,
passed on September 27, 2010, required USDA to release dairy product sales information reported under

Public Law 106-532 and required the establishment of an electronic mandatory sales reporting system.

Mandatory dairy product reporting provides sales information covering 11 percent of butter production,
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36 percent of cheddar cheese production, 62 percent of nonfat dry milk production, and 44 percent of

dry whey production. AMS collects this data to be used as the price discovery mechanism to establish
minimum prices for the Federal milk order system, accounting for 60 percent of the U.S. milk supply.

The information in these reports is also used by the dairy industry, impacting current and future

production levels.

Web-based Supply Chain Management System

The Web-based Supply Chain Management (WBSCM) is an Internet-based commodity acquisition,
distribution, and tracking system that support domestic and international food and nutrition programs
administered by four USDA Agencies (Food and Nutrition Service (FNS), Farm Service Agency (FSA),
Agricultural Marketing Service (AMS), and Foreign Agricultural Service (FAS)) and United States

Agency for International Development (USAID).

AMS manages the WBSCM system, develops products and purchase program technical requirements,
and conducts the procurements (solicitations, awards, and contract management) in accordance with
Federal regulations and USDA policy. AMS purchases meat, poultry, eggs and egg products, and fruits,
vegetables and tree nuts to help stabilize market conditions. The commaodities acquired are furnished to
FNS to meet the needs of the National School Lunch Program and other domestic nutrition assistance
programs. Food purchases are coordinated with FNS to assure that the quantity, quality, and variety of
commodities purchased meet the desires of schools and institutions participating in domestic nutrition
assistance programs and can be used to assist individuals in meeting the Dietary Guidelines for
Americans. The FSA administers the payments to vendors to whom contracts have been awarded, and

ensures the proper storage of commaodities when necessary. The WBSCM system allows stakeholders to
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review and place bids for commodities, receive procurement price information and volume needed, and
track the delivery of the purchased commodities. The system transfers information that allows
customers and vendors the ability to make informed decisions and improves transparency. The system
provides data on more than 200 commodities or 32 billion pounds of food purchased for the domestic
and foreign feeding programs administered by AMS, FSA, and FNS, and the USAID. Procurements in
WBSCM are valued over $12 billion. Currently, the system is supporting over 10,000 registered
stakeholders, executing more than 7,000 transactions weekly that are involved in the Federal food
procurement process and include State and local agencies, school districts, international recipients,

commodity suppliers and processors, transportation providers and warehouses.
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2.0. Animal and Plant Health Inspection Service

2.0.1. Introduction

USDA broadly defines technology transfer as the adoption of research outcomes (i.e., solutions) for
public benefit. Seemingly a simple statement, that process of adoption is complicated, requiring
integration of many assets from disparate sources in the successful delivery of solutions. “Public
benefit” is achieved through many mechanisms including public release of information, tools, and
solutions (e.g., germplasm, plants and other materials), adoption by partners through collaborative
research, formal cooperative research and development agreements (CRADA) authorized by the Federal
Technology Transfer Act (1986), direct federal, state, or local technical assistance, or through licensing
of biological materials or protected intellectual property directly to not-for-profit entities and for-profit
private sector firms. This report summarizes the Technology Transfer accomplishments of all APHIS

Programs for fiscal year 2015.

2.0.2. Combined Metric Tables

TABLE 1. Collaborative Relationships for Research and Development (R&D)

FY FY FY FY FY
APHIS-Wildlife Services (WS) 2012 2013 2014 2015 2016
e CRADAS, total active 9 9 9 11 9
- New, executed 3 3 1 1 2
=Amendments?, total active 2 7 9 8 7
- New, executed 0 5 3 3 2
» Traditional CRADASs, total active 9 9 9 11 9
- New, executed 3 3 1 1 2
= Small Business Cooperators, total active 5 7 6 8 6
- New, executed 1 2 1 1 2
= Foreign Cooperators, total active 6 7 5 3 2
- New, executed 2 1 0 0 0
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e Other Collaborative R&D Relationships
= Confidentiality Agreements® 38 48 59 69 74
- New, executed 10 9 9 10 7
= Material Transfer Agreements® 30 41 71 93 106
- New, executed 9 11 18 34 17
Material Transfer Research Agreements 7
- New, executed 7
= Other Agreements?, total active 149 81 203 269 320
- New, executed 76 72 107 147 127
e Publications 104 130 147 99
-Peer-Reviewed (Indexed) Scientific Publications 87 98 142 91 99
-Non-Indexed Publications 17 32 5 8 8
FY FY FY FY FY
APHIS-Veterinary Services (VS) 2012 2013 2014 2015 2016
o CRADAs, total active 0 0 0 0 0
e Other Collaborative R&D Relationships
= Confidentiality Agreements 0 134 1 0 0
- New, executed 0 134 1 0 0
= Material Transfer Agreements 11 21 9 63 64
- New, executed 11 21 9 22 16
Material Transfer Research Agreements 0 0
- New, executed 0 0
= Other Agreements?, total active 26 24 58 89 170
- New, executed 7 3 23 86 91
e Publications 63 26 35 29 46
-Peer-Reviewed Scientific Publications 61 24 35 29 40
-Trade Journal Publications 2 2 0 0 6
FY FY FY FY FY
APHIS-Plant Protection and Quarantine (PPQ) 2012 2013 2014 2015 2016
o CRADAES, total active 0 0 0 0
e Other Collaborative R&D Relationships
= Confidentiality Agreements 0 0 1 0
- New, executed 0 0 1 0
= Material Transfer Agreements 0 1 9 18
- New, executed 0 1 8 10
Material Transfer Research Agreements 4 4
- New, executed 4 0
ARS Letter of Intent® 2 0
= Other Agreements®#, total active 198 380 389 295
- New, executed 99 147 132 115
o Publications 31 68 54 52
-Peer-Reviewed Scientific Publications 22 39 30 45
-Trade Journal Publications 9 29 20 7
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Footnotes for Table 1
L Amendments extend existing CRADAs for additional years to a maximum of 5 years, and/or change Statements of
Work, and/or change funding levels.

2 Includes Trust Fund Agreements, Interagency Agreements, Cooperative Agreements, Cooperative Service
(Reimbursable) Agreements, Non-Funded Cooperative Agreements and MOUS.

3 This type of agreement was developed this year to facilitate the rapid exchange of unpublished data from ARS to
APHIS PPQ to support regulatory methods and protocols and decision making.

4 This includes 251 cooperative agreements (CAs); 87 of total funded with Farm Bill Section 10007 funds and 3 of total
CAs funded with USDA HLB Multi-agency Coordination Initiative Funds. This also includes 44 interagency
agreements (1As) and 18 of total 1As funded with Farm bill Section 10007 funds.
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TABLE 2. Invention Disclosures and
Patenting

FY FY FY FY FY
APHIS-Wildlife Services (WS) 2012 2013 2014 2015 2016
o New invention disclosures in FY 0 2 2 4 3
e Patent applications filed in FY, total
= Non-Provisional 1 0 0 3
= Provisional 0 0 3 2
e Patents issued in FY
= Life Sciences 0 0 1 1 2
= Chemical 0 0 0 0 0
» Mechanical & Measurement 1 1 0 0 0
FY FY FY FY FY
APHIS-Veterinary Services (VS) 2012 2013 2014 2015 2016
o New invention disclosures in FY 0 0 1 0 1
e Patent applications filed in FY, total
= Non-Provisional 0 0 0 1 0
= Provisional 0 0 0 0 1
o Patents issued in FY
= Life Sciences 0 0 1 1 0
» Chemical 0 0 0 0 0
» Mechanical & Measurement 0 0 0 0 0
TABLE 3. Licensing: Profile of Active! Licenses
FY FY FY FY FY
APHIS-Wildlife Services (WS) 2012 2013 2014 2015 2016
o All licenses, total active in the FY
= Patent licenses, total active in FY 1 1 1 1 3
FY FY FY FY FY
APHIS-Veterinary Services (VS) 2012 2013 2014 2015 2016
e All licenses, total active in the FY
= Patent licenses, total active in FY 1 1 1 1 0

1Active means legally in force at any time during the FY, whether or not the license is income bearing.

USDA licenses are patent invention and material transfer (invention) licenses. There are no other

invention licenses or other IP licenses.

TABLE 4. Income Bearing Licenses!

FY FY FY FY FY
APHIS-Wildlife Services (WS) 2012 2013 2014 2015 2016
e All royalty bearing licenses'
= Patent licenses 1 1 1 0 2
FY FY FY FY FY
APHIS-Veterinary Services (VS) 2012 2013 2014 2015 2016
e All royalty bearing licenses® 2
= Patent licenses 1 1 1 0 0

1Totals include only those licenses that actually received royalty income.
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TABLE 5. License Income

FY FY FY FY FY
APHIS-Wildlife Services (WS) 2012 2013 2014 2015 2016
= Patent licenses 1 1 1 0 3
e Total Earned Royalty Income (ERI)*
= Patent licenses, total ERI $0 $0 $0 $0 | $17,500
FY FY FY FY FY
APHIS-Veterinary Services (VS) 2012 2013 2014 2015 2016
= Patent licenses 0 0 0 0 0
e Total Earned Royalty Income (ERI)?
= Patent licenses, total ERI $0 $0 $0 $0 $0
TABLE 6. Disposition of License Income
FY FY FY FY FY
APHIS-Wildlife Services (WS)! 2012 2013 2014 2015 2016
e Income distributed, total
- To Inventors $0 $0 $0 $0 | $6,625
= Patent licenses, total $0 $0 $0 $0 | $17,500
- To inventors $0 $0 $0 $0 | $6,625
FY FY FY FY FY
APHIS-Veterinary Services (VS) 2012 2013 2014 2015 2016
e Income distributed, total
- To Inventors $0 $0 $0 $0 $0
= Patent licenses, total $0 $0 $0 $0 $0
- To inventors $0 $0 $0 $0 $0
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2.1. WILDLIFE SERVICES
http://www.aphis.usda.gov/wildlife damage/nwrc/

2.1.1. Mission Statement

The mission of USDA APHIS Wildlife Services (WS) is to provide Federal leadership and expertise to
resolve wildlife conflicts to allow people and wildlife to coexist. Wildlife is an important public resource
greatly valued by the American people. However, wildlife is a dynamic and mobile resource that can
damage agricultural and industrial resources, pose risks to human health and safety, and affect other
natural resources. The WS program carries out the Federal responsibility for helping to solve problems
that occur when human activity and wildlife are in conflict with one another. The WS program strives to
develop and use wildlife damage management strategies that are biologically sound, environmentally

safe, and socially acceptable.

2.1.2. Nature and Structure of Research Program

WS conducts program delivery through its Regional and State Offices and National Programs, providing
high quality wildlife damage management services for its customers that result in the protection of
agriculture, wildlife and other natural resources, property, and human health and safety. The National
Wildlife Research Center (NWRC) is the research arm of Wildlife Services. WS NWRC is the only

Federal Laboratory devoted to resolving problems caused by the interaction of wild animals and society.

WS NWRC is headquartered on the Foothills Research Campus of Colorado State University in Fort

Collins, CO. The WS NWRC employs more than 150 scientists, technicians, and support personnel at its
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Fort Collins, CO, headquarters and at the 7 field stations located throughout the United States and
Monell Chemical Senses Center in Philadelphia, PA. Approximately two-thirds of WS NWRC staff is
located in Fort Collins. The remainder of the highly specialized staff is located in the other eight
locations throughout the United States, facilitating a unique ability to address regional wildlife damage
management issues. Further, WS NWRC routinely conducts international consultations in this

specialized area.

Scientists at WS NWRC apply a diverse array of expertise to the development of practical, biologically,
environmentally, and socially sound methods to resolve these problems and to maintain the quality of
the environment shared with wildlife. Scientific staff specializes in several disciplines, including animal
behavior/psychology, chemistry, biology, ecology, zoology, economics, genetics, immunology,
pharmacology/toxicology, physiology, wildlife biology, and wildlife disease. In addition, WS NWRC
works with other experts who have additional specialties through cooperative ties with universities, not-

for-profit research facilities, and other public and private research entities.

WS NWRC develops effective wildlife damage management methods through contributions in the
following areas:

e Damage assessment

e Investigation of the biology and behavior of problem animals

e Evaluation of the impact of management practices on wildlife and the environment

e Development and improvement of existing management technologies

e Investigation of potential applications of new management technologies

e Support for registration of chemicals, drugs, and devices used to manage wildlife

e Transfer of scientific and technical information
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e Provision of scientific guidelines on wildlife damage for use by regulatory agencies
e Development of cooperative research and training with other organizations

e Responsiveness to needs of user groups and the public

2.1.3. WS Technology Transfer Goals, Objectives, and Measures of Success

Scientists at WS NWRC produce methods, technology, and materials for reducing animal damage.
Through the publication of results and the exchange of technical information, WS NWRC provides
valuable data and expertise to the public and the scientific community, as well as to APHIS' WS

program.

WS follows the general USDA definition of technology transfer as the adoption of research outcomes
(i.e., solutions) for public benefit. Through public and private partnerships, WS NWRC research creates
new or improved technologies, processes, products, and services that benefit the Nation by increasing
productivity, increasing efficiency (keeping costs low), and enhancing global competitiveness for the
U.S. agricultural sector. Technology transfer is critical to accelerating use of public research and
methods development, creating economic activity, jobs, and sustaining economic development. WS uses
formal instruments of technology transfer, including Confidentiality Agreements (CA), Material
Transfer Agreements (MTA), Material Transfer Research Agreements (MTRA), and Cooperative
Research and Development Agreements (CRADA). In addition, WS transfers technology through
patents and invention licenses for commercialization by the private sector. WS has an ongoing formal
agreement with ARS Office of Technology Transfer (ARS OTT) to administer WS patents and licensing
and to assist with the development CRADAs. WS NWRC’s Manager of the Technology Transfer

Program serves as the primary liaison for APHIS to the ARS OTT and patent review committee. In
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addition, the Manager prepares the APHIS contribution to the USDA Annual Report on Technology
Transfer by providing ARS OTT with information on APHIS technology transfer activities and metrics,
including tabular metrics of inventions, licenses, CAs, MTAs, MTRAs, CRADAs, as well as other

notable “downstream outcomes.”

In addition to patents and licenses, WS transfers knowledge and technology through many other formal
and informal mechanisms. Primary among these methods for WS NWRC scientists is publication in
peer-reviewed scientific journals. Other important mechanisms for transferring technology and
knowledge include presentations at technical or professional conferences and publications in
proceedings, technical assistance to the public or stakeholders, informal and formal exchange of
information and products among colleagues, public outreach via factsheets, brochures, web pages and

social media and laboratory open houses.

WS Operations and the NWRC have dedicated staff devoted to registration/authorization of products
with regulatory agencies, including the Environmental Protection Agency’s Office of Pesticide
Programs, the Food and Drug Administration’s Center for Veterinary Medicine, and the USDA Center
for Veterinary Biologics. When products are developed, they proceed through the research and
development pipeline (see schematic below) and are registered with the appropriate regulatory agencies.
Products with limited private market potential, but highly desirable to WS Operations, are produced and
distributed by the WS Pocatello Supply Depot. Products with significant private market potential are
licensed for sale to a private company. Efforts to increase the number of APHIS products licensed by
private companies include patenting innovative technology, development of CRADAs and Material
Transfer Research Agreements, participating in regional technology development functions, actively

participating with the national Federal Laboratory Consortium and the Mid-Continent chapter,
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interacting directly with and national, State, and local governments, universities, and industries, and

enhancing training for WS NWRC scientists in technology transfer.

NWRC Product Pipeline — FY 2015

Research and Development
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WS currently measures success of its technology transfer using several metrics. To measure the success
with which WS NWRC scientists are partnering with collaborators, WS NWRC looks at the number of
agreements established with collaborators. These include CAs, MTAs, MTRAs, and CRADAS
established with partners. However, because many of our partnerships do not necessarily involve the
transfer of intellectual property, WS NWRC also follows the number of other agreements established,
including cooperative agreements, cooperative service agreements, and interagency agreements, all of
which measure the degree of collaboration that WS NWRC has with universities, businesses, other
Federal Government agencies, State and local governments, non-governmental organizations, and
foreign governments and universities. During FY16, the NWRC had 370 unique institutional

collaborations (see the following table).
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Number of Unique

Institution Type collaborations
Wildlife Services State Operational Programs 48
Federal 36
State/L ocal 49
Non-Government Organizations 27
Private Institutions 46
Universities 146
Foreign Governments or Institutions 18

Total 370

Cooperator funding is very important to WS and to WS NWRC in accomplishing their mission. Efforts
are being made to increase the amount of cooperator funding generated. For example, cooperator
funding at WS NWRC averages about 16 percent of the annual budget. Cooperator funding has steadily
increased during the last 5 years, generating $2.4 million in 2011, and $2.4 million in 2012, $2.7 million
in 2013 and $3.5 million in 2014, $2.6 million in 2015 and $2.7 million. Agreements with Federal
cooperators account for approximately 66 percent of NWRC’s annual incoming cooperator funding,

while 34 percent is obtained through agreements with non-Federal collaborators.

WS NWRC tracks its outreach and communication efforts through numbers of technical publications.
WS NWRC has a full-time legislative and public affairs staff person and is increasing its outreach
efforts through press releases, stakeholder announcements, fact sheets, website postings, social media,
facility tours, and workshops. One area we have begun to emphasize is outreach to the business
community and communication to WS Operations and stakeholders regarding the economic value
received for their research investment. WS NWRC also tracks the number of registrations (existing and
new) that have been obtained with regulatory agencies. This is an indicator of new product development

that has been provided for use by the public or by WS operational staff.
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2.1.4.WS response to Presidential Memorandum on Accelerating Technology Transfer and

Commercialization of Federal Research in Support of High-Growth Business

In the USDA’s implementation plan for the Presidential Memorandum, WS described three initiatives to

promote technology transfer response and commercialization.

USDA 20: Increase awareness in WS of technology transfer mechanisms, leading to increased

pace of effective technology transfer and commercialization.

WS NWRC has traditionally been active in transferring technology and scientific information through
use of outreach to collaborators, including WS operational personnel and through publications.
Successful outcomes may include improved wildlife damage management practices, scientific
information that enhances U.S. competitiveness by protecting crops and property, or increased
awareness about wildlife diseases that threaten health of livestock or humans. Most of these outcomes
do not require a patent and license for implementation. This initiative is designed to increase awareness

among WS personnel about the importance of both formal and informal technology transfer.

The Manager of the Technology Transfer Program provided a formal and information technology
transfer training to NWRC biologists at both the headquarters and field locations, increasing the general
knowledge and raising the awareness of scientists as to the power of partnerships, importance of
developing intellectual property, and the array of technology transfer agreements available to facilitate
their research. In addition, WS NWRC’s Technology Transfer staff continued to reach out to WS

Operations on technology transfer and intellectual property issues. WS Operations staff contacted WS
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NWRC’s Technology Transfer Program for regulatory advice on issues related to feral swine trapping,

four confidentiality agreements.

WS continues to emphasize the importance of collaborative agreements with stakeholders to offset
diminishing discretionary funding, while increasing relevance of research to stakeholders, such as the
private sector. WS, as part of the annual report table, continues to track the number of agreements it
maintains each year, including cooperative agreements, cooperative service agreements, MOUs, and
interagency agreements. In addition, WS will track numbers of specific technology transfer agreements,

including CAs, MTAs, MTRAs, CRADAs, invention disclosures, and patent and license activity.

During FY 2016, WS NWRC Technology Transfer staff completed 45 unique intellectual property
agreements. These included 7 CAs, 18 MTAs, 7 MTRASs, and 2 CRADAS. These agreements brought
more than $683,737 in cooperator funding to the NWRC, allowing scientists to pursue collaborative
research aimed at developing products to mitigate wildlife damage issues. In addition, licensing royalties
received by NWRC totaled $17,500, of which $6,325 were disbursed to inventors, the remainder used
internally to support on-going technology transfer efforts. In total, NWRC Technology Transfer efforts

accounted for more than $701,237 in extramural funding.

In addition to traditional technology transfer mechanisms, the WS National Wildlife Research Center
publishes scientific manuscripts, book chapters and reports. In FY 2016, the NWRC released 118
publications, including 99 scientific manuscripts in peer-reviewed outlets and 8 in non-indexed outlets.
Also during FY16, NWRC scientists served as editors or authors of 10 books or book chapters. NWRC

also tracks Internet website traffic and publication downloads. In FY16, the NWRC website saw
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143,190 publication downloads from a total of 214 countries. Website referrals were most frequent

from Google, Google Scholar, and Google India.

In addition to Center-wide publication efforts, the staff of the Technology Transfer Program published
two peer-reviewed manuscripts and submitted two additional manuscripts for publication in non-indexed
outlets and one book chapter. The Registration Unit prepared 23 EPA data submissions for registering
sodium nitrite as a toxicant for feral swine. These data submissions were part of a CRADA partnership
with an Australian enterprise in support of an Experimental Use Permit application to the U.S.

Environmental Protection Agency for developing sodium nitrite as a toxicant for feral swine.

USDA 21: Increase knowledge of WS and NWRC and their impact in preventing wildlife
conflicts, leading to increased development of collaborative research and more

effective use of public resources.

WS NWRC has committed to increasing the amount of information disseminated to the general public
and stakeholders on research, collaborations, and products provided by the program. The WS NWRC
works closely with APHIS public affairs staff in the preparation and dissemination of information on
WS NWRC research and collaborations, as well as WS’s role as the premier organization for managing

human-wildlife conflicts.

As part of continued efforts to increase local and regional community awareness of the WS NWRC, in
FY 2016, the Center hosted tours to approximately 240 students, visiting scientists, business and agency
partners, and USDA employees. Center representatives hosted booths at several university career fairs to

inform students of careers and potential job opportunities with the WS NWRC, as well as funded the

FY16 Page 65



FY 2016 Annual Report on Technology Transfer

development of a new overview video and 5 shorter video vignettes highlighting the Center’s diverse
workforce, technology transfer, and unique mission. Through the USDA’s blog site, Twitter site,
YouTube, and GovDelivery system, WS NWRC notified 10,000+ stakeholders of various research
activities, accomplishments, and events. WS NWRC responded to 134 media and community requests
for information and published approximately 20 brochures, factsheets, press releases and reports for the

general public.

USDA 22: Increase the pace of WS technology transfer and commercialization activities.

To accomplish this objective, WS NWRC will increase its efforts to obtain partners for technologies

ready to be commercialized by working with ARS and by utilizing the ATIP Program.

WS continues to maintaining existing products and registering new products with the Environmental
Protection Agency (EPA) and the Food and Drug Administration for use by WS personnel and the
public. In FY 2016, APHIS WS maintained 24 Section 3 registrations with the Environmental Protection
Agency and made 1 pesticide Experimental Use Permit (EUP) application submission, and received the
EUP EPA exemption for a new active ingredient intended for a product to control feral swine. A total of
20 Section 24c (Special Local Need) pesticide registrations were maintained and 3 new labels were
obtained; 1 Experimental Use Permit was in place. In addition, APHIS WS maintained two

Investigational New Animal Drug permits with the Food and Drug Administration.
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2.1.5. Downstream Outcomes

eDNA Tools

In controlling invasive species, managers need tools that can help
them efficiently direct their activities. The NWRC Wildlife
Genetics Project staff has developed new tools to detect invasive

species like feral swine. Recent studies have shown that

environmental DNA (eDNA) from animals can be detected in
bodies of water. eDNA refers to DNA shed by an organism into the environment (e.g., water, soil, or
air). The genetic material could come from shed skin, hair, scales, mucous, urine, or feces. In dry areas
where water is limited, being able to determine if feral swine are present helps managers decide whether
to invest in search and control efforts. The eDNA method can also tell managers when feral swine
control efforts have been successful. In addition, it can indicate if residual populations are due to failed
eradication efforts or reinvasions. In trials with captive feral swine, researchers learned that eDNA can
be detected from a single boar wallowing for 15 minutes in a pool of water and that it degrades after 3.5
days. Researchers also learned that eDNA from multiple wallowing animals takes almost twice as long
to degrade. Developing a lab assay that could detect low-quality and -quantity eDNA found in turbid
water was challenging. However, NWRC researchers tested many ways to capture and purify eDNA and
developed best practices for working with this type of water. Being able to determine if feral swine are
present in an area will help managers monitor their distribution nationwide. It will be particularly useful
in areas declared free of feral swine, which require surveillance and rapid confirmation of new

invasions.
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Applying eDNA methods to other invasive species control efforts shows promise, too. The Burmese
python is a semiaquatic snake that has invaded Florida, where its elusive nature and cryptic coloration
make it difficult to detect. Also, while invasive, the python is not evenly distributed across the
Everglades. A detection method that eliminates the need to directly observe or handle snakes and
quickly and reliably tells managers whether they are present in an area would make management
activities more economical and efficient. To help Florida wildlife managers remove invasive Burmese
pythons, NWRC researchers developed a diagnostic polymerase chain reaction (PCR) test that detects
python DNA in water. Using captive Burmese pythons, researchers verified the new test and showed
that python DNA can be detected in water for up to 96 hours. Researchers also field tested the method
by sampling water from six sites in south Florida. Samples from five sites with prior Burmese python
sightings tested positive for their DNA. The final site, which had no prior evidence of Burmese pythons,
tested negative. This promising new tool is now being used to monitor Burmese python distribution in

Florida and inform managers where search and control efforts should take place.

Changes to Aircraft Lighting Increase Bird Awareness.

Collisions between birds and aircraft (also known as bird strikes)
are expensive, risk human lives, and increase bird mortality.

Because birds see differently than people, changes to aircraft

lighting have been proposed as a way to make birds avoid aircraft. NWRC researchers and partners from
Purdue University investigated brown-headed cowbirds’ responses to aircraft lighting systems tuned to
match the birds’ visual capabilities. Using a remote-controlled aircraft fitted with 470-nanometer lights

that exhibit the “blue” portion of the human visual spectrum, scientists observed that cowbirds showed
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alert behaviors in less than half the time it took with the lights off. However, for approaching aircraft
with pulsing lights, the cowbirds’ alert responses were delayed as aircraft speeds increased. This was not
the case with approaching aircraft with nonpulsing lights. Also, researchers observed that high ambient
noise levels delayed the birds’” avoidance of the aircraft, possibly by causing sensory overload and
distracting the birds. Researchers believe that placing 470-nanometer lights on aircraft or at airports
may improve some birds’ abilities to detect and avoid aircraft. The approach may also make wind

turbines, towers, and other large stationary structures involved in bird collisions more detectable.

Improving VVaccine Technology

In December of 2015, the U.S. Patent and Trademark Office

issued a joint patent “Adjuvanted Rabies Vaccine with

Improved Viscosity Profile” (US 9,216,213) to NWRC
researchers and their Merial Ltd. collaborators for a new technology to intensify immune responses in
raccoons to rabies vaccines. This technology uses two benign compounds, chitosan and N,N,N
trimethylated chitosan (TMC), as adjuvants to make the RABORAL V-RG oral rabies vaccine more
viscous, which helps ensure the raccoons have greater oral contact with the vaccine to enhance immune
response. The RABORAL V-RG vaccine is delivered as a liquid in a plastic sachet. Under optimal
conditions, when an animal’s teeth pierce the sachet, the vaccine is released into its mouth and absorbed.
While foxes and coyotes tend to pick up the entire bait with their mouths, releasing a full dose of
vaccine as they chew, raccoons and skunks sometimes hold the vaccine sachet on the ground and bite
only small portions at a time, allowing the open sachet to leak. Chitosan is deacetylated chitin, a
nontoxic polymer that naturally occurs in crustaceans, insects, and mushrooms. When chitin is converted

to chitosan, it becomes a gelatinous precipitate that enhances the transport and absorption of vaccines or
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drugs. In NWRC studies, the addition of TMC to existing RABORAL V-RG bait allowed raccoons to

consume baits more easily and without leakage and did not interfere with the vaccine-induced immunity.

NWRC is now seeking licensing partners for this new technology.
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2.2. BIOTECHNOLOGY REGULATORY SERVICES (BRS)
http://www.aphis.usda.gov/biotechnology/index.shtml

2.2.1. Mission Statement

The mission of BRS is to protect and enhance U.S. agricultural and natural resources using a dynamic,
science-based regulatory framework to ensure the safe importation, interstate movement, and

environmental release of genetically engineered (GE) organisms.

2.2.2. Nature and Structure of Program

BRS does not perform research. BRS regulates the introduction (importation, interstate movement, and
release into the environment) of GE organisms that may pose a risk to plant health. Researchers and
product developers, Federal or private, should understand and work with the appropriate regulatory
agencies that may have oversight of an organism at different stages in the development of a product.

This can facilitate efficient development of the appropriate information necessary for regulatory review.

Since 2009, BRS has provided compliance assistance to the regulated community for the voluntary
adoption of a Biotechnology Quality Management System (BQMS) Program. A BQMS serves as an
important tool to help organizations involved in biotechnology research and development analyze the
critical control points within their management system to better maintain compliance with USDA
APHIS regulations for the import, interstate movement, and environmental release of regulated GE

organisms (7 CFR part 340).
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The BQMS Program integrates a dynamic, science-based approach of risk assessment and mitigation,
allowing for sound decisionmaking and effective management of the research and development of
regulated GE organisms. The program integrates principles from other quality management systems,
such as the Codex Alimentarius Hazard Analysis and Critical Control Point System, and 1SO 9001:2008.
The BQMS Program offers to organizations a flexible approach to implementing a quality management
system, where the BQMS is tailored to the organization’s individual size and research scope. The BRS
Office of Compliance Assistance provides participants with the tools and guidance needed to develop a
BQMS through training, documented guidelines, and one-on-one assistance. BRS provides an initial
assessment of an organization’s regulatory compliance processes and assists with periodic reviews and
audits of the organization’s BQMS. Twenty organizations, including public-sector research institutions
and multi-national corporations, have voluntarily established a BQMS within their organization through
the services provided by BRS. These organizations share common goals of responsible research and
facilitating regulatory compliance. Information on the APHIS BRS BQMS Program can be found at

http://www.aphis.usda.gov/biotechnology/compliance assistance main.shtml.
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2.3. INTERNATIONAL SERVICES
http://www.aphis.usda.gov/international safeqguarding/index.shtml

2.3.1. Mission Statement

The mission of International Services (IS) is to protect U.S. agricultural and natural resources by
working with foreign governments to prevent the spread of high-risk plant pests and animal diseases;
facilitate the safe international movement of agricultural commodities through science-based regulations
and internationally accepted standards; and enhance global health and U.S. biosecurity through the

development of science-based regulatory systems and policies around the world.

2.3.2. Nature and Structure of Program

IS’ overseas presence enables APHIS to monitor and respond to pest and disease threats, develop
international strategies and partnerships to prevent their spread to the United States, and support U.S.
agricultural trade by resolving technical barriers. Through its services, IS contributes directly to global
food security by promoting safe global trade and facilitating the development of science-based
regulatory systems around the world. 1S works closely with other APHIS programs, including
Veterinary Services (VS), Plant Protection and Quarantine (PPQ), Biotechnology Regulatory Services
(BRS), and Wildlife Services (WS) to ensure that its daily work overseas reflects the priorities of these
domestic programs. This collaboration is key to IS’ success and is achieved through joint planning,
enhanced communications, clear direction to the field, and implementing coordinated strategies.

IS uses technology transfer to support APHIS” work overseas by creating linkages and supporting
partnerships, collaborations, and cooperative programs. As part of its mission to safeguard U.S.

agriculture and expand the safe exportation of unprocessed agricultural products, IS works with
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international partners through bilateral and multilateral treaties and agreements to improve animal and
plant health systems around the world. IS partners with international organizations, including the
International Atomic Energy Agency (IAEA), World Organization for Animal Health (OIE), the Food
and Agriculture Organization of the United Nations (FAQO), and the International Regional Organization
for Agricultural Health (OIRSA), as well as with our international trading partners to help implement
appropriate technologies to control or eliminate sanitary and phytosanitary (SPS) threats to the safe trade

of agricultural products.

IS has organized and led several pest control programs in the Americas designed to reduce or eliminate
populations of pests like Screwworm, Mediterranean fruit fly (Medfly), and Mexican fruit fly (Mexfly).
The control of these very costly pests requires a specific set of technologies involving several different
control measures, including the design and methods of release of sterilized male flies, the application of
environmentally friendly pesticides, and the design and application of fly traps for surveillance and
population reduction. 1S has also developed a robust information management system and database that
both the Screwworm and Medfly Commissions use, which facilitates the sharing of critical information
among partners. IS works throughout Central America and the Caribbean to transfer technologies for
effective and sensitive fruit fly surveillance and control in collaboration with its international partners

and the USDA’s Agricultural Research Service.

The most recent example of this technology transfer occurred following detections of Medfly in the
Dominican Republic in early 2015. The Dominican Republic is a member of the CAFTA-DR (Central
America — Dominican Republic) free trade agreement, and these countries constitute the United States’
fifth-largest trading partner in agricultural products. IS has transferred to the Dominican Republic many

of the technologies necessary to mitigate this critical threat to the United States. IS’s Action Program
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office in Guatemala City, which focuses on the Medfly program, shares this Geographic Information
System (GIS) and Global Positioning System (GPS) technology with federal agencies within Mexico,

Guatemala, and Belize as well.

During 2016, IS supported the efforts of OIRSA to test a computer application for mobile telephones to
access surveillance data and test results from the Central American Reference Laboratory for Vesicular
Diseases (LADIVES) in Panama. Once implemented, this technology will improve information sharing,
especially on important diseases such as Foot-and-mouth disease (FMD) and Screwworm. 1S has also

provided support to OIRSA to create a census database for Central American livestock farmers.

Employees of COPEG (The Screwworm Barrier Maintenance Program), managed by the United States
and Panamanian governments in Panama, trained domestic APHIS personnel to support the Screwworm
outbreak in Florida. Technical training included the identification of adult and larval Screwworm,
sexual dimorphism, terrestrial ground release and live capture techniques, secure shipment of fertile

material, and the transport and management of sterile pupae for ground release.

COPEG technical staff also trained four master’s degree students from the Universidad de Las
Americas, sponsored by the Panamanian Ministry of Health, during a 3-day rotation in COPEG’s
Radiation Department. The students helped perform irradiation work, were given theoretical problems
to solve, and received instruction in radiation safety practices and the use of personal and handheld

dosimeters.

Additionally, the monitoring of technology transfer from APHIS to the Haitian Ministry of Agriculture
constitutes part of an agreement between USDA and the U.S. Agency for International Development

(USAID) focused on improving public plant health services in Haiti. To date, over 10 different
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technologies have been transferred to Haiti to improve fruit fly surveillance and control as part of our
ongoing effort to safeguard U.S. agriculture and improve safe food production for the world. In FY
2016, APHIS implemented the Exotic Fruit Fly Program in response to the Medfly outbreak in the
neighboring Dominican Republic, which included a bilingual English/French Emergency Program work
plan. Haiti exports over 16 million mangoes to the United States each year, and since this collaboration
began, new mango production areas have been added, which resulted in a 52-percent increase in export

revenues.

