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Accomplishments 

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management. 
 

1) Genetic variation in Alliaria petiolata: its consequences for demography and restoration of native species
     

 I am currently studying the evolution of chemical defenses (glucosinolates) in Alliaria petiolata (garlic mustard) in their role as allelopathic agents. However, these same chemicals have important roles as herbivore attractants for specialists and defenses against generalists. If and when biocontrol agents are released for A. petiolata (two species are currently in testing stages), this data will provide valuable baselines to study how the agents affect the evolution of A. petiolata in its introduced range. 

PI:  Richard Lankau, University of Illinois 

      
Agency: Illinois Natural History Survey, Institute for Natural Resource Sustainability 

2. Facilitate the implementation of biological control in production and natural systems. 

None yet 

3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control. 

Informational booth at the Illinois Natural History Survey 150th Anniversary Jamboree concerning invasive species, including biocontrol as a means of management. 
Additional Projects 

1) Taxonomy and biology of lymantriid microsporidia

PIs:  L. F. Solter, Illinois Natural History Survey; M. L. McManus and Vince D”Amico, USDA Forest Service, Hamden, CT; D. K. Pilarska, Bulgarian Academy of Sciences, Sofia, Bulgaria; G. Hoch, BOKU, Vienna, Austria:

A. Linde, Fachhochschule Eberswalde, Eberswalde, Germany; J. Vavra, Charles University, Prague, Czech Republic; J. Novotny, M. Zubrick, Forestry Institute, Banska Stiavnica, Slovak Republic; C. Vossbrinck, Connecticut Agricultural Experiment Station, New Haven, CT; W.F. Huang, Taiwan National University 

Contact:  Leellen F. Solter (lsolter@uiuc.edu) 

Nosema lymantriae and Vairimorpha disparis, both pathogens of the gypsy moth, have been evaluated using 2-D PAGE and DIGE gels. Considerable variation in gene activity was found among the isolates.  This variation continues to be explored by evaluating proteins produced by two closely related isolates. 

A May 2008 release of microsporidia against gypsy moth in Northern Illinois was conducted.  A preliminary monitoring collection found high mortality rates due to the fungal pathogen Entomophaga maimaiga (originating from Japan and moving west in gypsy moth populations). We will monitor the presence of microsporidia and effects of the fungus in May 2009. 

The microsporidia release study is also being carried out in Bulgaria with the same two species of microsporidia. The microsporidia are native to Bulgaria but gypsy moth populations in the chosen sites were uninfected at the time of release. 
 

2)  Role of Pathogenic Microsporidia in the Hemlock Woolly Adelgid Natural Enemy Complex 

PIs: L. Solter, Illinois Natural History Survey; B. Onken, USDA Forest Service NA, Morgantown, West Virginia; R. Reardon, USDA Forest Service FHTET, Morgantown West Virginia; D. Palmer, New Jersey Dept. of Agriculture Beneficial Insect Lab, Trenton, NJ; S. Salom, Virginia Polytechnic State University; K. Shields, USDA Forest Service NERS, Hamden, CT; K. Wallin, Oregon State University; C. Cheah, CT Agriculture Experiment Station, Hamden, CT; M. Baker, Iowa State Univ.; C. Franzen, Universität Regensburg, Regensburg, Germany 

Contact:  Leellen F. Solter (lsolter@uiuc.edu) 

Microsporidia continue to be found in laboratory colonies of Sasajiscymnus tsugae, a coccinellid predator of the hemlock woolly adelgid, Adelges tsugae, sometimes at high prevalence. We are recommending that these colonies not be released in the field. No new infections were found in L. nigrinus, Scymnus ningstanensis or Scymnus sinuanodulus.  Studies are being initiated to determine susceptibility of the latter three predatory species to the microsporidium from S. tsugae and to describe the S. tsugae microsporidium. 
 

3) A microsporidium of the black vine weevil, Otiorhynchus sulcatus 

PIs: D. Bruck, USDA Forest Service, Corvallis, OR; L. Solter, Illinois Natural History Survey 

Contact:  Leellen F. Solter (lsolter@uiuc.edu) 

A virulent microsporidium found in an Oregon population of the black vine weevil, Otiorhynchus sulcatus, is being described.   
 
4)  Current Status and Potential Causes of Population Decline in Wild Bumble Bee Pollinators 

PIs: Sydney Camerion, University of Illinois; Leellen Solter, Illinois Natural History Survey; James Strange, USDA-ARS, Logan, UT; Terry Griswold, USDA-ARS, Logan, UT; Nils Cordes, University of Illinois, Jeff Lozier, University of Illinois 

Contact: Leellen F. Solter (lsolter@uiuc.edu) or Sydney Cameron (scameron@life.uiuc.edu) 

Microsporidian pathogens have been found in several bumble bee species and are found in high prevalence in some populations.  We are evaluating the relationship of this microsporidium to the European isolate and early data suggest that, like in Europe, only Nosema bombycis is found in U.S. Bombus populations.  Field collected insects will be evaluated during the fall and winter of 2008 and field collections will be repeated during the summer of 2009.  


Publications
Solter, L.F. and Becnel, J.J. Entomopathogenic microsporidia.  In “Field Manual of Techniques in Invertebrate Pathology” (Lacey, L. and Kaya, H., Eds.). Springer 

Hoch, G., D’Amico, V.D., Solter, L.F., Zubrik, M., McManus, M.L. Quantifying horizontal transmission of a microsporidian pathogen of the gypsy moth, Lymantria dispar (Lep., Lymantriidae) in field cage studies. J. Invertebr Pathol. (in press) 

Solter, L.F. and Hajek, A.E. 2008. Control of gypsy moth, Lymantria dispar, in North America since 1878. In “Use of Microbes for Control and Eradication of Invasive Arthropods [Hajek, A.E., O’Callaghan, M. and Glare, T., Eds] Springer Publ. Co.  (in press) 

Bruck, D., Solter, L. and  Lake, A. Effects of a novel microsporidium on the black vine weevil, Otiorhynchus sulcatus (F.) (Coleoptera: Curculionidae). J. Invertebr. Pathol. 98, 351-355. 

Caamano, E.X., Cloyd, R.A., and Solter, L.F. 2008. Effects of surfactants on the survival and infectivity of the entomopathogenic nematodes, Steinernema feltiae (Nematoda: Steinernematidae), and Heterorhabditis indica (Nematoda: Heterorhabditidae) for control of western flower thrips, Frankliniella occidentalis (Thysanoptera: Thripidae). HortTechnology 18, 81-89. 

Solter, L.F. and Cameron, S.A.  2007.  Diseases of beneficial insects. Illinois Natural History Survey Reports. Summer Issue no. 392.
5)  Biological Control of Lythrum salicaria (Purple Loosestrife)

PIs: S. Post, Illinois Natural History Survey and R. Wiedenmann, University of Arkansas

Contact: S. L. Post (spost@inhs.uiuc.edu) 

After a decade-long rearing and release program for Galerucella calamariensis and Galerucella pusilla, the survey had stopped production of beetles (mass rearing.) During 2008 several public presentations about the survey's loosestrife outreach program were given and an article in the Fall issue of Wildflower Magazine appeared about the program, resulting in a renewed interest by homeowners to rear Galerucella sp for loosestrife in their backyards. During 2009 we will attempt to revive the homeowner rearing segment of this program. 
 

