 SEQ CHAPTER \h \r 1W-2186 Annual Meeting

Minutes
November 6 and 7, 2009

Nebraska City, NE

Present: E. Caswell-Chen, P. Donald, A. Elling, R. Ingham, H. Melakelabrahan, T. Powers, R. Robbins, P. Roberts, B. Sipes, S. Thomas, and I. Zasada, 

Guests: S. Chen, G. Lawrence, K. Lawrence

1. Welcome

• Leid’s options were detailed and lunch plans described. 

• A moment of silence was held to remember and honor longtime project member Fred Grey who passed away this year.

• The University of Nebraska Administrators sent their welcome and regrets in not being able to attend. Budget issues at the Lincoln campus demanded attention. Budget issues at other campuses where shared and discussed.

2. Administrative Advisor

• D. Cooksey was unable to attend but briefed P. Roberts. Annual reports are due within 60 days. The report should be a consolidated stated of accomplishments (30,000 characters), have impact statements, and list publications. AFRI has increased by 30% to $262 million and it is hoped to reach the $700 million authorized in the Farm Bill. About 40% of AFRI is for applied research, 30% for integrated projects. There has been a 4% increase in Hatch funding.

3. Reports

• Project reports from Arkansas, California-Davis, California-Riverside, Hawaii, Michigan, Nebraska, New Mexico, Oregon, Oregon-USDA, Tennessee, and Washington are appended.

• Guest reports were given by Alabama, Mississippi, Minnesota. In Alabama, fatty acid profiles are being used to identify nematodes, Rotylenchulus reniformis spreads faster than expected - up to 2 rows beyond point of introduction in a single season. Biocontrol of R. reniformis is being attempted with a Fusarium and a Dactylaria. In Mississippi, hybrid corn is being screened for resistance to R. reniformis. The distribution of soybean cyst nematode is being determined, as well as resistance and variation in soybean to the nematode. A molecular enegineering project is underway. Nematode on peanut are being identified as well as rotations for their control. On cotton, R. reniformis is being identified molecularly and detected through remote sensing. In Minnesota, soybean cyst nematode biology and host resistance is being investigated. SCN is found almost to the Canadian border. The effects of soil fertility on cyst nematode management is being determined as well as the ecology of suppressive soils.

4. Business

• Annual Reports ensure that the chair or secretary has an electronic copy. Report is due in 60 days.

• Meeting Sites for 2010 and 2011. P. Donald has volunteered and moved to host the 2010 meeting in Tennessee. R. Ingham made a second and the motion passed unanimously. P. Donald will investigate locations that will be convenient and cost effective. The meeting date will be in the second week of November, Thursday through Friday dates with preference for the November 4-6, 2010 with the 4th as a travel day. The backup will be November 11-13, 2010.   H. Melakelabrahan is willing to host the 2011 meeting in Michigan and so moved. A second was offered by A. Elling and the motion passed with unanimous approval. The exact location in Michigan will be decided later. 

• Election of Secretary. I. Zasada was nominated and elected with unanimous approval.

• Thanks. S. Thomas thanked T. Powers for setting up the meeting at the Lied Lodge in Nebraska City, the home of Arbor Day. The meeting was great. Thanks were also given to all the attendees for coming to the meeting.  

5. Other Business

• AFRI Ideas. Copies of the letter of intent that we submitted regarding a USDA-AFRI proposal (under Program Code 91510: Plant Biosecurity) were distributed.  The idea is for this group to pursue funding (so that actual research support funds would be available) and the group has a good possible opportunity to pursue funding through AFRI.  Diagnosis and identification are critical issues that relate to agricultural production and management.  In particular some of the quarantines and embargoes that have been a problem.  E.g., Globodera pallida in Idaho has been a big problem and issue - up to $63 million dollars, a huge cost to agriculture. Perhaps this project can deliver some useful technologies and information for agriculture. We thought about specialty crop funding, but it requires a 1:1 match. The Plant Biosecurity program seemed a good match, so last spring a letter of intent was submitted. However, we did not put forward a full proposal by the June 2009 deadline. We did get good feedback from the letter of intent.  We will need to redo the letter of intent for this proposal - letter may be due in the next few weeks with other deadlines similar to last year so we probably have about 6 months to put the proposal together.  So, can we transition into some details of how and what we might want to do. T. Powers notes that Dorota Porazinska has been looking at "metagenomics" for community and population analyses. Byron has facilities and equipment at his institution that would be valuable such as a current 454 machine.  

Individual Annual State Reports

Arkansas
R. T. Robbins    

Progress
OBJECTIVE 3. DEVELOP AND ASSESS NEMATODE MANAGEMENT STRATIGIES IN AGRICULTURAL PRODUCTION SYSTEMS.


I test all new soybean varieties each year that are submitted to the Arkansas Soybean Variety Testing Trials.  In 2009 this consisted of 148 varieties, a single plant of each variety was grown in 5 separate 4 inch diameter clay pots. Each pot was inoculated with 1600 vermiform reniform nematodes at the same time germinated seedlings were transplanted. There were 3 resistant varieties (Forrest, Hartwig and Anand) used as resistant checks,  Braxton was used as a susceptible check and a pot in each rep was inoculated and left fallow as a check on survival. The test was terminated after about 12 weeks. Similar tests were also done for 78 new breeding lines submitted by Southern Public Soybean Breeders and 31 late maturity group soybean varieties used mainly in the deep South (Louisiana, Mississippi , and Alabama). Of the 148 lines there were 3 lines with less reproduction than the worst resistant line and 5 more probably useful as a rotational planting. Of the 78 Breeding lines 12 were as good as the worst resistant variety. Of the 31 varieties from the Deep South only 4 showed promise as a rotation crop. The specifics including statistical analysis will be reported at the Beltwide Cotton Conferences in New Orleans in January.


