Activities: 

The following are a compilation of research carried out by participating institutions/states since the last meeting for each of the 3 major objectives:

NC-1035 Annual Report 2010 

Practical Management of SCN and Other Nematodes of Regional Importance: With Special Reference to Invasive Biology

Terry Niblack, Department of Crop Sciences, University of Illinois

Objective 1: Develop, evaluate, improve and integrate management techniques for soybean cyst nematode in the NCR to increase grower profitability.

-  Evaluation of SCN-resistant soybean lines and cultivars

During 2009, we assessed over 500 soybean cultivars labeled SCN-resistant in collaboration with Jason Bond at Southern Illinois University, and Ralph Esgar and Emerson Nafziger at the University of Illinois. Trials were conducted in two greenhouse locations and in 13 field locations around the state.  The number of cultivars at each location was determined by maturity group and varied from ca 130 to 180.  Each location was infested with SCN; the egg count and HG Type of the site was determined from soil samples taken at planting.  The yields were published online at http://vt.cropsci.uiuc.edu/soybean.html.

Each cultivar was challenged with four different SCN isolates, UIUC0 (SCN Type 0), SIU0 (SCN Type 0), UIUC257 (SCN Type 2), and SIU257 (SCN Type 2) and rated according to female index (FI) as follows: FI<10 = resistant (R); FI 10-29 = moderately resistant (MR); FI 30-59 = moderately susceptible (MS); FI 60+ = susceptible (S).  The data were published in a booklet sent to members of the Illinois Soybean Association, and online (see publications) and distributed at numerous field days and other extension meetings.

-  Assessment of SCN population HG Types and other aspects of virulence

We conducted SCN Type tests (truncated version of HG Type tests including only PI 548402, 88788, and 437654) on 172 SCN populations submitted to the lab from Illinois and research locations throughout the Midwest in collaboration with the SCN Uniform Trials coordinated by Brian Diers and Troy Cary at the University of Illinois.  Of these populations, more than two-thirds were able to reproduce on PI 88788, showing that most SCN populations have adapted to the most common source of resistance.  

Objective 2: Determine and apply the concepts of invasion biology as revealed by SCN epidemiology.    n/a

Objective 3: Develop a decision-support database for management of SCN and other regionally important nematodes.

-  SCN SOP for screening resistant lines. Funding was sought from and provided by the United Soybean Board and the North Central Soybean Research Program for a meeting of representatives of public and private researchers involved in screening for SCN resistance.  In March 2007, 24 participants met in Champaign, Illinois, to discuss current methods and the need for a standard protocol.  In March, 2008, a document, “SCE07”, with a proposed standard protocol for screening was presented to participants at the 4th National SCN Conference.  A refereed journal article on this method was published in 2009 (see publications). 

- Nematodes on Miscanthus and switchgrass

Miscanthus, switchgrass, and other biofuel crops are being studied for production in the Midwest.  Very little information was available on the distribution and densities of plant parasitic nematodes able to reproduce on these hosts.  This research is supported by a grant from BP, and initial reports have been published (see publications). Current research is focusing on the effects of pathogenic nematodes on biomass accumulation in Miscanthus and switchgrass.

- Nematodes on corn in Illinois

Most of the research conducted on corn-pathogenic nematodes is dated.  Recent marketing of corn nematode management products led extension educators in Crop Systems, Dave Feltes and Jim Morrison, to request funding from the federal EIPM grants program to study the potential for yield loss due to nematodes in corn in Illinois.  73 counties were sampled and 465 soil samples were collected by 26 field-based Extension staff plus a group from the Nematology Laboratory at the University of Illinois.  Rain, wet soil, and delayed planting conditions prevented us from reaching the goal of sampling 80 counties.  An additional 18 counties are being sampled in 2010. 

Corn fields were selected at random using a predetermined number of miles between fields and sampled between the V3 to V6 maturity stage.  One soil sample, consisting of 10 to 20 cores, was collected per field and each sample represented approximately 10 acres.  No more than 8 fields per county were sampled. Preliminary results will be distributed at the 2010 NC-1035 meeting. 

Publications: listed at the end of report.

Grant Proposals Funded:

Soybean Cyst Nematode Managed Research Area.  Illinois Soybean Association.  

Application of biotechnology to control of the soybean cyst nematode. United Soybean Board.    

Assessing the Potential Impact of Insect Pests and Plant Pathogens on Biomass Production of Miscanthus x giganteus and Switchgrass (Panicum virgatum). 

NC 1035 Vermont Report (June 29, 2010)

Deborah Neher & Tharshani Nishanthan

Funding:   SEQ CHAPTER \h \r 1Chen, S., and Neher, D.A. USDA-2009-35302-05261, Ecology of nematode-suppressive soils in Midwest soybean-cropping systems, 1/15/09-1/14/13.  Neher’s group is responsible for soil community composition and food web structure of predaceous, fungivorous and bacterivorous nematodes and microbes associated with biocontrol agents.  

I.  Field sites:  2 fields known to be suppressive to SCN with no-till soybean monoculture:  

a. 316 East (SROC) Southern Research and Outreach Center in Waseca, Minnesota – 10+ yr without tillage, 30 year S soybean, high earthworm count
b. Commercial field (Greg Rosler, WDF)

II. Plot treatment and Experimental Design

2 suppressive fields x 5 treatments x 4 replications x 3 seasons per year = 120 samples year x 2 tillage treatments = 240 samples per year. Each sampling time is 2 fields x 5 treat x 4 reps x 2 tillage = 80. A soil sample consists of 25-30 soil cores (2 cm diam, 20 cm deep) collected in a systematic pattern from the two central rows in each subplot at planting, midseason (August), and harvest from the two central rows in each subplot. 

