APPENDIX B

CRITICAL REVIEW

Introduction

Participants in the NE-171 Northeastern Regional Project made an exceptional number of accomplishments under the three project objectives.  Nematode community structure was studied in several different farming systems (conventional, integrated fertilizer, integrated compost, transitional organic, and organic) with numerous crops including strawberry, squash, potato, cherry, and soybean.   More than a dozen rotation and green manure crops were evaluated for their utility in managing plant-parasitic nematodes in horticultural and agronomic cropping systems as well as for their effects on bactivore, fungivore, and carnivore nematodes.  New methods were developed to aid in the accomplishment of project objectives including a low soil volume bioassay for evaluating nematode antagonistic crops and an accurate, efficient immunoassay for quantification of Pasteuria penetrans spore populations in soil. An extraordinary effort was made in characterizing P. penetrans and other Pasteuria spp. including: determination of morphological and phylogenetic relationships among Pasteuria penetrans isolates; elucidation of the sequence of events required for formation of endospore-associated proteins and adhesion to nematodes; sequencing of  P. penetrans genes encoding regulatory proteins involved in sporulation; and conducting surveys of northern states for the presence of Pasteuria.  Two workshops were conducted (protocols developed for Pasteuria recognition, surveys, and research; identification of free-living nematodes) at the annual committee meetings.  Nearly 800 cultivars, Plant Introductions, and breeding lines of strawberry, watermelon, pepper, and onion were evaluated for resistance or tolerance to root-knot nematodes.   Economic analyses of rotation and soil amendment tactics for nematode control were developed for strawberry.

Accomplishments

Objective 1: Evaluate the effects of rotational crops, organic amendments and host crop genetics on nematode community structure.

Dr. George Bird, Nematologist at Michigan State Univ., conducted a successful half-day workshop on the “Characteristics of the Orders and Selected Taxa of the Nematoda” at the 2002 NE-171 Technical Committee Meeting in Geneva, NY.  The identification of free-living nematodes will assist researchers evaluating the impact of nematode management tactics on nematode community structure in soil.  Dr. Bird has prepared chapters on 'nematode biology and management' & 'nematodes and soil quality' in two interdisciplinary MSUE Bulletins: Michigan Field Crop Ecology E-2646, and Michigan Field Crop Pest Ecology and Management E-2704. 

Rotation, cover crops, and soil amendments affect nematode populations.  Research in a number of participating states has emphasized evaluation of the impact of rotation, cover crops, and soil amendments on nematode populations.  Efforts in Connecticut have focused on assessing the influence of rotation and green manure crops on early dying of potato caused by Verticillium dahliae and Pratylenchus penetrans (lesion nematodes). The following rotation crops reduced densities of lesion nematodes in the soil: ‘Piper’ sorgho-sudangrass, Black-eyed-Susan Rudbeckia hirta, ‘Dwarf Essex’ canola, Polynema marigold, ‘Haychow’ sorgho-sudangrass, ‘Kennebec’ potato, Pearl Millet ‘101’, and ‘Trudan 8’ sudangrass.  When the rotation crop top growth was removed at the end of the season, numbers of stylet-bearing saprophytic nematodes increased, but when the top growth was incorporated at the end of the season, numbers of bacterial feeding nematodes increased.  Rudbeckia and Polynema marigold reduced lesion nematodes to nearly undetectable levels.  A single season of a Polynema marigold rotation crop significantly reduced the AUDPC for early dying symptoms, reduced P. penetrans recovery from roots of rye grown after the potato crop, and increased marketable tuber yields. Scientists in Connecticut and Pennsylvania also determined the host status of P. penetrans and M. hapla for ten potential crops for rotation with strawberry.  