The U.S. Feral Swine Damage Management Plan includes several activities where WS, VS, and IS play
important roles. The goal of the Feral Swine Program in Mexico is to integrate Mexican federal agencies
into the North American regional group to develop joint activities for Feral Swine damage

management. As part of these efforts, IS in Mexico City worked with the School of Veterinary
Medicine and Animal Science of the National Autonomous University of Mexico (UNAM) to develop a
series of workshops to share perspectives and ideas. The goal was to demonstrate to attendees
procedures for feral swine damage control developed in the United States as part of the National Feral
Swine Damage Management Plan as a reference for the Mexican counterparts to help them develop their

own control methods.

During FY 2016, IS staff from Mexico organized, coordinated, and developed three feral swine damage
management workshops, a Feral Swine symposium, and an international meeting with members of VS
and WS and a group of UNAM academics. Scientists from IS and WS described steps the United States
is taking for feral swine control, particularly building corral traps to trap the animals for removal or
slaughter. Attendees discussed other feral swine control procedures including different types of

individual and corral traps, hunting, hunting over bait, hunting at night, hunting with dogs,
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trapping/snares, fencing, and advanced control methods such as poisoning and immuno-contraception
that were developed in United States. IS plans to hold similar workshops in FY 2017 to train staff from
other Mexican states, including Sonora, Baja California, Tamaulipas, and the Central Region of the
country. Coordination among WS and IS is essential for the success of these activities, as IS is the
primary organization for the U.S.-Mexico binational negotiations to develop activities in the Feral Swine

Program.

Our long-standing support of FMD eradication from the Western Hemisphere is another example of
technology transfer from the United States to foreign counterparts. USDA has been an active signatory
partner in this effort for over 35 years. From the beginning of this international effort involving treaties
and agreements between the United States and our trading partners in the Western Hemisphere, the
United States has been an effective leader in the transfer of effective FMD surveillance and control
strategies. Each of these strategies in turn relies on several different technologies, for which the United
States is usually the leader in developing. The United States has signed several treaties and international
agreements through the Department of State and via the USDA to support the hemispheric effort

through technology transfer.

These technologies have included high-volume vaccine production, infra-red surveillance for febrile
illnesses, animal computer-chip ear-tag identification, computerized methods of managing surveillance,
and sanitation technologies in slaughter facilities. FMD poses a constant threat to livestock production
in the United States, with the potential to devastate our beef and pork industries if the virus were to
appear in the United States. Between 1980 and 2010, the FMD virus was successfully reduced from its
widespread presence throughout South America to its current presence only in Venezuela, where the

situation is critical. The campaign to eradicate FMD from the Western Hemisphere is nearly complete,
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and it could not have been accomplished without the active participation of the United States in

transferring essential technologies to the program.

2.3.3 Downstream Outcomes

International Technical and Regulatory Capacity Building (ITRCB)

The ITRCB, a unit of APHIS-IS, acts as a clearinghouse to review requests for APHIS technical
assistance. When appropriate, ITRCB supports agency efforts to facilitate technical cooperation
activities with trading partners and developing countries. The training of foreign counterparts comprises
a significant level of effort of the ITRCB unit. Although technology transfer is somewhat limited,
APHIS-IS is an active leader in developing new methods to support the agency’s control and eradication

efforts of quarantine pests.

Under the APHIS-IICA (Inter-American Institute for Cooperation on Agriculture) cooperative
agreement for capacity building initiated in 2014, APHIS revised the 2015 work plan to provide
agreement resources to Dominican Republic plant health authorities to help control and eradicate the
outbreak of Medfly in the country’s eastern region. In 2016, an expert consultant provided on-the-
ground technical assistance to assist the Dominican authorities. APHIS developed a technical scope of
work, which detailed the required skills, abilities, and experience required to conduct this

consultancy. The objective of the consultancy was to work closely with the Dominican authorities
currently combating the outbreak, provide technical assistance and guidance to them, and to report

progress to I1ICA and APHIS periodically.
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2.4 PLANT PROTECTION AND QUARANTINE
http://www.aphis.usda.gov/plant _health/index.shtml

2.4.1. Mission Statement

We safeguard U.S. agriculture and natural resources against the entry, establishment, and spread of
economically and environmentally significant pests and we facilitate the safe trade of agricultural

products.

2.4.2 Nature and Structure of PPQ’s Methods and Technology Development Program

PPQ’s technology development is facilitated and implemented through cooperation between its three
divisions; namely Policy Management (PM), Field Operations (FO), and Science and Technology
(S&T). The Center for Plant Health Science and Technology (CPHST) is the primary component of
PPQ’s Science and Technology core functional area, which also includes the National Clean Plant
Network (NCPN). APHIS is one of three agencies of the USDA (along with ARS and NIFA) that,
through a memorandum of understanding, support research, quarantine, and outreach activities for the
NCPN. The NCPN is “a voluntary association of specialty crop networks that promote the use of
pathogen-tested, healthy plant material for food crops in the United States”

(http://nationalcleanplantnetwork.org/about/).

CPHST provides scientific and technical support for the regulatory decisions, policies, and operations of
APHIS’ Plant Protection and Quarantine (PPQ) program in order to safeguard U.S. agriculture and

natural resources. CPHST is responsible for ensuring PPQ has the information, tools, and technology to
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make the most scientifically valid policy and regulatory decisions possible and is headquartered on the
campus of North Carolina State University in Raleigh, North Carolina. The broader CPHST system
however consists of approximately 216 scientists, analysts, and support staff at 7 principal laboratories,
2 stations and satellite locations throughout the United States and in Guatemala. It also includes four
programs and multiple work units. CPHST supports regulatory plant protection activities by developing
methods and conducting analyses in the following program areas: AQIl/Commaodity Treatment Support,

Trade Issues and Risk Analysis, Identification and Diagnostics, Pest Detection, and Pest Management.

In FY 2016 CPHST continued the expansion of operations for construction of a new laboratory in
California. The location selected for this laboratory is in Sacramento, CA, adjacent to the California
Department of Food and Agriculture’s Meadowview facility. The new lab will foster cooperation with
one of the premier State regulatory labs, regional universities such as UC Davis, ARS labs, industry, and
fills a major need for additional science and technology support for West Coast pest programs and

agricultural trade. This effort will continue as a major S&T initiative for FY 2017.

CPHST activities primarily focused on providing scientific support for PPQ needs and decisionmaking,
but also supported stakeholders such as State plant regulatory programs and the agricultural and nursery
industries. CPHST conducts its work with internal stakeholders but also engages other Federal agencies
(e.g- ARS, NIFA, Forest Service, DOE National Labs, DHS and EPA), Tribal Nations, academia,
international institutions, and industry to acquire knowledge, best management practices, products and
protocols, and to develop methods and protocols needed for plant protection and management of

invasive pests.
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2.4.3 Current Technology Transfer Goals, Objectives, and Measures of Success

PPQ is committed to use of the best science, tools, and technologies to strengthen the efficiency and
effectiveness of PPQ’s work. PPQ transfers new methods and technology through several mechanisms
technical documents, protocols, risk assessments, and pest survey guidelines that are distributed directly
to stakeholders or are made available through PPQ websites. Another important mechanism to transfer
information is through the publication of results in peer-reviewed scientific journals. Other important
mechanisms for transferring technology and knowledge include hands-on training at our labs,
presentations at technical or professional conferences, publications in proceedings, trade publications,
and direct technical assistance to the public, stakeholders, and industry through various outreach

activities and events.

The CPHST Identification Technology Program (ITP) is an internationally recognized scientific

resource and provides digital pest identification tools that are available online (http://idtools.org) and
used by APHIS scientists as well as scientists in Customs and Border Protection, in State departments of
agriculture, in domestic and international academic institutions, and also by national and regional plant

protection organizations to identify plant pests. CPHST continues to develop two image-based products

(ITP_Node and imagelD) that support the increasing demand for high-quality, taxonomically useful
images for expediting plant pest screening. The ITP Node, developed in cooperation with The
University of Georgia, was created in response to domestic partners’ request for access to CPHST’s
existing image collections. By the end of 2016, the ITP Node contained 27,273 images — over 4,000
were added in 2016. The Node’s site is now responsive, allowing smartphone and tablet users to search

and download pest images to their mobile devices. imagelD is a website that provides specific
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navigation, functionality, content, and interfaces to enhance screening efficiency for port and domestic
identifiers. Released in 2014, imagelD is now the primary source for visual-based screening of
intercepted pests at our ports. During 2016, over 16,000 images were added to the database. By

September 2016, imagelD contained over 87,000, representing over 15,700 taxa.

CPHST provides technical training to stakeholders in certain areas (i.e. diagnostic testing, pest risk
assessment, treatments) and also provides information and training on quality management and
accreditation. For example, the CPHST Beltsville Lab provides hands-on training on molecular
diagnostics for regulated plant diseases to diagnosticians from State and academic laboratories and in
FY 2016 conducted 7 training workshops for 35 diagnosticians. The Mission, Texas Lab organized and
shared new molecular identification techniques with 30 fruit fly experts from HI, CA, TX, and FL and
developed strategies to leverage resources that will increase the national capacity to diagnose pests. The
CPHST Quality Management Program provided auditor training in several sessions with diagnosticians
of the NIFA National Plant Diagnostic Network (NPDN) and organized on-site audits of several NPDN

labs in an effort to support the NPDN quality management system STAR-D.

The National Plant Protection Laboratory Accreditation Program (NPPLAP) accredits State, Federal,
industry and academic laboratories. In FY 16 NPPLAP had 26 active accredited labs. Technicians
are certified by NPPLAP to perform specific diagnostics through development and distribution of
proficiency tests (PT). In FY 2016, 107 certifications were granted to carry out diagnostic testing of
regulated samples. Internationally, three labs in Colombia participated in the PT. The NPPLAP
currently manages PT programs for Plum Pox Virus, Phytophthora ramorum and Citrus Greening

testing. Two new services were offered by the NPPLAP: test results submission online facilitated by
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the NAHLN portal and the Planned Deviation process. The NAHLN portal is used for VS diagnostic
labs participating in proficiency testing for regulated animal diseases. Development has been
completed for the implementation of a NPPLAP PT site maintained by both programs for increased
confidentiality, easier results submission for our participants, review processes, and improved
information of participating lab capabilities. Planned Deviations are comparability studies designed
by NPPLAP for accredited labs seeking to use different instruments or reagents than specified in
validated PPQ work instructions. A Planned Deviation ensures comparability between the change and
existing processes do not affect the integrity of the results. Five labs at academic institutions or State
departments of agriculture participated in six studies that resulted in method improvements and
provided flexibility that benefited participating labs. Proficiency test program plans are also designed
by NPPLAP to additionally provide post-validation monitoring of PPQ validated tests and the
establishment of reference materials for all three provided disease PT programs. Test materials are
validated to international standards, conforming to ISO Guide 34 and ISO/IEC 17043:2010. Validated

PT materials are rare and in high demand by the international community.

Formal agreements, including cooperative and interagency agreements and memoranda of
understanding, are used to formalize collaborations with other government scientists, universities,
private companies, and other stakeholders. In FY 2016, CPHST ended the year with 295 active
agreements including 115 new agreements. The total includes 251 cooperative agreements, 87 of which
are funded with Farm Bill Section 10007 funds and 3 of which are funded with USDA HLB Multi-
agency Coordination Initiative funds. The total also includes 44 interagency agreements, 18 of which

are funded with Farm Bill funds.

In FY 2016, PPQ continued the interagency agreement with the ARS Office of Technology Transfer
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(ARS-OTT) along with VS and WS to execute formal technology transfer activities on our behalf of
PPQ. ARS-OTT worked with the PPQ National Scientific Technologies Coordinator to provide
technology transfer agreements training to the PPQ Phytosanitary Issues Management (PIM) program.
PIM facilitates and negotiates, through the use of scientifically based processes, the safe export and
import of agricultural commodities. The training with PIM focused on IP safeguarding while sharing
scientific products with our trading partners. PPQ worked closely with the ARS-OTT to identify
technology transfer opportunities and will continue to in FY 2017 as CPHST reviews projects for

additional technology transfer needs.

2.4.4 APHIS-PPQ Response to Presidential Memorandum on Accelerating Technology Transfer

and Commercialization of Federal Research in Support of High-Growth Businesses

In the USDA’s implementation plan for the Presidential Memorandum, APHIS-PPQ described four
initiatives to promote technology transfer and commercialization. The initiates and their implementation

in FY2016 are described below.

USDA 23: Enhance collaboration efforts in pest detection and management

PPQ’s scientific support focuses on improving and developing pest detection and management tools to
discover new invasive species early and respond quickly, better identify and target offshore pest threats,

develop diagnostic tools and techniques, and transfer technology to cooperators and impacted industries.
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Strengthen PPQs pest exclusion system:

Completed analysis of three molecular diagnostic pilots at four PPQ Plant Inspection Stations to
evaluate the use of molecular diagnostics at Plant Inspection Stations. A Molecular Diagnostics
Working Group (MDWG) was formed and began developing a framework for implementing molecular
diagnostic to support plant inspections at ports of entry. A team is being established to lead
consultations and discussions with trading partners on the use of molecular diagnostics for pest

exclusion.

Contributed to the International Plant Protection Convention (IPPC) Technical Panel for Diagnostic

Protocols that supports international standard harmonization.

PPQ participates in the North American Plant Protection Organization (NAPPQO) and in FY 2016,
participated in the development and/or review of protocols for 14 pests. Provided data on diagnostics
of wood borer pest interceptions to NAPPO that will impact discussions on wood packaging material

regulations.

CPHST conducted a Next Generation Sequencing study to characterize the utility of this technology on
384 individuals from previous fruit fly population genetic-based pathway analyses using highly
variable genetic regions. The results will direct future efforts to understand the location of origin of
invasive pest species and demonstrate the potential of this technique to dramatically reduce cost and

time of such analyses.
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e Over 6,000 gypsy moths intercepted at ports of entry and domestic locations were genetically
analyzed for presence of the Asian strain. No Asian gypsy moths were found in the United States

and only one egg mass was found at a port.

e Further progress was made on completing content development for the “Online identification tools for
Phytophthora.” The tool was beta tested by 23 researchers in a hands-on workshop conducted at the
2016 American Phytopathological Society meeting. This database will increase the accuracy of

Phytophthora diagnostics.

e Developed or updated ca. 22 plant pathogen diagnostic methods and established a PPQ cross-
functional team to evaluate the use of next generation sequencing (NGS) related to platform selection.
cost-benefit and regulatory implications. A roadmap for its use is being developed.

Initiated the development of an innovative “Molecular toolbox for Fungi of concern.” This is a high-
quality database of sequence files of well authenticated specimens of the CPHST Beltsville Lab

collection.

e [Initiated “Taxonomists for the Future” a program to promote the development of U.S. taxonomic

expertise that PPQ can engage for identification needs.

e Developed a Bee Mite ID tool. An Identification tool for bee-associated mite genera of the world
that will distinguish mites that harm bees from non-harmful mites. This tool for non-experts will be

added to the ITP toolbox.

e Successfully implemented the web-based image library, imagelD, which aids in pest identification,
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particularly by PPQ and CBP identifiers. imagelD is a website that provides enhanced screening
efficiency for port and domestic identifiers. imagelD is now the primary source for visual-based
screening of intercepted pests at our ports. During 2016, over 16,000 images were added to the

database. By September 2016, imagelD contained over 87,000, representing over 15,700 taxa.

Better identify and target offshore pest threats:

e Continued development of an enhanced prioritization tool for the Cooperative Agricultural Pest
Survey program to improve the risk basis for rankings and therefore better utilize resources in all 50
States. In FY 2016, the predictive impact model was validated for arthropods by assessing 75
arthropods and comparing results to actual impact. Work on phase Il, a model for likelihood of

introduction continued.

e Completed analysis of options for the light brown apple moth (LBAM) (Epiphyas postivittana
Walker) program. A report was prepared that identified baseline and alternative program options,
presented modeling results estimating potential future spread of LBAM under different options,
estimated positive and negative impacts of each option on stakeholders (Federal and State
governments, fruit and vegetable host crop producers, nursery businesses, exporters of host crops),

and developed recommendation for future policy response.

e Completed pathway and economic analyses to support PPQ decisionmakers determining how to

respond to spotted lantern fly.
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Analyzed the risk associated with 43 wood borers and bark beetles from Mexico; characterized the

risk of 10 taxa (family or genus level) of organisms intercepted on WPM from Mexico.

Analyzed the data compiled by the Otis Lab on beetle larvae reared from intercepted in wood
packing material, beetle species composition, interception dates, wood species, indicated treatment

type, etc., were evaluated for useful patterns of information.

Responded to stakeholder notifications, country consultations, and rulemaking activities related to
Q-37 (regulations governing importation of plants for planting) Guatemala Pelargonium and Q-56
(regulations governing importation of fruits and vegetables) Mexico Avocado, South Africa

Avocado, and China Fragrant Pear.

Completed 23 risk assessments and 9 pest lists to support the safe import of fruit and vegetable
commodities for consumption and of plants for planting. Fourteen risk assessments from previous

years were updated to include the most current information.

Completed 20 export risk assessments including assessments to expand market access for
commercially produced apples and French pears to Israel, Stenocarpella maydis (popcorn) to

Russian Federation, and corn grain for consumption to South Africa.

Reviewed other countries’ phytosanitary requirements for the export of U.S. maize into Australia,
U.S. strawberry, raspberry, and blueberry into Morocco, U.S. blueberry to Peru, and U.S. cherry

plants to Peru.
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e Pest list reviews for - California avocado fruit to India and to Thailand; onions to Jordan; cranberries
to China; Cynodon dactylon stolons, Zoysia matrella stolons, and Paspalum vaginatum stolons to
Vietnam; fresh peach fruit to China; Medicago sativa seeds, Sorghum spp. seeds, and Cynodon
dactylon seeds to Vietnam; Zantedeschia spp. to Mexico; Zantedeschia spp. and Eucomis spp. to

Guatemala; weed seeds in Glycine max to Russian Federation.

e Analyzed new pests and pests of imminent threat under the New Pest Advisory Group (NPAG) and

completed 26 full NPAG reports and 20 preassessments.

e Completed 12 reports on pests recommended for deregulation at ports of entry.

e Completed a pathway and economic impact analysis on the likelihood of reintroduction of pink
bollworm (Pectinophora gossypiella) and impact analysis of the eradication program for pink
bollworm. The pathway analysis identified and characterized the potential pathways for
reintroduction of PBW into the United States after it is eradicated. The impact analysis evaluated the
efficacy of the PBW eradication program in a cost-benefit framework. The results of the analysis are
useful for informing policy and funding decisions if PBW is reintroduced into the United States and
technical discussions between U.S. stakeholders and high-risk trading partners regarding mitigation

and eradication activities to reduce the likelihood of PBW reintroduction.

e Completed an examination of the evidence that seeds of Poncirus genus and hybrids may transmit
Candidatus Liberibacter species, the causal agent of citrus greening as well as a global pest list of

Citrus spp. pathogens and an examination of evidence for seed transmission. The results of the
FY1le Page 89




FY 2016 Annual Report on Technology Transfer

analysis provide the technical support for regulations associated with the movement of Citrus and

Poncirus seeds.

e Completed several analyses to support exempting certain commodities from the Light Brown Apple
Moth (LBAM) quarantine regulations. The results of this work lessened the regulatory burden on

producers within the LBAM quarantine areas.

e Completed an evaluation and pathway analysis for Xanthomonas vasicola pv. vasculorum (Xvv) to

support decisionmakers determining how to respond to Xvv.

e Noxious Weeds;

o Completed screening and characterization of 38 plant species for potential risk and to
determine if the species are potential targets for exclusion under the Federal Noxious Weed
regulations or NAPPRA (Not Authorized Pending Pest Risk Analysis).

o Completed 51 datasheets for NAPPRA listing candidates (weeds); 36 were completed
through a cooperative agreement with North Carolina State University’s Center for
Integrated Pest Management and 15 were completed by PERAL analysts.

o Completed 22 original weed risk assessments (WRASs). Thirteen were completed in support
of plants for planting import market access requests. Four were completed in support of fruit
and vegetable import market access requests. Two, Oxalis hispidula and Philydrum
lanuginosum, were completed in response to new US detections. One, Saccharum
spontaneum, was completed in response to a BRS request. Two were completed as part of

ongoing safeguarding efforts.
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USDA 24: Provide timely scientific and technical support for emergency response and

management

PPQ must develop and maintain a high level of expertise to support preparedness in the areas of science,

technical support, and technology transfer for rapid response efforts.

The National Plant Protection Laboratory Accreditation Program accredits plant pathogen diagnostic
labs and certifies diagnosticians within accredited labs to assist PPQ in screening samples in
regulatory surveys. In 2016, NPPLAP developed, validated, and distributed proficiency test (PT)
panels for HLB, P. ramorum and PPV, and administrated PT program for high consequence plant
pathogens to support NPPLAP. Forty-three (43) HLB panels were distributed that resulted in the
certification of 38 diagnosticians from 13 laboratories. For P. ramorum, 51 panels were distributed
that resulted in 41 diagnosticians from 16 labs were certified. For PPV, 23 participants received

panels and 20 diagnosticians from 10 labs have were certified.

CPHST confirmed the presence of plant pathogens first in the U.S. (Candidatus, Phytoplasma pini

and Phytoplasma fraxini-related, Xanthomonas vasicola pv vasculorum.

Mobilized staff to support PPQ’s emergency response to a new bacterial disease of corn in the
United States. Conducted diagnostic testing and provided diagnostic expertise to additional testing
labs. Developed forecasting models, trade, economic, risk and pathway analyses to determine

alternative regulatory options, non-regulatory alternatives, areas of spread and impact.
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Supported PPQ emergency response to citrus canker detections in Texas, conducted NGS to
determine that the strain primarily affected limes and conducting epidemiological studies to inform

PPQ actions.

Established an unmanned aircraft system (UAS) technical working group to coordinate pilot tests
and operational implementation of UAS and develop strategic partnerships on this technology.
Assemble a report on the requirements for certification of authorization, economic analysis, strategic
sourcing, and information management in a full UAS program. The team is developing a roadmap
for PPQ applications and investments in UAS technology for various regulatory programs.
Completed successful pilot tests to demonstrate UAS applications, including release of sterile pink

bollworm in eradication programs and survey for forest pests such as Asian longhorned beetle.

Contributed to the long-term goal of eradicating European grapevine moth (EGVM) from the

United States:

The EGVM Technical Working Group review of the 2015 and 2016 season data with program

partners and delivered a report supporting the end of the EGVM quarantine.

PPQ organized a post-eradication planning group and delivered an eradication plan in January 2016.

This was publically posted when EGVM eradication was declared in August.

A spatial analysis of the eradication program data was conducted that demonstrated the effectiveness

of the program’s 500 meter quarantine radius for survey and regulation.

In addition to the target goals, S&T provided quality assurance technical support to ensure the
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effectiveness of EGVM trapping.

e Asaresult of the eradication program, and with technical support from PPQ S&T, APHIS
successfully completed one the agency’s top 10 goals and declared eradication of EGVM in North

America on August 18, 2016.

CPHST contributed to the long-term goal of preventing citrus greening disease (Huanglongbing,

HLB) from California:

e Provided methods support to California program partners that increased their efficiency of
Tamarixia (the parasitic wasp bio-control agent) production by 31 percent and decreased mortality
of collected wasps to lower than 5 percent. The program produced >2.7 million Tamarixia and
300,000 Diaphorencyrtus in 2016. A new rearing facility that will start production in October of

2016 is expected to increase output by another 1.5 million Tamarixia per year.

e Evaluating bio-control sites, Tamarixia has been established at 92/100 evaluation sites in southern
California, at 14/32 monitoring sites in western Arizona at some sites greater than 15 miles from
release location indicating widespread establishment of Tamarixia is underway in Arizona. In
California, Diaphorencyrtus recoveries have been made at 10/15 monitoring sites and recoveries

have been made in all counties where releases have been made.

e Intensive sampling and molecular diagnostic testing for citrus greening disease or Huanglongbing
(HLB) in Asian citrus psyllids (ACP) collected in Texas and California provided an opportunity to

analyze spatial patterns and to locate infections of HLB earlier than plant sampling alone. Taking
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advantage of the large amount of diagnostic data and spatial location data associated with the
samples, CPHST analyzed the spatial pattern of the Ct-values across the landscape. This type of
“hot spot” cluster analysis allows us to derive information from these samples and update the maps
with potential HLB hot spots. Using this analysis, CPHST identified a potential “cluster” that

resulted in finding the San Gabriel, California, area infections.

CPHST evaluated new molecular methods for early detection and the use of root samples for
detection. CPHST managed funds and provided field support for the development of canine HLB
detection. In addition, administered funds for near-term solutions using enhanced survey tools, soil

amendments, thermo-therapy and disease spread models.

Accurate HLB diagnostics were assured by the NPPLAP Proficiency Test program ensuring lab
capability of correctly performing the USDA Work Instructions for HLB diagnostic testing for
USDA regulatory purposes; 34 participant analysts in 12 labs were certified in 2016 for HLB

diagnostics.

Developed and delivered a revised citrus nursery stock (CNS) protocol as well as two nursery stock

facility reviews to improve exclusion and quarantine processes.

Provide scientific methods to the fruit fly program:

DNA analyses of oriental fruit fly captures in California and Florida were identified as new
introductions to exclude possibility of resurgent population or single high-risk pathway. Analyzed

two fruit fly captures in south Texas as Anastrepha sp, most likely introduced from Mexico.
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Analyzed Mediterranean fruit flies from four separate capture/interception events during 2016 using
the Medfly Molecular Tool (MMT). Specimens from three of the events were interceptions from
U.S. ports of entry. The fourth, representing an international collaborative effort, consisted of fruit

flies captured in Aruba that were analyzed as per request by the Aruba Ministry of Agriculture.

e Completed confirmatory diagnosis of European cherry fruit flies, Rhagoletis cerasi. The specimens
were provided by CFIA. The results support the presence of the fly in Canada. CPHST developed
and delivered recommendations/protocols for detection trapping for the European cherry fly, which

were used to initiate trapping efforts in NY and PA.

e Completed the sequencing of eight mitochondrial DNA genomes belonging to Anastrepha distincta,
A. ludens, A. serpentina, A. fraterculus, A. obliqua, A. suspensa, A. grandis, and A. striata, all of
which are considered species of economic importance. Sampling included the A. ludens black pupa
strain currently being mass reared and released. The information will be used to improve species 1D

and pathway analyses tools.

e Completed a methods validation study to examine the performance of a SNP genotyping assay used
to distinguish lab-reared TSL strains of Medfly from wild flies. This technology is the outcome of a
collaborative project with USDA ARS to use Next Generation Sequencing for developing rapid

diagnostic assays.

e CPHST conducted a Next Generation Sequencing study to characterize the utility of this technology
on 384 individuals from previous fruit fly population genetic-based pathway analyses using highly

variable genetic regions. The results will direct future efforts to understand the location of origin of
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invasive pest species and demonstrate the potential of this technique to dramatically reduce cost and

time of such analyses.

e In 2016 CPHST released comprehensive updates of the recorded host plants of Bactrocera
cucurbitae, B. dorsalis, B. tau complex and Anastrepha ludens. These lists are used to generate

Federal Orders for regulatory purposes in the implementation of area-wide emergency programs.

e Provided critical technical support to the Dominican Republic to address a major Mediterranean fruit

fly outbreak that disrupted trade and was a potential threat to the United States.

e Fruit fly rearing: Developed several improvements in fruit fly rearing for sterile insect eradication
programs that will improve quality and reduce costs:

0 Replaced torula yeast with toasted soy in larval rearing diet for Mediterranean fruit fly in
Guatemala facility, resulting in cost savings of $185,000/year.

0 Developed liquid diet to replace agar diet to feed adults; resulting in annual savings of
$150,000.

o Transferred new black pupal sexing strain of Mexican fruit fly to Texas Mexfly program,
resulting in 15 percent reduction in diet costs and significant reduction in equipment and

space requirements.

USDA 25: Improve communications between CPHST and its customers to assure market

relevance

CPHST aims to establish and maintain an effective dialogue with its customers to ensure development
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activities are useful and applicable to customer needs.

e Through the National Clean Plant Network, S&T built and supports a PPQ-focused network of 29
crop-specific clean plant programs located in 23 centers in 17 States. The NCPN covers seven crops
(fruit trees, grapes, hops, berries, citrus, sweet potato, and roses) engaging the work of 100 scientists.
In 2016 the NCPN advanced the use and understanding of advanced technology such as next
generation sequencing. Critical resources were provided to CA, FL, and TX in support of the citrus
clean plant program quarantine facility and equipment needs of each State to ensure the availability

of clean plants for replanting groves affected by citrus greening.

e In order to meet customer’s needs, conducted a portfolio review of S&T geospatial and predictive
modeling activities and developed a roadmap to provide a unified structure, goals, and roles and

responsibilities for geospatial and modeling support.

e Updated export analysis templates and guidelines for training of additional staff in order to expand
capacity for export market support. In FY 2016, S&T completed 38 analyses to support or maintain

access to agricultural export markets.

e Published a biweekly S&T newsletter to enhance communications, with specific sections designated
to answer anonymously submitted employee questions, provide EEO and diversity information, and

a new section on safety and health issues.

e In addition to annual program review meetings, S&T’s citrus health program initiated a listening
session with major PPQ and industry stakeholders to better understand the issues that were

impacting each citrus State. This session provided new perspectives that influenced new project
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direction.

PPQ participates in Commodity Sector meetings each year bringing representative from major
commaodities sectors such as citrus, potato, cotton, grain, apple, nursery, grapes, etc. that advise and

provide constructive comments as to how PPQ and the sectors work together.

USDA 26: Improve the CPHST work plan development and project prioritization process to

assure high quality outcomes for customers / stakeholders

CPHST will continue to develop a process with PPQ operations to produce mutually acceptable work

plans that ensure appropriate product quality.

Delivered employee training and guidance to all project leaders managing cooperative agreements to

ensure high quality work plans and knowledge of administrative requirements.

Provided quality management training and guidance to PPQ staff and State cooperators.

In FY 2016, S&T leadership continued discussions with CPHST labs and held townhall video

conference calls with S&T staff.

Continued development of an enhanced prioritization tool for the Cooperative Agricultural Pest
Survey program to improve the risk basis for rankings and therefore better utilize resources in all 50

States. In FY 2016, the predictive impact model was validated for arthropods by assessing 75
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arthropods and comparing results to actual impact. Work on phase 11, a model for likelihood of

introduction continued.

e Provided oversight of 295 cooperative agreements with domestic and foreign researchers and
organizations with a total value of over $32,948,052. S&T receives Farm Bill Section 10007 funding
totaling $12,818,910 for agreement development, and in 2016, the distribution of those funds for
cooperative agreements were: 64 percent academia, 5.7 percent international institutions, 3.1 percent
industry, 0.6 percent non-profit entities, 10.4 percent state government, and 13.7 percent interagency
agreements (ARS and FS). S&T provides administration and management of all Huanglongbing

Multi-Agency Coordination Group funding.

2.4.5 Downstream Outcomes

Dispersal potential of the emerald ash borer parasitoid Tetrastichus planipennisi.

Emerald ash borer (EAB) is a devastating exotic pest which has the potential to extinct several species
of ash trees from forests and natural areas in North America. Current USDA APHIS PPQ efforts to
control and slow the movement of EAB populations are largely focused on developing biological control
programs involving the release of parasitoid wasps from EAB’s native range. It’s therefore increasingly

important to be able to track movement of released parasitoids and document their ability to find host
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larvae in a variety of conditions. The CHPST Otis, MA laboratory in cooperation with SUNY College of
Environmental Science and Forestry researchers recently completed studies demonstrating that the
parasitoid Tetrastichus planipennisi tracks the movement of EAB as it moves along a linear path.
Researchers investigated the movement of T. planipennisi, using traps placed parallel to a ~15 km
greenway belt of trees in Central NY. Collections were made up to ~ 9km from the release site 1 year
after the initial release. Additionally, in subsequent years parasitiods were collected away from the
greenway in the middle of fields with no other ash trees nearby. The study demonstrated that T.
planipennisi is well suited to build in numbers when its host density is high and to disperse long
distances to find hosts when host population densities are lower. This information supports the EAB
program efforts to mass rear and release T. planipennisi and the overall mission of Federal and State
scientists to develop a biological control strategy that will protect the next generation of ash trees in

eastern North America. (Photo by David Cappaert)

Eradication of European grapevine moth in California.

The CPHST California Station and the CPHST Otis, MA Laboratory provided technical support for the
notable eradication from California of European Grapevine Moth (EGVM), a severe pest of grapes. The
first North American detections of EGVM were made in Napa County in 2010 where it was causing
widespread damage to vineyards. After 6 years of cooperation with State and Federal scientists, industry

representatives and regulatory officials, the last remaining EGVM quarantine areas of Napa and Sonoma
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Counties in California was lifted and EGVM was declared eradicated from California on August 18,
2016. North America is now free from this pest. Technical support for quality assurance of EGVM
detection trapping was provided by supplying laboratory colony moths for “seeding” traps in the field in
California to test trapper accuracy and by analyzing pheromone blend and concentration in new and
deployed lures. In 2016, spatial analysis of EGVM program data resulted in a better understanding of
invasion pathways and made use of trap data to develop a more effective regulatory control program.
Analysis so far has revealed landscape and environmental features that affected the EGVM invasion and
demonstrated that the program’s use of 500 meter quarantine radius was an effective distance around a
detection to survey and regulate. This protocol will be used by CDFA to maintain the eradication in CA.

(Photo by Jack Kelley Clark: EGVM Adult.)
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Slowing the spread of the citrus greening disease through biological and chemical control of the

Asian citrus psyllid.

The Asian citrus psyllid (ACP) has invaded citrus-growing areas in the United States over the past
decade and is an insect vector of the bacterium that causes citrus greening disease or Huanglongbing
(HLB). A key component to an HLB management program is aggressive control of the insect vector
ACP. CPHST California Station has partnered with State cooperators to rear and release Tamarixia
radiata and Diaphorencyrtus aligarhensi, tiny parasitic wasps that have been imported into California

from Asia to attack and control ACP populations. In 2016, Federal, State and industry program partners
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increased their efficiency of Tamarixia production by 31 percent and the program is on track to produce
>2.7 million Tamarixia and 300,000 Diaphorencyrtus aligarhensis per year. A new rearing facility will
began production in October 2016 and is expected to increase output by an additional 1.5 million
Tamarixia per year. Tamarixia has been established at 92/100 evaluation sites in southern California, at
14/32 monitoring sites in western Arizona at some sites greater than 15 miles from release location
indicating widespread establishment of Tamarixia is underway in Arizona. In California,
Diaphorencyrtus recoveries have been made at 10/15 monitoring sites and recoveries have been made in
all counties where releases have been made. Chemical control strategies are also being supported
through field and laboratory evaluations. Twelve pesticides were evaluated in the laboratory and 16
grower applied field treatments for ACP control (both conventional and organic insecticides). This
Federal, State and industry partnership is critical to preventing ACP moving HLB from Mexico into
commercial production areas in California. Additionally, the impacts of pesticides on Tamarixia for use

in the ACP area-wide control program are being assessed. (Photo by Greg Simmons: Parasitized ACP

nymphs)

Biological control of Asian Citrus Psyllid, the vector of citrus greening disease.

