W-1186-Genetic Variability in Cyst and Root-knot Nematodes
2006 Annual Meeting 

Washington State University Extension Office

5600 Canal Drive

Kennewick, WA
November 3-4, 2006

Minutes
Attending members:   P. Donald (TN/ARS), R. Ingham (OR), H. Melakeberhan (MI, Secretary), T. Powers (NE), E. Riga (WA, Vice Chair), R. Robbins (AR), and S. Thomas (NM).  
Invited Guests: J. Sheedy and R. Smiley (Oregon State University, OR). 

Absent members:   D. Cooksey (Administrative Advisor, CA), E. Caswell‑Chen (CA), S. Hafez (ID), P. Roberts (CA), and B. Sipes (HI, Chair).
1. Presentations:  
The first day of the meeting was called to order at 9:00 a.m. on November 3rd by E. Riga (host and acting Chair for B. Sipes) and introduced the invited speaker, R. Smiley.  His presentation on “Cereal cyst nematodes in small grain crops” stimulated a lively discussion on nematodes, production practices, climatic and agro-ecosystem complexes beyond the Pacific Northwest.
Official welcome by Dr. Marianne C. Ophart, Extension Director, and formal introductions were made after the invited presentation.   
The rest of the day was used for state reports and discussions in the following order and Objectives (1, 2 or 3):  NE (1), TN (1 and 2), OR (3), WA (3), MI (1-3), AR (3) and NM (2 and 3).  

2. Business Meeting:  

The business meeting was called to order by E. Riga at 8:45 a.m. on November 4th at the Hilton Hotel.  All attending participants were present.

Agenda:

a) Meeting places for the next two years.

b) Project renewal

c) Minutes and report formats
d) Selecting a secretary 
e) People to bring into the project  

a) Moved by P. Donald and seconded by S. Thomas, the group unanimously agreed that Riverside and Hawaii be hosts for the next two years’ meetings, the sequence is to be decided by the host institutions.

b) The group discussed the deadline for the renewal of the next phase of the project (2009-2013).  Moved by R. Ingham and seconded by P. Donald, the group unanimously agreed to keep all four current objectives with modifications as deemed necessary.  The group instructed the Secretary to ask E. Caswell‑Chen and/or P. Roberts if they i) can send electronic version of the current project to the group and ii) if either of them will be willing to collate the editions/additions coming from the group.  [Phone calls have already been made to E. Caswell‑Chen and the answer is yes to both requests.  See who sends the electronic version to the group.]     

c) The group discussed the format of Minutes and Reports and agreed on the following: 
i) Minutes will have minimal report material (as shown here in).
ii) Each annual report should include a crisp interpretive summary ready to be incorporated into the NIMSS system and materials pertinent to Objective 4.
iii) Update last year’s report.
iv) To speed up the process of reporting deadlines, all PIs are to send their reports directly to B. Sipes (Chair) with copies to everyone else.

d) Moved by R. Ingham and seconded by P. Donald, R. Robbins was unanimously selected as the next secretary.  He will join E. Riga (Chair) and H. Melakeberhan (Vice-Chair) for 2007.
e) As always, the group is considering inviting additional expertise to join in.   

Meeting adjourned at 9:45 a.m. on Saturday November 04, 2006.

Respectfully submitted by

Haddish Melakeberhan

Secretary

November 14, 2006
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ARKANSAS REPORT FOR 2006

R. T. Robbins
University of Arkansas
PROGRESS

Objective 3:  Design and develop management strategies for cyst and root-knot nematodes relative to genetic variability.

My research for this project is limited to a rotation study of 3 soybean resistance sources; Peking (Minokin), PI-88788 (Ag5501), and PI-437654 (Anand) in conventional varieties. The study is in its fourth year of a 6 year study. All resistant varieties are rotated after each of the other resistant varieties and grown each year with no rotation as checks along with susceptible Hucheson with and without nematicide for a total of 11 treatments with 4 replications. In 2006 Anand showed decreases in SCN numbers in all its plots, whereas Minokin and Hucheson increased in all their plots. AG 5501 gave mixed results. THe field was originally tested as SCN race 6.
A new rotation using only Roundup Ready soybeans was initiated using the resistance sources PI88788 (Ag 5501), SO2-3934-RR a recently released line form Missouri with PI-437654 resistance, and HBK R 4946 CX with Cystex resistance. In the first year SO2-3934-RR showed a SCN population reduction while HBK R 4946 CX  showed an increased SCN population as did the susceptible HBK 4924.