At the Kellogg Biological Station in Michigan, effects of 4 different farming systems (conventional, an integrated fertilizer system, an integrated compost system, and a transitional organic system) on nematode community structure were determined  The nematode index (ratio of bacterivore, fungivore, and carnivore nematodes to plant-feeding nematodes) increased from  1.7 under the conventional system to 7.4 under the transitional organic system.  This higher nematode index reflects increased nematode diversity, community stability and increased soil health.  In New York, nematode communities associated with organically and conventionally grown squash and potatoes were assessed and compared. Total number of free living nematodes was higher in soils of the organic farms. The number of lesion nematodes was lower in soils of the organically managed farms, whereas the number of the root-knot nematode was lower in soils of the conventionally managed farms.  In Michigan, the influence of cherry orchard management systems on nematode community structure.  High population densities of bacterial feeding nematodes were associated with the management systems involving biological-organic inputs. Lower population densities of bacterial feeders were associated with the conventional and synthetic input systems. The relative population densities of the plant-parasitic nematodes were generally higher in the conventional and synthetic input systems.  A low volume soil bioassay technique was developed in Pennsylvania for use in evaluating the toxicity of freeze-dried plant extracts.  Ten host plants (sesame, nasturtium, edible mum, foxglove, sunn-hemp, black-eyed Susan, marigold ‘Polynema’, rapeseed ‘Humus’, castor bean and oat ‘Saia’) were evaluated using soils and nematodes supplied by cooperators in CT, MA, NY, and WV.  The concentration to kill 50% of dagger nematodes (Xiphinema americanum) (LC50) ranged from 0.6 mg (nasturtium) to 13.2 mg (sunn hemp) per cc of sand. Nasturtium, rapeseed, edible mum, and black-eye Susan were nematicidal.

Host resistance.  The evaluation of fruit and vegetable germplasm for resistance to plant-parasitic nematodes and associated diseaes has been a major research focus among several members of the NE-171 Committee.  Strawberry.  Black root rot is a complex disease of perennial strawberry caused by Rhizoctonia fragariae and the lesion nematode Pratylenchus penetrans that can devastate commercial strawberry production in the Northeast. In Connectictut, 21 commercially grown strawberry cultivars adapted to the Northeast were evaluated for resistance or tolerance to black root rot pathogens. The identification of four cultivars that were moderately resistant and three cultivars that were tolerant to black root rot will assist in strawberry disease management.  Onion.  More than 50 accessions of onion germplasm (Allium fistulosum,  A. roylei, and  A. cepa) were evaluated against Meloidogyne hapla, the only species of root-knot nematode present in vegetable producing areas of New York State.  Some accessions were more tolerant than the commercial varieties in the tests. Watermelon.  Two hundred sixty-four watermelon (Citrullus) accessions from the the U.S. Plant Introduction (PI) Citrullus germplasm collection were evaluated for resistance to M. arenaria race 1 in greenhouse tests (USDA-SC). Twenty of 88 C. lanatus var. citroides accessions were moderately resistant and are potential sources for increasing resistance to M. arenaria race 1 in improved watermelon cultivars.  Pepper.  A core of the USDA Capsicum germplasm collection was developed and evaluated for reaction to M. hapla in greenhouse tests. The core included 440 PI accessions that comprised approximately 10 percent of each of the available Capsicum species selected from all available geographic origins. None of the 440 Capsicum spp. accessions evaluated exhibited high levels of resistance to M. hapla.  The next step in searching for resistance to M. hapla would be to evaluate the entire Capsicum spp. collection.