The Asian citrus psyllid (ACP) has invaded citrus-growing areas in the US over the past decade and is a
vector of a bacterium that causes citrus greening disease or Huanglongbing (HLB). A key component to

a management program is aggressive control of ACP vector. Tamarixia radiata is a species specific
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ectoparasitoid of the ACP that was imported from Pakistan after satisfying APHIS PPQ permitting

requirements for field release in Texas.

In FY 2016, the CPHST Mission, TX Laboratory mass produced more than 1.75 million T. radiata per
year for biological control of Asian citrus psyllids. T. radiata parasitoid adults were produced for
releases in South Texas as well as to release on the Mexican side of the Texas and California borders.
The parasitoids produced in our laboratory also served as inoculum for use in field insectary cages.
Between 2013 and 2016, field cages installed at 125 sites yielded more than 1.51 million T. radiata per
year for South Texas using this approach. This brings our cumulative total produced and released to
more than 5 million per year. The field insectary cage technique has been transferred to researchers at
the University of Florida, Immokalee, FL, the Puerto Rico Department of Agriculture, the University of
California, Riverside and the California Department of Food and Agriculture, and most recently to the
Texas Citrus Pest and Disease Management Corporation as a novel approach to enhance biological

control efforts.

Before release of T. radiata began in South Texas in 2010, 43 immature psyllids per tree flush were
found in citrus in residential areas. After biological control releases, the abundance of pysllids gradually
decreased. In 2016, only 3.8 immature psyllids were found per flush, a reduction of 91.2 percent of the

psyllid population.
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Hot spot cluster analysis of Asian citrus psyllid samples: predicting infected citrus host locations

from diagnostic testing.

Intensive sampling and molecular diagnostic testing for citrus greening disease or Huanglongbing
(HLB) in Asian citrus psyllids (ACP) collected in Texas and California provided an opportunity to
analyze spatial patterns and to locate infections of HLB earlier than plant sampling alone. ACP is a
known insect vector of HLB, which is considered one of the most devastating citrus diseases because
there is no cure for the disease. The quantitative Polymerase Chain Reaction (PCR) protocol used to test
for the presence of HLB has very high sensitivity and specificity, and the PCR test provides a
continuous measure of the amount bacteria present by recording a numerical value (Ct-value) indicating
the presence of HLB in the sample. PPQ imposed a regulatory threshold on Ct-values, below which we
can confirm the presence of HLB without question. However, due to the limits of detection of the qPCR
assay, HLB cannot be reliably confirmed above this regulatory threshold with the current molecular
techniques. It is unknown if samples above this threshold are false negative or true negative results and
are referred to as inconclusive. Taking advantage of the large amount of diagnostic data and spatial
location data associated with the samples, The CPHST Mission, TX Lab analyzed the spatial pattern of
the Ct-values across the landscape to determine if there is an underlying biological process, such as
clustering of samples around a known positive tree. This type of “hot spot” cluster analysis allows us to
derive information from these inconclusive samples. PPQ continued to analyze new survey data as the

results are received from state diagnostic labs and update the map with potential HLB hot spots. Using
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this data from inconclusive sample information, the San Gabriel, California area infections were found
after more intensive citrus tree sampling in an area around where an inconclusive psyllid sample was
found. Analyses have also revealed significant space-time scales of pattern in the California psyllid
data, such that inconclusive samples tend to cluster within 1.5 miles and 15 months of each other.
Continuation of these analyses serve as early warning indicators for HLB positive trees and helps to
target plant tissue (tree) surveys, saving state and federal resources, and helping the citrus industry
identify infected trees sooner. This data is being provided to the TX and CA Departments of Agriculture

to focus their financial and personnel resources more effectively.

New treatment options for the invasive Khapra beetle.

The Khapra beetle (T. granarium) is a serious pest of stored products and is the only stored products
pest that is currently quarantined in the United States. Khapra beetle larvae feed on a wide range of dry
food products of plant and animal origin including cereals, dried fish, and museum specimens. It’s
regularly detected at United States ports of entry and occasionally in other areas such as warehouses,
shipping containers, and private residences where efficacious treatments are required to assure that
populations are completely controlled. The PPQ CPHST Otis, MA Laboratory has coordinated and
sponsored a broad effort to evaluate new treatment options for Khapra beetle. Our partners included
researchers at Kansas State University and the USDA ARS Center for Grain and Animal Health

Research in Manhattan, KS. Khapra beetle is a quarantine pest in the United States so lab cultures have
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not been available to use for treatment development until recently. Treatments of pyrethroid insecticides
and insect growth regulators were evaluated for initial knockdown and residual efficacy in applications
on concrete, wood, painted-wood, vinyl flooring tile, and metal surfaces to simulate the wide range of
environments that Khapra beetle may be found in the field. Both small and large T. granarium larvae
were exposed with provision of a food source on the treated surfaces and residual assay was conducted
up to 12 weeks post-treatment time. Data from this project will support new treatment options and
guidelines for Khapra beetle treatments added to the APHIS Treatment Manual that is used by DHS

CBP and PPQ officers at ports of entry and infested structures such as warehouses.

Identifying a new treatment for airplane cargo holds.

The PPQ Center for Plant Health Science and Technology (CPHST), Otis, MA Laboratory tested and
identified a suitable replacement aerosol treatment used for hitchhiking insects in cargo holds. The sole
previous treatment became unavailable when the manufacturer chose not to renew the EPA registration,
leaving APHIS PPQ and DHS Customs and Boarder Protection Port Officers with only a limited supply
of existing treatment aerosol cans. An efficacious replacement was needed for PPQ and CBP officers
involved with hitchhiking insects in cargo and for Japanese beetle mitigation in aircraft cargo holds.

Schedule T409 in the APHIS Treatment Manual was updated and a treatment table was extensively

reworked to include the new treatment, Callington 1-Shot™ aerosol product (T409-b-3). Scientists from

CPHST Raleigh, NC, CPHST Otis Lab, the CPHST Treatment Quality Assurance Unit, the PPQ
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Treatment Manuals Editor, DHS CBP, the California Department of Food and Agriculture, and other
regulatory officials, worked together to review and provide relevant input that enabled the new treatment

as an alternative to be added to the APHIS Treatment Manual in a timely manner to assist operations at

points of entry.

Sharing data on rearing and unmanned aircraft system release of sterile Naval Orangeworm;

helping to develop international partnerships.

The Naval Orangeworm is a serious pest that threatens nut crops in California. The CPHST Phoenix,
AZ Laboratory has developed a sterile insect rearing strategy to control this pest. USDA APHIS and its
unmanned aircraft systems industry cooperator recently shared advanced methods and techniques related
to the use of sterile insect technology (SIT) for Lepidoptera control and SIT insect release via
Unmanned Aircraft Systems (UAS) at a joint FAO/IAEA Research Coordination Meeting. This meeting,
"Improved Field Performance of Sterile Male Lepidoptera to Ensure Success in SIT Programmes,”
brought scientists from United Nations member states together to discuss technical challenges, hurdles
and accomplishments related to their respective sterile lepidoptera programs. Anchored on the success of
the Area-Wide Pink Bollworm Eradication Programs, as well as the development of advanced UAS
capabilities related to rapid response in SIT programs, USDA APHIS presented advancements in rearing

methods related to a new pest, Navel Orangeworm (
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scientists from around the world are being fostered with USDA APHIS to advance mass rearing and

release programs. (Photo: Naval Orangeworm photo from USDA ARS)

Combined vacuum and steam as an emerging phytosanitary treatment of ceramic tile and marble.

Since 2011, the CPHST Otis, MA laboratory has partnered with Virginia Tech University to develop
vacuum steam technology as a methyl bromide alternative treatment for a range of durable commodities
with phytosanitary pest issues. One of the more successful applications has been on commercial
ceramic tile and marble for hitchhiking pests, particularly snails. Invasive Mediterranean snails are
generally introduced into the United States via one of two pathways, either military transport containers
shipped from overseas installations or in commercial tile and marble shipments. Tile and marble are
generally packaged in corrugated cardboard boxes that are stacked on pallets, then shrink wrapped for
protection during shipping. It’s common practice for tile manufacturers and distributors to temporarily
store the palletized tile in outside locations where invasive snails gain entry under the protective wrap.
Vacuum and steam trials conducted at Virginia Tech in a chamber mounted on trailer demonstrated
complete effectiveness against field collected invasive snails Cernuella cisalpina and Eobania
vermiculata that were artificially seeded within a unit load of tile. Various measures to assess tile and
packaging integrity post-treatment were also evaluated to insure no detrimental effect to shipped

materials due to treatment. The Otis laboratory staff are currently developing a vacuum and steam
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treatment schedule recommendations for inclusion in the APHIS Treatment Manual. The effects of
vacuum steam on pests and pathogens of hardwood logs and bamboo is currently under examination, as

are discussions with industry to promote commercial development of this technology.

Using a super food-based attractant to get the last giant African snail.

Considered the most damaging snail in the world, the Giant African Snail (GAS) also carries a parasitic
nematode that can lead to meningitis in humans. Since 2011, PPQ and the Florida Department of
Agriculture and Consumer Service (FDACS) have been fighting to eradicate the Giant African snail
from South Florida. Economic losses noted in a 2005 publication from no control action were estimated
to be $53 million per year. Their efforts have dramatically reduced the populations, but the trick is now
to get those last snails that remain protected between fences, under porches, or behind debris piles.
Worse is that laboratory studies have shown that a single snail can produce viable offspring. The last
GAS outbreak in Forida was from only two snails brought illegally from Hawaii so assuring that the last
snail is gone is critical. In a collaborative effort funded through the Farm Bill, scientists from CPHST
Miami Lab, FDACS, the University of California, Riverside, Oregon State University, and the
University of Hawaii have discovered and tested food-based attractants such as rabbit or cat food
distillate and papaya oil to effectively lure those last snails from hiding (Fig. 1). In replicated field
studies (three in Miami and six in Hawaii), the plots with attractants had significantly (50-80 percent)

more snails than in the control plots without the attractant. A newly discovered population of snails in
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South Florida provided an opportunity for FDACS eradication program field staff and CPHST to work
together to develop effective methods to begin deploying the lures on a large scale (Fig. 2). In a test area
that had gone several days with no snail detections, field staff applied lures combined with the
metaldehyde pesticide bait. As a result, many additional small young snails were detected. The project
team will continue to optimize the lure to provide a tool to attract and kill the remaining low numbers of
snails. PPQ is currently reviewing NEPA requirements for use of the attractant. This technology is
being transferred to the FDACS South Florida Eradication Program and PPQ is conducting outreach in
FY 2017 to GAS programs in the Caribbean that are attempting GAS eradication. (Photo Credit: R.

McDonnell, UC Riverside Giant African snails highly attracted to steam distillate of cat food).

Z e B,

Identification of port intercepted wood boring beetles informs pathway of exotic forest pests.

Through an ongoing cooperative project with DHS Customs and Border Protection (CBP), APHIS PPQ
Field Operations and Xavier University, the CPHST Otis, MA Laboratory has been identifying wood
boring insects intercepted at ports of entry and improving molecular diagnostic capabilities for these
taxa. Despite the regulations outlined in the International Standards for Phytosanitary Measures No. 15
(ISPM 15), an International Phytosanitary Measure adopted by the International Plant Protection
Convention (IPPC), solid wood packing material (WPM) continues to act as an important pathway of
introduction for exotic wood boring insects. Live larvae of potentially destructive exotic wood borers are

frequently intercepted at U.S. ports of entry in “treated” WPM. Larvae intercepted in quarantine often
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remain unidentified beyond family level because immature stages are difficult to identify using
morphological characteristics. In addition, DNA barcodes (a very short genetic sequence from a
standard part of the genome) are not available for many exotic wood borer species. As a result, valuable
information is lost about risk pathways and failure of phytosanitary treatments for particular genera and

species.

In the last 4 years, wood borer larvae intercepted during agricultural inspections at 11 U.S. ports have
been sent to the containment facility at Otis Laboratory for rearing to the adult stage. Upon emergence,
adult specimens are sent to the Systematic Entomology Laboratory for identification. DNA barcode
sequences are obtained for each specimen, regardless of life stage reached. Once barcode sequences
from identified species are submitted to a database (e.g., GenBank, BOLD [Barcoding of Life
Database]), any life stage of that species can be identifiable by matching barcode sequences with
existing records. To date, DNA from 805 beetle and wood wasp specimens in 3 families were evaluated
of which 499 specimens were identified with high probability to genus level and 235 specimens to
species level. Of 28 cerambycid genera intercepted and identified, 7 genera (Anoplophora,
Chlorophorus, Hylotrupes, Monochamus, Phoracantha, Tetropium, Trichoferus, Xylotrechus) are exotic

species at high risk of becoming invasive or are already invasive in North America.

Data from this project has been provided to the CPHST Pest Epidemiology and Risk Analysis
Laboratory (PERAL) in Raleigh, NC as a WPM risk analysis tool. Evidence was provided to IPPC
(International Plant Protection Convention) and NAPPO (North American Plant Protection
Organization) on intercepted high-risk species to attempt to foster compliance with ISPM-15. Species
identifications were made available to DHS CBP via the PPQ Pest Interception Database (PestID) that

provides data to CBP and PPQ Officers for targeted inspection of WPM. This data was also made
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available to the PPQ Cooperative Agricultural Pest Survey (CAPS) for targeting species and survey sites
for woodborers of quarantine concern during State surveys. Finally, images of larvae are being used to
develop an online interactive tool to identify intercepted cerambycid beetle larvae using high-quality
digital photographs, and for a web-based interface to identify “unknown” cerambycid beetles using a
DNA sequence-based search tool. (A) Adult Asian longhorned beetle reared from a larvae intercepted at

in Seattle, (B) Cerambycid gallery in WPM intercepted at port of Long Beach, CA.

PPQ assist states in surveying for a new corn disease and provides assurance to international

trade partners.

PPQ was notified in late 2014 of a new corn disease with a difficult-to-identify causative agent. Experts
were consulted in 2015 and the eventual diagnosis was ‘bacterial leaf streak of corn’ caused by
Xanthomonas vasicola pathovar (pv.) vasculorum (Xvv). Xvv has a rich and confusing taxonomic
history that includes the pathogen Xanthomonas campestris pv. zeae (Xcz), the causal agent of bacterial
leaf streak of maize), that was isolated from maize and previously found only in southern Africa.
Although Xcz had not been discussed in scientific literature for over 20 years and did not have a
formally accepted name, it could be distinguished from other Xvv strains using molecular tools.
Molecular tools are also the only way to distinguish Xcz from the closely related endemic sorghum
pathogen, Xanthomonas vasicola pv. holcicola (Xvh). Physiological, pathogenicity, and serological

tests can only be used to diagnose to the genus and species level, however a molecular test to diagnose
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to the subspecies level of pathovar was needed for accurate confirmatory diagnostics. The PPQ CPHST
Beltsville, MD, Laboratory devised a confirmatory protocol using sequence analysis of multiple genes to
specifically identify the U.S. isolates as an Xcz-related subgroup of Xvv, and different from endemic
Xvh strains. The Beltsville Laboratory also: optimized a screening assay developed by collaborators at
Colorado State University; wrote protocols that included corn leaf sampling and extraction instructions
with pictorial aides; and distributed the protocol along with positive and negative controls to State and
Federal diagnostic labs in the Midwestern States. PPQ worked with State agencies to deploy surveyors
in 12 States covering 338 different counties that collected over 1,500 samples for screening to
understand the distribution of this pathogen. Over 100 presumptive positive samples were sent to PPQ
CPHST Beltsville Laboratory for official confirmation, and the results were compiled into a document
prepared by the New Pest Advisory Group (NPAG) of the CPHST Pest Epidemiology and Risk Analysis
Lab. The NPAG report provided advice to APHIS PPQ management on Xvv reporting to international
trading partners. Additionally, the CPHST Beltsville Laboratory performed whole genome sequencing
on a few of the U.S. Xvv isolates and the data is being shared with a leading authority on Xvv
taxonomy, Dr. David Studholme at the University of Exeter, UK, to develop a more accurate taxonomy
of this pathogen and its relatives. The sequence data is being used by the Beltsville Laboratory to
develop new molecular diagnostics to distribute to State programs and domestic and international

scientists to monitor and prevent further spread of this disease.
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Identification of boll weevils to support cotton production.

Since the early 1920s, the boll weevil has been a major economic pest of cultivated cotton in the United
States. To support cotton production, eradication programs have been directed at boll weevil populations
in the southern United States and northern Mexico. These programs have been successful for many
areas, but reintroduction of new weevil populations is always possible. Early detection and identification
of weevils is an important part of boll weevil control. Accurate identification of trapped weevils can
sometimes require specialized morphological and DNA analysis. In FY 2016, the APHIS PPQ CPHST
Mission, TX, Laboratory provided DNA analysis of weevils to distinguish between commercial and
wild cotton boll weevil variants. These methods have been published and were presented to entities
working to eradicate the weevil in the United States and Mexico. The results of numerous diagnostic
assays conducted at the Mission Lab have provided cotton programs in Texas, New Mexico, Arizona,
and the Mexican States of Chihuahua, Durango, Coahuila, Sonora, Baja California and Tamaulipas with
information that has helped maintain areas in the Southwestern United States free from boll weevil.
More recently, methods for the source estimation of boll weevil captures have been developed in
collaboration with the Texas Boll Weevil Eradication Foundation Inc. and researchers at Texas A&M,
AgriLife using Next Generation Sequencing. These newer methods and technology are being evaluated
and may help trace future captures to source population, thus aiding development of more effective

eradication strategies in the United States and Mexico. (Photo by Florida DPI, FDACS, Bugwood.org)
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Advanced molecular diagnostics for the Old World bollworm.

The Old World bollworm is a moth that can attack and damage more than 180 plant species including
cotton, corn, peanut, sorghum, and tomato. This moth was not thought to be present in the New World
(i.e. the Americas) until 2012, when specimens were identified from an outbreak that started in Brazil.
Since that outbreak, new records have been reported in North and South America and the Caribbean.
This species is difficult to diagnose because it is nearly identical in appearance to a common native
moth, the corn earworm. These two pests also attack similar crops, further complicating detection of the
Old World bollworm. Scientists from the APHIS-PPQ-CPHST laboratories in Fort Collins, CO, and
Mission, TX, and USDA-ARS Southern Insect Management Unit have been developing new methods to
identify these moths. In FY 2016 APHIS verified molecular techniques to diagnose the moths based on
slight differences in DNA. These published technologies have been developed into protocols for
diagnosing a single moth and were presented to State and Federal scientists at a strategic planning
meeting for Old World bollworm held in Florida in 2016. The methods have been used by APHIS in
2016 to diagnose moth larvae collected during a survey of Puerto Rico in 2015 and to identify moth
interceptions at U.S. borders to confirm safe trade practices. The APHIS scientists are currently testing
new technologies to make it possible to diagnose hundreds of moths in a single reaction. These methods
development and diagnostic activities are helping to exclude invasive exotic species from the United

States in order to protect crops and natural resources.
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Developing and sharing new resources to accurately diagnose exotic fruit flies.

Fruit flies in the family Tephritidae pose a significant threat to U.S. production and trade of fruits and
vegetables. The larvae of fruit flies feed and grow within host plants casing direct damage. Some exotic
fruit flies such as the oriental fruit fly can develop in hundreds of plant species. To minimize the risk of
an accidental introduction and establishment of exotic flies, PPQ coordinates Fruit Fly Exclusion and
Detection programs. The APHIS PPQ CPHST Mission, TX Laboratory develops and tests molecular
methods to identify fruit flies. Correct identification of a detected fly is necessary to develop an effective
response based on trapping strategies and pest management decisions. In FY 2016, the Mission Lab
verified and enhanced identification resources for several important pests. New DNA sequence
resources to diagnose the Mexican fruit fly, Caribbean fruit fly, and West Indian fruit fly were published
and released for use by state, federal and international stakeholders. In addition, new DNA profiles were
generated for the oriental fruit fly. These profiles were used to compare flies trapped in Florida and
California to populations intercepted at borders or collected offshore. The oriental fruit fly project is a
collaborative effort between APHIS and States to recognize and shut down high risk pathways. In FY
2016, the new resources were used to confirm that independent outbreaks of oriental fruit fly in
California and Florida in 2016 were the result of new introductions, not failure of eradication efforts in
2015. In February 2016, the Mission Laboratory and CDFA co-hosted a meeting in Sacramento to share
new resources and techniques. The meeting included participants from APHIS, CDFA, ARS, Florida

DPI, and scientists from several universities. (Photo by IAEA)
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Increasing the identification accuracy of the fungal genus Phytophthora International

collaboration led by APHIS PPQ.

The plant fungal genus Phytophthora, currently containing 163 described species, is considered as
one of the most important genera of fungal plant pathogens. Numerous species are reported to
cause diseases of high economic impact to crops, ornamentals, forestry and natural ecosystems
worldwide. Many species are of regulatory concern for the United States and many other countries
and although considerable progress has been made in the last 15 years in aspects of morphological
and molecular identification of species, accurate identification remains a major challenge for
scientific laboratories. Since 2012, the PPQ CPHST Beltsville, MD, Lab has led the development
and implementation of a new tool, Phytophthora ID in collaboration with the Center of
Phytophthora at University of Murdoch in Australia, the World Phytophthora Collection, at the
University of California Riverside, and the CPHST Fort Collins, CO Lab, Identification

Technology Program (ITP).

The CPHST lab has pioneered the use of Ex-types cultures (cultures derived from the type
specimen held in a herbareum) of all published species to document the morphological and
molecular data for the genus Phytophthora. These data are already being used for multiple projects
including the Phytophthora ID, an online identification resource packed with resources including a

Lucid Key, Tabular Key, and Sequencing Analysis tools. When completed Phytophthora ID will
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contain hundreds of microphotographs, sequences, factsheets for each of the described species, as
well as an image gallery, glossary, and numerous links to key worldwide resources. As part of the
collaboration project outreach activities, a workshop presenting Phytophthora ID was conducted by
two scientists from the CPHST Beltsville Laboratory at the 2016 American Phytopathological
Society meeting in Tampa, FL, August 2016. This event marked the beginning of beta testing for
the identification resource by participants from seven countries that attended the event. An
abundance of positive feedback was received from the participants related to its use by industry
labs, the increase in accuracy of Phytophthora information and genetic data compared to current
data in NCBI GenBank, and its global benefit to new researchers, regulatory officials, and industry,
and to experts in the field. The Phytophthora ID resource is expected to be released for use by the

scientific community in spring of 2017.

Next generation sequencing benefits citrus canker surveys in Texas.

Asiatic citrus canker (Xanthomonas citri subsp. citri (Xac)) is one of the most devastating citrus diseases
for which the CPHST Beltsville Laboratory provides support to the PPQ Citrus Health Response

Program (CHRP) by conducting confirmatory testing and developing fit for purpose diagnostic methods.
In the fall of 2015, an outbreak occurred in Cameron County of Southern Texas. The first samples from

Texas arrived to the Beltsville lab on Oct 20, 2015 and confirmed as Xanthomonas citri subsp. citri.

FY1le Page 118



FY 2016 Annual Report on Technology Transfer

More than one hundred and eighty (180) samples were received for confirmatory testing and pathotype

determination during the first quarter of FY 2016.

Three citrus canker pathotypes are currently known: the Asiatic citrus canker (Xac A) with world-wide
distribution and host specificity that includes all important commercial citrus, and two minor pathotypes,
Xac AW and A*, that infect mainly lime. Xac A is widely distributed in Florida and under Federal
quarantine and is also found in Louisiana since 2013. Field observations for the Cameron County,
Texas outbreak suggested limited host specificity to Mexican lime, characteristic to Xac AW or A*
pathotypes. Because citrus canker pathotypes differ in their host range, determining the pathotype
assisted the Texas PPQ CHRP and Texas Department of Agriculture to make an informed decision on
their response type and to utilize their resources more effectively through targeted surveys. The
Beltsville team was challenged to apply appropriate diagnostic methods to confirm the pathotype from
several methods in existence including new but non-validated serological and molecular methods, and
they were able to rule out the Xac A (Asian) pathotype. Since existing methods could not positively
determine pathotype of the TX isolates as AW or A*, CPHST sponsored a joint effort with the
University of Florida using Next Generation Sequencing (NGS) of the whole genomes of three (3) of the
Texas citrus canker isolates with limited host range from Texas (two from Mexican lime and one from
kaffir lime). The sequence was completed and analysis determined the three isolates to be Xanthomonas
citri subsp. citri pathovar AW (Wellington) based on the comparison with sequences available in the
Gen Bank. These results were provided to the PPQ Texas Field Operation office and the Texas
Department of Agriculture (TDA) in late August 2016. Based on this determination, TDA is removing
the infected trees, a measure that will help protect small Persian lime groves across the lower Rio
Grande Valley. In addition to informing Federal and State regulatory operations, these results

demonstrate the potential of the application of NGS in pathogen identification and differentiation for
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phytosanitary diagnostics. NGS, massively parallel, or deep sequencing are related terms that describe a
DNA sequencing technology which has revolutionized genomic research. NGS information could lead
to more rapid development of new molecular diagnostic assays, methods, and tools. The Beltsville lab
is using the information from this study to select appropriate sequence targets for developing pathotype-

specific molecular tool for Xac differentiation. (Photo by University of FL)

Improved mass-rearing of Mexican fruit fly for sterile release in Texas citrus.

Tephritid fruit flies (Diptera: Tephritidae) include a number of species that are major agricultural pests
of worldwide economic importance. One such pest is the Mexican fruit fly (Mexfly), Anastrepha
ludens, which is established in Mexico and is regularly intercepted in citrus growing areas of the lower
Rio Grande Valley of south Texas along the U.S./Mexico border. An ongoing sterile insect release
program for the Mexfly helps to ensure the fly doesn’t become established. Critical to the success of
this program is the ability to efficiently and cost effectively mass-rear sterile Mexflies. In August 2016,
CPHST fully transitioned to using a new black pupal sexing strain (Family 10) of Mexfly developed in
Guatemala to supply the Texas release program. In this strain, male pupae are black while female pupae
are brown. This color difference allows for the use of an optical sorter by program managers who are
able to sort the pupae by sex and release predominantly sterile males. The male-only strategy
maximizes the biocontrol of introduced wild Mexfly populations by removing any chance that the sterile

released flies will simply mate among themselves. As a result, the all-male strain more specifically
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targets wild females for mating, helping to assure most females aren’t fertilized and don’t produce
offspring. This in turn leads to a more rapid decline in the wild fruit fly population and ultimately
eradication. The new black pupal strain shows an improved genetic stability during the rearing process
as well as an optimized production of eggs and larval recovery. Its use in the rearing operation
introduces significant savings compared to the previous strain including: a 20-percent reduction in the
number of egging cages needed; a 10- to 15-percent reduction in the number of diet trays that need to be
prepared; a 15-percent increase in the number of males produced; and a 15 percent savings in diet
ingredient costs. Other improvements in the rearing process that were introduced in 2016 include a
betadine egg rinse and egg-laying panel rinse. Betadine is a broad-spectrum germicide and a long-term
microbiostatic that kills problematic microbes without effecting the quantity or quality of the Mexfly
production. After extensive evaluation and validation at large scale production, CPHST introduced the
use of toasted soy as a replacement for 25 percent of the torula yeast used per year in the larval rearing
diet of Mexfly. This improvement to the larval diet has stabilized and improved fly quality, increased
overall production, and provided an estimated yearly recurrent cost savings on dietary ingredients of
over $185,000 per year. These cost savings and increased quality will benefit PPQ and State program

operations as well as international rearing operations.

Hawaiian Scarab 1D { ;

New pest identification apps, websites, and images released for PPQ and PPQ partners’ toolbox.
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Efficient and accurate identification of plant pests is an essential component of our Nation's agriculture
safeguarding effort. To assist this effort, PPQ’s Science & Technology, CPHST Identification Tools
Program (ITP) develops and delivers technologically based, scientifically valuable pest identification
resources for PPQ and its partners. CPHST works closely with international and national scientists to
digitally capture scientific expertise for incorporation into all new resources. Each resource is custom-
designed for specific clients and stakeholders depending on their location and their specific safeguarding
responsibilities. Resources are created for stakeholders leading the safeguarding efforts at PPQ’s first
line of pest defense (off shore), second line of pest defense (ports of entry), and third line of pest defense
(domestic surveillance). During 2016, we saw significant advances towards CPHST’s ongoing

challenges associated with delivering user-friendly identification resources to PPQ and its stakeholders.

e Two new mobile identification apps (Grasshoppers of the Western U.S. and Hawaiian Scarab ID),
for iOS and Android devices, were released in 2016 to support PPQ’s domestic partners’

longstanding need for field-based products for pest screening (visit the App Store or Google Play to

download the apps). Ten previously released CPHST mobile apps for iOS and Android devices had
significant updates in 2016, and the iOS apps were optimized to run on iPads. Since the release of

CPHST’s first Lucid Mobile apps in 2014, there have been 18,877 downloads recorded.

e The University of Georgia and CPHST released a significant upgrade to the end-user interfaces for
four of Bugwood’s image sites. Forestry Images, Insect Images, IPM Images, and Weed Images
have a new look with added navigation and functionalities to support sharing of images. Users are
now offered powerful filtering capabilities, the ease of requesting and managing their image
permissions, and the ability to develop personalized image collections for presentations, sharing, and

embedding into other sites. All four sites now have a responsive design — so they provide optimal
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viewing and interaction experiences across a wide range of devices including desktops, tablets, and

mobile phones. Today, with over 249,000 images, images.bugwood.org is considered the primary

source by governmental agencies, NGOs, and academic institutions for images associated with
natural resources and agricultural pests. In 2016, CPHST released a significant upgrade to its

identification resource website (http://idtools.org/). The website has a new look and feel, along with

expanded functionality to find the right resources for specific identification needs. The “Find ID
support” page includes descriptions and links for all of CPHST’s tools, apps, and screening aids. The
site also includes descriptions for all the different types of products it delivers to assist PPQ and its
partners with pest identification. The new home page features selected collections of external
validated resources, as well as articles announcing product releases and other items of interest

related to plant pest identification.

The website Hawaiian Scarab ID: Scarab and Stage Beetles of Hawaii and the Pacific was released

in 2016 in response to recent introductions of invasive scarab species in Hawaii, such as the coconut
rhinoceros beetle (Oryctes rhinoceros). Designed for both non-specialists and specialists, Hawaiian
Scarab 1D was scoped to assist individuals with distinguishing scarab pests from scarab non-pests.
The website, developed in cooperation with experts at Wichita State University, features illustrated

morphology guides, an image gallery, fact sheets, and a Lucid key.

Geospatial technology and predictive modeling tools to support trade activities, domestic pest

surveillance, and emergency response.
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The PPQ Center for Plant Health Science and Technology (CPHST) provides new and innovative tools
to analyze data, identify patterns of pest behavior, and inform risk. With a diverse team of internal and
external subject matter experts, CPHST uses geospatial analytics and predictive modeling methods to

assist decisionmaking for PPQ plant pest programs as described below for FY 2016:

Understanding how international trade impacts agricultural plant health. CPHST currently leads
an effort to analyze the risk associated with imported goods and passenger inflow. The “Port
Environs” project is developing a suite of spatial data representing highest risk areas and associated
pathways, along with a bioeconomic model to support resource allocation in those areas. Integrated
products include a data driven tool identifying areas at highest risk for pest introduction based on wood
packaging material and an integrative spatiotemporal risk model for fruit fly introduction in the United

States. These tools assist PPQ resource allocation and that of our stakeholders.

Supporting domestic pest programs. Proactively monitoring and responding to an exotic pest is
central to any regulatory Federal and State pest program. To assist Federal and State surveillance and
resource planning, several products were developed. Likelihood of detection risk models were delivered
for Lymantria dispar dispar (European gypsy moth) and Agrilus planipennis (emerald ash borer). To
support the Cooperative Agricultural Pest Survey (CAPS) by States in cooperation with PPQ, several
pest phenology and climate suitability models were initiated, with a focus on Dendrolimus pini (pine
tree lappet moth), Epiphyas postvittana (light brown apple moth), Helicoverpa armigera (Old world
bollworm), Monachamus alternatus (Japanese pine sawyer beetle), Platypus quercivorus (oak ambrosia
beetle), and Thaumatotibia leucotreta (false codling moth). This information assisted State partners as to

when and where to deploy surveillance assets.
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Providing rapid analytical support to emergency response. CPHST analysts use quantitative
methods to assist PPQ decisionmakers when responding to an emergency from a pest incursion.
Recently, CPHST delivered a forecasting model to determine environmental suitable areas that support
establishment and spread of Xanthomonas vasicola pv. vasculorum (Xvv), the bacteria causing bacterial
leaf streak of corn. Output from this model informed surveillance activities by State and Federal
surveyors in Midwestern States and assisted USDA and the industry in understanding potential

economic impacts to the American corn industry.

CPHST analytical support to Federal and State programs is strengthened by the development of
SAFARIS (Spatial Analytic Framework for Advanced Risk Information Systems), a comprehensive
structure that houses analytical data, tools, and deliverables. The integration of this framework into the
CPHST workflow provides a comprehensive and efficient analytical strategy that benefits internal staff

as well as the PPQ stakeholder base regarding plant pests.

Using a new pest prioritization model to target the highest impact pests in exotic pest detection

Surveys.