6)  Demography of Alliaria petiolata (garlic mustard): implications for its biological control

PIs: A.S. Davis, USDA-ARS (Urbana, IL); S. Raghu, Brisbane, Austrailia; S.L. Post, Illinois Natural History Survey

Contact: S.L. Post (spost@inhs.uiuc.edu) 

In anticipation of biological control agents being available in the near future, a network of demographic plots has been set-up in Illinois to investigate the pre-biocontrol population dynamics of garlic mustard. The information gathered is being used to develop a matrix model to help predict the potential impacts of the different species being considered as candidate biocontrol agents, and has already informed choice of best suited agents. This project interfaces with similar efforts in Michigan headed by Doug Landis and Jeff Evans (Michigan State University, East Lansing, MI). 2008 was our last year of pre-release data collection. This study will be continued after the establishment of agents to evaluate the impact of biological control. 

Publications (2007-2008)
Raghu, S. and Susan L Post. 2008. Cold stratification requirements for germination of Alliaria petiolata. Invasive Plant Science and Management 1: 315-318.

IOWA

State Representative: Matt O'Neal

Iowa State University
oneal@iastate.edu
Accomplishments 

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management. 


1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.

1)  Delivering the promise: release of Binodoxys communis for soybean aphid management
PI:  Matt O'Neal, Iowa State University

Contact: Matthew O’Neal (oneal@iastate.edu)

Agency: Iowa Soybean Association

As part of greater effort by colleagues across the mid-west, the Soybean Entomology Laboratory at Iowa State University is releasing Binodoxys communis.  During the 2008 growing season we conducted an early summer experiment to determine the optimal release method for B. communis. At the FEEL laboratory, in Boone County, IA replicated cages of aphid infested soybeans were established at least 3 levels of aphid density (10-50 per plant, 50-500, >500), and once reached inoculated with a 10 mummies. After 2 weeks, a sufficient period of time for B. communis to complete a lifecycle, we did not observe a significant effect of aphid density on mummy production. Overall mummy production was very low (less than 10 mummies per cage). Aphid populations when cages were open averaged over 1000 per plant. 

We attempted to establish B. communis at this location and four other locations in Iowa.  After wasps have accumulated within caged soybeans infested with soybean aphids, the netting was removed and wasps set free to disperse.  These sites were visited multiple times to determine the establishment and spread of wasps during the summer. Participating growers and farm staff have agreed to forgo the use of insecticides within the release site and allow for aphid and parasitoid wasp establishment. At four locations we caged aphids, established populations within them for a two week period and then infested with mummies. Cages were monitored on a bi-weekly basis.  Eight cages were established at each location, four infested with mummies, and four left uninfested, as a control. Mummies were observed by the end of the season, but it is not clear if they belong to B. communis.  Rearing and identification of wasp from field collected mummies is on-going.

We also released B. communis at four locations within Ames, Iowa where aphids had infested buckthorn (Rhamnus cathartica). Although aphid populations were substantial on buckthorn, we observed a sudden local extinction of aphids after mummies were released.  Interestingly we did observe a mummy on buckthorn before B. communis was released.  We have yet to identify it.
2)  Biological control of the soybean aphid

PI:  David Hogg, University of Wisconsin

Co-PIs/Collaborators:  University of Illinois (K. Steffey), Illinois Natural History Survey (D. Voegtlin), Iowa State University (M. O’Neal), Michigan State University (C. DiFonzo, D. Landis), University of Minnesota (D. Ragsdale, G. Heimpel), Purdue University (M. Rhainds), South Dakota State University (K. Tilmon), USDA/ARS Beneficial Insect Introductions Research Unit, Newark, DE (K. Hopper, K. Hoelmer), and University of Wisconsin (D. Hogg, C. Gratton, D. Mahr, E. Cullen). Overseas collaboration with: Japan - University of Utsunomiya, and Japanese National Agricultural Research Service; China - Chinese Academy of Sciences, and USDA/ARS Sino-American Biological Control Laboratory, Beijing; and Korea - Seoul National University.

North Central Soybean Research and Promotion council

3)  Optimal use of fungicides and insecticides for soybean production

PIs: Alison Robertson, M. O’Neal, D. Mueller, L. Leandro, and P. Pedersen.


Contact: Matthew O’Neal (oneal@iastate.edu)

Agency: Iowa Soybean Association

Several agribusinesses are offering pest management plans for soybean aphids that include a calendar-based, co-application of fungicide and insecticide. This approach poses the following questions: Should a prophylactic tank mix of fungicide and insecticide be a recommended production practice, what effect do fungicides have on fungi that kill insects, and could a fungicide application exacerbate aphid and/or spider mite outbreaks? Furthermore, if tank mixing insecticide with fungicide does increase yields, is such a program optimized within the current industry-proposed programs? We are evaluating the yield response for these industry-proposed tank mixes while collecting data on the effects of tank mixes on insect population dynamics, disease prevalence and seed quality. Our hypothesis is that soybean aphid populations will respond positively to the application of fungicides as fungal entomopathogens are removed. 

Field experiments were conducted at seven ISU research farms across Iowa in 2008. These farms include Crawfordsville, Nashua, Kanawha, Sutherland, Armstrong, McNay and Johnson (Ames).  Seed were not treated with insecticides or fungicides. We employed a 2 by 9 factorial experiment at each location. The first treatment factor represents two application dates (at growth stages R1 and R3).  The second treatment factor includes 7 combinations of pesticides [3 fungicides, 2 insecticides and 2 fungicide and insecticide combinations] applied at labeled rates.  Two checks were included for comparison: an untreated check and a best management practices check (insecticide sprayed if soybean aphid threshold met and fungicide sprayed if disease pressure or risk of soybean rust is high).  In general insecticides applied at the R1 stage had limited to no impact on soybean aphid populations.  Insecticides applied alone or in combination with a fungicide at the R3 stage or based on the economic threshold (i.e. IPM) significantly reduced soybean aphid populations.  Preliminary results indicate fungicides applied alone had little impact on soybean exposure to aphids. However, at one location, Stratego Pro (Propicanazole and Trifloxystrobin) had twice the aphid population as the untreated control. Yield data was not yet available.

4)  Survey of Organic buffer practices: is there room for improvement.

PIs:  O’Neal, M.E., and Stephen Sapp
Contact: Matthew O’Neal (oneal@iastate.edu)

Agency: North Central IPM Center (USDA) mini-grant
5)  Landscape Affects on Soybean Aphid and Natural Enemy Abundances in Iowa

PIs: Nicholas Schmidt, Department of Entomology; Matthew O’Neal, Department of Entomology; and Lisa Schulte, Natural Resource Ecology and Management, Iowa State University, Ames Iowa 

Contact: Matthew O’Neal (oneal@iastate.edu)

The soybean aphid Aphis glycines Matsumura (Hemiptera: Aphididae) is a new invasive pest in soybean Glycine max here in the United States. Research has shown that a natural predator community exists here in the U.S. that is capable of suppressing the soybean aphid below economic populations.  Therefore, in the course of a 3-year project from May to September, we aim to determine how landscape heterogeneity impacts the soybean aphid and it’s natural predator community.  The study site was located in and around the Neal Smith National Wildlife Refuge (NSWR) located in the Southwest corner of Jasper County, Iowa.  The NSWR is the largest reconstructed tallgrass prairie in the U.S. with > 5,000 acres planted.  In each year approximately 30 soybean fields were sampled with visual-counts, yellow-sticky cards, and sweep-net samples each week from June – September.  In 2006 we found that soybean aphids have a positive response to more diverse landscapes, contrary to what we predicted.  Also, predators did not respond to landscape diversity.  Interestingly, 2006 had very low populations of soybean aphids (below economic levels); in contrast, in 2007 we had very high populations of aphids and initial analyses suggest aphid response to landscape varies temporally. 

