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Minutes of annual meeting: 

NCERA-200 met October 30-31 in conjunction with the Sixth North Central Virus Conference at Iowa State University, Ames.  The first day was dedicated to a Virus Symposium entitled “Seed Transmitted Viruses in Soybean: Perspectives from Epidemiology, Industry”.  NCERA 200 Vice President, Les Domier, welcomed the group and presented an overview the meeting program.

David Wright, Iowa Soybean Promotion Board and North Central Soybean Research Program, provided perspectives of the soybean industry and commodity boards.  He presented an overview of how the NCSRP distributes research funds.  He indicated that NCSRP distributes 8% of its funds for virus research and 17% for aphid research.  He forecasted that funding for soybean rust will decline and funding will be increased for SCN and SDS.  There is support to increase funding for soybean viruses.   

Sue Tolin, Dept. Plant Pathology, Physiology & Weed Science; Virginia Polytechnic Institute& State University, delivered a presentation entitled “Experiences Testing Seed Transmissibility of SMV and BPMV in Southern Soybean Cultivars”.  She described how Soybean mosaic virus (SMV) continues to be readily seed transmitted and is present in soybean germplasm.  Even so, the incidence of seed coat mottling was not related to seed transmission of SMV.  The incidence and severity of seed coat mottling caused by Bean pod mottle virus (BPMV) was strain-specific and declined when infection occurred at later growth stages.  BPMV had a significant negative effect on seed germination.  Transmission of BPMV through seed was not shown conclusively.

Gary Munkvold, Department of Plant Pathology, Iowa State University discussed “Approaches to Assessing the Risks Associated with Seed-borne Viruses in Soybean”.  He presented an over view of his role in the Seed Science Center and the Center.  He reviewed seed transmission for soybean viruses, focusing on Alfalfa mosaic virus (AMV), BPMV, and SMV.  He stressed the importance of understanding seed-borne viruses as they relate to risk of economic loss, phytosanitary regulations, biosecurity, and liability for seed companies.  He showed that proper vector management can reduce incidence of mottled seed for both infected and noninfected seeds.  Temperature was discussed as a variable important to the presence or absence of SMV seed transmission.  The effect of temperature on SMV seed transmission has potential implications on seed testing and epidemiology of yield-limiting viruses.  The need for embryo-specific detection methods and the need to determine effects of environment and virus genotype on seed transmission frequency were discussed.

Gregory Lamka, Quality Supply Technical Manager; Pioneer Hi-Bred, Johnston, IA, addressed the group on “Industry Practices Concerning Seed Transmitted Viruses in Soybean”.  He noted that the number one complaint from growers is seed appearance.  Seed from virus infected plants can have reduced germination, alterations in oil and protein content, and serve as an inoculum source for coming seasons leading to liability issues.  Seed producers need to conform to phytosanitary restrictions in the international movement of seed.  Because off-season soybean research nurseries are usually located in tropical environment and often use supplemental light, which attracts insects, field plots are frequently sprayed to reduce insect populations.  Similarly in the U.S., breeding populations and small seed lots are rigorously observed and monitored for virus infection.  Pioneer Hi-Bred has a small effort for virus resistance.  More emphasis is placed on vector control by host genetics and insecticides.  Recent changes in management practices, i.e., tillage and planting date, are of concern because of potential alterations in vector-virus relationships.

Anwar Rizvi,  USDA-APHIS-PPQ-PHP; Riverdale, MD, presented a talk entitled “Seed Transmitted Viruses in Soybean: A Regulatory View”.  He described the phytosanitary certification requirements for the movement of seed in and out of the U.S.  Small seed lots (50 seeds or 10 grams per taxon and maximum of 50 packets) do not require phytosanitary certification.  Exempt are genera not listed Federal Seed Act 7 CFR 361.  Larger seed lots are inspected visually for diseases and by x-ray for insects.  No biochemical or molecular tests are in place for viruses.  Region-specific regulations have been implemented for the importation of seed. For example, peanut seeds can not be imported from India because of the prevalence of Peanut stunt virus in India.  New initiatives are under development in consultation with the National Plant Board to revise the list of regulated non-quarantine pests and tolerances.

