Attachment C -  CRITICAL REVIEW

The Northeastern Regional Research Project NE-1019 entitled “Alternative management systems for plant-parasitic nematodes in horticultural and field crops” was initiated on October 1, 2004 and has a termination date of September 30, 2009.  The project was initiated out of a need to develop alternative nematode control tactics that reduce dependence on chemicals for nematode management.  The project research is based on the premise that effective and environmentally sound nematode management tactics can be developed utilizing allelopathic plants, biological control agents, genetic resistance and cultural practices.

The objectives of the project are: Objective 1) Develop cultural controls for plant-parasitic nematodes based on resistant, non-host, or nematode-antagonistic rotation crops and green manures; Objective 2).  Develop biological control agents, such as Pasteuria penetrans, for suppression of plant-parasitic nematodes; and Objective 3) Determine the effects of cultural and biological controls of plant-parasitic nematodes on nematode community ecology dynamics at the trophic group level. The participating states include Alabama (AL) Connecticut (CT), Florida (FL), Massachusetts (MA), Michigan (MI), New York (NY), Pennsylvania (PA), Rhode Island (RI), Tennesee (TN), West Virginia (WV) and USDA / Beltsville (MD) and South Carolina (SC). 

Objective 1) Develop cultural controls for plant-parasitic nematodes based on resistant, non-host, or nematode-antagonistic rotation crops and green manures

Nematode management tactics should be focused on fields where losses due to nematodes occur.  Growers were trained to conduct a simple soil bioassay for detecting root-knot nematode infestation in their fields in New York.  The results of the bioassay were used to determine the need for nematode control. Only 6 out of 14 fields sampled in spring 2005 required control (rotation or nematicide use).  A brochure describing the bioassay was prepared and distributed at numerous field days and growers meetings.  To further extend information on nematodes, damage and management, cooperators from NE-1019 successfully applied for a SARE grant to expand this training and conduct a series of train the trainer workshops for the diagnosis, visual assessment and management of plant-parasitic nematodes of vegetables and small fruit in the Northeast.  The workshops have been and will be conducted throughout the northeast.  The training is a collaborative effort among NYSAES, Cornell University, Geneva, NY (Dr. George Abawi), Connecticut Agricultural Experiment Station (Dr. Jim LaMondia), and Vermont (Dr. Debra Neher).  The trainings will contribute to nematode management on a whole farm and on as needed basis, thus promoting IPM principals.

Screening of a large number of vegetable germplasm (carrot, onion, lettuce and pepper) accessions and cultivars for resistance to root-knot nematodes including the northern root-knot nematode Meloidogyne hapla was conducted in a number of states.  It has been particularly difficult to identify resistance to M. hapla but a moderate level of resistance was identified in pepper.  

In addition, researchers from multiple states examined a wide variety of rotation, cover and green manure crops for host status, ability to reduce nematode populations and nematicidal content for root-knot, dagger and lesion nematodes.  In identical field experiments conducted in three states it was determined that no single crop or plant managed all three nematodes and that each will need to be identified and managed individually.  Suppressive plants with promise include sorghosudangrass, sudangrass, millets, resistant cowpea, and certain ornamental and prairie natives.  

Objective 2).  Develop biological control agents, such as Pasteuria penetrans, for suppression of plant-parasitic nematodes.

Scientists in Florida are at the forefront of biological control research on Pasteuria penetrans and successfully transferred the nematode parasite from a root-knot nematode suppressive site to a root-knot nematode conducive site and established to suppressive levels over a 3-year period. Oligonucleotide probes have been developed for quantifying the level of P. penetrans infections in planta and determining the extent to which chemical nematicides need to be applied for effective control of root-knot nematodes.

A method has been developed for generating genomic libraries from the Pasteuria in single nematodes, allowing high-through sequencing for identification of genes associated with virulence of Pasteuria spp. and biotypes toward a particular host.  This will allow the identification of populations of Pasteuria that may be accepted as suppressive agents for particular species and races of plant-parasitic nematodes, increasing the effective use of biological control.  