The PPQ Cooperative Agricultural Pest Survey (CAPS) program conducts surveys in the United States
targeted at exotic plant pests, diseases, and weeds identified as threats to U.S. agriculture and/or the

environment. The PPQ CPHST Ft. Collins, CO laboratory evaluates new pests to determine which are of
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the greatest threat to the United States. In 2016, the Ft. Collins laboratory used a new pest prioritization
model, the Objective Prioritization for Exotic Pests (OPEP) model, created by the CPHST Plant
Epidemiology and Risk Analysis Laboratory (PERAL). The predictive model is based on a series of
questions which require objective, documented evidence from the scientific literature to answer. Each
question is scored based on its power to predict impact, and the final result is given as high, moderate, or
low impact. The model has been in development for several years, and 2016 was the first year that the
model was used to evaluate new pest threats and current pests on the CAPS Priority Pest List: Pests of
Economic and Environmental Importance. This list is one of two Priority Pest Lists that form the
foundation of survey activity for the CAPS program. In 2016, two new separate models, one for
arthropods and one for plant pathogens, were used to evaluate 38 pests suggested as new and 53 pests
that were currently on the pest list. CPHST then performs another step of analysis for each of the high-
ranking pests, by evaluating: (1) the ease of detection of the pest; (2) the ease of identification; and (3)
the available expertise and diagnostic/identification capacity for the pest. Pests must have both survey
and diagnostic/identification methods available to be added to the final pest list. Annually the Priority
Pest Lists are shared with the team for Farm Bill Section 10007 Goal Area 3 “Pest Identification and
Technology Enhancement.” The specific needs (e.g., a lure for a specific moth target) are documented in
the Farm Bill guidance document that is posted on the Farm Bill website during the suggestion open
period. Farm Bill suggestions that specifically address these areas of need are rated higher. The
following pests had a significant likelihood of having a high impact in the United States and also had
survey and diagnostic/identification methods and capacity available and were added to the FY 2017
CAPS Priority Pest List: Pests of Economic and Environmental Importance: Anguina tritici (Wheat gall
nematode), ‘Candidatus Phytoplasma phoenicium’ 16SrIX-B (Almond witches’ broom), Eurygaster
integriceps (Sunn pest), Laodelphax striatellus (Small brown planthopper), Thaumetopoea pityocampa

(Pine processionary moth), Cucumber green mottle mosaic virus (CGMMYV), and Groundnut bud
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necrosis virus (GBNV). Finally, to educate the CAPS community of Federal and State stakeholders
regarding how results of the new model impacted the final pest list, the Ft. Collins Lab developed
support documents and conducted outreach to the National CAPS Committee and to the National Plant
Board at their annual Central and Eastern Plant Board meetings. CPHST is now developing support
products for these new pests, including pest datasheets, approved survey and diagnostic methods, and

pest host maps. These are made available - CAPS resources - to our stakeholders on the APHIS PPQ

website.
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2.5 VETERINARY SERVICES (VS)
http://www.aphis.usda.gov/animal health/index.shtml

2.5.1. Mission Statement

As the recognized animal health leader and trusted partner, Veterinary Services safeguards the health of
animals, people, and the environment. VS’s authorities derive from the Animal Health Protection Act
and the Virus Serum Toxin Act. VS integrates One Health principles with USDA business objectives by
contributing leadership, expertise, infrastructure, networks, and systems to collaborate effectively with
local, State, tribal, national, and international partners. Its comprehensive and integrated on-farm
surveillance activities provide VS the capability to achieve national goals for animal disease prevention,

detection, and early response.

2.5.2. Nature and Structure of Program

In FY 2013, VS was organized into policy and permitting staffs, a field force, and three science centers,

described below:

The National Veterinary Services Laboratories (NVSL)

The mission of NVSL is to safeguard U.S. animal health and contribute to public health by ensuring that

timely and accurate diagnostic laboratory support is provided directly or by its coordination of the

nationwide animal-health diagnostic system. NVSL accomplishes its mission through:
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e Performing diagnostic laboratory testing for Veterinary Services’ program diseases and for

suspected outbreaks of foreign animal diseases;

e Serving as the U.S. national and international reference laboratory for animal disease diagnosis
by providing unique veterinary diagnostic capabilities, providing other diagnostic laboratories

with animal disease information, technical guidance, reagents and reference materials;

e Providing national leadership in coordination of the National Animal Health Laboratory Network
(NAHLN) and emergency laboratory response by training State, university and foreign
laboratory personnel; providing proficiency testing; and developing improved diagnostic

technologies;

e Preparing for and responding to animal health emergencies and emerging threats to animal
agriculture including threats to the poultry and aquaculture industries by being able to conduct

and/or support diagnostic testing in an outbreak environment.

Among other potential TT activities, NVSL develops and validates assays, and manufactures and
distributes over 500 biological reagents to support veterinary diagnostics, many of which are not

available from any other source.

Before a test is utilized by Veterinary Services for disease control or surveillance, it must be validated
for that purpose. Samples for test validation for program diseases such as brucellosis and tuberculosis
are in serum and tissue banks generated and maintained at the NVSL. These samples are made available

to commercial kit manufacturers for their initial validation, and additional test validation is conducted at
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the NVSL before the results are submitted to the USAHA Scientific Advisory Committees. This is in

addition to any testing for licensure required by the Center for Veterinary Biologics.

The NVSL is also involved in the development and validation of assays used to detect diseases that are
foreign to the United States. Some of these assays are utilized in the reference laboratory as
confirmatory tests, while others are deployed to the NAHLN laboratories and utilized in surveillance

programs.

Identification, feasibility testing, development, optimization and validation of new assays and/or
technologies are all accomplished within the NVSL. The NVSL staff collaborates with and provides
scientific advice to other Federal and State Government agencies that are also developing new assays
and technologies, and NVSL scientists partner with other reference laboratories around the world to
obtain diagnostic specimens from naturally infected animals. These collaborative efforts result in
enhanced expertise at the NVSL and in reference collections that are available for assay development

and validation.

Centers for Epidemiology and Animal Health (CEAH)

The mission of CEAH, with a view to the future, is to explore and analyze animal health and related
agricultural issues to facilitate informed decisionmaking in government and industry. CEAH also
partners with the World Organization of Animal Health (OIE) and its member countries to improve
international disease surveillance capabilities and analytic methods supporting trade decisions. CEAH
has a multidisciplinary staff that includes agricultural economists, spatial analysts, GIS and computer

specialists, veterinary epidemiologists, technical writers/editors, and data managers.
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CEAH collaborates with university partners on analysis methods and tools. In some cases, the products

produced are commercialized by the academic partners.

Center for Veterinary Biologics (CVB)

The mission of the CVB is to implement the provisions of the Virus-Serum-Toxin Act (VST) to assure
that pure, safe, potent and effective veterinary biologics are available for the diagnosis, prevention, and

treatment of animal diseases. This mission mandates the use of sound scientific technology to:

» Ensure that biologics are free of disease-producing agents, especially foreign animal diseases
» Develop appropriate standards and procedures for product release

* Issue licenses and permits

* Monitor and inspect products and facilities

» Control field tests and release of veterinary biologics

CVB-developed methods and biological standards are applied equally to all products, but by the same

token can be adopted whole by the regulated commercial manufacturers, becoming part of their

manufacturing and release process.

2.5.3. Current Technology Transfer Goals, Objectives and Measures of Success

APHIS-VS transfers technology primarily to State animal health agencies, animal owners, and their

associations. Recent examples have included:
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1. Information technology - Development of and training on Mobile Information Management
systems for recording animal health information in the field for incorporation not only with VS
supported data bases but other industry databases as well — utilized by industry and State/Federal

animal health.

2. Animal disease surveillance - Development of and training in methodologies/software for outbreak
surveillance (outbreak surveillance toolbox) — utilized by State/Federal animal health.

3. Geospatial analysis — Development of and training in a process to integrate spatial/geophysical
features of the environment and county-level land use policies to determine suitable sites for carcass

disposal- utilized by industry, State/Federal animal/public health.

4. Diagnostic assays — Training (courses and one-on-one) in diagnosis of high consequence

diseases from foot-and-mouth disease to spring viremia of carp.

5. Diagnostic protocols and reagents — Protocols and reagents for assays and assay validation of
Avian Influenza and Porcine Epidemic Diarrhea Viruses were provided to APHIS-equivalent

laboratories in Mexico and the Dominican Republic.
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3.0 Agricultural Research Service (ARS)

http://www.ars.usda.qov

3.1. Mission Statement

ARS conducts research to develop and transfer solutions to agricultural problems of high national
priority and provides information access and dissemination to:

e Ensure high-quality, safe food, and other agricultural products;

e Assess the nutritional needs of Americans;

e Sustain a competitive agricultural economy;

e Enhance U.S. natural resources and the environment; and

e Provide economic opportunities for rural citizens, communities, and society as a whole.

3.2. Nature and Structure of Research Program

ARS is the U.S. Department of Agriculture’s (USDA) principal intramural scientific research agency.
Agency goals are to find solutions to agricultural problems that affect Americans every day, from field
to table, such as (a) protecting crops and livestock from pests and diseases, (b) improving the quality and
safety of agricultural products, (c) determining the best nutrition for people from infancy to old age, (d)
sustaining our soil and other natural resources, (e) ensuring profitability for farmers and processors, (f)

keeping costs down for consumers, and (g) supporting the growth and development of rural America.

In fiscal year (FY) 2016, ARS employed approximately 1,675 scientists and 275 post docs, as well as,

approximately 6,000 other employees to conduct 690 research projects at more than 90 locations. The
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research projects were within 17 National Programs (Table 1). The Office of National Programs (ONP)
in Beltsville, MD, plans the scope and objectives of agency’s research projects, while five Area

Directors implement research projects at the locations in their geographic areas.

Table 1. Research program management of ARS, showing 17 National Programs.

Natural Resources and

Animal Production ; Crop Production and Nutrition, Food
and Protection SUBEITEE Protection Safety, and Quality
Agricultural Systems '
Plant Genetic
Food Animal Water Availability and Resources, Genomics Human Nutrition
Production Watershed Management and Genetic

Improvement

Climate Change, Soils, Food Safety (animal

Animal Health and Emissions Crop Production and plant products)
Veterinary, Medical, Pasture, Forage and Plant Diseases Quality and Utilization
and Urban Entomology Range Land Systems of Agricultural Products
Agquaculture Biorefining Crop Protect_lon and
Quarantine

Agricultural and
Industrial Byproduct
Agricultural System
Competitiveness and

Sustainability

ARS conducts a series of reviews designed to ensure the relevance and quality of its research work and
maintain the highest possible standards for its scientists. Customer input helps keep the research
focused on the needs of the American food and agricultural system. Plans for each of the active research
projects undergo a thorough, independent external prospective peer review managed by the Office of
Scientific Quality Review (OSQR). All ARS employees, including the scientific workforce, are subject
to annual performance reviews, and all research scientists and engineers have technology transfer as a
performance element in their annual performance appraisal. Research scientists undergo a rigorous peer
review Research Position Evaluation System (RPES) on a 3- to 5-year cycle. These processes ensure

the continuing high-quality output of the ARS research addressing the needs of U.S. agriculture.

FY1le Page 134



FY 2016 Annual Report on Technology Transfer

3.3. ARS Approach and Plans for Conducting Technology Transfer

Because of the delegations of authority by the Secretary of Agriculture, ARS’ Office of Technology
Transfer (OTT) is assigned the responsibility for obtaining patent protection for intellectual property
(IP), developing strategic partnerships with outside organizations, licensing ARS technologies to the
private sector and academia, and performing other activities that effectively transfer ARS research
outcomes and technologies to the marketplace. USDA’s Office of the General Counsel provides legal

guidance to OTT in regard to intellectual property as needed.

The ARS technology transfer program has centralized policy and approval procedures that are managed
by OTT. Research agreement negotiation and implementation is decentralized and managed by the ARS
Area Offices. The Area Office Technology Transfer Staff serve as liaisons with scientists, ARS

managers, OTT, university partners, and the private sector.

To facilitate technology transfer, OTT is organized into three sections. The Administrative and
Partnership Section conducts day-to-day operations, coordinates technology transfer policy
development, interacts with the Office of National Programs on agreement policy and review,

and coordinates the activities between the partnership, patenting, and licensing sections. This Section
maintains strong stakeholder relationships at the local, regional, and national levels, ensuring the
adoption of research results. This Section is also responsible for coordinating and managing both
agreements and the Agricultural Research Partnerships (ARP) Network. The Patenting Section provides
strategic guidance to scientists regarding patent protection for their research results. The Section is also
responsible for receiving invention reports, convening three National Patent Committees (Mechanical

and Measurement, Life Sciences, and Chemistry), preparing and prosecuting patent applications, and
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reviewing patent legal work performed by cooperator and ARS contract law firm. The Licensing
Section manages invention licensing from all the intramural scientists in every USDA agency, including
the review of license applications and the negotiation and monitoring of license agreements to assure
compliance with agreement terms. This Section also collects and disburses license revenues, manages
international patent filings, and provides expert advice on all matters related to USDA invention

licensing.

Technology transfer is accomplished through many mechanisms, such as:

Developing written information for customers and stakeholders, including scientific

publications, publications in trade journals, and reports to stakeholders;

e Releasing plant germplasm to the public;

e Transferring research materials to scientists outside of ARS;

e Entering into formal partnership agreements, such as Cooperative Research and Development

Agreements (CRADAS), and other cooperative agreements;

e Licensing IP (patents, Plant Variety Protections Certificates, and biological materials); and

e Participation in meetings with industry organizations and universities and workshops and field

days; and distributing information to the public via the ARS Office of Communication, the

National Agricultural Library, and other sources.
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Because the ARS mission is to transfer technologies for broad public use by the most effective
mechanism, ARS pursues patents and licensing principally to facilitate technology transfer to the
marketplace. This is usually the case when complementary investment by the private sector is necessary
to commercialize a product, and patent protection is required to protect this investment. By ARS policy,
patents are not filed on inventions that are considered to be only research tools. The purpose of this
policy is to encourage scientific research. In licensing practices, ARS continues to reserve the right to
allow use of any IP-protected technology for research purposes (non-commercial). Judicious use of
intellectual property rights (IPR) is an important cornerstone of the patent committees. IPR is used as an

incentive for commercialization and full realization of the research impact of USDA technologies.

Meaningful performance metrics in technology transfer are often difficult for research agencies to
formulate. ARS is working to define better metrics for technology transfer within USDA. For example,
successful outcomes for ARS may include improved agricultural practices, scientific information that
enhances U.S. competitiveness, increased awareness about pathogens to help prevent human and animal
diseases, or findings that help corporations and universities make informed decisions in allocating their
research resources. Many of these outcomes do not require patenting or subsequent licensing for
implementation. Additionally, ARS uses its ARP Network to match technical expertise of ARS
researchers with firms who can capitalize on the ARS research capacities, facilities, and research

outcomes.

Licensing policies also promote small business success with licensing fees in the early years, but with
annual maintenance fees and royalties that escalate in subsequent years, sometimes after the first
commercial sale of the product. Licensing further enhances commercialization by encouraging the

broadest utilization of a Federal invention. ARS also incentivizes scientists on the reporting of
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inventions, patenting, and licensing by providing 25 percent of the license revenues to inventors (this is
a higher percentage than that required by statute, more than 15 percent). Thus, there are policies in
place that incentivize commercialization, minimize transaction costs, and yet provide fair and equitable
compensation for those who create Federal innovations. Development and expansion of the ARP

Network further enhances the adoption of research outcomes.

These are all parts of a robust and effective technology transfer program that consists of a variety of

mechanisms and programs to complement the research conducted by the agencies.

3.4. Agricultural Research Partnerships (ARP) Network Program

ARS founded the ARP Network to expand the impact of ARS research by enhancing the likelihood that
these outcomes are adopted. Although replete with scientific expertise, the ARS research program does
not have the resources or the authority to provide ARS commercial partners with business mentoring,
marketing, manufacturing, and fiscal resources needed for the success of their businesses.
Consequently, the Network was established to provide these complementary assets. By combining ARS
research expertise with complementary capabilities and talents of partnering organizations, the ARP
Network stimulates economic growth through technological advancements. The ARP Network matches
business needs with ARS innovations and research capabilities and provides business assistant services

to help companies and startups solve agricultural problems, develop products, and create new jobs.

The ARP Network includes the important parties in an innovation ecosystem and has members spanning
the United States with a shared vision to grow and sustain a competitive agricultural economy.

Members include ARS and stakeholders interested in agriculture-based economic development
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including, but not limited to rural agribusiness; urban, community, and/or economic development

groups; organizations that support farmers, growers, and/or food processors; and capital programs for

business attraction and acceleration. Membership in the ARP Network is formalized through non-

funded cooperative agreements. Currently, there are 33 ARP Network members in 28 States.

FY 2016 accomplishments:

In FY 2015, OTT created a quarterly electronic newsletter called “ARP Notes” to update ARP
members on ARS and members’ activities and events, and inform members of ARS partnerships
and/or licensing opportunities. In FY 2016, ARP Notes distribution list consisted of 110 individuals
that included ARP Network members, technology scouts, business development specialists,
university faculty and staff, and other people involved in helping businesses and small companies
commercialize technologies. Thirty-six ARS partnerships and/or licensing opportunities were

advertised in ARP Notes.

Held a Webinar with U.S. Small Business Administration (SBA) and the USDA National Institute of
Food and Agriculture (NIFA) on the new Small Business Innovation Research (SBIR) Technology
Transfer Program. This program encourages SBIR applicants to work with ARS researchers and/or
license ARS technologies. The relevant language in the SBIR Request for Applications states:
“Additional factors that will be considered in the review process include whether an application
involves a CRADA with a USDA laboratory, or a license to a USDA technology.” In FY 2016, 11
CRADA projects were submitted for SBIR funding and 9 were awarded. Typically, 10-15 percent
of USDA-SBIR proposals are funded. The higher success rate of CRADA-SBIR proposals (82

percent) is likely due to the ARS selection process in identifying partners and reviewing research
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plans for solutions to agricultural problems of high national priority prior to submission to the SBIR

program.

Held a Webinar on “How to Partner with ARS to Move Technologies Out of the Lab and into the
Marketplace.” This Webinar highlighted the four ARS Utilization Centers and the Beltsville Human
Nutrition Research Center, which have unique facilities and equipment for research at pilot and near

commercial scales.

Actively participated in ARP member events in Ohio and Nebraska for presentations on how to

partner with ARS to access ARS research capacities and technologies.

3.5. Technology Transfer Highlights

Forty-four new CRADAS were executed, and the scope of research was expanded through amending
64 active CRADASs. The current 156 active CRADAs are valued at $87,653,676 over the course of
their life (up to 5 years) with more than $21,707,754 in funds going directly to ARS research
projects. Approximately 45 percent of the active CRADAs are with small businesses. A new type
of agreement called a Material Transfer Research Agreement (MTRA) was developed in FY 2013 to
fit the needs of specific research projects (refer to President Initiative USDA 13). There are 321
active MTRAs, with 133 newly executed this year. (Refer to Table 1 in Section 3.7 and Figures 1

and 2 in Section 3.11.)
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Of the 44 newly executed CRADAs, 11 were with small businesses that applied for SBIR grants to
further commercialize the CRADA research. Eight of these businesses were successful in obtaining
a USDA-SBIR grant and one company successfully obtained a National Aeronautics Space
Administration (NASA) SBIR grant. The typical success rate for SBIR applicants is 10-15 percent;
ARS CRADA partners had a success rate of 82 percent. There could be several reasons for this
higher success rate. For example, a company with a CRADA already had its project reviewed and
approved by ARS prior to the SBIR review process. In addition, many of the CRADAs focused on

an ARS technology that is known to have a commercial application.

Two hundred and forty invention disclosures were received; 92 patent applications were filed; and
45 utility patents, 5 plant patents, and 3 PVPC certificates were obtained. There was 24-percent
increase over the previous year in the number of invention disclosures (193 versus 240). Judicious
use of intellectual property rights (IPR) is an important cornerstone of the patent committees. IPR is
used as an incentive for commercialization and full realization of the research impact of USDA
technologies. While the year in which a patent is issued is not typically the year in which the patent
is filed, over time the ratio of patent applications filed over the number of patents issued represents a
trend in the percentage of patents that are issued. (Refer to Table 2 in Section 3.7 and Figures 3 and

4 in Section 3.11.)

Over the past 5 years, the rate of peer-reviewed publications per scientist appears quite stable at 2 to
2.5 per year. On the other hand, there appears to be an increasing trend in the number of
collaborative research agreements and invention disclosures per scientist. (Refer to Figure 9 in

Section 3.11.)
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Twenty-nine new licenses were executed, of which 31 percent were with small businesses and 48
percent with universities. The total number of income-bearing licenses has steadily increased over
the last 5 years from 360 to 418. Sixty-nine percent of the income-bearing licenses were granted
exclusively. The total earned royalty income (ERI) of $3,633,329 was slightly higher than the
previous year. Most of FY 2016’s ERI came from a few licenses; the median ERI was $3,966.

(Refer to Tables 3, 4, and 5 in Section 3.7 and Figures 5, 6, and 7 in Section 3.11.)

A template for a Commercial Evaluation License (CEL) was created. The CEL is a short-term, non-
exclusive license to evaluate the commercial applications of the material and the licensed product

and any inventions claimed in the licensed patent rights.

To expedite and streamline the payment of license royalties, OTT established a pay.gov portal

specific for royalty payments.

In 2016, OTT established an Innovation Fund for ARS scientists to enable and expedite
commercialization/adoption of their research outcomes. Projects are chosen based on their potential

for advancing along the technology readiness continuum and moving closer to commercialization.

Interagency agreements were renewed with the USDA Animal and Plant Health Inspection Service,
the USDA Forest Service, and the U.S. Department of Interior, Bureau of Reclamation to provide

technology transfer advice for invention disclosures, patenting, licensing, and research agreements.

ARS laboratories won a Federal Laboratory Consortium (FLC) National Excellence in Technology

Transfer Award and participated in a National Interagency Partnership Award. In addition, ARS
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won a Regional Outstanding Technology Development Award, a Regional Outstanding
Commercialization Success Award, seven Regional Excellence in Technology Transfer Awards, and

a Regional State and Local Economic Development Award. (Refer to Section 3.10.)

e OTT worked with ONP to create a new Plant Breeding Handbook for the introduction of new plant
germplasm and cultivars and restructured the Plant Protection Committee (PPC) that reviews plant
releases for IP protection. Additionally, OTT held the first of several Webinars for ARS researchers

to introduce the new policies and procedures for the release and protection of plant germplasm.

e OTT professional staff authored a paper describing the new ARS paradigm for technology transfer
[Bahar, M. and R. Griesbach, 2016. A New Strategic Approach to Technology Transfer. Innovation
Magazine 14 (3)]. In this new paradigm, technology transfer is an essential and integrated part of
the research process beginning when the research objectives are first conceived. By aligning
technology transfer with research objectives, the impact of research outcomes will be strengthened.
More than 100 technology-transfer strategy sessions on this new paradigm were held with scientists,
OTT staff, and Area Office technology transfer staff. In addition, OTT headquarters staff visited

three field locations for training in FY 2016.

e OTT also sponsored the second I-Corps@ARS. In FY 2015, OTT successfully piloted a NSF I-
Corps program specifically for ARS scientists and postdocs (I-Corps@ARS). [1-Corps@ARS was a
set of activities and programs that taught ARS researchers how to identify the real problems facing
stakeholders and to develop valuable products and/or market opportunities that can emerge from
their own research. In addition, I-Corps@ARS offered entrepreneurship training which helped the

participants to be more innovative and impactful in their research programs. In FY 2016, the two
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participants from the first I-Corps@ARS developed CRADAS to move their research in a new

direction discovered during the I-Corp@ARS program.

e OTT professional staff played a very active role in the FLC both at the national and regional levels
(e.g. Coordinator of the Mid-Atlantic region, member of the national executive board, trainers, tech

transfer award reviewers, and meeting speakers).

e OTT represented the Department for the White House Office of Science and Technology Policy’s
Lab-to-Market, Maker Faire, and Intellectual Property Enforcement Committees. OTT participated

in Inter-agency Working Group on Technology Transfer.

3.6. Response to Presidential Memorandum on Accelerating Technology Transfer and

Commercialization of Federal Research in Support of High-Growth Business

In the USDA'’s implementation plan for the Presidential Memorandum, ARS described 13 initiatives to
promote technology transfer and commercialization. These initiatives and their implementation are
described below. The following initiatives were completed in FY 2013: USDA 1, USDA 8, USDA 9,
and USDA 13; FY 2014: USDA 3; FY 2015: USDA 2, USDA 4, USDA 5, USDA 7, USDA 8, USDA 9,

USDA 10, and USDA 12; and FY 2016: USDA 6 and USDA 11.

USDA 1: New metrics proposed for standard annual reporting in addition to those required by

Circular A-11 instructions on annual reporting of technology transfer
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This initiative was completed in FY 2013, and the new metrics are now a standard component of the

ARS report.

USDA 2: Update Policy and Procedure (P&P) 141.2 “Technology Transfer in ARS”

This initiative was completed in FY 2015, and the new P&P was issued.

USDA 3: Expand Agricultural Research Partnership (ARP) Network efforts to extend the impact

of ARS research

This initiative was completed in FY 2014, and the metrics are now a standard component of the ARS

report.

USDA 4: Expand outreach efforts in technology transfer to scientists in ARS

This initiative was completed in FY 2015, and standard technology transfer PowerPoint training

modules are posted on AgLearn for e-training.

USDA 5: Encourage other S&T agencies to adopt OTT’s approach to technology transfer

This initiative was completed in FY 2015, and the metrics are now a standard component of the ARS

report.
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USDA 6: Explore expanded use of Enhanced Use Lease (EUL) authority as technology transfer

tool to promote longer term relationships with key customer groups

Under the 2008 Farm Bill, the Secretary was given the authority to establish a pilot project at the
Beltsville Agricultural Research Center (BARC) to lease non-excess property to private or public
entities. The EUL Project was used as a technology-transfer tool designed to provide longer term
public-private partnerships than could be done through existing technology-transfer partnership
instruments. The pilot authority was used to develop a process to identify underutilized laboratory
resources that could be used by the private sector to commercialize ARS research outcomes.
Prospective lessees needed to establish either a licensing partnership or research collaboration with
ARS. In exchange, EUL terms provide the lessee 20 years of use of the facility to develop its business.
EUL authority proved to be a very successful strategy to leverage resources for entrepreneurial
activities. USDA’s first lessee (Plant Sensory Systems) was a small business that in FY 2013 was
awarded a $1.8 million ARPA-E grant (Better Biofuel Feedstock from Beets) based on the success of
the research project conducted using BARC laboratory facilities. Access to these facilities was essential,
because this small business did not have sufficient capital to build the facilities needed for this research

project.

This pilot authority for BARC was reauthorized in 2014 Farm Bill. Discussions, which began in FY
2015, are ongoing to identify a partner to establish an accelerator on the BARC campus for agriculture

businesses that utilize ARS technologies and/or research expertise.
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USDA 7: Beginning in FY 2012/2013, roll out a nationwide series of regional forums to identify

issues and deliver solutions

This initiative was completed in FY 2015, and the metrics are now a standard component of the ARS

report.

USDA 8: Provide opportunities for applicants to the USDA Small Business Innovation Research
(SBIR) program to partner with ARS scientists to further develop science necessary for

business success

This initiative was completed in FY 2015. and the metrics are now a standard component of the ARS

report.

USDA 9: Provide Cooperative Research and Development Agreement (CRADA) partners
opportunity to link to local Manufacturing Extension Partnership (MEP) resources to

assist in commercialization efforts

This initiative was completed in FY 2015, and the metrics are now a standard component of the ARS

report.

USDA 10: Work with regional incubators and economic development organizations to identify

opportunities for ARS scientists and ARS commercial partners

This initiative was completed in FY 2015, and the metrics are now a standard component of the ARS

report on the ARP Network.
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USDA 11: Establishment of the “Branded Food Products Database for Public Health” Public-

Private Partnership

In FY 2013, ARS, the ATIP Foundation, and the International Life Science Institute North America
established a public-private partnership to enhance the public’s health through increased knowledge of
the nutritional content of the Nation’s food supply. This will be accomplished by obtaining
comprehensive food composition data from the food industry and making it available to government,
industry, the scientific community, and the general public through an enhanced USDA National Nutrient

Database, developed and maintained by the ARS Nutrient Data Laboratory in Beltsville, MD.

In FY 2015, the public-private partnership successfully beta-tested a branded food products database.
Five food manufacturers participated in a beta test by providing product label data and nutrition
information on 245 products through a GS1-certified data pool provider, FSEnet. These data were

passed to ARS for incorporation into the USDA National Nutrient Database.

In FY 2016, Secretary Tom Vilsack officially launched the USDA Branded Food Products Database, a
free online resource for families, the food industry, and researchers containing nutrition details on more
than 80,000 name brand prepared and packaged foods available at restaurants and grocery stores. The
new database and user-friendly interface were the result of a partnership between ARS, International

Life Science Institute North America, GS1 US, 1WorldSync, and Label Insight.

USDA 12: Evaluate various options for reducing license negotiation transaction costs

This initiative was completed in FY 2015, and the metrics are now a standard component of the ARS

report.
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USDA 13: Develop Material Transfer Research Agreement (MTRA) as a new instrument to

promote development and commercialization of materials from USDA

This initiative was completed in FY 2013, and the metrics are now a standard component of the ARS

report.
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3.7. Metric Tables

TABLE 1. Collaborative Relationships for Research and Development.

FY 2012 | FY 2013 | FY 2014 | FY 2015 | FY 2016
Total number active CRADAs 243 230 214 211 156
Active traditional CRADAS 180 182 160 151 127
Active non-traditional CRADAS 63 48 54 60 29
Active CRADAs with small businesses ND 116 96 98 70
Number newly executed CRADAS, total 53 62 43 59 44
Newly executed amendments? 82 86 72 76 64
Newly executed traditional CRADAS 39 41 29 44 32
Newly executed non-traditional CRADAS 14 21 14 15 12
Newly executed CRADAS with small businesses 20 21 10 31 12
Total number active MTRAS? 12 100 188 212 321
Newly executed MTRAS 12 86 105 102 133
Total number of active other agreements® 13,835 12,717 12,953 12,375 9,456
Newly executed other agreements 1,119 1,776 1,808 1,862 1,848
Number newly executed MTAS 970 991 906 743 823
Newly executed outgoing MTAS 661 647 506 513 539
Total number of publications* 7,019 6,257 5,983 6,196 5,123
Peer-Reviewed Scientific manuscripts 4,769 4,409 4,367 4,395 3,851
Trade Journal manuscripts 57 73 68 55 59
Abstracts 2,193 1,775 1,548 1,746 1,213

*ND- no data available.

1. Amendments extend existing Cooperative Research and Development Agreements (CRADAS) for additional
years to a maximum of 5 years, change Statements of Work, and/or change funding levels.

2. Material Transfer Research Agreements. Involves collaborative research on a specific material.

3. Includes mostly Trust Fund Cooperative Agreements, Reimbursable Agreements, Non-Assistance Cooperative
Agreements and Non-Funded Cooperative Agreements.

4. Number of published manuscripts.
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FY 2012 | FY 2013* | FY 2014 | FY 2015 | FY 2016

Total number new invention disclosures! 137 165 101 193° 240°
University co-owned 66 46 37 40 58
Non-University co-owned ND ND ND 27 29
Based upon scientific discipline

Biological Materials ND ND ND 32 19
Life science 59 74 39 64 73
Chemical 53 49 32 48 48
Mechanical & measurement 14 19 9 18 21
Plant patents® 17 12 4 3 43
Plant variety protection® ND 11 17 28 36
Total number patent applications filed? 108 144 110 110 92
University co-owned ND 36 34 25 10
Non-University co-owned ND ND ND 26 9
Based upon scientific discipline

Life science ND 62 47 47 50
Chemical ND 44 25 38 24
Mechanical & measurement ND 13 17 15 10
Plant patents ND 14 6 4 6
Plant variety protection ND 11 6 6 2
Total number patents issued? 60 60 78 84 53
University co-owned ND 17 23 12 15
Non-University co-owned ND ND ND 20 12
Based upon scientific discipline

Life science ND 17 36 33 23
Chemical ND 25 21 20 13
Mechanical & measurement ND 11 11 10 9
Plant patents ND 7 10 15 5
Plant variety protection ND ND ND 6 3

Includes U.S. patent applications, foreign patent applications filed on cases for which no U.S.

application was filed, divisional applications, continuation-in-part applications, provisional

Inventions arising at the Federal lab. For FY 2013 and 2014 also includes the plants protected through

Plants may be protected in one of two ways based upon their mode of reproduction: patent (vegetatively

reproduced) through the USPTO or variety protection (seed reproduced) through USDA Agricultural

1.
Plant Variety Protection.
2.
applications, and Plant Variety Protection.
3.
Marketing Service.
4. FY 2013 numbers were revised (higher) in FY 2014.
5. FY 2015 includes the addition of Biological Material Invention Disclosures.
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TABLE 3. Profile of Active Licenses

*ND- no data available.

FY 2012 FY 2013 FY 2014 | FY 2015 | FY 2016
Total number active licenses 363 380 392 404 419
Executed to small businesses? 118 137 150 147 150
Executed to startup businesses? ND 11 12 12 6
Executed to universities 142 169 168 175 187
Amended in FY ND ND 10 5 4
Invention licenses® 321 331 341 339 348
Executed to small businesses ND 113 125 112 112
Executed to startup businesses ND 11 12 12 6
Executed to universities ND 162 160 166 178
Other IP Licenses* 42 49 51 65 71
Executed to small business ND 24 25 35 38
Executed to startup businesses ND 0 0 0 0
Executed to universities ND 7 8 9 9
Total number newly executed licenses 31 23 28 35 29
Executed to small businesses 15 9 15 16 9
Executed to startup businesses ND 0 1 0 0
Executed to universities 12 10 10 9 14
Invention licenses 17 26 20 23
Executed to small businesses ND 5 14 5 6
Executed to startup businesses ND 0 1 0 0
Executed to universities ND 10 10 8 14
Other IP Licenses 6 2 15 6
Executed to small businesses ND 4 1 11 3
Executed to startup businesses ND 0 0 0 0
Executed to universities ND 0 0 1 0

1. A small business, together with its affiliates, must not have more than 500 employees.

2. For the purpose of this report, a startup company is a privately-held, U.S. for-profit company operating for

less than 5 years and actively seeking financing to commercialize a Federal scientific work product.

3. Invention licenses refer to patents and plant variety protection certifications.
4. Other IP licenses refer to biological materials licenses.
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TABLE 4. Characteristics of Income Bearing Licenses

FY 2012 | FY 2013* | FY 2014 | FY 2015 | FY 2016

Total number of income bearing licenses 360 378 390 402 418
Exclusive 259 273 278 274 289
Partially exclusive 14 13 15 11 9

Non-exclusive 87 92 97 117 120
Invention licenses! 318 329 339 337 347
Exclusive 252 265 269 266 280
Partially exclusive 14 13 15 11 9

Non-exclusive 52 51 55 60 58
Other IP Licenses? 42 49 51 65 71
Exclusive 7 8 9 8 9

Partially exclusive 0 0 0 0 0

Non-exclusive 35 41 42 57 62
Total number royalty bearing licenses 128 134 131 139 145
Invention licenses 114 115 117 121 123
Other IP licenses 14 19 14 18 22

1. Invention licenses refer to patents and plant variety protection certifications.
2. Other IP licenses refer to biological materials licenses.

FY16

Page 153



FY 2016 Annual Report on Technology Transfer

TABLE 5. Income from Licensing
*ND- no data available.