Kitty F. Cardwell, National Program Leader, Plant Pathology, CSREES, USDA; Washington, DC, described the “Incorporation of Legume Viruses into the 2007 Pest Information Platform for Extension (PIPE).  She demonstrated the National SBR website and described the transition to include the soybean aphid.  She explained how the existing model/system could be modified to add viruses and other pathogens.  Of virus pathogens of soybean, AMV, BPMV, Cucumber mosaic virus (CMV), Soybean dwarf virus (SbDV) and SMV were considered to be the most important and likely would be added to PIPE.  The goal is to establish a baseline of the incidences of the viruses in soybean and Phaseolus beans and other legumes.  Inputs, outputs and potential users were discussed.  Public sector researchers are expected to be major contributors, but industry representatives stressed importance of including the private sector.  Sample management and movement protocols were discussed and are in developmental phases for each target pathogen.

NCERA 200 Business Meeting


Loren Giesler was elected secretary for 2007.

The location, Ames, IA, and dates, October 29 – 30, 2007, were set for the 2007 meeting.

2007 Symposium:  The three officers will constitute a Symposium Committee and elicit potential topics.  

Accomplishments were presented by state and are described below.

Accomplishments: 
During 2006, the NCERA200 project facilitated the collaboration of scientists in the North Central region in the analysis of soybean-virus-vector bilateral and trilateral interactions.  For example, the structure established by NCERA200 allowed M. R. Hajimorad (University of Tennessee) to quickly assemble a large set of AMV isolates that included isolates from Illinois, Indiana, Ohio, Wisconsin, Tennessee and Virginia.  The AMV isolates will be used to test and develop diagnostic reagents that will be used by other scientist in the region.  In addition, the structure afforded by NCERA200 facilitated writing of a grant that was funded by the North Central Soybean Research Program (described below).  As part of the outreach of the project, a symposium on seed transmitted soybean viruses was held in Ames, IA in conjunction with the NCERA200 meeting.  The symposium was attended by researchers, members of commodity boards, representatives of soybean seed companies and soybean producers.
Plans for coming year:
The date and location of the meeting for 2007 have been set. A committee has been formed to select a topic for a soybean virus-related symposium.  Efforts will be made to publicize the symposium among a wider range of potential attendees.  The NCERA200 committee will continue to coordinate research on virus and their vectors in the management in the North Central region.  Where appropriate, the committee will work to develop consistent information sets for distribution through print and electronic media.

Impacts: 
The goals of the project are to (1) enhance interaction among scientists in the North Central region who are engaged in fundamental and applied soybean virus research and (2) establish media for effective dissemination and communication of information about the incidence, identification, and management of soybean virus diseases in the North Central region.  As a result of the collaboration afforded by the NCERA200 project, a three-year grant from the North Central Soybean Research Program entitled “Mitigating the effects of soybean virus disease in the North Central States” was funded.  The investigators on the project are John Hill (Project Manager, Iowa State University), Craig Grau (University of Wisconsin), Reza Hajimorad (University of Tennessee), Said Ghabrial (University of Kentucky), Marie Langham (South Dakota State University), Leslie Domier and Glen Hartman (USDA/ARS/University of Illinois), Peg Redinaugh (USDA/ARS/Ohio State University), and Vern Damsteegt (USDA/ARS/Fort Detrick).  The total budget of the project is $180,000.  The objectives of the grant are to: (1) improve diagnostic capabilities for selected soybean viruses, (2) determine source, movement, and risk of Soybean dwarf virus, and (3) identify sources of tolerance/resistance to important soybean viruses.
The collaborative research that has resulted from the NCERA200 and NCSRP projects has developed information on the incidence and prevalence of soybean-infecting viruses, identified new sources of resistance to virus infection and insect vectors, evaluated management practices for virus vectors and investigated the basic biological interactions of viruses with soybean hosts and insect vectors (see detailed reports below).  In addition to dissemination in scientific publications (listed below), the information has been made available in extension publications and presentations and websites, e.g., the Soybean Plant Health website at the University of Wisconsin (http://www.plantpath.wisc.edu/soyhealth/), the Soybean Diseases website at the University of Illinois (http://cropdisease.cropsci.uiuc.edu/soybeans/index.html), and the Soybean Extension and Research Program website at Iowa State University (http://extension.agron.iastate.edu/soybean/index.html).  In addition, information on the susceptibility of commercial soybean cultivars to soybean aphids, SMV, and green stem disease are made available to soybean growers on the Varietal Information Program for Soybeans (VIPS) website (http://www.vipsoybeans.org).  All of the websites are frequently accessed.  The VIPS website alone receives over one million hits per year.  These media allow the timely dissemination of research results to clientele, which allow them to make informed decisions on cultivar selection and appropriate management practices, including information on the effectiveness of insecticidal treatments for the management of virus diseases.  
Publications: 
Hajimorad, M.R., Eggenberger, A.L., and Hill, J.H. 2006. Strain-specific P3 of Soybean mosaic virus elicits Rsv1-mediated extreme resistance, but absence of P3 elicitor function alone is insufficient for virulence on Rsv1-genotype soybean. Virology 345:156-166.
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NCSP Project accomplishments:
Objective 1. Improve diagnostic capabilities for selected soybean viruses