In Iowa soybean aphid outbreaks typically occur in odd numbered years, until 2008 when a large portion of the state experienced populations well over the economic injury level. These outbreak are thought to occur due to increased overwintering success, which results in high immigration rates that ultimately make the loss of  aphids to predation trivial. We hypothesize that increased soybean aphid densities will result in increased natural enemy populations. Yet natural enemy abundances has been in decline from 2006-2008, potentially due to an increase in disturbances (i.e. insecticide applications) and/or abiotic factors (i.e. climate or weather). Soybean aphid populations were quite low in 2006 compared to 2007 and 2008; when average exposure of soybeans to aphids (cumulative aphid days) totaled 147, 3,168, and 421 during the mid-reproductive stage (R4) of soybean. Summaries from field-counts and sweep-net samples suggest Chrysoperla spp., Harmonia axyridis, Orius insidiosus, and total natural enemy counts are significantly lower in 2008 compared to the previous years.
Publications

Schmidt, N.P., M.E. O’Neal, and P.M. Dixon D. A. Landis. 2008. Aphidophagous predators in Iowa soybean: a community comparison across multiple years and sampling methods. Annals of the Entomological Society of America 101: 341-350.

M. M. Gardiner, D. A. Landis, C. Gratton, C. D. DiFonzo, M. O’Neal, J. Chacon, M. Wayo, N. Schmidt, E. Mueller and G. E. Heimpel. Landscape structure impacts on biocontrol services in north-central U.S. soybean fields. Ecological Applications. In press
Rice, M.E., and M.E. O’Neal.  2008.  Soybean Aphid Management Field Guide Iowa State. University Extension Publication # CSI 0011.
2. Facilitate the implementation of biological control in production and natural systems.

1) I released of the soybean aphid biological control agent, Binodoxys communis, at 5 sites in my state.  Each location was visited multiple times during the field season and the amount of parasitized aphids was measured.  At least three generations of B. communis persisted at each location. Future assessments of establishment and impact are planned for the Spring of 2009 are scheduled.

2) Established a replicated study of 3 plantings within a buffer between an organic vegetable farm and its neighboring conventional farm.  The plantings include a single species (brome grass), a mixed species of grasses and forbs commonly found in Iowa prairies, and a best-bet mix of prairie species selected to provide floral resources throughout the season for beneficial insects, like insect predators.  We are sampling these plantings to determine their ability to attract beneficial insects throughout the season.

3) We completed a survey of organic grower practices related to the establishment and maintenance of the buffers between their farms and conventional farms.  In general, these mandatory buffers consisted of 1-2 species of plants, predominately grasses, that are frequently mowed.  Horticultural and vegetable farmers indicated a willingness to adopt practices that would increase the plant diversity of their buffers, if such practices would increase the abundance of beneficial insects. Row crop farmers (corn, soybean, and forages) indicated an unwillingness to alter their buffers. 
3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.

Personnel trained

I am training 3 students (1 Ph.D., 1 M.S., 1 B.S.) in the theory and practice of biological control.

KANSAS
State Representative: J.P. Michaud

Kansas State University

Email: jpmi@ksu.edu

Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.

1)  A study of reproductive trade-offs in the life history of Harmonia axyridis and Coleomegilla maculata.

PI:  J.P. Michaud, Kansas State University

co-PI: Jim Nechols, Kansas State University

Ph.D. student: German Vargas

Agency Funding: Fulbright Scholarship 

2)  Behavioral ecology of a uniparental strain of Lysiphlebus fabarum, a parasitoid of the black bean aphid in Iran.

PI: J.P. Michaud, Kansas State University
Ph.D. student: Arash Rasekh, University of Tehran, Karaj, Iran
3)  Revision of "Ecology of Coccinellidae", 3rd edition (two chapters)

Chapter 10: Evaluating the Impact of Coccinellid Predation

Authors: James Harwood & J.P. Michaud

Chapter 11: Coccinellids in Biological Control

Authors: J.P. Michaud 

4)  Can increased predator foraging efficiency contribute to a more effective and cost-competitive biological program in greenhouse?


PIs:  David C. Margolies, James R. Nechols, Kansas State University.

Grad student: Punya Nachappa  

Agency: USDA North Central Regional IPM Program

Project Summary

Genetic Variation and Selection for Foraging Traits of a Predatory Mite:  Effects 
on Spatial and Temporal Dynamics of the Predator and its Prey, the Twospotted Mite 

Through artificial selection, we created predator lines with high levels of either prey consumption, prey-to-predator conversion efficiency, or predator dispersal response.  Using these lines we examined the impact of these predator foraging traits in a two-patch system under different predator-prey population ratios.  We found significant differences in predator-prey densities and plant damage among the foraging traits.  All foraging traits were comparable in predator-prey densities, whereas the control population had the lowest predator densities and the highest prey and plant damage.  The initial predator release ratio did not affect predator numbers; however prey and plant damage differed depending on the ratio (1:10 or 1:30).  Spatial analysis showed that the adult predator and prey distribution was aggregated for most of the experiment.  Spatial association and correlation analysis confirmed the impact of foraging traits on predator- prey coincidence.  The high conversion efficiency and dispersal lines had significant spatial association and correlation with prey, whereas the consumption and unselected control were comparably lower.  We hypothesize that prey patchiness may have reduced the feeding rate of the high consumption line and the control because these lines were less efficient in locating distant prey patches.  In contrast, the high dispersal and conversion efficiency lines exhibited a positive aggregative response wherein the majority of predators clustered in prey patches, thereby reducing prey and increasing reproductive output.  Overall, we observed a positive spatial association between predator and prey, which changed over time.  Our results indicate that foraging behaviors of the predatory mite affect its ability to locate patchily-distributed prey, thereby influencing foraging efficiency and predator-prey population dynamics.  In addition, it appears that there may be multiple effective strategies for exploiting prey in this simple patch system.
Publications (2007 & 2008)
Michaud, J.P. & J.L. Jyoti. 2007.  Dietary complementation across life stages in a polyphagous lady beetle, Coleomegilla maculata.  Entomol. Exp. Appl. 126: 40-45.  

Michaud, J.P. & J.L. Jyoti. 2007.  Repellency of conspecific and heterospecific larval residues to ovipositing Hippodamia convergens Guerin (Coleoptera: Coccinellidae) foraging for greenbugs on sorghum plants.  Eur. J. Entomol. 104: 399-405. 
Hodek, I. & J.P. Michaud. 2008. Why is Coccinella septempunctata so successful?  Eur. J. Entomol. 105: 1-12.  
Opit, G.P., J. Perret, K. Holt, J.R. Nechols, D.C. Margolies & K.A.Williams.  Comparing chemical and biological control strategies for twospotted spider mites (Acari: Tetranychidae) in commercial greenhouse production of bedding plants.  J. Econ. Entomol.   (in press).

Grieshop, M.J., P.W. Flinn, J.R. Nechols and J.F. Campbell.  2008.  Effects of fine grain habitat complexity on egg parasitism by three species of Trichogramma.  Biological Control 45: 328-336.
Rasekh, A., J.P. Michaud, Aziz Kharazi-Pakdel and Hossein Allahyari.  Ant mimicry in an aphid parasitoid, Lysiphlebus fabarum.  Journal of Insect Science (submitted).