FY 2012 FY 2013 FY 2014 FY 2015 FY 2016
Total income all active licenses $3,806,164 | $4,385,952 $4,927,938 $5,066,988 $4,784,466
Invention licenses! $3,670,692 | $4,053,931 $4,733,200 $4,842,256 $4,456,054
Other IP licenses? ND $332,021 $194,738 $224,732 $328,412
Total earned royalty income (ERI) $3,059,989 | $3,353,876 $3,610,774 $3,509,904 $3,633,239
Median ERI $5,000 $3,609 $3,232 $3,525 $3,966
Minimum ERI $44 $5 $32 $13 $5
Maximum ERI $757,219 $856,987 $575,753 $728,017 $818,537
ERI from top 1% of licenses NP3 NP3 NP3 NP3 NP3
ERI from top 5% of licenses $1,752,367 | $1,969,155 $2,048,317 $1,756,460 $1,811,637
ERI from top 20% of licenses $2,604,008 | $2,892,796 $3,103,143 $2,856,924 $3,043,395
ERI distributed
Inventors $1,206,713 | $1,192,808 $1,305,695 $1,632,130 $1,188,389
Funds to be used for salaries and tech
transfer activities ND ND $2,812,269 $2,819,906 $2,051,317
Patent filing preparation, fees, &
annuity payments paid* ND ND $809,974 $621,701 $393,533

1. Invention licenses refer to patents and plant variety protection certifications.

2. Other IP licenses refer to biological materials licenses.

3. Not presented, represents one license.

4. Approximately 40 percent is reimbursed when licensed.
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TABLE 6. Licensing Management: Elapsed Execution Time and Termination

Agricultural Research Service (ARS) FY 2012' | FY 20132 | FY 2014%® | FY 2015* | FY 2016°
All licenses

- average (months) 5.8 35 5.9 2.8 4.9

- median (months) 4.2 2.3 5.8 2.5 3.7

- minimum (months) 0.3 0.4 0.9 0.5 0.9

- maximum (months) 19.7 12.5 21.5 10.0 16.0
Licenses terminated for cause 0 0 0 0 0

L During FY 2012, USDA received 16 new invention license applications, for which 7 new licenses were granted,
9 license agreements are currently in negotiation, 0 applications were withdrawn by the applicants, and 0
applications are on hold by request of the applicant. The FY 2012 data is based upon 18 licenses granted to
commercial licensees and does not include licenses executed with universities for co-owned inventions. In
accordance with 35 USC 202(e), such licenses are granted for the purpose of consolidating rights in the
invention, and therefore license applications are not required.

2 During FY 2013, USDA received 28 new invention license applications, for which 8 new licenses were granted,
15 license agreements are currently in negotiation, 3 applications were withdrawn by the applicants, and 2
applications are on hold by request of the applicant. The FY 2012 data is based upon 18 licenses granted to
commercial licensees and does not include licenses executed with universities for co-owned inventions. In
accordance with 35 USC 202(e), such licenses are granted for the purpose of consolidating rights in the
invention, and therefore license applications are not required.

% During FY 2014, USDA received 15 new invention license applications, for which 8 new licenses were granted,
5 license agreements are currently in negotiation, 2 applications were withdrawn by the applicants, and 0
applications are on hold by request of the applicant. The FY 2014 data is based upon 17 licenses granted to
commercial licensees and does not include licenses executed with universities for co-owned inventions. In
accordance with 35 USC 202(e), such licenses are granted for the purpose of consolidating rights in the
invention, and therefore license applications are not required.

* During FY 2015, USDA received 42 new invention license applications, for which 21 new licenses were
granted, 18 license agreements are currently in negotiation, 2 applications were withdrawn by the applicants,
and 1 application is on hold by request of the applicant. The FY 2015 data is based upon 26 licenses granted to
commercial licensees and does not include licenses executed with universities for co-owned inventions. In
accordance with 35 USC 202(e), such licenses are granted for the purpose of consolidating rights in the
invention, and therefore license applications are not required.

> During FY 2016, USDA received 26 new invention license applications, for which 6 new licenses were granted,
15 license agreements are currently in negotiation, 5 applications were withdrawn by the applicants, and 0
applications are on hold by request of the applicant. The FY 2016 data is based upon 14 licenses granted to
commercial licensees and does not include licenses executed with universities for co-owned inventions. In
accordance with 35 USC 202(e), such licenses are granted for the purpose of consolidating rights in the
invention, and therefore license applications are not required.
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3.8. Downstream Outcomes

NUTRITION, FOOD SAFETY, QUALITY

National Program:

e Human Nutrition, NP 107
e Food Safety, NP 108
e Quality and Utilization of Agricultural Products, NP 306

A database for branded food products.

The National Nutrient Database, maintained by ARS in Beltsville, Maryland, contains information on
the chemical composition of commonly consumed foods. However, although as many as 400,000 to
500,000 foods may be available in the U.S. food supply and the typical grocery store makes more than
30,000 items available to consumers, until recently the database contained information on fewer than
9,000 individual items. A public-private partnership among ARS, the North American branch of the
International Life Sciences Institute, 1World Sync, and Label Insight brought nutritional label

information of almost 90,000 additional foods to the database. This addition will strengthen the ability
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of USDA and other Federal health agencies to more accurately monitor the food supply and to estimate

nutrient consumption by consumers.

The glycemic index is not reproducible enough for diet advice nor does it affect metabolism.

Use of the glycemic index (GI) remains controversial. Although some health organizations and a few
countries promote use of the Gl for dietary recommendations, the USDA/HHS Dietary Guidelines for
Americans do not promote it. Only limited data exist on variability between and within individuals and
sources of that variability. ARS-supported researchers and Tufts University collaborators examined
these factors in 63 healthy adult volunteers. Using white bread as the standard GI food, variation
between people was 20 percent but within the same person, repeated measures varied 25 percent, which
indicates too large a difference to be useful or reproducible. Blood measures of insulin and glucose
status together explained almost one-third of that variability. Another study was conducted of 91 obese
adults who ate reduced-calorie diets with either high or moderate total carbohydrate levels and high or
low GI for 17 weeks. There was no effect of any diet on weight loss, fat loss, resting metabolic rate, or
metabolic adaptation. These results demonstrate that Gl is unlikely to be useful for guiding food choices

in people.

Long-term caloric restriction reduces inflammation without impairing immunity.

Calorie restriction (CR) slows aging and cancer growth in many animal species, but its relevance to
humans is unknown. Inflammation is now deemed a major contributor to chronic diseases, including
heart disease and cancer. ARS-supported scientists in Boston, Massachusetts, collaborated with
colleagues at several other institutions to directly study this question by assigning 143 healthy, non-

obese adults to CR and 75 to continue their usual intake for 2 years. CR led to a 10-percent weight loss,
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a reduction in circulating inflammatory markers, and both lower total white blood cell and lymphocyte
counts. Long-term CR was associated with reductions in C-reactive protein and tumor necrosis factor-
alpha by 40 percent and 50 percent, respectively; both of these markers are associated with increased
heart disease, cancer, and other chronic health problems. CR had no effect on the immune response as
measured by antibody response to vaccines and delayed-type hypersensitivity responses in the skin.
Long-term CR appears to improve the health of young to middle-aged adults and may decrease risk of

major chronic diseases.

Naturally occurring trans fatty acids have adverse effects on serum lipids.

It is generally accepted that industrially produced trans fatty acids (TFA) found in partially
hydrogenated oils lower beneficial HDL cholesterol and raise harmful LDL cholesterol, but no studies
had ever directly examined the effects of consuming naturally occurring TFA from ruminant animals.
ARS scientists in Beltsville, Maryland, conducted a feeding trial in 106 healthy adult volunteers who ate
either 3 percent industrial TFA, 3 percent ruminant TFA, or 1 percent conjugated linoleic acid (CLA,
another naturally occurring TFA, but with a different chemical structure) for 24 days each. Both types
of TFA raised LDL cholesterol levels in the volunteers, and ruminant TFA also raised HDL cholesterol
levels, whereas CLA led to lower triglyceride levels and had no effect on other lipids. These results
support the current labeling guidelines from the USDA Food Safety and Inspection Service and the Food

and Drug Administration.
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Aging results in a decline of skeletal muscle quantity and function; major determinants of

independent physical functioning in later life.

ARS-funded researchers and Tufts University collaborators examined 3-year changes in muscle mass,
strength, power, and physical performance among older adults and mobility-limited older subjects.
They found that declining muscle function (strength and power) is an independent contributing factor,
not just to falling, but to increased fear of falling and to deteriorations in quality of life. These findings
reinforce the importance of preserving muscle health with advancing age to reduce fall risk and improve

quality of life.

Excess weight gain in pregnant women is driven primarily by greater calorie consumption.

Excess weight gain during pregnancy leads to adverse outcomes for both mothers and infants. There has
been ongoing debate whether excess gestational weight gain is the result of increased consumption or
adaptive changes in energy expenditure during pregnancy. An analysis by ARS-supported scientists in
Houston, Texas, and collaborators from Baylor College of Medicine, obtained measurements of these
factors before conception and at three time points during pregnancy from 45 women. One-quarter of
women gained excess weight and ate 750 calories more per day than those who gained ideal amounts of
weight. All of the women exhibited decreased energy expenditure in physical activity during pregnancy
but there was no difference by weight gain. Future interventions for weight gain during pregnancy may
be more effective if focused solely on limiting energy intake while increasing the nutrient density of the

diet.
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Baseline data for the 2020 Dietary Guidelines for Americans.

One of the gaps in dietary recommendations is the lack of science for dietary advice aimed at children
from birth to 24 months of age. The U.S. Government is committed to adding this age group to the
dietary guidelines, so researchers from the ARS Children’s Nutrition Research Center collaborated with
investigators at Deakin University in Australia to analyze dietary intake reported by mothers for 2,740
infants and toddlers in a U.S. national survey from 2005 to 2012. In children younger than 1 year, infant
formulas and baby foods were the leading source of calories and nutrients. In children aged 12 to 24
months, milk, 100 percent juice, and grain-based mixed dishes were important sources of calories and
nutrients, but a number of foods contributing to energy intake had low nutritional quality, including
sweet bakery products, sugar-sweetened beverages, and savory snacks. Non-flavored milk and ready-to-
eat cereals were the most important contributors to micronutrient intakes. These data will help

formulate future recommendations for this age group.

A component of milk helps reduce the negative effects of higher saturated fat intake.

The U.S. Dietary Guidelines urge limited intake of saturated fat because epidemiological data suggest it
Is associated with cardiovascular disease. However, results from previous human studies indicate this
may not always be true. Consequently, ARS researchers at the Western Regional Research Center
examined the effect of a high-saturated-fat meal on inflammatory markers in obese men and women for
6 hours following the meal. Two different forms of saturated fat (palm oil and whipping cream) were
ingested with and without the addition of milk fat globule membrane (MFGM). MFGM surrounds the
fat globules in milk and has been shown to reduce inflammation associated with some foods. ARS

researchers found that consumption of MFGM with either palm oil or whipping cream resulted in lower
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total cholesterol, LDL cholesterol, insulin, and small molecules associated with inflammation. This
suggests that the addition of MFGM ameliorates the negative effect of a high-saturated-fat meal in

overweight and obese men and women.

What We Eat in America.

What We Eat in America (WWEIA) is the nutrition portion of the National Health and Nutrition
Examination Survey (NHANES) conducted in partnership with the Centers for Disease Control and
Prevention. In 2016, ARS scientists at the Beltsville Human Nutrition Research Center released food
and nutrient consumption data for 2013-2014 in 56 publicly available tables. They also released the
WWEIA Food Categories, which classifies more than 8,000 foods and beverages in the USDA food
composition database into 152 categories. Thousands of scientific papers have been published over the
years linking food consumption to nutrient status and health. NHANES is the only nationally
representative survey of its kind and provides snapshots over time of the nutritional status of the

American people.

Identification of structural components of dry beans that limit iron bioavailability.

Dry beans are an important dietary source of many minerals, especially in areas where food is insecure.
It may be possible to supply dietary iron through dry beans, but iron bioavailability is low in many
varieties, and the reasons for low bioavailability are unclear. Approximately 80 percent of the iron in
beans is found in a portion of the bean called the cotyledon, where cells are rich in protein and phytic
acid. ARS researchers in Ithaca, New York, with their collaborators from Cornell University, found that

cotyledon cell walls are not softened or rendered nutritionally useful by cooking and are highly resistant
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to digestion in the upper intestine, which is the major site of iron absorption. This makes a major
portion of bean iron unavailable for absorption until it reaches an area of the intestine where microbes
can digest the cotyledon cell walls. However, the latter portions of the intestine do not have much
capacity for iron absorption. Moreover, release of the iron is affected by distribution of iron in the seed
or coat, and the presence of inhibitors of absorption, including dietary fiber and pigments, in the beans.
These findings will help with development of bean breeding and processing strategies that can improve

beans as a source of iron.

Farmed salmon consumption reduces indicators of cardiovascular disease risk.

It is known that salmon contains omega-3 fats considered to be heart healthy. ARS scientists in Grand
Forks, North Dakota, studied the benefits of eating farmed salmon on lowering the risk of cardiovascular
disease in healthy adults. Subjects ate increasing amounts of farmed salmon for 4 weeks, and indicators
of cardiovascular disease risk were measured, including serum lipoprotein concentration, size, and
density. The study results indicate that eating as little as 3 ounces of salmon twice a week modified
serum lipoprotein particle size (a relatively newly developed risk factor for heart disease) and

concentration in a manner associated with reduced cardiovascular disease risk.

Intermittent feeding of the amino acid leucine enhances growth in newborns.

About 9 percent of infants born in the United States are of low birth weight (LBW) or very low birth
weight, and optimum nutrition is crucial for their immediate and long-term health. LBW infants are
usually fed through a stomach tube either continuously or intermittently. ARS-funded scientists in

Houston, Texas, with collaborators from Baylor College of Medicine, studied feeding regimens in young

FY1le Page 162



FY 2016 Annual Report on Technology Transfer

pigs as a model for human infants. The piglets were fed an optimal formula diet continuously, or one
supplemented with intermittent pulses of the amino acid leucine for 21 days. Addition of leucine to the
diet enhanced lean growth by stimulating skeletal muscle synthesis. These results suggest that leucine
may be useful in nutritional therapy to enhance growth in LBW infants and prevent later problems

resulting from delayed development.

Swine are a better model for human immunity than mice.

Although the mouse is the most widely used laboratory animal model for human immunity, many
discoveries from them do not translate to humans. ARS researchers at the Beltsville Human Nutrition
Research Center compared part of the innate immune system (known as the inflammasome) in humans,
mice, and pigs. Among 11 gene families that control the inflammasome, 9 were similar in humans and
pigs but only 3 were similar in humans and mice. Confirming this observation, inflammatory cell
responses in pigs were closer to those of humans than were cells from mice. This work supports using
swine to model both human immunological and inflammatory responses to infection, as long as the

noted differences are kept in mind.

Validation of sampling the intestinal microbiome for metabolic activity.

Bacteria in the large intestine have recently been discovered to have considerable influence on the
body’s metabolic activity, primarily through absorption of bacterially produced metabolites. To
determine whether these metabolites are important, ARS researchers in Grand Forks, North Dakota,

detected a total of 270 low-molecular-weight metabolites in contents of the colon and feces of mice. Of
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that total, 93 percent were present in both specimens, establishing for the first time that fecal samples

can be used as a valid, noninvasive proxy for most metabolic activity higher up in the intestinal tract.

Cholesterol from the diet is not associated with increased risk for various cardiovascular diseases.

Past nutritional advice urged consumers to reduce their intakes of food high in cholesterol because
dietary cholesterol was thought to increase the risk for cardiovascular disease. ARS-funded researchers
working with collaborators from Tufts University examined the effects of dietary cholesterol on
cardiovascular disease risk factors in healthy adults by evaluating 40 published studies in a new
systematic review and meta-analysis that covered 17 cohorts of 361,923 subjects, and 19 trials with 632
volunteers. They found that dietary cholesterol was not associated with a risk for various cardiovascular
disease outcomes (i.e., death from ischemic heart disease and two types of stroke). Dietary cholesterol
resulted in significantly higher blood levels of total cholesterol and LDL cholesterol, as well as blood
levels of HDL cholesterol. But the studies reviewed were heterogeneous and lacked the methodologic

rigor to draw any conclusions on the effects of dietary cholesterol and cardiovascular disease risk.

A computer program for analyzing flavonoids in foods.

Flavonoids are common plant compounds that may be beneficial to human health. A first step in
determining whether flavonoids might have health effects is to identify the amounts and types of
flavonoids in various plants. Scientists use a technique called liquid chromatography-mass spectrometry
to analyze plants, however, this method yields thousands of potential, though unidentified, compounds.
Results obtained by this method can take an expert weeks to analyze. ARS researchers in Beltsville,

Maryland, developed an expert, first-of-its-kind, computer program, “FlavonQ,” to automate the
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identification and measurement of three different classes of flavonoids (flavonols, flavones, and
proanthocyanidins). The FlavonQ software has reduced the data analysis time for these complex
analyses from weeks to hours. This expert system will allow rapid population of the USDA nutrient

database with data for these flavonoids and facilitate investigation of their effects on human health.

Antimicrobial carryover and Salmonella.

Salmonella can be transmitted to humans through the consumption of contaminated foods, including
poultry. Contamination of raw poultry products occurs during live animal production and slaughter
operations. The USDA Food Safety and Inspection Service (FSIS) monitors contamination of poultry
through a testing program to protect consumers. ARS demonstrated that the current FSIS protocol for
Salmonella testing of whole chicken carcasses may potentially lead to carry-over of intervention
solutions, which are used to reduce pathogens in poultry processing, into the collection broth tested by
FSIS inspectors. This carry-over could result in underestimating Salmonella levels in poultry processing
operations. ARS scientists in Athens, Georgia, developed a modified collection broth capable of
neutralizing a wide range of sanitizers, which resulted in a statistically more accurate reporting of
Salmonella in poultry processing. FSIS subsequently validated and approved this new modified
collection broth for regulatory sampling. In July 2016, FSIS field inspectors implemented the new

protocol in their collection of samples for Salmonella testing.

Reevaluation of produce metrics.

Current metrics used by the California Leafy Greens Marketing Agreements (LGMA) for leafy greens to

ascertain the microbial safety of fresh produce required reevaluation. ARS scientists in Beltsville,
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Maryland, examined the 60-day interval between flooding of fields and replanting of crops, and the 30-
foot “no harvest” zone from the edge of the flood currently employed to prevent fecal contamination of
crops. In intentionally flooded spinach fields with a negative 5 percent slope, Escherichia coli
populations were found to decline more slowly in fall trials than in spring trials, and E. coli in soils and
on spinach plants were detected 30 feet from the edge of the flood. These results suggest that LGMA
metrics should be revised to include considerations of field and weather conditions that may promote

bacterial movement and survival.

Imaging device for meat safety inspection.

Current meat inspection in slaughter plants for food safety and quality attributes, including potential
fecal contamination, is conducted through visual examination by human inspectors working under
conditions that are poorly suited to conventional fluorescence detection methods that require ambient
darkness. ARS researchers in Beltsville, Maryland, developed a handheld fluorescence-based imaging
device (HFID) to highlight contaminated food and equipment surfaces on a display monitor during use
under ambient lighting. This study assessed the effectiveness of the HFID to enhance visual detection of
fecal contamination on red meat, fat, and bone surfaces of beef under varying ambient luminous
intensities. Overall, diluted feces were detectable on the beef surfaces under all but the brightest
ambient light intensities tested in the fluorescence images. This technology is patented and under
license and commercial development by an industry partner and will support and improve meat safety

inspection programs implemented by U.S. processors and regulatory inspectors.
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Simultaneous drying and decontamination technology.

The United States is the second leading producer and exporter of pistachios, providing 24 percent of the
total world production at 257,000 tons, valued at $1.6 billion in 2014. Pistachios previously have been
recalled due to contamination with Salmonella and have caused outbreaks of salmonellosis, impacting
public health and the pistachio industry. ARS researchers in Albany, California, have developed a novel
technology based on sequential infrared heating and hot air that dries pistachios with an energy savings
of 34 percent when compared to traditional hot air drying alone. The technology also creates a
substantial reduction in population sizes of the Salmonella surrogate, Enterococcus faecium, on
pistachio kernels and shells. This technology provides the tree nut industry with an efficient and
effective approach to produce high—quality, safe pistachios and reduce the incidence of foodborne

illness.

Extending the shelf life of fresh milk.

Pasteurization has long been the standard method to extend the shelf-life of dairy products, as well as a
means to reduce microbial load and the risk of food-borne pathogens. ARS-funded scientists at the
Center for Food Safety Engineering (CFSE) at Purdue University in West Lafayette, Indiana, tested a
novel pasteurization method in which milk is dispersed in the form of droplets and treated with low
heat/pressure variation over a short treatment time. This low-temperature, short-time (LTST) method
was very effective in reducing the level of microorganisms up to 100 million fold. The CFSE-developed
BARDOT/BEAM technology was used to demonstrate that the only survivors of LTST were very few

organisms (Bacillus species) that do not grow at refrigeration temperatures. The LTST process extended
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the shelf life of the milk from a maximum of 35 days to approximately 63 days. The improved shelf life

will positively impact the dairy industry in terms of shipping and overall sustainability.

Price tag of biological controls.

The cost of interventions to improve the safety of food products is often unknown. ARS researchers in
Wyndmoor, Pennsylvania, developed a formal cost model analysis for competitive exclusion microbes
(CEM) for biocontrol of Salmonella enterica on tomatoes. The team found that the unit costs of CEM
biocontrol range from 5 cents to 95 cents per kilogram of tomato for small-scale production and less
than 1 cent per kilogram for large CEM production models. Since total variable costs for CEM were 95
percent of total production costs, the team determined that the use of CEM is best suited for large-scale
application. However, the estimated total annual cost of CEM for control of Salmonella enterica on
tomatoes is greater than sodium hypochlorite or gaseous chlorine dioxide. Therefore while CEM is an
effective treatment process, other chemical treatment methods are more low cost. For high-value
produce, CEM may complement existing technologies if efficacy and delivery systems can be optimized

and its effects on gut microflora and associated factors are further evaluated.

Reducing contamination of poultry meat.

Campylobacter contamination of poultry is responsible for hundreds of thousands cases of bacterial-
associated foodborne illness. ARS scientists in Athens, Georgia, optimized a novel in-package
ozonation technology to reduce Campylobacter species contamination on chicken breast filets. The
scientists noted significant reductions of natural bacterial flora and surface-applied bacterial pathogens

(Campylobacter jejuni) when using this technology. Currently, this technology is being expanded to
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include major food quality (Pseudomonas fluorescens) and additional food safety (Salmonella spp.)
microorganisms. This novel technology will provide commercial processors a method to significantly
reduce bacterial pathogens and other bacterial flora on packaged breast filets and increase the quality

and safety of the final product as it leaves the processing plant.

Chickens resistant to pathogens.

Breeding chickens resistant to Salmonella and Campylobacter infection is considered, along with
vaccination, to be a potential long-term intervention in controlling bacteria in broiler chicken
production. New approaches are needed to produce live poultry that are not colonized by these harmful
bacteria, which would translate into pathogen-free meat products for human consumption. ARS
researchers in College Station, Texas, have identified a population of roosters from the Athens Canadian
Random Bred lineage, a 1950s meat-type chicken, with differential expression of key immune markers
to serve as sires for the generation of a F1 population of chickens selected for a more efficient innate
immune responsiveness. ARS is attempting to breed chickens with natural resistance to Salmonella and
Campylobacter by using older original chicken populations with greater genetic diversity to produce
more pathogen-resistant broilers. Development of microbial pathogen-resistant birds would be a

dramatic success in enhancing the microbial safety of poultry meat products reaching the consumer.

Detection of pesticides and environmental contaminants.

Improved analytical methods are needed to better monitor pesticides and persistent organic pollutants in

meat and poultry. ARS researchers in Wyndmoor, Pennsylvania, have developed and validated an easy

and reliable high-throughput analysis method for 192 diverse pesticides and 51 environmental
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contaminants in cattle, swine, and poultry muscle. With samples prepared based on the ARS-developed
QUECHERS approach, the validated method was successfully applied to the analysis of known
contaminated meat samples that demonstrated the utility of the method for implementation in regulatory
and commercial laboratories. The method was transferred to the USDA Food Safety and Inspection
Service for future validation and implementation in routine regulatory monitoring of contaminants in

meats.

Egg candling lights for official grading.

Poultry farmers and regulatory agencies use candling, where a bright light source is used to show details
within the egg shell, to learn which eggs are fertile and which will hatch into chicks, and for maintaining
quality assurance purposes. Official graders with the USDA Agricultural Marketing Service (AMS)
needed a new system for candling eggs. ARS scientists from Athens, Georgia, designed and developed
prototypes of a high-intensity light emitting diode (LED) white light for candling eggs. Both a portable
battery-powered model and a stationary model were created. A material transfer agreement was used to
complete the design and to transfer the technology to a U.S. commercial partner. The company has now
completed the second prototype revision and started selling the lights to the public. AMS has plans to

purchase several hundred of these lights to replace all of their existing obsolete candling lights.

Detecting food adulterants.

Food adulteration is a critical and serious international issue and is usually considered an act whereby

food is intentionally contaminated to reduce its safety and quality. Intentional contamination of milk-

based infant formulae with melamine in recent years has resulted in numerous illnesses and deaths and
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in a large recall of product. ARS researchers in Beltsville, Maryland, developed a line-scan Raman
chemical imaging system to detect adulterants in milk powder. With the limits of detection for both
melamine and urea estimated at an order of 50 parts per million, this imaging system can be used for
rapid, nondestructive, and quantitative measurement of melamine and other chemical adulterants that
can pose risk of illness and even death when present in dry powdered food ingredients. This technology
is under patent review and has been made available to commercial partners for continuous evaluation of

milk powder, especially for the production of infant formulae.

Food containers with antimicrobial surface.

Containers are used for fruits and vegetables in the field and storage, on display in stores, and during
transportation; however, they can be easily contaminated with foodborne pathogens. When a
contaminated container is in contact with food, pathogens transfer from the container to the food, hence,
the importance of having a pathogen-free container. ARS researchers in Wyndmoor, Pennsylvania,
developed methods and coating formulas to produce food containers with an antimicrobial surface.
Specifically, the scientists used titanium dioxide (TiO2) nanopowders, which are ingredients in food
coloring, with polymers to form an antimicrobial coating on the container surface. The surface coatings
were activated by visible light to inactivate E. coli O157:H7 on the container surface, and in tests
reduced the pathogen by 99.7 percent. The research further demonstrated that the developed methods
and coating formula could be applied to different types of containers made of metal, wood, plastics, or
paperboard, and for various foods, especially for fruits and vegetables. An invention disclosure and

patent for the technology has been submitted to facilitate licensing by industry.
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Detection using bacteriophage.

Rapid detection of the foodborne pathogen Escherichia coli O157:H7 is of vital importance for public
health worldwide. ARS-funded scientists at the Center for Food Safety Engineering at Purdue
University in West Lafayette, Indiana, have modified a bacteriophage (bacterial virus) specific for E.
coli O157:H7 by adding a gene from a bioluminescent shrimp that causes the live cells of the pathogenic
E. coli to glow after bacteriophage infection. This diagnostic tool is very specific and very sensitive,
detecting as little as five cells of the pathogen in less than 7 hours after culture enrichment. The method
also has potential for direct detection of higher pathogen concentrations directly in ground beef. The
process uses very low concentrations of bacteriophage and can be integrated into current laboratory
protocols. The coupling of low bacteriophage concentrations and the ease of integration into current
protocols provide a low-cost method for the detection of E. coli O157:H7 with the potential to improve
pathogen surveillance and provide for a safer food supply. The technology was patented and licensed to
a startup company based in Indiana that, based on the potential of this technology, was awarded State

funding for capitalization and initial startup costs to assist in its commercial development.

Alternative to animal bioassays for toxins.

Food poisoning caused by staphylococcal enterotoxins is among the leading causes of food-borne
outbreaks. The current method for detection of enterotoxins activity is an in vivo monkey or kitten
bioassay. However, this expensive procedure has low sensitivity and poor reproducibility, requires
many animals, and is impractical to test a large number of samples. ARS researchers in Albany,

California, developed a robust cell-based assay that produces a measurable bioluminescence when

FY1le Page 172



FY 2016 Annual Report on Technology Transfer

exposed to active staphylococcal enterotoxin type E concentrations. The assay is 106 times more
sensitive than a typical ELISA assay and 109 times more sensitive than the monkey and kitten bioassay.
Development of this assay into commercial use could make it an economical and effective alternative to
current detection standards using animal models. This is a new technology currently under patent

application.

Inorganic arsenic in rice.

Arsenic is a naturally occurring heavy metal found in both soil and water and is the primary source of
the inorganic arsenic found in rice. Some research has suggested that consumption of arsenic through
rice-based products has toxic effects, including limiting cognitive and immune system development in
children, potential premature births, and cancer due to long-term chronic exposure. The FDA developed
a method to measure inorganic arsenic in rice that costs about $200 per sample. Because the World
Health Organization through Codex and the U.S. Food and Drug Administration (FDA) have set limits
for the amount of inorganic arsenic that can be present in rice, simpler and much less costly methods for
analysis are needed. ARS scientists in Beltsville, Maryland, developed a new method and cross
validated it with the FDA method, showing comparable results from a series of diverse rice types and
samples. The new method costs less than $40 a sample, an 80-percent reduction from the FDA method.
This new method will benefit rice growers, the rice industry, infant cereal manufacturers, and consumer
organizations that monitor rice-based products. The method is currently undergoing validation by the

Association of Official Analytical Chemists prior to implementation.
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Detection of violative residues.

Because there is serious concern regarding antibiotic residues in food products, meat, poultry, and egg
products are tested through the U.S. National Residue Program for the presence of more than 100
compounds. Sampling of meat products is done at the processing plant, and “swab tests” are used to
quickly determine initial negative or positive results. Samples are typically taken from consumable
organ meats such as liver or kidney where most compounds accumulate in the highest quantities.
Penicillin G is a valuable antibiotic for the treatment of infection in female pigs (sows), however,
penicillin G residues deplete very slowly from some sows, and more rapidly in others. As a result, the
marketing of groups of sows treated with penicillin G must be managed based on animals that
metabolize penicillin G the slowest. ARS researchers in Fargo, North Dakota, demonstrated that an
inexpensive test strip could rapidly detect penicillin residues in the urine of commercial sows, and that
the presence of penicillin in urine accurately predicts violative penicillin residues in edible meat and
organ tissues. The use of an inexpensive and easy-to-use test strip will allow the differential marketing
of penicillin-free sows and sows retaining drug residues. The technology has been transferred to the
USDA Food Safety and Inspection Service for routine implementation and use in the National Residue

Program.

Antimicrobial resistance.

The impact of potential antimicrobial resistant bacteria in livestock waste runoff has been a growing

topic of public concern. ARS scientists in Clay Center, Nebraska, compared the populations of

antimicrobial-resistant bacteria and the presence of antimicrobial resistance genes within samples of
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livestock and municipal waste streams discharged from municipal wastewater treatment facilities, cattle
feedlot runoff catchment ponds, swine waste lagoons, and environments considered low impact (a
municipal lake and a prairie). The results showed that the prevalence and concentrations of
antimicrobial-resistant bacteria were similar among the livestock and municipal sample sources, but
there were differences among the antimicrobial resistance genes found in agricultural, environmental,
and municipal samples, with municipal samples harboring the highest number of antimicrobial
resistance genes. It was concluded that antimicrobial resistance is a very widespread phenomenon
where antimicrobial resistance can be found in cattle, swine, and human waste streams, though a higher
diversity of antimicrobial resistance can be found in human waste streams. This study indicates that
antimicrobial resistance bacteria are widespread, and that humans are a reservoir of antimicrobial
resistant bacteria for other humans. This was previously unknown and indicates that agricultural

systems are not the only source of antimicrobial resistance.

Escherichia coli in culled dairy cows.

Enterohemorrhagic E. coli (EHEC), also known as STEC (Shiga-toxin producing E. coli), are the cause
of serious foodborne illness, chronic sequelae, and deaths in the United States. The most well-known of
these types of bacteria is E. coli O157:H7, but six additional pathogenic E. coli strains are of concern to
regulatory agencies, including the USDA Food Safety and Inspection Service, and cause severe disease
in humans. EHEC can be found in most groups of cattle, but it is not known whether any are specific to
culled dairy cows harvested for beef. ARS scientists from Clay Center Nebraska, and Wyndmoor,
Pennsylvania, and colleagues belonging to the STEC-CAP research group (a consortium project funded
through the USDA National Institute of Food and Agriculture) examined matched fecal, hide, and pre-

intervention carcass samples collected from culled dairy cows at harvest. Culture isolation found EHEC
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in 6.5 percent of feces samples, 15.6 percent of hide samples, and 1 percent of carcass samples. It was
concluded that EHEC are common on the hides of culled dairy cattle, and that feces are an important
source of EHEC contamination of hides. This information is critically important for the epidemiologist,
regulatory monitoring of animals, and development of both pre- and post-harvest interventions. This
information has been transferred to the cattle industry through various industry partners, including the
North American Meat Institute, National Beef Association, American Beef Association, and the USDA

Food Safety Inspection Service.

Poultry litter management.

The poultry and animal industries continue to combat the spread of foodborne pathogens in food
products and have spent millions of dollars attempting to control Salmonella and Campylobacter with
minimal results. Until recently, the focus has largely been on implementing management strategies for
reducing the movement of bacteria from the poultry house environment. Because of increasing cost of
new bedding materials, modern broiler producers utilize the same litter for growing out multiple flocks.
ARS researchers in College Station, Texas, assessed the changes in bacteria and dispersion of several
litter practices in a commercial broiler house. The results demonstrate that better clean-out practices
have the potential to reduce contaminant buildup of many chemical pollutants in the litter within the
broiler production facility, such as nitrates and heavy metals, including iron, manganese, and zinc. The
research also established that proper disposal of litter is necessary for environmental health. This study
provides an understanding for poultry producers of the role in food safety, as well as animal health, of
litter management approaches and their impact on the environment. This is a critical issue for producers

since contaminated flocks are subject to closer inspection by USDA regulatory agencies
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Antibiotic determinants.

Cattle are frequently administered macrolide antibiotics such as Azithromycin and Erythromycin for the
prevention or treatment of various diseases. To examine the effect of macrolide exposure on fecal
shedding of resistant bacteria, rapid methods for characterizing resistance gene content were needed. To
address this need, ARS researchers in Clay Center, Nebraska, developed a method to detect seven major
antibiotic resistance mechanisms simultaneously. This method was successfully used to screen more
than 2,000 bacterial isolates, which revealed subpopulations of bacteria containing antibiotic resistance
genes not previously recognized in these organisms. This information will be useful for epidemiologists
and scientists concerned with the lateral transfer of antibiotic resistance genes between pathogenic and

commensal bacteria and the subsequent development of resistance.