Tennessee – The groundwork to proceed with this objective has been established.  A full-time post-graduate student was recruited and assigned to the project. A permit was obtained from USDA-APHIS in order to bring AMV strains from different soybean growing areas of the US as well as five strains from ATCC (American Type Culture Collection) to the University of Tennessee. A total of 30 AMV isolates have been obtained from soybean, tobacco, potato, alfalfa and clover representing Australia, IL, IN, KY, OH, NY, TN, VA, and WI. These isolates were provided by soybean researchers active in the field as well as ATCC.  The collection will play a critical role in development and validation a reliable diagnostic assay. Furthermore, these strains will be utilized for screening for the source of resistance against AMV in soybean. Utilizing this collection, the soybean line PI 153.282 (obtained from Dr. C. Grau), with high level of resistance against some of the strains of AMV, is susceptible to a number of the strains in this collection.  A few of these isolates have been biologically purified through local lesion transfers and are being characterized. This practice will be extended to all the strains in our collection. The collection will be instrumental in defining variability of AMV in soybean.
A total of 95 polyclonal antisera against five strains of AMV were transferred from Adelaide University, Australia to the University of Tennessee.  The Tennessee PI raised these antisera against different antigenic preparations of AMV strains a number of years ago.  The homologous strains to these antisera have been obtained from ATCC and are being recovered from the dried tissues. These viruses will be propagated and purified to use them in various immunoassay formats in order to find out which antiserum or combination of antisera offer the highest level of sensitivity. Each of these antisera is limited in amount. Once the most suitable immunogen and assay format is identified, large-scale production of antiserum will be initiated. Antisera will also be raised against coat protein of each of these strains. This collection of the antisera will be instrumental in defining the most appropriate AMV antigen for generation of high quantity antisera against the virus.  
In order to provide a diagnostic assay for AMV to researchers working on AMV in the 2006 growing season, we optimized a protocol by utilizing one of these antisera.  The assay reliably detects AMV in soybean infected tissues. The antiserum and the protocol were provided to soybean researchers in Wisconsin, South Dakota and Mississippi. We consider this a temporary measure as this particular antiserum is limited in quantity.

