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NUTRITION, FOOD SAFETY, QUALITY	

National Program:
· Human Nutrition, NP 107 
· Food Safety, NP 108
· Quality and Utilization of Agricultural Products, NP 306


Microgreens 
The new food rich in human nutrients.  ARS scientists in Beltsville, Maryland, were the first to study 
the nutrient content of microgreens - leafy vegetables older than sprouts, but much younger than baby greens.  The scientists tested 25 commercially available microgreen varieties and discovered they possess two to four times higher nutrient content in Vitamin C, carotenoids, and Vitamins K and V than the same plants’ mature leaves.  This nutritional data will serve as a reference for health agency recommendations and consumers of fresh microgreens. In addition, the scientists optimized growing and harvesting conditions, and improved storage life to 14 days from the previous 3 to 5 days.  This significant shelf life extension will enable microgreen growers to ship their product by ground rather than air providing considerable cost reduction. (NP 306, Project #1245-43440-004-00D). 

Cranberry sugars prevent bacteria from adhering to urinary cells 
Urinary tract infections result in millions of doctor visits annually and some people suffer from recurrent bacterial infections.  Cranberry juice phenolic compounds associated with its red color were previously thought to be solely responsible for preventing E. coli.  ARS scientists in Wyndmoor, Pennsylvania, described the composition of sugars derived from and unique to cranberry pulp that prevented the adherence of E. coli to urinary tract cells.  A joint patent application was filed under a collaborative research and development agreement with a major cranberry producer.  These newly recognized cranberry sugars may have the potential to provide the consumer with another bioactive food ingredient
which improves health. (Project #1935-41000-089-00D). 

Shell eggs pasteurized using an innovative process 
Pasteurization of all shell eggs in the United States would reduce Salmonella illnesses by approximately 110,000 annually, yet only about 1 percent of eggs are currently pasteurized because the process is costly and damages the egg white appearance.  ARS researchers in Wyndmoor, Pennsylvania, developed a radio frequency (RF) energy process that eliminates 99.999 percent of Salmonella that may be present in eggs.  The RF process is significantly (more than 50 percent) faster than the current pasteurization process, and the egg whites look perfect.  ARS filed for patent protection and several companies have expressed interest in licensing the technology.  RF pasteurization substantially reduces the threat of illness from uncooked and undercooked shell eggs. (Project #1935-41420-01-00D).
 
Screening method for fluoroquinolone residues 
Fluoroquinolone antibiotics are used to treat humans and often serve as the last defense against antibiotic resistant microorganisms.  However, they are also used in veterinary medicine.  Worldwide, this has been a particular concern in regulatory monitoring programs.  Current screening tests using microbial inhibition for antibiotics do not respond well to fluoroquinolones.  A new screening method is needed for these drugs.  ARS researchers in Wyndmoor, Pennsylvania, developed a novel approach which met U.S. 
tolerance detection levels.  Adoption of this new screening process for these important drugs will ensure proper veterinary practices, and reduce the chances of transferring antibiotic microbial resistance. (Project #1935-42000-056-00D). 

Antibiotic treatment of cattle in feedlots does not increase prevalence of antibiotic resistant E. coli 
Some classes of antibiotics are critically important to human medicine and are prescribed for the treatment of serious E. coli and Salmonella infections.  Concerns have been raised that therapeutic treatment of feedlot cattle with antibiotics in the same classes as those used for humans increases the prevalence of resistant E. coli.  ARS scientists in Clay Center, Nebraska, assessed fecal samples before, during, and after antibiotic treatment for disease in a feedlot herd over a ten month period.  A baseline, a low level of antibiotic resistant E. coli was detected in cattle upon arrival at the feedlot, antibiotic resistance temporarily increased after antibiotic treatment, and resistance levels returned to baseline levels after several weeks.  Genetic analysis of 312 resistant E. coli isolates obtained from this study demonstrated that the baseline level of resista nt E. coli in the herd was more likely due to the persistence of a few feedlot adapted resistant E. coli strains rather than the transfer of the genes conferring resistance between E. coli strains.  These results indicate that antibiotic treatment of disease in cattle feedlots does not increase the prevalence of antibiotic resistant E. coli in those cattle when they are harvested. (Project #5438-42000-015-00D).

Extending the life of frying oils with antioxidants 
During frying, oils that are high in healthy polyunsaturated fatty acids, such as soybean oil, quickly react with oxygen and polymerize which causes darkening, foaming, and a reduction in nutritional value.  Synthetic antioxidants are used to protect oils during frying, but many synthetic antioxidants have come under scrutiny because of potential negative health effects.  Food companies are very interested in replacing synthetic antioxidants with natural antioxidants.  ARS scientists in Peoria, Illinois, discovered that phytosteryl ferulates, natural antioxidants found in corn, rice, wheat, and rye, formulated with Vitamin E, another important antioxidant found in oils, protect each other and work together to protect the oil during frying. With this combination, soybean and other healthy oils can be used for a longer time for frying, a cost savings for food processors and restaurants owners.  As part of the research the scientists discovered that a low resolution nuclear magnetic resonance instrument, commonly used by oil companies and in quality assurance environments, may be substituted for traditional methods of measuring oil degradation.  During deep fat frying, it is necessary to monitor oil quality so food processors and restaurants know when to replace the oil.  Although several instruments are available for quick measurements they are not very accurate.  The advantages of the new hand-held method are that, once calibrated, it correlates with standard methods, it requires no solvents and minimal sample preparation, and it is easy and fast to use so that anyone could be trained to measure frying oil degradation. (Project #3620-44000-050-00D).

Irrigation management strongly affects arsenic and cadmium accumulation in rice grain 
Changing concepts of dietary arsenic risk to humans threatens the safety of U.S. rice, the only grain that accumulates substantial levels of arsenic.  Flooding rice soils causes arsenite to be generated from soil arsenate; soil arsenite can be accumulated by rice, as can dimethylarsinic acid, a less toxic organic form of arsenic generated by soil microbes.  ARS scientists from Beltsville, Maryland, in collaboration with those the University of Arizona, measured levels of arsenic and cadmium in grains with six different irrigation schemes.  Rice grown with traditional flooding, which lowers soil aeration, contained the highest arsenic and the lowest cadmium levels.  Any soil oxidation promoted cadmium accumulation, whereas making the soil nearly fully aerobic was required to reach minimal arsenic concentrations in grain.  Three tested cultivars varied in arsenic accumulation but showed similar changes with irrigation 
management.  The research concluded that growing rice aerobically rather than via traditional flood culture can substantially lower grain arsenic and yield, and increases grain cadmium.  The results provide growers and the FDA with information that may be needed to meet market arsenic limits in areas with naturally high soil levels of the element. (Project #1245-42000-015-00D).

Portable method for identifying harmful bacteria from food 
Rapid detection of harmful bacteria in food is necessary to prevent foodborne illness and safeguard public health.  The BARDOT sensor technology developed by ARS funded researchers at Purdue University’s Center for Food Safety Engineering (CFSE) in West Lafayette, Indiana, is easy to use and allows rapid identification of bacteria.  A new portable BARDOT instrument was developed by CFSE scientists and was evaluated by ARS scientists in Wyndmoor, Pennsylvania.  The system is able to identify known pathogenic bacteria, including pathogenic E. coli, Salmonella, and Listeria monocytogenes.  The pathogen identification capabilities coupled with the portability of this new BARDOT instrument has 
tremendous potential for improving the response to foodborne illness outbreaks because the method can travel to the source, thereby reducing the time to detection.  The utility of the BARDOT system was demonstrated by its ability to detect Salmonella in peanut butter within 24 hours with an accuracy of 98 percent.  This is comparable to the current USDA FSIS method, which requires about 72 hours.  The patented BARDOT system is licensed and available for use worldwide. (Project #1935-42000-072-00D).
 