New tomato variety developed from fruit taste study.

Many years of breeding tomatoes for disease resistance, yield, and size has resulted in fruit that lack
flavor. In a collaborative study involving ARS scientists in Fort Pierce, Florida, and the University of
Florida tomato breeding program, the researchers evaluated 38 tomato varieties over 7 years to
understand tomato flavor. Tomato variety

and harvest season significantly influenced sensory perception and chemical profiles. Based on this
study, University of Florida collaborators developed a new variety, ‘Tasti-Lee’, which is now readily
available in supermarkets. When comparing the industry standard, ‘Florida 47’, with “Tasti-Lee’ for the
29 compounds that affect tomato aroma, 8 were higher in ‘Tasti-Lee’ compounds (which contributed to

ripe-fruit and floral aromas), whereas 4 were higher in ‘Florida 47’ compounds (which contributed to
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non-ripe green fruit aromas). This chemical model for tomato flavor quality is available to breeders

seeking to improve fruit and vegetable flavor.

New tools for apple producers to avoid superficial scald.

Apple fruit superficial scald results from chilling stress during the first month after harvest and results in
dark, sunken peel tissue after 3-6 months of cold storage. Low-oxygen controlled atmosphere storage
can control superficial scald, but is not always effective across apples from different orchard lots and
production seasons. ARS scientists in Wenatchee, Washington, have identified natural early warning
compounds that accumulate in the peel of harvested apples before scald appears regardless of the prior
growing conditions. When these early warning compounds occur, storage-room oxygen levels can be
reduced or fruit can be marketed before symptom development. This practice provides apple producers

with methods to avoid superficial scald throughout the postharvest supply chain.

Potato cultivars with reduced acrylamide content identified.

Acrylamide is an unwanted and potentially toxic by-product produced when carbohydrate-rich foods,
such as French fries, are processed at high temperatures. ARS researchers in Fargo, North Dakota,
evaluated 56 advanced potato clones grown in Idaho, Maine, North Dakota, and Wisconsin for process
quality, asparagine content, and acrylamide levels using standardized storage, processing, and evaluation
procedures. Several clones exhibiting excellent processing characteristics and very low acrylamide
levels were identified. These clones are being evaluated in more detailed trials to identify candidates to

replace currently used varieties in the commercial production of processed potato products.
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Near-infrared spectroscopy used to measure gluten content in cereals.

The U.S. Food and Drug Administration (FDA) and the Commission of European Communities require
that gluten-free oats or products can be labeled as non-gluten only if they contain less than 20 parts per
million gluten, the established safe consumption limit for people with celiac disease. The need for
testing samples for gluten products is highly sought by industry to assure that a gluten-free product can
be delivered. In response to this need, a near-infrared instrument developed by ARS scientists in
Manhattan, Kansas, was compared with a commercial near-infrared instrument to classify grain types on
a single grain basis. Both instruments could distinguish oats and groat kernels from other grains with 95
to 100 percent accuracy. The in-house instrument had better accuracy, although it was a magnitude
slower than the current commercial instrument. This instrument, which is being tested by the FDA,

provides an excellent method for evaluating commercial samples of gluten-containing products.

Plant sugars converted to antimicrobial compounds.

The yeast Aureobasidium pullulans is able to convert agricultural sugars to compounds called liamocins,
which are selective antibacterial agents for controlling problematic bacteria in veterinary and clinical
medicine. Liamocins are unique in that they have varying degrees of antimicrobial activity. ARS
scientists in Peoria, Illinois, developed genetic methods to control the type of liamocin based on the
sugar used to grow liamocin strains. This technology allows production of specific liamocin strains that
attack specific bacterial organisms, which benefits veterinary care by offering non-antibiotic treatment

options.
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Vegetable oils made into bio-plastic.

Replacing petroleum oils with plant oils in the production of usable by-products, such as plastics, is
complicated. One problem with plant oils is that they contain more oxygen atoms than necessary to
make by-products. These oxygen atoms must be removed to control reactions necessary for the plastic
to be strong, durable, and useful. ARS scientists in Peoria, Illinois, developed a new technology that
uses a very small amount of catalyst to remove

excess oxygen with the only coproduct being carbon dioxide, which is captured. A patent application
covering this technology has been filed. The use of this technology would enable major industrial

polymer partners to substitute petroleum oil for vegetable oil in making plastic products.

Sesamol, an alternative to synthetic antioxidants for protection of omega-3 oils.

The use of omega-3 oil supplements and foods fortified with these oils has increased in recent years
because omega-3 oils have beneficial health effects, such as reducing the incidence of heart attacks and
inflammation, and in fetal brain development. However, omega-3 oils are easily catabolized by
oxidation and heat, requiring antioxidants to protect them from degradation. ARS researchers in Peoria,
Illinois, treated fish oil with sesamol, a natural compound found in sesame seed oil, to prevent oxidation
in an accelerated storage study in which the fish oils were subjected to heat and oxygen. Sesamol
demonstrated stronger antioxidant activity than the current and widely used, commercial synthetic
antioxidant, butylated hydroxytoluene (BHT), and the leading commercial natural antioxidant, rosemary
extract. Sesamol offers an inexpensive, food label-friendly alternative to synthetic antioxidants for

protection of omega-3 oils, and offers advantages over rosemary extracts, which contribute flavor, odor,
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color, and solubility issues associated with the resulting oil products. Industry has expressed an interest

in scaling up production for commercial distribution.

Near infrared-based detection of pits in cherries.

High-speed sorting of cherries to remove pits that were missed by the mechanical pitting machine is a
high-priority research area for the cherry industry. ARS researchers in Albany, California, used near-
infrared spectroscopy to identify pits in cherries with an accuracy greater than 99 percent. This optical
sorting device, based on reflection of light from a limited set of wavelengths and at high speed, has been
adopted by the U.S. cherry processing industry and can detect pits remaining in cherries after

mechanical depitting, thus reducing the potential for injury to consumers and subsequent litigation.

Bio-based sponges derived from tannery waste.

Due to fierce global competition, the American leather and hide industries need to produce novel
products from raw hides and recycled tannery waste to stay competitive. ARS researchers in
Wyndmoor, Pennsylvania, recently developed novel collagen sponges from hides and tannery waste that
have many unique properties desirable in medical applications. The sponges are widely used to stop
bleeding in surgery and as “scaffold” material in tissue regeneration. Collagen sponges can be generated
from untanned hides, limed hides, and delimed-bated hides, as well as tannery waste of limed splits and
their trimmings. This research is instrumental in helping the U.S. hides and leather industries diversify
by producing bio-based sponges, which have many high-value medical applications. A cooperative

agreement is being established with an industry partner to commercialize this technology.
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Accurate and rapid methods for assessing grain soundness.

The volatile organic compounds (VOCs) in soft winter wheat are responsible for odor and extrinsic
factors, such as fungal infestation and postharvest weathering, and as an indicator of overall grain
soundness. ARS scientists in Wooster, Ohio, profiled major VOCs in eastern soft wheats, and identified
five compounds (four alcohols and one aldehyde) that had variable profiles relating to grain maturation,
fungal infection levels, and spoilage organisms. The scientists developed these VOC profiles of wheat
grains into a rapid and accurate method that is being used by storage elevator operators, millers, and
USDA Agricultural Marketing Service grain inspectors for assessing grain soundness, fungal infection

levels, and postharvest spoilage.

Improved water-resistant, sustainable, bio-based glue formulations.

Improved water resistance in building materials, such as plywood, is of particular interest to
manufacturers because most protein-based glues currently in use exhibit poor water resistance. ARS
scientists in New Orleans, Louisiana, have discovered that including additives in cottonseed-based
protein glues improves adhesive performance. Both adhesive strength and water resistance are
improved by additions of small amounts of organic acids or phosphorous-containing compounds derived
from cotton processing waste materials. This water-resistant glue is being used in the development of a
new “green” building material made from commercial timber harvesting trimmings and waste in

collaboration with ARS and Mississippi State University scientists.
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New, rapid, and accurate cotton moisture measurement by microwave.

Moisture content of cotton fiber is an important fiber property, but it is currently measured via a
laborious, time-consuming, oven-drying method that has many performance issues. ARS scientists in
New Orleans, Louisiana, developed a moisture meter using a microwave that performs rapid, precise,
and accurate fiber moisture measurements. This microwave instrument, compared to two current oven-
drying reference methods, had better precision of moisture measurements with near 99 percent accuracy.
Also, the effect of the measurement method on the cotton fiber weight was minor, and long-term
stability was excellent. The microwave moisture method is viable and applicable for daily quality
control use. An extensive, multi-month, on-site trial of the instrument was performed by the USDA
Agricultural Marketing Service with favorable results. In addition, an international technology company

IS investigating potential food applications.

A potent, bio-based herbicide from toothpick weed.

Plants can be a rich source of novel and structurally diverse compounds that are effective and
environmentally safe herbicides. ARS scientists in Oxford, Mississippi, selected toothpick weed (Ammi
visnaga) for further study after screening nearly 2,400 plant extracts. Phytotoxicity-guided fractionation
of the extracts from the toothpick weed yielded two compounds, khellin and visnagin, whose herbicidal
activity was not previously known. Khellin and visnagin inhibited the growth of lettuce and duckweed;
also, both compounds reduced growth and germination of the weeds ryegrass, morning glory, foxtail,
and millet. The inhibitory activities of these compounds are similar to those of the commercial

herbicides acetochlor and glyphosate. These results support the potential of visnagin and khellin as
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bioherbicides or as lead molecules for the development of new bio-based herbicides. Commercial

manufacturers of herbicides are be apprised of this technology.

Sensing food contamination by hyperspectral imaging.

Commercial analytical laboratories traditionally rely on highly complex instrumental/chemical methods
for detecting contaminant levels; however, these methods are affected by operator skill and analysis time
that make them ill-suited for industrial food processing facilities. Near-infrared hyperspectral imaging is
a simpler technique that uses light wavelengths just beyond the visible light region to analyze food
products. ARS scientists in Beltsville, Maryland, developed a nondestructive spectral imaging method
to examine sources of contamination in food, such as mold in cereal grains or by deliberate adulteration
(e.g., melamine in milk powder). This work benefits manufacturers of food powders by offering a
method that is readily adaptable to industrial processing operations. Commercial adopters of this

technology are being sought.

Modification of hemoglobin improves its water clarification properties.

Hemoglobin can be used as a bio-based substitute for certain water treatment chemicals. The
performance of hemoglobin in this application is very good in clarifying water, but the water to be
treated must be slightly acidic for highest efficiency. ARS researchers in Wyndmoor, Pennsylvania,
modified hemoglobin waste from the U.S. poultry processing industry through a simple chemical
reaction that attaches alcohol molecules to specific sites on hemoglobin. The modified hemoglobin was
much more potent in water clarification and had a significantly reduced need for acidity. The modified

hemoglobin produced in this research is substantially more attractive as a bio-based water treatment
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chemical compared with unmodified hemoglobin. This bio-based water filtration material is being

tested by ARS water research scientists.

ANIMAL PRODUCTION AND PROTECTION

National Programs:

Animal Health, NP 103

Food Animal Production, NP 101

Aquaculture, NP 106

Veterinary, Medical, and Urban Entomology, NP 104

Understanding the genetics of a glycoprotein and its potential as a vaccine candidate for classical

swine fever.

A DNA codon is a series of three nucleotides that maintain the codes for specific amino acids, which are
the building blocks of proteins. Some amino acids have more than one codon, and some codons are
used more often than others. This tendency to use a particular codon can vary between microorganisms
and their animal hosts. ARS scientists in Orient Point, New York, determined that the E2 glycoprotein,

a determinant of virulence of classical swine fever virus (CSFV), had a similar codon usage bias as pigs,
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its natural host. They explored the effect of switching the native codons in E2 for less frequently used
codons. Their studies showed that the genetically altered CSFV no longer caused disease. Although
this phenomenon is still a subject of investigation, it is thought to occur because a changing codon
affects the ability of a gene to be expressed. Interestingly, when ARS scientists explored the potential
use of this phenomenon to generate a vaccine strain, they found that the altered virus was able to protect
animals against the disease. By using synonymous codons and not changing a single amino acid, this
potential vaccine leaves all natural antigenic epitopes intact. The benefits of producing vaccines using
these genetic alterations is that the antigenic profile of the virus remains intact, which is important for
inducing a protective immune response. Additionally, by changing the nucleotide composition, genetic

markers are now available that could be used to differentiate between vaccinated and infected animals.

A better understanding of the mechanisms and pathogenesis of foot-and-mouth disease in cattle.

Foot-and-mouth disease virus (FMDV) is the most infectious disease of animals and affects food
security in much of the world. Unfortunately, a key challenge in the control of FMDV is that 50 percent
of vaccinated cattle become persistently infected. Persistent FMDV infection in cattle is largely
responsible for the massive depopulation of animals because of the fear these animals, although
asymptomatic with no clinical signs, may spread FMDV and infect other animals. Very little is known
about the mechanisms that lead to this reinfection. ARS scientists in Orient Point, NY, found that the
divergence between carrier animals and FMDV-free animals occurs as early as 10 days after infection.
Microscopic localization of the virus indicated persistent infection of specific regions of the
nasopharyngeal mucosa. These findings provide new insights into paths that may be taken to develop

vaccines that could prevent animals from animals from serving as carriers of FMDV to unvaccinated
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animals. Having a vaccine to prevent FMD-persistent infections would support the implementation of a

"vaccine to live" strategy and eliminate the needless slaughter of vaccinated animals.

A better understanding of classical versus atypical bovine spongiform encephalopathy.

In 2006, a case of atypical bovine spongiform encephalopathy (BSE-H) was diagnosed in a cow with a
heritable genetic mutation in the bovine prion protein gene (PRNP). Unlike classical BSE, which is
caused in cattle that eat contaminated BSE material, it is thought that atypical BSE cases may occur
spontaneously in cattle due to genetic mutations in the PRNP. ARS scientists in Ames, 1A, conducted a
series of pathogenicity studies and showed that the survival time of the cattle with the genetic mutation
and inoculated with BSE-H was shorter (10 months) than cattle without the mutation (18 months). This
genetic effect was not observed when cattle with or without the genetic mutation were inoculated with
classical BSE. Their survival time was 26 months, regardless of whether or not the cattle carried the
genetic mutation. The results of these studies demonstrate that the genetic mutation associated with
atypical BSE exhibits a number of features that differ from classical BSE. Understanding the
association between this genetic mutation and BSE provides important information on the potential

public health risk of atypical BSE.

A better understanding of Marek’s disease.

Marek’s disease (MD) is a Herpes virus infection in chickens, and highly virulent strains continue to be
a problem on poultry farms. Recent interest in the role of the microbiome (i.e., the collection of
microorganisms that live in the body) in preventing diseases led ARS scientists in East Lansing, Ml, in

collaboration with Michigan State University scientists, to investigate the potential role of the
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microbiome in MD resistance. The results of this research showed differences in splenic T cells and the
cecal microbiome in two genetically distinct varieties of chicken, one that was resistant and the other
susceptible to MD. Interestingly, the composition of the microbiome was different between resistant
and susceptible birds. When MD virus was administered to the chickens, both bird varieties
demonstrated similar metabolic profiles, but there were differences between the two varieties in both
amino acid and lipid metabolism. These results provide insights into differences in the immune
response of MD-resistant chickens and potential interplay with the microbiome during infection with an
oncogenic virus. Information on the role of the microbiome in preventing diseases may be used in the

future to reduce the loss from MD.

Presence of vaccine-derived Newcastle disease viruses in wild birds.

The loss of ecological species barriers, which permits opportunistic pathogens to cause disease in
wildlife (i.e., animals that are not susceptible to an infectious agent provide a natural barrier for other
animal species), is a major factor influencing disease emergence in wild birds. ARS scientists in
Athens, GA, in collaboration with University of Georgia scientists, found vaccine-derived Newcastle
disease viruses (NDV) from different species of wild birds across four continents from 1997 through
2014. The data indicate that at least 17 species from 10 avian orders occupying different habitats
excrete vaccine-derived NDV. Examining the extent of spillover of live vaccines such as NDV from
poultry into wild birds is crucial because the downstream epidemiological consequences of such
spillovers are still unknown. Circulating live vaccine viruses could present additional risks such as
reversion to virulence and recombination with wild-type strains. In addition, the immune response of

wild birds induced by infection with vaccine strains may result in greater virulence. The finding of live
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attenuated NDV in other avian species provides important evidence that the use of these vaccines should

be monitored to assess their potential effect on the environment and the emergence of new viral strains.

A better understanding of avian viruses with zoonotic potential in Pakistan.

Significant economic losses from poultry death and decreased egg production have resulted from
infections caused by HON2 low-pathogenic avian influenza virus (LPAIV) across North Africa, the
Middle East, and Asia. This group of viruses has also caused sporadic infections in mammals, including
humans, and has been associated with some specific genetic changes that suggests increasing pandemic
potential. The HON2 LPAIVs have been endemic in Pakistani poultry since 1996, but no new viruses
had been reported since 2010. Because novel genotypes of Pakistani HON2 contain mammalian host-
specific markers, ongoing surveillance is essential to better understand any continuing public health risk.
ARS scientists in Athens, Georgia, in collaboration with Pakistani scientists, reported this year the
characterization of four new HON2 LPAIVs, three found in 2015, and one found in 2012. All of the
viruses tested in this study originated in the Middle East. Importantly, these viruses all contained
mammalian host-specific markers, suggesting that Pakistan avian HIN2 viruses have the capacity to
infect mammals. This information underscores the continued need to undertake surveillance in poultry
and mammals to monitor the spread of these and other influenza strains and understand the potential for

zoonotic infections.

Automated vaccine delivery system to improve biosecurity in poultry houses.

Traditional methods of vaccinating poultry often involve an operator entering the poultry house to spray

vaccine using a backpack-mounted device, which increases the likelihood of pathogens being

FY1le Page 189



FY 2016 Annual Report on Technology Transfer

inadvertently brought into the barn and thus, greater biosecurity risks. Although vaccines are often
added to poultry water supplies, contamination can also occur when this method of vaccination is used.
To solve these problems, ARS scientists in Mississippi State, MS, developed a new, fully automated
system for spraying vaccines inside poultry barns. The system triggers birds to drink from water
locations using changes in lighting. After the birds approach a water source, vaccine spray nozzles are
lowered from the ceiling and the birds are sprayed. The nozzles are strategically placed above the water
source to ensure the birds receive maximum coverage. The target is the animal’s eye area, where
scientists know that vaccines are easily absorbed, but birds will also pick up the vaccine through
preening and contact with other birds. The scientists compared the performance of the automated
system against a three-person vaccination crew with backpack sprayers using a combination of
infectious bronchitis and Newcastle disease vaccines. The results of blood samples taken from
automatically vaccinated flocks showed improved immune protection against the viruses compared with
the backpack method. In addition, biosecurity risks and the number of personnel required to vaccinate a

flock were also both reduced.

Detection of classical scrapie prions in the brains of goats.

Scrapie is a transmissible spongiform encephalopathy that causes fatal neurodegenerative disorders in
goats and sheep. Real-time quaking-induced conversion is a rapid, specific, and highly sensitive
detection assay used to detect low levels of abnormal scrapie prion proteins. Although this sensitive
assay has been used successfully to detect abnormal prion proteins in various tissues from humans and
animals, including sheep, tissues from goats infected with scrapie have not yet been tested. ARS
scientists in Pullman, WA, in collaboration with scientists at Washington State University, evaluated

whether abnormal prion proteins could be detected in the brain tissues of goats with scrapie using this
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sensitive assay and compared its performance with more commonly used prion-detection methods. ARS
scientists further optimized assay conditions for sensitive and specific detection of goat scrapie in
clinical animals. The results from these studies provided good discrimination between scrapie-infected
and normal goat brain samples. Importantly, these studies indicated that this highly sensitive assay was
at least 10,000-fold more sensitive than the commonly used prion detection methods for the detection of

scrapie activity in goat brain samples.

Using genomics to identify novel antimicrobials.

A critical need exists in animal agriculture to develop new antimicrobials and alternative strategies that
will help to reduce the use of antibiotics and address the challenges of antimicrobial resistance. High-
throughput gene expression analysis is providing new ways to enable the discovery of host-derived
antimicrobial peptides. One example of these peptides are the NK-lysins that were first described in
mammals and are also found in avian species. The peptides have been shown to have antimicrobial
activities that could potentially be used to control important poultry pathogens. ARS scientists in
Beltsville, Maryland, demonstrated alterations following chicken NK-lysin binding to coccidia and
Escherichia coli membranes, indicating damage and disruption of cell membranes, suggesting that NK-
lysin kills pathogenic protozoans and bacteria by direct interaction. DNA analysis revealed that chicken
NK-lysin peptides derived from certain genes were more effective at killing pathogens than those
derived from other genes, which could potentially result in certain genetic lines of poultry

being more resistant to diseases. Although these host-derived antimicrobial peptides may not by
themselves be able to replace the antibiotics currently used in animal production, their use as specific

treatments on the basis of their known mechanisms of action is showing promising results.

FY1le Page 191



FY 2016 Annual Report on Technology Transfer

Senecavirus A is one of the causative agents of swine vesicular disease.

Idiopathic vesicular disease in swine is a diagnosis made when none of the other pathogens known to
cause swine vesicular disease (e.g., vesicular exanthema virus, swine vesicular disease virus, vesicular
stomatitis virus, and foot-and-mouth disease virus) have been detected. Occasionally, an emerging virus
called Senecavirus A (SVA) has been detected in cases of idiopathic vesicular disease, raising the
possibility that SVA infection could cause vesicular disease in swine. For the first time, ARS scientists
in Ames, lowa, in collaboration with scientists at lowa State University, have been able to
experimentally induce clinical signs and gross lesions in nursery-age pigs inoculated with SVA,
demonstrating a causative relationship between SVA infection and vesicular disease in susceptible pigs.
This knowledge is helping animal health experts understand pathogenicity and disease transmission and

provide the means to test experimental vaccines that could be used to prevent the disease.

Rumen microbial community changes milk production efficiency.

The efficiency of conversion of feed to milk (production efficiency) is a major factor affecting how the
U.S. dairy industry impacts the environment, economics, and food supply of the country. Dairy cows
vary in milk production efficiency, but only part of the variation among cows is explained by cow
genetics. Dairy cows also have different communities of microbes in their rumens. In an effort to
determine how these differences affect production efficiency, ARS researchers in Madison, Wisconsin,
and collaborators performed near-total exchange of rumen contents between high- and low-efficiency
cows, and showed that these exchanges respectively decreased or increased milk production efficiency
of each cow for about 7 days before returning to their previous levels; additionally, after the rumen

digesta exchange, the species composition of the rumen bacterial community gradually returned to a
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composition similar to the original unique profile of each host cow. The results directly implicated the
rumen bacterial community as determinants of milk production efficiency. Improvement of milk
production efficiency with its concomitant decrease in environmental impact and improvement in farm
return over feed costs may be possible if factors controlling the rumen microbial community can be

optimized.

Identification of markers associated with susceptibility to liver abscesses.

Liver abscesses are found at processing in approximately 13 percent of cattle being fed high-energy
density rations, as this diet makes them more susceptible to infection from rumen bacteria that generate
acid conditions in the digestive tract. The acidosis and associated liver abscesses seldom result in
outward clinical signs, but they reduce carcass weight and quality and cost the processor $20 to $80 per
affected animal in lost revenue. The prevalence of abscesses will likely increase as the use of antibiotics
for promoting growth decreases. Also, because the abscesses are not outwardly detectable, there is a
need for alternate management practices to prevent them. ARS researchers in Clay Center, Nebraska,
identified 35 genetic markers associated with abscess susceptibility and detailed their study in a peer-
reviewed journal. These genetic markers may be useful in genetic selection programs to reduce the

incidence of disease.

Glucosamine supplementation during late gestation increases sow litter size.

Litter size in swine is a component of the efficiency of the breeding herd. Previous studies indicated

that glucosamine supplementation beneficially altered placental development, but subsequent studies on

commercial sows indicated that glucosamine had equivocal effects on litter size. ARS researchers in
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Clay Center, Nebraska, in collaboration with an industry partner, demonstrated that supplementation of
sow gestation diets with 20 grams (.7 ounces) of glucosamine per day during the last third of pregnancy
increased litter size by more than 1 piglet per litter born alive. The increase in litter size did not reduce
average birth weights or preweaning survival. Routine supplementation of sow diets with glucosamine
would contribute to improved reproductive efficiency in sow herds and improved profitability of swine

production.

Expanded national genomic evaluation service for dairy cattle.

Dramatic increases in the effectiveness of genetic selection in dairy cattle have been accomplished
through genomic analyses, but the process is ongoing and many more traits could be added. Control of
the dairy cattle national database and responsibility for routine delivery of genetic evaluations was
transferred from ARS in Beltsville, MD, to the Council on Dairy Cattle Breeding. A copy of the CDCB
database is maintained at ARS to allow expanded research on genetic evaluation development and
methodology, and CDCB employees interact with ARS on a daily basis. The arrangement allows
CDCB to continue expanding data collection and services to the dairy industry, while ARS staff focuses
on research. Projects completed jointly by ARS and CDCB include exchange of Holstein bull genotypes
with Switzerland (March 2016) and Japan (May 2016); genomic prediction of breed composition (June
2016); and expansion of genomic evaluations to Guernseys as a fifth dairy cattle breed (April 2016) in
cooperation with the United Kingdom and the Isle of Guernsey. The collaboration between ARS and
the dairy industry has produced a world-leading genomic prediction system and a vast database that
producers in about 50 countries now use routinely to accelerate genetic progress and select parents who

can produce healthier, more productive dairy cattle.
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A phytoestrogen produced by red clover reduces ammonia production in the rumen in steers.

Feeding high-quality protein to ruminants to improve growth efficiency is limited in utility because of
the degradation of amino acids by rumen microorganisms, which also increases the release of ammonia
to the environment. Reducing the excretion of ammonia would reduce the environmental impact of the
herd. Biochanin A, a phytoestrogen derived from red clover, inhibits hyper-ammonia-producing
bacteria that degrade protein and adversely affect amino acid profiles entering the small intestines. ARS
scientists in Lexington, Kentucky, conducted a grazing experiment with steers feeding on pastures of
mixed cool-season grasses. Adding biochanin A to a dried distillers grain protein supplement as part of
the animals’ feed significantly increased average daily weight gain over the pasture-only control
treatment. Additionally, Biochanin A inhibition of hyper-ammonia-producing bacteria increased
cellulolytic bacteria, which might play a role in increasing ruminal degradation of fiber. Biochanin A

benefits animal performance by improving the quality of digested protein and digestion of dietary fiber.

Altering forages improves nitrogen use efficiency.

The chemical composition of forages consumed by dairy cattle affects feed intake and milk production,
as well as the composition of manure and its impact on the environment. Improvements in the
efficiency of feed nitrogen use and reduced urinary nitrogen loss can reduce feed cost and the
environmental impacts of milk production. ARS researchers in Madison, W1, determined that feeding
polyphenolic-containing forages, such as birdsfoot trefoil and red clover, and tannin extracts to lactating
cows enhanced the efficiency of feed nitrogen use by the cow and reduced the excretion of urea in urine.

This, in turn, reduced losses of ammonia and nitrous oxide (the most potent agricultural greenhouse gas)
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from dairy farms. This information has been highlighted in important popular press outlets and was

featured in an international symposium, spurring ongoing tannin research internationally.

Identifying novel antimicrobials to target Clostridium perfringens, a poultry pathogen.

Clostridium perfringens is a major disease-causing bacterial pathogen in poultry, a source of food
poisoning and gas gangrene in humans, and which can cause mild to severe disease in pigs. Lessons
from Europe suggest that the coming FDA ban on the unrestricted use of antibiotic growth promotants in
animal feed will result in increased incidence of diseases associated with Clostridium, so alternative
strategies are needed against this pathogen. An ARS scientist in Beltsville, MD, has examined the
genomes of 43 Clostridium perfringens isolates from chicken, and identified bacteriophage (viruses that
infect bacteria) genomes embedded in the genomes of the bacteria. Hundreds of genes for putative
phage enzymes that disrupt bacterial cells were identified using molecular biological tools. Four of
these enzymes were tested and shown to Kill all 43 of the Clostridium perfringens isolates in lab assays
but did not have a deleterious effect on other Gram positive or Gram negative species tested. This is an
important step toward identifying novel replacements for antibiotic growth promotants that can be added

to poultry feed.

Public release of an improved goat genome assembly.

Genome studies in livestock species have made significant advances in eliminating deleterious
mutations and improving production traits difficult or expensive to measure. These studies were made
possible by the reference livestock genome sequence assemblies that were made in the preceding

decade, but further improvements would increase the utility of the genome sequences. ARS scientists in
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Beltsville, MD, and Clay Center NE, working in tandem with members of the National Human Genome
Research Institute, BioNano Genomics, Phase Genomics, and the PirBright Institute (based in the United
Kingdom) have used the latest long-read sequencing technology available at Clay Center to create and
release an improved reference genome assembly of the domestic goat. The assembly is more than 250
times better in contiguity (a key measure of quality and utility), when compared to the previous public
reference genome. The improved reference genome is supporting advances in genome analysis and

identification of biomarkers by ARS and collaborator scientists.

Discovery of genomic locations controlling number of milk glands in swine.

Litter size in commercial swine populations has increased steadily for the past decade; however, the
number of milk glands in the udder of sows has increased at a slower pace. The number of milk glands
in pigs is a heritable trait and has become economically important due to this imbalance. ARS scientists
in Clay Center, Nebraska, conducted a genome-wide association study for genes affecting the number of
milk glands in their commercial swine population. Thirty-three genomic regions were discovered that
affect the number of milk glands, representing 39 percent of the genetic variation present in a validation
population similar to contemporary commercial sows. The identification of genetic markers within
these regions will enable the swine industry to increase teat numbers in commercial populations and

reduce the need for cross-fostering and artificial rearing, which should improve piglet survival.

Online prediction of pork loin quality with the model VQG pork loin grading camera.

The National Pork Board is considering development of a pork grading system, and grading cameras can

accurately assess meat quality more consistently, thus reducing inherent variation in human subjective
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evaluation. ARS scientists in Clay Center, NE, in collaboration with Texas Tech University, determined
that loin color, marbling, water-holding capacity, and tenderness could be predicted with on-line
assessment of loins with the model VQG pork loin grading camera. This updated camera system is
based on a system that ARS helped develop, and the scientists are working with the pork industry to
incorporate its use into their operations. Implementation of this tool will allow the industry to identify

higher quality pork that could be marketed in a premium program.

Beef cattle breeds differ in feed efficiency.

Feed cost represents one of the highest variable input costs in beef cattle production systems. Selection
of animals able to grow faster or eat less feed or both (i.e., increased feed efficiency) could substantially
reduce producer costs. In addition to selection, utilization of breeds with high feed efficiency could
increase profit prior to selection strategies. Knowing which breeds have the greatest feed efficiency
could help producers in making their breeding decisions. ARS researchers, using data from the
germplasm evaluation program in Clay Center, Nebraska, derived differences in heifer and steer feed

intake and gain for 18 different beef cattle breeds.

Management options for lambs and meat-goat kids on pastures in the United States.

In the United States, lamb and meat goat production is growing rapidly to supply animals for many
ethnic markets. However, internal parasite control is a significant management challenge for producers.
ARS scientists in El Reno, Oklahoma, along with colleagues at West Virginia University, Michigan
State University, and Virginia Tech, finished lambs and meat goats on grass-clover pastures with and

without whole cottonseed supplement. Lambs and meat-goat kids given the supplements had improved
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weight gains and better tolerance to internal parasites. Combining cottonseed supplementation with an
internal parasite-resistant breed of lamb (Katahdin) and a selective deworming program of individual
animals resulted in the least number of dewormer doses given to animals. This information is useful for
producers looking to reduce reliance on dewormers for more sustainable production of lamb and meat

goats for niche markets in the United States.

Identification of a key metabolic change in pigs that reduces growth rate.

Slow-growing pigs result in a $90 million loss to the swine industry each year. The metabolic factors
responsible for poor postnatal growth rate in some normal birth weight pigs is not understood. ARS
scientists in Beltsville, MD, analyzed the metabolic activity of the livers from pigs with low growth rates
that demonstrated no changes in carbohydrate or normal fat metabolism. However, the expression of
genes associated with an unusual form of fat metabolism, lipid peroxidation, was discovered to have
increased in livers of slow growing pigs. This is significant because peroxidation results in damage to
cells that reduces growth and development, processes critical for growth in the young pig. This research
identifies a key change in metabolism in the slow-growing pig that will permit development of

nutritional and nutraceutical intervention to promote improvements in growth and well-being of these

pigs.

A genomics component for the Animal-GRIN information system.

Prior to development of the genomics component of the Animal-GRIN (Germplasm Resources

Information Network), the livestock research community did not have a mechanism to permanently store

genotypes derived from publically funded livestock genomics work. As a result, the long-term security
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of expensive data was at risk and it was difficult for other researchers to access and leverage this
information in other experiments. An ARS-led team developed a genomics component as part of
Animal-GRIN Version 2. With this component, it is possible for public sector researchers to enter their
genomic data into the database and for the community at large to have access to those genotypes. The
developed component also makes available, for the first time, the linkage and access to genomic,
phenotypic, management, and environmental information complete with a physical tissue sample from
the individual animal. This work opens up public data to a broad range of users so they have the

opportunity to leverage previous investments made in genotyping.

A hormone receptor that controls testicular function in boars.

Fertility of boars has an important impact on reproductive efficiency of swine herds. Most swine
producers in the United States mate sows using artificial insemination, requiring an estimated 30 million
doses of semen every year. There is a critical need to understand testicular function to develop methods
to improve semen production and quality. ARS researchers in Clay Center, NE, in collaboration with
researchers from the University of Nebraska, found that boars have a specific hormone receptor
(GnRHR?2) in special cell types within the testicle. When the receptor was activated, testosterone was
increased, which is a steroid important for sperm production. These results indicate a role for this
receptor in testosterone production and testicular function in boars. Because this research is basic to
understanding the physiology of the animal, more work is needed to fully understand the role of the

receptor in sperm production. Additional knowledge of that role could aid in improving boar fertility.
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Estrus-related fertility in estrous-synchronized beef cattle is mediated by uterine acidity.