Objective 2. Determine, source, movement, and risk of Soybean Dwarf virus-
Illinois - Buckthorn as an overwintering host for AMV, SbDV, and SMV.  The potential of buckthorn to serve as a host for SbDV was evaluated by infesting seedlings of Rhamnus cathartica, common buckthorn (provided by Dr. Ryan Stewart, Department of Natural Resources and Environmental Sciences, University of Illinois), with clover aphids (Nearctaphis bakeri) viruliferous for SbDV.  In addition, buckthorn seedlings were mechanically inoculated with AMV and two strains of SMV.  One month after inoculations, plants were assayed for virus infection by ELISA or PCR.  No virus infections were detected.  Seedlings were reinoculated with SbDV using viruliferous clover aphids and retested for SbDV infection after an additional month.  Again, no SbDV infections were detected.  Finally, inoculated seedlings were pruned to promote new growth and the resulting young leaves were tested for SbDV.  No SbDV infections were detected.
Detection of SbDV in ethanol preserved aphids and soybean seed.  The possibility of detecting SbDV in soybean aphids by fluorescent RT-PCR following storage in propylene glycol and ethanol (the method used to archive aphids collected by the North Central Regional Soybean Aphid Suction Trap Network) was evaluated.  The method detected SbDV in one viruliferous aphid mixed with 100 non-viruliferous aphids after treatment with propylene glycol and storage for several weeks in 70% ethanol.  
One of the limitations in determining the incidence of SbDV in soybean fields has been the necessity to sample green plants during the growing season.  To determine whether it is possible to detect SbDV in archived soybean seed to estimate SbDV incidences in previous growing seasons, we tested the ability of the fluorescent RT-PCR assay to detect SbDV in soybean seed.  Using this method, SbDV was detected in year-old mature soybean seed harvested from SbDV-infected plants.
Suitability of red clover as an overwintering host for Aphis glycines.  In Japan, the principle vector of SbDV, the foxglove aphid (Aulacorthum solani), overwinters on SbDV-infected clovers and transmits the virus to soybean each spring.  To investigate the potential of soybean aphids to overwinter on red clover, gynoparae and oviparous nymphs were collected from buckthorn (Rhamnus cathartica) and transferred to caged red clover plants maintained for single choice experiments.  Within 48 hr, most of the gynoparae and nymphs had walked off the clover plants.  The gynoparae did not produce additional nymphs on red clover.  These results suggest that red clover will not be a suitable overwintering host for soybean aphids. 
Transmission tests (Damsteegt) - Both yellow and dwarfing isolates are common in Maryland clover in the spring.  Forty-eight to 72 hr acquisition access times and 96 hr inoculation access times by A. glycines are necessary for consistent transmission.  Repetitive transmission from clover to soybean is consistent; repetitive transmission from soybean to soybean is not consistent.  A. glycines may transmit asymptomatic yellows isolates but not symptomatic dwarfing-like isolates.  
Iowa - Preliminary results from survey of red clover in Iowa show 20 of 33 ELISA positive samples for soybean dwarf virus.  Confirmation of these results is pending.  

Ohio - Forages and soybeans were sampled in five Ohio counties in 2005 to be tested for virus infections.  Red clover, white clover and alfalfa were sampled from forage fields in Shelby, Putnam, Knox, Wayne, and Trumbull counties.  Soybean fields located within 1 km east of each forage field were also sampled.  Fifteen samples were collected from five forage in July and five soybean fields in August (3 weeks after soybean aphid alates were found) in each county.  RNA was isolated from all samples and tested for the presence of Soybean dwarf virus (SbDV) using RT-PCR.  SbDV was detected in 22 of the forage samples and none of the soybean samples.  The positive samples were found in all counties except Shelby.  SbDV cannot currently be mechanically transmitted to soybeans.  In our laboratory, we routinely use vascular puncture inoculation (VPI) to inoculate obligately insect vectored viruses to maize.  In VPI, small vibrating pins are used to drive inoculum into germinating maize kernels causing some of the seedlings to become infected.  To determine whether this technique might be useful for transmission of soybean viruses, we examined conditions for transmission of  SMV to soybeans.  From 50-90% of soybean seedlings became infected with SMV after VPI, depending on the trial and conditions.  Optimized conditions for SMV transmission were identified.  In a preliminary experiment, similar rates of BPMV transmission were obtained.  These results indicate that transmission of viruses to soybean by VPI is relatively efficient.
Objective 3. Identify sources of tolerance/resistance to important soybean viruses