PUBLICATIONS

No publications to report this year
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CALIFORNIA - DAVIS REPORT FOR 2006

Ed Caswell-Chen

University of California, Davis

PROGRESS

Research has continued to address several areas concerning nematode management and genetic variation in nematodes.
Research to investigate the influence of Lysobacter enzymogenes strain C3 on a range of nematodes, including Caenorhabditis elegans, Heterodera schachtii, Meloidogyne javanica, Pratylenchus penetrans, and Aphelenchoides fragariae continued during this period.  Lysobacter enzymogenes C3, a bacterial biocontrol agent for fungal pathogens, was found to be a nematode antagonist in vitro. The effects of C3 on the sugarbeet cyst nematode (SBCN) Heterodera schaactii were investigated by applying C3 to the roots of cabbage seedlings in growth pouches. C3 caused decreased numbers of cysts, and eggs and juveniles. The role of dihydromaltophilin, an antibiotic produced by C3, was investigated using the bacteria-feeding nematode Caenorhabditis elegans as a model. Adult nematodes were placed in agar cultures containing wildtype C3, mutant strain 5E4 blocked in production of antimicrobial compounds, or mutant strain K19 blocked in dihydromaltophilin production. Within one day, the nematodes that were exposed to C3 were inactivated and did not reproduce. Nematodes survived and reproduced in cultures of 5E4 and K19 with reproduction on K19 lower than that on 5E4. In another experiment, adult nematodes exposed to partially-purified dihydromaltophilin were inactivated in 1 day while controls remained active. Thus, dihydromaltophilin apparently acts in nematode biocontrol by C3, affecting motile stages, while other mechanisms affect reproduction. We have initiated experiements using plants growing in pots with sand to assess root colonization and the influence of L. enzymogenes strain C3 against nematodes infecting root systems to begin assessment of nematode biological control under more realistic conditions.

Agricultural and nursery soils are often contaminated with nematodes through nematode-infested irrigation water.  Ozone is a powerful oxidizing agent and has been shown to be an effective fungicidal and bactericidal agent when injected into water. We have continued to assess the potential of ozone to treat water to eliminate nematodes, and have also been pursuing use of ultraviolet light to sterilized irrigation water.  Our tests of ozone treatments included injecting ozone gas into water containing nematodes using a negative pressure injector (Mazzei Corp., Bakersfield, Ca) placed in a water recirculation loop. Exposing Caenorhabditis elegans to aqueous ozone concentrations of 0.12 ppm resulted in death of almost all nematodes by 15 minutes.  We have assessed the efficacy of ozonation against other plant-parasitic nematodes using the same system and have found that the time required for nematode inactivation varied somewhat among species, including Heterodera schachtii (15-30 minutes), Pratylenchus penetrans, and Meloiodogyne javanica (15 to 25 minutes), M arenaria (15-35 minutes), M. chitwoodi (10-40 minutes), M. incognita (20-55 minutes).  It is likely that the short exposure times required for C. elegans result because that species ingests the treated water,   The differences among the species of plant parasites may reflect physiological differences but more likely reflect differential health of bioassay worms at the start of the experiments.  The concentrations of ozone require to achieve control are levels that could be achieved in field treatments.  Dissolved ozone concentrations of 0.5 ppm could be reached in irrigation water after treatment for 80 minutes using our experimental apparatus, and these exposures were lethal to C. elegans (approximately 100% lethality in 30 minutes) and M. javanica (approximately 100% lethality in 85 minutes) in irrigation water.  Further research is planned with the bioassays using nematodes in irrigation water.  
We have also continued to investigate the biology of Caenorhabditis elegans, with particular emphasis on understanding the bibodemography of aging in different wild-caught C. elegans.  The nematode C. elegans is a well-known model organism for research on aging and life span, but very little is known about its ecology and natural history. The strain N2 is the standard wild-type C. elegans and arose from the progeny of a single hermaphrodite.  Since N2 has passed through laboratory culture, the influence of inadvertent selection and genetic drift on C. elegans strains kept in culture is unclear. Because it seems that other wild-type strains have also been subject to lengthy laboratory culture, the life span and biodemography of wild-caught C. elegans is of interest. We recovered C. elegans from snails (Helix aspersa) in ca. 50% of the California locations where we made collections. In experiments with one of the wild-caught isolates, it differed in important demographic properties, mortality, fertility, fitness, and activity patterns, from the standard N2 strain, when both strains were evaluated in a common laboratory environment. The differences were not only statistically significant; they were also large enough to be biologically important. The differences are consistent with the hypothesis that N2 has adapted to laboratory conditions.
PUBLICATIONS
Chen, J., E. E. Lewis, J. R. Carey, H. Caswell, and E. P. Caswell-Chen.  2006.  The ecology and biodemography of C. elegans.  Experimental Gerontology. 41:1059-1065.