Point scan Raman imaging-based detection of food contaminants 
[bookmark: Pg16]Incidents in recent years of profit driven adulteration of milk and wheat ingredients used to make dairy products and pet foods have highlighted the need for nondestructive methods to screen food ingredients for contaminants that can pose significant food safety hazards.  A Raman chemical imaging system and method were developed by ARS scientists in Beltsville, Maryland, for detecting multiple adulterants in dry skim milk powder.  Spectral image processing methods were developed to remove interference from background fluorescence, and to create Raman chemical images visualizing the distribution of the different adulterants in the milk powder using unique Raman peaks of the adulterants.  A correlation was found between adulterant concentration and the number of adulterant pixels identified in the images, demonstrating the utility of this method for regulatory and industry use in the quantitative analysis of adulterants in milk powder.  A U.S. patent (“System and Methods for Detecting Contaminants in a Sample”) was granted in May 2013. (Project #1245-42000-018-00D).

USDA Integrated Pathogen Modeling Program 
Predictive microbiology entails applying mathematical models to predict the growth and survival of foodborne pathogens undergoing complex environmental changes.  Predictive models are the building blocks for microbial food safety risk assessments.  ARS researchers in Wyndmoor, Pennsylvania, developed an easy-to-use integrated data analysis and model development tool that can be used by students and scientists.  The program can also be used in colleges and universities to train students to 
carry out predictive microbiology research.  This software package is offered as a free tool to scientists and risk modelers around the world and can be downloaded from www.ars.usda.gov/Main/docs.htm?docid=23355.  (Project #1935-42000-075-00D) . 



Early development of heart rate regulation and bone growth differ between breast-fed and formula-fed infants 
It is not known whether differences in an infant’s diet are associated with differences in the development of heart rate control.  A longitudinal investigation at the Arkansas Children's Nutrition Center in Little Rock, Arkansas, is studying the development of breast-fed, soy formula-fed, and cow’s milk formula-fed infants.  Findings in 465 infants on the basis of measures of resting heart rate across the first two years of life revealed that vagal tone, a parameter of the autonomic nervous system that regulates cardiac function by slowing heart rate, was within the normal range across groups but was lower after six months in breast-fed than formula-fed infants.  Variations in vagal tone have been related to mental development and emotional behavior in infants, children, and adults.  These findings provide new information regarding the influence of early infant diet on neurodevelopment and suggest that variations in early diet may contribute to the development of individual differences in autonomic heart rate control which is important in the regulation of attention, emotion, mental abilities, and behavior.  In a study of more than 
200 of these infants over their first nine months of age, the breast-fed children were significantly fatter than soy or milk formula-fed infants.  Those fed soy formula were leaner than the other groups and accumulated bone and body length faster.  These results should help reduce concerns regarding the use of soy formula.  Although the long term consequences of these observations are unknown, these children will be followed to ascertain the health effects of the early growth differences. (Project #6251-51000-006-00D and 6251-51000-007-00D).

Fatty acid ratios in food affects human immune response 
Although hundreds of studies have been conducted, there is no scientific consensus on how different dietary fatty acids influence the human immune system.  Diets containing five different soybean oils that varied in their content of polyunsaturated fatty acid (PUFA) were fed to volunteers for 35 days by scientists at the Human Nutrition Research Center on Aging at Tufts University in Boston, 
Massachusetts.  Standard tests of the immune system were performed at the end of each test period.  Two PUFAs, designated omega-6 and omega-3, had the strongest effect on proliferation of immune cells.  Soybean growers are changing most strains grown to reduce specific fatty acids.  It is critical to know how these changes might affect the health of consumers.  (Project #1950-51000-067-00D). 

Scientists have a pivotal role in analysis of the pig genome and proteome
ARS human nutrition scientists in Beltsville, Maryland, contributed to a multinational consortium that mapped the entire pig genome, and led a related analysis of porcine genes that control the immune system.  Full knowledge of the pig genome will contribute to more efficient production of healthier 
animals and better meat for human consumption, and will serve as a better experimental model for human
diseases.  Many of the pig’s organ systems and its genes are closer to that of humans than those of standard laboratory animals such as mice or rats.  In addition, a large scale analysis of the proteins n 
biological fluids from multiple sites in a strain of pigs susceptible to metabolic syndrome was performed and reflected metabolic responses in various organs that will enable scientists to study development of diabetes in real time as it influences different systems in the body. (Project #235-51000-055-00D and 1235-51530-053-00D). 

Vitamin K may protect against coronary calcification 
Vitamin K is a well known factor involved in blood clotting, but emerging evidence suggests that it has other functions.  Coronary calcium progression, which is a characteristic of severe heart disease, has not been well studied in humans with respect to Vitamin K.  To address this gap in knowledge, ARS funded researchers at Tufts University in Boston, Massachusetts, in collaboration with scientists from Wake Forest Medical Center, measured the Vitamin K concentrations in blood samples from men and women 
participating in a multi-ethnic study of atherosclerosis, and determined their association with coronary calcium progression.  The overall findings suggest those with low Vitamin K concentrations were more likely to have coronary calcium progression.  Among participants who were taking blood pressure medication, those with low Vitamin K were even more likely to have coronary calcium progression.  These data support the need to review Vitamin K dietary requirements in the context of health outcomes beyond that of Vitamin K’s established role in blood clotting. (Project #1950-51000-069-00D). 

Moderately high folic acid negatively affects fetal development 
Pregnant women are encouraged to consume prenatal vitamins with extra folic acid.  Whereas adequate folate helps prevent many neural tube defects, there is concern about high doses having an adverse effect.  Because a study cannot ethically be conducted in humans, scientists supported by ARS in Boston, Massachusetts, fed mice folate at 10 times the recommended amount, which is similar to the level recommended for pregnant women.  The mice exhibited increased fetal loss, embryonic delays, and a higher incidence of heart defects in offspring.  This indicates that moderately high supplementation of 
folic acid adversely affects fetal mouse development.  It will be critical to follow up this research to determine whether there is concern in pregnant women.  (Project #1950-51000-076-00D).
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CROP PRODUCTION AND PROTECTION

National Programs:
· Plant Diseases, NP 303
· Crop Production, NP 305
· Plant Genetic Resources, Genomics and Genetic Improvement, NP 301
· Crop Protection and Quarantine, NP 304
· Plant Biological and Molecular Processes, NP 302 
· Methyl Bromide Alternatives, NP 308


Sunpreme raisins dry themselves 
Eliminating the processing step of tray drying in the field would help maintain the quality of raisins and reduce the need for costly additional post-harvest processing.  ARS researchers in Parlier, California, have developed Sunpreme, a new raisin grape that dries naturally on the vine without the grapes requiring cutting and drying in trays.  Sunpreme, is particularly well suited for mechanical harvesting, thereby significantly reducing production costs.  Unlike Thompson Seedless, the major grape variety used for tray dried raisin production, Sunpreme, can be spur-pruned, further reducing grower costs. (Project #5302-21220-005-00D).

New citrus cryopreservation method developed 
The current and future productivity and profitability of the multi-billion dollar U.S. citrus industry is threatened by virulent pests and diseases, such as citrus greening and citrus canker.  These pests and diseases also threaten ARS’ citrus breeding stock and genebank collections maintained in field and screen house plantings.  Until now, preserving vegetatively propagated citrus germplasm under ultra-cold (cryopreservation) genebank conditions has not been feasible.  ARS researchers in Ft. Collins, Colorado, and Riverside, California, developed a novel micrografting technique that results in high survival rates of citrus germplasm maintained by cryopreservation.  Furthermore, the new cryopreservation technique eliminates several graft transmissible viruses and viroids.  This new cryopreservation technique not only provides an effective means for safeguarding invaluable citrus germplasm, but it can also serve as a new pathogen elimination method for producing disease free citrus propagating material. (Project #5402-21000-012-00D and 5310-21000-010-00D).