2. Facilitate the implementation of biological control in production and natural systems.

1) Biological control of bindweed with gall mites

PIs: Phil Sloderbeck and Jim Nechols 

The bindweed gall mite, Aceria malherbae Nuzzaci, was introduced from Europe to help control field bindweed, Convolvulus arvensis L. The first known releases of this mite in Kansas were made in 1993 (JRN).  Gall mites were first recovered in Manhattan (Riley County) in 1997 and low-level recoveries have been made for 11 consecutive years at this site.  Populations have remained relatively low and have not spread or caused severe damage to bindweed in the area. More recent releases in Finney County (PES) have been more successful. The mite has become well established at multiple release sites and has spread several hundred feet from the original release points with severely stunted plants observed in the areas of the original releases. These observations, along with the reported success of this mite in Texas and Colorado, have lead to a renewed interest in making additional releases of this mite in Kansas and in studying its impact on bindweed in the state. One area of interest is studying the impact of moisture on the mite’s ability to establish and impact bindweed populations. Based on the differences observed between the releases in eastern and western Kansas, we suspect that the mite may be better-adapted to the drier climate of western Kansas than to the higher rainfall areas of eastern Kansas. We would like to make a series of releases across the state and monitor their success in relation to rainfall, soil types and habitat.  In addition, we are interested in keeping track of the dispersal of the mites within the state and have established a web site (http://www.entomology.ksu.edu/DesktopDefault.aspx?tabid=722) to help track releases and detection of this mite across Kansas.

3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.

I provided an extension seminar on ecology and biological control of greenbug, Schizaphis graminum, in grain sorghum in Kansas to an audience of growers at our annual fall field day on Aug. 27.

I created three informational web pages for K-State Research and Extension on greenbug, bird-cherry oat aphid, and English grain aphid, respectively, centered on promoting recognition of, and reliance on, biological control of these aphid species in wheat and sorghum.
Kentucky
State Representative: Jen White
University of Kentucky
jenawhite@uky.edu
Accomplishments  (I’ve been in my position about 2 months – hopefully I’ll have more to report next year!) 

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.
Publication
White, J. A., and D. A. Andow.  2008.  Benefits of self-superparasitism in a polyembryonic parasitoid.  Biological Control 46: 133-139
3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.
Personnel Trained 

Jason Wulff, Ph.D. student (in progress)
State Project Summaries

1)  Season-long suppression of black cutworm (Agrotis ipsilon) on golf courses using a baculovirus

Investigators: Bixby, A. and Potter, D.

2) Biological control of the coffee berry borer

Investigators: Chapman, E. and Harwood, J.

3) Molecular determination of soybean aphid predation 

Investigators: Chapman E., and Harwood, J.

4) Habitat management in strawberries for promotion of biological control of invasive mollusks

Investigators: Eskelson, M, and Harwood, J.

5) Spider predation of hemlock woolly adelgid (Adelges tsugae)

Investigators: Mallis, R. and Rieske-Kinney, L.

6) Foraging behavior and use of alternative prey by coccinellid larvae

Investigators: Moser, S. and Obrycki, J.

7) Ant interference with lacewing predation of the calico scale (Eulecanium cerasorum)

Investigators: Vanek, S. and Potter, D.

8) Web placement strategies of spiders in alfalfa and their role in biological control

Investigators: Welch, K., Romero S., and Harwood, J.

9) Chemical interactions between corn rootworm (Diabrotica sp), European corn borer (Ostrinia nubilalis) and its specialist parasitoid, Macrocentrus grandii

Investigators: White, J. 

10) The endosymbiont community of emerald ash borer (Agrilus planipennis) and its parasitoids (Oobius agrili and Spathius agrili)

Investigators: Wulff, J. and White, J.

11) Symbiont influences on superparasitism of the whitefly parasitoid, Encarsia inaron

Investigators: Wulff, J. and White, J.

MINNESOTA

State Representative: George E. Heimpel
University of Minnesota
Heimp001@umn.edu
Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.
1)  Dynamic host specificity in aphid parasitiods

PIs: George E. Heimpel, Keith R. Hopper
Grad student: Christine Dieckhoff
Agency: USDA NRI

2)  Biological control of the soybean aphid

PI:  David Hogg, University of Wisconsin

Co-PIs/Collaborators:  University of Illinois (K. Steffey), Illinois Natural History Survey (D. Voegtlin), Iowa State University (M. O’Neal), Michigan State University (C. DiFonzo, D. Landis), University of Minnesota (D. Ragsdale, G. Heimpel), Purdue University (M. Rhainds), South Dakota State University (K. Tilmon), USDA/ARS Beneficial Insect Introductions Research Unit, Newark, DE (K. Hopper, K. Hoelmer), and University of Wisconsin (D. Hogg, C. Gratton, D. Mahr, E. Cullen). Overseas collaboration with: Japan - University of Utsunomiya, and Japanese National Agricultural Research Service; China - Chinese Academy of Sciences, and USDA/ARS Sino-American Biological Control Laboratory, Beijing; and Korea - Seoul National University.

Agency: North Central Soybean Research and Promotion council
3)  Adaptive Management for Classical Biological Control of Soybean Aphid 

PIs: George E. Heimpel, Kris Wyckhuys


Post-docs: Zeynep Sezen, Mark Asplen


Agency: USDA NCIPM

4)  Intraguild Predation and Classical Biological Control of Soybean Aphid


PIs: George E. Heimpel, Doug Landis


Grad student: Jeremy Chacon

5)  Provenance and Endosymbionts of Soybean Aphid in North America


PI: George E. Heimpel


Post-docs: Zeynep Sezen, Steffen Pauls

Agency: University of Minnesota (MN Futures)

6)  Soybean Aphid Management

PIs: David Ragsdale, George E. Heimpel


Agency: Minnesota Soybean Research and Promotion Council
Publications
Chacon, J. M., D. A. Landis, and G. E. Heimpel. 2008. Potential for biotic interference of a classical biological control agent of the soybean aphid. Biological Control 46: 216-225.
Heimpel, G.E. and J.G. De Boer. 2008. Sex determination in the Hymenoptera. Annual Review of Entomology 53: 209-230.

Lee, J.C. and G.E. Heimpel. 2008. Effect of floral nectar, water, and feeding frequency on Cotesia glomerata longevity. BioControl 53: 289-294.  

Lee, J.C. and G.E. Heimpel. 2008. Floral resources impact longevity and oviposition rate of a parasitoid in the field.  Journal of Animal Ecology 77: 565-572.

Wackers, F.L., P.C.J. van Rijn, and G.E. Heimpel. 2008  Honeydew as a food source for natural enemies: making the best of a bad meal?  Biological Control 45: 176-184.
Wyckhuys, K. A. G., L. Stone, N. Desneux, K. A. Hoelmer, K. R. Hopper, and G. E. Heimpel. 2008. Parasitism of the soybean aphid, Aphis glycines, by Binodoxys communis (Hymenoptera: Braconidae): the role of aphid defensive behavior and parasitoid reproductive performance. Bulletin of Entomological Research 98: 361-370.