Chen, J. W. H. Moore, G. Y. Yuen, D. Kobayashi, and E. P. Caswell-Chen.  2006.  Influence of Lysobacter enzymogenes strain C3 on nematodes.  Journal of Nematology 38:233-239.
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CALIFORNIA - RIVERSIDE REPORT FOR 2006

P. A. Roberts
University of California, Riverside

PROGRESS

Root-knot nematode (Meloidogyne spp.) interactions with resistance genes in the host crops cowpea (Vigna unguiculata) and Lima bean (Phaseolus lunatus) were used to determine the plant protection value of the unique resistance genes in field experiments. The resistance traits are being bred into advanced breeding lines and new varieties for use as new dry grain crops and also, for cowpea, as cover crops for root-knot nematode management.  New resistance sources have been identified in each of these crop species that confer unique specificities that match avirulence genes in the nematode. 

Studies are based on use of near-isogenic lines (NIL) in a cowpea and pools of recombinant inbred line (RIL) populations that differed in the presence of resistance (R) genes. In cowpea, a suite of Rk genes act differentially on populations of M. incognita and M. javanica. In Lima bean, resistance to M. incognita and M. javanica was found to be based on three independent genes suppressing nematode reproduction and nematode–induced root-galling. The cowpea NIL and Lima bean RIL populations were used for field-based assessments in southern California of resistance and tolerance, on three adjacent sites infested with M. incognita (two populations) or M. javanica. Plots were infested with different nematode population densities to facilitate quantitative damage function comparisons based on growth and yield data.  The cowpea comparisons were made in 2004 and 2005. They were followed by controlled temperature studies to determine the efficacy of the R genes at constant temperatures from 23 C to 35 C. The three cowpea genes were ranked Rk2, Rk and Rkg, in order of most to least plant protective value.  These Rk genes were effective at all constant temperatures, indicating they are heat-stable. The Lima bean comparisons were made in 2003 to 2005. The Lima bean genotypes carrying either a galling resistance gene or a reproduction resistance gene gave moderate plant protection compared to susceptible controls, whereas a combination of both galling and reproduction resistance genes was necessary to provide high levels of protection from nematode yield suppression in both bush (determinant) and vine (indeterminant) plant types. 

In cotton, genetic analysis, molecular mapping , and marker development revealed a major M. incognita R gene, rkn1, on chromosome 11 in the upland cotton (Gossypium hirsutum) Acala NemX. This was the first mapped nematode R gene in cotton. CAPS and SSR markers tagging rkn1 were developed for use in marker-assisted breeding selection. The expression and inheritance of this gene was found to vary in crosses with G. hirsutum and G. barbadense genotypes, the latter involving strong transgressive segregation with interacting genes from both parents. Allelism test between the rkn1 gene source and other resistant cotton germplasm sources is in progress, to determine uniqueness of nematode R genes in cotton.  

IMPACT

Natural host plant resistance genes are valuable in crop plants as effective and safe approaches to managing root-knot nematodes.  Studies on their specificity, efficacy and use in cropping systems advance their utilization in agriculture. Genetic variability in nematodes for ability to reproduce on resistant plants is being characterized to help guide decisions on use of resistant crop varieties and to give direction to plant breeding programs for grain legumes and cotton.  

PUBLICATIONS

Helms, D. M., W.C. Matthews, S. R. Temple, and P.A. Roberts.  2004.  Registration of ‘Cariblanco N’ Lima bean.  Crop Science 44:352-353.

Roberts, P. A., W.C. Matthews, and J. D. Ehlers. 2005.  Root-knot nematode resistant cowpea cover crops in tomato production systems.  Agronomy J. 97:1626-1635. 

Petrillo, M.D. and P.A. Roberts. 2005. Isofemale line analysis of Meloidogyne incognita virulence to cowpea resistance gene Rk. J. Nematol. 37: 448-456.  

Petrillo, M.D. and P.A. Roberts. 2005. Fitness of Virulent Meloidogyne incognita Isolates on Susceptible and Resistant Cowpea. J. Nematol. 37: 457-466.

Petrillo, M.D., W.C. Matthews, and P.A. Roberts. 2006. Dynamics of Meloidogyne incognita virulence to resistance genes Rk and Rk2 in cowpea. J. Nematol. 38:90-96.

Wang, C., W.C. Matthews, and P.A. Roberts. 2006. Phenotypic expression of

rkn1-mediated Meloidogyne incognita resistance in Gossypium hirsutum populations. J. Nematol. 38:250-257. 

Wang, C. and P.A. Roberts. 2006. Development of AFLP and derived CAPS markers for root-knot nematode resistance in cotton. Euphytica 152:185-196.