Cows that demonstrate behavioral estrus during an ovulation-induction (synchronization) protocol have
greater fertility than cows that do not demonstrate behavioral estrus during this time. One mechanism
by which greater fertility occurs may be changes in uterine pH to improve sperm survival. To test this,
ARS researchers in Clay Center, NE, and South Dakota State University measured sodium/hydrogen
transporter gene expression (controls intrauterine pH) and uterine pH in the hours prior to artificial
insemination to examine their relationship to behavioral estrus and fertility. In cows that demonstrated
behavioral estrus, sodium/hydrogen transporter abundance decreased, whereas there was no change in
abundance in cows that did not demonstrate estrus. The findings demonstrated that decreased uterine
pH was associated with increased conception to artificial insemination, and with additional research,

may prove to be an important factor in the fertility of cows.

An early warning system for Rift VValley fever (RVF).

RVF is a devastating, mosquito-borne disease that affects both livestock and humans. Few opportunities
exist to validate or evaluate warnings and control measures in areas where the risk of transmission is
high. To better understand, validate, and evaluate the risk for transmission of RVF and other diseases
such as Zika and dengue, ARS scientists and several U.S. Government colleagues studied the potential
for outbreaks of this disease in Kenya and developed models based on key environmental signals.

Alerts produced by the ARS-developed outbreak warning system compelled the government of Kenya to
conduct a mass vaccination of domestic livestock, thereby possibly averting a major outbreak of the

disease.

FY1le Page 201



FY 2016 Annual Report on Technology Transfer

Evaluating pesticide application methods to control Zika vectors.

The capability of larvicide sprays to penetrate into buildings or through vegetation where mosquitoes
may be resting or hiding is not well known. ARS researchers in Gainesville, FL, in partnership with the
Florida Army National Guard, investigated the efficacy of liquid larvicide against mosquitoes that are
responsible for the spread of Zika, chikungunya, yellow fever, and dengue viruses. The scientists
compared spray applications of a larvicide that targets mosquitoes in a simulated urban environment to
mimic conditions in Florida, a hot-arid desert environment as one would find in California, and a dry-
season tropical environment typical in Thailand. Results indicated poor penetration into buildings and
vegetation in all three environments, even when sprayed at point-blank range. These field trials
demonstrate that it may not be possible to effectively control these mosquitoes with traditional methods,

but instead, they will require techniques and formulations that have not yet been tried or discovered.

Novel formulation of a vaccine against cattle fever.

Cattle fever is a devastating disease transmitted by cattle fever ticks. New technologies are desperately
needed to keep the United States free of cattle fever ticks because they are becoming resistant to
chemical treatment and new ticks are being brought into the United States on a variety of different
animal hosts. The first doses of a new anti-cattle fever tick vaccine were delivered to the Cattle Fever
Tick Eradication Program. This resulted from more than 5 years of cooperative research and
development among ARS researchers in Kerrville and Edinburg, Texas, and colleagues at several other
institutions. This new vaccine formulation is now being used in an integrated vector control program to

control the cattle fever tick.
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A new kit to identify fire ants.

The imported fire ant quarantine has been in place since 1958, regulating the interstate movement of
certain commodities in an effort to reduce the spread of imported fire ants. Rapid ant identification at
border inspection stations and ports is critical to facilitate trade and commerce. A significant problem is
that it is not always possible to identify fire ants because few specimens are collected and it is difficult
to identify native and imported ants by physical examination. Researchers with ARS in Gainesville, FL,
and their APHIS colleagues in Biloxi, MS, have developed a field-portable, rapid detection kit to
identify imported fire ants. The kit requires no special training or equipment and takes only 10 minutes
to confirm whether or not the ants are fire ants. APHIS plans to use the kits at interdiction sites to
enforce the quarantine. In addition, regulatory agencies from other countries are interested in adopting

the technology.

Using integrated pest management technology to control invasive cane.

Arundo cane is a non-native invasive plant species that is clogging portions of the Rio Grande River and
reducing border visibility. ARS researchers in Edinburg, TX, developed an integrated pest management
method to meet the needs of stakeholders along the Rio Grande River. The method integrates
mechanized topping of Arundo cane at 3 feet followed by a release of biological control agents, thus
providing immediate visibility of the international border for law enforcement agencies and, at the same
time, long-term suppression of Arundo cane. An additional benefit from this practice is that it allows
desirable native vegetation to thrive again in the treated area. This integrated pest management process
has been transferred to vegetation managers at the U.S. Border Patrol and is being implemented widely

on the Texas-Mexico border
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Ability of mosquito species to transmit diseases not currently present in the United States.

For a very long time, Japanese encephalitis virus (JEV) has been transmitted by mosquitoes in tropical
and subtropical regions of Asia. The transmission cycle involves domestic pigs and avian species that
serve as amplification hosts; humans are incidental hosts that cannot develop a high-titer viremia
sufficient to pass on to mosquitoes. In multiple Asian countries, people bitten by infected mosquitoes
can suffer from severe neurological problems. The potential introduction of JEV into North America is
a major threat to human and animal health. In this study, ARS researchers from Manhattan, Kansas,
collected Culex mosquitoes from fields around Valdosta, Georgia, that were shown to be susceptible to
JEV infection, suggesting the United States may be at risk of JEV transmission if the virus were to be

introduced.

Managing ammonia emissions from screwworm larval rearing media.

Mass production and release of sterile screwworms are essential to the successful eradication of
screwworms, an insidious and economically important pest in North America. The protein-rich diets
required for larval screwworms led to high ammonia levels within a mass rearing facility in Panama.
Addition of a combination of powder extract of Yucca and potassium permanganate resulted in lower
ammonia levels. Lower ammonia levels and elimination of formaldehyde in the mass-rearing facility
improves conditions for employees and results in a better quality of screwworms, the ultimate product of

the facility.
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Bed bug defensive secretions attract adult bed bugs.

Detection of bed bugs and monitoring for their presence are important first steps in any control strategy
aimed at controlling these blood-sucking insects, yet there is no monitoring device in widespread use.
Using a video tracking system, ARS scientists in Beltsville, MD, in conjunction with scientists at the
University of Maryland, demonstrated that chemicals produced by bed bugs that were previously
thought to be defensive secretions because they dispersed bed bugs, will actually attract adult male and
female bed bugs when released at low levels. This information will be useful for commercial

organizations that wish to develop cost-effective, reliable means of monitoring and detecting bed bugs.

Horn flies can spread Salmonella.

Insects have been implicated in the spread of microbial pathogens within livestock production systems,
and this is important from animal and human health perspectives alike. In cattle, peripheral lymph
nodes contaminated with Salmonella can be inadvertently processed along with the beef carcass,
resulting in tainted beef products. The bacteria may be introduced to cattle by biting arthropods. ARS
scientists identified the horn fly as a mechanical vector of Salmonella and demonstrated transmission of
the bacteria to cattle peripheral lymph nodes due to feeding by horn flies. Improved fly management
practices in livestock production systems are possible by using this knowledge to interrupt the horn fly

feeding cycle and decrease the likelihood of Salmonella in beef.
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Novel botanically based biting fly repellent.

Flies and other biting insects are annoying and potentially dangerous because of their ability to transmit
diseases to humans and livestock. ARS scientists in Lincoln, NE, discovered novel anti-feeding and
repellent compounds from a natural product, coconut oil. These compounds provided up to 2 weeks of
repellency against biting flies, and 1 week against bed bugs and ticks. The compounds also stop
mosquitoes from biting. Efficacy of these compounds is comparable, and in some cases better, than that

of DEET, the best biting insect repellent commercially available.

Gene silencing technology for mosquito control.

There are very few public health pesticides available for controlling medically important vectors such as
mosquitoes and sand flies. A novel approach to mosquito control is based on the technology that allows
the specific silencing of genes that are critical to survival of the insect species. This technology uses
double-stranded RNA (dsRNA) and the process of RNA interference (RNAI) to selectively silence gene
products (proteins) that debilitate the mosquito vector and prevent disease transmission. ARS scientists
and collaborators in Gainesville, FL, have demonstrated that targeted silencing of ribosomal proteins
RPS6 and RPL26 reduced fecundity more than 88 percent in Aedes aegypti mosquitoes for the first
oviposition cycle. Reduced fecundity continued through a second oviposition cycle, indicating a lengthy
effective period from one treatment. These studies indicate that target selection, dSRNA format, dose,
and tissue susceptibility are critical parameters that must be considered in the development of effective
RNA-based pesticides to control mosquito vectors. Selectively silencing the production of particular

proteins is an effective method for controlling mosquito vectors.
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Mosquito bite protection built in to U.S. Marine Corps uniforms.

The bite protection of permethrin-treated U.S. military combat uniforms is usually evaluated for 50 wash
cycles. This wash cycle end point was chosen on the basis of the expected life time of older, 100
percent cotton combat uniforms. The new combat utility uniforms for the U.S. Marine Corps are
composed of 50 percent nylon and 50 percent cotton and last longer than 50 wash cycles. ARS
researchers in Gainesville, FL, conducted bite protection studies of blouse and trouser uniform fabrics
washed up to 150 times. The blouses provided 95 percent or better bite protection after 120 wash
cycles, whereas the trousers fell below 95 percent after 50 wash cycles. These data establish that
uniforms remain intact after 150 wash cycles and for blouses, the treatment is very efficient at
preventing bites after 130 washes. This information will be used by the U.S. Marine Corps to better
understand the bite protection provided by permethrin-treated uniforms when they are washed up to 150

times.

Using genomics to improve disease resistance in rainbow trout.

Bacterial cold water disease (BCWD) of rainbow trout is a continuing challenge to the American
aquaculture industry, being responsible losses up to 39 percent in hatchery stocks. ARS researchers in
Leetown, WV, aimed to improve disease resistance in fish using genome-based breeding instead of
traditional pedigree-only breeding and have shown that the genome predictions are substantially better at
selecting traits that confer resistance to BCWD over successive generations of fish. Using this relatively
new process of genomic selection will likely reduce the amount of time, money, labor, and the number
of fish needed to achieve the same level of improvements. Applying a similar genomic selection

strategy to improve other commercially important animal traits, including resistance to other diseases,

FY1le Page 207



FY 2016 Annual Report on Technology Transfer

increased fillet yield, or improved carcass quality offers opportunities to increase farm productivity,
enhance product quality, improve animal welfare, and improve the overall sustainability of rainbow

trout production systems.

Evaluation of algal sources of omega-3 fatty acids to replace fish oil in trout feeds.

Fish oil is derived from capture fishes such as sardines and menhaden, and has been the traditional
source of omega-3 fatty acids in feeds for farmed fish such as trout. However, the limited availability of
fish oil from natural resources is currently limiting the expansion of aquaculture production, which aims
to provide healthy protein sources to a growing global population. ARS researchers in Aberdeen, ID,
determined the nutrient digestibility, palatability, and functionality of a number of new commercial
sources of algae that are high in omeaga-3 fatty acids. All algal products exhibited high digestibility of
omega-3 fatty acids, with no effect on feed intake, and minimal effect on feed manufacturing.
Identifying alternative sources of omega-3 fatty acids for aquaculture feeds that do not reduce
production efficiency or product quality, such as these algae, will decrease our dependence on ocean-
harvested fish and remove production barriers to increasing the availability and sustainability of this

heart- and brain-healthy protein source.

Improving the diet of commercial catfish.

Farm-raised catfish have the highest economic value of any domestic aquaculture industry; in 2013, 605
farms produced more than 350 million pounds of food-sized fish valued at more than $350 million. Fish
feeds constitute half the cost of production; therefore, understanding the nutrient requirements of this

fish is essential to maintain the competitiveness of this industry. Catfish feeds are plant-based and can
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feature high levels of phytate or phytic acid, a compound that binds iron and other minerals, making
them unavailable to fish. ARS scientists in Auburn, AL, and Stuttgart, AR, collaborated with colleagues
at Auburn University and demonstrated that coating feed with the enzyme phytase, which destroys
phytate, and could boost the uptake of iron and other key nutritional minerals. Scientists also showed
that fish given the phytase-treated diet had higher red blood cell and hemoglobin counts, increased
growth rates, and a greater ability to convert iron and other minerals in the digestive tract into useable
forms that can be deposited into the blood stream. Phytase is currently used in poultry and swine diets
to destroy phytate. These results suggest that phytase-amended diets could improve both the health and

production of farmed catfish.

An oral vaccine for enteric septicemia of catfish increases profitability.

Edwardsiella ictaluri is the causative agent for enteric septicemia of catfish, a highly fatal systemic
infection that is responsible for significant economic losses in the catfish industry. Researchers from
Mississippi State University in collaboration with ARS scientists in Stoneville, MS, conducted
commercial field trials with a previously patented oral vaccine to prevent septicemia. Vaccination was
shown to dramatically improve fish production, resulted in improved animal health and growth rates,
and in commercial fish farm trials increased gross sales by approximately $3,000 per acre for channel
catfish and $2,000 for hybrid catfish (i.e., a 30-percent to 50-percent increase over sales for non-
vaccinated fish populations). In 2015, more than 90 million fingerlings were vaccinated on 6

commercial operations.

FY1le Page 209



FY 2016 Annual Report on Technology Transfer

A DNA-based tool for managing trout production.

In salmonid aquaculture, family-based selective breeding programs rely on accurate pedigree
information for selecting the best breeding animals. In addition, breeding companies that provide eggs
to grow-out farmers need a way to trace a fish’s pedigree from the farm back to the breeding population
of origin to help resolve issues associated with suboptimal production. ARS researchers in Leetown,
WYV, developed a new, inexpensive DNA-based assay and demonstrated that it can be used to rapidly
and effectively analyze parentage with 100 percent accuracy and assign production fish back to their
population of origin with 97 percent accuracy. ARS has made this new assay available to Troutlodge,
Inc., the largest trout breeding company in North America, and it is currently being offered as a
commercial product by the Center for Aquaculture Technologies, Inc., an aquaculture biotechnology
company. This assay provides a means for breeding companies to trace fish genetics as part of a

strategy to resolve issues associated with suboptimal production efficiency.

New feed processing technology results in better water quality for fish farms.

Feeding fish with traditional feeds results in fecal particles that are very fine and difficult to settle or
remove by filtration in flow-through or recirculating aquaculture systems. Fish feeds are traditionally
held together in a pellet with carbohydrates. ARS researchers in Aberdeen, ID, developed a new method
that does not require carbohydrates. This new technology, which has been patented, results in fish
producing larger and more durable feces that can be more easily removed from the water, thus
improving water quality by reducing nutrients in the effluent. Adoption of this new processing

technology will enhance the water quality of aquaculture production.

FY1le Page 210



FY 2016 Annual Report on Technology Transfer

Using genetics to improve the eastern oyster for commercial production.

Improving the eastern oyster through genetic manipulation is expected to make it more economically
feasible to produce on a commercial basis. ARS scientists in Kingston, RI, and their collaborators
conducted field trials to evaluate the growth, mortality, and yield of six mass-selected oyster populations
at five farm sites with varied environmental conditions. Significant genetic and environmental
interactions were detected for mortality and yield, and peak mortality at each site coincided with the
most prominent oyster pathogen at that site. Selected varieties generally performed best at their native
site, and some varieties exhibited above average performance at multiple sites. Characterization of
interactions between oyster varieties and the environments in which they are raised will enhance current
breeding efforts that aim to increase production efficiency and profitability of shellfish farming while

improving the quality and availability of shellfish products to United States consumers.

Fish meal in hybrid striped bass diets can be replaced with high-protein, low-antigen soy varieties.

Replacing fish meal as a protein source in fish feeds has the potential to reduce an aquaculture farmer’s
reliance on fish meal and increase the availability of farmed fish products. ARS researchers in Stuttgart,
AR, and collaborators at several institutions [University of Arkansas (UA) at Pine Bluff, UA at
Fayetteville, ARS Trout-Grains Project, Hagerman, 1D, and the U.S. Fish and Wildlife Service Fish
Technology Center, Bozeman, MT] previously conducted nutrient digestibility studies in hybrid striped
bass using three novel varieties of non-genetically modified soybeans containing higher protein and
lower anti-nutritional factors than traditional soybean. Recently, these varieties were used to replace all
the fish meal in a typical commercial hybrid striped bass feed in a performance trial to assess growth,

body composition, intestinal health, immunological response to soy antigens, and resistance to disease.
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Results indicate that fish meal can be entirely replaced by high-protein, low-antigen soybean meals

when formulated on an available amino acid basis and supplemented with limiting amino acids.

Sire strain affects blue x channel catfish progeny performance in commercial settings.

Hybrid catfish created by mating blue and channel catfish are the preferred fish produced by the U.S.
farm-raised catfish industry, which relies primarily on the D&B and Rio Grande strains of blue catfish.
ARS scientists in Stoneville, MS, examined the influence of blue catfish sire strain (D&B versus Rio
Grande) on hybrid catfish embryo production and fingerling performance under commercial hatchery
conditions. Average testis weight, an indicator of reproductive efficiency, was higher in Rio Grande fish
compared with that of D&B fish. However, D&B hybrids exhibited higher rates of mean survival,
production, and growth efficiency compared with Rio Grande hybrid catfish fingerlings reared in
earthen ponds. This research demonstrates the potential of exploiting genetic differences between

strains to increase production on commercial farms.

Genetic diversity of Flavobacterium psychrophilum isolates from the United States determined by

multilocus sequence typing.

Bacterial cold water disease (BCWND) is a frequent cause of freshwater-farmed trout loss, and genetic
diversity of the pathogen is poorly understood. ARS researchers in Leetown, WV, in collaboration with
scientists at the College of Veterinary Medicine, Michigan State University, and French National
Institute for Agricultural Research, identified 96 isolates of F. pyschrophilum recovered from rainbow
trout, coho salmon, and Chinook salmon that originated from 9 States. Multilocus sequence typing (a

molecular technique used to characterize DNA sequences) was used to identify 34 types of the bacteria
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that clustered into 5 groups. A specific sequence was commonly associated with BCWD outbreaks on
rainbow trout farms. This information improves our understanding of genetic diversity and strains
associated with bacterial disease outbreaks, which will help direct the development of targeted vaccines,

and improve a farmer’s ability to select disease-resistant rainbow trout.

Atlantic salmon can be raised to market weight in land-based systems using sustainable diets.

The use of alternative protein sources in fish feed continues to increase as concerns persist surrounding
the availability and cost of using ocean-harvested fish as protein and oil in fish feed. Furthermore,
commercial farms are beginning to use land-based systems that recirculate water and allow production
of market-size Atlantic salmon with less disease and without perceived negative effects on the marine
ecosystem. Researchers at The Conservation Fund's Freshwater Institute in Shepherdstown, WV,
showed that a novel fishmeal-free diet fed to Atlantic salmon in recirculation aquaculture systems
resulted in greater waste production, but equal salmon growth, feed conversion, and survival compared
with a traditional fishmeal-based diet. These findings were adapted to larger scale salmon production,
for which ARS provided the first evidence that Atlantic salmon can be effectively raised to market size
while consuming a fish meal-free diet in a commercially relevant land-based system. This research
provides strategies for infrastructure and rearing that are expected to increase Atlantic salmon
production efficiency, alleviate environmental impacts of fish that escape land-based farms, and reduces

reliance upon capture fisheries.
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NATURAL RESOURCES AND SUSTAINABLE AGRICULTURAL SYSTEMS

National Programs:

Agricultural System Competitiveness and Sustainability, NP 216
Water Availability and Watershed Management, NP 211
Climate Change, Soils, and Emissions, NP 212

Pasture, Forage and Rangeland Systems, NP 215

Biorefining, NP 213

Agricultural and Industrial Byproducts, NP 214

Risk assessment tool for landscape management.

Rangelands are vulnerable to soil erosion, runoff, and other damaging environmental processes, and
prediction technologies are critical for managing rangeland resources. ARS scientists in Tucson, AZ,
developed the Rangeland Hydrology and Erosion Model (RHEM) tool to evaluate and illustrate how
different rangeland conditions can affect the risk of excessive rangeland runoff and soil erosion. Users
can program this Web-based tool to run alternative scenarios for a particular rangeland site, including a
user-defined “baseline” scenario, optimal scenarios, or alternative scenarios. The program uses the
baseline scenario for a specific site to project low, medium, high, and very high yearly erosion rates and

then produces comparable estimates for other scenarios. This tool will greatly facilitate the development
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of formal Ecological Site Descriptions used by the Natural Resources Conservation Service, Forest
Service, and Bureau of Land Management to characterize the hydrologic and vegetation functions of

land resources, particularly for grazing lands.

New software helps prioritize sites for dam rehabilitation.

More than 11,800 flood-control dams have been constructed across the United States since 1948. Many
are nearing the end of their planned life span of 50 years, and some need rehabilitating to ensure their
continued functionality. ARS, Kansas State University, and the Natural Resources Conservation Service
(NRCS) developed and released Windows Dam Analysis Modules (WinDAM C), a Common
Computing Environment (CCE)-certified software that incorporates algorithms developed by ARS
scientists for predicting embankment dam failure because of internal erosion and embankment
overtopping. This technology is designed to help dam-safety engineers in NRCS, the Tennessee Valley
Authority, the Federal Energy Regulatory Commission, and other Federal and State agencies identify
embankment dams that are in the most urgent need of repair and rehabilitation. Dam experts in Brazil,

Spain, and the United Kingdom have also expressed interest in using WINDAM C.

Center pivot irrigation helps rice producers reduce water use and expand production.

Traditional U.S. rice production includes flooding rice fields for much of the growing season, but soil
type and topography limit where flood management can be used. Following up on earlier research, ARS
researchers at Portageville, MO, and collaborators demonstrated that center pivot irrigation schedules

could be successfully adapted for rice production on coarse-textured soil characterized by high water
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infiltration rates. Rice is a food staple in much of the world, and these results will help rice producers

optimize center pivot irrigation to reduce their water use on coarse soils.

Drought-, salt-, and boron-tolerant crops extend water resources by using alternative, lower

quality water resources.

Extreme drought conditions increase the importance of identifying drought-, salt-, and boron-tolerant
plants that can grow in saline soils and adapt to irrigation with degraded water supplies. But continuing
droughts can increase soil saline content via groundwater contamination, so even tolerant plants will
require good quality water to offset the increased salinity in the growing environment. Working in
California’s San Joaquin Valley, ARS scientists conducted field trials with mustard, poplar-tree clones,
and Opuntia cactus to assess how drought impacts plant health in this environment. They found that
excessive drought exacerbates the challenge of developing sustainable production systems with plants
that can tolerate saline soils and irrigation with degraded waters. The use of alternative drought-, salt-,
and boron-tolerant crops is, however, essential as an alternative farming practice for growers who have

limited high quality water in the Western United States.

Water capture and sub-irrigation can help offset crop water needs associated with climate change.

Midwest U.S. climate change projections indicate that crop water deficits will increase and adversely
impact production. Sub irrigation, in which water is captured from crop fields and subsequently
delivered to the plant root zone from below the soil surface, could help offset these water deficits. ARS
researchers in Columbus, Ohio, and colleagues used historical sub-irrigated field crop yield data to

determine an overall estimate of future northwest Ohio sub-irrigated field crop yield increases, based on
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climate projections for 2041 to 2070. They found overall field corn yields rising from an actual value of
20 percent in 1996-2008 to an estimated yield of between 27 and 30 percent in 2041-2070, while field
soybean yields were estimated to improve from 12 percent in 1996-2008 to around 20 percent for 2041-
2070. These findings suggest that as drought becomes more frequent, using agricultural water capture
and sub-irrigation systems to boost crop yields could provide a viable climate-adaptation strategy to help

sustain agricultural production.

New "'blind™ inlet conservation structure design reduces pesticide runoff.

Conventional tile risers improve agricultural productivity by draining excess water from low spots such
as potholes, but they also increase pesticide levels in runoff. ARS scientists at West Lafayette, IN,
conducted a 6-year field study conclusively demonstrating that blind inlets can reduce pesticide losses in
runoff. Blind inlets reduced atrazine losses by 57 percent, alachlor losses by 58 percent, metolachlor
losses by 53 percent, and glyphosate losses by 11 percent. These findings demonstrate that blind inlets

can enhance water conservation efforts by reducing pesticides and sediment in drainage runoff.

Variable rate irrigation management saves water.

Crop water requirements can vary within a single field because there can be considerable variation in
soil properties and plant characteristics. Variable rate irrigation (VRI) technology applies irrigation
water at variable rates at specific sites within a single field. ARS scientist at Stoneville, MS, conducted
a 2-year field study in the Mississippi Delta to compare VRI management with conventional uniform
rate irrigation (URI) management. They found that VRI yield was equivalent to URI yield, but VRI

management reduced irrigation water use by 25 percent. Irrigation water use efficiency for soybean and
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corn under VRI was 25 percent and 27 percent higher, respectively, than in URI water use efficiency.
These findings indicate VRI management could be used to conserve irrigation water supplies in humid

production regions.

The GOES Evapotranspiration and Drought (GET-D) Product System.

The GOES (Geostationary Operational Environmental Satellite) Evapotranspiration and Drought (GET-
D) Product System passed Operational Readiness Review by the National Oceanic and Atmospheric
Administration (NOAA) in January 2016 and became operational June 6, 2016. The GET-D system is
based on remote-sensing approaches initially developed by ARS scientists in Beltsville, MD. It will
produce daily maps of evapotranspiration (ET) and an associated Evaporative Stress Index (ESI) over
North America at an 8-km spatial resolution. These routine ET and ESI products will be used within
NOAA'’s drought monitoring and land-surface modeling programs and additionally disseminated
through the National Integrated Drought Information System (NIDIS). This project is an example of
multi-agency collaboration in which ARS models transitioned to operational production at NOAA. It
was funded in part by NASA’s Applied Sciences program (see

http://www.0spo.noaa.gov/Products/land/getd/).

Integrated remote sensing system maps crop growth at field scales.

Crop growth information can help farmers in scheduling irrigation, fertilization, and harvest. Local
farmers provide USDA'’s National Agricultural Statistics Service (NASS) with weekly reports on crops
and conditions at the State and district levels, but ground data collection is time consuming, highly

localized, and produces inconsistent data quality. While remote sensing can provide timely and
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consistent large-area coverage, standard products based on only one satellite lack either the spatial or
temporal resolution needed for robust monitoring at field scale. ARS scientists at Beltsville, MD,
developed an integrated remote-sensing system to map crop growth using remote-sensing data from
multiple satellite platforms. Near-daily vegetation indices at 30-m spatial resolution were produced for
monitoring crop progress and condition. Further, these time-series datasets were used to deduce key crop
growth stages (e.g., emergence, maximum green-up, and harvest) over agricultural landscapes. This
information is critical for monitoring the growth and development of crops and will be used by NASS to

provide improved in-season monitoring of domestic agricultural production.

Watershed planning tool simplifies finding sites for conservation practices.

Siting conservation practices can be ineffective and costly because current watershed models do not
adequately simulate processes associated with gullies, wetlands, and riparian buffers in the context of an
agricultural watershed. ARS scientists at Oxford, MS, collaborated to release the watershed planning
tool AnnAGNPS v5.44, which contains enhanced gully, wetland, and riparian buffer components for
developing integrated conservation management practice watershed plans. The AnnAGNPS watershed
modeling tool helps evaluate the potential of conservation practices for reducing pollutants on a
watershed scale, which helps watershed conservation managers determine the most cost-effective

locations for conservation practices.

New approach sustains water resources for irrigation.

The Lower Mississippi Valley, one of the most intensively irrigated agricultural landscapes in the

country, is where 65 percent U.S. rice and 20 percent of United States cotton is produced. However,
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irrigation demands have rapidly depleted groundwater across the alluvial valley. ARS researchers
developed a novel approach to supplement Mississippi groundwater resources for irrigation using a
combination of stream capture, bank filtration, and groundwater injection. The concept would
supplement groundwater recharge by using subsurface technology to capture water from a major river,
using bank filtration to improve water quality, and transferring the water to a region of critical
groundwater decline, where it will be injected where it is most needed. Stakeholders have strongly
supported this approach, and a pilot project will be constructed in 2017. Results from this project could

become a major component in solving increasing water demands in the lower Mississippi valley.

Less expensive regional water and soil salinity assessments aid water and land management

during drought.

Soil salinity reduces the productivity and profitability of farmland in arid and semi-arid regions, and is
particularly problematic during droughts. Satellite remote sensing is one of the only feasible methods
for assessing agricultural productivity, water consumption, and soil salinity at regional scales. ARS
researchers in Riverside, CA, developed new capabilities for regional-scale assessments, including (i)
new satellite remote-sensing techniques for mapping root zone salinity at regional scales; (ii) a
simplified methodology for mapping soil salinity at field-to-landscape scales; and (iii) new techniques
for incorporating satellite-based estimates of evapotranspiration and groundwater storage changes into
land-surface models. The new salinity maps and remote-sensing techniques should help in assessing and
mapping water use and soil salinity at regional and State levels, which are essential for identifying and
understanding drivers and trends in water use and salinity and for developing management plans and

mitigation strategies. The cost-effective methodology can be used by government agencies; international
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partners with limited resources; and water and land resource managers, producers, agriculture

consultants, and extension specialists.

Improved Soil and Water Assessment Tool (SWAT) supports next-generation Conservation

Effects Assessment Project (CEAP).

CEAP has a mandate from the Office of Management and Budget to evaluate the effectiveness of U.S.
conservation programs and policies, and SWAT models are a key part of that effort. The new SWAT+
model has enhanced features that facilitate incorporating larger national-scale datasets and assessing
local connections among landscape and water features. These features include national climatic and
crop management data; a detailed stream network and water feature data that are under review; and the
use of aerial photography to conduct a nationwide survey of more than 15,000 sites with conservation
practices and/or gullies. All of these data and models are being released online as they become

available.

Improving soil moisture satellite processes for enhanced land and water management.

Accurate soil moisture remote sensing is crucial for providing soil moisture data globally at a spatial
resolution that supports a wide range of agricultural, hydrologic, and climate applications. The Soil
Moisture Active Passive (SMAP) mission is a National Aeronautics and Space Administration (NASA)
satellite mission launched in 2015 that can potentially meet this need. During FY2016, ARS scientists
played a critical leadership role in providing ground-based testing and algorithm improvements needed
to ensure sufficient soil-moisture retrievals. They led a ground and aircraft validation campaign around

the Walnut Gulch Experimental Watershed near Tombstone, AZ, during the 2015 summer monsoon to
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collect ground truth data for satellite soil-moisture retrievals. Data analysis in 2016 enabled SMAP

algorithm revisions for monitoring soil moisture in semi-arid domains, such as the southwestern United
States. This will improve the understanding of climate and weather dynamics in a drought prone region
of significant interest to the U.S. Department of Agriculture and the National Oceanic and Atmospheric

Administration.

Remote monitoring of water stress in wine grape.

U.S. wine grape production is a $5 billion industry. Mild to moderate water stress optimizes wine grape
fruit yield and quality, but precision irrigation management is hindered by the lack of a reliable method
to easily quantify and monitor vine water status. ARS researchers in Kimberly and Parma, 1D, used
canopy temperature measurements and artificial neural network modeling to calculate the crop water
stress index (CWSI) of two wine grape varieties managed with deficit irrigation. They found that daily
CWSI was consistently different between deficit irrigation amounts, irrigation events, and rainfall,
indicating that the neural network model predicted water stress. This methodology has been incorporated
into a wireless network for two vineyards to provide daily CWSI values. These data will be used to
verify that this irrigation management is resulting in measurements of optimal water stress levels more

frequently and more easily than traditional manual wine grapevine water stress measurements.

Recent tree die-off has little effect on streamflow.

Over the last two decades, beetle infestations have killed billions of trees and affected millions of acres

of forest in the Rocky Mountains. Many of these forests are at the headwaters of rivers vital to western

U.S. water supplies. ARS scientists in Tucson, AZ, collaborated with others to measure and compare
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annual streamflow following tree mortality with 25 to 40 years of pre-mortality streamflow. Scientists
observed only small overall changes, including both increased and decreased streamflow. They found
dieoff reduces the amount of precipitation intercepted by forest canopy and taken up by plant roots,
which increases precipitation contributions to streamflow, and it also increases snow sublimation and
evaporation, which reduces precipitation contributions to streamflow. These results are consistent with
recent studies of forest hydrologic processes and indicate that streamflow from forested headwaters is
resilient to tree die-off. Ongoing research to predict the net effect of these trade-offs will improve water

supply prediction and inform adaptive management of forested watersheds.

Agricultural residues improve bioreactor nitrate removal at low temperatures.

Nitrates lost from crop fields via drainage are a significant agricultural pollutant. In the Upper
Mississippi River Basin, nitrate losses from agricultural fields are highest in spring when temperatures
are low and flow rates are high. These factors slow the rate at which nitrate is biologically removed by
woodchip-based bioreactors via microbial denitrification. ARS scientists in St. Paul, MN, and Ames,
IA, compared how effectively wood chips and crop residues (corn cobs, corn stover, and barley straw)
removed nitrates in early spring (1.5°C) and summer (15°C). The nitrogen removal rates for agricultural
residues, which contain higher bacterial populations, were higher than for woodchips. Residue removal
rates were much lower at the colder temperature, suggesting that dissolved carbon availability limited
denitrification. Policymakers, engineers, and field technicians can use these results to design

denitrifying bioreactor management that enhances nitrate removal.
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A new modeling framework for watershed simulations.

Assessing how watershed dynamics are affected by a range of environmental and anthropogenic
variables requires the ability to integrate and model biophysical responses, environmental problems,
policies, economic activity, and subsurface and surface watershed datasets. A team of ARS scientists at
El Reno, OK; Bushland, TX; Temple, TX; and Texas A&M University in College Station, TX, linked
the Soil and Water Assessment Tool and Modular Three-Dimensional Finite-Difference Groundwater
Flow models to improve hydrologic and water quality simulations in the surface and groundwater
domains. They developed a new application tool called SWATmf and found it generated simulated
streamflow and groundwater levels that generally agreed with observations. These results indicate
SWATmf can be used for simulating surface and groundwater interactions. The integrated modeling
framework is expected to improve watershed-scale model simulations and provide a modeling platform
that resource managers can use to better understand linked surface-subsurface hydrologic processes and

associated transport phenomena under time-variant conditions.

Improved mapping for variable-rate irrigation.

Variable rate (or precision) irrigation offers the potential to improve the efficiency of center pivot
irrigation. Variable rate irrigation systems are commercially available, but they are not widely used
because producers need better tools to develop irrigation application maps. Scientists in Florence, South
Carolina, found that generating maps using remotely sensed corn-canopy data resulted in maps that were

similar to maps generated with more labor-intensive methods that involve soil water monitoring devices.
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These findings could be used by farmers, consultants, and industry in managing variable-rate irrigation

systems, reducing labor costs, and conserving water.

Pharmaceuticals accumulation in wheat irrigated with reclaimed municipal wastewater.