Discovery of genes for drought tolerance in the common bean 
Drought strongly reduces the yields of dry beans in the Northern Plains (North Dakota and Minnesota), Great Lakes (Michigan), and other regions which rely primarily on rainfall for crop growth.  Consequently, dry beans with tolerance to drought are critical for those regions, and for adapting this globally important crop to climate change.  ARS researchers in Prosser, Washington, and their university colleagues identified two major genes (also known as quantitative trait loci or QTL) that strongly govern drought tolerance in dry beans.  The two genes showed positive effects when the dry beans were cultivated in multiple drought stress environments.  This research will enhance our capacity for marker assisted breeding to accelerate development of drought tolerant beans by seed companies and public sector breeders in the United States and worldwide. (Project #5354-21220-016-00D). 

Rich native U. S. sources of plant genetic diversity identified for crop improvement and research The wild relatives of domesticated crops contain rich sources of genetic diversity which new genomics assisted breeding techniques can now exploit more effectively for crop improvement.  It has long been assumed that U.S. flora contains relatively few crop wild relatives.  ARS scientists in Prosser, Washington, and Beltsville, Maryland, with international research collaborators, completed an inventory of U.S. flora that contains a rich trove (more than 4,600 different types) of crop wild relatives and wild species that could be exploited directly for food, forage, medicinal, ornamental, and industrial applications.  This research has furnished a blueprint for urgent action to conserve the most endangered U.S. crop wild relatives. (Project #5348-21000-022-00D and 1245-21000-228-00D).
 
Novel multi-seeded mutants identified that might substantially increase sorghum grain yield 
ARS researchers in Lubbock, Texas, have identified novel sorghum mutants that might significantly increase sorghum grain yield.  The multi-seeded mutants have more and larger primary and secondary flower branches bearing more types of floral organs that develop into seeds.  Compared to current sorghum cultivars, these mutants have triple the number of seeds and double the seed weight.  The mutants are being evaluated in the field for their ability to substantially increase sorghum grain yield. (Project #6208-21000-017-00D). 
 
Reducing environmental impacts of wine grape production 
Better identification of the environmental impacts of wine grape production could help growers facilitate targeted improvement in production system sustainability.  ARS scientists in Davis, California, have developed a tool that helps growers and policymakers understand the full environmental impacts of an agricultural production system and identify ways to improve overall efficiency.  The Life Cycle Assessment (LCA) tool has been used to assess environmental impacts of wine grape production across a range of vineyard management regimes in two important growing regions of California.  The tool evaluates resource extraction; manufacturing of raw materials into products used in wine grape production (e.g., herbicide and fertilizer) and their subsequent transport to the vineyard; activities and energy required to grow the wine grapes (e.g., irrigation and harvest); and final transport of wine grapes to the winery.  The tool helped scientists discover a number of alternative management practices, including but not limited to compost, reduced irrigation, and various cover cropping systems that will assist growers seeking to improve the energy use and air emissions of their vineyards.  (Project #5306-21220-005-00D). 

Attractants for brown marmorated stink bug 
The brown marmorated stink bug is an invasive insect pest that causes severe damage to fruits,
[bookmark: Pg13] vegetables, and field crops that has spread to 40 States, as well as to Canada, Switzerland, Germany, and France.  A means of monitoring the numbers of stink bugs is necessary for determining when to apply treatments.  ARS scientists in Beltsville, Maryland, have confirmed that the bug is attracted to methyl decatrienoate (MDT), a pheromone of a different Asian stink bug species.  The researchers have developed and commercialized a new synthesis of this compound for use in monitoring traps.  In addition, ARS scientists in Kearneysville, West Virginia, and Beltsville, discovered the true male produced aggregation pheromone of the stink bug and confirmed in field trials that it is attractive to male and female adults and immature bugs.  The pheromone was developed into a commercial version that has been transferred to the private sector.  ARS scientists in Beltsville also discovered that the performance of the bug’s pheromone could be enhanced (synergized) by MDT, providing a superior lure for season long monitoring.  A patent application has been filed on discovery of the brown marmorated stink bug attractants.  It is expected that the commercialization of this pheromone technology will lead to
 effective management of the pest and new trap-and-kill techniques to reduce pesticide usage.  (Project #1245-22000-272-00D and 1245-22000-273-00D).
 
Varroa mite migration represents a new control challenge 
Varroa mites are a major cause of colony losses in honey bees because they parasitize bees and spread viruses in the colony.  ARS researchers in Tucson, Arizona, devised a treatment schedule to control Varroa based on colony and Varroa population dynamics.  The researchers found that Varroa populations could be kept at low levels throughout most of the summer with this treatment schedule. However, by fall, mite populations were much larger than predicted or than could be accounted for by mite reproduction alone.  The researchers determined that mites appear to be migratory and move between colonies with far greater frequency than previously thought.  This finding led to changes in recommendations on Varroa control that include a late fall treatment so mite populations remain low over the winter to prevent the loss of colonies in the spring. (Project #5342-21000-015-00D). 

Use of biochar as a component in greenhouse substrates 
Fertilizers are becoming increasingly expensive due to the energy required to manufacture them or the cost of mining the raw materials.  Phosphorus and potassium are two of the primary nutrients used in fertilizers.  ARS scientists in Wooster, Ohio, determined that gasified rice hull biochar, a commercially abundant byproduct from the processing of rice, contains a high concentration of phosphorus and 
potassium, and has potential as an alternative source for use in commercial potting substrates for greenhouse and nursery crops.  The scientists determined that the optimal rate for amendment with gasified rice hull biochar into a typical greenhouse potting substrate is 10 percent by volume.  At this rate, sufficient phosphorus and potassium are provided for a variety of crop species without additional nutrients being provided.  This data provides the industry with baseline information on rates of application that can be used when this product becomes available to the horticultural industry. (Project #3607-21000-015-00D). 


Molecular diagnostic assay for wheat stem rust Ug99 strains 
Strains of the wheat stem rust pathogen in the group Ug99 are threats to wheat production worldwide, and while these strains are not yet in the United States, U.S. wheat varieties are vulnerable to Ug99.  Until now, the only way to distinguish Ug99 strains from other forms of wheat stem rust was to put the fungus spores on wheat plants and wait for disease to develop.  ARS scientists in St. Paul, Minnesota, have developed a two stage assay based on fungal DNA to distinguish among rust strains.  The first stage determines if the sample belongs to the Ug99 strain group, while the second stage predicts the specific strain. This assay is currently being used to track the movement of the Ug99 in Africa where the disease is endemic. Deployment of this assay in the United States would greatly enhance growers’ ability to detect and identify any Ug99 introductions and to provide information for responding to potential outbreaks. (Project #3640-21220-021-00D).

Natural plant molecules disrupt nematode development 
Safe strategies for managing plant parasitic nematodes should effectively control these target pests while having minimal impact upon the environment and nontarget species.  Using the most economically important plant nematodes in the United States, the soybean cyst nematode and the root knot nematode, ARS scientists in Beltsville, Maryland, found that plant chemicals called catechins inhibit nematode hatching and also significantly inhibit nematode enzymes called proteases.  The catechins affect three specific proteases that are part of a complex structure central to nematode survival.  Without proper protease function, nematodes fail to develop and will die.  This discovery is important because it demonstrates a molecular basis for how this plant chemical can suppress plant parasitic nematode development and reproduction at low doses. In addition, it also demonstrates that catechins can be used as nematode control agents.  This information will help scientists develop precision treatment strategies for controlling plant parasitic nematodes and help growers seeking to decrease synthetic chemical use in crop protection. (Project #1245-22000-283-00D).
 
Flat mite identification tool on the Web 
Flat mites, such as false spider mites, red palm mites, citrus mites, and peacock mites, are devastating pests on citrus, tea plants, bananas, coconuts, date palms, olive crops, eucalyptus trees, and ornamental palms.  In addition to directly causing damage, these mites also vector plant diseases, including citrus leprosis virus.  Accurate identification of these mites is the first step in controlling them.  ARS researchers in Beltsville, Maryland, in collaboration with APHIS developed an interactive online identification key with descriptors and numerous images using light microscopy and low temperature scanning electron microscopy. Since its launch one year ago, more than 123,800 visitors from 180 countries have acccessed the Web site.  This tool has enabled correct identification by farmers, extension agents, State and university researchers, government agencies, and APHIS quarantine specialists in controlling mites and plant diseases vectored by mites.  (Project #1245-22000-278-00D). 
 