Wang, C., M. Ulloa, and P.A. Roberts. 2006. Identification and mapping of microsatellite markers linked to the root-knot nematode resistance gene rkn1 in Acala NemX cotton (Gossypium hirsutum L.) Theoretical and Applied Genetics 112:770-777.
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HAWAII REPORT FOR 2006

Brent Sipes

University of Hawaii at Manoa

 SEQ CHAPTER \h \r 1PROGRESS

Green manure effects on root knot nematodes (Meloidogyne javanica) and following taro (Colocasia esculenta) crop have been determined. Sorghum x sudangrass hybrid Sordan 79] and sunn hemp were grown for 1, 2, and 3 months.  Root-knot nematode populations were lowest in the 3-month sunn hemp and 2-month sorghum. Taro from the 2 or 3 month green manure treatments had greater corm weights. Entomopathogenic nematodes have demonstrated varying degrees of suppression of M. javanica. Steinernema feltiae and S. glaseri-infected Galleria mellonella cadavers  significantly reduced M javanica egg production in cowpea after 35 days.  In combination with the nematode trapping fungi Arthrobotrys oligospora, S. feltiae-infected cadavers resulted in a less nematode reproduction. No such enhancement was observed with S. glaseri. 

IMPACT

We have begun to define tools that growers can use to effectively manage root-knot nematodes in a sustainable and environmentally friendly manner. Entomopathogenic nematodes suppression of M. javanica can be enhanced the use of nematode trapping fungi. Green manure cover crops are available and are being used by growers to control root-knot nematodes.

PUBLICATIONS
A.L  Blas, Q. Yu, B. Sipes, S.C. Miyasaka and R. Ming. 2006. Characterization of soil microbial communities using 16S rDNA ribosomal sequence tags. Journal of Nematology 38: in press

A. Blas, Q. Yu, R. Ming, B. Sipes, and S.C. Miyasaka. 2006. Green manure effects on soil microbial community in a root-knot nematode (Meloidogyne javanica) control system in taro (Colocasia esculenta). Crop Science: in press.

D.J. Fallon, H.K. Kaya, and B.S. Sipes. 2006. Enhancing Steinernema spp. suppression of Meloidogyne javanica. Journal of Nematology 38: in press.

J.K. Leary, J. DeFrank, O. Kawabata, and B. Sipes. 2006. Tropical eggplant (Solanum melongena L.) production with a buffelgrass (Pennisetum ciliare L.) living mulch system in Hawaii. Biological Agriculture and Horticulture:in press.

S.C. Miyasaka, J. DeFrank, B.S. Sipes, and A. Blas. 2006. Green manure effects on root knot nematodes (Meloidogyne javanica) and following taro (Colocasia esculenta) crop.
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IDAHO REPORT FOR 2006

Saad L. Hafez

University of Idaho, Idaho

 SEQ CHAPTER \h \r 1PROGRESS

Micro plot experiment was conducted to determine the pathogenicity of northern root knot nematode Meloidogyne hapla on sugar beet. The data indicated that there was a significant reduction in the beet yield as a result of inoculum levels. Maximum yield reduction was observed in the pots inoculated with 500 nematodes/500 cc soil. In a study conducted to evaluate the effectiveness of  five oilradish varieties on reducing egg hatch of Columbia root-knot nematode (Meloidogyne chitwoodi) it was found that among all varieties (Colonel, Defender, Luna, Terraprotect) the maximum percent reduction of egg hatch was observed in Colonel when compared to control. Effect of storage conditions on development of nematode symptoms was evaluated by storing the harvested potatoes at 35, 45 and 50 degrees. It showed that the percent infection was more at the 45 degrees (19.4%) than the 35 and 50 degrees. In an experiment conducted under green house conditions to evaluate the tolerance level of fifteen alfalfa genotypes to the Columbia root knot nematode M.chitwoodi proved that in the cultivar Cg 2003-55 there was a significant increase in the fresh weight of shoot and root followed by the lowest level of M.chitwoodi root population and total population in the soil and root. Screening experiment with sugar beet cyst nematode indicated that accessions namely Ames 4436 and PI 518304 were relatively tolerant as compared to the other cultivars tested. 

