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There are eight U.S. Department of Agriculture (USDA) agencies that work on invasive species issues: the Agricultural Research Service (ARS);  Animal Plant Health Inspection Service (APHIS);   Cooperative State Research, Education and Extension Service (CSREES);  Economic Research Service (ERS);  Farm Service Agency (FSA);  Foreign Agricultural Service (FAS);  USDA Forest Service (FS) and Natural Resources Conservation Service (NRCS). 

Previous USDA Do No Harm Reports cover: (1) fiscal year (FY) 2004 activities; (2) FY 2005 activities for ARS, APHIS, CSREES, ERS and NRCS (first report dated October 2004); (3) FY 2005 activities for the Forest Service (report dated February 2005); (4) FY 2006 activities for ARS/NAL, CSREES, ERS, NRCS and USFS (report dated March 2007);  (5) FY 2006 activities for APHIS (report dated August 20, 2007); FY 2006 activities for ARS (report dated September 22, 2007); and FY 2007 activities for APHIS, ARS,ARS/NAL, APHIS, CSREES, ERS, FAS, FS and NRCS (report dated 20 March 2008); and FY 2008 activities for APHIS, ARS, ARS/NAL, APHIS, CSREES, ERS, FAS, FS and NRCS (report dated March 3, 2009) .  

This is the ninth “USDA Do No Harm Report” to the Invasive Species Advisory Committee and the National Invasive Species Council.  It covers the FY 2009 activities for ARS, ARS/NAL, APHIS, NIFA (previously CSREES), ERS, FS and NRCS.
The report is divided by agency activities.  Each agency will report on:

a) Invasive species program activities the agency is carrying out to do no harm;

b) The way in which, when the agency carries out other programs activities, they are also designed and implemented to do no harm;

c) Activities that are doing harm and future actions the agency will take to change the activities so that they do no harm.  

Within the above categories, the agency will include its own agency activities, as well as activities where the agency is coordinating and/or collaborating with another federal agency, per the mandate of the Invasive Species Executive Order (EO 13112).    
I.  USDA Research Agencies:


A.  Agricultural Research Service (ARS)


The Agricultural Research Service (ARS) has significant involvement in pest management, including invasive species.  Research infrastructure dedicated to pest management includes personnel and facilities in domestic and foreign laboratories that also provide support to other agencies, organizations, and state governments.  ARS commitment to avoiding harm by invasive species has been evident over the past five years, in which agency scientists identified nearly 2,000 species of invasive and potentially invasive aphids, scale insects, thrips, and mites of economic importance to U.S. agriculture.

1.
Activities that do no harm

A.  Informational Activities.

· e-Government and Public Communication Initiatives.  USDA’s National Invasive Species Information Center at the National Agricultural Library (NAL) maintains and manages the www.invasivespeciesinfo.gov Web site as a reference gateway to information.  The Center and its Web site serve a broad customer base, from students, to farmers, researchers, and government officials. Special attention is given to serve the information needs of the professional media. 

· Responded to various media requests for information related to invasive species, including:

· National Geographic Television – looking for cane toad expertise

· CBS Evening News – invasive species related impacts to our environment and health

· Outdoor Life – feral hog information

· History Channel – producing documentary series  "Life After People" and looking for statistical data for the amount of invasive species both animal and plant in the USA.

· River Network (a national, nonprofit river conservation organization) – upcoming issue “River Voices" (quarterly journal) will focus on invasive species, looking for various information.
· The impact of the NISIC program continues to increases as well as visibility as an authoritative USDA resource for Invasive Species. The www.invasivespeciesinfo.gov Web site is frequently cited as a good source of information in many news articles.  The Web site consistently is ranked highly in all major search engines.  
In FY 2009:

· More than 325 requests for information were answered.

· The Web site 2.3 million page views (+35% increase from previous year), 803,375 visits (+32% increase from previous year) from 221 countries/territories. The What’s New RSS Feed had 6,854 page views; 25,044 visits from 149 countries/territories, in addition to sending out daily updates to approximately 200 customers. 

· ForeSee Customer satisfaction results show a consistent improvement in customer satisfaction with NISIC rated as one of the highest rated Web sites at NAL. Satisfaction scores for NISIC appear to be trending very gently upward. Satisfaction score tend to impact future behaviors, including likelihood to recommend the site to others, and to return to the site.
· Consistent #1 ranking in search engine results for “invasive species” as well as many other pages within our site for specific species information. 
· NISIC mentioned and highlighted in various publications; ARS’s Research Magazine, National Agricultural Research, Extension, Education and Economics Advisory Board’s Report on Agriculture Research Needs of Invasive Species and others. 
· Subscribers to daily email updates offered from NISIC include users from many Federal and State agencies, universities and school systems.
· Content enhancements made in FY 2009 include:
· Created a Twitter page for InvasiveInfo incorporating our Invasive News feed and What’s New feed automatically.
· Continued using a social bookmarking widget on our site pages which allows users to easily add pages on our site to various common social bookmarking sites. This utility will enable us to monitor additional statistics and extend our outreach. Approximately 200 users shared our Web site information via emails, bookmarks, and RSS subscriptions.
· Continually added new content and timely information for many site topics including: invasive species bills, federal and state press releases, management plans, grants and funding opportunities, conferences and events, education for professionals, specific profiles resources, and much more. Developed 30 new species profiles. As a result of comments from ForeSee survey responses, provided more state specific information.
· Technical enhancements made in FY 2009 include:
· Created new RSS Feeds for NAPPO's Phytosanitary Alert System - Official Pest Reports, Pest Tracker: National Agricultural Pest Information System (NAPIS) News and for Grants.gov Invasive Species related grants; these feeds provide automatic current content. Continued to maintain the Invasive Species News RSS feed which is sent to more than 400 subscribers daily.

· Implemented Google Translate widget on most pages of site. Statistics show that users utilize 61 languages and 149 countries/territories. Translate widget provides translation service for our information to many languages.
· Continued to support the National Invasive Species Council’s www.invasivespecies.gov Web site (which was a subsection on NISC’s site) prior to the Council launching their redesigned site in August 2009. Of note:
· Updated content as requested.
· Answered technical questions for the NISC Web Redesign team.
· Posted Federal Register Notices for the Invasive Species Advisory Committee meetings.
· Other e-Government and Public Communication Initiatives. Invasivespeciesinfo.gov Web site links:  USDA’s National Invasive Species Information Center Web site links to the 13 Federal Agencies that are members of the National Invasive Species Council, as well as links to the many Agency specific programs and resources relevant to invasive species issues. NISIC also includes extensive resources for State, Professional and Non-Profit, and International programs with an interest in the prevention, control, or eradication of invasive species.

· Information management support to ITAP: The National Agricultural Library (NAL) provides information management support for the Federal Interagency Committee for Invasive Terrestrial Animals and Pathogens (ITAP), a Federal scientific and technical interagency advisory group.  This includes:

· In FY 2008, NAL launched the www.itap.gov Web site for the interagency committee. NAL continues to support ITAP.gov in FY2009.

· Supports SharePoint a secure Web-based internal communication platform.

· Listserv for committee-wide communication.

B.  ARS Research Activities.

· Biological Control.  Biological control underpins the ARS research effort in Integrated Pest Management (IPM).  Classical biological control has provided great dividends (over $20 billion saved per year in insect control costs in the U.S. alone).  Savings are comparable in weed biological control.  
· Overseas laboratories/quarantine facilities:  Classical biological control is the use of natural enemies derived from a pest’s point of origin.  It offers the possibility for permanent, cost effective suppression of weeds and insect pests.  The ARS Overseas Biological Control Laboratories (OBCL) are located in Australia, China, Argentina and France, and work as a cohesive network.  Their collective mission is to identify, develop and ship natural enemies to stateside collaborators for use in U.S. programs designed to combat invasive species.  The labs represent the beginning of a pipeline of effective biological control agents and numerous stateside programs rely upon them.  The ARS OBCL have a rich history of success in this regard, having contributed numerous biocontrol agents now in use.
· Besides collaborating with state universities, the ARS overseas laboratories also maintain formal collaborations with APHIS, the U.S. Forest Service, the U.S. Fish and Wildlife Service, the Bureau of Land Management, the Bureau of Indian Affairs and many State Departments of Agriculture in the U.S.

· Related to this overseas work, ARS maintains insects in quarantine facilities that meet Federal safety specifications to preclude insect introduction into the host country.  When beneficial insects arrive from overseas, they are again carefully sorted, screened for parasites and reared.  This work is also done in quarantine facilities.  ARS operates laboratories with quarantine facilities in Albany, California; Stoneville, Mississippi; Frederick, Maryland; Sidney, Montana; Temple, Texas; and Ft. Lauderdale, Florida.  ARS collaborates with universities and other state and Federal agencies that manage additional quarantine facilities, including a long-term program at Gainesville, Florida.  Each quarantine facility uses a variety of traps, doors, entryways and sanitizing procedures to keep the insects secure until they are proven safe for release in the U.S.

· ARS Biological Control Documentation Center.  ARS has standardized its procedures to conduct tests for the release of biological control agents under the requirements of the National Environmental Protection Act (NEPA).  This is currently coordinated by the ARS Biological Control Documentation Center, in conjunction with APHIS, the agency with authority to approve releases.  The Center stores and retrieves information on invertebrate and microbial biological control agents of invertebrate, weed and microbial pests, thereby documenting movement of any agents into the U.S. 

· New methods improve the handling of insect pathogenic fungi.  When dried microorganisms are immersed in water, rapid uptake of water can cause lethal damage to cell membranes; this injury is referred to as imbibitional damage.  Such damage can ruin the effectiveness of fungi used for biological control of insect pests.  ARS researchers in Ithaca, New York, investigated the effects of moisture content and water temperature on two key fungi, Metarhizium and Beauveria.  In general, the drier the spores and the colder the water, the greater the imbibitional damage.  Dry Metarhizium spores were highly susceptible to damage, losing significant viability after immersion in water at room temperature, whereas dry Beauveria spores were highly resistant to damage, losing substantial viability only after mixing in ice-cold water.  Damage was largely preventable in all cases by using warm water for mixing or by hydrating the spores’ conidia slowly in a humid environment prior to mixing.  This study underscores an urgent need for microbial control producers to develop user-friendly protocols for safe rehydration of biological control fungi and to include this information on biopesticide labels.

· New methodology for host range determination of biological control agents.  Determining host range of classical biological control agents has been a cumbersome process, often involving tests of 50 or more non-target species under conditions that make it difficult to predict results in the field.  ARS scientists in Frederick, Maryland, recently developed a procedure to generate best predictors based on disease reactions and host DNA sequences, to determine the probable field host-range of two plant pathogens proposed for classical biological control of Russian thistle.  This methodology can be adapted to predict the host range of other classes of weed biological control agents.  The potential impact can be a more accurate and safer evaluation of agent host range with fewer non-target effects once the organism is released in the field.

· First biocontrol wasp genome sequenced.  ARS scientists in Ft. Pierce, Florida, were part of a team led by the University of Rochester, New York, that sequenced the first parasitoid wasp genome, Nasonia.  Nasonia, a parasite of flies, is a key experimental organism that has been used for genetic research for over half a century.  The wasp seeks out blow flies, flesh flies, and house flies, and then lay eggs in the fly pupae.  It is an effective biocontrol wasp because the females produce offspring quickly, produce large numbers of progeny, and are easy to work with in the laboratory.  Commercial hosts are available, making it easy to rear the wasps.  Currently U.S. biological control programs using parasitoid wasps save approximately $20 billion annually in crop losses to newly invasive species. These wasps have been a major benefit to food production for humans by reducing the quantity of food crops destroyed by pests and reducing the need for pesticides.  Information from the wasp genome is being used to identify important genes in parasitoid biology.  There is also a broad interest in utilizing the wasp genome to identify genes involved in important biological processes like the sense of smell, behavior, toxicology, and enzymatic pathways.

· Genome “plasticity” allows insects to rapidly adapt to new hosts.  A major question in biological control is whether a plant-feeding insect imported to control a weed is likely to switch to attack other plants and adversely affect agriculture or the environment.  Using genetic markers mapped to 31 chromosomes in two closely related moth species, ARS researchers in Newark, Delaware, found that genes on different chromosomes enabled moths to develop on a novel host plant, showing that the same behavior can be produced by changes in different genes.  These results suggest that the likelihood of host plant shifts in plant-feeding insects are greater than previously thought and have implications not only for the safety of biological control introductions but also for shifts in the ability of pests to feed on previously un-attacked plant species.

· Natural enemy of emerald ash borer established.  The emerald ash borer is a serious invasive pest that has killed millions of ash trees in North America since its first discovery in Michigan in 2002.  The goal is to manage this pest through classical biological control, i.e., finding and importing natural enemies of the pest from its native range in Asia.  Two species of emerald ash borer parasitoids were imported from regions in China where emerald ash borer most likely originated, and host-tested in quarantine to make sure they would not attack native beetles.  The most promising candidate (Tetrastichus planipennisi) was then successfully reared and released in Michigan and Maryland in 2009 by ARS scientists in Newark, Delaware, in collaboration with the USDA Forest Service and the Maryland Department of Agriculture, and was recently recovered from emerald ash borer larvae collected in Michigan.  This marks the first recovery of this parasitoid in North America, and demonstrates the potential for controlling the beetle using classical biological control.

· Parasitoid wasp viral genome sequenced.  Some parasites of insects carry a virus, called a polydnavirus, which has genomic segments that insert into the genomes of their parasitoid hosts.  These viruses are released into the parasite’s host, a caterpillar, when the parasite lays an egg in its host.  The virus interferes with the immune system of the caterpillar host of the parasite, allowing the parasite young to develop.  These wasp viruses might be developed for biological control of caterpillars.  In collaboration with scientists from the Institute for Genomic Research in Rockville, Maryland, ARS scientists at Beltsville, Maryland, obtained full viral genome sequences for the inserted form of two polydnaviruses, the stable form inserted in the parasitoid genome from which the packaged form of the virus is derived for delivery to the caterpillar.  This is the first complete analysis of the inserted form of polydnavirus and its structural organization.  This new information will lead to better understanding of the virus life system, evolution, and improved wasp selection for insect biocontrol.

· Insect virus membrane protein necessary for infection.  Insect viruses of the “baculovirus” type have been developed and used as environmentally friendly alternatives to chemical insecticides for control of insect pests in agriculture and forestry.  However, a lack of understanding of the genetic factors controlling baculovirus host range and virulence impedes the further use and commercialization of these agents.  ARS scientists in Beltsville, Maryland, found a gene for a baculoviral membrane protein that is required for the viruses to infect their insect hosts.  This finding contributes to an understanding of baculovirus infection processes that will form the basis for discovery of baculoviruses with attractive properties useful for biocontrol of insects.

· Predator of coffee berry borer discovered.  Effective pest management strategies against the coffee berry borer are difficult due to the hidden nature of the insect inside the berry.  Biological control is an environmentally promising solution.  ARS researchers in Beltsville, Maryland, in collaboration with the International Centre of Insect Physiology and Ecology (Kenya), have found what is called a “hyperparasitoid” species, i.e., a parasite that attacks a parasite that attacks the coffee berry borer, thus lowering the effectiveness of borer control.  The team also found a thrips species that feeds on coffee berry borer eggs and larvae.  Molecular analysis of the thrips gut contents confirmed that it preys on the borer.  The thrips is a cosmopolitan species, and might hold great promise for future pest management programs aimed at the most devastating pest of coffee throughout the world.  These findings constitute the first report of a hyperparasitoid associated with a coffee berry borer parasitoid, as well as the first confirmed predator of the borer.  This important finding also confirms that new natural enemies of the coffee berry borer can still be found in Africa, where it originated.

· Better storage of predatory insect diets.  Advances in biological control programs require more efficient and effective methods to store insects for short and extended periods to reduce the costs of insect rearing and transport.  Cold insect storage is a common practice; however, consequences for insect quality are not well understood.  ARS researchers in Columbia, Missouri, found that nutrition was a factor in the ability of a beneficial predatory bug to tolerate cold storage.  For extended cold storage it was better to rear insects on natural prey and to hold them at 10 deg C than at 4 deg C.  By contrast, for short periods neither the temperature nor the food source affected the response to cold storage, with the exception that immature stages survived better when fed artificial diet than when fed prey.  Commercial producers and researchers will find this information useful when developing storage regimes and food sources that minimize their operational costs and maximize the fitness of their insects for sale and release purposes or when storing a colony between uses.

· Microbial control of insects infesting container-grown ornamentals.  Black vine weevil is a serious pest of container-grown ornamentals that typically attacks plant roots.  ARS scientists in Corvallis, Oregon, in collaboration with numerous nursery growers who struggle to manage this insect, studied the long-term efficacy of the insect killing fungus, Metarhizium anisoplaie, for control of the weevil.  A granule formulation of the fungus was incorporated into media at potting and successfully persisted over two growing seasons, providing high levels of insect control.  These data demonstrate to the Pacific Northwest nursery industry that this product can be expected to provide at least two growing seasons of effective control when incorporated into media at potting, and is an effective tool for eliminating infestations occurring in existing container-grown plants.  This research resulted in a commercially available product for the nursery industry in the spring of 2008, and in 2009, a CRADA with Novozyme Biologicals Inc. to develop new use strategies for soil-insects using M. anisopliae.