Discovery, field release, and establishment of new natural enemies of Giant Reed in Texas 
Giant Reed (Arundo donax) is a highly invasive weedy grass from the Mediterranean region that displaces native riparian vegetation in the United States and clogs waterways along the Southern border.  Its dense thickets also hinder effective border patrol activities and provide habitat for the tick that carries cattle fever.  Giant Reed became a problem in the United States because it lacks effective natural enemies.  Scientists at ARS’ European Biological Control Laboratory in Montpellier, France, have now identified four candidate natural enemies after making more than 250 field collections in Spain, France, Italy, and Greece.  The candidates were shipped to U.S. quarantine facilities in Mission, Texas, where ARS scientists evaluated them for safety and efficacy against the weed.  Two of the agents, a gall forming wasp (Tetramesa romana) and a scale insect (Rhizaspidiotus donacis), have received APHIS permits and 
have been released into the field.  A third agent, a leaf mining fly (Lasioptera donacis), is currently being evaluated in quarantine.  During the past year, ARS scientists in Kerrville, Texas, and in Montpellier, France, have also made significant advances in understanding the biological association of the defoliating leafminer fly and associated endophytic pathogens.  The fly has previously undiscovered specialized organs on its ovipositor in which it stores the spores of a single species of fungus.  The fungus appears to be necessary for complete development of the fly and is probably responsible for much of the damage to the Arundo plant.  As these natural controls spread they will help to suppress the grass and restore original riparian habitats. (Project #0212-22000-025-00D).
 
Insect control for export of table grapes and sweet cherries 
Spotted wing drosophila (Drosophila suzukii) is a newly found invasive pest in the western United States that threatens the ability of growers to export California grown table grapes and sweet cherries which have an annual export value estimated at $200 million to Australia and New Zealand.  ARS scientists in Parlier, California, developed a combination of sulfur dioxide fumigation and cold treatment as a postharvest alternative to methyl bromide fumigation for controlling this pest in California grown table grapes.  The scientists further enhanced producer’s ability to export grapes by developing a method to remove fungicide residues using ozone fumigation.  Following requests of the western U.S. cherry industry, the scientists also completed the validation of a quarantine treatment utilizing methyl bromide fumigation.  This research has enabled the retention and expansion of market access to Australia, estimated at $55 million annually. (Project #5301-43000-033-00D). 
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ANIMAL PRODUCTION AND PROTECTION

National Programs:
· Animal Health, NP 103
· Food Animal Production, NP 101
· Aquaculture, NP 106 
· Veterinary, Medical, and Urban Entomology, NP 104


Development of international genomic evaluations for young dairy bulls 
Genomic evaluations have rapidly replaced traditional evaluation systems used for dairy cattle selection and have had a significant impact in increasing genetic progress.  However, accurate, unbiased comparison of genomic evaluations from different countries has not been possible because of differences in national methodologies and the data included in evaluations.  ARS scientists in Beltsville, Maryland, collaborated with the Canadian Dairy Network (Guelph, Ontario), and the Interbull Centre (Uppsala, Sweden), to develop a genomic multi-trait, cross country evaluation (GMACE) system by modifying techniques used in traditional international evaluations.  Initial implementation of GMACE for young Holstein bulls was completed in August 2013 by the Interbull Centre.  The availability of accurate international genomic evaluations for young bulls will enable breeders to select globally from the best animals, thereby providing access to a much larger genetic pool and increasing the rate of genetic progress for dairy production worldwide. (Project #1245-31000-101-00D). 

Engineered antimicrobial proteins that eradicate Staphylococcal Mastitis pathogens 
The U.S. dairy industry’s loss due to mastitis (infections of mammary glands) exceeds $2 billion annually.  Mastitis is also responsible for the greatest use of antibiotics on the dairy farm despite an international effort to reduce antibiotic use in agriculture.  The bacterial pathogen Staphylococcus aureus can evade most conventional antibiotics by invading and residing inside the cells (intracellularly) of the cow mammary gland, leading to chronic infection and increased culling of infected animals.  onventional antibiotics do not kill intracellular pathogens; thus, novel antimicrobials effective at killing intracellular bacteria would benefit the dairy industry for the treatment of mastitis and help to replace antibiotics that are facing high levels of resistant strain development.  ARS scientists in Beltsville, Maryland, demonstrated that an engineered antimicrobial protein facilitates transport across the mammary cell walls into intracellular spaces.  The scientists then fused the protein to a previously engineered antimicrobial protein with three distinct enzyme activities.  The top candidate engineered antimicrobial protein for the eradication of intracellular S. aureus in cultured cell assays showed the ability to reduce the S. aureus infection 1,000-fold in a mouse mastitis model.  This technology presents a novel alternative mastitis treatment to effectively treat and potentially eliminate bovine mastitis and significantly reduce the need
for conventional antibiotic use on the dairy farm. (Project #1245-31000-103-00D).

New semen extender supplement improved fertility of turkey semen 
The turkey industry relies exclusively on artificial insemination, a time- and labor-intensive process, to reproduce birds in commercial operations.  When producers use freshly collected semen for artificial insemination, fertility rates are typically 94 to 98 percent; however, if semen is held longer than six hours prior to insemination, fertility rates drop to 40 percent.  ARS scientists in Beltsville, Maryland, evaluated the biological basis for this drop in fertility and have shown that the sugar residues on the surface of the sperm membrane change when semen is held longer than 6 hours.  To address this issue, the scientists conducted an intensive evaluation of the concentration of different sugars, as well as the effect of time and temperature on these sugars.  Results indicate that providing extra sialic acid (sugar) in the semen extender can boost the fertility rates of semen held at a cool temperature (4 C) for 24 hours from 40 to 85 percent. This represents a significant advance in poultry semen storage technology that will save producers time and money when reproducing flocks. (Project #1245-31000-105-00D). 

Finding markers to predict reproduction efficiency in beef cattle 
Reproductive efficiency is arguably the most economically important trait in commercial beef cattle production, as failure to achieve pregnancy reduces the number of calves marketed per cow exposed to breeding.  Identification of variation in the genome with predictive merit for reproductive success would facilitate accurate prediction of daughter pregnancy rate in sires, enabling effective selection of bulls whose daughters have improved fertility.  ARS scientists in Clay Center, Nebraska, applied a Genome Wide Association Study (GWAS) approach using a procedure based on genotyping multi-animal pools of DNA to increase the number of animals that could be genotyped with available resources.  The study identified regions of the genome associated with reproductive efficiency which are being targeted for further analysis to develop robust marker systems.  The scientists also demonstrated that DNA pooling can be used to substantially reduce the cost of GWAS studies in cattle.  A specific deletion of DNA along chromosome 5 in Bos indicus crossbred cattle was identified that is strongly correlated with reproductive failure, providing a potentially useful marker for breeders in sub-tropical areas that make use of these types of cattle.  The results demonstrate the ability to leverage the bovine genome sequence to improve reproductive efficiency in beef cattle while significantly reducing technology costs for research communities. (Project #5438-31320-012-00D). 