I also have a Soybean cyst nematode rotation in which I rotate varieties derived from resistant lines that have different modes of resistance. This test is in its seventh year and in 2009 started its third cycle. The varieties used are Manokin derived from Peking, Asgrow 5501 derived from PI 88788, and Anand derived from PI 437654. All three react differently when infected by soybean cyst nematode. Each variety was initially planted in 3 treatments, the second year each was followed by each of the other resistant lines and also after itself. The third year the last resistant line was planted.  This gave a total of nine resistant treatments and also a consecutively planted susceptible variety Hutcheson. So far the results have been consistent in that following Anand the SCN population is depressed and the yields have been higher on Anand. The hoped for results are that by rotating the resistance reactions will eventually reduce the SCN levels and not cause new SCN races to form with often happens when a resistant variety is planted in the same field year after year. Hopefully after this the third cycle trends of population reduction without formation of new resistant races will become evident.


My student, Marco Cordero, Gave a poster outlining his approach to morphometric and molecular characterization of genera and species of Criconemoidea. We have samples from the following states: Florida, Missouri, North Carolina, Arkansas and are awaiting samples from Kenia and Hawaii. We prefer samples to be split and sent one part in 1 Molar NaCl and the other part killed and fixed in 2-4% Formalin. We welcome any additional samples you may have or come across, especially of Rare genera or species in this group. We have represenitives of the following genera: Mesocriconema, Criconema, Ogma, Tylenchulus (from grape in Missouri and Arkansas) Nothocriconema, criconemoides, Hemicycliophora, Hemicriconemoides, Paratylenchus, Gracilacus, Caloosia OR Loofia, Xenocriconemella and 4 more ring type nematodes for identification. He is in the process of morphometric studies and identifications at the moment and will start molecular ids in the spring of 2010. All samples for molecular study are kept in a freezer at -80 C.


I am working with Grover Shannon, Soybean breeder , University of Missouri, on trying to identify molecular markers  for resistance to reniform nematode in soybean. This is a project funded by the Missouri soybean producers for 2 years. I test advanced breeding lines of soybean for reniform resistance for inclusion in properties of disease resistance in variety registrations for a variety of Public soybean breeders. I am testing cotton breeding lines for reniform resistance with a private company’s cotton breeder. I am testing various soybean seed treatments for initial control of SCN and reniform nematodes for a private chemical company. I continue my interest and involvement in Nematode taxonomic problems and the description of new species and genera where warranted.  This has been primarily with my former students Weimin Ye and Chang-Hwan Bae and a university Ph. D. student located in Iran.

OBJECTIVE 4. IMPLEMENT RAPID INFORMATION TRANSFER OF PROJECT RESULTS TO STAKEHOLDERS.


For the first of the above projects as soon as the years results are given to the Nematode extension specialist who incorporates the resistance information into Arkansas State nematode recommendations. This information is also made available to other states extension personnel and producers each year at the Beltwide Cotton Conferences. This information is especially useful to cotton producers with a severe reniform nematode problem as a rotation possibility. This is important because at present there are no commercial cotton varieties with reniform resistance. Rotation with a highly resistant soybean variety can reduce reniform numbers to the extent that a normal cotton yield can be obtained after a single year in the resistant soybean.

INTERPERATIVE SUMMARY.  


Reniform nematode when present in high numbers can reduce cotton yield in excess of 30%.  There is no commercial cotton variety with resistance to this nematode thus the only available controls are crop rotation and with often ineffective chemical nematicides. Rotation with a reniform nematode resistant soybean is a viable economic option for those producers with damaging numbers of  this nematode.

Publications 
Pedram, M., G. Nikham, R. T. Robbins, W. Ye, and A. Karegar. 2008. Xiphinema iranicum n. sp. from northwestern Iran. Nematology 11:11-21.

Robbins, R.T., E. Shipe, P. Arelli, P. Chen, L. Rakes, L. E. Jackson, E. E. Gbur and D. G. Dombek. 2008. Reniform Nematode Reproduction on Soybean Cultivars and Breeding Lines in 2007. Nashville, TN 2008 proceeding Pgs. 330-336.

Pedram, M., G.Niknam, R.T.Robbins, W. Ye, and A.Karegar. 2008. Longidorus kheirii n. sp. (Nematoda: Longidoridae) from Iran. Systematic Parasitology In Press.

Pedram, M., G. Niknam, P.Guerrero, W.Ye,and R.T. Robbins. 2008. Additional data on Enchodelus veletensis Guerrero, Liebanas & Pena-Santiago, 2007 (Oorylaimida: Nordiidae) from Iran,and phylogeny of the genus. Nematology 11:217-229.

Shannon, J. G., Lee, Jeong-Dong, Wrather, J. Allen, Sleper, David A., Mian, M. A. R., Bond, Jason P., and Robbins, Robert T. 2008. Registration of S99-2281 Soybean Germplasm Line with Resistant to Frogeye Leaf spot and Three Nematode Species. Journal of Plant Registrations 3:94-98.