· White peach scale targeted in tropical studies.  The white peach scale attacks not only its namesake – peaches – but also many other crops, including Hawaii’s famed papaya trees.  This scale first showed up in Hawaii in 1997.  To stop its spread, ARS scientists in Hilo, Hawaii, and University of Hawaii cooperators are investigating the use of a tiny parasitoid wasp to attack and kill the scale.  The female wasp, which is many times smaller than the scale, can slip an egg under its armor and into the scale.  The egg hatches into a nearly microscopic, worm-like larva that slowly kills the scale by feeding on its insides.  In laboratory tests, the researchers have shown that the wasp, which is harmless to people, pets, and livestock, also doesn't pose a threat to non-target scales.  Those non-targets include the palm scale – native to Hawaii – and the false oleander scale.  The laboratory findings will provide information necessary for use in seeking government permissions to release the helpful wasp in Hawaii for control of the white peach scale.
· New biocontrol for a wide-ranging thrips insect.  Chilli thrips – an invasive pest that feeds on leaves, turns them brown, kills new growth, and attacks up to 150 crops, including peppers, strawberries, tomatoes, peanuts, cotton and a variety of ornamentals – was first detected in Palm Beach County, Florida, in 2005.  It has since spread to 24 Florida counties and parts of Texas, damaging roses and other ornamentals in both states.  Left unchecked, it could reach west to California and north along the Pacific Coast to Canada.  Pesticides are effective, but the chilli thrips may develop resistance with repeated treatments, and pesticides are not an option for organic nurseries and gardeners.  ARS scientists in Fort Pierce, Florida, in collaboration with University of Florida researchers, have turned to two predatory mites that have been used commercially to combat other pests since at least 2005, and the mites proved successful in reducing the number of thrips.  One of the biocontrol agents left no more than one thrips insect per leaf, compared to up to 60 thrips found on leaves of untreated pepper plants. 

· Control of sugar beet root maggots with fungus.  Soil-dwelling insects pose a serious problem in agricultural and urban environments.  The fungus Metarhizium anisopliae infects and kills many insect pests including those found in the soil.  ARS scientists in Peoria, Illinois, have developed a method for producing a very stable form of the fungus, a microsclerotium, using liquid fermentation.  Production scale-up experiments confirmed that high concentrations of stable microsclerotia were rapidly produced using pilot-scale fermentors.  When dried microsclerotia of the fungus were soil incorporated with sugar beet seeds, they germinated to produce conidia that infected and killed the sugar beet root maggot.  The development of this fungus as a non-chemical control for the sugar beet root maggot will provide farmers with another tool to control this troublesome pest.

· Biological control agent for water hyacinth.  Water hyacinth is a major weed problem in the waterways of southern United States.  The largest infestation occurs in Louisiana, where 25,000 acres per year are treated with herbicides; Florida spends around $3 million annually in management; and California around $500,000.  The successful release and establishment of natural enemies of water hyacinth in the United States might result in permanent reduction of water hyacinth, reducing the need for pesticides and other damaging control methods.  The APHIS Technical Advisory Group recommended approval for field release of Megamelus scutellaris, a weevil, against water hyacinth.  M. scutellaris was discovered and evaluated by ARS scientists in Buenos Aires in Argentina in cooperation with ARS researchers in Fort Lauderdale, Florida.  Despite the suite of water hyacinth natural enemies released in the United States over the years, they have not established well in all regions.  The ample distribution and reproduction rates of this new candidate provide hope that it will cover those yet unprotected areas of water hyacinth invasion not only in Florida, but also in Texas, California, and the Carolinas.

· Novel control of the peachtree borer using beneficial nematodes.  The peachtree borer is a major pest of stone fruits such as peach and plum.  Safe and effective methods of controlling this pest are of interest.  Beneficial insect-killing nematodes are safe, environmentally friendly natural insecticides.  ARS scientists in Byron, Georgia, in cooperation with colleagues at the University of Georgia and University of Florida, have discovered that a certain species of beneficial nematode is capable of providing high levels of peachtree borer control.  The nematodes are capable of providing high levels of suppression when applied curatively or in a prophylactic approach.  The technology is being adopted by industry.\
· Microbial control of Mormon crickets and grasshoppers.  ARS, cooperating with APHIS, is searching for environmentally safe and effective microbial agents to manage outbreaks of Mormon crickets and grasshoppers in the western United States.  ARS scientists in Sidney, Montana, demonstrated in a second year of outdoor testing the superiority of a domestic fungus, Metarhizium DWR346, to both currently registered, commercial fungal-based insecticides for Mormon cricket control and grasshopper control.  This, along with mass production evaluations made at Sidney, point toward the practical potential of this fungus.  As a result, USDA is closer to developing a satisfactory microbial control agent to substitute for the broad-spectrum chemical insecticides currently in use on rangelands.

· Hydrilla control in Florida with fungus-herbicide combination.  The fungus Mycoleptodiscus terrestris is being developed as a bioherbicide for control of the invasive aquatic weed hydrilla which is showing resistance to the most commonly used herbicide, fluoridone.  ARS scientists in Peoria, Illinois, demonstrated in field trials that when Mycoleptodiscus terrestri was used with low dose rates of the chemical herbicides endothall or penoxsulam there was enhanced hydrilla biomass reduction 3 months following application.  The development of Mycoleptodiscus terrestris as a commercial bioherbicide will provide water management specialists with an important non-chemical control tool for this serious aquatic weed. 
· Four potential biocontrols found for controlling giant reed.   Four promising biological controls that could curb the impact of the invasive plant giant reed in the United States have been found in Spain by ARS scientists in Weslaco, Texas, and Montpelier, France.  The giant reed, Arundo donax, has been particularly destructive in the southwest United States, where it is an exotic and invasive weed of riparian habitats and irrigation canals.  But in its native Spain, the giant reed is kept under control by a host of insects, and ARS scientists have made numerous trips in search of biological controls to bring to the United States.  One biocontrol candidate insect attacks the reed’s root, and its release has been recommended by the Technical Advisory Group (TAG), a North American organization that oversees releases of weed biological control agents.  Another biological control agent released in Texas in April 2009 attacks the weed’s main stem, weakening the plant, reducing its overall height, and causing it to form galls and develop side shoots.  A third promising biocontrol agent eats the inside of new shoots of the plant, while a fourth destroys the plant’s leaves.  This combined biological control agent approach is sustainable over the long term and complements mechanical and chemical control strategies.

· Fungus to control kudzu.  By one estimate, kudzu, an invasive vine, spreads at the rate of 150,000 acres annually, easily outpacing the use of herbicide spraying and mowing, as well increasing the costs of these controls by $6 million annually.  ARS researchers in Stoneville, Mississippi, have formulated a naturally occurring fungus as a biologically based herbicide for kudzu that works so quickly kudzu plants sprayed in the morning start showing signs of damage by mid-afternoon.  In greenhouse experiments, spray formulations killed 100 percent of kudzu seedlings and 90 to 100 percent of older plants in outdoor trials.  Other tests showed that the fungus caused little or no injury to many of the woody plants known to occur in kudzu-infested habitats, including oak, cedar, pine, hickory, pecan, sassafras, and blackberry.  Besides kudzu, the fungus also showed potential as a pre-emergence bioherbicide, controlling purslane and spurge in transplanted tomatoes.

· Borer helps control climbing fern.  Throughout much of Florida's Everglades, an invasive, light-green vine called Old World climbing fern is found on the forest floor.  Besides smothering shrubs and even small trees with its dense, spongy mats, the fern also forms soft, twining stems that climb tree trunks.  To help stop the fern's vertical and horizontal advance, ARS-funded scientists in Brisbane, Australia, and Florida, have found and studied a many insects that are natural enemies of the fern in its homelands – the tropics and subtropics of the Old World, including Australia.  ARS scientists have discovered stem borers from several climbing fern species in Southeast Asia, including one from Hong Kong that shows promise as an effective biocontrol candidate of climbing fern.  Importantly, the scientists have been able to rear it in captivity, an essential step for completing requisite tests of its biology and for assessing its potential use as a biocontrol agent.

· Salt cedar biological control and assessment.  Salt cedar is an exotic shrub to small tree that has invaded approximately 50 million acres of riparian lands in the western United States.  Leaf beetles from Asian and Europe, salt cedar’s natural enemies, were located by ARS scientists in Albany, California, tested and released into North American field sites with a range of cooperators including university scientists, USDA APHIS personnel, and state departments of agriculture.  The beetles established well, increased exponentially in numbers, spread hundreds of miles, and have repeatedly defoliated salt cedar causing significant weed mortality in many locations.  Action agencies are now using these ARS-developed biological control agents to help control salt cedar in over 15 states in the western United States.  Post release assessments conducted in 2009 have documented both effective control and safety for potential non-target plant species in many release sites.  In all, no direct feeding damage to non-target populations has been noted with this biological control agent in area-wide releases across more than 15 states, making it a very successful and environmentally friendly project.
· Fungus is used against apple pest.  In the Pacific Northwest, codling moths (Cydia pomonella) are problematic for both growers and distributors.  Stored apples are often fumigated with broad-spectrum chemicals when the fruit is destined for foreign markets.  However, a cocktail of gaseous compounds emitted by a beneficial fungus may provide an option for codling-moth control with economic and environmental advantages over standard chemical fumigation.  ARS scientists in Wapato, Washington, showed that a blend of alcohols, esters, and other gases released by the fungus, Muscodor albus, killed adult potato tuber moths and larvae, costly pests of stored tubers.  The Wapato team's investigation of M. albus falls under a larger program to diminish reliance on synthetic chemical controls by using biocontrol agents in an integrated pest management approach.  Although the initial short-exposure tests didn't yield results comparable to broad-spectrum chemicals, biofumigation's full potential has yet to be evaluated within apple cartons, where the pests will be exposed to fungal fumes for prolonged periods of time.  For example, 14-day exposures of the moth's over wintering stage – cocooned larvae, which are the hardest to control – resulted in 100 percent mortality.

· Areawide Pest Management (AWPM) Programs.  ARS areawide pest management programs involve coordinated research and management activity with growers’ participation to suppress or maintain a pest at low population levels over large areas through environmentally sound, effective and economical approaches.  Approaches  SEQ CHAPTER \h \r 1include biological and cultural control and other sustainable agriculture practices.   SEQ CHAPTER \h \r 1ARS is demonstrating that IPM and areawide pest management systems, employing biologically based or pest-specific methods, can substantially substitute for, and decrease the risks from, the most hazardous chemical pesticides and simultaneously increase economic benefits for agriculture.

· Development of an area-wide pest management program for the false codling moth.  The false codling moth is identified by APHIS as one of the worst exotic pest threats to citrus, corn, cotton, and many other crops in the United States and is the key pest of citrus in South Africa.  ARS scientists from Tifton, Georgia, collaborating with the International Atomic Energy Agency (IAEA) in Geneva, Switzerland, developed an area-wide pest management program for the false codling moth that included the use of the sterile insect technique.  Program recommendations were adopted by APHIS for their Emergency Response Plan and are supported by APHIS preclearance as part of the phytosanitary program for South African citrus.  A multi-million dollar program supported and funded by Citrus Research International, Citrus Growers Association, IAEA, Department of Science and Technology of South Africa, River Bioscience, and the National Innovation Center for Plant Bioscience has been established in the Western Cape of South Africa and is being expanded to other parts of South Africa.

· Systematics.  The expertise of ARS scientists in the science of systematics (i.e., systematists) enables us to predict, effectively prevent, and manage the introduction and expansion of invasive species to ensure environmental and agricultural security and sustainability.  
· New insect identification guides completed.  A comprehensive, extensively illustrated two volume book has been completed by ARS scientists in Beltsville, Maryland, entitled “The Manual of Central American Diptera.”  This book provides the first identification keys for the genera of all flies described from Central America.  Other important systematics references include: the flea beetles of Eurasia, including those that are plant pests and others that are used in biocontrol of weeds; ladybird beetles, which are important predators of pest insects; clarification of over 100 aphid names through molecular methods, e.g., the finding that the glasshouse potato aphid is quite diverse in form and biology, yet is revealed by DNA to be only one species; a detailed systematic work including classification, economic importance, and conservation biology that increases the number of world true bugs (Heteroptera) by over 3,000 species; a major description of related sharpshooter leafhoppers (such as the ones that vector Pierce’s disease of grape);  African flower fly pollinators and biological control agents; flat mite vectors of virus diseases of citrus and coffee; and more than 100 leafmining flies, including their evolution and host-shifting as pests of vegetables and flowers.  These guides and systematic revisions provide important material for port identifications by the USDA Animal and Plant Health Inspection Service (APHIS), and the evolutionary and biological information is useful to researchers and managers developing pest management systems, including biological control.

· Urgent port identifications of insects for APHIS.  This past year, ARS systematists in Beltsville, Maryland, did over 13,608 identifications (6,266 of urgent priority) of 33,647 insects and mites.  This service provides a first line of defense against the introduction of potentially invasive species into the United States by recognizing exotic pests as they are intercepted at U.S. ports-of-entry.  In addition, the identification of specimens submitted by biological control researchers aids in the selection of beneficial predatory, parasitic, or plant-feeding species of potential value in the control of pestiferous insects, mites, and weeds.  Nine species were reported to the APHIS New Pest Advisory Group as new invaders to North America.

· Effective illustration enhances the scientific content of any work on the identification of insects.  The combination of descriptive text and clear, color images help users of the information understand the organism being described.  Extremely small insects, on the order of 0.5-1.5 mm adult length, are difficult to photograph.  ARS scientists in Beltsville, Maryland, have developed a system for photographing such small insects.  This method, which uses a compound microscope for photographing point-mount specimens, is both fast and affordable, and will be extremely useful to systematic entomologists, extension agents, and biological control workers that need to photograph small insects.
· Scientists identify North American genotypes of rush skeletonweed.  Finding effective biocontrols against rush skeletonweed could be easier now that all genotypes of the invasive weed have been identified in North America by ARS scientists in Sidney, Montana, and their collaborators.  Rush skeletonweed poses a threat to irrigated lands, dryland cropping areas, and rangelands.  It affects the cattle industry by displacing beneficial forage plant species, and its tall, wiry stems hinder the operation of crop harvest machinery.  The weed is mainly found in the Pacific Northwest, where it has spread rapidly during the past few decades.  However, rush skeletonweed first invaded the eastern United States in the 1870s; it didn't appear in the western states until the 1930s. Since the weed is now rarely found in the eastern part of the country, scientists are unsure whether the western invasion originated from the eastern United States or overseas.  Current biocontrol agents – a gall midge, a gall mite, and a rust fungus – do not appear to be effectively controlling the plant's population, in part because not all agents are effective against all genotypes of the weed. Seeing this predicament, the researchers began studying the weed's genealogy in hopes of finding a solution.  It was determined that only seven North American genotypes exist, five of which reside in the Pacific Northwest.  The group has also found that invasions in Australia and Argentina each contain distinct genotypes.  They will be matching invasive genotypes worldwide against those found in the weed's native Eurasian range.  This will help with selecting and testing new biocontrol agents and determining where to implement them.

· Morphological Comparison of Morningglory.  Morningglories are a group of troublesome weeds comprised of several species, mostly in the genera Ipomoea and Jacquemontia.  Species of morning glories respond differentially to different control methods.  ARS scientists at Stoneville, Mississippi, evaluated the morphological characteristics of 76 populations of morning glories collected from eight southern states and identified the most dependable traits to use in separating these species.  The results are being used to determine if specific morphological traits account for differences in herbicide efficacy.

· New plant invasions.  Plant invasions continue to threaten our ecosystems, waterways, and agriculture.  By providing taxonomic expertise, ARS scientists at Stoneville, Mississippi, and others continue to document the presence and spread of invasive plants in the Southeastern United States.  Cuban club-rush (Oxycaryum cubense), a non-native aquatic invasive sedge, was reported new to the Tennessee-Tombigbee River Waterway. Blue sedge (Carex breviculmis), a non-native sedge from Eurasia and the Indian subcontinent, was discovered in Meridian, Mississippi, and reported new to the Americas.  The identification of these new invasions will help land managers in selecting the most efficacious methods for their control.
· Taxonomy of water primrose.  Water primrose is really a complex of several species of invasive wetland plants that are spreading rapidly in western states where they out-compete native plants.  Water primrose may also encourage mosquitoes that are disease vectors.  ARS researchers in Davis, California, provided a scientific basis for revising taxonomic treatment of the Ludwigia genus.  This information will be used in identifying the most appropriate host-specific agents for the control of this invasive species.
· Native strains of insect-pathogenic fungi active against emerald ash borer.  In cooperation with collaborators from the USDA Forest Service, Michigan State University, and Cornell University, ARS scientists from Ithaca, New York, used molecular markers to identify strains of the insect-pathogenic fungus Beauveria bassiana.  Evidence suggested that soil may serve as the primary reservoir for the fungus, with rain splash carrying the fungus from the soil to the lower tree trunk, where the emerald ash borer may become infected.  Some of the isolated strains showed virulence against emerald ash borer comparable to that of a commercial fungal strain.  These results show that indigenous strains of Beauveria bassiana have potential for use as control agents against the emerald ash borer and that fungal inocula applied to ash trunks may prove viable for controlling the emerald ash borer in the field.

· Phenotypic and molecular characterization of leafy spurge and white top pathogens.  Invasive species, such as whitetop (Lepidium draba) and leafy spurge (Euphorbia esula) continue to be a problem in rangelands and natural areas.  ARS Scientists at Sidney, Montana, recently identified and characterized new plant pathogens of leafy spurge and whitetop.  One isolate was identified as Agrobacterium tumefaciens, which causes crown gall of leafy spurge.  Two diseases of whitetop were identified as Cercospora bizzozeriana and Alternaria brassicae, both of which cause a leaf spot disease.  These plant pathogens will be evaluated for their ability to control their respective hosts.

· Description of the fungus Dolabra nepheliae on rambutan and lychee.  Fungi are a large and diverse group of organisms that cause serious diseases of crop and forest plants.  Accurate knowledge of fungi is critical for controlling the diseases they cause.  Rambutan and lychee are tropical plants that produce delicious edible fruits, but a little known fungus causes a canker disease of rambutan and lychee in Hawaii and Puerto Rico known as corky bark disease.  ARS scientists at Mayaguez, Puerto Rico, described and illustrated the fungus causing this disease and determined its relationship to other disease-causing fungi.  This research will help plant pathologists accurately identify the cause of this disease of specialty crops.  Knowledge of this fungus will be useful to plant regulatory officials working to control the spread of this disease.