Introduction of free genetic tests for inherited defects of dairy cattle 
A method to identify exact locations of loss-of-function mutations and DNA sequences associated with lethal or undesirable conditions of dairy cattle was developed by ARS scientists at Beltsville, Maryland, and automated over the past two years.  However, results from that method could not be made available to the dairy industry because the respective DNA sequences were associated with patented genes.  Genetic tests were available for some of the lethal mutations, but most females were not tested because individual gene tests were expensive and not included on genotyping chips until very recently. The June 2013 U.S. Supreme Court’s unanimous decision that biotechnology companies cannot patent genes that occur naturally has made possible the release of information from genetic tests for bovine leukocyte adhesion deficiency, deficiency of uridine monophosphate synthase, and mulefoot in Holsteins as well as Weaver Syndrome, spinal dysmyelination, and spinal muscular atrophy in Brown Swiss.  For Holsteins, the method also can be applied to identify DNA markers associated with complex vertebral malformation and brachyspina as well as for desired traits such as red coat color and polledness (no horns).  In addition, four new deleterious DNA sequences have been identified for dairy cattle fertility, and those sequences have been incorporated into new genotyping chips.  The first release of genomic status information for the inherited defects occurred in August 2013 and is expected to provide the tools for dairy producers to reduce or eliminate costs for genetic testing, decrease the frequency of undesired traits, and increase the rate of genetic progress for desired traits through significant improvements in reproductive efficiency, health, and animal well-being. (Project #1245-31000-101-00D).

Increasing production of healthy omega-3 fatty acids in rainbow trout 
The increase in the price of fish oil is making it very expensive to include it at desired levels in aquaculture feeds to improve the nutritional value of farmed fish. ARS scientists in Aberdeen, Idaho, have determined that genetic variation exists between families of rainbow trout in their ability to produce and deposit fish oils in their flesh.  During the past year, scientists have measured the variation among families and validated methods for measuring fatty acid levels in live fish.  This methodology will improve fish oil content in filets through breeding and ultimately produce fish with greater health benefits to humans. (Project #5366-21310-004-00D).

Kaolinitic clay protects fish from Columnaris disease 
Columnaris disease, caused by the bacterium Flavobacterium columnare, is a costly disease of many commercially grown fish species including channel catfish.  Few preventative methods or therapies exist for this disease.  ARS scientists in Stuttgart, Arkansas, evaluated a type of clay, called kaolin, for the prevention of Columnaris disease.  Kaolin works by binding to the bacteria, thereby preventing it from attaching to the fish.  They demonstrated that addition of kaolin to the water significantly improved the survival of channel catfish that were experimentally challenged with the disease.  Kaolin was shown to be a novel, non-antibiotic treatment to increase survival rates in catfish hatcheries. (Project #6225-32000-005-00D). 

High survival of Bacterial cold water disease-resistant rainbow trout line in farm trials 
Bacterial cold water disease (BCWD) is a frequent cause of farmed trout loss.  ARS researchers in Leetown, West Virginia, developed a BCWD resistant rainbow trout line through multiple generations of genetic selection for improved disease resistance.  Three consecutive years of performance testing of these fish were carried out under farm conditions.  In five completed trials to date in which non-select fish were diagnosed with BCWD, survival of the select line was 95 percent from initial feeding through the early rearing phase.  In addition to greater survival, the select line had a smaller percentage of fish that tested positive for the pathogen that causes BCWD.  These findings support the release of the germplasm to stakeholders, and the continued evaluation of the select genetic line in large scale production trials. (Project #1930-31000-005-00D). 

Development of an improved aerator for the catfish industry 
Supplemental aeration is used by all catfish producers. It is critical to maintain dissolved oxygen (DO) at levels that support high densities of catfish grown in production ponds, especially when oxygen levels drop on warm summer nights.  Paddlewheel aerators have been used for aeration in aquaculture for over 30 years, and while they transfer oxygen to the water efficiently, they also move a huge volume of water so the oxygen concentration increases slowly.  Thus, a great deal of equipment and a large amount of power is required to prevent low DO conditions in commercial ponds.  ARS researchers in Stoneville, Mississippi, have developed a new aerator, the Power Tube Airlift (PTA), which can concentrate DO into a small zone of water in a pond using less energy than traditional methods.  A patent application for this invention is currently pending.  Two commercial scale PTAs were installed in an 8-acre catfish production pond and gave promising results.  This new equipment will both lower energy costs and enable higher production densities. (Project #6402-31320-004-00D). 

H7N9 outbreak in China: Animal investigations and U.S. animal health preparedness activities 
On March 29, 2013, the Chinese Center for Disease Control and Prevention (CDC) completed laboratory confirmation of three human infections with an Avian Influenza A (H7N9) virus not previously reported in humans.  By April 26, reports from the China Ministry of Agriculture indicated that the H7N9 virus had been confirmed in chickens, ducks, pigeons (feral and captive), and environmental samples in four of the eight provinces and in Shanghai municipality, confirming that the source of human infections was poultry markets.  USDA set up a Situational Awareness Coordination Unit with a core team of subject matter experts and other USDA representatives, including the ARS, APHIS, FSIS, and the Foreign Agricultural Service.  USDA and the Chinese CDC worked collaboratively to understand the epidemiology of H7N9 infections among humans and animals in China.  To date, there is no evidence of this strain of Avian Influenza A (H7N9) virus has entered the United States.  ARS scientists in Athens, 
Georgia, and Ames, Iowa, rapidly conducted animal studies to characterize the virus pathogenicity and transmission properties of the virus in avian and swine species.  Results from studies performed on poultry and pigs indicated that chickens and quail showed no signs of illness, but they were shedding Avian Influenza A (H7N9) virus.  Pigs infected with the H7N9 virus on the other hand, did not amplify or shed the virus.  This information was considered critical to prepare first responders in case this new and emerging virus reached the United States.  ARS scientists also rapidly developed new diagnostic tests to ensure the virus could be quickly detected, and completed antigenic mapping studies to help identify virus isolates that could be used to develop a vaccine for poultry if needed. (Project #6612-32000-063-00D and 3625-32000-108-00D) .

A safe, “leaderless” Foot-and-Mouth Disease (FMD) vaccine platform 
ARS scientists at the Plum Island Animal Disease Center identified that if the lead sequence in the FMD virus is removed, it is rendered harmless to animals while still leaving it capable of growing in cell culture.  This information has contributed to our understanding of how the FMD virus amplifies, 
interacts with an animal host, evades the host defense mechanism, and how various parts of the virus genome function.  Importantly, ARS scientists used this information to produce a new “leaderless” FMD vaccine virus.  The vaccine is safer than current FMD vaccine technologies that use naturally occurring (wild type) virus, because the “leaderless” attenuated FMD vaccine virus does not cause disease in animals.  This is a major milestone in vaccine technologies because it will enable the safe production of FMD vaccines, and likely eliminate concerns that FMD vaccine viruses might escape from a manufacturing plant and cause a FMD disease outbreak.  This will be especially beneficial for FMD free countries such as the United States, providing the capability to rapidly manufacture millions of FMD vaccine doses without fear of vaccine virus escapes.  In addition, the “leaderless” FMD vaccine has been 
genetically modified to include two negative markers to differentiate it from wild type virus found in animals during a disease outbreak.  A patent has been filed for this new technology which is being developed in partnership with a multinational pharmaceutical company.  (Project #1940-32000-057-00D).
 
Elimination of persistent infection and transmission risk following the re-emergence of Theileria equi in the United States 
Theileria equi is a tick-borne disease of horses that can cause severe acute disease characterized by fever, 
anemia, hemoglobinuria and, in some cases, death.  Infected horses that recover from the acute disease become persistently infected for life.  Disease caused by T. equi, called piroplasmosis, has been eradicated from the United States, although in 2009, an outbreak of the disease occurred in Texas.  Until recently, horses diagnosed with piroplasmosis were either euthanized or quarantined for life due to the persistence of infection.  ARS scientists in Pullman, Washington, developed a treatment regimen using imidocarb dipropionate to eliminate T. equi from naturally infected horses, and removed the risk of transmission of the pathogen to other horses.  This allowed the horses to resume their previous lives and has facilitated international movement of horses between infected and noninfected countries. (Project #5438-32000-034-00D) 

Development of a Brucella suis vaccine for feral swine 
USDA continues to work to control brucellosis since an eradication program was initiated in the 1950s.  However, the persistence of brucellosis in wildlife reservoirs (bison, elk, and feral swine) poses a risk for reintroduction to domestic livestock.  New vaccines and diagnostics that can be applied to wildlife are needed.  Brucellosis is not currently a problem in domestic swine.  However, it is common in the millions of feral pigs present in the United States.  Surveillance has shown that up to 35 percent of some herds of 
feral pigs may test positive for Brucella.  In addition, transmission from infected feral pigs, which shed the organism in their urine to cattle, has resulted in dairy herds in the southeastern United States becoming positive for Brucella. Recently, ARS scientists in Ames, Iowa developed an experimental vaccine that has been shown to be protective against brucellosis in feral swine when administered orally or parentally.  More research needs to occur to determine the optimal dose and efficacy data.  However, the vaccine shows promise in reducing the risk of Brucella transmission from feral swine to humans and domestic livestock. (Project #3625-32000-111-00D). 