Experimental design Split-plot design with no-till (NT) and conventional tillage (CT) as main plots, and the 5 (or six in the Site 316) crop sequence-biocide treatments as subplots (Table 1) with 4 replicates.  Each subplot is 7.6 m long and 4.57 m wide 6 rows of crops.

	Table 1.  Sub-plot treatments.
	

	Treatment
	Cropping
	Crop sequence
	Biocide treatment

	
	
	2009
	2010
	2011
	2012
	

	1
	Rotation
	C
	S
	C
	S
	No

	2
	Rotation
	C
	R1
	C
	S
	No

	3
	Monoculture
	S
	S
	S
	S
	Streptomycin
, every year

	4
	Monoculture
	S
	S
	S
	S
	Captan
, every year

	5
	Monoculture
	S
	S
	S
	S
	No

	6
	Monoculture
	S
	S
	S
	S
	Formalin
, †

	† Site 316 only

Crops:    C = corn; R1 = SCN-resistant soybean ‘Latham EX547 RR N’ (PI 88788 SR); S = SCN-susceptible soybean ‘Pioneer brand 92B13’. All crops are roundup-ready. 




BACKGROUND INFORMATION ON EXTRACELLULAR ENZYMES
Soil microbes produce extracellular enzymes that mineralize organic matter and release carbon and nutrients in forms that can be assimilated. Soil microbes produce these enzymes during decomposition or when a particular nutrient becomes a limiting factor for their growth and development. These enzymes occur in three categories: hydrolases, aminopeptidases, and oxidoreductases. These enzymes provide a degradative function by transforming polymeric substances into partially degraded or oxidized products that can be easily transported into cells.

Selection of extracellular enzymes or activity of enzymes on SCN primarily depends on the chemical composition of the egg shell and cuticle and the enzyme secretion capacity of soil microbes (Fig A). The most abundant structural components of cuticle are collagens and the non-collagenous cuticulins. Chitin is also found in the middle layer of egg shells of tylenchoid nematodes such as Meloidogyne javanica, Rotylenchulus reniformis, Tylenchulus semipenetrans, and Pratylenchus minyus and in the outer layer of egg shells of Heterodera schachtii and H. glycines. Carbohydrates are associated with glycosylated proteins of the matrix and of the surface coat (Blaxter and Robertson, 1998).  Microbial production on chitinase and collagenase may damage nematode cuticles and be at least partly responsible for their biological control.  The first report on protease production by nematophagous fungi proceeded from nematode-trapping species (Schenck et al., 1980). 

Microbial collagenases include both serine proteases and metalloproteases which cleave collagens in their helical parts. More detailed studies of the fungus Metarhizium anisopliae have shown that proteases are produced more rapidly and in higher concentrations than other cuticle-degrading enzymes. Furthermore, it was shown recently by gold-labeled antibodies that a cuticle-degrading protease is secreted by this fungus during penetration of the host cuticle. The nematode cuticle consists mainly of proteins, including collagens. Therefore, it is assumed that the activity of proteases is important for the infection of nematodes by nematophagous fungi. An alkaline serine protease is produced by P. lilacinus strain CBS 143.75 in the presence of nematode eggshell and other substrates such as vitellin and chitin (Bonants, 1995). Chitinase, serine protease, and collagenase enzymes have been demonstrated nematicidal activities in vitro (Huang et al., 2004).  Amino acids, leucine and proline are used as an indicator for collagen. These enzymes’ reactive site is cuticle and denature or cleaving of cuticle is the mechanism they use for killing of nematodes
Fig A: Cuticle formation process and structure of cuticle of SCN

RESULTS FROM 2009 SEASON AND PLANTING TIME IN 2010.
For oxidative enzymes, highest level of enzymatic activity was reported in planting season’09 and decreased progressively through the season. Hydrolytic (e.g., glycosidase) enzyme activity was opposite, with activity least at planting and increasing progressively to harvest.
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NT2C & CT5S < other treatments in Midseason

· NT2C: no-till, no biocide, rotation

· CT5S:  conv till, no biocide, monoculture

Oxidative enzymes are negatively inhibited by nitrogen. We hypothesize that fields have plenty of available nitrogen due to organic and inorganic fertilizer application or nitrogen fixation.
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CT1C & NT1C << other treatments in midseason
· CT1C:  conventional tillage, no biocide, rotation

· NT1C: no tillage, no biocide, rotation

Evidence for importance of glycosidases in suppressiveness. Glycosidases include enzymes that degrade cellulose, starch, chitin.

Figure 1. Oxidative and glycosidase enzymes.  Samples were collected at planting (blue), mid-season (red) and harvest (green) at the commercial field in 2009. Illustrated are means of 4 replicates. Suppressive soils are 5S treatments. 

Amino acids, leucine and proline are used as an indicator for collagen. We ran an assay for amino peptidases (i.e., serine peptidase, leucine peptidase) and they all came out at non-detectable level, which supports the hypothesis that nitrogen availability is not a limiting factor for plant growth or microorganisms in the field sites. These results suggest collagenase is not a major factor in the suppressive soils.