Iowa - Experiments are focused on development of management strategies for soybean viruses.  These include identification of tolerance/resistance.  For BPMV studies have focused on management of BPMV and SMV, primarily through attempts to manage the vector.  For BPMV, studies have included use of Warrior foliar sprays and seed treatments (Cruiser).  In summary, insecticide applications will suppress insect vector populations but will not consistently suppress disease caused by the virus.  Similarly, studies in cooperation with personnel at the University of Wisconsin have demonstrated that foliar sprays using Warrior will suppress soybean aphid populations but not reduce SMV.  Data suggest that introduction of the soybean aphid may be of limited significance for SMV epidemics.  Iowa has concluded that for both BPMV and SMV, vector management will not consistently control virus disease.  The best management option(s) will be field tolerance/resistance to the viruses.
Cooperative studies with University of Wisconsin have demonstrated field tolerance to BPMV and SMV.  Using criteria of seed coat mottling and measurement of relative virus antigen in seed harvested from field plots, three soybean lines (PI 561353, M90-18411, PI 507353) were identified as field tolerant to SMV and BPMV, eight (MN 1301, M92-160047, M91-113037, PI 423826A, A99-216031, NE 3001, U96-2408, Colfax) were identified as tolerant to SMV and not BPMV, four (PI 184042, M93-326056, M95-255017, Spansoy 201)  were identified as tolerant to BPMV but not SMV, and 20 were identified as sensitive to both BPMV and SMV. 
Since Iowa believes resistance/tolerance is the best option and it has been difficult to find for BPMV and AMV, Iowa places renewed emphasis on alternative approaches.   Iowa’s focus is on three areas including (1) what do soybean resistance genes recognize, (2) how do soybean genes respond to infection, and (3) how do we find new resistance genes?  (1)  What do soybean resistance genes recognize?  Studies focus on identification of avirulence determinants in SMV that recognize the resistance genes Rsv1 and Rsv3.  Rsv1 confers extreme resistance against SMV strains G1 – G6 but not strain G7.  Rsv3 confers resistance against G5 – G7 but not against strains G1 – G4.  Resistance conferred by Rsv1 is characterized as extreme resistance (ER) but resistance conferred by Rsv3 is characterized by limited apparent replication at the infection focus.  For both Rsv1 and Rsv3, the avirulence determinants have been identified on the virus as HC-Pro and P3 (Rsv1) and CI (Rsv3).  (2)  How to soybean genes respond to infection? A strain of SMV resistant to both Rsv1 and Rsv3 has been engineered for studies to identify those genes whose response is altered by SMV infection.  Infected plants are extracted for analysis by microarray technology.  (3) How do we find new resistance genes?  Virus induced gene silencing (VIGS) is being used to identify sequences potentially involved in basal defense against viral pathogens.  In preliminary studies, at least one apparent NBS-LRR (nucleotide binding site-leucine rich repeat) type R (resistance) gene has been identified.
Ohio - The long-term objective of the Ohio State program is to identify and characterize soybean germplasm with high levels of partial resistance to BPMV.  More than 600 soybean accessions grown were evaluated in greenhouse and  22 lines with low symptoms (<2.0) were advanced to the field in 2006 for evaluation of inoculated and un-inoculated plants for visual symptoms, seed coat mottling, yield and other related traits. Virus titers on leaf samples of the inoculated plants will be assessed using quantitative ELISA and RT-PCR. From this series of experiments, we expect to identify soybean lines with high levels of partial resistance that would be useful in developing soybean cultivars with field tolerance to BPMV. 
Wisconsin - Studies were continued to characterize sources of resistance to AMV.  Cooperative studies with Brian Diers, University of Illinois, suggest that PI 153287 is resistant to AMV and resistance is conferred by a single dominant gene.  This conclusion is based on one major QTL that explains 87% of the variation for this trait and phenotypic evaluation of F2 and F3 populations derived from a cross between NK S-1990 (susceptible) and PI 153287.  The cultivar Hood (PI 548980) expresses complete resistance (ELISA negative) to two isolates of AMV.  Complete resistance to AMV was also detected in Hood 75 (PI 559371), Ivai (PI 628859), Uniao (PI 628898), Prata (PI 628884), Primavera (PI 628867), Perola (PI 628882) and Pampeira (PI 628878).  Hood and Planalto (PI 628883) expressed resistance to AMV-C, but not to AMV-20.  BR-2 (PI 628799) expressed resistance to AMV-20, but not to AMV-C.  Eight accessions, including Davis (PI 553046) expressed susceptibility to both AMV-C and AMV-20 even though Hood was a common parent to each.  Brian Diers has crossed Hood and Perola with Dwight to initiate studies on the characterization of AMV resistance conferred by these cultivars.

The search continues for tolerance (partial resistance) to AMV.  The breeding lines SD97-230 and SD97-456, and the cultivar IA 2041 have expressed degrees of tolerance based on symptom severity compared to Colfax, a standard susceptible check cultivar.  However, these accessions have not expressed degrees of tolerance on a consistent basis.
An antiserum provided by Raza Hajimorad, University of Tennessee (see Objective 1), was superior to an AMV kit available from commercial sources.  Quality of antiserum may be a partial explanation for the inability to detect AMV after growth stage R5 in previous field trials.

Complete resistance to BPMV has not been observed among 400 accessions after 5 years of greenhouse trials.  Spansoy 201, M90-184111 and PI 184042 expressed degrees of tolerance, based on incidence of mottled seed, in greenhouse and field environments (collaboration with J.H. Hill, Iowa State University).  Three of the 16 breeding lines, derived from crosses of Dwight x PI 567323A and Dwight x PI 567479, expressed low incidences of seed with mottled seed coats.  Seed from greenhouse trial will be evaluated for virus titer and superior breeding lines will be advanced to field trials in 2007.