Studies were initiated to test the efficacy of new product (STAN) at different rates on the columbia root knot nematode M.chitwoodi on potato. All rates of the product reduced the nematode population in the soil and infected tubers followed by an increase in the clean tuber yield. Percent of tuber infection was also reduced in the treated plots as compared to the control. Another study of the same product at different rates on the southern root knot nematode M.incognita inoculated on tomato, cantaloupe and water melon indicated that, six weeks after planting, in all the crops lowest level of root gall and the nematode population/g dry root weight were observed when compared to untreated control. Also, both products significantly reduced the lesion nematode population in the soil and root. In another experiment under micro plot conditions with STAN on Southern root knot nematode Meloidogyne incognita (planted with cantaloupe) showed that stand count and the plant vigor were significantly increased by all the product treatments compared to the untreated check. In a green house experiment efficacy of three arugula varieties and two spices were compared for the multiplication of  M.chitwoodi. Data indicated that among all varieties Lebanese (Rucola) reduced the nematode population (95.5%) followed by Egyptian variety (69.1%). In another green house study efficacy of three green manure varieties were compared to tomato for the multiplication of  M.chitwoodi. Lowest level of total nematode population in the root and the maximum percent of reduction of root population (98.7) were also observed in Cahaba Vetch (99.3) and Caley Pea (98.5). In the field experiment efficacy of cultivars of oil radish (Defender, Comet and Mustard blend) and rapeseed (Humus) were compared for their efficacy in controlling the M.chitwoodi. Maximum dry biomass was recorded in the Comet (2.4 t/A) and mustard blend (2.5 t/A) planted plots as compared to other plots. In the spring 2005 potato was planted and the yield data at harvest indicated that root knot nematode infected tubers reduced from 16.5 % in the fallow plots to 1.0 % in  the green manure planted plots.  Marketable and total yield also increased by the green manure crops as compared to fallow treatment.

PUBLICATIONS

Fallahi, E., B.Shafi, J.C. Stark, B. Fallahi, and S.L. Hafez. 2005. Influence of wine grape  cultivars on growth and leaf blade and petiole mineral nutrients. Hort. Technology. 15 (4): 825-830. 

Hafez, S.L. 2005. Soil, crops benefit enormously. Biofumigation: potential tool for disease management. Sugar. May/June, 2005. 18-19.

Hafez, S.L. 2005. Soil fumigation –A tool for cyst nematode control. Sugar. 17-19.

Hafez, S.L. and P. Sundararaj. 2005. Soil fumigation for nematode management (part-I). Potato Grower. August, 2005. 10-12.

Hafez, S.L. and P. Sundararaj. 2005. Soil fumigation for nematode management (part-II). Potato Grower. September, 2005. 18-21.
Hafez, S.L. and P. Sundararaj. 2005. Evaluation of chemical nematicides for the mangement of Meloidogyne chitwoodi and Paratrichodorus spp. on potato in Idaho. Presented at the Annual Meeting of the Society of Nematologista held at Ft Lauderdale, Florida from July 9-13, Florida, 2005.
Hafez, S.L. and P. Sundararaj. 2005. Comparative performance of different rates of Vapam and Kapam for Meloidogyne chitwoodi management in potatoes. Presented at he Annual Meeting of the Society of Nematologista held at Ft Lauderdale, Florida from July 9-13, Florida, 2005.
Hafez, S.L. and P. Sundararaj. 2004. Nematode management options for sustainable potato production in Idaho. Proceedings of the Winter Commodity Schools-2004, University of Idaho pp. 151- 156.

Hafez, S.L. and P. Sundararaj. 2004. Biological and chemical management strategies in the sugarbeet cyst nematode management. Proceedings of the Winter Commodity Schools-2004, University of Idaho pp. 243 – 248. 
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MICHIGAN REPORT FOR 2006

Haddish Melakeberhan

Michigan State University

PROGRESS

Objective 1: Characterize genetic variability as related to PPN responses to resistance, environment, biological processes, and morphology.

In collaboration with Drs. Senyu Chen (University of Minnesota) and Ekaterini Riga (Washington state University), we have shown that Meloidogyne hapla populations differ in their susceptibility to Hirsutella minnesotentsis (an endoparasitic fungus), but arugula (Eruca sativa, potential trap crop) inhibits their development.  Studies to understand the basic and applied aspects of nematode-trap crop interactions are on-going.

Objective 2:  Determine nematode fitness and adaptability relative to environment, host plant, and host plant resistance.

In collaboration with Dr. Gregory R. Noel (University of Illinois/ARS), we have shown that Heterodera glycines populations in differ in their adaptation to soil conditions, and the reproductive potential M. hapla populations is influenced by soil types and possibly soil input as well.  Understanding adaptation mechanisms of these nematodes is on-going.

Objective 3:  Design and develop management strategies for cyst and root-knot nematodes relative to genetic variability.

We have developed a fertilizer-use efficiency model that describes an integrated approach to distinguishing agronomic, ecological, and economic aspects for a range of nematode management practices.  On-going are studies to incorporate the physio-chemical impact of future organic and inorganic soil amendments into the model. 

PUBLICATIONS
Donald, P. A., P.E. Pierson, S. K. St. Martin, P. R. Sellers, G.R. Noel, A. E. MacGuidwin, J. Faghihi, V.R. Ferris, C. R. Grau, D.J. Jardine, H. Melakeberhan, T.L. Niblack, W.C. Stienstra, G.L. Tylka, T. A. Wheeler, and D.S. Wysong (2006).  Yield of soybean cyst nematode-resistant and susceptible cultivars in infested and noninfested soil in the North Central USA. Journal of Nematology, 38: 76-82.