Wyckhuys, K. A. G., J. E. Strange-George, C. A. Kulhanek, F. L. Wackers, and G. E. Heimpel. 2008. Sugar feeding by the aphid parasitoid Binodoxys communis: how does honeydew compare to other sugar sources? Journal of Insect Physiology 54: 481-491.

Zhang, Y., L. Wang, K. Wu, K. A. G. Wyckhuys, and G. E. Heimpel. 2008. Flight performance of the soybean aphid, Aphis glycines (Hemiptera: Aphididae) under different temperature and humidity regimens. Environmental Entomology 37: 301-306.
2. Facilitate the implementation of biological control in production and natural systems.

4) We conducted field experiments to determine best release practices for Binodoxys communis, a parasitoid of the soybean aphid.

5) We performed experimental releases of B. communis in Rhamnus cathartica during the Fall to determine overwintering survival and also to evaluate the efficacy of releases in R. cathartica. 
6) We conducted host-range testing on soybean aphid parasitoids other than B. communis en route to potentially seeking permission to release additional species against soybean aphid. 
7) We supplied B. communis to 6 states other than MN for releases (MI, SD, ND, IA, WI, IN).
3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.

Invited presentation (with Zeynep Sezen) at the MN Organic Farming Conference in St. Cloud, MN, in Feb. 2008.  The topic was biological control of soybean aphid.

Invited presentation (with Ken Ostlie, Dave Ragsdale, Zeynep Sezen, Mark Asplen) at 2 U of MN field station ‘field days’, outlining and demonstrating biological control research.  Audience was approximately 150 pest control and soybean specialists.

Three tours of the U of MN/ Minn. Dept. of Ag. Quarantine facility along with explanations of the biological control programs. 
Personnel Trained

Grad students: 

Jeremy Chacon (U of MN, entomology) 

Christine Dieckhoff (U of MN, entomology) 

Ying Zhang (co-advised with Kongming Wu in China) 

Annie-Eve Gagnon (co-advised with Jacques Brodeur at Montreal University, Canada)

Post-docs:

     Mark Asplen

     Zeynep Sezen

     Kris Wyckhuys

     Nico Desneux
One radio interview (Minnesota Public Radio)
Focus of U of M advertising campaign (‘Driven to Discover’)

Cover story in ‘The Farmer’
4. Contribute to national dialog about regulatory issues of biological control.
Circulated proposal for Nearctic IOBC certificate program for biological control to membership.

State Project Summaries
1)  Biological Control of Garlic Mustard

PIs: David Ragsdale, Luke Skinner (DNR), Jeannie Katovich
2) Biological control of Eurasian water milfoil
PIs: Ray Newman (U of M Dept. of Fisheries, Wildlife and Conservation Biology)
3)  Interactions among native and introduced coccinellid beetles

PI: David A. Andow 

Grad student: Kristina Prescott
MISSOURI

State Representative: Ben Puttler

University of Missouri

puttlerbe@missouri.edu
Accomplishments

Monitoring Biological Control Organisms

1) Soybean Aphid (Aphis glycines)

No overwintering soybean aphids were detected in the fall of 2007 at the buckthorn site on the University of Missouri campus where they had been present in small numbers in past years.  In contrast, this year (2008) high populations of aphids (the most ever seen) were detected not only at the campus site but also in small numbers at another site away from the campus.  Syrphid eggs and larvae were readily seen among the aphid colonies.

The soybean aphid situation on soybeans during 2008 was similar to 2007.  Economic populations did not materialize except for on occasional soybean fields in the northwest and northeast parts of the state.  Low numbers of beneficial insects was a contributing factor although they were common in other areas (Contact: W. Bailey, baileyw@missouri.edu).

2) Milky Disease (Paenibacillus lentimorbus)

Milky disease was present for the eighth consecutive year (2000 - 2007) in masked chafer grubs (Cyclocephala sp.) collected from the zoysia turfgrass surface at the University golf course.  Only 22 grubs were collected in 2007.  The first collection was made on October 5 and the last on November 2 with the majority collected on October 19.  The 22 grubs collected was the least number since the disease was first detected and is primarily attributed to cooler than normal temperature and reduced rain fall.

For the first time milky disease grubs were found on the surface of Bermuda and Kentucky bluegrass research plots at the University South Farm.  In contrast to the golf course, the infected grubs were primarily all Phyllophaga sp.

3) St. John’s Wort (Hyericum sp.) Aphid (Aphis hyperici)

The phenology of the Aphelinid, Aphelinus sp., a parasite of Aphis hyperici, deviated this year.  Parasitized aphids (mummies) did not appear until July and were present throughout the summer into late fall, whereas in the past two years, mummies were first detected in April, common until July, and practically non-existent in August and September.  They minimally returned in October.  The only hyperparasite reared this year was Syrphophagus aphidivorus and it was present in all mummy collections.  Binodoxys carolinensis (Aphidiidae) was again present in small numbers and was active mostly in September.  Two predators not previously recorded were a Scymnus sp. (Coccinellidae) and a Barraha sp. (Syrphidae).

4) Anthonomus weevil (A. ungularis)

The Anthonomus ungularis parasite was identified as Lyrcus nigroaeneus.  It was less common parasitizing weevil larvae infesting seed capsules than last year.

5) Spotted Knapweed (Centaurea stoebe)

Spotted knapweed has been a serious weed pest since about 1990 mostly in the Southwest and South Central parts of the State.  In these areas it has proliferated along highway right-of-ways and invaded pastures and prairies.  In order to reduce the pest status of the weed, a biological control approach was initiated.  It entailed obtaining from Montana a root weevil (Cyphocleonus achates) and a seed weevil (Larinus sp.).  Both weevils have been shown to be effective in reducing the weed in other states.  A total of 2,100 C. achates and 2,000 Larinus sp. were released.  The only other biotic agent infesting the weed is the UV fly (a seed feeder), Urophara quadrifasciata.  It dispersed naturally into the State and was found wherever knapweed infestation occurred.  (with Missouri Department of Transportation, Rand Swinigan University of Missouri Extension).
NEBRASKA
State Representative: Robert Wright
University of Nebraska-Lincoln
Email: rwright2@unl.edu
Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.

Publication
Carstens, J., T. Heng-Moss, F. Baxendale, and R. Wright. 2008. Predation of the chinch bug, Blissus occiduus Barber by Geocoris uliginosus. J. Kansas Entomol. Soc. (in press)
3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.
 “Biological Control in Organic Agriculture”.  Workshop conducted for South Central Ag Laboratory Organic Project stakeholder advisory committee meeting, Feb.  14, 2008, Clay Center, NE.
Personnel Trained

Co-advised one MS student; served on supervisory committee of one other MS student.
State Project Summaries
Wasem, C. M. 2007. An evaluation of auto-disseminated Metarhizium anisopliae for management of Japanese beetles, Popillia japonica, in Nebraska.  M. S. thesis, December 2007. University of Nebraska-Lincoln, Fred Baxendale and Robert Wright, co-advisors. 

Abstract

The Japanese beetle, Popillia japonica Newman, is a voracious feeder on turfgrasses and landscape plants in the United States.  Biological control approaches have included use of the entomopathogenic fungus Metarhizium anisopliae (Metsch.) Sorokin.  This research assessed effectiveness of an auto-disseminator system utilizing M. anisopliae ESC-1 inoculum for managing Japanese beetles in urban landscapes.  

Adult P. japonica emergence began the first week of June.  Number of trapped beetles reached a peak during the first week of July then gradually declined through the end of August.

