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Accomplishments: Plant-parasitic nematodes (PPNs) continue to be a major constraint to crop production in the north-central region and beyond. The NC1197 multistate group is assessing strategies for the control of PPNs. Special attention is given to plant-parasitic nematodes of corn and soybean.

Objective 1. Develop, evaluate, improve, and integrate management techniques for plant-parasitic nematodes in the north-central region to increase grower profitability.
A. Evaluate interactions of plant-parasitic nematodes with germplasm of economically important plants.
B. Assess intraspecific variability in nematode virulence and pathogenicity.
C. Evaluate new commercial products and innovative strategies for the control of SCN, root-lesion and other plant-parasitic nematodes.
D. Develop innovative methods to detect and quantify plant-parasitic nematodes

Participants in Illinois, Iowa, Kansas, Minnesota, and North Dakota screened soybean lines for resistance to soybean cyst nematode. In Kansas, 220 advanced breeding soybean lines were screened against SCN resistance in 2020. 87% of the early maturing and 27% of the late maturing were rated resistant or moderately resistant to HG Type 7 SCN screening population while only 26 and 27% of the early and late maturing lines, respectively, were rated resistant or moderately resistant to SCN. They also performed alfalfa cyst nematode trial and found no differences among varieties. They performed root invasion of male and female alfalfa cyst nematode on several hosts and found hairy vetch in addition to alfalfa allowed higher number of males and cyst development. In Minnesota, they evaluated 36 private and public soybean lines against SCN HG type 7 in the greenhouse and all were resistant or moderately resistant to the HG type 7. They also evaluated 13 soybean varieties with Peking as the source of resistance and 10 were resistant or moderately resistant to HG type 2.5.7.  They are a screening Pennycress germplasm against SCN HG type 7. A longer-term study on intraspecific variability in nematode virulence and pathogenicity is still on-going. In Iowa, 207 SCN commercial resistant varieties were evaluated under naturally SCN infested fields. The majority of the varieties had PI88788 resistance while only 16 had Peking resistance. Varieties with Peking resistance had the lowest end of season SCN population densities for all the locations tested. 

In Illinois, interaction of plant-parasitic nematodes with perennial Glycine spp was investigated. They found that both Meloidogyne incognita (root-knot), and Rotylenchulus reniformis (reniform nematode have both shared and unique interactions along the susceptibility continuum compared with SCN. In some cases, resistance was superior to that found in resistant soybean. No resistance was found to P. penetrans in any perennial Glycine accession. 

Participants in North Dakota, Indiana, Kentucky, and Wisconsin performed plant parasitic nematode surveys. North Dakota and Indiana screened for SCN populations for HG types. In North Dakota, out of 73 SCN populations screened, HG type 0 was the most common (36%) followed by HG type 7 (27%) and 2.5.7 (19%). In Indiana, a survey to determine occurrence of HG types in the state was carried out. They report 100% of the 124 soil samples were positive for SCN. HG typing is still on-going.  In Kentucky, surveys for plant parasitic nematodes were performed in soybeans and corn. They found SCN prevalence of 75%. Other plant parasitic nematodes found were dagger nematodes (7% of the fields), 27% of the fields were infested with lance nematodes, 33% were infested with lesion nematodes, 98% were infested with spiral nematodes and 2% were infested with stunt nematodes.  In Wisconsin, 57% of the 629 farms tested in 2019-2020  survey were positive for SCN compared to 17% of the 447 farms tested during the first survey 20 years ago (1989-99). In South Dakota, 35% of the samples tested were SCN positive fields in 2020 (n=310)
. 
In North Dakota, two experiments to evaluate resistance levels of soybean varieties against new species of root lesion nematode (Pratylenchus dakotaensis). The combined results of all the trials indicated that seven of the cultivars were moderately resistant, nine of the cultivars and the local cultivar Barnes were moderately susceptible, and four of the cultivars were susceptible. However, none of the cultivars evaluated were classified as resistant. 

In Michigan, parasitic variability (PV) for northern root knot nematode was studied with particular emphasis on how presence or absence of the nematode relates to mineral and muck soils and soil food web (SFW) conditions. This study for the first time established that Meloidogyne hapla was present in disturbed and degraded conditions in both soil groups. On-going are analyses to establish the relationship between PV and SFW and soil biophysicochemical conditions.

Participants from Iowa, Missouri, South Dakota, North Dakota, Illinois, Minnesota, Kansas, Kentucky performed nematode protectant seed treatment studies. In Missouri, multiple nematode-protectant seed treatment products were evaluated as part of multi-state trial. At present, approximately 30 site-years of data have been collected across 12 states and 1 Canadian province. In Iowa, 27 field experiments to study nematode-protectant seed treatments on soybean yields and SCN population were done. The 2020 experiments showed variable effect on yield by Aveo, Trunemco and Saltro but no significant effect on SCN reproduction factor. In Kentucky, no differences were observed between nematicide seed treatments compared to the base treatment. In Illinois, Poncho Votivo and iLeVo (fluopyram) were evaluated on corn nematodes and they found the treatments reduced lesion nematode populations during early corn growth. Total plant-parasitic nematode numbers were not affected and we observed no change in yield. In North Dakota, new nematicide Vydate was tested against stubby root nematode, the vectors of the Tobacco rattle virus in potatoes and found Vydate showed significant reduction in the virus incidence and severity. In Minnesota, 7 experimental nematicide seed treatments were evaluated for SCN management in soybeans.