Esterase and glycosidase enzyme activities were greater in the commercial field than at the experimental station (Fig. 2). Esterase and hydrolytic enzyme activity was greatest in the commercial field NT5S (suppressive, no tillage-no rotation-no biocide. At the experiment station, there was no difference in NT5S and the formalin treatment (NT6S). Response patterns of oxidative enzymes were opposite those of glycosidases and esterases. 
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Figure 2. Esterase, glycosidase and oxidative enzymes combined across 3 seasons separately for 2 field sites in 2009. Suppressive soils are 5S treatments. 

SCN suppressiveness is observed in NT5S (no-till, no rotation, no biocide) in both field sites. In the commercial field, hydrolytic enzymes activity was similar for NT5S and CT3S (conventional tillage, no rotation, fungicide-captan).

An example of an esterase, phosphatase hydrolyzes organic phosphate esters to orthophosphate, forming an important link between biologically unavailable and mineral phosphorus. Phosphorus plays an important role in the plant’s energy transfer system and membrane integrity. Phosphatase activity is greater in no-till than conventional-tilled soils (Fig. 3). Within cultivation treatment, phosphatase activity was greater in monoculture than rotation, and greater without than with biocide. These results suggest that greater phosphatase activity is associated with suppressiveness. Enzyme activity is low at planting and increases through the growing season (Fig. 3). 
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Figure 3. Phosphatase activity for the entire cropping period 2009 and planting season of 2010. Illustrated means of 4 field replicates of each treatment combination.
NEMATODE IDENTIFICATION
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Fifty samples from planting season 2009 (n = 5 per treatment) were identified to the genus level. Fungal-feeders appear to play a greater role than bacterial-feeders. No tillage no rotation with no- biocide bacterial- and fungal-feeder ratio is about to 1. Fungicide treatment is not significantly affecting the fungal feeders.
Ontario - NC1035 Annual Report 2010

Investigator: Tom Welacky, Ontario – Agriculture & Agri-Food Canada

Project Title:  Management of the Soybean Cyst Nematode and Other Nematodes of Regional Importance, with Special Reference to Invasive Biology 

Report Period:  July 2009 to June 30, 2010.

Objective 1 – Continue current activities - Evaluate soybean cultivars and lines for resistance to SCN:

1. Performance of SCN resistant varieties. 

The 2009 Ontario Soybean Variety Trial publication - Table 7 provides a grower report on variety agronomic characteristics and disease reactions. Details are found on www.gosoy.ca web site. SCN resistant varieties are illustrated with graphs for the 2 and 3 year yield by maturity performance. SCN performance testing was conducted on Group I and II and reported and published in the Northern Regional SCN Uniform Test University of Illinois publication for 2008. Also participating in U of Illinois-Carbondale SDS variety testing of MG I and II varieties for disease reactions.

2. Assess Hg phenotypes

Ontario participated in the North Central: Soybean Resistance to Field Populations of Heterodera glycines in Selected Geographic Areas, J. Fagihi, V. Ferris, et al. The goals of the project were to determine the current effectiveness of PI 88788 as a source of resistance to SCN in the NC and nearby growing areas; and to determine the effectiveness of other sources of SCN resistance in areas where PI 88788 may no longer be effective. 

In Ontario, 508 soil samples were processed (2005-2010) as part of the North Central project. SCN was recovered from 391 (77%) of these populations. SCN populations were increased on Kenwood 94, a susceptible cultivar, to be able to carry out 164 HG-type characterizations. 

[image: image6]
For Ontario: 

Most of the ON SCN populations were rated as HG-type 0 or 7 and 2.7, while several other minor HG-types were also observed.  For each HG types there were considerable number of HG types that had a Female Index of between 9-12% that encompassed a range of 11-62% of the field populations tested on HG’s bio-indicators. 
Reports of new infestations: CFIA has detected Heterodera glycines, soybean cyst nematode (SCN) in the City of Karwartha (formerly Victoria County) from their 2009 SCN survey. This adds another county to the current list of counties where the presence of SCN has been detect in Ontario. There has also been one detection in Manitoba in the Rural Municipality of South Norfolk, approximately 100 km from the US/Canada border.  

Objective 2 – Activities

Tier 1: Initial assessment of habitats for occurrence of SCN - Populations were identified to fit the range of SCN populations. Over 150 populations were assessed and categorized of which 20 were selected for Tier 1.Tier 2:  Habitat conduciveness evaluation – testing was not advanced to this tier.Tiers 3 and 4:  Site metric evaluation and invasive biology model development and validation -  No action was taken.

Objective 3 – Activities

Compiling website information for SCN resistant varieties – completed.

HG type – identified and published for NC project. Sample HG type identification continuing from cross Ontario growing areas and mapping of HG type locations across the province.  

Publications: listed at the end of report.

Grant Proposals Funded:

Title of Proposal.  Granting Agency.  

Management of Soybean cyst nematode, Grain Farmers of Ontario, (to be extended). 
Management of the Soybean Cyst Nematode and Other Nematodes of Regional Importance, Agriculture & Agri-Food Canada. (final year)
NC-1035 Report 2010

R. T. Robbins – Arkansas


Objective 1.
We have two SCN rotation experiments located at the University of Arkansas Pine Tree Experiment Station, one using conventional varieties, the other using round-up ready varieties. Both experiments were planted on June 8, 2010. Soil samples were taken at the time of planting to determine the overwintering SCN survival.  