Bae, Chang Hwan, Robert T. Robbins and Allen L. Szalanski. 2008. Molecular identification of some Hoplolaimus species from the USA based on duplex PCR, multiplex PCR and PCR-RFLP analysis. Nematology 11:471-480. 

Bae, C. H., A. L. Szalanski, and R. T. Robbins. 2008. Molecular Analysis of the Lance Nematode, Hoplolaimus spp. Using the First Internal Transcribed Spacer and the D1-D3 Expansion Segments of 28S Ribosomal DNA. Journal of Nematology 40:201-209.

Pedram, M.,G. Niknam,Pablo Guerrero,Weimin Ye and Robert T. Robbins. 2009. Morphological and molecular caracterisation of Enchodelus babakicus n. sp. and E. macrodorus Thorne, 1939 (Nematoda: Nordiidae) from Iran. Nematology (in Press)

Pedram,M.,G.Niknam,W.Ye and R.T.Robbins. 2009. First record of Ecphyadophora quadralata Corbett, 1964 from Iran and a study of its phylogenetic relationship based on the analysis of partial 18S rDNA sequences. International Journal of Nematology 19:7-13.

Bae,C.H., A.L. Szalanski and R.T. Robbins. 2009. Phylogenetic analysis of the Hoplolaiminae inferred from combined 02 and 03 expansion segments of 285 rONA. Journal of Nematology (In Press) 

Robbins, R.T.,W. Ye, and M. Pedram. 2009. Longidorus ferrisi n. sp. from California Citrus. Journal of Nematology (In Press)

Bae, C. H., A. L. Szalanski and R. T. Robbins. 2009. Genetic variation of Hoplolaimus columbus populations in the United States using PCR-RFLP analysis of nuclear rONA ITS regions. Journal of Nematology (In Press)

Robbins, R.T., E. Shipe, P. Arelli, P. Chen, L. Rakes, L. E. Jackson, E. E. Gbur and O. G. Dombek. 2009. Reniform Nematode Reproduction on Soybean Cultivars and Breeding Lines in 2008. Nashville, TN 2008 proceeding Pgs. 104-114.

Robbins, R. T. C •. H. Bae, W. Ye, and M. Pedram. 2009. Xiphinema bernardi n. sp. (Nematoda: Longidoridae) from the Great Smoky Mountain National Park. Journal of Nematology (Accepted)

California, Davis
E. P. Caswell-Chen, Kristi Sanchez, and Jennifer Cotton

Progress
Objective 2.  Determine the nematode adaptation processes to hosts, agro-ecosystems, and environments.


The research focus here is on Helix aspersa (Cornu aspersum), the Brown Garden Snail, a pulmonate gastropod that is one of the most common terrestrial molluscs.  It is native to the Mediterranean and Europe and was introduced to Santa Rosa, California in the 1850’s as a food source, escargot.  It has been disseminated to many parts of the world as food, through the movement of plants, and by hobbyists who collect snails. It is an invasive pest causing damage to gardens, vegetable crops, ornamentals, cereals, fruit trees and nurseries.  Snails feeding on cultivated plants can cause enormous damage to the plant and crops. 


In previous surveys to find C. elegans, we found it associated with Helix aspersa from different locations in California.  During the survey, other nematodes were observed associated with the snail, but were not identified due to time limitations.  Over the past year, we have been addressing the nematodes and bacterial associates from snails we recently collected in California, addressing the concept that many different nematodes, including plant-parasitic forms, might have phoretic associations with the snail.  The objectives of the research are:


I.  Identify nematode associates of the snail, including their location in or on the snail.


II.  Identify bacterial associates of the snail.


III. Assess the attractiveness of snails and bacterial associates of snails to C. elegans 
Three hundred snails were collected from Davis, Sacramento, San Francisco, San Jose, Woodland, and Tulare California and included gardens, residential landscape, nurseries, fruit trees, marsh land, and ornamental plants. Snails were placed in individual containers or plastic bags for specific locations.  Each snail was rinsed with tap water before dissection and the water collected in a 60x15mm petri dish for evaluation of nematodes on the snail surface.  Prior to dissection, each snail was anesthetized using dry ice. Snail tissues from head, foot muscle, digestive gland, liver, excretory system, mantle including the shell were placed on a petri dish containing Nematode Growth Medium.  Both NGM without bacterial food and NGM plates streaked with E. coli were used to determine whether food attracted nematodes onto the medium.  All snail tissue plates were incubated at 26C.  The organ tissue plates were observed at 5 hours and then every 24 hours for 7 days. Plates were periodically scored for the appearance of nematodes using a dissecting microscope (magnification 12X-50X).  As nematodes emerged from the tissue they were collected and observed under a Nikon Microscope (magnification 10X40). Digital photomicographs were taken of each nematode. The nematode specimens were preserved in 1ml sterile vials containing 20% DMSO and 95% Ethanol and stored at -20C. 