A workshop on (i) the identification of nematode-suppressive soils and (ii) demonstration of a soil ELISA assay to detect and quantify Pasteuria species in soil was presented at the 2006 Annual Meeting in Florida by J. Preston, L. Schmidt, and D. Dickson, University of Florida.  The workshop successfully transferred information to members of the project working with or screening potential suppressive sites for Pasteuria spp.  Other states observing, reporting or identifying Pasteuria on plant parasitic nematodes include CT, RI, MA and MI.  The obligate nature of this biocontrol agent has limited success to this point.  

Objective 3) Determine the effects of cultural and biological controls of plant-parasitic nematodes on nematode community ecology dynamics at the trophic group level.

The impact of soil health management practices on plant-parasitic nematode populations is being determined at the long-term soil health site near Geneva NY.  Plots cropped to vetch as a cover crop in 2005 and 2006 had the highest number of free-living nematodes.  However, no differences were found in plant-parasitic nematodes (principally, M. hapla and P. penetrans) among the three cover crops.  The large number of samples processed for determining their soil health status suggested that populations of lesion nematode were increasing, probably due to the increased use of grains to improve soil health parameters.

 A large farming systems trial was conducted over 8 years in West Virginia.  The trial included compost intensive management system versus a low-input system that relies on green manures and cover crops.  Nematode population densities remained low for all plant parasites throughout and few differences among compost treatments or crops were statistically significant.  Increases over the growing season were not observed, suggesting the presence of suppressive soils. In Michigan, the vast majority of bacterial-feeding nematodes were recovered from the O-horizon.  In a certified organic apple research orchard, changes in nematode community structure were extensive the three years following certification.  In a comparison of four orchard floor management systems, hay-straw mulch was the only one that reduced population densities of the root-lesion nematode.  Bacterial profiles were determined in a long-term rotation study at Wire Grass Research Station, Headland, AL by ARISA for understanding agricultural cultural tactics on nematode communities.  Although divisional level bacterial communities did not differ among crop rotations, there is some evidence that significant negative correlations exists among different bacterial divisions. This could affect the soil health by changing the numbers/types of soilborne pathogens.  The addition of a soil ecologist to the project in 2008 will assist in soil community research in the future. 

Impacts

NE-1019 research results were presented as a part of a NE-SARE funded series of day-long train the trainer workshops to inform agricultural community members about nematode biology, increase awareness of symptoms and losses, sampling strategies, on-farm bioassays for root-knot and lesion nematodes, and nematode management.  As a result of these activities, grower and crop advisor awareness of nematode diseases and non-chemical management has increased.

In 2006-07, NE1019 research results were presented to the Michigan agricultural community at eight winter grower meetings and five summer field days.  As a direct result of these activities, a significant number of Michigan soybean growers have developed soybean cyst nematode resistance management strategies, the potato industry used all of the commercially available Pearl Millet seed to lower populations of root-lesion nematodes and the tree fruit industry is using a combination of cover-crops in their soil quality enhancement program prior to planting new orchards.  These approaches reduce pesticide use and human and environmental exposure to pesticides.

As a result of NE1019 research on the use of rotation and green manure crops for nematode management, the Penn State Tree Fruit Production Guide now includes the use of rapeseed green manure as a cultural IPM method to control dagger nematodes on orchard replant sites.
Nematologists will be in a better position to advise agricultural stakeholders regarding the development and importance of plant parasitic nematodes.  This information can reduce the application of organophosphate and fumigant nematicides and lead to long-term health, environmental and food safety benefits due to reduced pesticide exposure.
Summary:  

Plant-parasitic nematodes remain a constant threat to commercial agriculture.  However, due to potential environmental hazards and human health risks many of the most effective nematicides and soil fumigants have been banned or are under review.  Therefore, it is imperative that effective new nematode control tactics be developed.

Scientists participating in NE-1019 have evaluated many new ideas for environmentally sound nematode control.  Cooperation among the states has allowed the most promising techniques to be evaluated in different cropping systems and against different nematode pests.  This approach has resulted in the identification of nematode-resistant germplasm, effective biological control, and nematode-suppressive rotation crops and produced more rapid results than would be possible from a single lab.