Observations on the conventional varieties test after two plus cycles (7 years) are that Anand (From PI-437654) reduces the nematode population more consistently than the other two resistant varieties AG 5501 (From PI-88788) and Manokin (from Peking) with AG-5501 giving better SCN reduction than Manokin. Also the Anand seems to yield better in this test than the other resistant varieties. I am encouraged with the results thus far that indicate these rotations are effective in maintaining or increasing yield and keeping numbers below what occurs on a susceptible variety. It remains to be seen if race changes occur using these rotations. 


Some observations for the Round-up Ready varieties after one plus rotation cycle (4 years) are the variety SO-2-3936 with Anand type resistance (developed by G. Shannon, Univ of Missouri) gave the greatest yield in Bu/A and had the least SCN reproduction. All Rotations yielded from over 1 to over 10 Bu/A greater than the susceptible variety. There is evidence of a biological control coming into play in this test that is being monitored. 

Objective 2. 


Several plots in the Round-up ready test tested 0 for SCN. The lack of SCN nematodes may be due to biological control factors (Suppressive Soil) and is being investigated by a new Ph. D. student. (Amy Thomas) under the direction of Terry Kirkpatrick and myself.


Tests are under way to isolate any control agent present in these plots. Also, the outer 2 rows of this test (8 rows X 50 ft) were planted in a susceptible variety and 4 replications of 3 foot sections were inoculated with high numbers eggs of races 3, 4, and 5 of SCN to try to induce any biological control agent present to reproduce on any cysts formed.

2010 Annual Report, North Central Regional Project NC1035

Jamal Faghihi and V. R. Ferris

Indiana

Objective 1: Develop, evaluate, improve and integrate management techniques for soybean cyst nematode in the NCR to increase grower profitability.

A. Evaluation of SCN-resistant soybean lines and cultivars
We continued to participate in the 2009 regional variety tests managed by the National Soybean Research Laboratory, Urbana-Champagne, IL. We did replicated screening of more than 244 soybean lines against two highly virulent SCN populations from Indiana. Some of these lines showed excellent resistance toward these populations, but too many susceptible lines continue to be included in the group to be screened. 
B. Evaluation of SCN nonhost crops
Field experiments were set up in the fall of 2008 to determine the possible effect of rye on the population levels of SCN. Winter wheat and fallow were also used in this study.  We were not able to establish the rye crop in the fall of 2008 but a good stand was established in fall of 2009. We have found no significant differences among various treatments in 2008. However, populations of SCN were significantly lower in annual rye plots in fall, 2009 as well as spring, 2010. We hope to evaluate these plots again in fall, 2010.

C. Improving Management of SCN
We participated in the regional collaboration designed to improve management of SCN through extension demonstrations and outreach. Two locations were chosen based on the degree of infestation and known history of these fields. Four soybean cultivars were planted, three with various sources of resistance. Yield and SCN data were collected from these plots and genetic characterization of SCN populations will be determined. In addition, a small-plot version of these plots was established to showcase better SCN management techniques.
D. Chemical control

We evaluated 19 experimental seed-treatment products against SCN in the field. We found significant reduction in populations of SCN in one family of seed treatments, with no such effect on yield enhancement. However, this product was not effective in reducing the SCN population or increasing the yield in 2008. We also evaluated 12 different variations of an experimental seed treatment product against corn parasitic nematodes. This product effectively reduced some of the nematode populations but overall was less effective than the existing control treatment (Counter nematicide). 

E.  Micro-plot experiments:

We continued with our long-term study of changes in population types of SCN maintained in 48 micro-plots.  We evaluate the HG-types of SCN in these plots every fall to determine possible changes in genetic makeup. No significant changes in genetic makeup of these plots have been observed thus far.

F.  Corn nematodes
The increased number of samples received in our Nematology Laboratory during the past two years indicates renewed interests in corn nematodes from growers and the corn industry alike (see figure below). Most of these samples have above-thresholds levels of Needle, Lance and Lesion nematodes. Urgent need exists for current and useful information on basic concepts of corn nematode management. Research on corn nematodes is extremely difficult. However, if we could pull our collective regional resources together, we might be able to fulfill this obligation. Thus, a collaborative corn research effort by our group is strongly suggested.
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Pat Donald, Tennessee
Objective 1: Develop, evaluate, improve and integrate management techniques for soybean cyst nematode in the NCR to increase grower profitability.

A poultry litter study was initiated to change soil biological composition and potentially reduce SCN reproduction. Our objective was to use Normalized Difference Vegetation Index (NDVI), soybean yield, plant height, leaf area index (LAI), and SCN egg population density to quantify the impact of poultry litter application on SCN reproduction and plant response.  Data were collected for three years as part of a field study with two rates of poultry litter applied annually in the spring compared with conventional fertilizer application.   Plots receiving chicken litter had significantly higher yield in 2008 (P=0.002) and 2009 (P=0.03) than plots fertilized with traditional inorganic material.  The 2007 growing season was especially dry and no treatment differences were significant.  NDVI and LAI were good predictors of plant height and soybean yield for all years.  Post-harvest SCN egg population density was inversely correlated with yield (r=-0.47, P=0.003) during 2007, but was positively correlated with yield in 2008 (r=0.61, P<0.0001) and 2009 (r=0.30, P=0.06).  Significant response of SCN egg population density to treatment may have been masked by a strong anisotropic gradient present in the field.  NDVI correlated well in 2008 with high levels of SCN egg population density thus providing documentation of slower canopy closure with high levels of SCN.