Because of increased water-supply demands, wastewater treatment plant (WWTP) effluent is often used
to irrigate agricultural lands. Emerging contaminants such as pharmaceuticals and personal care
products (PPCPs) are frequently found in effluent due to limited removal during WWTP processes. An
ARS scientist and partners analyzed the uptake of three antibiotics (sulfamethoxazole, trimethoprim, and
ofloxacin) and the anticonvulsant carbamazepine in wheat plants that were spray irrigated with WWTP
effluent. Very low levels of each compound were found on most plant surfaces. Ofloxacin was found
throughout the plant with higher concentrations in the straw and much lower concentrations in the grain.
Very low levels of trimethoprim were only found on grain or straw surfaces, while much lower levels of
sulfamethoxazole and carbamazepine were concentrated within the grain. These findings demonstrate
that very low levels of PPCPs can be taken up into plant tissue and adhere to plant surfaces when
WWTP effluent is spray irrigated. The results will be used to safely increase water supplies by showing
that some drugs found in wastewater used for irrigation accumulate mainly in the non-edible portions of

the wheat.

Strip-tilling sugar beet maintains yield and increases infiltration.

About half of U.S. sugar comes from sugar beet. ARS researchers in Kimberly, Idaho, compared sugar

beet production between strip tillage and conventional tillage under full and deficit irrigation. Sugar

yields were similar for both tillage practices under all irrigation amounts. However, strip tillage is $50
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to $75 less expensive per acre because of lower tillage costs and increased water infiltration. Using strip

tillage can reduce production costs and increase irrigation efficiency while maintaining sugar beet yield.

Soil temperature effects successfully modeled.

Irrigated crops consume a large portion of freshwater resources, but irrigation can result in yields that
are up to four times larger than yields from non-irrigated crops. Producers need information about crop
water use to improve irrigation management, but crop water use is linked to many factors, including how
much the soil beneath a crop is sunlit or shaded. Scientists from ARS laboratories in Bushland, TX,
Beltsville, MD, and Ben-Gurion University of the Negev, Israel, developed and tested a new
mathematical model that improves estimates of soil sunlight and shade beneath a row crop. These
improved estimates can increase the efficiency and cost-effectiveness of irrigation water management,

increase crop yields, and help conserve freshwater resources.

Reducing bias in evapotranspiration reference maps.

Accurate information about daily reference evapotranspiration (ET) is needed for efficient water
management from field to regional scales. To meet this need, scientists at National Oceanic and
Atmospheric Administration (NOAA) use data from non-agricultural weather networks to develop daily
reference ET maps for the contiguous United States. These maps can help improve models of water
demand and availability. ARS scientists from Bushland, TX, NOAA, the U.S. Geological Survey, and
Texas A&M AgriLife Research used data from the agriculture-based Texas High Plains ET network to
evaluate the accuracy of the NOAA reference ET maps. Results showed that the NOAA reference ET

values were generally higher than observed values from the Texas High Plains ET network. These
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findings suggest that NOAA may need to add a correction factor for air temperature and wind speed data

to increase the accuracy of its reference ET maps.

Grass strips do not contribute to riparian restoration of agricultural headwater streams.

Planting grass filter strips is a common agricultural conservation practice that is believed to help restore
riparian habitats. It is critical to understand how these grass filter strips affect the riparian structure and
function of agricultural streams to determine if this management helps restore riparian habitats adjacent
to agricultural headwater streams, particularly degraded sites. ARS researchers studied the effects of
grass filter strips and determined they did not significantly differ from unplanted riparian habitat in
structure and function. They also found that forested riparian habitats had more structural diversity and
functional levels, such as lower water temperature, greater organic matter, and species diversity, than
herbaceous riparian habitats. These results indicate that planting grass filter strips does not help
conserve and restore riparian habitats adjacent to channelized agricultural headwater streams. Action
agencies can use this information to modify policies and approaches for managing riparian habitats

adjacent to agricultural streams and enhancing natural resource conservation

Multi-objective model calibrations using water balance.

Automated procedures are often used to provide fits between hydrologic model estimates and observed
data, but they may not accurately represent the basic hydrologic characteristics of the watershed itself.
ARS researchers at Tifton, Georgia, worked with collaborators to develop a method that included
discharge and individual water balance components to evaluate criteria for calibrating hydrological

models. Their findings indicate that using statistical measures to simulate discharge dynamics and
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magnitude does not result in a reasonable simulation of the hydrological system and that the range of

water balance components can be constrained to achieve a more realistic simulation.

Energycane: a successful bioenergy feedstock for Louisiana.

A successful bio-based economy will require the sustainable production of high quality biomass crops.
ARS scientists conducted a 5-year study in southern and northern Louisiana and obtained energycane
yields ranging from 12 to 23 tons of dry biomass per acre using minimal management (no irrigation
water and reduced tillage practices). Energycane was available for industrial conversion from August to
March each year. These results demonstrate that Louisiana can reliably produce high yielding and

sustainable feedstocks for potential bioenergy industrial partners.

Soil profiling and subsurface imaging using seismic surface waves.

Non-invasive soil profile measurement and subsurface soil imaging are important for agricultural
applications such as measuring soil mechanical and hydraulic properties, detecting soil layers such as
plowpan and fragipan, and evaluating soil surface erosion (surface crusting/sealing). ARS scientists in
Oxford, Mississippi, and collaborators developed a technique to non-invasively measure one-
dimensional soil profiles and two-dimensional images of subsurface soil in the vadose zone. This
technique assesses shear wave velocity associated with soil strength, water content, and water potential.
The method has been successfully applied to study how soil responds to seasonal and weather
conditions, detect plowpan and fragipan, and evaluate surface crusting/sealing. Natural resource
managers can use this tool to improve soil conservation efforts and assess soils for potential crop

protection.
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Spring frost protection in cranberry farms.

Irrigating cranberries is key to preventing spring bud damage, but this requires large quantities of water.
Scientists at University of Massachusetts and ARS evaluated a water-conserving irrigation method to
determine its effectiveness in protecting cranberry buds from spring frost. They found the new
technology uses from 35 to 77 percent less water than conventional irrigation and is equally as effective

as conventional irrigation in frost protection.

Enhanced-efficiency nitrogen fertilizers can reduce nitrous oxide emissions.

A portion of the nitrogen fertilizer that is applied to crop soils can be lost as nitrous oxide gas, which is
also a potent greenhouse gas. ARS researchers in Kimberly, ID, monitored greenhouse gas emissions
from a silage corn—barley—alfalfa rotation that received a stabilized urea fertilizer (SuperU) or
conventional granular urea in the spring, or dairy manure in the fall or spring. They found that SuperU
reduced nitrous oxide emissions by 52 percent when corn was grown, but nitrous oxide emissions were
not reduced when barley was grown. In all cases, nitrous oxide emissions from the soils were less than 1
percent of the applied nitrogen. However, nitrous oxide emissions were slightly higher when manure
was applied, but the season of application did not impact the amounts emitted. This work demonstrates
that SuperU can reduce nitrous oxide emissions from selected (i.e., corn) irrigated cropping systems in
the semiarid Western United States, which can help reduce greenhouse gas emissions from agricultural

operations.
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Increasing soil carbon sequestration and reducing carbon dioxide emissions with conservation

tillage.

Financial constraints and the lack of long-term research projects have limited studies of soil carbon
sequestration rates and other changes in soil chemical properties under long-term conservation and
conventional tillage. ARS scientists at Florence, SC, created a 34-year tillage and crop management
experiment on sandy soils. They found that it took a few decades to accumulate a significant amount of
topsoil organic carbon, but that over the 34-year study, conservation tillage resulted in a net
accumulation of about 7 metric tons per hectare of soil organic carbon, compared to conventional tillage.
During the 34-year course of this experiment, 25 metric tons of carbon dioxide equivalents per hectare
were sequestered. These results affirm that conservation tillage management can benefit United States
producers by increasing soil organic carbon content and reducing greenhouse gas emissions from

agricultural production.

The Greenhouse Gas Reduction through Agricultural Carbon Enhancement network

(GRACERNet) project.

While U.S. agriculture has historically been a significant source of greenhouse gas (GHG) emissions,
agricultural soil management practices have been developed and are under continued development that
curtail these emissions. As a result, it has been demonstrated that many U.S. agricultural soils now
sequester significant levels of the GHG carbon that might otherwise have been emitted into the
atmosphere. The primary objective of GRACERnet is to identify, develop, and improve agricultural
practices that will enhance carbon sequestration in soils, promote sustainability, and provide a sound

scientific basis for carbon credits and related environmental markets. Major GRACEnet products
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include establishing field/laboratory measurement protocols; creating a standardized Excel data entry
template; developing software for data entry quality control; creating a web-accessible
GRACERnet/Resilient Economic Agricultural Practices (REAP) database with field measurements, site
characterization data and land management information; and the publication of over 800 journal
articles/book chapters with project results. GRACEnet data have increased the accuracy of soil GHG
emission estimates reported in the U.S. national GHG inventory and have been used to develop factors
imbedded in decision-support tools to quantify the GHG benefits of improved management practices. In
addition, GRACEnet data have been used to validate the underlying models used by the NRCS
COMET-Farm decision- support tool, a program agricultural producers can use to calculate how much

carbon their conservation actions can remove from the atmosphere.

Improved nutrient management for reducing nitrous oxide emissions.

Strategies have been proposed for reducing nitrous oxide emissions by modifying different aspects of
nitrogen fertilizer management. These modifications have included altering application rates and
changing the source/type of nitrogen fertilizer and/or the timing or placement of nitrogen fertilizers.
Studies have shown that modifying only one of these components by itself does not consistently reduce
nitrous oxide emissions. ARS scientists in Saint Paul, MN, conducted field studies over two corn
growing seasons to examine a variety of nitrogen fertilizer management combinations that altered the
fertilizer rate, application timing, and/or use of microbial inhibitors. They found that management that
involved multiple changes (split fertilizer application schedules, microbial inhibitors, and a reduced
nitrogen fertilizer application rate) was able to decrease nitrous oxide emissions. These results
demonstrate that many changes to conventional farming practices will be needed to effectively reduce

nitrous oxide emissions.
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Earthworms play important roles in soil ecology.

Earthworms are responsible for a number of important processes in soil modification and
restructuring—they decompose surface litter, move organic matter from the surface down into the soil,
digest and decompose soil organic matter, and create tunnels that alter soil porosity. Earthworms are
often divided into functional groups based on their feeding and burrowing behaviors, and it is assumed
that all species within each functional group will have similar effects on soil organic matter. ARS
researchers in Beltsville, MD, found that certain earthworm species within these functional groups
affected these processes differently. For example, some species within each functional group had
different impacts on soil microbiological activity, the incorporation of surface litter into soil organic
matter, and changes in the abundance of soil bacteria and fungi. These effects varied according to the
specific earthworm species, highlighting the need to incorporate species information into studies on
earthworms and soil organic matter. These results will be useful to soil ecologists and may lead to
strategies for managing earthworms and other soil biota in improving the sustainability of

agroecosystems.

Crop residue improves fall precipitation capture.

In the Mediterranean-type climate of the Pacific Northwest, thick layers of crop residues are often left
on fields at harvest, but they are not effective in preventing significant amounts of evaporation over the
summer fallow period. Historically, these residues are often removed or tilled into the soil. Using
weighing lysimeters, field plots, and samples from farmers’ fields, ARS researchers at Pendleton, OR,
learned that residue cover approaching 100 percent is very effective at improving deep penetration and

storage of early fall rains. Residue cover of less than 50 percent, however, was much less effective, and
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moisture from small rain events would often evaporate completely. Since small rain events are very
important to wheat yields in semi-arid areas, this information has encouraged farmers to develop ways to
maintain residue cover and to plant through higher levels of residue cover and to abandon management
practices that remove residue from the field. In addition to yield increases, these practices will help

protect soil quality and provide improved climate resilience.

Integrated remote sensing for retrieving field-scale leaf area index.

Leaf area index is a key parameter used in land surface flux estimates, water resource management, and
crop growth monitoring. Current coarse resolution leaf area index tools (at the kilometer scale) are
sufficient for global, continental, and regional-scale applications. Agricultural field-scale applications,
however, require leaf area index with both high spatial and temporal resolution. ARS scientists in
Beltsville, MD, have developed an automated mapping method for leaf area index that generates a 4-day
time-series of a 30-meter leaf area index. This method was tested over central Nebraska from 2002 to
2012 and showed promise for using data from current satellites to generate frequent map leaf area
indices at field scales. This approach demonstrates potential for crop modeling at field scales, which is
information needed by the National Agricultural Statistics Service for crop condition monitoring and

yield estimates.

Fungi increase drought tolerance in wheat.

Abiotic stresses, particularly drought, reduce wheat grain yields in many semiarid regions of the world.

However, in the inland Pacific Northwest of the United States, patches of green and vibrant spring wheat

have been observed to grow in the midst of wheat stunted by severe water stress, even during periods of
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extreme drought. This growth was supported in part by plant interactions with arbuscular mycorrhizae
(AM), which allowed wheat to accumulate greater amounts of limited water. ARS scientists in Pullman,
WA, determined that drought appears to have enhanced AM relationships with wheat, which suggests

that inoculating seeds or soil with AM fungi may help increase grain yield during drought.

Continuous cropping systems increase soil carbon and reduce carbon dioxide emissions.

Most cropping systems in the Pacific Northwest dryland production region are losing soil organic carbon
over time. Soil conservation requires the development of productive farming systems that also preserve
soil carbon. ARS researchers in Pendleton, Oregon, used field experiments and models to measure and
predict how different cropping system options affect soil carbon. They found that using no-till
management in continuous winter wheat production increased soil organic carbon and also reduced
carbon dioxide emissions. These results will encourage the development and adoption of continuous
winter wheat cropping systems, improve soil quality, and reduce greenhouse gas emissions from

agricultural production.

Cattle play a major role in grassland ecosystem nutrient cycling.

ARS researchers in Ft. Collins, CO, and Colorado State University collaborators studied the effects of
cattle excrement patches on nitrous oxide and methane fluxes in both cool-season pastures and warm-
season native rangelands in a northern Colorado shortgrass steppe ecosystem. Measured nitrous oxide
emissions from manure nitrogen were substantially lower than the default emission values established
by the Intergovernmental Panel on Climate Change (IPCC) for manured pasture. These findings suggest

that IPCC default values significantly overestimate nitrous oxide and methane emissions from both the
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shortgrass steppe native rangeland and cool-season pasture during drought. This indicates the need to
improve IPCC simulations to increase the accuracy of its estimates of agricultural contributions to

greenhouse gases.

Soil physical structure is a key factor in greenhouse gas emissions.

Understanding the processes that control greenhouse gas (GHG) emissions is critical for developing
mitigation practices to reduce these emissions from agricultural activities. ARS researchers in Saint
Paul, MN, evaluated the factors influencing GHG emissions rates under field and laboratory conditions.
The data showed that 72 percent of the variability was explained by soil physical properties, which
suggests that the soil physical structure is the major factor in determining the GHG emission potential of
a particular soil. These results are significant for farmers and policymakers and will assist scientists and

engineers in developing improved models for predicting net GHG emissions.

Plants and growing media affect soil carbon dynamics.

There has been little work on how plants growing in urban areas (~148 million acres) mitigate climate
change via carbon storage. ARS scientists grew three common ornamental shrubs (cleyera, Indian
hawthorn, and loropetalum) in containers using three potting substrates: pinebark (industry standard),
clean chip residual (a forestry operations byproduct), or WholeTree (another forestry operations
byproduct). After one season, the plants were transplanted into the landscape and soil carbon dioxide
flux was monitored by an automated carbon dioxide efflux system (ACES) for 1 year; plant growth and
soil carbon were also measured. The scientists found that soil carbon dioxide flux was not affected by

plant type or substrate. However, they noted that pinebark plots had higher soil carbon levels, indicating
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that it decomposed more slowly and has greater soil carbon storage potential than the two alternative
substrates. These results indicate that urban landscapes have a large carbon storage potential that could

help mitigate climate change.

Wind erosion and climate change in the Pacific Northwest.

Warmer and drier climates predicted for the coming decades could impact agriculture and wind erosion
in the Pacific Northwest. PM1o, microscopic particulate matter less than or equal to 10 microns in
diameter, is often a respiratory risk and is of particular concern in the Pacific Northwest. This is because
PM31o emissions from agricultural lands can cause elevated atmospheric concentrations of the particulates
that at times exceed National Ambient Air Quality Standards. ARS scientists at Pullman, Washington,
and University of Idaho collaborators simulated climate change impacts on wind erosion and emissions
using state-of-art climate forecasts and wind erosion technologies. They found that, even with the
projection of a warmer climate, wind erosion and PMyo emissions in the Pacific Northwest are predicted
to decrease by 2050, largely as a result of enhanced biomass production that will protect the soil from

erosion.

Humic products support the growth of corn roots.

Humic product vendors often claim their products promote crop root growth, which would enable crops
to take up water and nutrients more quickly and potentially contribute to soil carbon stocks and erosion
control. But there are no formal data to support these vendor claims, so ARS researchers in Ames, lowa,
measured corn root growth in highly controlled studies over 3 consecutive years to determine if the use

of humic products affected growth. In most cases, root length increased with product application by at
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least 15-20 percent by the final sampling time, with most of the root growth stimulation occurring later
in the growing season. Proportional increases in root biomass were the same as or greater than root
length, which suggests that the roots became denser or thicker as a result of the product applications.
Initial findings that long-term applications of humic products improve soil physical properties suggest
that humic products might give farmers an option for mitigating the detrimental effects of intensive

agriculture on soil health.

Soil & Water Assessment Tool (SWAT) model measures how winter cover crops affect water

quality.

Resource managers need to know the extent to which winter cover crops can affect water quality
throughout an entire watershed. As part of the Conservation Effects Assessment Project (CEAP), ARS
scientists in Beltsville, MD, used the Soil & Water Assessment Tool (SWAT) model to evaluate the
effect of winter cover crops on reducing nitrate loads into the streams within Maryland’s Choptank
River watershed. Their results indicated that SWAT showed promise as a management tool for
evaluating these impacts and for assessing cover crop impacts on improving water quality. These
findings suggest that the validated SWAT model can be used by agricultural producers and regulatory
agencies throughout entire watersheds and basins for assessing how winter cover crop production

improves water quality.

Corn residues harvest changes soil hydrology and soil aggregation.

Reducing or eliminating tillage is recommended when crop residues like corn stalks are harvested.

However, information is lacking on whether conservation tillage strategies are sufficient to protect soil
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resources when residues are aggressively harvested. ARS researchers in Morris, Minnesota, and
collaborators compared soil aggregation and water infiltration in fields with and without tillage, and
with no residue harvest or maximum residue harvest. Soils in tilled fields were more exposed to wind
and water and had reduced ability to capture rainwater. Fields managed without tillage captured and
stored more rainwater when residue covered the soil. This work will aid producers, energy industry, and

action agencies balance the pros and cons of harvesting crop residues such as corn stalks for bioenergy.

Amending soils with biochar affects herbicide stability and activity.

Biochar is a coproduct that results from the conversion of plant material to biofuel via pyrolysis.
Amending soils with biochar may increase soil nutrients and water holding capacity, but field
application of biochar may also have unintended consequences for other crop management practices,
such as how well herbicides work. ARS researchers at Brookings, SD, and university collaborators
examined how biochar application affected the availability of the herbicides atrazine and 2,4-D in soil
and how biochar affects the speed of plant germination. Soils amended with biochar produced from
corn stover, switchgrass, and Ponderosa pine retained 5 to 10 times more herbicide than untreated soils,
with only modest differences due to biochar type. Plants that are typically affected by these herbicides
germinated more rapidly when biochar was present. These data indicate that amending soils with even
small amounts of biochar can increase herbicide retention in soils but at the same time reduce the
herbicide’s potential effectiveness against weeds. Site-specific biochar applications may be needed to

obtain optimal benefits without compromising other agronomic practices.

FY1le Page 238



FY 2016 Annual Report on Technology Transfer

Cover crops affect the soil microbiome.

Cover crops are used in sustainable agricultural systems to suppress weeds, scavenge nutrients, and add
organic matter to the soil. Some cover crops can also supply nitrogen to subsequent cash crops. Cover
crops have been shown in past studies to affect soil microbiomes, but results varied depending on which
cover crops were used and if they were incorporated into the soil or left on the surface. ARS researchers
in Beltsville, MD, examined how the selection and management of eight different cover crops affected
soil microbiomes. They found that cover cropping increased soil microbial biomass and that different
cover crops had different impacts on the soil microbiome. Oat and rye cover crops increased arbuscular
mycorrhizal fungi (AMF), which improve water and nutrient uptake in many crop plants, while hairy
vetch increased fungi other than AMF. These results support efforts to evaluate the use cover crops to

manage the soil microbiome and enhance soil health.

Arbuscular mycorrhizal (AM) fungus increases tomato yields.

Arbuscular mycorrhizal (AM) fungi improve water and nutrient uptake in many different plants. Ina 7-
year study, ARS researchers in Wyndmoor, PA, found that adding AM fungi to tomato seedlings
increased average yields by around six percent at an average cost of less than a penny per plant. These
results indicate that AM fungi may provide tomato producers with a cost-effective way to increase

tomato vyields.
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Rising temperatures linked to rising carbon dioxide levels will reduce rice yields.

ARS scientists in Beltsville, MD, studied a wide range of commercial and wild rice germplasm (e.qg.,
varieties) to evaluate the impact of increased temperatures and higher concentrations of atmospheric
carbon dioxide on rice yields. All the rice varieties in the study responded to rising carbon dioxide
levels with reduced seed yields, and increased temperatures caused a more severe impact. However, the
scientists observed that some wild rice varieties were less affected by these conditions than the
commercial varieties. This suggests that some wild rice varieties may contain genes that could be used
to develop robust commercial lines that can be better adapted for food production under changing

climate conditions.

Adding biochar to soil as a management strategy.

The benefits of biochar for improving soil health may depend in part on its interactions with soil
microbes. This is because there is growing evidence that biochar can be degraded by soil microbes and
that it also modifies microbial abundance, community composition, and activity. ARS researchers in
Fort Collins, CO, and collaborators in China studied different rates of biochar addition to soils and found
that 90 percent of biochar added to soil remained in the soil after 30 months, no matter how much
biochar was initially incorporated into the soil. They also observed links between biochar decay rates
and soil organic carbon levels, which suggests that soil microbes use biochar as a carbon source only
after supplies of accessible soil organic carbon are exhausted. These findings suggest that typical

biochar field application rates benefit the soil microbial community and that biochar additions will decay

very slowly in soils — even those that lack continuous inputs of fresh soil carbon.
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Less nitrogen fertilizer needed for optimum sugar beet yield.

Nitrogen management is critical in sugar beet production to optimize overall crop yield and the amount
of sugar that can be extracted from the beet. Current nitrogen fertilizer recommendations for sugar beet
in Idaho are 7 pounds of nitrogen per ton of beet. ARS researchers in Kimberly, 1D, and cooperators
used 14 site-years of data to determine that current nitrogen requirements for Pacific Northwest sugar
beet production could be reduced 14 to 29 percent and that producers could achieve maximum sugar
yield if they apply an average of 4.5 pounds of nitrogen per ton of beet. These new recommendations

will provide farmers with significant cost savings and reduce nitrogen losses to the environment.

No-till increases crop residue harvest sustainability.

Crop residues like corn stover perform important functions that promote soil health and provide
ecosystem services that influence agricultural sustainability and global biogeochemical cycles.
However, harvesting corn stover for livestock feed, bedding, and cellulosic ethanol production has been
rising and is expected to increase. In a 4-year study, ARS scientists in Brookings, SD, evaluated how
corn residue removal from a no-till corn-soybean rotation affected crop yields, greenhouse gas (GHG)
fluxes, and net global warming potential. Corn and soybean grain yields were not significantly affected
by residue removal. Residue removal did not significantly affect GHG fluxes from corn; however,
significantly higher nitrous oxide fluxes (107 percent) were observed in soybean when crop residues
were removed. All field plots were a net source of methane throughout the study. Soil organic carbon
increased in both treatments during the study, but lower accumulation rates were observed in plots
where corn residue was removed. Since all plots had net soil organic carbon gains, both treatments

exhibited negative net global warming potential. These findings indicate that no-till management and
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biennial corn stover harvesting under local agronomic and climate conditions do not increase global
warming potential. However, they also suggest that repeated corn residue harvesting may increase
nitrogen loss from fields as nitrous oxide emissions. These data fill specific knowledge gaps for life

cycle analyses of regional bioenergy cropping systems.

Hydrology drives nitrogen loss from sandy southeastern soils.

Strip tillage helps conserve soils and is generally considered an effective method for reducing surface
runoff, erosion, and related losses of nitrogen, which is an agricultural pollutant of concern. However,
ARS scientists at Tifton, GA, found that strip tillage facilitated increased subsurface flows, and this
increased flow resulted in an overall twofold increase in nitrogen loss. Conventional tillage resulted in
greater surface runoff losses, but strip tillage resulted in greater subsurface losses. Much of the
subsurface flow occurs from January through April, when soil saturation is high and evapotranspiration
rates are low. Nitrogen losses were largely due to the effects of tillage type on hydrologic routing, not
from the amount of nitrogen in the runoff. This study demonstrates that although reduced tillage is
effective at reducing surface runoff and erosion, it introduces new challenges for nutrient management

because it can lead to enhanced infiltration that may lead to increased nitrogen losses in subsurface flow.

Crop rotations for soil fertility and sustainable agriculture.

Developing sustainable crop rotations requires understanding complex relationships between soils,
crops, and yield. To better understand these relationships, scientists at the North Central Agricultural
Research Laboratory in Brookings, SD, measured how simple and complex crop rotations (including

row crops, annual forages, and perennial forages) affected soil characteristics, corn and soybean growth,
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and grain yields. Rotating corn cropping with wheat or alfalfa produced a higher corn grain yield than a
simple corn/soybean rotation, although seed nitrogen concentration was only significantly greater in
rotations containing alfalfa. Treatments that included alfalfa rotations resulted in soybean seed yield
increases of around 10 percent and seed protein concentration increases of around 3 percent. The alfalfa
rotations may have increased soil nitrogen levels that in turn resulted in increased seed yields and seed
nitrogen levels. These findings suggest that alfalfa cropping could increase soil nitrate levels and allow
northern Great Plains farmers to reduce nitrogen fertilizer rates by 45 percent and still maintain yields in
some rotations. Maintaining crop yields while reducing nitrogen fertilizer application rates would
increase farm profitability and reduce nitrogen loss from farm fields. These findings provide greater

insight into how cropping systems affect agroecosystem function and response.

Long-term crop rotation and tillage impacts on corn, grain sorghum and soybean.

Long-term cropping system, tillage, and nitrogen fertilizer studies are essential for understanding
production potential and yield stability of corn, grain sorghum, and soybean in rain-fed environments.
ARS scientists in Lincoln, NE, conducted field studies in the western Corn Belt to evaluate how
different tillage practices, crop rotations, and nitrogen fertilizer affect grain yield. Their findings
suggest that across a wide range of weather conditions, corn and soybean production is more affected by
crop rotation than by tillage management. Results indicate that using two- and four-year crop rotations
in rain-fed environments can result in high-yielding, more stable corn, grain sorghum, and soybean grain

production, compared with shorter rotations or continuous cropping under no-tillage.
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Visual soil structure evaluation helps assess sugarcane production sustainability.

Increasing global demand for biofuel has accelerated land-use change in Brazil, primarily through
sugarcane cultivation on degraded pastures. ARS scientists in Ames, IA, collaborated with visiting
scientists from Brazil to evaluate the potential of using Visual Evaluation of Soil Structure (VESS) to
assess how sugarcane production practices affect soil health and soil quality. Based on a scale of 1 to 5
(1 being best) the average VESS scores for native vegetation, pasture, and sugarcane were 2.0, 2.7, and
3.1, respectively, and the VESS scores accurately reflected laboratory measurements of soil physical
properties. This suggests that VESS scores can be reliable indicators of soil structural quality in tropical
soils. A VESS score of 3.0 is suggested as a warning point for changing current management to

practices that enhance soil quality and structure in Brazilian soils used for crop production.

Manure affects atrazine degradation more than antibiotics.

The routine use of herbicides in grain production systems where soils are also amended with manure
will result in the co-application of veterinary antibiotics (VAs) and herbicides to field soils. ARS
scientists conducted a laboratory study and found that breakdown of the herbicide atrazine was
somewhat reduced in experimental soils containing two VAs, sulfamethazine and oxytetracycline. But
atrazine breakdown was significantly reduced in experimental soils containing both manure and VAs.
This suggests that other manure components had a greater inhibitory effect on atrazine breakdown than
the VAs. Additional soil microbial ecology assessments indicated manure amendments had a much
more significant impact on soil community structure than VAs. These findings suggest that VA residues

in land-applied manure are unlikely to alter atrazine fate in soil, and that herbicide persistence will not
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be greatly affected by land application of manures that contain VAs when manure is used as a fertilizer

source.

A new tool for metagenomics data management.

The advent of next-generation sequencing has led to a dramatic increase in metagenomics analyses of
microbial populations. These analyses range from vastly different environments (e.g., from soils to the
human digestive system) and are being conducted by a variety of different researchers. However,
current analysis platforms do not support convenient storage, standardization, or normalization protocols
needed for efficient technology transfer and cross-study analyses. ARS scientists in Fort Collins, CO,
developed myPhyloDB, a new Web-based local server that provides an easy-to-use graphical interface
for storing metagenomics data in a SQL database and that allows users to standardize, normalize, and
analyze data from multiple projects. The standardization, normalization, and analytic capabilities of
myPhyloDB add new functionality to the DNA-sequence-processing capabilities of Mothur, the most
widely cited bioinformatics program (4,000+ citations). The first version of myPhyloDB has been
downloaded or distributed via CD-ROM to more than 60 users who work in fields ranging from soil

microbial ecology to human health and nutrition.

Dedicated energy crops and crop residues for bioenergy feedstocks in the Central and Eastern

United States.

Bioenergy feedstock production in an agroecoregion must have a limited impact on the production of
major crops while providing adequate and reliable feedstock supplies. ARS scientists in Lincoln, NE,

concluded that Corn Belt production will benefit from major breeding advancements for perennial
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grasses, biomass sorghum, and the agronomic management of corn stover for cellulosic biomass. In this
region, adding perennial grasses into current agricultural systems reduces nutrient escape from fields to
surface and ground waters, reduces greenhouse gas emissions, and increases soil carbon sequestration.
In the Southeast, breeding advancements have been made in feedstocks including energycane, biomass
sorghum, and napiergrass. Energy crop production provides unique opportunities for cultural change,
operational diversification, and increased biodiversity on the agricultural landscape, but it needs to be

profitable and must fit into existing farming operations.

Quantifying hydrogen and odor emission from animal systems.

Hydrogen sulfide gas from swine manure slurries represents a health risk and odor nuisance, and
increasing the use of dried distillers’ grains with solubles (DDGS) in swine diets has contributed to
increasing levels of hydrogen sulfide emissions. ARS scientists in Ames, IA, conducted an animal
feeding trial that investigated how sulfur levels and sulfur sources in swine diets affect hydrogen sulfide
emissions. They found that increasing sulfur levels in swine diets significantly increases hydrogen
sulfide emissions and odor and that diets enriched with sulfur amino acids also increase sulfur odor
emissions. Another study demonstrated that the composition of animal feed can increase hydrogen
sulfide and odor emissions. Information from these studies will help growers, engineers, and regulatory
officials develop guidelines for alternative diets with reduced sulfur levels, which will help reduce

noxious hydrogen sulfide emissions.
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Offsetting greenhouse gas emissions associated with biofeedstock production.

Perennial grasses are a potential bioenergy feedstock, and nitrous oxide emissions associated with their
production must be balanced by the amount of carbon they sequester in the soil. An ARS researcher in
Morris, MN, compared nitrous oxide emission and soil carbon storage between grasses grown with
legumes or with nitrogen fertilizer under different management scenarios. Findings indicate that
beneficial soil carbon levels increased under perennial grass production but that nitrogen fertilizer
management needs to be refined to optimize grass production while minimizing nitrous oxide emissions.
This work will help producers, agronomists, and energy industry meet crop production goals while

reducing emissions related to nitrogen fertilization.

Electronic nose sensors can be used to detect odors from biosolids.

Gas monitoring tools such as electronic nose sensors are a promising approach for applications where
rapid and automated detection of specific gases or patterns of gases are required. They can also be used
to discriminate between air samples containing complex compound mixtures. However, little
information is available on using sensor arrays to monitor the processes involved with the treatment and
use of biosolids, which are used as an alternative fertilizer source. ARS scientists in Beltsville, MD,
conducted studies to examine the feasibility of using electronic nose sensors to explore their ability to
detect key odors and to discriminate between treated biosolids that were stabilized with various amounts
of lime. The electronic nose sensors were able to discriminate the different alkaline (e.g., lime) dosages
used to stabilize the biosolids. Their results were very similar to results obtained with sophisticated
analytical instrumentation, but the analytical instruments could detect the gases at much lower

concentrations. These findings can provide important information on the use of commercially available
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electronic nose technologies to increase the effectiveness of biosolids treatment programs and help

resolve odor complaints when biosolids are applied to agricultural fields.

Yield predictions vary among potato crop models.

Crop models are frequently used to predict the impact of climate change on agricultural yield. Several
models have been developed for each major crop commodity, but model predictions may vary because
each model uses different assumptions. ARS researchers in Beltsville, MD, conducted an international
study of crop modeling and included nine potato crop models. They found that simulated tuber yields
significantly varied among models, and that this variation increased when the study focused on rain-fed
locations when compared to irrigated potato production locations. Increased air temperature was the
climate variable with the strongest association to yield variability. Successfully forecasting how
changing climates affect crop yields requires understanding why estimates vary, and these findings can
help crop modelers, climate change researchers, and agricultural policy planners improve climate impact

assessment tools and develop adaptation strategies.

Positive effects of carbon dioxide on crop growth vary with temperature.

ARS researchers in Beltsville, MD, conducted an international study using 13 to 26 crop models for
wheat, corn, and rice to assess the effects of increasing temperature and carbon dioxide on crop vyield.
These simulations identified a cutoff point at which the positive effects of increased carbon dioxide
concentrations on crop yield could compensate for potentially negative effects of rising temperature on

crop yields. The research is useful to climate change researchers who use and interpret crop models and
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policy experts who use results from simulation models to adapt agricultural practices to changing

climate conditions.

Novel microbes lower cost of cellulosic ethanol production.

Developing cost-effective cellulosic ethanol production is difficult in part because of the expensive
cellulolytic enzymes needed to break down biofeedstock before it can be converted into fuel.
Researchers are also studying ways to manage inhibitory compounds that can result from fermentation
and slow the conversion of biofeedstock to cellulosic ethanol. ARS scientists in Peoria, IL, worked with
partners to develop a new yeast strain with a unique cellulolytic enzyme that efficiently breaks down
biofeedstock, shows resistance to inhibitory compounds, and eliminates the need to add other enzymes
to the production process. The scientists assessed the efficiency of this yeast strain in converting
pretreated rice straw into cellulosic ethanol and obtained a production rate of 36.7 grams per liter in 36
hours with a conversion efficie