Managing Plant Microbe Interactions in Soil to Promote Sustainable Agriculture  W-2147
Impact Nugget:  W-2147 develops sustainable, non-chemical methods for managing soilborne pathogens in agriculture, including identifying and formulating biological control agents, understanding and manipulating natural suppression by native microflora, and developing more effective cultural and biorational methods as well as organic amendments. By implementing sustainable management strategies for soilborne pathogens that are biologically based and compatible with soil health management practices, agrochemical use and their potential environmental impacts will be reduced, crop loss to diseases will be lower so growers will be more economically viable, and consumers will have a safer food supply with greater access to quality products.  
Issue: From 2001-2003, an average of 7% to 15% of the major world crops (wheat, rice potatoes, maize and soybean) were lost due to diseases caused by plant pathogens such as fungi, nematodes and bacteria.  Monetary losses due to soilborne diseases in the U.S. are estimated to exceed $10 billion per year, and losses due to parasitic nematodes exceed $100 billion per year world wide. The cost of soilborne plant pathogens to society and the environment far exceeds the direct costs to growers and consumers. The use of chemical pesticides to control soilborne pathogens has occasionally caused significant changes in air and water quality, altered natural ecosystems resulting in direct and indirect affects on wildlife, and caused human health problems. For example, methyl bromide, a fumigant used to control soilborne diseases, has contributed to the depletion of the ozone layer. Consumers are demanding plentiful low cost but safe food while simultaneously requiring the use of fewer chemical controls. From 2000 to 2005, the number of organic acres in the U.S. increased 128%, to around 4 million acres. Organically-grown crops require non-synthetic methods for management of diseases, and organic growers are seeking scientifically-based disease management methods.  The recent spike in food prices due to increased demand and decreased supply further necessitate the development of sustainable methods of disease management.  
    This committee directly addresses these problems in a multistate, multidisciplinary approach. The promise, public acceptance and environmental benefits of integrated management of root diseases continue to make research on this area both timely and of critical importance to the future of U.S. and world agriculture.

What has the project done so far?  Members of W-2147 have developed and released several biological control agents, some of which are commercially used, including fungi such as 

Trichoderma and bacteria such as Pseudomonas and Bacillus.  Members have discovered new mechanisms of biological control, including mycofumigation and biosurfactants.  They have identified and elucidated the genetics and biochemistry of several antifungal compounds including phloroglucinol, phenazine.  They have discovered new compounds such as the lipopeptide orfamide A, HSAF (heat stable antifungal factor), a dilrydromaltophilin, a unique macrocyclic lactam with a tetramic acid moiety, and volatile organic compounds from the epiphytic fungus Muscodor. Members have discovered the microbial and molecular basis underlying naturally suppressive soils, and how to enhance the abundance and activities of these natural antagonists. Some of these discovered populations have become model systems that have stimulated international research, and include suppression to take-all, one of the most important diseases on wheat world-wide.  Cultural methods are being implemented by growers, including use of organic amendments and control of greenbridge reservoirs of inoculum from the previous crop.  All this technology is being transferred to users and growers via soil health testing and diagnostic services, extension publications and courses, websites, outreach to the biopesticide industry, education and training of undergraduate and graduate students, public education to the general community, providing information to policy makers, and publishing scientific papers (over 250 in the last 5-year period).   
Impact Statements: 
· Over 25 microbials are registered in the U.S. for control of plant pathogens, and W-2147 members have played a crucial role in developing many of these. 

· These are produced and marketed primarily by small-medium size companies, and sales of all biopesticides in the U.S. were around $100 million in 2006, providing an economic driver for this industry.

· Developed novel methods for the discovery of new microbial biopesticides

· Increased the number of products, evaluations, and disease management strategies for the expanding organic market.

· Reduced agrochemical use and their associated environmental impacts

· Safer food for the consumer

· Reduced losses to disease for growers 
· Protect natural ecosystems from invasive species

· Increased understanding of plant- microbe and nematode interactions, and ways to harness natural suppressiveness in agroecosystems. 
Research Needs for Future Impacts: 
For biologically based pest management to be more economical and widely used, several research directions should be followed:

· Understanding the structure, dynamics and activities of soil and plant-associated microbial communities.
· Evaluating the contributions of previously uncultured microbes to suppressive soils and agroecosystems, using molecular based techniques such as T-RFLP and pyrosequencing. 

· Understanding complex molecular interactions between plants and microbes that colonize roots.

· Genomic sequencing and metabolomic analyses of more biocontrol agents and plant pathogens.

· Annotation, mining and validating genomic information to identify novel antimicrobial compounds and novel mechanisms of biocontrol. 

· Integration of cultural, biological and biorational methods for soilborne disease control into locally adaptable, economically feasible and environmentally sustainable model systems.

Cooperators: AK, AZ, CA, IL, MI, MN, MT, MD, NE, NY, NJ, NM, OH, OR, WA
Contact Information: Donald Cooksey (cooksey@ucr.edu), Administrative Advisor 
W-2147