Objective 2:  Determine and apply the concepts of invasion biology as revealed by SCN epidemiology.

Eighty eight soybean cultivars submitted by private seed companies as their best for west TN have been greenhouse screened for resistance to HG Types 1.2.5.7 and 5.7.  This year, 21 of the lines had less than 5 cysts per root in the HG Type 5.7 screening and 3 lines had less than 5 cysts per root in the HG Type 1.2.5.7 screening.

Objective 3: Develop a decision-support databases for management of SCN and other regionally important nematodes. none

Impact Statements:
Results of field soil collections and cultivar screening provide information to support SCN management practices of continued field scouting despite use of resistant cultivars to reduce risk of yield loss. Characterizations of SCN field populations from west TN indicate that when high population density is present the majority of the populations fall into categories defined as race 2. Little commercially available soybean resistance is present in varieties grown in TN.

Publications: listed at the end of report.

Grant Proposals Funded:


Title of Proposal.  Granting Agency.  

1. Soybean cyst nematode sampling and advisory program, Tennessee Soybean Promotion Board, (renewed).

2. Potential management of soybean cyst nematode with Pasteuria nishizawae, Tennessee Soybean Promotion Board.
WISCONSIN: 2010

An MacGuidwin

Objective 1:  Develop, evaluate, improve, and integrate management techniques for SCN in the NCR to increase grower profitability.
A.  Evaluating soybean cultivars for resistance to SCN:  
Field Study of deploying SCN resistance

In 2009 we continued an experiment using eight rotation treatments using varieties susceptible to SCN or with the PI 54802 or PI 88788 source of resistance.  The experiment was started in 2008, so 2009 was the second soybean crop.  There was a yield penalty for planting a SCN-susceptible variety in 2009, regardless of the soybean variety planted in 2008.  There was no evidence of adaptation by SCN to host resistance after two soybean crops.  There was Brown Stem Rot disease in the plots, so the Peking-based variety did not show its full yield potential.
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The mean initial egg population density is shown above each rotation treatment.

I collaborated with the Andrew Bent lab on a project investigating the role of the Rhg 1 locus in host  resistance to SCN.  The data generated from this project did not support the hypothesis that a gene encoding an apparent leucine-rich repeat transmembrane receptor-kinase is the SCN resistance gene. 
B.  Virulence phenotypes of SCN across the region

We continued to conduct Hg tests using SCN populations from samples submitted to our SCN survey program sponsored by the Wisconsin Soybean Research Board.  We only test one population per farm, so as not to bias results.  We’ve tested 18 SCN populations collected in 2009 to date.

We found very few Hg Type 0 populations.  The majority of Wisconsin populations have a Female Index greater than 10% on F.I. 88788.  

When grouped by geographic region, the data show an interesting pattern for Hg type 1- phenotypes.  The north eastern region has a disproportionate number of populations with this virulence phenotype.  This pattern is not apparent for Hg type 2- phenotypes.

 Percentage of the SCN populations

   with a Hg 1- phenotype. (n = 95)
Northeast:  

71%

Southeast:  

17%

West Central:

16%

South Central:

31%

C.  Pesticides for SCN management

No data to report for SCN in 2009

D.  Interaction of SCN with other diseases or pests

Katie Keller completed one experiment testing the hypothesis that SCN inhibits the increase of  Pratylenchus penetrans on soybean.  Treatments were root lesion nematodes alone, SCN alone, and SCN and root lesion together on “Lee” soybean.  The plants were grown under controlled conditions (29 C ; 14 hr. photoperiod) for 30 days.  There was a weakly significant impact of SCN on the number of root lesion nematodes recovered per plant.  The experiment is being repeated.

	
	Nematodes per plant

	Treatment
	RL
	SCN

	RL
	65
	0

	SCN
	0
	69

	RL + SCN
	34
	53


D.  Other nematodes

Populations of P. penetrans were studied on soybean and corn at the Hancock Research Station (Plainfield loamy sand soil).  Soil samples were collected on five dates throughout the growing season.  The purpose of the study was to determine damage thresholds by correlating nematode population densities on each date with yield, and to document the timing and pattern of infection at the plant level.

 Objective 2.  Determine and apply the concepts of invasion biology as revealed by SCN epidemiology.

We have tier 1 information only for sites in Wisconsin.

Objective 3:  Develop a decision-support database for management of SCN and other regionally important nematodes.

A guide for sampling corn for nematodes is being developed in collaboration with Paul Esker.
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Senyu Chen, Minnesota

Practical Management of SCN and Other Nematodes of Regional Importance: With Special Reference to Invasive Biology

Objective 1: Develop, evaluate, improve and integrate management techniques for soybean cyst nematode in the NCR to increase grower profitability.
Evaluation of soybean cultivars for their resistance to SCN populations in Minnesota: A total of 86 cultivars labeled as SCN-resistant were evaluated in greenhouse on HG Type 0, and in three fields in either southern or central zone in Minnesota. Most of the cultivars are highly or moderately resistant to SCN, but a few had low resistance or susceptible to HG Type 0.        