Kentucky – Several transgenic soybean lines have been generated from somatic embryos of soybean transformed with the capsid polyprotein gene of BPMV.  Of these, the progenies of five homozygous transgenic lines showed extreme resistance to all known strains of BPMV when tested under greenhouse conditions. During the 2005 and 2006 seasons, the performance of two transgenic lines (#126-3 and #126-4) was tested under field conditions in two locations in Kentucky. The results showed that the resistance was durable under field conditions even though BPMV virus source and beetle vectors were abundant in the field.

Illinois - Evaluation of soybean lines submitted to VIPS for resistance to SMV.  A total of 382 commercial cultivars were inoculated with SMV G1.  After two weeks, plants were tested for SMV infection by tissue blot assay.  Five of the lines were resistant to SMV G1 and three appeared to be mixtures of resistant and susceptible plants Hence, only about 2% of commercial soybean lines have resistance to SMV G1 (http://web.aces.uiuc.edu/VIPS).
Genetics of resistance to TSV and of SMV seed transmission.  Resistance to TSV has been identified in the soybean line Tanner.  The genetics of resistance was analyzed in crosses of Tanner, with Jackson, Mammoth, and Tokyo.  In the cross between Tanner and Jackson resistance segregated as a single dominant gene.  In crosses of Tanner with Mammoth and Tokyo, resistance segregated as if Mammoth and Tokyo were heterozygous for resistance to TSV.  The genetics of SMV seed transmission was evaluated in crosses of PI88799 with PI548391 and PI60279. In the cross between PI88799 and PI60279, SMV seed transmission segregation was consistent with a two recessive gene model.  In the cross between PI88799 and PI548391, SMV seed transmission appeared to be polygenic.

Additional results relevant to understanding the virus situation in the North Central States:

Iowa – In 2006, BPMV incidence was as high as the peak year of 2002.  Bean leaf beetle populations were very high and numerous fields with 80 – 100% incidence were probable, particularly south of Highway US 20.  This is expected to significantly impact seed quality.  A new naturally occurring host plant for BPMV, Desmodium illinoense, was discovered.  It was infected with a previously unreported strain of BPMV which is being characterized.  Preference of 18 field-collected perennial plant species for the bean leaf beetle was tested in no-choice assays for herbivory relative to soybean.  Relative to soybean, new food hosts for bean leaf beetle include Lespadeza capitata, Lotus corniculatus, Trifolium alexandrinum, T. ambiguum, T. incarnatum, and T. repense.  The known naturally-occurring host range of BPMV appears to overlap rather poorly with that of the bean leaf beetle.   
A survey has been conducted for SMV and BPMV in 2005 and 2006.  Results for BPMV in 2005 showed that BPMV was detected in 42 of 99 counties.  Three counties were not sampled.  Results for SMV and for BPMV and SMV in 2006 are pending. 
Wisconsin - Population density of bean leaf beetles and incidence of BPMV were low for the fourth consecutive year.  The activity of the soybean aphid, based on plant colonization, was low except for localized areas. AMV, BPMV, and SMV were detected in commercial soybean fields and experimental plots.  Symptoms caused by AMV were observed by growth stage V3 in plantings derived from commercial seed and experimental lines.  Early symptoms of AMV suggest that symptomatic plants were the result of seed transmission.  Yield loss caused by viruses was perceived as low statewide.
Illinois - Virus incidence.  In 2006, soybean leaf samples were collected from five counties in northern Illinois where incidences of AMV and SbDV were expected to be high because of historically high soybean aphid populations.  For each county, 30 samples were collected from 10 fields for a total of 1500 samples.  In addition, 10 randomly selected leaves and 10 leaves with virus-like symptoms were sampled by scouts from 30 soybean rust sentinel plots in Illinois.  The leaves were combined in pools of about 100 leaves and analyzed for AMV, SbDV, SMV, TRSV and TSV infections by fluorescent RT-PCR.  Individual samples of virus-like symptom plants from sentinel plots are being analyzed for AMV, BPMV, TRSV, and TSV by ELISA using Agdia antibodies.  
Strong signals for AMV were detected in one randomly collected sample from Stephenson County and in symptomatic plants from Jo Daviess County.  Two additional samples from Winnebago County had weak, but statistically positive, signals for AMV using two different primer-probe combinations.  SbDV was detected in Carroll, Jo Daviess (two samples), and Ogle counties in northern Illinois and in one sample containing leaves from five sentinel plots.  SbDV also was detected in soybean leaves collected in Stephenson County in 2005.  The maximum likelihood estimate of the incidences of AMV and SbDV infections were at least 0.22% and 0.31%, respectively, in randomly collected samples from Northern Illinois when adjusted for the number of leaves in each sample.  TRSV was detected in one sentinel plot sample.  Neither SMV nor TSV were detected in the samples analyzed.  
A subset of the samples with virus-like symptoms from nine sentinel plots have been tested for virus infection by ELISA.  To date, five of nine plots have had BPMV-infected plants, and one of nine had TRSV-infected plants, which was consistent with the PCR results.  AMV and TSV were not detected in these nine plots.
Soybean aphid resistance was controlled by single, dominant genes in the ancestral cultivars Dowling and Jackson, and mapped to Linkage Group M in the soybean genetic map.  The gene in Dowling was named Rag1.  Although the gene in Jackson mapped close to the gene in Dowling, it remains unnamed until genetic allelism tests are completed. The University of Illinois Office of Technology Management filed domestic and international patent applications that protect the technology used to identify plants with Rag1 with flanking SSR markers.
Using marker-assisted selection, Brian Diers developed advanced back cross lines with Rag1 that were field tested in several North Central states and Canada this past season.  Rag1 resistance appeared to be effective where soybean aphid pressure was high enough to detect differences between resistant lines and susceptible checks.
Green stem disorder.  A four-year study of green stem disorder incidence in commercial and pre-commercial soybean cultivars at three Illinois locations indicated that differences in incidence among cultivars was consistent across location and years suggesting that sensitivity to green stem disorder is heritable.  Information collected on green stem disorder incidence at several Illinois locations each year is presented at http://web.aces.uiuc.edu/VIPS. Soybean growers can use the information to select soybean cultivars that are insensitive to the disorder.