Nematodes were identified based on morphological characteristics.  The bacteria were isolated from specific regions of the snail - the shell, slime, foot muscle, digestive gland, liver, excretory system, head, and feces.  Standard bacteriological methods were used to isolate and characterize bacteria (e.g., isolated by streaking on Nutrient Agar and differential selective plate media.   Nematode DNA was extracted by using either 5% Chelex Solution with 1 ul of Proteinase K or by 0.25M NaOH Digestion with 1M HCl, 0.5 M Tris-HCL, 2% Triton X-100 (Floyd et al 2002). Bacteria DNA was extracted using the Invitrogen PureLink Genomic DNA Extraction Kit.  All extractions were either immediately subject to PCR or were stored at -20C.   Nematode DNA was subject to PCR amplification using rRNA Internal Transcribed Spacer Region using primers 93f 94r and also 28S rRNA sequence primers 391f 501r. These primer sets are widely used in nematode taxonomy.  Bacterial isolates were subject to PCR amplification using 16S rDNA primer sets: 27f 1493r and 63f 1378r, and also RNA polymerase beta subunit rpoB using primers rpoB1698f and rpoB2041r.  The PCR products of the nematodes and bacteria isolates were sent to the UC DNA Sequencing Facility in Hutchison Hall and to Davis Sequencing in Davis, Ca.  The sequences were evaluated by BLAST and Vector NTI and CodonCode Aligner. Nematode movement toward snail slime or bacteria was tested using Polydimethylsiloxane (PDMS) micromazes. The PDMS micromaze channels are air filled canals with PDMS walls and ceilings. The channels are 15mm long, 750 µm wide, and 150 µm tall. The chambers are 5mm long by 5 mm wide with 1mm circular opening in the center of the ceiling to allow addition of nematodes or attractant to the test chamber. Clean mazes were laid over 3.2% agar, and C. elegans (N2) were added to the staring chamber (~40 worms).  Snail slime or test bacteria were added to the test chamber and nematode movement monitored.

Thus far, ca 200 snails from 6 locations in California have been examined.  There was variability in nematode stages that emerged from the shell, foot muscle, head, digestive gland, crop, mantle, and feces. No nematodes were recovered from the reproductive system or heart.  Morphological identifications included Aphelenchoides spp., Caenorhabditis spp., and Rhabditis spp. Identifcations will be elaborated upon by sequence data. Thus far, 28S rDNA sequence and the ITS primers have given preliminary matches to Aphelenchus avenae,  Rhabditis terricola, Rhabditis bracisiae, and Panagrolaimus sp., Xiphnema spp., Aphelenchoides spp., and Aphelenchus avenae. The latter three nematodes are plant or fungal feeding nematodes and were recovered from the foot muscle and shell of the snail. Snails may serve as phoretic hosts for plant-parasitic nematodes.  The bacterial isolates from specific regions within the snail included preliminary matches to Serratia proteamaculans and Sphingobacterium kitahiroshimense, Stenotrophomonas maltophilia, and  Serratia proteamaculans.  Three different bacterial isolates (P. putida, S. kitahiroshimense, and Escherichia coli) and snail slime were assessed for their attractiveness to C. elegans. The preliminary results revealed that all three bacteria attracted C. elegans, 95% of the nematodes travelled to the bacteria isolate test chamber fed and produced eggs. The slime was also attractive to C. elegans.  

Impact
We have shown that a number of different nematode species may be associated with this common pest snail, including significant plant-parasitic nematodes.  The movement of plant-parasitic nematodes between areas is an important component of this project, and relate to individual within-field pest management as well as for international trade.

California, Riverside
P. A. Roberts

Progress
Root-knot nematode (Meloidogyne spp.) interactions with resistance genes in the host crops cowpea (Vigna unguiculata), Lima bean (Phaseolus lunatus), and cotton (Gossypium spp.) were examined to determine specificity of nematode responses to different resistance genes in these crop plants. These studies are coupled with efforts to breed new varieties with improved nematode resistance. New resistance sources have been identified in each of these crop species that confer unique specificities that match avirulence genes in the nematode. Field screens of multiple advanced Lima bean breeding lines were conducted in fields infested with M. incognita  and M. javanica. Several lines were found to be resistant to either one or both nematodes, and seed was collected for further advancement. The previous findings of at least three independent genes conferring resistance in the Lima pedigrees was supported by these field selection screenings. 


In cowpea, a consensus genetic map was developed based on six individual maps using six recombinant inbred line (RIL) populations. The high density map has more than 1000 EST-derived SNP markers covering the 11 linkage groups and spanning 680 cM at an average marker distance of 0.73 cM. Screening of three RIL populations segregating for the suite of Rk genes conferring M. incognita  and M. javanica resistance was done in field and seedling growth pouch tests. The resistance phenotype data were used with the SNP markers for QTL mapping. Three main resistance QTL were identified on different linkage groups. The markers are gene-expression based and provide an entryway to fine mapping and isolation of the resistance genes, in conjunction with a newly constructed cowpea physical map whose BAC contigs have been SNP genotyped.  The markers for the root-knot nematode resistance loci will facilitate marker-assisted breeding for nematode resistance using SNP-based high-throughput genotyping. 


In cotton, genetic analysis, molecular mapping, and marker development revealed a major M. incognita resistance gene, rkn1, on chromosome 11 in the upland cotton (Gossypium hirsutum) Acala NemX. In progenies derived from crosses between Acala NemX and the root-knot susceptible G. barbadense cultivar Pima S7, a significant number of individual plants were found with extremely high levels of resistance. These transgressive segregants were much more resistant than the resistant parent of the cross. Genetic and molecular marker analysis using BAC-end derived and other SSR markers revealed a gene in Pima S7, named RKN2, that when combined with rkn1 from NemX, resulted in the ultra-resistant phenotype. Genetic mapping of the markers revealed that gene RKN2 is also located on cotton chromosome 11, in the same region as rkn1. The novel resistance based on these clustered genes has important potential for improving nematode management in cotton. We continued gene action analysis by inheritance and QTL mapping and determined in both intraspecific and interspecific cotton crosses that a combination of allelic interaction, epistasis and heterosis operated in these crosses, with both additive and dominance effects revealed. These studies also refined the SSR markers, which can be used for marker assisted selection for resistance.