Participants from North Dakota and Wisconsin participated in developing innovative methods to detect and quantify plant parasitic nematodes. A rapid and accurate PCR-based method was developed for detecting and identifying a new species of root-lesion nematode (Pratylenchus dakotaensis) recently discovered in a soybean field in North Dakota. In Wisconsin, they developed a molecular identification PCR protocol for Pratylenchus spp differentiation. 

Objective 2. Determine interactions of nematodes with other pests and pathogens and the impact of nematodes on plant and soil health.

[bookmark: _Hlk80630446]North Dakota, Minnesota, Michigan, and Wisconsin participated in this objective. A micro-plot study was conducted to evaluate the effects of Pratylenchus penetrans and Fusarium oxysporum on growth and yield of ‘Red Norland’ potato in North Dakota. Their research demonstrated the potential damage by the presence of both pathogens. In Minnesota, a simulated cold environment in growth chamber and freezer was used to study whether any life stage of SCN in pennycress roots can survive at low temperature and frozen conditions. Experiments were initiated at one field site in 2019, and another field site in 2020 to study effect of planting dates of oilseed cover crop pennycress on the SCN population densities in Corn-Pennycress/Soybean-Corn production systems. In Michigan, they are applying the SFW model to assess the effect of land use and cropping systems on soil health outcomes and using the Fertilizer Use Efficiency (FUE) model to assess the potential sustainability of the outcomes. In Wisconsin, a study to determine damage function for soybean yield loss due to Pratylenchus penetrans (Pp) was carried out. They quantified the impact of Pp to the early growth and yield of soybean in field and greenhouse conditions. They have also made the first attempt to estimate yield loss caused Prateylenchus spp in soybeans based on counts in soil samples and also greenhouse relative yield loss caused by Pp. They estimated yield loss to be 0.77% across Wisconsin in 2020. 

Objective 3. Develop and disseminate research-based information on the biology and management of plant-parasitic nematodes of economically important crops in the NCR.

Iowa, South Dakota, Illinois, Wisconsin, North Dakota, Kansas, Indiana, Missouri, and Kentucky are participating in the 2nd SCN coalition. The 2nd coalition is sponsored by USB, NCSRP and several private Ag industries. The goal of the 2nd coalition is to encourage soybean growers to test their soils so they can know the SCN population in their soils and also to rotate PI88788 SCN resistance with other sources of resistance. In several participating states, testing for SCN is free for soybean producers, courtesy of the checkoff dollars from the respective states. In Kansas, information on level of resistance in commercial soybean cultivars is published annually at http://www.agronomy.k-state.edu/services/crop-performance-tests/soybean/. The results obtained from this project have been used in classroom training for crop diseases and for training of certified crop advisors. For Minnesota, the SCN research data were used in SCN extension activities at the 2021 University of Minnesota Southern Research and Outreach Center Agronomy Field Day (virtual). Also the 2020 SCN variety test data were published in "2020 Soybean Field Crop Trials Results". In Missouri, a SCN webinar series was put on by the University of Missouri and the University of Kentucky over 3, one-hour sessions covering SCN basics, genetics, and management during the 2020 winter period. In Iowa, a list of 849 soybean varieties resistant to SCN for 2020 was compiled and made available on the internet. 

In Illinois, Dr. Schroeder is currently digitizing the electron micrograph collection of Dr. Burt Endo (USDA). These data comprise approximately 40,000 individual images. His team has scanned approximately 15,000 of these and annotated approximately 1,000.  Annotated images are uploaded to the open access IL Data Bank https://databank.illinois.edu/.

All states in the group have given extension talks and published extension articles recommending management practices for plant parasitic nematodes as indicated in the publication list below.

Outputs: 

Thirty one peer reviewed publications, 21 Extension articles, and one book chapter published on the biology and management of PPNs.

Impact Statements
· Surveys of SCN field populations for virulence to sources of resistance were conducted.
1. Over 500 soybean varieties and lines were tested for resistance to the soybean cyst nematode (SCN). Information on resistance levels of commercial soybean cultivars populations of SCN provides growers with information necessary to increase profitability of soybean production in SCN-infested environments.
· Nine different seed-treatments with putative protective effects against PPNs were evaluated in field, greenhouse, and microplot trials.
· Experiments evaluated cover crops for the control of and potential host status for PPNs.
· New molecular techniques leading to easier diagnosis of PPNs were developed. New molecular detection and identification methods provide rapid and sensitive diagnostic methods, improve nematode detection efficiency, and are essential for nematode management.
1. Characterization of SCN virulence patterns and results of research on resistance-based management practices and durability of resistance sources is being used to improve management recommendations.
1. Knowledge of the prevalence of SCN and HG Types is guiding soybean breeding efforts and providing soybean producers with information vital to variety selection.
1. Information on the distribution and host range of plant parasitic nematodes species will be used to improve recommendations for reducing nematode losses various crops through crop rotation and cover crop selection.
1. Current information on the efficacy of nematode-protectant seed treatment products is being disseminated at grower meetings and field days to improve knowledge-based management decisions.
1. A damage function representing the relationship between soybean yield loss and initial population densities of P. penetrans was developed for Wisconsin.
1. Information on pennycress as a host of SCN has been provided to producers when using this crop as a cover crop in SCN infested fields. 
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