Complete genome sequences of new emerging Newcastle disease virus strains isolated from China Five virulent Newcastle Disease Virus (NDV) strains were isolated from geese in China during 2010 and 2011.  The complete sequences of two NDV strains, and the sequences of the envelop glyprotein genes (F and HN) of three other strains were determined.  Phylogenetic analysis classified them into a new genotype, designated as genotype XII, which is genetically distinct from genotype VII, the predominant genotype responsible for most outbreaks of Newcastle disease in China in recent years.  This is the first report of complete genome sequences of new emerging genotype XII NDV strains isolated from geese in China.  This basic scientific information is critical to ensuring current molecular diagnostic tests can detect emerging viruses that may migrate from China and pose a threat to the United States. (Project #6612-32000-064-00D).

 DEET mosquito repellent works by taste and smell 
Current mosquito repellents are effective if used correctly, but dosages applied to the skin are very high.  Prevention of disease transmission using repellents is a problem because people are reluctant to use unpleasant products until they have already been bitten.  ARS scientists in Beltsville, Maryland, have been working to understand the physiological mode of action of repellents.  They found that DEET 
not only affects odor receptors on mosquito antennae, but also taste receptors on the mouthparts.  This new understanding that taste and odor are involved in the function of the repellent opens the door to more precisely targeted exploration for repellent active ingredients that work at much lower concentrations.  This discovery will change the way that active ingredients in new repellents are evaluated and may ultimately lead to highly effective products that have a greater chance of preventing mosquito bites than current repellents. (Project #1245-32000-007-00D). 
Gene silencing technology leads toward safe mosquito control 
Only a very limited number of public health pesticides are available for controlling medically important vectors such as mosquitoes and sand flies.  This novel approach is based on the technology that allows the specific silencing of genes critical to the survival of the target vector species.  This technology uses double stranded RNA (dsRNA) and the process of RNA interference (RNAi) to prevent the synthesis of specific proteins in cells.  By choosing the right target, it is possible to debilitate mosquito vectors of disease.  ARS researchers in Gainesville, Florida, have demonstrated that a dsRNA construct targeting a gut expressed gene effectively shuts down production of that protein when fed to the adult yellow fever 
mosquito.  The dsRNA was fed to the mosquitoes in a sugar meal and that protein production was stopped in 12 or 24 hours.  Oral delivery of dsRNA to mosquitoes could be a practical way to deliver this new technology.  The specificity of the dsRNA would prevent any danger to other insects, including pollinators.  Also, only tiny quantities of dsRNA would be required which would reduce costs.  This research will lead to products that have no nontarget effects and that are safe for humans and the environment.  (Project #6615-32000-045-00D). 

How house fly maggots live in bacteria rich media 
House flies breed in places such as garbage and manure that host numerous species of bacteria.  Many of those bacteria are human or animal pathogens.  Remarkably, house fly maggots are seldom harmed by the soup of bacteria in which they live.  The interaction of the maggot’s own immune system and the bacteria in its medium is important in determining whether or not the adult flies emerging from the maggots will carry pathogenic bacteria.  In collaboration with Clemson University, ARS scientists in Manhattan, Kansas, sequenced genes that were activated in immune stimulated house flies, and identified several 
sequences coded for molecules that protect the maggots from bacteria.  Production of these substances creates a component of the maggots' immune system, thus allowing the maggot to live in contaminated environments and helps determine which pathogens survive in the adult fly.  An understanding of the intricacies of the relationship between larval flies and bacteria will lead to better ways of protecting food and livestock from pathogens. (Project #5430-32000-003-00D). 

Development of a new, selective insecticide 
One of the objections to the use of pesticides is their toxicity to other organisms, including humans, that are not intended as their targets.  Although residue limits to protect people on the basis of toxicological data exist, compliance with those limits can be a problem.  From an environmental perspective, toxic effects on any vertebrate species would be considered undesirable.  ARS scientists in Kerrville, 
Texas, collaborated with researchers at the University of Florida and Virginia Tech University, to evaluate a synthetic carbamate insecticide, designated PRC-408, for the control of horn, stable, and sand flies.  PRC-408 was as toxic to these insects as carbaryl, an efficacious, commercially available 
compound.  An in vitro assay was used to demonstrate that PRC-408 exhibited approximately 300-fold higher specificity for its arthropod target compared with mammalian (i.e., bovine and human) targets, and may offer improved safety compared with other chemicals in its class.  This research will result in new insecticides that are very safe to use but flexible in their application. (Project #6205-32000-033-00D).
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Controlling bacterial contaminations without antibiotics 
Lactic acid bacteria frequently contaminate commercial fuel ethanol fermentations, reducing yields and decreasing biorefining profitability.  The current practice to control these bacterial contaminations involves antibiotics, but there is concern about the fate of these antibiotics in waste water and ethanol co-products used in livestock feed.  ARS researchers in Peoria, Illinois, and Beltsville, Maryland, discovered antibacterial enzymes, called phage endolysins, that inhibit lactobacilli.  The scientists have expressed the genes for endolysins in ethanol producing yeast.  ARS has applied for a patent for this technology which ethanol biorefineries can use to prevent bacterial contaminations and avoid large scale antibiotic use. (Project #3620-41000-135-00D). 

Removing cellulase inhibitors from pretreated biomass 
The most expensive step in converting biomass to fuels involves the use of cellulase enzymes to hydrolyze cellulosic biomass to fermentable sugars.  One of the reasons for this high cost is that byproducts produced by pretreating cellulosic biomass significantly inhibit cellulase enzymes. ARS scientists in Peoria, Illinois, in collaboration with researchers at Purdue University, developed a low waste fermentation process to remove these enzyme inhibitors, and showed that this biological conditioning or “bioabatement” process increases conversion of cellulose to fermentable sugars by 20 to 50 percent. (Project #3620-41000-133-00D). 

Enzymes for preprocessing biomass
Breaking the chemical crosslinks between lignin and carbohydrate fibers would greatly improve the value 
of biomass for biorefining or in livestock feed.  Using genomic techniques, ARS scientists in Albany,
California, discovered a new feruloyl esterase enzyme that eliminated these crosslinks.  The scientists expressed the enzyme in E. coli, a bacteria used industrially to produce enzymes, and confirmed the enzyme’s effectiveness when applied to rice bran, wheat bran, corn fiber, switchgrass, and corn bran.  A patent application was filed; an industrial partner is considering using the technology to produce livestock feed. (Project #5325-41000-049-00D).

Low cost process for producing marketable pyrolysis oil 
Pyrolysis converts biomass into bio-oil, a petroleum-like liquid that has the potential to be refined into renewable, drop-in replacements for petroleum-based fuels.  However, bio-oil cannot be used by existing petroleum refiners because it contains too much oxygen.  Although oxygen can be removed from bio-oil by catalytic hydrotreating (reacting with hydrogen) that process is expensive and reduces product yield.  ARS researchers in Wyndmoor, Pennsylvania, developed and are patenting a relatively simple, non-catalytic process utilizing tail gas from the pyrolysis reactor to reduce the oxygen content of the bio-oil from 35 to 12 percent.  The new process doubles the yield of distillate product and results in a more narrow range of products (5 to 10 compounds) versus traditional pyrolysis (hundreds of compounds).  (Project #1935-41000-082-00D).