A three-year study was conducted in Urbana, Illinois to determine the effects of fungicide application and stink bug feeding on green stem disorder incidence in a sensitive and an insensitive cultivar inside net cages compared with a caged control and an un-caged control.  There was a significant year x treatment x cultivar interaction (P = 0.01); however, the overall greatest effect on incidence was fungicide application applied to the sensitive cultivar.  Fungicide application significantly increased incidence in the insensitive cultivar during only one year, but the level was still significantly less than the sensitive cultivar.  Stink bug feeding significantly increased incidence in the sensitive cultivar during only one year; however, its effect was significantly less than the effect of fungicide application on the sensitive cultivar during that year.  The sensitive cultivar consistently had a higher incidence than the insensitive cultivar. 

Ohio - BPMV is a problem for production of high quality food-grade and grain type soybeans in the North Central U.S.   

Kentucky - Bean pod mottle virus (BPMV) continues to be the major virus infecting soybeans in Kentucky. Essentially all soybean samples showing virus-like symptoms, which were submitted to the University of Kentucky Diagnostic Laboratory, were infected with BPMV.  One soybean sample was infected with tobacco ringspot virus. Soybean aphid populations were very low in KY in 2006. KY joined other states to add soybean aphid to the soybean rust sentinel system. The University of Kentucky -Integrated Pest Management (UK-IPM) program has also joined in the regional effort to monitor and explore the flight biology of the soybean aphid. An aphid suction trap, located at the UK-Research and Education Center in Princeton, KY has been set up and is functioning. No samples from the 16 sentinel plots contained soybean aphids, nor were any soybean aphids captured in the aphid suction trap in Princeton, KY. With this in mind, the planned assaying for SbDV in aphids and soybean was not conducted in 2006 and will be carried during the 2007 season.
Two Desmodium spp. (D. cuspidatum and D. perplexum), known to be native to southeastern and north central states have been shown to be susceptible to BPMV. Beetle transmission assays showed that BPMV was transmitted from soybean to Desmodium spp. as well as from infected Desmodium spp, to healthy soybean plants and healthy Desmodium plants.  Results from small-scale field plot experiments were consistent with the laboratory experiments, but the efficiency of BPMV transmission from infected Desmodium to soybean was very low (mainly due to the low beetle population at the experimental site). These field plot experiments will be repeated in 2007 in more than one site.