Survey of SCN infestation and HG Type frequency in Minnesota:  During 2007-2008, samples were taken across the soybean growing areas in Minnesota to determine SCN virulence phenotypes (HG Types). A total of 252 fields were sampled, and the SCN was detected in 126 soil samples (fields).  Most of them (73%) reproduced well (FI > 10) on PI 88788.  Reproduction of 12.3 of the populations was positive (FI > 10) on Peking. Compared with the data in a previous survey conducted in 2002, the virulence of the SCN populations to the resistance source soybean or commercial soybean cultivars has increased dramatically since then. 
Impact of rotation of cultivars with different sources of resistance on virulence phenotypes of the soybean cyst nematode: This is a long-term study, and we plan for 6 to 12 years depending on the results. Experiments were initiated in 2003 in Waseca and 2008 in Lamberton to study how the rotations of different resistance sources affect the dynamics of SCN population densities and their virulence phenotype. At the Waseca site, the initial population was race 3, which is avirulent to SCN-resistant cultivars carrying resistant genes from any available sources of resistance. The treatments include 12 different combinations of soybean cultivars susceptible to SCN and cultivars carrying genes from the resistance sources PI 88788, Peking, or PI 437654.  The main aim of the experiment at this site was to determine how the cultivar sequences influence the changes of the population from avirulent to virulent type on cultivars carrying certain resistance genes. The site in Lamberton was initially infested by SCN race 1 (HG Type 2.5.7) that can overcome PI88788 resistance, the source of resistance of majority commercial resistant cultivars.  The main aim of the experiment at this site was to determine whether any cultivar sequence can change the population from virulent type to avirulent type or change to other HG Types so that the PI 88788-source cultivars can be used.  Treatments at this site include 11 different combinations of an SCN-susceptible cultivar and three cultivars with different sources of resistance.  Nematode population densities were/will be determined at planting and harvest every year.  The HG Types of populations collected from different crop sequences will be determined every year starting the fourth year.  Based on the data from Waseca site, the egg population densities following Latham EX547 RR N (PI 88788 resistance) were higher than the densities following Pioneer 91M90 (Peking resistance) and Latham AR5084 (PI 437654 resistance).  Reproduction potential of most soil samples collected in 2007 and 2008 has been determined. It appears that, after four years of monoculture of cultivar with source of resistance of Peking or PI 88788, there are some detectable changes of virulence phenotype.  More data from the following years are needed to determine type and speed of the changes.   

Swine manure and PK fertilizer effect on nematodes and soybean and corn yields: There was no significant effect of fertilizer treatment on the SCN egg population density, but liquid swine manure treatment resulted in lower SCN J2 population density 45 days after planting in the SCN-conducive soil. While both manure and PK treatments increased soybean yield, the manure produced highest yield and the fertilizer treatment effect was greater for SCN-susceptible soybean than resistant soybean in the SCN-conducive soil. There was no difference in soybean yield in the SCN-suppressive soil.  This study suggests that soil fertility management, especially application of manure, is a useful strategy to alleviate the SCN damage.

Impact Statements:

All the data have been presented at Growers Meetings in Minnesota and the outcome of the studies will be improvement of SCN management strategies, increase of soybean productivity, and maintenance of sustainability of crop production in Minnesota and broader areas.   

Publications: listed at the end of report.

Grants:

Expanded soybean cyst nematode and other variety testing. Minnesota Soybean Research and Promotion Council. 

Northwest Minnesota Soybean Tech Transfer Proposal 2009-10. Minnesota Soybean Research and Promotion Council.
Effects of host resistance and soil fertility management on the soybean cyst nematode. Minnesota Soybean Research and Promotion Council.
Developing critical technology for managing the emerging virulent populations of the soybean cyst nematode. University of Minnesota Agricultural Experiment Station Rapid Agricultural Response Fund

Ecology of nematode-suppressive soils in Midwest soybean-cropping systems. National Research Initiative, USDA.
2010 NC1035 Technical Committee Meeting
June 29-30, 2010    Waseca, Minnesota
Gregory Tylka, Department of Plant Pathology, Iowa State University
Objective 1: Develop, evaluate, improve and integrate management techniques for soybean cyst nematode in the NCR to increase grower profitability.

Soybean cyst nematode (SCN)-resistant soybean varieties are evaluated annually in field experiments to assess the agronomic performance of the varieties as well as their effect on population densities of the nematode.  The SCN-resistant soybean varieties, as well as widely grown susceptible soybean varieties, are grown in three SCN-infested fields in northern Iowa, three in central Iowa, and three in southern Iowa (Figure 1). 
Individual plots consist of four rows, each 17 feet long; data are collected from the center two rows.  Each variety is randomly replicated four times, in four blocks, in each field experiment.  Data collected include SCN egg population densities at planting and again at harvest, plant emergence 4 weeks after planting, plant height and lodging at the time of harvest, grain yield (quantity, moisture content, and overall protein, oil, and fiber content).  
After egg population densities are determined from the soil samples that are collected at planting, the remaining soil is combined and an HG type test is performed on the SCN population in the experimental area.  This allows us to assess the effects of the virulence phenotype of the SCN population (the HG type) on agronomic performance of the soybean varieties.

Results of the field evaluations are presented in a printed report and also online at www.isuscntrials.info. 