Early warning index for flash drought 
The flash droughts of 2012 in the Nation’s Corn Belt were rapid onset events fueled by below normal precipitation levels and a lingering heat wave that essentially “baked” moisture reserves from the soil profile.  ARS scientists in Beltsville, Maryland, developed a satellite-based drought product called the 
Evaporative Stress Index (ESI) that provided early warning of the deteriorating crop and moisture conditions in 2012, preceding signals of increasing drought severity recorded by the U.S. Drought Monitor and many other standard drought indicators by several weeks.  The ESI depicts areas of anomalously low water use and availability, derived from measurements of evapotranspiration (ET) generated with thermal infrared satellite imaging systems. Robust early warning of impending drought provides growers additional time to adjust cropping and marketing strategies during the growing season.  ARS scientists are also working with researchers at the National Agricultural Statistics Service to establish the utility of using ESI records of seasonal crop stress to improve estimates of at-harvest yield.  With minimal reliance on ground-based observations, the ESI shows good potential for monitoring 
food and water security at the global scale. (Project #1245-13610-028-00D).
 
Long-term data from an ARS experimental watershed validates NASA satellite-based rainfall estimates 
Water is a critical resource in rapidly developing arid and semiarid regions.  Accurate rainfall estimates are essential to effective management of agricultural production and critical water resources, but in many parts of the world, rugged terrain limits the deployment of rain gauges, while simultaneously blocking ground-based radar estimates of rainfall. Working with colleagues from the National Aeronautics and Space Administration (NASA), ARS researchers in Tucson, Arizona, compared rain gauge observations from the densely instrumented ARS Walnut Gulch Experimental Watershed, with rainfall intensity estimates from the Tropical Rainfall Measurement Mission (TRMM) satellite from 1999 to 2010.  Results showed a very good agreement between the two sets of rainfall rate estimates, an important finding because rainfall is not well measured over large parts of the globe.  The satellite design is also the basis for NASA’s new Global Precipitation Mission.  In addition to underscoring the importance of ARS’ long-term research sites and the data sets they enable, the validation presages success for the new NASA 
mission.  Among other benefits, the significance of quantifying precipitation worldwide has important implications for improving the world’s capacity for food production in light of expected population growth and climatic uncertainty. (Project #5342-13610-011-00D).
 
Assessing feasibility and sustainability of bioenergy crop production 
In collaboration with their university partners, ARS scientists in Temple, Texas, assessed the feasibility and sustainability of biofuel production in the eastern and central United States, in the face of growing energy production demands and climate change. Switchgrass productivity, estimated under both current and future climate change scenarios, showed substantial variation both within regions and over time.  In particular, the southern U.S. has the highest current biomass potential, but is predicted to have the largest future decrease in productivity, because the temperature is predicted to increase (and precipitation decrease) in this region.  These results help develop a better understanding of the possibility for large scale biofuel production from perennial grasses in the eastern and central United States. (Project #6206-13610-007-00D). 

New soil nitrogen test helps to reduce fertilizer applications 
Current soil nutrient tests do not account for all sources of plant available nitrogen.  Fertilizer recommendations based on these tests frequently overestimate application amounts, leading to an financial loss for the farmer and an increased environmental impact from the excess amounts.  Cooperation between ARS scientists in Temple, Texas, and industry has led to the development 
and commercialization of a method to rapidly and inexpensively determine the total plant available nitrogen in soils. Since its introduction in September 2010, the new testing method, known as the "Haney Soil Health Test," has been adopted by 40 university and commercial soil testing laboratories.  The 2012 estimated nitrogen fertilizer savings realized from reduced application recommendations based on analysis of 3,000 soil samples was $2.5 million. (Project #6206-11220-005-00D).
 
ARS’ greenhouse gas and biofuel sustainability Web-based database now accessible
Data management systems are needed to expand the availability of vast amounts of data generated by field studies.  ARS researchers in Fort Collins, Colorado, and other ARS laboratories nationwide created and revised a general data entry template designed to accommodate comprehensive data from various cropping, biofuel, and grazing studies within the ARS Geenhouse Gas Reductions through Agricultural Carbon Enhancement Network (GRACEnet) and Renewable Energy Assessment (REAP) projects. 
Currently, data from 35 ARS units have been populated in the template, quality controlled, and uploaded to a relational database.  A subset of this data is now publically available.  Making the greenhouse gas (GHG) flux, soil, vegetation, and other data accessible and easily available is important for enabling 
a wider variety of researchers to perform meta-analyses, test existing GHG flux and crop growth models, and develop new models.  (Project #5402-11000-010-00D). 

Revegetation of barren superfund site using compost and gypsum 
Wind and water erosion at a 300-acre abandoned asbestos mining Superfund site in Vermont represents a continuing risk to nearby populations.  Without vegetation, the site will continue to erode and be a health threat.  ARS scientists in Beltsville, Maryland, conducted a three year study to evaluate applications of manure compost plus a gypsum byproduct and fertilizers to obtain an effective vegetative cover of the soil.  Results showed the surface applied amendments produced extensive vegetative cover of clover and grasses, while the control plots receiving simple fertilization remain barren.  The EPA has estimated that revegetation using two feet of topsoil on the site would cost $220 million, while revitalizing the soil using these soil amendments and leveling would cost only $25 million, resulting in a significant savings to the public. (Project #1245-12000-040-00D) .

Ammonia recovery from poultry litter with gas permeable membranes 
Recovery of gaseous ammonia from poultry litter benefits bird health and productivity while reducing environmental emissions from poultry production.  ARS scientists in Florence, South Carolina, investigated the potential use of gas permeable membranes as components of a new process to capture and recover ammonia in poultry houses.  Prototype systems consistently reduced headspace ammonia gas concentrations from 70 to 97 percent and allowed recovery of 88 to 100 percent of the ammonium 
volatilized from poultry litter.  The potential industry benefits of this technology include cleaner air inside poultry houses, reduced ventilation costs, a concentrated liquid ammonium salt that can be utilized as fertilizer, and a significant reduction in ammonia volatilization, which will reduce the environmental impact of the poultry industry. A patent application has been submitted for the process.  (Project #6657-13630-005-00D). 

Effects of grain processing on the carbon footprint of beef cattle 
Most cattle in the southern Great Plains are fed diets based on steam flaked corn. Steam flaking corn uses additional natural gas not required when cattle are fed diets based on dry rolled corn. Using data from multiple trials, ARS researchers in Bushland, Texas, calculated the effects of steam flaking on the carbon footprint of cattle fed high concentrate finishing diets. Despite the additional fossil fuel used in steam flaking compared to dry rolling corn, cattle fed steam flaked, corn-based diets produced less methane, excreted less organic matter (which decreased manure methane production), and improved feed efficiency, thus decreasing the quantity of corn required for finishing. Overall, steam flaking decreased the carbon footprint of cattle feeding by 8 to 18 percent compared to their being fed dry rolled corn. These results can be important in developing accurate life cycle analysis of cattle feeding and in improving sustainability of cattle production. (Project #6209-313630-003-00D). 

Improved genetic selection technology for complex grass genomes 
Genetic selection programs to improve economically valuable traits for forage grasses with complex genomes (polyploids) has been hindered by a lack of technologies to effectively target specific genetic markers and associated gametes.  In response to this critical limitation, ARS researchers in El Reno, Oklahoma, have developed a gamete selection approach for tall fescue and rye grass that now provides forage breeders with breeding technologies similar to those used to effectively increase the yield and adaptability of corn and other commodity crops.  This technology has the capacity to revolutionize grass breeding by increasing the rate of genetic progress several fold over conventional breeding strategies by 
identifying truly elite germplasm for use in subsequent generations through the development of dihaploid selection lines. (Project #6218-21410-003-00D).
 