Melakeberhan, H. (2006).  Fertiliser use efficiency of soybean cultivars infected with Meloidogyne incognita and Pratylenchus penetrans.  Nematology, 8: 129-137.
Melakeberhan, H., and G. R. Noel (2006).  Effects of biosolid soil amendment on Heterodera glycines populations.  Journal of Nematology, 38. 349-353.
Melakeberhan, H., A. Xu, A. Kravchenko, S. Mennan, and E. Riga (2006).  Potential use of arugula (Eurica sativa L.) as a trap crop for Meloidogyne hapla.  Nematology, 8: 793-799.
Mennan, S., S. Chen, and H. Melakeberhan. (2006).  Suppression of Meloidogyne hapla populations by Hirsutella minnesotensis. Biocontrol Science and Technology, 16:181-193.
Mennan, S., and H. Melakeberhan. (2006).  Comparative efficacy of oil seed radish and tomato root exudates on hatching of Meloidogyne hapla.  Journal of Biological Sciences, 1:1-5.
Melakeberhan, H., S. Mennan, S. Chen, B. Darby, and T. Dudek (2006).  Integrated biological approaches to understanding and managing Meloidogyne hapla populations’ parasitic variability.  Crop Protection, 25: in press.
Mennan, S., S. Chen, and H. Melakeberhan. (2006). Effects of Hirsutella minnesotensis and N-Viro soil on populations of Meloidogyne hapla. Biocontrol Science and Technology, 16:in press.

Melakeberhan, H. (2006).  Nutrient management strategies under nematode infestation. XXVIII European Society of Nematologists Symposium: 49.   

Melakeberhan, H. (2006).  Nematological and agronomic approaches to nutrient use efficiency: Bridging the gaps. Journal of Nematology 38: 282-283.
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NEW MEXICO REPORT FOR 2006

Stephen H. Thomas

New Mexico State University

PROGRESS

Studies were repeated in 2006 to determine the host responses of yellow nutsedge (Cyperus esculentus = YNS) and purple nutsedge (C. rotundus = PNS) to Meloidogyne incognita host races 1-3, M. hapla, and M. javanica populations.  YNS was a good host for M. incognita races 1 & 3 and M. javanica, a poor host for M. incognita race 2, and a nonhost for M. hapla (contrary to findings in 2005).  PNS was a good host for M. incognita races 1 & 3, a poor host for M. incognita race 2 and M. javanica, and a nonhost for M. hapla.  

The host status of M. incognita on ten annual forages used as rotation crops with vegetables and cotton in New Mexico were evaluated in 2006.  The study was conducted in response to grower requests for alternatives to alfalfa for use in suppressing the M. incognita/YNS/PNS pest complex.  Sorghum cultivars AgriPro 750 BMR and Scotchman, sudangrass cultivars Graze N Bale, Trudan 8, Trudan Headless, and Trudan Headless BMR, and sorghum/sudangrass hybrids Sordan 79, Sordan Headless, and Sordan Headless BMR were all found to be unsuitable due to root-knot nematode susceptibility.  Elbon rye was the only forage that exhibited sufficiently-low M. incognita reproduction to merit further study for suppression of the root-knot nematode/nutsedge pest complex.

Preliminary results from a 2-year microplot study of the effects of heat unit accumulation and pre-plant irrigation on YNS and PNS emergence and M. incognita reproduction indicate that PNS requires fewer heat units for emergence and nematode reproduction than YNS.  Pre-plant irrigation had a more pronounced effect on YNS, resulting in greater weed emergence related to heat unit accumulation, but had no effect on the heat units required to trigger nematode reproduction.   

Preliminary results from a study initiated in fall 2004 to evaluate the attrition rate of YNS, PNS, and M. incognita in a field rotated from chile pepper to non-dormant, M. incognita-resistant alfalfa cultivar ‘Mecca II’ indicate a 67% reduction in the frequency of root-knot nematodes in the 0.25 m2 quadrats sampled by the end of the 2006 season.  Root-knot nematode density within infested quadrats decreased approximately 50% during the same period.  The sample area is 1,200 m2, with 80 quadrats sampled at random three times per season.  While M. incognita frequency and density decreased throughout 2005 and 2006, frequency and density of Hemicycliophora spp. increased substantially within the plots, as did the density of Pratylenchus spp.  