· Genome of the honey bee pathogen Nosema ceranae sequenced.  The prevalence and impact of nosema disease have increased dramatically in the past few years.  To better understand how Nosema ceranae, a key fungal suspect in colony collapse disorder, affects bees, and to provide insights and tools for industry and researchers seeking to minimize the disease, ARS researchers in Beltsville, Maryland, led a collaborative project to sequence and describe the genome of this microbe.  The fungus was found to have a compact genome, relying on its bee host to provide critical proteins.  This and other genomics clues will be used to develop control strategies, and to provide novel genetic markers for restricting the movement of this pathogen. 

· Pesticide Risk Reduction.  In addition to the development of biological control, cultural, and areawide pest management approaches, ARS made progress in developing a variety of technologies and approaches to reduce the risks of non-target effects associated with conventional pesticides. 

· New cover crop germplasm developed for organic and sustainable vegetable production.  Cover crops are important components in organic and sustainable vegetable production as they can suppress weeds, provide nitrogen for subsequent rotational crops, and improve soil quality. Forage type cowpea is an excellent warm season cover crop species, because it tolerates hot and dry conditions, grows vigorously in low fertility soil, produces high biomass, fixes high amounts of nitrogen, and suppresses weeds.  However, the only variety widely available for cover crop use is Iron Clay, and it produces seeds with impermeable seed coats which allow viable seeds to over winter in the soil and create a weed problem in subsequent crops.  ARS scientists in Charleston, South Carolina, evaluated a collection of cowpea genotypes for use as cover crops and identified three with growth rates and biomass production equal or superior to Iron Clay, but without the undesirable characteristic of an impermeable seed coat.  All three cowpea lines have been developed for public release.  Adoption of these lines for use as cover crops will eliminate the weed problem created by over wintering cowpea seeds and provide superior alternatives to Iron Clay.

· New spray nozzles improve herbicide application efficiency.  The broad-spectrum herbicide glyphosate is widely used for weed control in genetically engineered glyphosate-resistant crops such as cotton, corn, and soybeans.  Due to the rising cost of glyphosate, aerial applicators need new spray technologies that will allow them to optimize the efficiency of spray applications so that effective weed control can be achieved with a minimum amount of glyphosate.  ARS scientists at College Station, Texas, developed definitive deposition/efficacy information on glyphosate sprays applied through conventional hydraulic nozzles, as compared to new rotary atomizer and electrostatic nozzle technology.  The work clearly showed that the new nozzles are superior in many respects, including increased herbicide efficacy.  The reduced amounts of liquid spray required permits significant reduction in aircraft energy consumption and application time, resulting in lowering of application costs and enhancement in environmental sensitivity.

· Improved spray drift reduction technologies.  With increasing environmental awareness and associated concerns with potential off-target movement of applied crop protection products, aerial applicators will soon be facing pesticide label-enforced buffer zones.  These buffer zones potentially reduce the treatable area of crop production fields by requiring field-edge strips that remain untreated in an effort to increase the downwind distance from the application swath to the field edge.  New technologies are needed that will reduce spray drift from aerial and ground application as compared to conventional application systems.  In cooperation with the U.S. EPA Office of Pesticide Programs, ARS scientists in College Station, Texas, provided definitive assessments of protocols that can be used to test potential drift reduction technologies (DRTs).  The work also involved both low- and high-speed wind tunnel testing protocols for ground and aerial DRTs, including assessments of various spray nozzles and the droplet sizes produced.  This accomplishment is critical in providing the aerial application industry with scientifically sound information, protocols, and new technology to assure ongoing compliance with evolving regulatory requirements.

· Optimizing pesticide application rate technology for nursery production.  Use of traditional settings in air-assisted sprayers in nursery applications resulted in excessive spray deposition inside tree canopies and loss of spray mixtures to the ground and air.  Various adjustments of air-assisted sprayers developed by ARS scientists at Wooster, Ohio, resulted in half the usage of pesticides for pest and disease controls in nursery shade tree plants.  By using the half-rate technology, growers safeguarded the environment due to pesticide applications and reported savings of over $200-$500 per acre.

· Kaolin clay-based product controls weeds in bramble production.  Weed management is an important component of small fruit cropping systems.  If left unchecked, weeds will compete with blackberry transplants for soil resources and adversely affect plant productivity.  ARS scientists, in Kearneysville, West Virginia, determined that incorporation of hydrophobic kaolin into cultivated soil after planting suppressed weed growth for 3 years without affecting blackberry productivity.  A patent was filed to protect this technology.  This kaolin clay and soil combination increases the arsenal of products for managing weeds in horticultural crops.

· Insecticides more harmful than transgenic Bt crops on non-target insects.  Non-target insects are probably affected more by conventional insecticides than by crops that contain genes from the natural soil bacterium Bacillus thuringiensis (Bt), according to the findings of a study by ARS scientists and cooperators.  Bt crops such as corn and cotton are genetically engineered to produce insect-specific toxins.  ARS scientists in Maricopa, Arizona, and Brookings, South Dakota, in collaboration with researchers at the University of Nebraska, Iowa State University, and the U.S. Environmental Protection Agency, found that insecticides such as pyrethroids, organophosphates, carbamates, and neonicotinoids were more harmful to non-target insects than were Bt-cotton or Bt-corn.

· Crop-to crop relay of arthropod species in continuous cropping systems.  Crop production during the winter months on the Eastern coastal plain is typically defined by the production of small grains and a half-dozen winter legumes.  In continuous cropping systems there is an intensive year-round rotation on the same site, and a minimal interruption of vegetative cover.  In these systems arthropods can exploit sequential habitats and easily relay between host species.  ARS scientists at Tifton, Georgia, found that the density and diversity of beneficial insect species was substantially higher than pest species in blue lupin, Austrian pea, and faba bean and this trend carried over to the sequent sorghum crop.  The proportion of pest species was highest in fallow/weed treatments.  These preliminary results indicate that lupin, pea, and faba bean are desirable cover crops that can potentially increase the relay of beneficial insects into summer crops.

· No behavioral resistance by European corn borer to Bt toxin.  Insect behaviors, including movement and mating, are important factors that determine the speed by which insects become resistant to transgenic crops such as those carrying the Bt (Bacillus thuringiensis) protein toxin active against caterpillars.  However, it is often unknown whether insects with genes that contribute to resistance behave differently than insects without such resistance genes.  ARS scientists in Ames, Iowa, found that European corn borer larvae resistant to the Cry1Ab type of Bt protein did not avoid the protein any more than susceptible borers did, i.e., the resistant borers did not show “behavioral resistance."  This information will be incorporated into a model and used to guide recommendations for new types of refuges for reducing European corn borer resistance to Bt corn.  One possibility is the use of blended seed refuges, which would be easier for growers to implement than current insect resistance management practices.

· Survival of Bt depends on production of the enzyme urease.  Many Bacillus thuringiensis (Bt) strains are toxic to gypsy moth caterpillars, but relatively few can be considered true pathogens because they cannot replicate within the caterpillars well enough to survive and infect other caterpillars.  Scientists at Beltsville, Maryland, found that only Bt strains that produced the enzyme urease had the ability to pass repeatedly, or recycle, from one caterpillar to the next.  Bt strains that are capable of recycling may exhibit improved environmental persistence, providing extended biological control of pest species.

· Pink hibiscus mealybug pheromone licensed.  The pink hibiscus mealybug causes severe economic problems worldwide by attacking a wide range of plants, including vegetable and citrus crops, forest trees, and many species of ornamental plants.  First appearing in Hawaii in 1984 via imported cargo, the mealybug found its way to California in 1999 and reached Florida in 2002.  ARS researchers in Beltsville, Maryland, developed a sex pheromone that when placed inside sticky traps, effectively monitors and traps mealybug males in the field by drawing them into the traps.  ARS has granted an exclusive license to South Carolina Scientific, Inc., of Columbia, South Carolina, to produce and market an ARS-developed insect sex pheromone that can help control the pink hibiscus mealybug, a crop pest that can cause up $750 million in damage annually to U.S. crops.  Work is now underway to improve the process for chemically producing the pheromone.  By luring males to traps, the sex pheromone would provide a much more economical, convenient, and useful detection and monitoring tool.  There's also a second potential control strategy.  The scientists found that relatively high concentrations of the pheromone repel males away from the source.  In this scenario, the pheromone could control the pest by disrupting mating.  Also, natural enemies of the pest are not lured to the pheromone source.  This allows scientists to chart the effectiveness of the biological controls used to combat the mealybug without artificially concentrating these natural enemies near the traps.

· Solar protection for microbial insecticides.  Microbial-based insecticides have tremendous promise as a "green" pest control strategy, but microbes are rapidly inactivated by sunlight.  ARS scientists at Peoria, Illinois, have developed techniques to protect viral and bacterial insect control agents from the harmful effects of solar radiation.  Lignin (a by-product of the paper industry) is an effective ultraviolet screen when formulated with microbes providing a protective film when they are sprayed onto crops.  Protection against ultraviolet damage improves the commercial potential of microbial insecticides by extending their insecticidal activity.

· Selective insecticides for Lygus bug.  Lygus bugs are a major pest of cotton in the western United States and the broad-spectrum insecticides currently in use pose risks to the environment and non-target organisms.  In a series of replicated large plot field studies, ARS scientists in Maricopa, Arizona, and researchers at the University of Arizona found both insecticides flonicamid and metaflumizone selectively impact Lygus and other problematic plant bugs, such as the cotton fleahopper, while having little or no impact on a wide diversity of beneficial predaceous arthropods.  These findings provide growers and consultants with effective options for the management of Lygus bugs.  In addition, along with transgenic Bt cotton for selective control of caterpillars, insect growth regulators and other selective insecticides for management of whitefly, these compounds have the potential to equip producers with a complete arsenal of selective options that will contribute to more biologically-based management of all key pests of cotton in the region.
· Corn recruits nematodes to control insects.  The western corn rootworm is the most important insect pest of corn in the United States and is becoming a more important pest in Europe.  When attacked by insects, corn plants emit volatiles that can serve as foraging cues for natural enemies of herbivorous insects.  It was recently documented that an insect-attacking nematode species, which can control the rootworm, is attracted to the insects by a chemical released by ancestral and European corn lines when they are under rootworm attack.  Most American varieties of corn do not produce this chemical.  To restore nematode attraction, a non-producing corn line was genetically engineered by European colleagues to release this nematode attractant when attacked.  In rootworm-infested field plots in which ARS researchers in Columbia, Missouri, released nematodes, transgenic plants received significantly less root damage and had 60 percent fewer adult beetles emerge than for similar, but not transgenically-modified, corn lines.  This demonstration that plant volatile emissions can be manipulated to enhance the effectiveness of nematodes opens the way for a novel, ecologically-sound pest control strategy and could serve as a basis for future management strategies for rootworm larvae.  

· A trap to keep stink bugs outdoors.  The brown marmorated stink bug recently invaded the United States from Asia, and while its impact on crops remains to be seen, the biggest problem has been that it looks for warm wintering sites and makes its way indoors when the weather turns cool each fall.  These bugs do not harm humans, but smell if squashed or pulled into a vacuum cleaner.  They can be a particular problem in attics and crawlspaces, and homeowners have no easy way of eliminating them since they are not particularly susceptible to insecticides.  A trap to keep brown marmorated stinks bugs out of people’s homes is being developed by ARS researchers in Beltsville, Maryland.  The scientists’ experimental traps show that stink bugs increased from barely detectable levels in 2004 to numbers that now surpass those of the native green stink bug.  The scientists are searching for an attractant pheromone to synthesize and use in a trap.  In Japan, the brown-winged green bug, a cousin of the new arrival, releases a compound that is the basis for a lure used in a Japanese commercial trap.  The compound was synthesized and with it produced experimental dispensers used in traps to monitor the bug’s population.  But synthesizing the bug’s own pheromones would likely make for a more effective trap than one based on pheromones from another stink bug.

· Painted maple found to be highly attractive to adult Asian longhorned beetle.  Asian longhorned beetle is a very serious invasive insect from China.  Attacking and killing many broadleaf trees in urban areas, including 9 species of maple, the Asian longhorned beetle could potentially kill over 30 percent of all trees in urban and forested areas of the eastern United States.  Early detection is paramount to preventing introduction, establishment, and spread of the Asian longhorned beetle; is central to both an effective eradication program and post-eradication program; and, is key to evaluating the efficacy of control approaches.  ARS researchers at Newark, Delaware, found that the beetle is particularly attracted to painted maple, and that an encapsulated insecticide can be applied to the tree to kill alighting beetles.  Using ARS-developed strategies based on these findings, the painted maple has been adopted as a “sentinel tree” by the California Department of Agriculture (CDFA) and the Canadian Food Inspection Agency for early detection of the beetle.  CDFA has now also uses the tree with insecticide in an “attract-and-kill” strategy.  Chemicals isolated from the painted maple were attractive to both sexes of the beetle, and have now been used in traps for detection.  This artificial lure has the potential to significantly improve the ability to determine if, when, and where beetles occur in the United States, as well as to intercept beetles when they first arrive here, prevent their spread, and focus control efforts in areas where the beetle is already killing trees.

· Lures for monitoring the Asian citrus psyllid.  The Asian citrus psyllid is the vector of the bacterium that causes citrus greening disease (also known as huanglongbing), the most devastating disease of citrus worldwide.  Better tools are needed to improve the insect’s detection and monitoring.  Since Asian citrus psyllid reproduces and develops only on the young shoots of citrus trees, ARS scientists at Weslaco, Texas, analyzed the chemical compositions of the aromas emitted by the young shoots of several types of citrus and formulated a scent mixture based on their analysis.  In laboratory tests, significantly more Asian citrus psyllid were trapped on targets scented with the aromatic mixture than on unscented targets.  These results indicate the feasibility of developing Asian citrus psyllid attractants based on the aromas emitted by the young shoots of citrus trees. 

· Development of ecologically based invasive plant management.  The need for unified ecological theories, principles, frameworks, and models that improve our ability to predict vegetation change and guide the effective and sustained restoration of weed-invaded ecosystems is substantial and unmet.  Based on principles synthesized from existing scientific literature and refinement through related research, ARS scientists in Burns, Oregon, developed the ecologically based invasive plant management (EBIPM) model, a process-based model that combines ecological principles and processes with land management for the control of invasive weeds and stabilization of ecosystems.  EBIPM was developed to provide a management approach that addresses the underlying ecological causes of invasions and methodologies to alter these key processes to control and displace invasive plants while restoring impacted areas in a desired trajectory, resulting in sustainable and productive range and grass lands.  This approach is now the basis for an Areawide Pest Management Program designed to reverse the spread of cheatgrass and medusahead in the Great Basin ecosystem.

· Minor use pesticides tested for specialty crop registration.  Specialty crop growers lack the pesticides available for major program crops.  One reason is that chemical companies have little incentive to generate the data needed to expand their pesticide labels to include such crops, given the small acreage and large liability potential for high-value specialty crops.  To address this need, ARS and NIFA scientists with the IR-4 program analyzed hundreds of pesticide/crop combinations for fruits, vegetables, nut trees, nursery, and floral crops.  Data contributed to uses for 105 crops and 52 pesticides in 2009, and are being used by registrants and EPA to expand pesticide labels for use by specialty crops growers.

· Insecticide mix prevents egg laying by cherry fruit fly.  Cherry fruit fly is a major quarantine pest of cherries, as there is a zero tolerance for larvae in marketed fruit.  Insecticide sprays are targeted against the young flies before they develop and can lay eggs.  However, flies that are mature and capable of laying eggs can fly into orchards and infest cherries even after contacting the insecticide sprays currently being used, indicating more effective materials are needed to keep these flies from laying eggs. ARS scientists from Wapato, Washington, found that a mix of spinosad and the neonicotinoid thiamethoxam when ingested can prevent flies from laying eggs into cherries, whereas the current material used, spinosad bait, cannot.  The use of a spinosad and thiamethoxam mix can reduce the problem of cherry fly moving into orchards from outside sources and can be part of a systems approach for export of cherries.
· Narrow-row Cotton Production System Problem.  The benefits of narrow (38 cm) row cotton production as an alternative to wide (102 cm) row cotton production in the lower Mississippi River Delta region have not been fully evaluated.   To address this, ARS researchers in Stoneville, Mississippi, conducted field studies to assess cotton canopy closure and lint yield in narrow paired rows, as compared to wide rows under irrigated and nonirrigated conditions.  Cotton canopy closed 2 to 4 weeks earlier in narrow paired rows, and cotton grown in narrow paired rows using lower plant populations produced higher lint yields than cotton grown in wider rows, regardless of irrigation. The study demonstrates the economic value of growing narrow row cotton in the Mississippi River Delta region. 
· Weed management in organic peanut production.  Weed control is the major limiting factor for organic peanut production.  ARS scientists at Tifton, Georgia, evaluated both mechanical and natural herbicide strategies for weed control in organic peanut production.  Cultivation with a tine weeder effectively controlled weeds when peanut was seeded at a density of 20 seeds/meter as compared to half that density.  The best weed control was obtained with cultivation regimes initiated just prior to peanut emergence combined with banded applications of either clove oil or limonene to control broadleaf weed escapes.  Organic peanut growers have integrated these strategies into their production systems.