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.  New combinations of resistance genes hold promise for developing crop varieties with stronger and broader nematode resistance.

Publications
Ehlers, J. D., B.L. Sanden, C.A. Frate, A.E. Hall, and P.A. Roberts. 2009. Registration of ‘California Blackeye 50’ Cowpea.  Journal of Crop Registrations 3:236-240.

Muchero, W., J.D. Ehlers, T.J. Close, and P.A. Roberts. 2009a. Mapping QTL for drought stress-induced premature senescence and maturity in cowpea (Vigna unguiculata (L.) Walp). Theoretical and Applied Genetics 118:849-863.

Muchero, W., J.D. Ehlers, and P.A. Roberts. 2009b. Restriction fragment length polymorphism-based candidate gene mapping for seedling drought tolerance in cowpea (Vigna unguiculata L. Walp.). Theoretical and Applied Genetics (Oct. 2009 online at DOI 10.1007/s00122-009-1171-6)

Muchero, W., N.N. Diop, P.R. Bhat, R.D. Fenton, S. Wanamaker, M. Pottorff, S. Hearne, N. Cisse, C. Fatokun, J.D. Ehlers, P.A. Roberts, and T.J. Close. 2009d. A consensus genetic map of cowpea [Vigna unguiculata (L) Walp.] and synteny based on EST-derived SNPs. Proceedings of the National Academy of Sciences, USA 106:18159-18164.

Sawadogo, A., B. Thio, S. Kiemde, I. Drabo,  C. Dabire, J. Ouedraogo, T. R. Mullens, J.D. Ehlers, and  P.A. Roberts. 2009.  Distribution and prevalence of parasitic nematodes of cowpea (Vigna unguiculata) in Burkina Faso. Journal of Nematology 41 (1): (In press).

Subbotin, S., Ragsdale, E. Mullens, T.R., Roberts, P.A., Mundo-Ocampo, M., and J.G. Baldwin. 2008. A phylogenetic framework for root-lesion nematodes of the genus Pratylenchus (Nematoda): evidence from 18S and D2-D3 expansion segments of 28S ribosomal RNA genes and morphological characters. Molecular Phylogenetics and Evolution 48:491-505.

Das, S., D. A. DeMason, J. D. Ehlers, T. J. Close, and P.A. Roberts. 2008. Histological characterization of root-knot nematode resistance in cowpea and its relation to reactive oxygen species modulation. Journal of Experimental Botany 59:1305-1313. 

Das, S., P. R. Bhat, C. Sudhakar, J. D. Ehlers, S. Wanamaker, P. A. Roberts, X. Cui, and T. J. Close. 2008. Detection and validation of single feature polymorphisms in cowpea (Vigna unguiculata L. Walp) using a soybean genome array. BMC Genomics 9:107, pages 1-12.

Ulloa, M., C. Wang, and P.A. Roberts. 2009. Gene action analysis by inheritance and QTL mapping of resistance to root-knot nematodes in cotton.  Plant Breeding (online October at doi:10.1111/j.1439-0523.2009.01717.x)

Roberts, P. A., and M. Ulloa. 2009. Introgression of root-knot nematode resistance into tetraploid cottons. Crop Science (In Press)

Williamson, V. M., and P. A. Roberts. 2009.  Mechanisms and genetics of resistance. Pp.

301-325 in: Perry, R. N., Moens, M., and Starr, J. L. (eds). Root-Knot Nematodes. CABI: Wallingford, UK. 480 pages.

Hawaii 
Progress
Papaya (Carica papaya L.) trees infected with root-knot nematodes (Meloidogyne javanica) can be stunted, have lower yields, and increased sensitivity to stresses. The nematode reproduced on papaya cultivars Kapoho, Maradol, Saipan, Sunrise and Vietnam, and breeding lines UH Line D Poamoho, Richter 181.OM20-1, Richter 192.OM3-1, and Richter 192.OM3-2. In one test Saipan supported the least nematode reproduction (Rf = 0.6) whereas Richter 181.OM20-1 and Sunrise had the greatest Rfs (8.9 and 14.0 respectively). In a repeat of the test, nematode reproduction was greater on all genotypes, but the test was confounded by early plant death. The relation between nematode Pi and damage was quantified in Sunrise papaya. Sunrise  root and shoot weight decreased with increasing nematode Pi, such that plant dry weight = 23g - 0.00015(Pi). Papaya genotypes differ in their response to M. javanica. The Hawaiian papaya cultivars are among the more susceptible genotypes to M. javanica. Damage caused by  M. javanica is not especially severe on Sunrise papaya.  Ten genotypes of semi-wild C. arabica were evaluated for resistance to Meloidogyne konaensis. Nine of the semi-wild genotypes had Rf values less than 1. The Rf values of the susceptible Typica and Yellow Catuai coffees were 13.1 and 15.95 respectably.  The Rf value of the rootstock Fukunaga was 2.5. Some of the semi-wild coffee genotypes were very tolerant to infection whereas a few seemed to be intolerant. These semi-wild genotypes hold great promise for nematode control in coffee. ET15 (T.16704-7), ET17 (T.16706-6), ET 25B (17204-2).