Research results were disseminated to different user groups through two venues during 2005-2006.  Results were transferred to scientific peers through presentations at annual meetings of the Society of Nematologists and the Western Society of Weed Science (see abstracts in Publications list).  Results were transferred to agricultural producers, crop consultants, and county agents at through formal presentations to:  The NM Extension and Research Support Council (3 May 2006); NM Chile Association Chile Field Day (10 August 2006); Mars Corporation Technical Advisory Committee (3 October 2006).

INTERPRETIVE SUMMARY  
Yellow and purple nutsedges are weed hosts of M. incognita races 1-3 and M. javanica, but do not appear to host M. hapla as previously reported.  All of the common sorghum, sudangrass or sorghum/sudangrass hybrids currently grown in New Mexico support sufficient M. incognita reproduction to be unsuitable as rotation crops for suppression of the root-knot nematode/yellow nutsedge/purple nutsedge pest complex.  A two-year rotation of M. incognita-resistant alfalfa cultivar ‘Mecca II’ following nematode-susceptible chile peppers reduced both the frequency and density of M. incognita.
PUBLICATIONS
Norsworthy, J. H., J. Schroeder, S. H. Thomas, and L. W. Murray.  2006.  Purple nutsedge (Cyperus rotundus) management in direct-seeded chile peppers (Capsicum annuum) using halosulfuron and cultivation.  Weed Technology 20: (in press).

Thomas, S. H.,  J. M. Trojan, and J. A. Couch.  2006.  Survey of plant-parasitic nematodes in New Mexico pecan orchards using an ATV-mounted hydraulic soil auger.  Journal of Nematology 38:298 (abstr.).
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Objective 3:  Design and develop integrated management strategies for plant-parasitic nematodes that include consideration of environment and genetic variability.

Columbia root-knot nematode (Meloidogyne chitwoodi, CRKN) infects potato tubers and reduces quality to unmarketable levels at populations as low as 1/250-g soil.  Most crops grown in rotation with potato increase CRKN, requiring fumigation or multiple applications of oxamyl.

A four-year rotation experiment was conducted at the Hermiston Agriculture Research and Extension Center in Hermiston Oregon.  The experimental site began with high CRKN populations, 1,550/250-g soil in spring of 2001.  During 2001-2003 various cash crops and cover crops suitable to the region were grown to evaluate cropping sequences that may reduce populations of CRKN.  Results through April 2003 are available in previous reports.  Potato cv Russet Ranger was planted to all plots in April 2004

Results from this study demonstrated that CRKN could be managed with crops currently grown in the Columbia Basin of OR and WA if excellent host crops were grown early rather than late in the rotation.  In a conventional rotation of wheat (W)-field corn (FC)-FC, CRKN densities were high (2,000/250-g soil) when potato was planted in spring of 2004 and 100% of harvested tubers were culled due to excessive CRKN infection.  Reversing the order of these crops (FC-FC-W) allowed time for a mustard green manure crop (MGM) in fall of 2003 and reduced CRKN to 56/250-g soil and culls to 32%.  A FC-W-supersweet corn (SSC)-MGM rotation reduced CRKN to 14/250-g soil and culls to 27%.  A FC-SSC-green pea-lima bean (GP-LB)-MGM and a FC-W-GP-LB-MGM sequence reduced CRKN to 3/250-g soil and culls to 9% and 2%, respectively. Seed crops of bluegrass, perennial ryegrass and tall fescue followed by MGM reduced CRKN to 19, 0 and 0/250-g soil, respectively, and culls to 48%, 13% and 2%, respectively.

All alternative rotations reduced the density of CRKN present at potato planting to 0-110 vs 1,990/250/g soil.  All 11 alternative rotations substantially reduced CRKN and had significantly fewer culls than the standard.  However, due to the low damage threshold, only rotations that reduced CRKN to <4/250 g soil at the time potato was planted produced potato at/near acceptable quality.  Alternative rotations may have been more successful if starting populations were lower.  Therefore, in long season potato cultivars grown in warm regions, rotation may need to be augmented with nematicides, perhaps at reduced rates.  Management would be improved by screening for crop cultivars that are poorer hosts and for more suppressive green manure crops.  Management of CRKN with rotation may be more successful with shorter season cultivars or in cooler climates. 
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EXECUTIVE SUMMARY
Differences in soybean cyst nematode virulence can be measured through bioassays but identification of proteins possibly responsible for differences in virulence has not been explored.  Research has primarily been conducted to link genes regulating proteins produced in pharyngeal glands and  to a lesser degree proteins involved in reproduction have been explored. Soybean cyst nematode populations characterized as races 1 and 5 and two populations (LY1 and LY2) which reproduce on all indicator lines in the HG Type test, were examined for protein composition to determine if virulence differences were related to protein differences. No major protein differences were found among the soybean cyst nematode populations.