· Spinosad replacement for organophosphate male annihilation treatments in California.  Overuse of organophosphate and carbamate insecticides have been implicated in secondary pest outbreaks, negative effects on beneficial insects, environmental contamination, and adverse effects on human health.  The Environmental Protection Agency would like to phase out or reduce the use of organophosphates and carbamates, replacing their function with reduced risk insecticides.  On such pesticide is naled, used as the toxicant in traps nbaited with methyl eugenol for oriental fruit fly control.  Studies were conducted by ARS scientists in the in Hilo, Hawaii, to quantify attraction and feeding response resulting in mortality of the male oriental fruit fly to traps containing spinosad instead of naled.  Results suggest that spinosad with low contact toxicity, and when mixed with a pheromone, insect lure and methyl eugenol offers a reduced-risk alternative for control of oriental fruit fly, without many of the negative effects to humans and non-targets of broad spectrum contact poisons such as naled. This foundation offers potential for control of males in an area-wide integrated pest management system without the need for conventional organophosphates.  
· Functional analysis of new genes/proteins involved in chitin binding.  Insect-specific physiological structures and processes such as chitin (only found in insects and related animals) and molting can be targeted for design of insect-specific biopesticides.  In cooperation with Kansas State University, ARS scientists in Manhattan, Kansas, continued to scan the red flour beetle, an important pest of stored products, genome sequence for chitin-associated genes, and identified all 27 non-catalytic, chitin-binding “peritrophin-like” genes/proteins associated with either the chitinous exoskeleton or the insect gut.  These include 10 chitin-binding proteins associated with the digestive midgut and 17 associated with the exoskeleton.  This research revealed that at least some of these genes are essential for insect survival and are therefore excellent candidate targets for chitin-inhibitory biopesticides.
· Novel fruit fly monitoring trap dispensers.  Fruit flies are among the most economically important pests attacking soft fruits worldwide.  Over 40,000 methyl eugenol and cue-lure traps are maintained in California and Florida to detect these flies so they can be eradicated rapidly.  Novel solid lure-insecticide dispensers were tested by ARS scientists in Hilo, Hawaii, under Hawaiian weather conditions against small populations of oriental and melon fruit flies.  Captures with solid Farma Tech wafer dispensers with methyl eugenol or cue-lure and the pesticide dimethyl dichloro-vinyl phosphate (DDVP) placed inside Jackson traps were equal to those for Jackson traps with naled currently used for detection of methyl eugenol and cue-lure responding fruit flies on the U.S. mainland.  Farma Tech solid methyl eugenol and cue-lure wafers with DDVP would be more convenient and safer to handle than current liquid lure-insecticide formulations (e.g. naled) used for detection programs in Florida and California.  

· Temperature and controlled atmospheres alter codling moth metabolism.  High temperatures in combination with low oxygen and elevated carbon dioxide environments control codling moth in harvested apples, pears, and stone fruits.  However, the mechanism by which this is accomplished was not understood.  ARS scientists in Wapato, Washington, determined the effects of a combination of heat and controlled atmosphere conditions on codling moth metabolism by monitoring insect metabolic rates.  Low oxygen environments inhibited the ability of codling moth to respond to increasing temperatures and high levels of carbon dioxide blocked the insect’s ability to utilize energy.  The combination of low oxygen and high carbon dioxide worked synergistically to inhibit codling moth from metabolically adapting to the high temperatures.  This information will aid in the development of more effective postharvest quarantine treatments using heat and controlled atmospheres for not only codling moth but for other insects of quarantine concern.

· Maternal larvicidal gene mapped on Tribolium chromosome 3.  Fundamental knowledge of natural mechanisms for self-regulation of insect populations is lacking.  One such mechanism involves a mysterious class of selfish, larvicidal genes found in flour beetles.  ARS scientists in Manhattan, Kansas, pinpointed the precise location of one such gene, Medea-4, on the far right end of chromosome 3 of Tribolium castaneum.  This gene causes maternal kill of hatchlings, and is present in almost half of all populations of T. castaneum sampled worldwide.  Scientists are now attempting to clone the gene and examine its detailed mechanism of larval kill.  Knowledge of the mechanism of insect kill by maternal selfish genes could lead to new methods of population management.  Because of their selfish nature, such genes may also be useful as gene drivers to force desirable genes into target populations.

· Aeration controls insects in stored grain.  Using low-volume ambient air to cool stored grain is a common management practice in the southern plains, but little research has been done recently to determine if the direction of airflow makes a difference regarding the cooling patterns.  ARS scientists in Manhattan, Kansas, conducted a study by using suction aeration, pulling air downward through the grain mass, as compared to pressure aeration, the standard strategy of pushing cool air upward through the grain mass.  Results of a 2-year study show that temperatures on the upper surface of the grain mass were consistently cooler with suction aeration than with pressure aeration.  The resulting insect pest populations were also generally lower in the bins with suction versus pressure aeration.  Results demonstrate that using suction aeration would cool the upper surface zone of the grain mass, which is vulnerable to insect infestation, and could reduce the need for additional pesticide inputs through this reduction in pest pressure.

· Development of methods for sampling psocids in stored grain.  Psocids, or booklice, are emerging pests of stored grain and processed stored products, but little is known about how to sample them to determine their population levels to aid in making pest management decisions.  ARS scientists in Manhattan, Kansas, compared methods for sampling psocids in wheat stored in steel bins: cardboard refuges on the surface of the grain and on the bin hatch; grain samples taken using a grain trier probe; and automated sampling using StorMax Insector™ electronic probe traps.  Two species of psocids were identified during the study: Liposcelis entomophila and L. decolor.  In general, the sampling methods reflected similar patterns in seasonal abundance of psocids in both years, except that no psocids were found in the hatch refuges in December to February when temperatures were low.  Psocid densities in cardboard refuges and in Insector™ probes correlated well with psocid densities in grain samples in both years.  The results indicate that cardboard refuges or Insectors™ may provide an effective method for sampling psocids in bins of wheat.  This information should be useful for the development of sampling plans which can be used to time psocid management in stored wheat. 
· Development of an effective seed treatment system for an emerging seed-borne virus on tomato.  With an estimated value of $400 million, greenhouse tomato production in the United States has increased significantly in recent years, capturing nearly 46 percent of the U.S. fresh tomato market share.  Pepino mosaic virus (PepMV), a seed-borne pathogen, is an emerging disease in greenhouse tomato and has a significant impact on production.  ARS scientists in Charleston, South Carolina, determined that the PepMV virus particles are located on the surface of the seed coat and thus can be eliminated by various seed treatments with chemo- and thermo-therapies.  This discovery advances uses of seed treatments to deactivate virus infectivity and will facilitate planting of virus-free seed, a high priority of the industry. 

· Naturally-occurring microbial residents on apple blossom surfaces and their potential use in fire blight control.  Biological control of fire blight of apple and pear with beneficial microorganisms is a viable alternative to the use of antibiotics, which have become less effective due to resistance development in the disease-causing organism.  Although some biocontrol agents have now been commercialized for this disease, information regarding population sizes, distributions, and diversities of natural microbial residents on floral surfaces of apple trees and their potential use in disease control was lacking.  ARS scientists in Wentachee, Washington, detected a wide diversity of bacteria and yeasts on apple blossoms and, through laboratory bioassays with detached flowers, identified microbial genera and specific strains that are highly effective in suppressing the pathogen.  The information will be useful in developing effective microbial mixtures with complementary modes of action and ecological niches for enhancing biological control of fire blight. 
· Toxicity of a natural antibiotic to nematodes.  Some beneficial bacteria produce 2,4-diacetylphloroglucinol (DAPG), a natural antibiotic, which is active against numerous organisms, including plants, fungi, viruses, and bacteria.  ARS scientists in Beltsville, Maryland, in cooperation with scientists from Pennsylvania State University, determined that effects of DAPG also impacted nematodes, but the responses were variable, depending on the nematode species and life stage being studied, and the responses ranged from toxic to stimulatory.  This research has allowed scientists to determine which species of plant-parasitic nematodes would be optimal targets for application of DAPG-producing biocontrol bacteria in soil treatments.  

· Cover crops increase the availability of soil nitrogen for grapes and the potential to improve yields.  Cover crops are becoming increasingly popular in vineyards as a means of minimizing soil erosion, but little is known about their potential positive effects on grapevine nutrition or their possible negative effects on greenhouse gas emissions (i.e., nitrous oxide).  ARS scientists in Davis, California, demonstrated that cover crops Triticale and rye prevented nitrogen leaching from the soil, primarily by increasing populations of beneficial soil microbes.  In contrast, tillage caused declines in populations of soil microbes and should thus be minimized. 
· Use of new molecular probes to screen for virus resistance in walnut.  In California, black line disease (caused by a virus) adversely impacts nut production and longevity of some orchards.  ARS scientists in Davis, California, have incorporated a resistance gene from black walnut into English walnuts and developed virus resistant backcrosses for release in areas with high incidence of black line disease.  Researchers developed and optimized a molecular assay, based on a marker for resistance, to identify virus resistant germplasm.
· Host status of transgenic plum lines to ring nematode.  The ring nematode, Mesocriconema xenoplax, is associated with making peaches more susceptible to peach tree short life (PTSL) tree death.  The use of genetic engineering to increase disease resistance in agricultural crops is becoming acceptable and developing into a complementary technique to traditional disease management methods.  Evaluating genetically transformed plum rootstocks for resistance to the ring nematode is important in determining the potential use of these rootstocks as a management tool for the peach industry in the southeastern United States.  ARS scientists in Byron, Georgia, found that all three plum lines supported ring nematode reproduction, but one line suppressed nematode populations more than the other two lines.  These data provide useful insights into the potential utilization of a genetically transformed plum rootstock to manage ring nematode in peach in the southeastern United States. 

· Development of Blackberry rust management recommendations.  Blackberry rust caused by Phragmidium violaceum can cause severe economic damage in several commercial blackberry cultivars.  ARS scientists in Corvallis, Oregon, gained new knowledge of the disease epidemiology, pathogen biology, diversity, efficiency, and timing of fungicides to develop an economical management system for Blackberry rust.  The management program consists of shifting a dormant lime-sulfur application in the winter to a period 2 to 3 weeks prior to bud break, with a fungicide application prior to bloom if scouting of the crop and adjacent feral blackberries indicates it is warranted.  Better understanding of the pathogen biology shows that typical weather conditions are unlikely to be favorable to the development of severe epidemics in most years.  These recommendations have significantly reduced the cost of control and reduced the amount of fungicides being used. 
· Pest Detection.  A new generation of diagnostic tests is needed to detect emerging disease pathogens of plants and animals and their toxins, identify new variants of known disease pathogens, control or eradicate zoonotic diseases, and control diseases that impact production and trade.  
· Improved detection of causative agent of citrus greening.  As citrus greening disease continues to spread in the United States there is a need for sensitive and reliable methods of detecting the causative agent, Candidatus Liberibacter asiaticus.  ARS researchers in Fort Pierce, Florida, developed a more sensitive method of detection (a quantitative method based on the polymerase chain reaction, or PCR) and used it to survey for the presence of Ca. Liberibacter asiaticus in citrus from throughout the country.  Some of the discovered Ca. Liberibacter asiaticus strains were found to not cause greening disease and will be used in comparison tests with disease-causing strains to identify important processes in pathogenicity, leading to the development of interdiction strategies.
· A new Reo-like virus identified from “crumbly fruit” disease in raspberry.  Crumbly fruit disease in red raspberry and blackberry significantly decreases fruit quality, making the fruit unusable for the fresh or whole berry markets which are the most profitable for the grower.  ARS scientists in Corvallis, Oregon, characterized viruses from diseased plants.  The researchers conclusively showed infection with three viruses: Raspberry bushy dwarf virus, Raspberry leaf mottle virus, and a new Reo-like virus, and they developed diagnostic tests for the latter two.  A polymerase chain reaction (PCR) test is now being used to identify the vector and native hosts of the Reo-like virus.  In addition, plants singly infected with each of the three viruses are being developed to study the role of each virus individually and in various combinations in the crumbly fruit symptom.  These diagnostic tests have been provided to laboratories carrying out virus clean-up programs to ensure that the plants produced are free of these viruses and to laboratories responsible for quarantine and certification to assist their programs.  
· Transiently-induced silencing of a sugarbeet and tomato virus.  Beet severe curly top virus (BSCT) and related curtoviruses are responsible for severe losses in numerous crops each year, including tomato and sugarbeet.  ARS researchers at Salinas, California used virus-induced gene silencing to obtain high-level resistance against BSCT virus and a related curtovirus in tomato and in a related tobacco species.  This induced resistance to BSCT virus provided disease control in tomato and a relative of tobacco, but there was limited control in sugarbeet.  The ability to elicit induced silencing of curtoviruses will provide the vegetable and sugarbeet industries with alternative and potentially more effective disease control methods while reducing pesticide usage and without the use of genetically transformed materials.  

· Identification of the causal agent associated with the almond brown line disease.  Almond brown line disease was discovered in California in the 1990s as a graft union disorder in almonds grown on plum rootstock in orchards on marginal land.  When the trees are infected by Peach yellow leafroll-associated phytoplasma, they develop a brown necrotic line at the graft union resulting in tree death.  It has been difficult to prove the association of phytoplasma in infected almond trees because of lack of a suitable detection assay.  ARS scientists in Davis, California, developed a molecular assay and successfully detected this phytoplasma in almond extracts.  This assay can be used to monitor the trees in a commercial orchard impacted by almond brown line disease. 

· Molecular assay developed to detect and quantify two nosema parasites of honey bee.  Nosema ceranae, a honey bee gut parasite relatively new to the United States, is causing increasing problems for beekeeping and may be associated with colony collapse Disorder.  A genetic assay was developed by ARS researchers in Baton Rouge, Louisiana, that simultaneously detects and quantifies both N. ceranae and the longer known N. apis. The assay detects less than 10 copies of Nosema spp. in a single bee and may be used in place of laborious microscopic examination. The assay is being used to assess the kinetics of N. ceranae infestations during natural infection, and this information will be utilized for further study of stock and colony-level resistance to Nosema infestation and breeding for stock improvement. 

· Pest Biology and Ecology.  Understanding pest biology and ecology underpins all work toward effective pest control, and concomitant preservation of habitat by elimination or management of invasive species.  
· Clues to Streptomyces toxin effects on plants.  Thaxtomin is a potent determiner of pathogenicity by the plant pathogenic Streptomyces species that cause scab diseases of multiple root crops, including potato.  ARS scientists from Ithaca, New York, identified the substrate for the enyzme (peptide synthetase) responsible for thaxtomin production.  This unusual amino acid is the first nitrated substrate ever discovered for a peptide synthetase, and is critical to the production of the phytotoxin that causes disease symptoms.  This knowledge may aid in developing control strategies for this disease in potatoes and other root crops.

· Genome of the citrus greening pathogen sequenced.  ARS scientists in Fort Pierce, Florida, in collaboration with other ARS and university researchers, have sequenced the genome of Liberibacter asiaticus, the likely bacterial causative agent of citrus greening disease.  Knowledge of the bacterial genome will be used to better understand the microbe’s enzymatic and metabolic pathways, nutritional requirements, and, critically, factors that permit it to be vectored by the Asian citrus psyllid and to be pathogenic in citrus.  Such knowledge can be exploited to interrupt disease transmission and to find cures for the disease.

· Pathology and spread of Nosema disease. There has been a great increase in both the range and prevalence of Nosema ceranae, a fungal parasite of honey bees that was only diagnosed in U.S. bees in the past 2 years.  ARS scientists in Beltsville, Maryland, established that this species has been present for over a decade in the United States and conducted the first pathological analyses of this parasite.  The latter study showed that N. ceranae is much more invasive in the body of honey bees than is the better known Nosema apis, moving and reproducing well beyond the gut wall.  These findings were important for predicting the role of Nosema in colony collapse disorder (CCD) and suggest different vulnerabilities of the two Nosema species to environmental conditions and to the single registered product now available for their control, fumagillin. 

· Elucidating the chemistry of host finding by the varroa mite.  The varroa mite is the most important pest of the honey bee industry in the world and no highly effective control strategy exists for this pest.  To develop a non-pesticide approach to control of the mite, ARS scientists investigated the semiochemical communication system used by the mite to invade honeybee larval cells.  Two chemicals were identified that effectively causes mites to be attracted into empty rearing cells and keeps the mites from leaving the cells and another that repels mites.  Identification of these compounds makes development of an effective non-pesticide method for control of the mite possible.  
· Russian wheat aphid sexual reproduction confirmed.  Eight new Russian wheat aphid biotypes were discovered in the United States from 2003-2004.  Genetic recombination via sexual reproduction has been demonstrated to produce this biotypic diversity in other aphid populations.  ARS scientists in Stillwater, Oklahoma, in collaboration with scientists from Colorado State University discovered sexually reproducing field populations that overwintered as eggs.  Analysis of the biotype composition of the offspring that hatched from field-collected eggs revealed that 50 percent were unique phenotypes.  This discovery provides a credible explanation of how new biotypes have occurred in the United States.  These findings will expedite the plant breeding process by improving the identification and increasing the durability of resistance in wheat and barley.  Knowledge of the environments where successful sexual reproduction occurs will enable close monitoring of these populations to preempt outbreaks of new biotypes.

· Improved methods for evaluating non-host status of horticultural crops for fruit flies.  The United States requires that quarantine treatments for high risk pests, such as fruit flies, achieve 99.9968 percent (probit 9) mortality at the 95 percent confidence level by treating a minimum of 93,613 insects with no survivors.  ARS scientists at Hilo, Hawaii, proposed that the same level of testing should be required during non-host status testing with fruit flies of fruits and vegetables so that its equivalency with postharvest treatments could be demonstrated.  Sample size would be determined by the number of insects exposed to fruit or the number of fruit collected to inspect for insects.  This recommendation was included in a new North America Plant Protection Organization Regional Standard for Phytosanitary Measures providing guidelines for determination of host status of a commodity to fruit flies (RSPM No. 30).  Incorporating sample size and confidence levels into host status testing protocols along with efficacy will lead to greater consistency by regulatory decision-makers in interpreting results and, therefore, more technically sound decisions on host status.