Objective 2: Characterization of biological control agents for suppression of plant-parasitic nematodes.
Pasteuria penetrans and Pasteuria spp.  A successful workshop was conducted during the first regional meeting of the new project to teach members how to recognize Pasteuria spp. on different species of plant-parasitic nematodes. Surveys of plant-pathogenic nematodes for occurrence of Pasteuria spp. were conducted in CT, FL, MI, NY, MA, and RI. Pasteuria spp. were detected in 77% of sites sampled at the Kellog Biological Research Station Long Term Ecology Research Site Soil in Michigan, but Pasteuria spp. were not detected in soils from 15 soybean fields in Michigan.  A Pasteuria-like organism was discovered attached to the turf cyst nematode, Heterodera iri, in soil from a Connecticut golf course and Pasteuria-infected Tylenchorhynchus was observed in 21 soil samples from Massachusetts golf courses.  In 2001, Pasteuria-infected nematodes were not detected in any of  the 2,000 soil samples analyzed by the University of Maryland nematode assay service. In NY, Tylenchorhynchus spp., Tylenchus spp., Meloidogyne sp.,Cephalobus sp. and Eucephalobus sp. were found to be infected with Pasteuria-like species.  
Pasteuria penetrans cannot be cultivated in vitro and enumerated by traditional bacteriological methods; therefore, an accurate and efficient immunoassay to quantify spore populations was sought to enhance field research and development of Pasteuria as a biocontrol agent (Florida). An assay was developed using an IgM monoclonal antibody directed against intact spores of Pasteuria penetrans P20. An Fab form of this antibody has been prepared for further development of the immunoassay. The MAb has been established as a definitive probe to detect adhesins as virulence determinants on Pasteuria endospores in soil. Several Pasteuria penetrans genes encoding regulatory proteins involved in sporulation were amplified by PCR, cloned, and sequenced (Florida).  Phylogenetic comparisons with deduced amino acid sequences from analogous genes from several other endosore-forming bacteria established the closest relationship with Paenibacillus polymyxa, with a more distant relationship with Bacillus subtilis and B. thuringiensis. The determination of the sequences of these genes from other species/strains of Pasteuria should allow the development of probes with which to distinguish and identify them in different ecological settings.

Nematode-associated fungi, rhizobacteria, and entomopathogenic nematodes biocontrol agents.   Active compounds from nematode-associated fungi and of active culture filtrates from rhizosphere-inhabiting bacteria and fungi were identified at the Nematology Laboratory, USDA, ARS, MD.  In vitro assays were developed using microwell tissue culture plates for observing effects of culture filtrates on egg hatch and second-stage juvenile mobility of Meloidogyne incognita and Heterodera glycines.  Several rhizosphere-inhabiting microbes suppressed M. incognita egg hatch or inhibited mobility of second-stage juveniles.  More than 250 fungus isolates were collected from soybean cyst nematode eggs.  Approximately 10% and 19% of the isolates produced filtrates affecting H. glycines and M. incognita, respectively, by suppressing egg hatch more than 60% or inhibiting juvenile mobility.  Cooperative research on plant growth promoting rhizobacteria (PGPR) formulations with Gustafson LLC has resulted in a new commercial product for use on transplanted crops, BioYieldTM, consisting of a formulation of plant growth and yield enhancing bacteria (USDA-ARS, FLA). Transplant vigor and survival in the field were improved by PGPR treatments in both tomato and pepper.  Various PGPR formulations reduced root galling, increased root health, and/or incrased yields of pepper.  These tests evaluate PGPR performance in combination with a variety of soil treatments including the industry standards and reduced risk chemicals currently under investigation as methyl bromide alternatives. In Connecticut, inundative releases of entomopathogenic Steinernema carpocapsae and S. feltiae infective juveniles did not affect populations of migratory endoparasitic lesion nematodes in strawberry roots.
Objective 3: Comparison and evaluation of IPM system management of plant-parasitic nematodes based on crop rotation, organic amendments, host crop resistance and biological control agents.
Green manure and mulch affect plant-parasitic nematodes and plant diseases.  Application of rapeseed green manure treatments as a pre-plant treatment at an orchard replant site in Pennsylvania reduced dagger and lesion nematode populations, but not as effectively as fumigation with Telone II.  Four different sources of compost were evaluated for ability to suppress plant-parasitic nematodes and weeds in a Pennsylvania apple orchard. In West Virginia, mulch (plastic or straw) on vegetable crops was associated with increased disease. Mulch is promoted as a cultural practice for prevention of vegetable diseases by reducing soil splashing onto foliage thereby inhibiting the spread of inoculum. In the case of tomato diseases, particularly early blight, the use of mulch was associated with increased disease. In Maryland, an interdisciplinary IPM–SARE team evaluated effects of sustainable management alternatives on plant-parasitic nematode populations in on-farm and micro-plot tests.  Poultry litter, rapeseed and sudangrass as green manures, and root-knot resistant cultivars of cover and field crops reduced and/or suppressed M. incognita  soil populations. 