Impact 
The papaya genotypes that have been characterized provide information to papaya breeders for the incorporation of greater nematode resistance into papaya cultivars. Papaya growers have additional information and quantified parameters to use in controlling and determining the necessity of control. The identified coffee genotypes provide important genes valuable in the coffee breeding. The coffee genotypes may be used immediately as rootstocks growers, possibly as cultivars for growers, and as parents in the coffee breeding program.  

Publications
S. Aoki. 2009. Resistance of Semi-wild Coffea arabica L. from Ethiopia to the Kona Coffee Root-Knot Nematode, Meloidogyne konaensis. MS Thesis. University of Hawaii. Honolulu, HI. Pp. 44.

S. Aoki, C. Nagai, and B. Sipes. 2009. Evaluation of Coffea arabica L. accessions from Ethiopia for resistance to the Kona coffee root-knot nematodes, Meloidogyne konaensis. Journal of Nematology 41:130.

B. Sipes, M. Berry, R. Manshardt, and S. Ferreira. 2009. Response of Carica papaya to Meloidogyne javanica in the greenhouse. Journal of Nematology 41:143.

Michigan 
Haddish Melakeberhan,  Dave Douches, Thomas Dudek, Michigan State University Extension

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


Although root-lesion (Pratylenchus spp.), cyst (Heterodera spp.) and northern root-knot (Meloidogyne hapla) are serious pests in Michigan, M. hapla is not considered economically significant in Michigan potato production. However, little information is available on the status of Michigan-grown potato cultivars’ against M. hapla. In view of the diverse Michigan cropping systems, movement of soil and plant material, and potential threats from quarantined nematodes (potato cysts and Columbia root-knot), it is necessary to examine the reaction of potato cultivars selected for Michigan conditions against M. hapla. The effects of four M. hapla populations (Mh 1, Mh 2, Mh 3 and Mh 4) collected from different soils and cropping systems in Michigan on three chipping (Boulder MSF373-8, MSJ461-1 and Kalkaska MSJ036-A) three tables stock (Jacqueline lee, Michigan Purple, and Snowden) potato cultivars and Rutgers tomato (control) were compared under controlled conditions. While infection was less than in tomato, the six potato cultivars were suitable hosts for the M. hapla populations. The results suggest that an M. hapla management strategy that includes a rotation of potato cultivars such as these may increase the risk to other crops.

Impact

Cautions against the one-size-fits-all approach and provides growers with new and integrated information that they can use when selecting cultivars. 

Publications 

Melakeberhan, H., A. Kravchenko, J. Dahl, and D. Warncke (2009). Effects of soil types and Meloidogyne hapla on the multi-purpose uses of arugula (Eruca sativa). Nematology, 11: in press.

Melakeberhan, H. (2009a). Managing nematode parasitic variability: case studies of soybean cyst nematode and root-knot nematodes. 19th Symposium of the Nematological Society of Southern Africa Proceedings. 25.

Melakeberhan, H. (2009b). Application of fertilizer-use efficiency model changing and managing soil conditions in agro-biologically integrated ways. 19th Symposium of Nematological Society of Southern Africa Proceedings. 49.

Melakeberhan, H. (20093). Fertilizer use efficiency model for managing nematodes and plant, soil and environmental health. ASA-CSSA-SSSA 2009 (cd). 

New Mexico
Stephen H. Thomas

Progress
Objective 1: Characterize genetic and biological variation in nematodes relevant to crop production and trade.


The pecan root-knot nematode, Meloidogyne partityla, infests approximately 5% of the 12,000 hectares of pecan in NM, as well as orchards in eastern AZ and west TX.  Infested orchards often experience severe decline.  Due to the restricted host range of the nematode (only members of the Juglandaceae, and Quercus laurifolia), and the potential for dissemination in infected nursery stock, a study was conducted to determine the level of genetic variability among M. partityla populations from five of the six states from which this nematode is currently reported – AZ, GA, NM, OK, and TX.  DNA from eight females per location was extracted and sequence for two widely-utilized regions was amplified: 1) the 5.8s rDNA and flanking ITS region; 2) COXII – tRNA – His intergenic mtDNA region.  None of the geographic locations showed significant variation in either sequence region within a location, so consensus sequences were produced for the 5.8s rDNA and mtDNA regions from each location.  Neighbor-joining trees constructed for comparison of both loci across the five states, and with mtDNA sequences from Genbank, showed (as was anticipated) that greater variability among nematode populations was detected using mtDNA.  Populations from NM and OK were highly similar to each other when comparing either locus, while populations from AZ, GA, and TX grouped similarly when the rDNA locus was used but the TX population separated from AZ and GA using the mtDNA locus.  Sequence variation was generally very small, and no differences in behavior or pathogenicity among populations are known at this time.

Objective 2: Determine nematode adaptation processes to hosts, agro-ecosystems and environments.