· Diseased plant material found highly attractive to adult fungus gnats.  Pythium root rot fungi cause devastating diseases of greenhouse floriculture, and fungus gnats have been implicated as Pythium vectors, although, the true nature of the fungus gnat-Pythium association had not been elucidated.  Cornell University and ARS researchers in Ithaca, New York, found that fungus gnats strongly preferred to lay eggs on geranium seedlings infected with a broad range of microbes, including Pythium and other fungal pathogens; the beneficial fungus Trichoderma, which suppresses harmful fungi; and the beneficial insect-pathogenic fungus Beauveria, which is used commercially to control insects.  These findings underscore the importance of greenhouse sanitation to minimize microbial activity as a component of fungus gnat control and suggest the potential use of substrates with high levels of microbial activity to attract fungus gnats away from crop plants.

· Pollen longevity in the boll weevil gut.  Dispersal of boll weevils in and around cotton fields hinders pest management because the weevils may not be in the cotton field when pesticides are applied.  Monitoring pollen grains from various plants that are found on and in boll weevils can be important in defining the movement of weevils into and out of fields.  ARS scientists at Weslaco and College Station, Texas, measured pollen retention in the boll weevil gut and found complete pollen grains of cotton in the weevil gut as long as 24 hours after the insects had fed on the plant.  This work is important because it shows that monitoring pollen grains in the boll weevil digestive tract can give solid evidence of the time line of weevil feeding and definitive evidence of the specific plants being fed upon.  Increased knowledge on boll weevil dispersal between cotton and native plants will lead to more timely and effective insecticide applications and will significantly support ongoing efforts to eradicate the weevil from the United States.  The fact that beneficial microbes as well as plant pathogens are attractive to these pests has important implications with respect to the development of integrated pest management programs.

· Pheromone-based management of Colorado potato beetle.  The Colorado potato beetle is one of the most destructive pests of solanaceous crops, including potatoes, tomatoes, and eggplant.  The beetle has rapidly developed resistance to pesticides and other control measures, thus alternative methods of management are urgently needed.  ARS scientists in Beltsville, Maryland, have developed a trapping system utilizing a Colorado potato beetle “aggregation” pheromone (a volatile chemical released by the insect that causes the beetle to cluster) that attracts both sexes.  The system is effective in capturing the beetles in the field throughout the growing season.  Plans are to develop this system for monitoring and management of the beetle, as well as to survey its spread.
· Transmission mechanisms of zebra chip potato disease elucidated.  Recently it was determined that zebra chip is caused by the bacterium Candidatus Liberibacter solanacearum transmitted by the potato psyllid.  However, transmission mechanisms of this pathogen by the psyllid to potato are not well understood.  Transmission studies conducted by ARS scientists at Wapato and Prosser, Washington, assessed the acquisition and inoculation access periods required for the potato psyllid to effectively transmit the bacterium  liberibacter.  Results indicated that the potato psyllid is able to effectively acquire this pathogen in 1 hour or less.  Also, results show that 4 hours or less are enough for this insect to successfully inoculate the bacterium to healthy plants.  Information from this research will increase the understanding of how zebra chip and other related diseases are transmitted and lead to the development of effective management strategies for these diseases.

· Navel orangeworm population levels and aflatoxin contamination of pistachios.  Navel orangeworm damage is associated with contamination of pistachios by aflatoxins, however the relationship between navel orangeworm population levels and populations of the aflatoxin-producing fungi is unknown.  Scientists from ARS Parlier, California, and the University of California-Davis have determined that the prevalence of aflatoxin-producing fungi in adult navel orangeworm throughout the season was directly related to increase in navel orangeworm population.  This research will help reduce aflatoxin contamination of pistachios and decrease load rejection by foreign markets, enabling growers to optimize their control strategies and maximize their economic return in this $500 million dollar industry.
· Pest insect immunity to bacterial infection crippled.  Inhibiting chemical signals has the effect of interfering with insect immunity to pathogens.  ARS scientists at Columbia, Missouri, in collaboration with scientists at Kansas State University and Andong National University, Korea, identified genes for an enzyme that mediates immune responses in a caterpillar.  If the genes were inhibited by molecular probes, the insect immune system was crippled, leaving the insect vulnerable to bacterial infection.  This suggests a completely novel concept in biological control research, specifically, developing specific agents to impair insect immune functions as a feasible means of controlling insect pests.

· Gene expression in crown buds of a perennial weed.  Dormancy of vegetative buds is a critical developmental process that allows perennial plants to survive extreme seasonal variations in climate and circumvent weed control strategies.  Management of the noxious perennial weed leafy spurge depends on knowledge about the biology of crown bud dormancy and vegetative reproduction.  Using state of the art technology, ARS scientists at Fargo, North Dakota, determined that nearly 1,000 genes were differentially expressed depending on the seasonal bud stage of the leafy spurge.  These data represent the first large-scale transcriptome analysis of dormancy in buds of an herbaceous perennial species.  This research will help physiologists identify genes and pathways that underlie dormancy and vegetative reproduction in perennial plants, and help in the development of next generation weed management strategies as well as perennial plant production practices.

· Ballistic seed dispersal in bittercress problem.  Many weed species do much more than shed their seeds, they actively disperse them ballistically.  The weed bittercress is a prime example of this type of weed; seeds are shot up to 15 feet from the parent plant in a violent fashion.  Understanding the mechanisms involved in this method of seed dispersal could lead to improved methods of weed management.  By using antibody probes, ARS scientists in Stoneville, Mississippi, discovered that a layer of thickened cells lies immediately adjacent to a layer of pectic mucilage.  As the layer of pectic mucilage dries it shrinks, increasing the tension on the highly thickened cells.  At the same time, the capsule walls are being weakened along suture lines.  When the tension becomes greater than the bonds in the suture cells, the capsule rips open violently, discharging the seeds. The results from this study could lead to the development of mechanisms for limiting ballistic seed dispersal.

· Use of screwworm relative to develop cryopreservation protocol.  Since the primary screwworm (Cochliomyia hominivorax) has been eradicated from the United States, research on this species is not conducted here due to concerns that the insects might escape quarantine.  Cryopreservation methods for providing breeding stock to sterile insect production facilities, nevertheless, still needs improvement.  ARS researchers in Fargo, North Dakota, therefore used a surrogate insect, the secondary screwworm (Cochliomyia macellaria) to develop long-term preservation protocols.  Mass-cryopreservation technology will provide needed back-up repositories for primary screwworms reared in facilities for release in the prevention of re-infestation of the Americas by this important agricultural pest.

· Delineating potential contributions to swallow-wort invasiveness.  Identifying the invasive qualities of exotic plants, such as swallow-worts, can provide leads on the technologies to develop to control them.  An ARS scientist in Ithaca, New York, analyzed swallow-worts, invasive plants in the northeast United States to determine if they possessed allelochemicals, inhibitory compounds that inhibit the growth of other plant species.  They demonstrated that pale and black swallow-worts accumulate an allelochemical in their roots and leaves that, in laboratory bioassays, inhibits the growth of native plant species typically present in natural habitats invaded by this weed.  Future studies will be targeted toward quantification of this compound in soil to evaluate whether it may play a major role in establishing swallow-worts as a dominant plant species in invaded communities.

· Assessing invasive weed biological control impacts on restoration.  Restoration of habitats following the control of invasive plants in areas where they have become the dominant plant species is both desirable and critical in preventing reinvasion of the same or other exotic plants.  To identify the impacts on restoration of riparian ecosystems resulting from biological control of salt cedar, ARS scientists in Reno, Nevada, conducted greenhouse and field experiments to understand the effects of beetle herbivory on salt cedar physiology, early leaf fall, and litter quality and decomposition rates.  Greenhouse studies demonstrated that early leaf fall results from water stress, i.e., a localized response to herbivory that renders salt cedar unable to control water loss during both the day and night.  Field studies demonstrated that early leaf fall occurred before plants were able to translocate nutrients, such as nitrogen and phosphorus, from the effected leaves.  The higher nutrient content of the litter produced following beetle herbivory resulted in a higher litter decomposition rate.  In addition, physiological responses to herbivory were shown to have potential impacts on carbon, water and nutrient cycling.  These results provide an understanding to the factors that can affect restoration efforts in highly valued riparian ecosystems following the biological control of salt cedar.

· Spatial modeling of plant growth and insect development.  Estimating biological events in the field is both difficult and costly because it requires detailed assessment of weather conditions over wide areas and interpolation of projections across complex geography where terrain often makes such predictions unreliable.  New computer-based simulation models of plant growth and insect natural enemy development have been developed by ARS scientists in Albany, California, in cooperation with the University of California, Santa Cruz, and NASA, Ames Research Center, Moffett Field, using parallel processing computers and spatially explicit weather predictions from the U.S. Navy.  Application of these models down to very high spatial scales (1 meter resolution) is expected to allow much more detailed assessment of invasive species biology and control, potentially leading to new management tactics.

· Managing litter to manage invasive weeds.  Manipulating plant litter in an attempt to direct successional trajectories is rarely considered as a management strategy even though plant litter contributes to soil health, impacts seed germination, and is an important component in other ecological processes.  ARS scientists in Burns, Oregon, studied the influence of litter collected from an intact native plant community on a community dominated by similar native species and invasive species and vice versa.  They determined that the addition of native plant litter to sites dominated by invasive weeds, such as St. Johnswort, increased native plant biomass without impacting the biomass of the invasive weed.  The results demonstrate that the use of native species litter could be another tool in an integrated approach to manipulating plant community dynamics in such a manner to facilitate shifts from invasive dominated communities to stable, sustainable native plant communities.

· New genes for lethality in fruit flies.  Mass releases of sterile males are a widely used means to control pest fruit flies, but the radiation that sterilizes males often damages their sexual performance as well.  Conditional-lethality, where a released insect’s offspring die when certain environmental conditions prevail, is a promising substitute for traditional sterility.  Several new genes critical for conditional embryonic lethality have been discovered by ARS researchers in Gainesville, Florida, in the Mexican and Caribbean fruit flies, and these could ultimately improve the efficacy of control programs that protect U.S. agriculture from not only fruit flies but also other potentially invasive pests.
· Blocking pheromone production in moths disrupts reproduction.  The immature stages of many species of insects in the Order Lepidoptera (which includes moths) are destructive crop pests, and new technology is needed to successfully manage these insects in U.S. crop production.  Male and female lepidopteran insects recognize and are attracted to each other for reproductive purposes through release/reception of trace levels of very highly volatile chemicals called pheromones.  Disruption of pheromone signaling between the sexes offers a promising approach to control; it is well known that pheromone synthesis and recognition in insects are controlled by internal hormones known as neuropeptides.  ARS scientists in College Station, Texas, in collaboration with scientists in Israel, chemically synthesized neuropeptide "mimics" that effectively blocked pheromone production in the species of pest moth studied.  Importantly, the synthetic version of the neuropeptide, when applied to the outside of the living insect, effectively penetrated to the internal organs where it exhibited its pheromone-inhibiting effects.  This accomplishment advances the development of practical neuropeptide-like substances that will disrupt normal reproduction and provide effective control of lepidopteran pest insects in an environmentally friendly fashion.

· Assigning gene functions to the causal agent of sudden oak death.  The DNA sequence of disease-causing organisms can provide clues to their function and potential opportunities to disrupt those functions.  However, sequence similarities must be verified biologically rather than simply by computer-generated associations.  The majority of the genes sequenced for the fungal pathogen, Phytophthora ramorum, that causes sudden oak death, had no experimental evidence supporting their identification until recently.  ARS scientists in Davis, California, constructed gene expression microarrays for the fungus and obtained baseline gene expression levels during the three life stages of the fungus which facilitates association and demonstration of specific genes with specific biological processes.  

· Fairy ring disease of cranberry: causal agent and life cycle determined.  Fairy ring is a serious fungal disease of cranberry that kills vines and is difficult to control.  The causal agent and mechanism of spread were unknown.  ARS scientists in Chatsworth, New Jersey, positively identified the causal agent as a new species of Helicobasidium.  They further determined that this organism has a complex life cycle and an alternate host that contributes to the genetic diversity and spread of the disease in cultivated cranberry beds.  These discoveries provide needed information to develop better management practices to control fairy ring disease.
· Molecular Genetic Analysis of Insects, Pathogens, and Hosts.  ARS is responsible for advances in the identification and analysis of genetic systems involved in insect development, reproduction and behavior which enable the identification of new targets for control as well as the development of highly specific insecticidal products.  Other ARS studies developed gene transfer technology to understand biological processes through functional genomics, and transgenic strains for possible use in biological control.  ARS has also developed molecular markers and methodologies to identify and track insect populations and disease outbreaks.   Reductions in pesticide use are achieved through the introduction of new pest resistant crops developed through ARS research on the genetics of pest resistance. 
· Genomics of leafhopper vectors of Pierce’s disease.  Little is known about the genomics of leafhoppers, including sharpshooters, which are important vectors of plant pathogens.  ARS researchers in Fort Pierce, Florida, initiated a genomics project that resulted in the identification of thousands of genes from three leafhopper species which vector Pierce’s disease.  The sequences will be used to: develop genetic markers for species typing; identify leafhopper feeding and digestive enzymes linked to disease transmission, with the purpose of developing strategies to interrupt feeding; and, provide the foundation for studies on development of leafhopper insecticide resistance, with the goal of insecticide resistance management.

· Drought-stress genes in corn and resistance to aflatoxin contamination.  Throughout the world, aflatoxin contamination is one of the most serious food safety issues.  Chronic problems with pre-harvest aflatoxin contamination occur in the southern United States, and drought stress is a major factor contributing to the condition.  Recent studies have demonstrated that higher concentrations of defense or stress-related proteins were produced in corn kernels of resistant genotypes, suggesting that pre-harvest field condition related to drought stress influenced gene expression for pre-harvest aflatoxin contamination.  ARS scientists in Tifton, Georgia, applying proteomic comparisons between resistant and susceptible corn kernel proteins, have identified stress-related proteins, along with antifungal proteins associated with corn kernel resistance.  Gene expression analyses of developing corn kernels and the proteomic studies that suggest defense-related genes are up- or down-regulated by abiotic stresses, and this is correlated with post-harvest aflatoxin contamination.    
· New genes identified to protect wheat from the Ug99 wheat stem rust threat.  More than 80 percent of the world’s wheat varieties are vulnerable to the virulent new wheat stem rust strain, Ug99, which has appeared in Eastern Africa.  New sources of Ug99 resistance are urgently needed.  In 2009, ARS researchers identified new sources of Ug99 genetic resistance in wild and weed relatives of wheat, and have made initial progress in incorporating those genes into bread wheat.  ARS researchers in Manhattan, Kansas, mapped and transferred a Ug99 resistance gene from the wild wheat Triticum timopheevii.  ARS researchers in Fargo, North Dakota, identified resistance genes from goatgrass and perennial wheatgrass species and are now advancing genetic resources to facilitate the use of these new resistance genes.  ARS researchers in Raleigh, North Carolina, identified 30 breeding lines with Ug99 resistance and are assessing those lines for agronomic traits in partnership with the International Wheat and Maize Agricultural Research Center (CIMMYT) in Mexico for distribution globally.  These new sources of genetic resistance to Ug99 are keys for breeding wheat with more durable resistance to Ug99 to protect the global grain supply.
· Characterizing Ug99 wheat stem rust strains and alternate hosts.  A virulent new wheat stem rust strain, called Ug99, has appeared in Eastern Africa, and more than 80 percent of the world’s wheat acreage is vulnerable.  ARS researchers in St. Paul, Minnesota, determined that a barberry species, widely distributed in the highlands of Kenya where wheat is grown, was susceptible to wheat stem rust.  These results indicate that the barberry is an alternate host for the African Ug99 stem rust and can serve as a source of new rust variants found recently in the East African region.  Researchers in St. Paul also screened thousands of seedlings for U.S. wheat and barley breeders to accelerate breeding of Ug99 resistant varieties.  This new information will advance strategies to control the spread of virulent new wheat stem rust strains and accelerate efforts to develop resistant wheat varieties. 
· Identification of a resistance gene for Rpp4-mediated resistance to Asian soybean rust.  Outbreaks of Asian soybean rust, which can cause yield losses up to 75 percent, have now occurred in all major soybean-producing countries.  Thus far, only four genetic locations (loci) in the soybean genome (Rpp1, Rpp2, Rpp3, and Rpp4) have been identified as conferring resistance to Asian soybean rust.  Cloning of Rpp4 and the development of markers linked to the gene will aid in breeding resistance to soybean rust and other important soybean pathogens.  ARS scientists at Ames, Iowa, in cooperation with scientists from Embrapa (Brazil) and Iowa State University decoded a region of the soybean genome corresponding to the Rpp4 locus and identified three candidate resistance genes.  By combining genetic mapping, gene silencing and sequencing, and other cutting-edge methods, the researchers identified a single candidate gene that controls resistance at the Rpp4 locus, a key accomplishment for developing genetic resistance against soybean rust. 

· Apple rootstock map completed.  Genetic maps are an important tool for locating genomic regions that affect apple rootstock traits.  ARS scientists at Geneva, New York, completed a genetic map of apple rootstocks that encompasses all 17 linkage groups (chromosomes) of the apple genome and identified the location of 16 genes expressed in roots only and 13 disease resistance homologues, some of which co-locate to known disease resistance regions.  This accomplishment has enabled the discovery of markers linked to important apple rootstock traits which will enable marker-assisted breeding.   

· Inheritance of sunflower downy mildew resistance.  Downy mildew, a serious disease of sunflower, often strikes early in the growing season, especially under cool, damp environments.  Sunflower line HA-R5 confers resistance to nine races of the pathogen that causes the disease and is a promising source of downy mildew resistance for commercial sunflower hybrids.  It is difficult to transfer the resistance genes without knowing the genetic control or inheritance.  ARS scientists at Fargo, North Dakota, determined the inheritance of the downy mildew resistance gene in HA-R5 and genetically mapped it to a genomic location near two DNA SSR markers.  These DNA markers closely linked to the resistance gene will enable marker-assisted selection for developing downy mildew resistant lines. 