Rapid DNA-based paternity testing assay for alfalfa
[bookmark: Pg36]Alfalfa is the fourth most widely grown crop in the United States, following corn, soybeans, and wheat, with more than 20 million acres harvested in 2012.  In alfalfa variety development programs, the pollen donors of plants being evaluated are most often unknown.  This lack of paternal identity leads to slower genetic improvement from alfalfa breeding programs.  ARS researchers in Madison, Wisconsin, conducted research in collaboration with an industry stakeholder to develop a low cost, rapid, DNAbased paternity testing laboratory assay for alfalfa, including necessary computational software.  This new 
technology doubles the amount of genetic information available to alfalfa breeders, enabling them to target and select specific genetic lines that will significantly increase the yield and adaptability of existing and developing alfalfa varieties. (Project #3655-21000-056-00D). 

Improved bioenergy type switchgrass cultivar with high biomass yield tested 
Switchgrass cultivars for the northern half of the United States have been limited to upland ecotype cultivars because traditional lowland cultivars have poor winter survival in the region.  Lowland switchgrass cultivars, however, have the potential to produce greater biomass yields if they had better winter survival rates.  A new lowland type switchgrass cultivar, “Liberty,” was released in 2013 by ARS researchers at Lincoln, Nebraska, after crossing northern upland and southern lowland plants followed by three generations of breeding selection for improved winter survival, high biomass yield, and low stem lignin concentration.  Over a 3-year period in trials in Illinois, Nebraska, and Wisconsin, Liberty had excellent winter survival.  In eastern Nebraska and northern Illinois, it had biomass yields that were two tons per acre greater than the best available upland cultivars.  The experimental strain is in the ARS cultivar release process and has been planted in a foundation seed increase field.  It will be the first bioenergy type cultivar for the Midwest and the northern Great Plains and will likely be adapted to the northeastern States as well.  (Project #5440-21000-030-00D). 
Carbon dioxide emissions from grasslands are affected by weather but not cattle stocking rates Grasslands represent the largest land resource in the world, yet little is known about how their management affects the carbon cycle.  To help address this knowledge gap, ARS scientists in Mandan, North Dakota, measured carbon dioxide flux from native vegetation and crested wheatgrass pastures over three years.  More carbon dioxide was emitted from soil of the crested wheatgrass pasture compared with a native vegetation pasture under heavy grazing; however, there was no difference in carbon dioxide emission between heavy and light grazing for native vegetation.  Soil temperature and moisture status were strongly associated with carbon dioxide emissions, though associations were seasonally dependent with temperature most relevant during spring and fall, and moisture status most important in summer.  Summer months were characterized by the greatest carbon dioxide emissions which corresponded to 
periods of warm but generally stable soil temperatures.  Accordingly, weather conditions have a strong influence on grassland carbon dioxide emissions, and as a result long term monitoring is necessary to confidently discern management effects on the carbon cycle.  (Project #5445-21310-001-00D). 

Biological means of controlling aphids in lettuce
Research is needed to identify efficient strategies for intercropping lettuce with plants, such as alyssum, that provide food for beneficial insects that are the natural enemies of aphids on lettuce.  ARS researchers in Salinas, California, assessed the growing of alyssum with organic romaine lettuce and identified a novel intercropping pattern that allowed farmers to grow lettuce and alyssum without displacing any lettuce.  This research provides the organic sector of the lettuce industry, which accounts for $182 million annually in production, with information to fight the most economically detrimental insect pest to lettuce.  This information is also applicable to conventional lettuce production valued at more than $1.3 billion. (Project #5305-21620-012-00D). 

Significant reduction of E. coli and Salmonella in high value produce cropping soils 
Contamination of spinach and raw vegetables by E. coli and Salmonella has resulted in numerous cases of gastroenteritis, kidney failure, and even fatalities throughout the United States.  Preventing contamination of fresh produce is an important strategy for protecting crops from contamination.  This research revealed that covering soil with a clear plastic film (solarization) and using biofumigation techniques significantly
reduced E. coli survival in a two week period compared with nonfumigated soil covered with black plastic.  These results show that soil solarization combined with natural product biofumigants provide a quick and effective strategy to reduce E. coli contamination in high value produce cropping soils.  These results will be of interest to organic and conventional leafy greens producers, processors, and marketers. (Project #1245-21660-003-00D).

Reducing nitrate losses in drainage water using cover crops
Nitrate in freshwater streams in the Mississippi River basin contributes to hypoxia in the Gulf of Mexico and requires removal by municipal water treatment plants.  Much of the nitrate in the Mississippi River comes from land used to produce corn and soybean, especially if it has been drained with subsurface drainage systems.  Oat and rye cover crops grown in the off season after corn and soybeans can significantly reduce nitrate losses in drainage water.  During a five year period, ARS scientists in Ames, Iowa, showed that a cereal rye winter cover crop reduced the concentration of nitrate in drainage water by 48 percent.  An oat fall cover crop reduced nitrate concentrations by 26 percent.  The knowledge that both oat and rye cover crops are viable management options for reducing nitrate losses from corn and soybean production enable growers to contribute to reducing nitrate levels in the Mississippi River basin. (Project #5356-21610-001-00D). 



LIBRARY AND INFORMATION SERVICES 

Automated indexing
National Agricultural Library (NAL) developed and deployed—in full-scale production—automated indexing/text analytics software to generate the AGRICOLA Index of agricultural literature.  This application combines semantic analysis, machine learning, and human rules to automatically assign subject terms to journal articles.  This metadata facilitates effective literature classification, management, search, and retrieval. The system successfully indexed 107,000 articles and reduced indexing costs from $9.80 to $3.05 per article. This amounted to more than $600,000 in staff time savings in FY 2013. 
LCA Digital Commons.  Supporting interoperability for life cycle assessment data and systems was a major thrust for the program in FY 2013, continuing into FY 2014.  Crosswalks were developed to link the USDA crop production data in the LCA Digital Commons to related upstream Ecoinvent (international data) and data in the U.S.LCI Database (Department of Energy, National Renewable Energy Laboratory).  More than 1,000 crosswalk unit processes will be released in early FY 2014.  Longer term and more sustainable linking solutions are in development using semantic technologies.  This work is underway in collaboration with the EPA. Digitization of NAL collections.  NAL launched its first large scale digitization project to digitize agricultural literature and provide online access to the general public.  Important and unique items were selected from the NAL collection, with initial focus on USDA scientific reports and bulletins.  In FY 2013, NAL successfully digitized and provided descriptive metadata for 19,500 USDA publications (1,023,382 pages), 3,099 nursery catalogs, and 53 World War I and World War II posters.  Publications are accessible at: https://archive.org/details/usdanationalagriculturallibrary. 

National Agricultural Library (NAL) digital collections
NAL launched a digital repository of full text content in 2007.  In 2011, NAL migrated the content to a more robust platform in preparation for the newly launched digitization effort.  As of the end of FY 2013, this system includes nine collections of full text content including nearly 50,000 peer reviewed journal articles authored by USDA researchers. DigiTop.  In FY 2013, NAL obtained contributions from across USDA to purchase nearly $4.5 million in licensed full text and databases to support research and scientific discovery.  Just over two years ago, NAL launched a new component of DigiTop called Navigator which allows cross searching of multiple bibliographic databases.  This system includes AGRICOLA; AGRIS; BIOSIS; CAB Abstracts; Fish, Fisheries & Aquatic Biodiversity Worldwide; 
Food Science and Technology Abstracts; GEOBASE; GeoRef; MEDLINE; Wildlife & Ecology Studies Worldwide; Scopus; and Zoological Record.  The Navigator service allows researchers to access nearly 75 million records at once and is updated weekly. Start2Farm Information Clearinghouse.  With funding from the NIFA Beginning Farming and Ranching Development Program (BFRDP) and in partnership with the American Farm Bureau Federation, NAL’s Alternative Farming and Rural Information Centers created Start2Farm.gov, a web-based educational clearinghouse (http://start2farm.gov/).  The website is designed to assist people new to or with less than 10 years of experience in farming or ranching. Tutorials, training materials and curricula, links to BFRDP projects, and an events calendar on 
the Start2Farm website aim to help new farmers grow successful and sustainable farming operations. 
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