In the past, the evaluations were funded by Iowa State University and by fees paid by seed companies to enter varieties into the experiments. But beginning in 2010, the field evaluations, plus some complementary greenhouse evaluations, are fully supported financially by soybean checkoff funds from the Iowa Soybean Association.  This change in funding resulted in 66 more varieties (Figure 2) from nine more companies being evaluated in 2010 than in 2009 (Figure 3). 
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Figure 2. Number of SCN-resistant soybean varieties evaluated for agronomic performance and effects on SCN population densities in the ISU SCN-resistant Soybean Variety Trial Program from 1996 to 2010.
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Figure 3. Number of different seed companies with SCN-resistant soybean varieties evaluated in the ISU SCN-resistant Soybean Variety Trial Program from 2006 to 2010.
Objective 2:  Determine and apply the concepts of invasion biology as revealed by SCN epidemiology.

No accomplishments to report.  

Objective 3: Develop a decision-support database for management of SCN and other regionally important nematodes.
A list of SCN-resistant soybean varieties available to Iowa growers was compiled.  The 2009 list contained information on 716 soybean varieties in maturity groups 1, 2, and 3 and is available free of charge in printed form and also on the Internet in PDF format.  A summary of the numbers of varieties per maturity group and their sources of resistance is presented in Table 1.

Table 1. Summary of information obtained about soybean cultivars in maturity groups 1, 2, and 3 described as resistant to the soybean cyst nematode in Iowa in 2009.

	maturity group
	number of resistant cultivars
	number of cultivars not PI 88788
	

	1
	99
	5 (5%)
	4 Peking, 1 PI 88788-Hartwig

	2
	321
	18 (6%)
	15 Peking, 1 PUSCN14, 1 CystX®, 1 PI 88788-Peking

	3
	296
	1 (0.3%)
	1 Peking

	total
	716
	24 (3.3%)
	20 Peking, 1 PI 88788-Hartwig,     1 PUSCN14, 1 CystX®, 

1 PI 88788-Peking


Publications: listed at the end of report.

New Grant Proposal Funded: 

Assessing nematode control and yield of SCN-resistant soybean varieties in response to different soybean cyst nematode populations (HG Types). G. Tylka. Funded by the Iowa Soybean Association for three years (2009-2012).
NC-1035 2009 Progress Report-Michigan
PI:
Haddish Melakeberhan 

Interpretive Summary: Application of the fertilizer use efficiency (FUE) model to understand variable responses of soybean cyst (SCN, Heterodera glycines) and other nematodes to soil amendment under controlled and/or under field conditions has been on-going. FUE model is defined as increase in host productivity and/or decrease in plant-parasitic nematode population density in response to a given fertilizer treatment. Using the effects of nutrient amendment on SCN population density and normalized difference vegetative index (indicator of physiological activities) of a soybean cultivar ‘CX 252’, how the FUE model recognizes variable responses and separates nutrient deficiency and toxicity from nematode parasitism as well as suitability of treatments designed to achieve desired biological and physiochemical soil health under field conditions has been demonstrated. 

Publications: listed at the end of report.

Kansas State - Project Number KS1035

Investigator: Todd

01/01/2009 – 12/31/2010

Outputs:

Two hundred twenty four soybean cultivars from the Kansas Soybean Performance Tests were evaluated for resistance to two populations of soybean cyst nematode (SCN).  One population, designated as HG Type 7 (race 3), has low frequencies of virulence to all common sources of resistance found in commercial cultivars.  The second population, designated as a HG Type 1.2.3.5.6.7 (race 4), has relatively high frequencies of virulence on soybean cultivars with resistance sources other than PI 437654.  Forty-nine varieties (22%) could be classified as resistant to the HG Type 7 population, while only four varieties (2%) were resistant to HG Type 1.2.3.5.6.7.  Moderately resistant varieties comprised 50% and 4% of total entries for HG Type 7 and 1.2.3.5.6.7, respectively.  K-State lines comprised the three most resistant cultivars in each case.  Soybean cultivars derived from the most common sources of SCN resistance were planted along with their respective resistance sources in long-term continuously planted field plots at the Kansas River Valley Experiment Field.  Nematode populations were sampled and greenhouse bioassays are being conducted to determine changes in virulence frequencies due to selection pressure.  A survey of the virulence diversity among SCN populations in Kansas was continued in 2009.  Soil samples have been collected from 60 infested commercial soybean fields and 50 HG Type Tests representing nematode populations from eight Kansas counties have been completed to date.  Female indices on the most common source of resistance PI 88788 exceeded 10% in 30% of the nematode populations sampled, while no populations with female indices greater than 3% were observed for PI 437654.  Female indices on derived cultivars were linearly related to those on their respective resistance sources but averaged 20 percentage points higher for PI88788-derived cultivars compared to PI88788. Female indices on Peking, PI209332 and PI437654 generally were better indicators of resistance levels in derived cultivars.

Outcomes/Impacts:

Information on resistance levels of commercial soybean cultivars to Kansas populations of SCN will be disseminated on web sites and experiment station reports, providing growers with information necessary to increase profitability of soybean production in SCN-infested environments.  Characterization of SCN virulence patterns and results of research on resistance-based management practices and durability of resistance sources will improve management recommendations.  Knowledge of the conditions that favor the introduction and spread of SCN and its subsequent development as an economic pest will inform future decisions concerning other invasive nematode species.