· Discovery of a secondary gene for powdery mildew resistance.  Resistance to powdery mildew in apple rootstocks is a desirable nursery trait.  ARS scientists at Geneva, New York, have discovered the genomic location of a secondary gene that affects disease resistance to powdery mildew.  This accomplishment has highlighted the need for an additional genetic marker for marker-assisted breeding for powdery mildew resistance and explains the inconsistencies of earlier reports based on a one-gene model for the resistance. 

· Rice sheath blight disease resistance gene discovered.  Sheath blight disease causes yield losses in rice production areas around the world.  It has been difficult to develop sheath blight-resistant cultivars because there are no known sources of complete resistance, and resistance is conditioned by many genes whose expression are modulated by the growing environment.  ARS scientists at Stuttgart, Arkansas, identified DNA markers associated with major sheath blight disease resistance quantitative trait loci (QTLs) in a project partially funded by the USDA-NIFA-NRI RiceCAP grant.  A total of 10 QTLs distributed on several rice chromosomes were identified, including a major QTL for sheath blight resistance found on chromosome 9.  The markers linked to the major sheath blight-resistant QTL will enable breeders to accelerate the introduction of genetic resistance into new rice cultivars. 

· Fresh market apricot Robada is ready for plum pox virus in California.  Plum pox virus (PPV) has been identified in North America, and has been a devastating tree disease affecting apricots in many other growing regions around the world.  Growers in California and other regions need varieties that offer protection from PPV.  ARS scientists at Parlier, California, throughout the last decade have determined that the Robada apricot, a variety developed and released by ARS, resists attack by PPV.  Robada provides growers with a protective option should PPV become established in California orchards. 

· New rice blast resistance genes identified.  Rice blast disease is a serious threat to rice production in the United States and worldwide due to constant development of more virulent races of the pathogen.  ARS scientists at Stuttgart, Arkansas, analyzed a total of 1,800 rice accessions in the U.S. rice germplasm collection for the presence of blast resistance genes using DNA markers and disease evaluation.  Diverse accessions contained the Pi-ta resistance gene.  Others appear to possess new genes for blast resistance.  These accessions will be important to breeding programs for blast resistance. 

· Development of common bean germplasm lines with multiple disease resistance.  Diseases are one of the principal constraints to common bean production.  ARS scientists at Beltsville, Maryland and collaborators at the University of Nebraska developed common bean lines with resistance to bean rust and other major diseases of dry beans in the United States.  Bean lines from Beltsville with several rust resistance genes, bean common mosaic, and bean common mosaic necrosis potyvirus resistance were hybridized with beans from University of Nebraska with resistance to common blight, halo bacterial blight, and white mold.  Traditional selection and molecular marker analysis identified lines with resistance to as many as five different diseases.  A total of 34 advanced lines – 14 great northern and 20 pinto market classes – have been developed, each carrying three or four rust resistance genes.  These unique resistance gene combinations provide resistance to all known strains of the bean rust, bean common mosaic, and common mosaic necrosis viruses.

· New wheat varieties with disease protection increase food security and provide new markets.  ARS researchers at Raleigh, North Carolina, developed a white and a red wheat variety that produce high protein flour.  Both varieties have wheat stem rust resistance and provide the first hard wheat varieties as a new market opportunity for southeastern producers.  ARS scientists in Pullman, Washington, applied DNA marker selection to develop new club and soft winter white wheat varieties with stripe rust and eyespot resistance along with high yields.  The three new varieties meet the highest quality standards for western wheat varieties.  All the new ARS varieties incorporate genetic protection to disease, reducing the need for chemical fungicides and providing more production stability for growers and consumers.          

· Corn germplasm lines with resistance to mycotoxins.  Contamination of corn grain with mycotoxins – aflatoxin and fumonosin – reduces crop value for producers, lowers grain quality, and endangers human health.  ARS researchers at Starkville, Mississippi, have developed and released two corn germplasm lines, Mp715 and Mp717, with resistance to microbial infection by A. flavus and aflatoxin accumulation.  The new germplasm lines also have resistance to microbial infection by F. verticillioides and fumonisin accumulation.  The positive impact of these germplasm lines will be realized as the lines are incorporated into new commercial corn hybrids.          

· Accurately estimating levels of fungal disease resistance.  ARS scientists in Beltsville, Maryland, demonstrated that a minimum of 6 years, and possibly as many as 9 years, are needed to derive accurate estimates of blueberry resistance to the fungal infections, mummy berry, shoot blight, and mummy berry fruit infection.  This research aids in understanding resistance in cultivars and the process needed for accurate estimation of resistance. 
· Characterization of small peptides that negatively regulate plant protection responses.  When microbes attack plants, complex defense responses occur that determine if the plant will be resistant or susceptible.  ARS researchers at Ames, Iowa, with support from the National Science Foundation, have discovered novel small peptides, called “blufensins” that negatively affect barley plant responses to powdery mildew fungus.  Similar negative regulators disease defense mechanisms have been identified in other crop plants.  Silencing or reducing the blufensins reduced disease susceptibility.  This increased understanding of the delicate balance between resistance and susceptibility to pathogens will lead to new strategies to better protect barley and other crop plants from pathogens and pests. 

· Genes involved in plant defense mechanisms identified in sugarbeet roots.  The sugarbeet root maggot is one of the most devastating insect pests of sugarbeet and is found in two-thirds of all U.S. sugarbeet fields, accounting for 10 to 100 percent reduction in sugar yield. To improve disease resistance, a better understanding of the molecular mechanisms controlling plant defense responses is needed.  ARS scientists in Beltsville, Maryland, identified nearly 500 root genes whose expression is modulated by insect feeding. One gene in particular (BvSTI) was found to have the potential to destroy insect digestive enzymes.  Expression of the engineered BvSTI gene in sugar beet roots and model plants provided increased resistance to several major insect pests that feed on vegetable and crop plants, including sugarbeet. Researchers will be able to use this information to identify plant resistance mechanisms that will lead to new methods for development of improved elite germplasm lines with enhanced disease and pest resistance.

· European pear sawfly resistance identified in pear.  The European pear sawfly has emerged as a new, significant pest of pear in the eastern United States, and current cultivars are all very susceptible.  ARS researchers in Kearneysville, West Virginia, identified resistance to European pear sawfly in pear germplasm with either Pyrus ussuriensis or Pyrus pyrifolia pedigrees.  Early flowering data was identified as a factor in the escape from infestation.  The highly resistant germplasm will be available to breeders to develop new cultivars resistant to this new pest. 

· Viral symptoms tied to damage of the photosynthetic system in plants.  Viruses cause destructive symptoms in crop plants, the most serious being leaf and fruit yellowing and death.  ARS scientists at Kearneysville, West Virginia, found that impairment of chloroplast function leads to increased virus susceptibility, suggesting that viruses disable chloroplast function to defeat plant defenses.  This finding provides critical insight into the process of plant virus infections and provides a new foundation for developing new virus control strategies.  
· Wheat biotechnology used to characterize a wheat stripe rust resistance gene.  U.S. wheat yield losses of up to $60 million occur each year due to stripe rust damage.  ARS researchers at Albany, California, and Pullman, Washington, with collaborators from the University of California, Davis, have discovered a gene in a wild wheat relative that makes bread wheat more capable of resisting stripe rust.  The researchers transferred the gene to susceptible wheat plants using biotechnology methods and subsequent tests showed the transformed plants were resistant to multiple strains of stripe rust.  Importantly, this gene protects adult wheat plants at warmer temperatures. Wheat breeders can now develop molecular markers to facilitate transfer of this gene into other varieties, giving producers new cost-effective varieties with stripe rust protection.  
· Nematode (Paratrichodorus renifer) resistance in blueberry.  The stubby root nematode, Paratrichodorus renifer, has been shown to be widespread in established blueberry plantings in the Pacific Northwest.  Very little is known about the biology and pathogenicity of this nematode in blueberry.  A greenhouse experiment was conducted by ARS scientists in Corvallis, Oregon, to determine the host status of different blueberry genotypes to the plant-parasitic nematode P. renifer.  Blueberry genotypes with genetic backgrounds including Vaccinium corymbosum and V. angustifolim were excellent hosts for this nematode, but rabbit-eye blueberry (V. ashei) was a very poor host for P. renifer with fewer nematodes being recovered than were added to plants.  Research is ongoing to continue to understand this potential source of resistance which exists in related blueberry (Vaccinium sp.) germplasm.  Knowledge of a resistance mechanism to plant-parasitic nematodes can lead to the development of nematode resistant blueberry varieties. 

· The genomic sequencing is complete for the bacterial organism associated with Huanglongbing (HLB) disease.  Huanglongbing (HLB), also known as citrus greening, is the most devastating citrus disease for which there is currently no viable means of control.  HLB is now widespread in Florida and is an impending threat to the citrus industries in California and Texas.  ARS scientists in Fort Pierce, Florida, finished the full genome sequence of Candidatus Liberibacter asiaticus, the bacterial organism consistently associated with HLB.  Prior to this effort, only limited (less than 50 kb) sequences from three genetic loci were available in Genbank.  Annotation of the 1.23Mb genome revealed 1,186 open reading frames, of which 81 percent had a known functional assignment.  All sequences have been submitted to GenBank and shared with ARS, university, and other researchers.  Knowledge of the full genome is an important scientific advance and will greatly facilitate HLB research and development of new strategies for control of this devastating pathogen. 

· Technological advances in breeding grape for resistance to Pierce’s Disease.  Virtually all commercial grape cultivars are susceptible to Pierce’s disease (PD), caused by the pathogen Xylella fastidiosa.  Although some wild grape species from the southern United States are resistant, they are unsuitable for table grape, raisin, and wine production.  Current resistance breeding and selection methods require 5 years under natural field conditions and 6 months under controlled greenhouses, and both methods are expensive.  ARS researchers in Parlier, California, developed a faster method based on molecular markers to identify resistance traits and demonstrated the usefulness of these markers by tracking resistance genes that were transferred  into high-quality susceptible Vitis vinifera cultivars that are popular with the grape and wine industry.  These scientists also found that plant sap collected from PD-resistant and PD-susceptible grapevines, when added to growth media, showed significant differences in bacterial growth: media containing plant sap from PD-susceptible plants provided enhanced bacterial growth compared to media supplemented with sap from PD-resistant plants.  These discoveries will be explored to develop new control strategies to breed and select for resistance to PD.

· New Fusarium head blight (scab) varieties and management tools developed.  Scab has caused over $1 billion in losses to wheat and barley producers and to the industry in the United States.  The U.S. Wheat and Barley Scab Initiative, managed by ARS, is combating scab through the development of resistant wheat varieties and new management tools for producers.  New, partially-resistant wheat varieties from university and ARS breeding programs in North Dakota, Minnesota, Michigan, Illinois, Indiana, Kentucky, Virginia, North Carolina, Missouri, Kansas, and other states were developed in 2008 and 2009.  Growers are using the resistant varieties, especially in scab prone regions.  In North Dakota in 2009, growers planted over 57 percent of the hard red spring wheat acreage in resistant varieties.  A new management Web site called “Scab Smart” was activated by the Initiative that provides information on scab forecasting, fungicides, and crop rotation.  The benefits of the Scab Initiative research were realized in 2009 with only moderate scab losses reported in a year with weather conditions in the United States that were conducive to major scab losses in previous years.  

· Discovery of “watermelon vine decline” resistant germplasm.  Watermelon vine decline is a new and emerging disease, caused by Squash vein yellowing virus, which has caused over $60 million in losses in watermelon producing regions of Florida.  The disease causes complete collapse of the plant at or near harvest, resulting in unmarketable fruit.  ARS scientists in Charleston, South Carolina, and Fort Pierce, Florida, tested wild watermelon plants collected from different regions of the world looking for resistance to vine decline and found several accessions moderately to highly resistant to the disease.  However, none of the plants from the wild watermelon collection were completely immune to the virus.  This wild watermelon germplasm provides an important source of resistance for the development of commercial watermelon varieties with resistance to this economically limiting disease.  

· New almond hybrid resistant to almond leaf scorch.  Reduced yield and tree mortality make almond leaf scorch disease a critical problem throughout California’s 700,000+ almond acres.  Through conventional plant breeding with a wild almond relative, a hybrid almond was developed by ARS scientists in Parlier, California, that is better than the standard susceptible almond cultivar ‘Butte’ at overcoming almond leaf scorch disease.  The resistance, called “winter-curing,” occurs during the winter months.  The new hybrid produces edible almonds that are similar to ‘Butte’ in color and kernel shape.  Development of this hybrid demonstrates that a resistant almond variety can be developed through traditional breeding efforts.  Almond varieties resistant to leaf scorch disease will be an economic benefit for the California almond industry. 
· New cotton germplasm has high yield, quality, and root-knot nematode resistance.  Root-knot nematodes cause more damage to the U.S. cotton crop than any other pathogen, and host plant resistance is the most consistently effective means of minimizing the losses.  Germplasm with a high level of resistance to root-knot nematodes has been available to cotton breeders for more than 30 years, but the yield and fiber quality of those lines is much less than that of contemporary germplasm.  After 8 years of breeding and selection, ARS scientists in Tifton, Georgia, successfully created a germplasm line with a high level of resistance, but which has yield and fiber quality similar to modern cotton varieties.  This germplasm is an improvement over previous resistant germplasm lines and will be a valuable resource for cotton breeders in developing cultivars with resistance to root-knot nematodes. 

· Resistance to reniform nematode successfully transferred into upland cotton from wild relative.  Reniform nematode has become the predominant nematode causing yield loss on cotton in the mid-south area of the United States, and currently there are no commercially available cotton varieties with resistance to this pest.  ARS scientists in Stoneville, Mississippi, have successfully transferred resistance to reniform nematode into cotton from a distant relative, Gossypium aridum.  Genetic experiments showed that the resistance is controlled by a single dominant gene.  Molecular markers closely associated with the resistance were identified that will allow cotton breeders to incorporate the resistance into productive cotton varieties more efficiently.  This research has the potential to fill a critical need for cotton varieties resistant to reniform nematode. 

· Resistance of soybean germplasm to Asian soybean rust confirmed.  To identify potential sources of resistance to this important rust disease of soybean, ARS personnel from Urbana, Illinois, and Fort Detrick, Maryland, collaborated to screen 16,595 accessions from the USDA Soybean Germplasm Collection.  The evaluation data indicated that many of the breeding lines are resistant in either the western locations (Louisiana) or the eastern locations (such as Georgia and Florida), but few are highly resistant in both regions.  Soybean breeders are using this information to decide which lines to cross and with which existing breeding populations they should continue to work.  Development of cultivars with broad and durable resistance to soybean rust in North America, therefore, will require combinations of genes from different sources and will provide sufficient resistance to reduce or eliminate the need for fungicide applications.  These lines will be bred further for desirable agronomic traits and high yield.
2.  Other ARS Research activities also designed to do no harm:

None.

3.  Activities that are doing harm, and future agency actions to change them so that they do not continue to do harm.

None.  As the principal in-house research agency for the U.S. Department of Agriculture, ARS conducts research to develop and transfer solutions to agricultural problems of high national priority.  ARS scientific studies provide data and develop tools that enable America to change potentially harmful actions into those that do no harm while still meeting the challenge posed by invasive species.

B.
National Institute of Food and Agriculture (NIFA) (previously named the Cooperative State Research, Education and Extension  Service (CSREES)

1.  Activities to do no harm

a. Technical Advisory Group for the Biological Control of Weeds: NIFA is a member of the Technical Advisory Group (TAG) for the Biological Control of Weeds.  This advisory group is made up of representatives from various Federal agencies that evaluate candidate biological control agents for their economic, environmental, and ecological safety.  Should the candidate biocontrol agents receive approval for release against a given target weed, this helps ensure that harmful non-target effects from the natural enemies are minimized.  TAG advises APHIS. 

b. National Animal and Plant Diagnostic Laboratory Networks: The safety of U.S. plant and animal production systems depends on our ability to rapidly identify foreign pathogens and other pests, whether introduced intentionally (through bio-terrorism) or unintentionally.  NIFA has established two national networks of existing diagnostic laboratories to rapidly and accurately detect and report pathogens of national interest and to provide timely information and training to state university diagnostic laboratories.

The National Plant Diagnostic Network is led by five regional laboratories (Cornell University, University of Florida, Michigan State University, Kansas State University, and University of California-Davis) and one support laboratory (at Texas Tech. University).  

The National Animal Health Laboratory Network (NAHLN) is led by five core labs (University of Georgia, Texas A&M, University of California-Davis, University of Wisconsin, and Colorado State University), seven satellite labs (Cornell University, Rollins Laboratory in North Carolina, Louisiana State University, University of Florida, Arizona State University, Washington State University, and Iowa State University), and one support lab (Oklahoma State University).  These facilities will help to link growers, field consultants and other university diagnostic labs to coordinate regional detection and provide inter-regional communication in the event of an outbreak.

The objective of the NAHLN is to establish a national network of diagnostic laboratories to increase the nation’s capability and capacity to detect foreign animal diseases. The network is a cooperative effort between two USDA agencies, NIFA and APHIS, and the American Association of Veterinary Laboratory Diagnosticians.  It is a multi-faceted network comprised of sets of laboratories that focus on different diseases using common testing methods and software platforms to process diagnostic requests and share information.

2.  Other Agency Activities, also designed to do no harm

a. Integrated Pest Management: Section 15 of the Federal Noxious Weed Act of 1974, and the Executive Order 13112  on Invasive Species (signed in 1999) direct Federal agencies to use an integrated pest management (IPM) approach for the management of undesirable plants on Federal lands using all available tools, including:  education;  preventive measures;  cultural, mechanical, physical, biological and chemical control;  and general land management practices such as revegetation, manipulation of livestock or wildlife grazing, and improvement of livestock and wildlife habitat.