The viability of the inoculum was significantly reduced after 14 days in auto-disseminator chambers under field conditions.  There were no significant differences in conidia viability between auto-disseminators located in sun versus shade locations.  

The mean number of conidia detected on beetles passing through inoculation chambers was 3.8 x 106 ± 2.8 x 106 per beetle.  There were no significant differences (F = 0.73, df = 3, 4, P = 0.58) among collection days in the number of spores acquired by beetles during the 7 d experiment.

Conidia of M. anisopliae ESC-1 were evaluated for virulence against adults, eggs, and all larval instars of Japanese beetles under laboratory conditions.  Two inoculum methods, conidia within agar plates and formulations of dried conidia blended with corn starch, were used.  The LC50 value estimated at 7 d after beetle inoculation with agar plates and dried conidia was 4.2 x 106 ± 2.3 x 105 CFU/50 beetles and 2.23 ± 11.13 mg conidia/50 beetles, respectively.  The LT50 values varied between 4.6 and 8.3 days.  

In second instar trials, the LC50 value at 10 days after larval inoculation was 219.82 ± 31.25 mg conidia/50 ml soil.  In the third instar trials the LC50 value at 10 days after larval inoculation was 524.58 ± 59.68 mg conidia/50 ml soil.

This research provides important information for state agriculture departments to assess the value of this auto-dissemination system for managing P. japonica infestations. 
Santiago A. Palizada. 2008. Effects of different transgenic and non-transgenic maize on minute pirate bug [Orius insidiosus (Say)] populations and other key arthropods.  M.S. Thesis, August 2008.  John E. Foster and Thomas E. Hunt, co-advisors.

Abstract

Transgenic maize is increasingly planted in a sustained growth worldwide in developed and developing countries. One of the important concerns of government organizations in the safety risk assessment of transgenic maize is the impact on non-target organisms. My research evaluated the effects of different transgenic and non-transgenic maize on minute pirate bug [Orius insidiosus (Say)] populations and selected key arthropods during 2007 at three sites in Mead, Clay Center, and Concord, Nebraska. The treatments were: a) a Cry1Ab x CP4 EPSPS maize, b) CP4 EPSPS maize, c) a CP4 EPSPS maize plus an insecticide application to control the first generation of Ostrinia nubilalis (Hübner), d) a Cry1Ab x Cry3Bb1 x CP4 EPSPS maize, e) a CP4 EPSPS maize, f) a CP4 EPSPS maize plus an insecticide application to control the second generation of O. nubilalis, and g) a conventional maize. Agronomic parameters, abiotic stressors, disease incidence, and arthropod data were collected. Data were analyzed by analysis of variance using SAS.s PROC MIXED. Generally, Cry1Ab x Cry3Bb1 x CP4 EPSPS maize, and Cry1Ab x CP4 EPSPS maize had significantly highest grain yields, and slight differences on some agronomic parameters. Transgenic and non-transgenic maize revealed no significant differences on abiotic stressor and diseases incidence. A total of 163,796 arthropods were counted using yellow sticky cards. Cry1Ab x CP4 EPSPS maize, and Cry1Ab x Cry3Bb1 x CP4 EPSPS maize had no consistent significant effects in target insect pests and selected key non-target arthropods. Sampling O. insidiosus populations using both a visual observation sampling technique and yellow sticky cards also was conducted.  Significantly fewer adults were recorded in CP4 EPSPS maize plus an insecticide application with mean counts of 0.3417 adults/plant (visual observations) and 0.4583 adults/card/day (yellow sticky cards). No significant differences were recorded in the mean adult counts among Cry1Ab x CP4 EPSPS maize, CP4 EPSPS maize, Cry1Ab x Cry3Bb1 x CP4 EPSPS maize, and conventional maize. This study indicates that transgenic maize had no significant impact on the non-target arthropods, and yellow sticky card sampling is as effective as visual observation for the quantification of O. insidiosus in the field. 
NEW YORK

State Representative: Michael P. Hoffman

Cornell University, Department of Entomology 
mph3@cornell.edu
Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.

Project Summaries

1)  Integrating conventional and biological control of European corn borer in sweet corn: Efficacy and economics.

PI: Mike Hoffmann, Cornell University

Funding Agency: USDA CSREES Pest Management Alternatives Program

2)  IPM for European corn borer in snap beans.


PI: Mike Hoffmann


Funding Agency: New York State Vegetable Research Council and Association

3)  IPM for European corn borer in sweet corn.

PI: Mike Hoffmann

Funding Agency: New York State Vegetable Research Council and Association

4)  Cold storage of Trichogramma ostriniae using alternating temperatures.


PI: Mike Hoffmann


Funding  Agency: Hatch Multistate NC-205 

5)  Developing farmers' skills and confidence in the use of Trichogramma ostriniae for European corn borer control in sweet corn, peppers and potatoes.

PI: Abby Seaman, NY State IPM Program; University of Massachusetts (Ruth Hazzard), Cornell University (Mike Hoffmann); Virginia Tech (Tom Kuhar).

Funding Agency: USDA CSREES Sustainable Agriculture Research and Education Program

2. Facilitate the implementation of biological control in production and natural systems.

Activities

1)  We conducted field trials to evaluate the economic impact of Trichogramma ostriniae in fresh market sweet corn production.  Results indicate that Trichogramma can be cost effective.

2) We conducted field trials to determine whether Trichogramma ostriniae has potential for integration with snap bean production practices to control European corn borer.  Parasitism of sentinel eggs under commercial production systems suggests that biological control of European corn borer in snap beans may be an option. 

3) We conducted field trials to determine the potential for conservation and augmentative biological control of the corn worm complex in processing sweet corn.  Results suggest that augmentavie biological control with Trichogramma is feasible for controlling European corn borer, but that corn earworm and fall army worm are more difficult targets.  The study suggests that conservation biological control would most likely be due to Orius spp. 

4) Trials were conducted to determine whether shelf life could be extended by allowing periodic warming of cold-stored T. ostriniae.  It appears that longer shelf life can be accomplished by allowing periodic warming of stored product.

On-farm demonstrations of Trichogramma ostriniae in sweet corn showed grower acceptance. 

3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.
1)  Biological and economic results of studies were provided to an audience at the annual Entomological Society of America, Eastern Branch conference. 

2)  Economics and efficacy of Trichogramma ostriniae were presented to cooperative extension agents at the annual Cornell Ag In-service symposium.
3)  Information on using Trichogramma in sweet corn was presented at three in-field grower meetings in 2008, two in NY and one in MA.
4)  Release and scouting methods were explained to growers in New York on 13 farms.   Wasps were shipped directly to farmers who made releases in plantings based on corn phenology, so that they became familiarized with implementing biological control.
5)  We developed a fact sheet on using Trichogramma ostriniae that is posted at:  http://www.nysipm.cornell.edu/factsheets/vegetables/swcorn/trich_ost.pdf
Personnel Trained
Three undergraduate researchers were mentored.

NORTH DAKOTA

State Representative: Deirdre A. Prischmann-Voldseth, Ph.D.

North Dakota State University

Entomology Dept. 7650, P.O. Box 6050

Fargo, ND 58108-6050

Office: 701-231-9805

Fax: 701-231-8557

Deirdre.Prischmann@ndsu.edu
Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.

1)  Predation of immature corn rootworms by subterranean mites


PI:  Deirdre A. Prischmann-Voldseth, North Dakota State University, Fargo ND

Co-PI:  USDA-ARS, North Central Agricultural Research Lab, Brookings SD 

(Jonathan G. Lundgren) 

Not yet funded.