North Dakota - There are no ongoing soybean virus research programs in North Dakota at this time.  A virus survey of 65 fields was conducted in 2006 in Cass and Richland counties, the ND two counties with the most soybean acreage and where there were reports of soybean aphid and beetles.  Leaves were collected and sap was extracted from leaves and tested for SMV and BPMV using Agdia ELISA kits.  Also, reports from food bean producers have not indicated any problems with mottled seed that might be evidence of BPMV.  Furthermore, the plant diagnostic laboratory under the direction of Kasia Kinzer has not identified any soybean viruses this year.  NDSU collaborated with Kansas State University in a program to collect soybean leaves from the soybean rust sentinel plots and test them for SMV and BPMV. The results of those tests are not yet available. The North Dakota sentinel plot system is coordinated by Carl Bradley.  This was the worst year on record for insect problems in soybean. The soybean aphid was in high numbers especially in the Red River Valley and about 60% of North Dakota soybean fields were sprayed for aphid. In the Valley, it was almost 100 % of the fields sprayed. There was also considerable damage from spider mites later in the season and some sprays were targeted at mites. We have also noticed an increase in bean leaf beetle activity in the Valley, especially in the southern areas of Richland County.  There has not been a confirmed virus on soybean in ND to date, although it is likely that both viruses are present.  However, with the increase in bean leaf beetle activity and soybean aphid populations, our chances of detecting BPMV and SMV in the near future are increasing. 

Kansas – A new virologist may be interested in soybean virology.  Kansas State virus survey shows low incidence of AMV, SMV, and TSRV, but 5% BPMV.

Ontario/Quebec - The Ontario soybean virus survey of commercial fields conducted in cooperation with Agriculture and Agri-Food Canada (AAFC) and Ontario Ministry Agriculture and Food (OMAF) researchers continued in 2006. Sixty commercial fields were sampled and tested, using DAS-ELISA (Agdia Inc.), for the presence of AMV, BPMV, SbDV, SMV, and TRSV. Thirty six fields were found positive for BPMV, two for SbDV, one for SMV and one for TRSV.  These results will be retested by RT-PCR.  Almost all fields were found infested with bean leaf beetles.  Forty nine soybean nursery samples, representing different soybean lines, were tested for AMV, BPMV, SbDV, SMV, and TRSV. Eleven were found positive for BPMV and thirteen for SMV.  Sixty soybean nursery samples, representing soybean lines that were increased in South America, were tested for AMV, BPMV, SbDV, SMV, and TRSV. Eight were found positive for BPMV and four for SMV. Some of the original seeds from the increase from South America will be tested in the near future.
A  SEQ CHAPTER \h \r 1soybean virus survey was conducted in Quebec for the fifth year in co-operation with the Centre de recherche sur les grains inc. (CÉROM) and Envirotron (Laval University). Ninety one soybean samples from commercial fields in the Montreal-Quebec area were collected in early August and sixty four in late August and analyzed by DAS-ELISA (Agdia Inc.) for the presence of AMV, BPMV, SMV, and TRSV. In early August two samples were found infected with AMV and two with TRSV. In late August only one sample was found to be infected with TRSV.  However, a re-test of all positives confirmed only the presence of AMV.  The AMV positive samples will be tested using RT-PCR.
A survey of soybean viruses in weed populations found in two shelterbelts continued in 2006 as part of the project ‘Agroforestry in Agricultural Production Systems (AAPS)’ which is part of the national shelterbelt/biodiversity initiative. The purpose of this survey is to determine potential overwintering sites of soybean viruses.  Thirteen annual and perennial plants, including soybean, collected from the shelterbelt at the first site (sandy-loam soil), were tested for the presence of AMV, BPMV, SbDV, SMV, and TRSV.  Six samples tested positive for AMV,ten for SbDV, six for SMV, and two for TRSV.  Twenty nine annual and perennial plants, including soybean, collected from the shelterbelt at the second site (clay soil) were tested for the presence of AMV, BPMV, SbDV, SMV, and TRSV.  Two samples tested positive for AMV, three for SbDV, and one for SMV.  The positive samples found in both shelterbelts will be tested for AMV, BPMV, SbDV, and SMV using RT-PCR.  Nucleic acid hybridization analyses will be performed by Said Gabrial, University of Kentucky, on BPMV-positive soybean samples collected during the 2006 Ontario soybean virus survey to characterize the BPMV strain(s).