In 2007, work began to determine if difficult-to-control annual weeds that serve as host reservoirs for M. incognita and Verticillium dahliae affect the incidence and severity of either pathogen on chile pepper (Capsicum annuum).   In 2008 a greenhouse experiment was conducted to determine the host suitability of chile pepper, spurred anoda (Anoda cristata = SA), tall morningglory (Ipomoea purpurea = TM), and Wrights groundcherry (Physalis wrightii =WG) to M. incognita and V. dahliae.  Unlike the crop plant (chile), none of the annual weeds experienced reductions in shoot or root weight in response to either pathogen alone or in combination.  Growth of TM increased in response to infection by V. dahliae.  The level of M. incognita reproduction was not reduced by V. dahliae infection of any annual weed, and increased on V. dahliae-infected SA.  The experiment was repeated in 2009, and data are currently being analyzed. 


As a supplement to these greenhouse experiments, a microplot study was conducted in 2009 to determine the growth response of SA, TM, and WG to M. incognita infection over the reproductive life of each annual weed.  Weeds were planted in June to simulate emergence after hand-thinning of chile (typically the last opportunity for mechanical control of difficult weeds), and allowed to grow through mid-September, when above-ground biomass and weed seed was collected.  Nematode reproduction was quantified on a portion of the root system of each weed.  Data are still being collected and analyzed, with emphasis on the effect of M. incognita infection on vegetative growth, initiation of flowering, seed production and seed viability.  These results will provide insight into the potential effect of root-knot nematode infection on the contribution of certain difficult-to-control annual weeds to the soil seed bank associated with these pests.      

Objective 3: Develop and assess nematode management strategies in agricultural production systems.


At the request of local producers concerned about long-term irrigation commitments required for 3-year alfalfa rotations used to suppress the M. incognita/yellow nutsedge/purple nutsedge pest complex, a study was initiated in spring 2009 to evaluate the effectiveness of annual winter cover crops in combination with novel summer crops toward these ends.  The considerations in selecting crops were: 1) an aggressive growth habit likely to out-compete nutsedges (and/or broad registration of suitable herbicides for nutsedge suppression in the crop); 2) resistance to or poor host suitability for M. incognita; 3) potential for positive economic return to the producer.  Oilseed radish (Raphanus sativus cv ‘Boss’) was selected as a winter cover crop.  Cotton cv ‘NemX HY’, and a forage variety of pearl millet (Pennisetum typhoides cv ‘Tifleaf’) were selected for annual summer crops.  A nondormant, M. incognita-resistant alfalfa cv ‘Pioneer 58N57’ was established as the positive control.  Chile pepper will be planted as a high-value vegetable to assess the efficacy of previous crops in suppressing the weed/nematode pest complex at the conclusion of the study.

Objective 4: Implement rapid information transfer of project results to stakeholders.


Research results were disseminated to different user groups through two venues during 2009.  Results were transferred to scientific peers through presentations at the joint meeting of the Society of Nematology/Soil Ecology Society, and annual meetings of the Weed Science Society of America and the Western Society of Weed Science.  Results were transferred to agricultural producers, crop consultants, and county agents through formal presentations to:  The NM Crop Production Association; NM Vine and Wine Society; NM Chile Association Board of Directors; NM Chile Conference; and Joint AZ/NM Chile Association Field Day.

Impact
Analysis of rDNA and mtDNA loci from Meloidogyne partityla populations from five locations in North America suggest that small-scale genetic differences exist among populations of the pecan root-knot nematode.  

Growth of spurred anoda, Wright groundcherry, and tall morningglory – three significant annual weeds that damage southwestern chile pepper production and host Verticillium dahliae and Meloidogyne incognita – was not adversely affected by infection or co-infection by both pathogens.  Root-knot nematode reproduction on these weeds was not reduced by V. dahliae infection. 
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Oregon 
Russell E. Ingham

Progress
Objective 3:  Develop and assess nematode management strategies in agricultural production systems. 


Destroying Columbia root-knot nematode (Meloidogyne chitwoodi) in potato before processing. Columbia root-knot nematode (Meloidogyne chitwoodi, CRKN) infects potato tubers and causes quality defects such as galling of the external surface and brown spots surrounding the egg masses of adult females inside the tuber.  Both symptoms are considered quality defects by the potato industry and can cause crop rejection.  Furthermore, CRKN is considered a quarantined pest by several countries and infested tubers are not allowed entry.  For example, in 2005, 57 containers (approximately 1,140 MT) of chipping potatoes from the United States were denied entry into South Korea due to the presence of CRKN and the potatoes were returned.  This resulted in lost revenue to the growers and a loss of product needed for processing potato chips in South Korea.  Although CRKN is aggressively managed a probability exists that a small percentage of tubers may be lightly infested.  An alternative to re-exportation of potatoes when low amounts of CRKN are detected is to destroy CRKN in infested potato tissues before processing.  Several procedures were tested as destruction protocols for eliminating live CRKN from potato tissues by treating either whole tubers or peels, placing the tissues on a mist chamber, and daily examining any recovered nematodes for viability.  Exposure of CRKN–infested tissues to chlorine in the form of bleach at concentrations up to 25,000 ppm Cl was ineffective.  Boiling potato peels and water associated with peels for five minutes was effective but judged to be unacceptable to the industry.  Heating potato peels and associated water to 60 ºC or above for one minute or longer was found to be an effective destruction protocol.  Submersing whole tubers in water at 80 ºC for a minimum of three minutes before peeling was a reliable destruction protocol that would prevent escape of living CRKN through the peeling process.  Short duration hot water treatments would be an effective method to destroy CRKN during processing.  Temperatures of 50ºC (peels) to 70ºC (tubers) may be effective with longer exposure times but need testing. 