NC-1035 Multistate Research Project

NORTH DAKOTA REPORT FOR 2010

Berlin D. Nelson, Professor, NDSU, Dept. Plant Pathology, Fargo, ND.

Objective 1. To develop, evaluate, improve and integrate management techniques for soybean cyst nematode in the NC region to increase grower profitability. 

In cooperation with the soybean breeder, three SCN testing plots were established in June of 2009 to evaluate commercial soybean cultivars for resistance to SCN. As part of that effort, we measured SCN reproduction on the roots of those cultivars by examining the SCN population in the soil at planting and again at harvest in Nov 2009, then calculating a reproduction factor (RF) for each cultivar. The data was reported in the 2009 Soybean Trial Results for ND.  Because SCN is a new disease for this area, most cultivars adapted to this area do not have resistance to SCN. The public soybean breeding program at NDSU is also actively engaged in producing SCN resistant germplasm and public cultivars for the soybean industry. 

The effect of SCN on the growth of dry bean was evaluated over a three year period. 

Pod number (PN), pod weight (PW), seed number (SN), and seed weight (SW) of pinto bean GTS-900 were significantly less at 5,000 and 10,000 eggs/100 cm3 soil compared  with the control.  Averaged over those two egg densities, PN, PW, SN, and SW were reduced by 44 to 56% over two years of trials compared with the control. For the kidney bean Montcalm, significant reductions of 31 to 35% in PW, SN, SW, and total dry weight (TDW) in treatments of 2,500 and 5,000 eggs/100 cm3 soil were recorded in 2009, but not in 2008.    For the navy bean Mayflower, significant reductions of 27 to 41% in PH, PW, SN, SW, and TDW in treatments of 2,500 and 5,000 eggs/100 cm3 soil compared  with the control were recorded in one out of two experiments in 2009.  The reproduction of SCN on roots and the reduction in plant growth and seed yield on three different bean classes under field conditions indicates SCN is a potential threat to the large dry bean industry in the North Dakota-northern Minnesota region.

We are also examining the penetration of SCN larvae into the roots of other crops grown in this region. We determined that SCN penetrates sugar beet roots in the seedling stage. Research is underway to determine if there is an interaction with SCN and soil borne pathogens of sugar beet. 

Objective 2. To apply the concepts of invasion biology to SCN epidemiology.

We continued our evaluation of HG types in ND soils and to date the only type found in fields in HG 0. Because of  major differences in soil types in soybean growing areas in ND, ten soils, characteristic of major soil types in North Dakota, are being evaluated for their effects on development and reproduction of SCN on soybean. The results showed significant differences between soil types in the amount of SCN reproduction. The fine silty clay soils such as Fargo, Svea and Overly had significantly fewer females and eggs per 100 cc soil compared to the lighter soils such as Emden and Emrick. For example, in the Fargo soil there were an average of 22 females per 100 cc soil, while in the Emden soil the average was 135. The number of eggs per female was similar between most soils except Svea which had fewer eggs per female than other soils. These studies are being repeated in 2010.  

Publications: listed at the end of report.

Impact of research:  

Because SCN is a new disease in this northern crop area, information on all aspects of SCN biology and management is needed by growers. Information generated in this research program is being provided to growers and agribusiness through extension programs and web based information systems. SCN is spreading in two counties and is expected to spread to additional counties in the near future. Yield losses have already been documented in infested fields. Other crops besides soybean such as dry bean, a large industry in this area, may be threatened by SCN.
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� 18 g of streptomycin sulfate (Sigma S 5601) in 180 L  water (100 ppm) applied 2 wks before planting & every 2 wks after planting for 2 months (5x per year) [1.44 kg per application per field site for whole experiment]


� 27 g Captan in 180 L water (150 ppm) applied on above schedule [2.16 kg/year]  


� 7 L of 38% formaldehyde in 132 L water (=3000 L Formalin per ha)� ADDIN REFMGR.CITE <Refman><Cite><Author>Williams</Author><Year>1969</Year><RecNum>909</RecNum><IDText>The effects of formalin, nabam, irrigation and nitrogen on Heterodera avenae Woll., Ophiobolus graminis Sacc. and the growth of spring wheat</IDText><MDL Ref_Type="Journal"><Ref_Type>Journal</Ref_Type><Ref_ID>909</Ref_ID><Title_Primary>The effects of formalin, nabam, irrigation and nitrogen on <i>Heterodera avenae</i> Woll., <i>Ophiobolus graminis </i>Sacc. and the growth of spring wheat</Title_Primary><Authors_Primary>Williams,T.D.</Authors_Primary><Date_Primary>1969</Date_Primary><Keywords>heterodera</Keywords><Keywords>heterodera avenae</Keywords><Keywords>Effects</Keywords><Keywords>formalin</Keywords><Keywords>nabam</Keywords><Keywords>irrigation</Keywords><Keywords>Nitrogen</Keywords><Keywords>growth</Keywords><Keywords>spring</Keywords><Keywords>wheat</Keywords><Reprint>In File</Reprint><Start_Page>325</Start_Page><End_Page>334</End_Page><Periodical>Annals of Applied Biology</Periodical><Volume>64</Volume><ZZ_JournalFull><f name="System">Annals of Applied Biology</f></ZZ_JournalFull><ZZ_WorkformID>1</ZZ_WorkformID></MDL></Cite></Refman>� (Williams, 1969)� applied by irrigation 2 wks before planting soybean at Site 316 only.  
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