Members of W1186, S1015, and NC 1035 are collaborating on morphological and molecular identification, host studies, and distribution of a cyst nematode found reproducing on corn in western Tennessee in 2006. The nematode was previously found in 1978 in western Tennessee reproducing on goose grass. Identification was not pursued following the 1978 find but is proceeding after the rediscovery.

PROGRESS

Objective 1. Characterize genetic variability as related to plant parasitic nematode responses to resistance, environment, biological processes, and morphology.
Five soybean cyst nematode (SCN) greenhouse maintained populations were compared to determine if protein differences existed between the populations which could explain differences in virulence. Frozen eggs were ground and analysed. When protein banding was compared between populations LY1, LY2, 1, 5A, and 5B, there were mostly similarities and few differences. No differences were obvious between the five populations within the resolution of the SDS-PAGE technique.  The most prominent proteins were determined to have molecular weights of between slightly over 200,000 and less than 50,000 daltons as shown in Table 1.  Molecular weight assignments are based on the protein standards with the assistance of the UN-SCAN-IT calibration program.
The proteins identified appear above what could be a large background of smaller protein components in the SCN extract samples. The total number of proteins cannot be predicted from this method, but there are at least 25 distinguishing components that appeared in all populations.

Small differences at the high molecular weight region of the gels are apparent between races 5A and 5B and the lower molecular weight region of LY1 appeared to be lacking protein however, these differences disappeared in repeat experiments and are probably due to slight unrecognized differences in the extraction or staining procedures.

	Peak Number
	Molecular Weight (kDa)

	1
	202

	2
	192

	3
	187

	4
	182

	5
	174

	6
	169

	7
	161

	8
	148

	9
	139

	10
	139

	11
	134

	12
	124

	13
	120

	14
	114

	15
	103

	16
	99

	17
	92

	18
	86

	19
	80

	20
	72

	21
	68

	22
	61

	23
	60

	24
	54

	25
	47


Objective 2. Determine nematode fitness and adaptability relative to environment, host plant, and host resistance.

A cyst nematode was recovered from a soil sample from a field near Troy, TN which had stunted corn growth for the previous five years. The Nematology Lab at University of Missouri processed the sample and did preliminary host studies which found that this nematode reproduced on corn but not on soybean. Subsequent investigations have determined that this nematode is identical to an undescribed cyst species isolated by Ernie Bernard, UT, in 1978 and submitted to the USDA Nematology Laboratory, Beltsville, MD.  Ernie found that the nematode reproduced on goose grass but not on tomato. Tom Powers conducted some molecular diagnostics and the USDA Nematology Laboratory did morphmetrics on life stages present in the sample they received (cysts and juveniles). 
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Objective 3:  Design and develop integrated management strategies for plant-parasitic nematodes that include consideration of environment and genetic variability.

The root-knot nematode, Meloidogyne chitwoodi, infects potato tubers and reduces their marketability. The economic threshold for M. chitwoodi is 1 nematode per 250 cc soil, amongst the lowest of economically important plant parasitic nematodes.  Most crops grown in Washington State in rotation with potato increase M. chitwoodi and growers rely on expensive and environmentally undesirable fumigation for nematode control. Therefore, there is need to develop effective nematode management strategies that do not rely entirely on fumigants.  

In order to address the needs of the  potato industry the following experiment was designed based on using Arugula (Eruca sativa) as a green manure on its own and in combinations with half the recommended rate of the fumigant, Telone II.
A three-year experiment is in progress in IAREC-Prosser, WA.  The experiment was initiated in August 2004 is a field site with high M. chitwoodi populations, i.e.  500 - 1,000 nematodes per 250 cc soil.  Arugula was planted in August 2004 and incorporated as a green manure in October 2005. The following treatments were used: Arugula green manure on its own; Arugula green manure in combination with ½ the recommended rate of Telone II (i.e. 10 gallons per acre); Telone II at full commercial rate (i.e. 20 gallons per acre); and untreated controls (i.e. plots without green manure). Potatoes were planted to all plots in April 2005 and harvested in October 2005. This experiment was repeated for a second season. A third season was initiated in August 2006. 

Results from this study showed that Arugula on its own was not able to reduce the high densities of M. chitwoodi populations down to economic thresholds. However, Arugula + ½ Telone were able to reduce M. chitwoodi populations to undetectable levels. Telone on its own was able to reduce M. chitwoodi populations; however, the highest reduction was achieved by Arugula + ½ Telone. Similar results were obtained from the second field trial.    

This study indicates that in long season potato cultivars grown in warm regions, a green manure treatment can be combined with reduced rates of nematicides to control plant parasitic nematodes in fields with high nematode densities. Data analysis from the two field trials indicates that combining a green manure with a reduced rate of a nematicide has economical potential.
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