Screening Potato Clones/Varieties for Resistance to Columbia Root-knot Nematode and Corky Ringspot. Columbia root-knot nematodes infect tubers and damage potato quality as described above.  Stubby-root nematodes (Paratrichodorus allius, and some other trichodorid species) vector Tobacco rattle virus (TRV) into potato which causes necrotic arcs, rings, and spots in tubers called corky ringspot disease (CRS).  These symptoms are also considered to be quality defects and can cause crop rejection at very low levels of incidence.  CRKN and CRS are commonly found together in many fields in the western US.  Resistance could be one of the most effective and environmentally friendly strategies for managing these two diseases but most potato cultivars grown commercially are highly susceptible to both CRKN and CRS.  Some varieties and clones being evaluated as potentially new varieties have not been screened for resistance to either CRKN or CRS.  Potato seed from 11 potato clones developed in the USDA-ARS Variety Development Program at Prosser, WA were planted in a field with a history of CRKN and CRS at the Klamath Basin Research and Extension Center in Klamath Falls, OR and compared to commercial varieties Ranger (R) and Russet Burbank (RB).  Five clones had less than 5% of tubers expressing symptoms of CRKN compared to 20% and 55% for R and RB, respectively, and five clones had less than 5% of tubers expressing symptoms of CRS compared to 13% and 14% for R and RB, respectively.  There was very little overlap in resistance to CRKN and CRS and only two clones (PA00N32-4, AOO646-4) had less than 5% CRKN and less than 5% CRS.  


Five commercial varieties (Yukon Gold, Canela, Rio Grande, Russet Nugget, Centennial, Russet Norkotah) were planted in a field with a history of CRKN and CRS in the San Luis Valley of Colorado.  All varieties supported large population increases in CRKN with Russet Nugget having the greatest (200 fold) and Centennial the least (40 fold) increase.  Centennial also had the least tuber damage (40% culls) compared to over 60% to near 90% in all other varieties.  Expression of symptoms of CRS was high (>35%) in Yukon Gold, Canela and RioGrande, and low (<10%) in Centennial, Russet Nugget and Russet Norkoth. 

Objective 4:  Implement rapid information transfer of project results to stakeholders.


Research results were delivered to the potato industry stakeholders in the following oral presentations. Recognizing symptoms of nematode damage – What control options exist?  2009 Intermountain Pest Management Seminar.  Klamath Falls, OR.  February, 2009

A new cyst nematode found in Oregon and Potato Cyst Nematode.  35th Annual Hermiston Farm Fair and Trade Show, Hermiston, OR.  December, 2008

Impact

Columbia root-knot nematode (Meloidogyne chitwoodi, CRKN) is a quarantined pest in many countries and tubers infected with CRKN cannot enter these countries which impacts revenue for US growers and the importing counties needs for potatoes.  The protocol developed would permit importing countries to destroy CRKN in potato tubers before they are used and eliminate the risk of introduction of CRKN into their counties from tuber shipments with trace infection levels.


Damage from Columbia root-knot nematode (CRKN) and corky ringspot (CRS) causes quality defects to tubers that can lead to crop rejection.  Two of the potato clones developed in WA showed promise at being resistant to both of these nematode mediated diseases which could   lead to substantial savings t o growers in reduced nematicide use.  None of the commercial varieties tested in Colorado had any resistance to CKRN.  However three varieties exhibited considerable resistance to CRS and would be good candidates for planting in fields with a history of CRS provided no CRKN is present.

Tennessee, USDA ARS
Pat Donald

Progress
Objective 1: Characterize genetic and biological variation in nematodes relevant to crop production and trade.


Cyst nematode on corn. A field on the KY-TN border has the same nematode as the find in 2006 in western TN. The only known commonality at this point is corn production and application of animal waste. Each of the three known occurrences of the nematode is at least 80 miles apart and no known link between the farms.

Objective 2:  Determine nematode adaptation processes to hosts, agro-ecosystems and environment.


Soybean. Characterization of TN SCN field populations since 2006 have been compared with previous surveys of SCN in 1988 and 1993 and the most striking feature is an increase from 50% to 85% of the populations capable of reproducing on PI 88788. In the previous surveys there was no indication of the numbers of samples collected vs the number they were able to characterize. However, in the present survey, only a small percentage of samples contained or reproduced at a high rate for characterization. Pasteuria nishizawae has been recovered from field soil and a survey is currently underway.

Objective 3: Develop and assess nematode management strategies in agricultural production systems.


Studies include application of poultry litter and date of planting/MG study. In 2008 there was good correlation of NDVI readings with plant height and yield.  No differences in SCN reproduction were observed in tillage or poultry litter rates. The 2009 data is still being processed. We try to communicate to producers that if they wish to continue soybean production over a number of years, they need to look at more than yield. We have included information for producers on the effects of varieties and date of planting on SCN reproduction. Effects of tillage strategies are ongoing. An undescribed bacterial parasite has been detected in this field area.

Objective 4: Implement rapid information transfer of project results to stakeholders.


SCN screening of commercial soybean varieties from our west TN county trials is published to the website below as soon as results are in and prior to meeting with the funding agency.

Impact

Detection of Pasteuria nishizawae in production fields helps explain low SCN egg population density and possibly slow reproductive rates.
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