Grant submitted to North Central Region Integrated Pest Management Center, Mini-

Grants Program, Oct. 2008.
Prischmann, D.A., R. M. Lehman, A.A. Christie, and K.E. Dashiell. 2008. Characterization of bacteria isolated from maize roots: emphasis on Serratia and infestation with corn rootworms (Chrysomelidae: Diabrotica). Appl. Soil Ecol. 40: 417-431.
2. Facilitate the implementation of biological control in production and natural systems.

8) Along with Dr. Jonathan Lundgren, using qPCR techniques I found several predator species had ingested corn rootworms (Diabrotica spp.) in a field setting. Predators included: soil-dwelling mites, japygids, ants, carabids, and staphylinids. I will be confirming these results by additional sampling and testing. In addition, I am currently collecting and rearing several native mite species, and will evaluate their effectiveness against corn rootworms. 

9) I field-released a commercially available soil mite, Geolaelaps (Hypoaspis) aculeifer, and monitored pest rootworm populations and plant damage. Instead of controlling rootworm populations, root damage ratings were higher in plots where G. aculeifer was added. This mite may have acted as an intraguild predator, a topic I plan to explore next summer in additional field experiments. 
3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.

2008 “Experiences in agricultural pest control: mites, rootworms and microbe.” Prischmann   

   DA. North Dakota State University / USDA-ARS, Fargo, ND. 

b. List publications or other educational opportunities on biological control you provided for producers, extension educators, and other stakeholders (e.g., extension publications or talks, biological control workshops or training sessions, etc.)

   n/a

c. List number of graduate students, postdocs, and undergraduate researchers you trained in the science of biological control

   None

d. List biological control-related publications and other communications to the public (e.g., radio interviews, newspaper articles, etc.  Summarize as appropriate, such as “three radio interviews”)

   n/a

Impacts

No impact data is available yet.
State Project Summaries

1):  Predation of immature corn rootworms by subterranean mites


Investigators:  Deirdre A. Prischmann-Voldseth, North Dakota State University, Fargo ND; Jonathan G. Lundgren USDA-ARS, North Central Agricultural Research Lab, Brookings SD 

2)  Enhancing the function of predators of western corn rootworm with vegetational diversity in corn production systems.

Investigators:  Jonathan G. Lundgren USDA-ARS, North Central Agricultural Research Lab, Brookings SD; Deirdre A. Prischmann-Voldseth, North Dakota State University, Fargo ND
3)  Suppressing soybean aphid populations by strip cropping with clover


Investigators:  Deirdre A. Prischmann-Voldseth and Janet J. Knodel, North Dakota State University, Fargo ND
4)  Biological control and aphid resistant cultivars


Investigators:  Janet J. Knodel and Deirdre A. Prischmann-Voldseth, North Dakota State University, Fargo ND
OHIO
State Representative: Luis A. Cañas
The Ohio State University / OARDC
canas.4@osu.edu
Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.
1)  Whitefly preference for poinsettia cultivars: impact of plant host traits on whitefly development, survival and fecundity.
PI:  L. A. Cañas, The Ohio State University / OARDC
American Flower Endowment

Yadwinder S. Deol, Sukhbir K. Grewal, L. Cañas and Parwinder S. Grewal. 2008. An assessment of entomopathogenic nematode delivery through commercial potting media and garden soil.   International Journal of Nematology (in press).

2. Facilitate the implementation of biological control in production and natural systems.

10) I developed a collaborative project with a greenhouse tomato grower to implement the use of natural enemies for control of pests in her greenhouse. This project will be used to exemplify the different elements that need to be considered when implementing a biological control program. 
11) I coordinated the development of a “bilingual” (English-Spanish) workshop that introduced IPM concepts to pest management operators. Biological control was an important element in this workshop.
12) I developed a collaborative project with Smithers-Oasis (Ohio) to improve the deliver of entomopathogenic nematodes through plant growing media.
3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.

Talks and workshops
Cañas, L.A. “Current management practices for control of greenhouse insect pests.”  Maumee, OH. 1/3/2008.

Cañas, L.A. “Problem detection: identification and sampling.” Spanish Educational Program: Pest Identification and Management. Heartland Growers. Indianapolis, IN. Attendance = 10. 1/16/2008.

Cañas, L.A. “Alternate tactics beside pesticide use.” Spanish Educational Program: Pest Identification and Management. Heartland Growers. Indianapolis, IN. Attendance = 10.

1/16/2008.

Cañas, L.A. “Best management practices to Successfully Manage Insects in Greenhouses.”  Cincinnati, OH. 2/7/2008.

Cañas, L.A. Insect Identification and Sampling. 2008 Greenhouse Management Workshop – Coordinated by Dr. Peter Ling. Approximate number of participants = 7 people. Discussed insect pests and beneficial organism identification and management. Invited Speaker, oral presentation, Wooster, OH. 2/27/2008.
Cañas, L.A. Extension Reloaded: insect management using IPM. Greater Cleveland Flower Grower Association – Coordinated by Tim Malinich. Approximate number of participants = 49 people. Presented information about problems observed during the onsite visit and discussed options for control. Oral presentation, Avon, OH. March 11, 2008.
Cañas, L.A. Insect Science Workshop.  Credits: 5, Enrollment: 11. Guest Lecture: “Greenhouse Insects” Mount Union College. 75% of the students in class were able to recognize the major greenhouse insect pests by the end of the lecture and learned about biological controls (only 8% were able to do so at the beginning of the lecture). 5/19/2008

Cañas, L.A. “Using chemicals compatible with beneficials in conservatories and small production greenhouses.”  Cleveland, OH. 9/28/2008.
Cañas, L.A. “Using chemicals compatible with beneficials in conservatories and small production greenhouses.”  Cleveland, OH. 9/28/2008.
Cañas, L.A. “IPM Trends for the Near Future: Potential Pests and Their Management.”  Cleveland, OH. 10/2/2008.
Publications

Cañas, L.A. Biological Control of Insect Pests in Greenhouse Vegetables. The Ohio State University Extension Fact Sheet. 9/1/2008.

Personnel Trained

2006-Current. Elizabeth Erin Morris. USA. MS student, Department of Entomology, The Ohio State University. August 2006 – December 2008. Advisory Committee Member.

2005-2006. Yadwinder Deol. India. Graduated with MS in Entomology. The Ohio State University. Advisory Committee Member.

2008. Ronald Batallas. Ecuador. Panamerican College of Agriculture, Honduras. February 14 – December 14, 2008. Undergraduate student intern.

2007. Wilmer Rodriguez. Honduras. Panamerican College of Agriculture, Honduras. February 12 – August 12, 2008. Undergraduate student intern.

2007. Carolina Sanchez, Colombia. Has helped with laboratory and greenhouse work. Volunteer. April 16, 2007 – June 30, 2007. Undergraduate student intern.

2008. Deanna Sindelar, SU Quarter 2008, senior, Major: Greenhouse Production and Management Technology (ATI), Automated scouting and identification of major insect pests in controlled environments. Awards: Awarded OARDC Research Internship Program scholarship. June 9 to September 12, 2008. Undergraduate student intern.