Integrated Pest Management provides a sustainable approach to managing pests by combining biological, cultural, physical and chemical tools in a way that minimizes economic, health and environmental risks.  The adoption and utilization of IPM is being encouraged through other legislative authorities within Federal departments.  For example, US Code (Title 7, Chapter 6, Subchapter II, Sec. 136r-1. Integrated Pest Management) states: "The Secretary of Agriculture, in cooperation with the Administrator, shall implement research, demonstration and education programs to support adoption of Integrated Pest Management."  It further states "Federal agencies shall use Integrated Pest Management Techniques in carrying out pest management activities and shall promote Integrated Pest Management through procurement and regulatory policies and other activities.  IPM is also being encouraged across Federal agencies within the Department of the Interior.

Because of the complexity of economic, social, and environmental issues associated with invasive species management, and the biological and ecological attributes associated with each particular invasive species, programs that are based on a combination of technologies tend to be most successful and sustainable.  As indicated in the National Invasive Species Council’s (NISC) National Invasive Species Management Plan of 2001, the IPM approach considers the best available scientific information, updated target population monitoring data, and the environmental effects of control methods in selecting a range of complementary technologies and methods to implement to achieve a desired objective.  Some of the factors to consider in selecting control methodologies include environmental compatibility, efficacy, cost-effectiveness, inter-compatibility of different types of control measures, practicality and safety.  The adoption of an IPM approach for invasive species management will certainly help minimize harm to the environment, human health and wildlife.


3.  Activities that are doing harm and future agency


     actions to change them so that they do not continue to

 
     do harm

a. Pesticide use that has negative impacts: Conventional pest management strategies using pesticides are still emphasized in the management of invasive species with potential negative side effects to humans, the environment and wildlife.  NIFA is helping to facilitate the adoption of an Integrated Pest Management Roadmap (IPM Roadmap) that will certainly help minimize harm to non-target species and the environment. 
The goal of the IPM Road Map is to increase nationwide communication and efficiency through information exchanges among Federal and non-Federal IPM practitioners and service providers including land managers, growers, structural pest managers, and public and wildlife health officials.  Development of the Road Map for the National Integrated Pest Management (IPM) Program began in February 2002, with continuous input from numerous IPM experts, practitioners, and stakeholders. The Road Map identifies strategic directions for IPM research, implementation, and measurement for pests in all major settings, throughout the nation.  This includes pest management for areas including agricultural, structural, ornamental, turf, museums, public and wildlife health pests, and encompasses terrestrial and aquatic invasive species.

The goal of the National IPM Program is to increase the economic benefits of adopting IPM practices and to reduce potential risks to human health and the environment caused by the pests themselves or by the use of inappropriate pest management practices. 

b. Pest Management Grant Programs:  NIFA has several competitive grant programs designed to emphasize IPM, while reducing pesticide residues on food and in the environment.  These include the Risk Avoidance and Mitigation Program, Crops at Risk Program, Pest Management Alternatives Program, Integrated Organic Program, Methyl Bromide Transitions Program, Regional IPM Competitive Grants Program, and the IPM Centers.  The emphasis of IPM and bio-based pest management in these NIFA competitive grant programs will certainly help minimize harmful side effects to non-target species and the environment when these strategies are used in invasive species management.

c. IPM3 Training Consortium for Federal Employees:  NIFA is facilitating the development of an IPM Training Consortium to provide IPM training to Federal workers involved in pest management issues and activities.  Increasing the quality and consistency of IPM training among Federal agencies and their adoption of an IPM approach for invasive species management will certainly help minimize harm to the environment, to human health, and to wildlife.

d. Pest Information Platform for Extension and Education (PIPE):  PIPE is a reporting and tracking system, developed collaboratively with the USDA Risk Management Agency, to manage pest and disease information flow via the Web.  

The PIPE system provides real-time useful information to U.S. crop producers, and a “one stop shopping” center for timely, unbiased, national, and local pest information.  PIPE fosters good farming practices by encouraging growers to: avoid unnecessary or ill-timed chemical applications; use the proper control tactics with the proper timing to manage crop loss risk; and document practices for crop insurance purposes.  The PIPE system for soybean rust saved growers hundreds of millions of dollars in 2007 by providing real-time information that enabled the growers to avoid unnecessary chemical applications.  Additional active ipmPIPE components include:  soybean aphid, legume diseases,   curcurbit downy mildew, pecan, and southern corn rust.
C. Economic Research Service (ERS)

1.  Activities to do no harm

ERS is the main source of economic information and research from the U.S. Department of Agriculture.  ERS research informs and enhances public and private decision-making on economic and policy issues related to agriculture, food, natural resources, and rural development.

a.  Program of Research on the Economics of Invasive Species Management (PREISM): ERS initiated a new program of work in fiscal year 2003, the Program of Research on the Economics of Invasive Species Management (PREISM), to examine the economic issues related to managing invasive species in increasingly global agricultural markets.  Through PREISM, ERS primarily funded extramural research through a competitive awards program that focuses on national decision making concerning invasive species of agricultural significance or affecting, or affected by, USDA programs.  In addition to ERS-led analyses of invasive species issues, ERS has disbursed $6.8 million through the competitive awards program to 45 recipients, including universities, other USDA agencies, and private non-profit institutions, for research on the economics of invasive species during FY 2003 to FY 2008.   About $1.1 million per year were allocated for extramural agreements in FY 2005 and FY 2006, while $950,000 was allocated in FY 2007 and $970,000 in FY 2008.  ERS also organized annual workshops from 2003 to 2009 to provide a forum for dialogue on economic issues associated with agricultural invasive species. 

Following are some preliminary findings from PREISM-funded research projects:

· Prevention and management resources should be allocated to species and strategies with the highest return (in terms of damage reduction over time).  Ideally, marginal benefits and costs should be equal across species and strategies.

· Decision-support tools that follow sound economic principles and reveal underlying scientific assumptions and value judgments provide a basis for expert and stakeholder involvement in decision-making and promote efficient allocations of funds. 

· Optimal invasive species management strategies depend upon the stage of the invasion and associated rates of growth and spread.  Eradication may be optimal for small invasions; reduction to a containment level for larger invasions. If eradication is feasible, the effort will reduce discounted damages more if it occurs early when populations are small.  Delays result in more damages.  If total cost increases rapidly as population increases, eradication when the population is small followed by prevention may be the best strategy. 

· Under-funded eradication or management efforts can be cost-ineffective or wasteful, with little or no effect on invasive species growth and total damage.  Higher initial expenditures can reduce long term damages and control costs, even if the species is not eradicated.  

· For established invasive species infestations, per unit costs of removal can increase as populations decrease or become more isolated, making complete eradication difficult or cost-inefficient.  In some cases, accommodation to low levels of invasion is economically preferable to the high cost of eradication.  The higher is the cost of removal, the larger the population that will be accommodated. 

· Higher invasive species infestation or population growth rates reduce benefit-cost ratios of control efforts, and at high enough rates, control might not be worthwhile.  If population has surpassed that of maximum growth rate, the best strategy could be a pulse-like effort that drives populations below a critical population level and growth rate, followed by containment strategy. 

· Probability of occurrence maps for invasive weeds based on GIS and other inventory or survey data and related population growth rates can improve weed management efficiency by reducing:  1) costs by targeting sites to monitor invasiveness, and/or 2) damage by initiating control of highly invasive populations before they spread.

· Coordination of regulations across U.S.-Canada, State, and provincial boundaries could: 1) more effectively reduce the cross-border spread of exotic horticultural plants that become invasive, and 2) reduce incentives for cross-border firm relocations to take advantage of more lenient regulations.

· Ecological and agronomic differences influence cross-State differences in noxious weed and weed-seed lists, but stakeholder lobbying also has significant effects.  


2.  Other Agency Activities, also designed to do no harm


   ERS is not engaged in any activities that do harm.


3.  Activities that are doing harm and future agency


     actions to change them so that they do not continue to


     do harm

None.        

II.  USDA Regulatory and Resource Management Agencies


A.  Animal and Plant Health Inspection Service (APHIS)

1.  Activities to do no harm

“Protecting American agriculture” is the basic charge of the U.S. Department of Agriculture’s (USDA) Animal and Plant Health Inspection Service (APHIS).  APHIS provides leadership in ensuring the health and care of animals and plants.  The agency improves agricultural productivity and competitiveness and contributes to the national economy and the public health.  APHIS has major regulatory authority to implement action programs to achieve these responsibilities. For more detailed information and up to date highlights of program activity, please visit the APHIS Web Site (http://www/aphis.usda.gov/).

a.  Invasive Species Prevention Programs: Specifically the APHIS mission, stated in its current strategic plan, is to protect the health and value of American agriculture and natural resources.  To carry out this mission, APHIS works to achieve two interdependent goals:

· Safeguard the health of animals, plants, and ecosystems in the United States (U.S.)

· Facilitate safe agricultural trade 
It does so through a system of interdependent objectives addressing exclusion (i.e., prevention), detection, emergency response, management, trade issue resolution, and capacity building.  These areas correspond closely to elements of the 2001 National Invasive Species Management Plan.
APHIS tries to ensure that other entities in the private and public sectors, including other Federal agencies, "do no harm" by introducing or spreading invasive species.  APHIS prevention programs – a comprehensive set of risk-based regulations and enforcement efforts -- are directed at animals, plants, and their products that may bring invasive species or be pathways for the introduction of invasive species.  As such, the Agency addresses both unintentional and intentional introductions of invasives.  A description of some of the applicable regulations follows.



1.  Regulation of certain animals and animal products: 

APHIS regulates, as set forth in 9 CFR parts 91 through 99, the importation of animals and animal products to guard against the introduction of animal diseases into the U.S. in accordance with the Animal Health Protection Act.    

2.  Regulation of certain plants and plant products: Regulations contained in 7 CFR part 319 prohibit or restrict the importation of plants, plant parts, and plant products into the U.S. in accordance with the Plant Protection Act.  APHIS enforces the part 319 regulations and considers requests to amend the part 319 regulations to allow the importation of plants, plant parts, or plant products that are not currently allowed importation under the regulations.  The requirements apply to many commodities, including nursery stock.  

3.  Listing of noxious weeds:  

Under the authority of the Plant Protection Act, APHIS regulates, in 7 CFR parts 360 and 361, the importation and interstate movement of plants and plant products that may be noxious weeds, i.e., plants that can directly or indirectly injure or cause damage to crops, livestock, poultry, or other interests of agriculture, irrigation, navigation, the natural resources, public health, or the environment. 

b. Plant Epidemiology and Risk Analysis Laboratory (PERAL):

PERAL is a diverse group of scientists and professionals comprising the primary office in Plant Protection and Quarantine (PPQ) for pest risk analysis.  PERAL is responsible for providing essential scientific support to risk-based policy making across a broad range of phytosanitary issues. The staff uses scientific principles, procedures and evidence to analyze issues relevant to safeguarding plant health from the threats of harmful exotic pests of cultivated and natural plant systems. This includes most risk analyses required by PPQ for pests, Commodities, and pathways but it does not currently include risk analyses associated with plant pest permits, genetically modified organisms, or Federal Noxious Weeds. 

PERAL serves a wide range of functions within PPQ.  The overarching responsibility is to provide comprehensive, accurate information in support of the decision making process ensuring  that resulting actions are the most appropriate and “Do No Harm”.   For more in-depth information regarding PERAL, please visit http://cphst.aphis.usda.gov/plant health/cphst/peral.shtml
A good example of one of these functions is the 

 New Pest Advisory Committee:  The New Pest Advisory Group (NPAG) is located in the APHIS Center for Plant Health Science and Technology (CPHST), Plant Epidemiology and Risk Analysis Laboratory (PERAL).  The overall goal of NPAG is to safeguard American agriculture and natural resources.  The NPAG assesses new and imminent exotic plant pest introductions into the U.S. to recommend appropriate Plant Protection and Quarantine’s (PPQ) policy and actions to respond to the potential threat posed such pests.  In this case a pest is defined as:  Any species, strain or biotype of plant, animal or pathogenic agent injurious to plants or plant products [FAO, 1990; revised FAO. 1995; IPPC, 1997].

NPAG may address pests in a many taxa including arthropods, plant pathogens, mollusks and weeds.  It determines whether the pest is a present or an imminent threat, and if the pest meets the definition of a quarantine pest.  If the pest meets the definition, NPAG may convene an ad hoc panel of Subject Matter Experts from PPQ, other Federal, state, and university sources with regulatory and scientific expertise for that particular exotic pest.  Through literature searches, data sheet preparation and discussion with the panel, NPAG provides findings and recommendations via the NPAG Report to the APHIS Deputy Administrator and the APHIS Executive Team (represented by PPQ’s management) in response to the pest introduction.

2. Other Agency Activities, also designed to do no harm

Program protocols: APHIS also follows protocols to ensure that its own activities and those of its State cooperators, carried out to exclude, detect, diagnose, control, and eradicate invasive species, do not contribute to the problem.  These ongoing efforts include, in a general sense, agency personnel adherence to established biosafety procedures in programs to detect, diagnose, and conduct control operations for plant and animal diseases and pests, both in laboratories and in the field;   and assessment, in advance, of the probable impact of the use of biocontrol agents in programs to control invasive species.

3.  Activities that are doing harm, and future agency actions to change them so that they do not continue to do harm

None.  APHIS actions are consistent with the “DO NO HARM” objective of the Presidential Executive Order on Invasive Species.

B.  Natural Resources Conservation Service (NRCS)
1.  Activities to do no harm

The NRCS is well aware of the past, the present, and the potential future harm to the private lands in the U.S. from invasive species.  The negative environmental and economic impacts of invasive species continue to be a large and growing problem for our Nation’s private landowners.
The primary invasive species focus for NRCS has been on terrestrial and aquatic invasive plants.  Invasive plants have had large negative environmental impacts upon the intended uses of many privately owned lands and wetlands in the U.S.  There have also been large negative economic impacts associated with the costs of invasive plant control.  Invasive plants compete for soil nutrients and water in croplands and wild lands and often require the use of herbicides, biological control agents, or innovative control techniques.  Invasive plants, often of poor forage quality, may out-compete native plants in grazing lands and wild lands rendering large acreages no longer useful for supporting livestock or wildlife.  Invasive aquatic plants rapidly spread in water bodies and wetlands, removing the open water component necessary for many wildlife species.  Of particular concern at present are the negative impacts from invasive plants, invasive invertebrates, and pathogens upon populations of native and introduced pollinators and their habitats as well as upon native threatened or endangered species and their habitats.  The invasive species could have devastating effects on desirable cropland and wild land plants and animals.  

a. Publication and Revision of Agency Invasive Species Policy:  NRCS published its NRCS Invasive Species Policy in November 2004 (available at http://policy.nrcs.usda.gov/scripts/lpsiis.dll/GM/GM_190_414.htm) and is presently making necessary revisions. The policy addresses the invasive species responsibilities at all levels (e.g., National Headquarters, Regional, State, and Field offices) of the agency.  It requires awareness by NRCS employees of the presence of invasive species and potential problems associated with them.  It requires NRCS to work with partners and to use its human and financial resources for control, suppression, and/or eradication of invasive plants.  The policy also requires that native plant species be used in vegetative conservation practices unless it can be demonstrated that no native species can achieve the desired conservation goals, or the desired native species is not available in the quantity required.  Interim use of non-native species is allowed to provide the conservation function desired until native species can be established. 
b. Assisting in the control and eradication of invasive plants:  NRCS provides U.S. private landowners with financial and technical assistance to control and/or eradicate invasive plants in an effort to maintain the desired vegetation (e.g., food crops and forage), to maintain the desired characteristics of the land (e.g., wetland open water), and to diminish invasive plants spreading to neighboring lands.  NRCS frequently partners with local and regional weed control organizations for control of weeds on and off private lands.  The agency encourages the use of integrated pest management (IPM) which may involve appropriate herbicides when necessary, the use of approved biological control organisms, and innovative cultural control methods for specific problems (e.g., black plastic).  There is increasing emphasis to protect wild lands for wildlife and pollinators and their habitat.  

Landowners that participate in some of the easement programs of NRCS (e.g., Conservation Reserve Program (CRP), Wetlands Reserve Program (WRP)) are required to control invasive plants that might infest the easement lands.  CRP and WRP participants may receive some financial assistance to maintain these lands free of invasive plants.  The Wildlife Habitat Incentives Program, Environmental Quality Incentives Program and the Conservation Stewardship Program also provide technical and financial assistance to help private landowners control invasive plants.


c. NRCS Conservation Practice Standards:  NRCS has created a toolbox of 170 practice standards that provide guidance for applying conservation technology on the land and that set the minimum levels for acceptable application of the technology.  These practice standards undergo periodic review for incorporation of new technology (generally every 5 years).  Emphasis continues to be placed upon the identification and consideration of the invasive qualities of recommended vegetation, the use of native vegetation, and the protection and enhancement of pollinator habitat.  

d. The NRCS Plant Materials Centers (PMCs):  The 27 PMCs nationwide cultivate and provide seed stock of plants that are used for vegetative conservation practices within the geographical region served by each PMC.  The PMCs encourage use of native plants, particularly source-identified plants, for restoration, reclamation, and conservation practice uses.  The Plant Materials program uses an Environmental Evaluation to assess the potential invasiveness of plants being considered for release.  If the potential for invasiveness is too great, other plants considered less invasive for the particular environmental conditions are recommended.  

The PMCs also used the Environmental Evaluation to review all prior NRCS conservation plant releases.  For plant releases that were determined to be invasive or otherwise environmentally harmful, the PMCs discontinued their production.  Once a PMC discontinues a plant release, the NRCS plant materials specialists work with the appropriate states to remove the invasive plant releases from NRCS State standards and recommendations so that plant is not recommended in the future.