Host crop resistance useful in managing plant-parasitic nematodes.  Resistance of bell pepper to three of the major root-knot nematode species (Meloidogyne incognita, M. arenaria, and M. javanica)  is controlled by the N gene, a single dominant gene.  Two bell pepper cultivars, Charleston Belle and Carolina Wonder developed at the U.S. Vegetable Laboratory, Charleston, S.C., exhibited high resistance to root-knot nematodes in field tests in South Carolina (USDA, ARS, SC). 'Charleston Belle' had 88% lower RKN reproduction than its susceptible parental cultivar, Keystone Resistant Giant, and 'Carolina Wonder' had 98% lower RKN reproduction than its susceptible parent, 'Yolo Wonder B'. These results demonstrate that resistance conferred by the N gene for root‑knot resistance is effective in field‑planted bell pepper. Root‑knot resistant bell peppers should provide economical and environmentally compatible alternatives to methyl bromide and other nematicides for managing RKN.  In further studies, F1 hybrids (‘Charleston Belle’ x ‘Keystone Resistant Giant’) exhibited resistance equal to the resistant ‘Charleston Belle’ at 24, 28, and 32 C. These findings indicate that i) only one of the parental inbred lines needs to be converted to the NN genotype in order to produce F1 hybrid cultivars with fully functional N-type resistance to M. incognita; and ii) cytoplasmic factors are not involved in expression of N-type resistance and the resistant parental inbred can be used to equal advantage as either the paternal or the maternal parent.  Studies in Connecticut demonstrated that M. hapla can be spread in bare-root herbaceous perennial propagation material.  Planting M. hapla-resistant plants such as Rudbeckia and Aster into pots infested with M. hapla populations virtually eliminated the nematodes after 2-6 months of growth, demonstrating the potential of integrating sanitation and resistance for management of M. hapla in perennials. In New York, soybean and wheat are being increasingly used as rotational or cover crops with onions. Results of greenhouse experiments showed that the 22 soybean varieties tested were susceptible (hosts) to M. hapla. However, these varieties varied considerably in their efficiencies as hosts to M. hapla, as was evident by differences in the root-galling severity and egg production on roots. Similarly, the 8 wheat varieties tested were all hosts to Pratylenchus penetrans, but again they appeared to vary in their efficiency as hosts to P. penetrans.  In Michigan, a 22-acre soybean variety trial to evaluate resistance of soybean varieties to Heterodera glycines, both Pratylenchus penetrans and M. hapla were commonly associated with various varieties. It appears that all three species impact bean productivity, and could be a partial explanation to the issue of why various soybean cyst nematode resistant varieties perform well in some locations and not as well in other locations.
Biorational Alternatives to Synthetic Fumigants.  Scientists in NY, RI, and WV investigated the use of biorational alternatives to synthetic fumigants for managing plant-parasitic nematodes.  Suppression of plant-parasitic nematodes using plant-derived products approved for organic farming was evaluated in potato plots in West Virginia.  Neither NemaStop ® (derived from plant fatty acids) nor Valoram ® (mustard and pepper extracts) provided any suppression of root lesion nematode and did not affect numbers of predatory nematodes. In Rhode Island, the effect of nematicidal applications of the organic acids butyric acid and propionic acid against M. hapla on tomatoes was investigated in Rhode Island.  Although both organic acids were highly phytotoxic, 0.1M butyric acid was less phytotoxic and was equal to Vydate for controling northern root-knot nematodes in tomato. A replicated field test was conducted in Geneva, NY to determine the efficacy of a drench application of abamectin (Novartis Agri-Mek, 0.15 EC; fermentation products of Streptomyces avermitilis) against M. hapla on tomato at rates of 8 and 16 oz/A (100 ml water suspension/plant). Severe incidence and damage by M. hapla was observed on tomato; Agri-Mek exhibited only limited activity against M. hapla.