2.  Other Agency Activities, also designed to do no harm

a. PLANTS Database:  The information about plant materials available through the PLANTS database (http://plants.usda.gov) is useful to conservation professionals and the public in determining beneficial plants that do well within a particular geographical location.  It also has information on plants which should not be planted within a particular environment (e.g., Federal and State noxious weed lists).  The database information provides help to assess the potential invasiveness of specific plants.  The PLANTS database has over 650 fact sheets on-line line and provides services to over 70,000 user sessions per day.  It encourages the use of native plants in conservation practices.  Future capabilities will include information about the pollinators upon which specific plants are dependent, and recommended forage to encourage specific pollinators.

3.  Activities that are doing/have done harm, and agency 
actions to change them so that they do not continue to do 
harm

a. Recommending invasive plants in conservation plans. 
During the “Dust Bowl” days of our nation, immediate action was necessary to mitigate excessive wind and water erosion of our nation’s soils.  Unfortunately, one of the mitigation tools that worked effectively was the use of non-native plant materials, some of which became invasive and presently are among the invasive plant materials we are trying to control.  The use of the Environmental Evaluation by the PMCs before recommending specific plant materials for conservation is proving to be beneficial to avoid present and future problems of this kind.  Also, encouraging the use of locally-acquired native plants whenever they can meet the conservation needs is enhancing awareness to NRCS state and field offices about invasive species problems and NRCS responsibilities.

The implementation of the NRCS Invasive Species Policy has made clear to all levels of the agency the responsibilities to respond to invasive species problems, and to minimize or avoid future invasive species problems.

The state-specific Field Office Technical Guides are technical guidance information for the specifics of each conservation practice standard within the specific State.  Technical Guides may, in some cases, still recommend the use of plant materials that may become invasive.  NRCS has conducted and continues a review of all vegetative conservation practice standards to identify where this situation exists, and to work with the appropriate PMCs and State Plant Materials Specialists to recommend other appropriate and non-invasive plant material.

b. Use of herbicides or other methods that may have detrimental effects on native pollinators: The treatments recommended in some conservation practice standards for invasive plants may, in some cases, include the use of herbicides or other methods that may have detrimental effects directly or indirectly (e.g., habitat destruction) on native pollinators.  NRCS continues to review and to revise all practice standards to identify such methods, and to recommend revisions that minimize or eliminate negative impacts to native pollinators.  NRCS is developing a module within the PLANTS database that identifies specific plant-pollinator relationships and encourages the use of “pollinator friendly” plants in agricultural and wild land situations.

C.  U.S. Forest Service (FS)
1.  Activities to do no harm

a. Invasive activities on 193 million acres of National Forests and Grasslands:  The USDA Forest Service (FS) is increased activities to prevent, control, and eradicate aquatic and terrestrial invasive species (including plants, pathogens, vertebrates, and invertebrates) across the National Forest System lands, 193 million acres.   In FY 2008 the National Forest System (NFS) treated nearly 400,000 acres of lands and waters infested with invasive species, of which approximately 117,000 acres targeted non-plant invasives.   In FY2009 invasive species management activities across the National Forest System treated over 390,000 acres across all taxa of invasive species, resulting in a national average outcome performance level of 81.5% treatment efficacy.

b. Invasive species activities on America’s Forests:  The Forest Service estimates that over 25 million acres are at risk to invasive species on all forested lands.  The Forest Service has a multi-pronged strategy to prevent, detect, control, manage, and rehabilitate and restore forests to mitigate this risk and known invasive species.  The Agency accomplishes these tasks through science-based prioritization; collaboration with states, Tribes, and other federal agencies; and follow-up monitoring.  As a result of this strategy, the Forest Service has treated nearly 900,000 acres in FY09.   Much of the treated acres have been accomplished by state partners on a matching cost-share basis, allowing the Forest Service to treat many more acres than it would with its own resources.  The majority of the acres treated in FY09 were for the European gypsy moth with nearly 750,000 acres treated through direct suppression and slow-the-spread programs.  Other specific invasive species treated include: plants, Southern pine beetle, and western bark beetles.

The Forest Service and its partners continue to emphasize eradication of geographically isolated gypsy moth infestations and treatment of outbreaks along the leading edge of the 1,000 mile front from North Carolina to Wisconsin.  The strategy has slowed the spread of gypsy moth by more than 50% of its potential rate of expansion.

b. Supporting establishment of Cooperative Weed Management Areas (CWMA):  The FS National Forest System staff increased support for a national initiative with Federal, state, and local partners to expand the establishment of CWMA across all states.  Using models from areas of the country where they have been effective, the FS developed a CWMA development and mentoring program.  

c. Policy on native plants:  FS completed new policy on the use of Native Plant Materials.  It contains guidance on management and native plant material use for restoration and rehabilitation.  The policy reflects increased emphasis on invasive species prevention and control.  Visit - http://www.fs.fed.us/wildflowers/nativeplantmaterials/index.shtm
d. Policy on invasive species management in national forests:  The development of a new Forest Service Manual (policy) on invasive species management for the National Forest System continued throughout 2009, with final edits being completed by November 30th.   The new policy is expected to be ready for release in early 2010.   Plans are underway to begin working on the development of an accompanying Invasive Species Management Handbook to support the policy guidance.

e. Training, funding and technology for invasives work:  FS staff conducted and/or provided technical and financial support for numerous invasive species training workshops, educational programs, community outreach activities, and developing technology for invasive species management solutions.
f. Invasives Species Management Record Keeping and Reporting.   The National Forest System invasive species data management applications were redesigned and improved to include key aspects of invasive species treatment and inventory work, as well as new program performance measures.  Guidance and program direction to Forest Service regions, national forests, and forest districts was provided through several channels and available on-line.  Improvements include the use of personal data recorders for quicker collection of field data (spatial and tabular) on all taxa of invasive species.  Forest Service data applications continue to evolve as technology and security requirements change.
g. FS Invasive Species Issue Team:  The FS has an active Washington Office Invasive Species Issue Team.  It has representatives from four program areas in the FS:  National Forest System; Research & Development; State & Private Forestry (SPF); and International Programs.  The team discusses invasive species issues and problems and  addresses them in a comprehensive and collaborative way among agency programs. 

h. Invasive Insects Early Detection Program: SPF-Forest Health Protection continued nationwide implementation of this program in 2008.  A rotating panel of States is selected each year focusing on high-risk sites for the potential introduction of non-native bark beetles into the U.S.  All 50 states have been monitored at least once.  

i. FS web site on invasives:  FS established a national website on invasive species.  It provides user information on FS activities related to invasive species, policy, authorities, news and emerging issues.  The site provides key contact information for invasive species program managers, access to cooperative projects and research, geographic information, species profiles, and techniques for preventing and controlling a wide variety of species.   The website is http://www.fs.fed.us/invasivespecies/
k. Annually, the Forest Service produces a report to Congress and other stakeholders describing the major forest insects and diseases in the United States.  This report uses aerial survey along with ground data to identify areas of major mortality and defoliation of both native and invasive species.  The latest report was completed in September, 2009 and describes the forest conditions in 2008.  Copies of this year’s conditions report will be made available at the following website: http://www.fs.fed.us/foresthealth/management/index.shtml
l. The Forest Service in 2009 produced a report titled; “America’s Forests Health Update.”   This report is produced every 3-5 years and broadly describes the health of America’s forests in context of mortality, fire, weather/climate, forest cover/fragmentation, and invasive forest pests.  This document is available at:  http://fhm.fs.fed.us/
m. FS activities in support of NIWAW:  The National Forest System provided continuing support for the annual National Invasive Weeds Awareness Week (NIWAW) activities in Washington, DC.  Many Forest Service local and regional offices conducted weed education and awareness activities with partners at the local level at the same time as the NIWAW activities took place in DC.       

n. Research on invasives:  

· Published a study demonstrating that amounts of most exotic plant species did not change after prescribed fire at sites in three northern Arizona national forests.

· Developed a method of using past beetle travel patterns to calculate the risk of colonization at new locations. The resulting maps can help land managers better target monitoring efforts. Once a monitoring site is selected, the method can help researchers identify which trees are the most likely targets for beetle attack.

· Developed science-based tools to better predict what and how well biological control agents will work under the influence of climate change and other variations in environmental conditions.

· Developed pheromone-releasing flakes for area-wide treatments targeted at mountain pine and Douglas-fir beetles. These products can be applied from helicopter and fixed wing aircraft, or from broadcast spreaders at ground level. Product efficacies were validated in a number of large-scale studies, which demonstrated that treatment could reduce attack levels from 60 to 100 percent.

· The Western Wildlands Environmental Threats Assessment Center conducted an evaluation of models to assess threats to wildlands in the western United States from displacement by cheatgrass and pinyon-juniper woodlands.  The evaluation is featured on the website: http://www.fs.fed.us/wwetac/projects/rowland.html  
· Mapped over 2000 point locations for tamarisk in the Pacific Northwestern region of U.S.  

· Developed an application for ICWater (Incident Command Tool for Protecting Drinking Water) to use this program to estimate the travel time for detection of Phytophthora species from upper reaches of watersheds to lower sampling points. The application is being used to improve the efficiency of Phytophthora detection surveys.  

· Develop guidelines for integrated control of the invasive plant, sulfur cinquefoil, and restoration of infested grassland.

· Identified a link between invasive trout and the spread of a native predator, the aquatic garter snake, and predicted effects on sensitive native amphibians and their ecosystem.

· Investigated the suitability of pines and other conifers as hosts for the invasive Mediterranean pine engraver (Coleoptera: Scolytidae) in North America

· Quantification of Sudden Oak Death mortality indicates millions of tanoak and coast live oak trees have been killed by Phytophthora ramorum in the Big Sur ecoregion of California.
· Improved understanding of the role of soil in Sudden Oak Death (SOD) pathogen spread and survival in infested California forests  
· Evaluated spread rate of Sudden Oak Death pathogen in Oregon tanoak forests undergoing eradication treatments; spread is less than 300m.
· Evaluated three pesticides for control of the Sudden Oak Death pathogen
· Linked spread of the Sudden Oak Death pathogen to human activity levels
· Identified sources of inoculum for the Sudden Oak death pathogen in redwood forests of California
· Identified DNA sequences for potentially invasive species and strains of Leptographium fungi from pine bark beetles

· Published a pest alert about a new introduction in California:  The redhaired pine bark beetle, Hylurgus ligniperda 

· Evaluated the host specificity of Cryptorhynchus melastomae, a potential insect biocontrol for Miconia calvescens
· Developed new techniques to detect the presence and impact of invasive plants in Hawaiian rainforests using airborne imaging spectroscopy and LiDAR

· Evaluated the longevity and fate of  the Psidium cattleianum (Myrtaceae) seed bank in Hawaiian lowland wet forest.
· Described patterns of primary succession of native and introduced plants in lowland wet forests in Eastern Hawai'i, with a discussion of management implications of non-native plant invasions.

· Provided experimental evidence that removal of invasive introduced fish from wilderness lakes led to recovery of sensitive native amphibian populations.

· Identified manuka oil and phoebe oil as attractive baits for the exotic redbay ambrosia beetle, Xyleborus glabratus (Coleoptera: Scolytinae), vector of laurel wilt.

· Described invasion dynamics and genotypic diversity of cogongrass (Imperata cylindrica) at the point of introduction in the Southeastern United States 

· Identified two new species of mites associated with the red imported fire ant, Solenopsis invicta from Louisiana and Tennessee, which might prove useful for biological control

· Produced a book synthesizing scientific literature and professional knowledge on  Wildland Fire in Ecosystems: Fire and Nonnative Invasive Plants
· Demonstrated the impact of non-native plant removal on lizards in riparian habitats in the southwestern United States.

· Molecular characterization of Fusarium spp. and biological control of Fusarium root disease in forest nurseries
· Conducted ecological regional risk assessment for the introduction of Gambusia affinis (western mosquitofish) into Montana watersheds.

· Evaluated Mecinus janthinus releases against Dalmatian toadflax in Montana with a novel statistical approach for evaluating the efficacy of  weed biological control over an extended period of time. 

· Developed characters for differentiation of sexes in the biological control agent  Mecinus janthinus, which will improve the  quality of weed biological control releases by ensuring an even sex ratio in agents collected for redistribution.

· Studied factors affecting Bromus tectorum seed bank carryover in Western Utah.  

· Provided information to establish that herbicide control of spotted knapweed can restore populations of deer mice elevated by knapweed biological control agents, mitigating their non-target effects. 

·   Demonstrated the influence of host resistance on the genetic structure of the white pine blister rust fungus in the western United States 

· An  analysis and synthesis on the species and genus boundaries, based on fruiting body anatomy and genetic sequences, for Pleurocollybia wood decay fungi.

· Provided a molecular basis to distinguish and define an important group of destructive and beneficial wood decay fungi, Laetiporus and other brown-rot polypore genera in North America.

· Provided funding for the publication of a book on the taxonomy of bark and ambrosia beetles of South America

· Scientifically synthesized pest biology and detection tools for exotic pine pests with limited distribution or not found in the United States.

· Published a major review article on population ecology of insect invasions and their management.
· Published papers on gypsy moth dispersal in time and space, mating success, and Allee effects in invading gypsy moth populations.
· Developed a  state-dependent cost minimization model for monitoring and managing an invasive species
· Published studies on Asian longhorned beetle within-tree distribution, seasonal development, behavior and host suitability in China and Chicago
· Published an analysis and synthesis of scientific evidence for native vs. non-native origin of the oak wilt fungus,  studies on the vector beetles, and risk management strategies

· Developed  a technique for improving use of the insect pathogen Nosema lymantriae as a biological control agent for gypsy moth

· Published studies on gypsy moth genetic variation and world distribution of female flight capability, and the influence of female flight on egg mass distribution 

· Published studies on the biology of the hemlock woolly adelgid, Adelges tsugae, and environmental factors affecting its spatial distribution in its native habitat in China.

· Published a review of  lady beetles in relation to their potential as biological controls for hemlock woolly adelgid 

· Published papers on the molecular ecology of hemlock woolly adelgid, its hosts, and its natural enemies

· Pulbished papers on the host range, oviposition and development of emerald ash borer on hosts and potential hosts
· Investigated potential for microbial control of emerald ash borer, Agrilus planipennis with Beauvaria bassiana.
· Studied interspecific variation in resistance to emerald ash borer among North American and Asian ash (Fraxinus spp.)
· Studied persistent effects of aerial applications of disparlure on gypsy moth trap catch and mating success.
· Reported the development of a field screening technique to identify canker resistant butternut selections for use in breeding and restoration.

· Published the first analysis of the population genetics of butternut using nuclear microsatellites which provides information on the pattern of genetic diversity and structure in the species.

· An Evaluation of planting sites and mycorrhizal amendments for successful establishment of American chestnut in mine reclamation. 

· Developed a tool to assess genetic variation in American beech populations, and a method to efficiently graft beech bark disease-resistant American beech for the establishment of seed orchards.

· Developed novel ash hybrids to introgress Asian-origin emerald ash borer resistance into North American ash species

· Investigated mode of action of Bacillus thuringensis toxins in controlling gypsy moth

· Developed a method of producing Gypchek in the Wave cell culture bioreactor.

· Evaluated the effects of thinning and gypsy moth defoliation on wood volume growth in oaks, and developed a method to predict tree mortality in pine-hardwood stands defoliated by gypsy moth

· Published a supplement to the Invasive Plants Field and Reference Guide: An ecological perspective of plant invaders of forests and woodlands, and a paper on strategic management of five deciduous forest invaders using Microstegium vimineum as a model species.
2.  Other Agency Activities, also designed to do no harm 

a. Video series on Best Management Practices for Prevention:  In FY 2009 the National Forest System invasive species program worked closely with partners to develop the third video in a DVD series on invasive species prevention best management practices.  This third DVD outdoor recreationists.  The DVD is planned to be completed in November 2010.

b. Evaluation of vehicle washing activities:  The National Forest System continues to support the evaluation of vehicle washing activities/systems/protocols with public and private partners to evaluate the effectiveness of existing systems and mechanisms.  Evaluations are based on a scientific approach to quantify effectiveness and determine treatment quality for various scenarios.  Long term objectives of the project include building better protocols and contract specifications, and ultimately better effectiveness at preventing the spread of invasive species by equipment and vehicles.
c. FS Performance measures for invasives:  The FS revised the performance and accountability system measures for all invasive species program activities, agency-wide.  New performance management systems are in place.  Field data is being collected in corporate data management applications.  Program performance is outcome-driven and will emphasize the effectiveness of treatments.   All NFS invasive species program performance outputs and outcomes were incorporated into the Forest Service Performance Accountability System for upward reporting in FY 2009.

d. Prevention language in FS contracts:  National Forest System stations utilize specific invasive species ‘prevention’ language to include in project contracts (such as timber sales, road management, facility construction, etc.) that specify requirements to minimize invasive species infestations and spread on national forests and grasslands.  In FY 2009, the NFS program expanded the use of prevention language in management contracts for maintenance of utility rights-of-ways and other operations.   

e. FS contracts to reduce hazardous fuels by controlling noxious and exotic weeds:  Under aspects of the Healthy Forests Initiative (HFI) the FS expanded the stewardship end-result contracting authority to focus on forest and rangeland health.  The stewardship end-result contracting projects (described under 16 U.S.C. 2104) provide opportunities to develop land management contracts to reduce hazardous fuels by controlling noxious and exotic weeds and re-establishing native plant species.  These HFI activities support efforts to prevent and control invasive species across all landscapes and ownerships.

3.  Activities that are doing harm, and future agency actions

     to change them so that they do not continue to do harm 


None.

D.   Farm Service Agency (FSA)

No report available.
E.   Foreign Agricultural Service (FAS)

No report available.
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