2008. The Ohio State University. ENT 460. Economic Entomology and Insect Pest Management. Credits: 5, Enrollment: 15. Supported the class lead by Celeste Welty and Dave Shetlar. Winter Quarter, 3 January 2008 to March 13, 2008. Discussed principles of pest management and explained major tactics. The class was transformed to a computer assisted course as a stepping stone into converting it to a distance education class.
Impacts

I organized the shortcourse “Best management practices to Successfully Manage Insects in Greenhouses.”  This 1 hour course was delivered at 3 sites in Ohio, to 131 stakeholders.  

I participated in the program “Insect Science Workshop.”  Mount Union College. 75% of the students in class were able to recognize the major greenhouse insect pests by the end of the lecture and learned about biological controls (only 8% were able to do so at the beginning of the lecture).
I organized the program “Using chemicals compatible with beneficials in conservatories and small production greenhouses”  From the participants 77% of stockholders were able to identify which chemicals were compatible with biological control agents. 

State Project Summaries

Please list the biological-control related projects being conducted by you, and by other colleagues in your state, including other institutions when applicable (for example, projects at your local ARS lab).  This part of the report is similar to the older State Report format, but you only need to supply project titles, investigators.  You may include project descriptions, links to project websites, results, etc. if you wish, but this is optional.

1) Habitat Characteristics and Entomopathogenic Nematode Persistence in Agroecosystems.

PIs: Hoy, C.W., and Grewal, P.S., Ohio State Univ., Dept. of Entomology, Wooster, OH.
Publication: Casey W. Hoy, Parwinder S. Grewal, Janet L. Lawrence, Ganpati Jagdale, and Nuris Acosta.  2008.  Canonical correspondence analysis demonstrates unique soil conditions for entomopathogenic nematode species compared with other free living nematode species.  Biological Control.  46:  371-379.
2) Finding and utilizing bacterial agents of soilborne disease suppression

PIs: Brian McSpadden Gardener, Sally A. Miller, Dept. of Plant Pathology, Ohio State University, Matthew Kleinhenz, Dept. of Horticulture and Crop Sciences, Ohio State University, Wooster, OH.
3) Biological management of soilborne and foliar diseases of tomatoes produced under high tunnels.

PIs: Sally A. Miller, Dept. of Plant Pathology, Ohio State University, Wooster, OH.
4) Trichoderma: Biocontrol of bacterial leaf spot of tomato and periodic expression of certain candidate genes.

PIs: Sally A. Miller, Dept. of Plant Pathology, Ohio State University, Wooster, OH.
5) Conservation of predatory mites in apple orchards.

PIs: Celeste Welty, Dept. of Entomology, The Ohio State University, Columbus, OH.
6)  Developing integrated biological and chemical control tactics for cole crop pests in market gardens.

PIs: Celeste Welty, Dept. of Entomology, The Ohio State University, Columbus, OH, and Göksel Tozlu, Atatürk University, Turkey.
7)  Impact of irrigation and nutrient variation on the population dynamics of fungus gnats and some entomopathogenic nematodes used for their control.

PIs: Sally Luis A. Cañas, Gampati B. Jagdale, Parwinder Grewal. Dept. of Entomology, The Ohio State University, Wooster, OH.
8)  Mechanisms of resistance of Euphorbia pulcherrima (Euphorbiaceae) to Bemisia tabaci biotype B (Hemiptera: Aleyrodidae) and their effects on tri-trophic interactions.

PIs: Karla Medina-Ortega and Luis A. Cañas. Dept. of Entomology, The Ohio State University, Wooster, OH.
9)  Development of a novel nematode release system for preventive management of the fungus gnat Bradysia difformis in ornamentals.

PIs: L. Cañas, Dept. of Entomology, The Ohio State University, Columbus, OH.
10)  Using biological control to management aphids (Homoptera: Aphididae) on hydroponic lettuce.

PIs: L. Cañas, Dept. of Entomology, The Ohio State University, Columbus, OH.
SOUTH DAKOTA
State Representative: Kelley Tilmon
South Dakota State University
Kelley.Tilmon@sdstate.edu

Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.

1)  Ecology and management of soybean aphid and other insect pests of soybean

PI:  Kelley Tilmon, South Dakota State University
Agency:  South Dakota Soybean Research and Promotion Council

2)  Biological control of the soybean aphid

PI:  David Hogg, University of Wisconsin
Co-PIs/Collaborators:  University of Illinois (K. Steffey), Illinois Natural History Survey (D. Voegtlin), Iowa State University (M. O’Neal), Michigan State University (C. DiFonzo, D. Landis), University of Minnesota (D. Ragsdale, G. Heimpel), Purdue University (M. Rhainds), South Dakota State University (K. Tilmon), USDA/ARS Beneficial Insect Introductions Research Unit, Newark, DE (K. Hopper, K. Hoelmer), and University of Wisconsin (D. Hogg, C. Gratton, D. Mahr, E. Cullen). Overseas collaboration with: Japan - University of Utsunomiya, and Japanese National Agricultural Research Service; China - Chinese Academy of Sciences, and USDA/ARS Sino-American Biological Control Laboratory, Beijing; and Korea - Seoul National University.

Agency:  North Central Soybean Research and Promotion council

 3)  Releasing Binodoxys communis for soybean aphid suppression:  delivering on the promise

PI:  Matt O’Neal, Iowa State University

Co-PI:  Kelley Tilmon, South Dakota State University

Agency:  Iowa Soybean Association
2. Facilitate the implementation of biological control in production and natural systems.

13) I coordinated the release of the soybean aphid biological control agent, Binodoxys communis, at 10 sites in my state.  We will conduct follow-up monitoring next season. These releases were cooperative efforts involving county extension educators and grower-cooperators.  Seven of the 10 releases were done on producers’ farms.
3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.

a. Invited Presentation, University of Minnesota Entomology Seminar Series (St. Paul):  “How Do Host-Plant Resistance and Biological Control Fit Together in Soybean IPM?”

b. Poster (biological control), International Congress of Entomology, Durban, South Africa

c. Talk (biological control), Entomological Society of America Annual Meeting, Reno, NV (11/08)

Educational Opportunities Provided
· Organized Northern Great Plains Soybean IPM Forum

· whole-day programs in both Fargo ND and Brookings SD

· 170 participants

· included talks on biological control

· Presentation for producers in IPM and biological control at the Brown County Crop Improvement Association Seminar Program

· Speaker evaluation feedback on my talk:

· Would you recommend this program? Yes 18, No 0

· Will you use the information for management decisions?  Yes 18, No 0

· Presentation in the 2008 South Dakota IPM Regional Conference

· Gave presentations at two SDSU Field Days

· Brookings Research Farm, June, 2008

· Southeast Research Farm, September, 2008

· Wrote a Field Day/Outreach handout, “Soybean Aphid Biocontrol: An Exotic Approach”
Personnel in training
· Currently training one PhD student

Biological control-related publications and other communications

· Partnered with the South Dakota Soybean Research and Promotion Council to have Extension Factsheet FS914A included as an insert into the Summer 2008 SD Soybean Digest. This publication is distributed to 16,000 South Dakota soybean producers/stakeholders.  Includes information on biological control in soybean

· Provided pictures, written information, and interview for TriState Neighbor article, “Stingless Wasp is Deadly to Asian Soybean Aphids (March, 2008)

· Supplied pictures, information, and interview for the Soybean Aphid 2008 Research Update (a publication of the North Central Soybean Research Program about biological control in soybean)

· Gave interview information for an article in Agweek, “Timing is Key when Spraying for Soybean Aphids,” (February, 2008).  Includes information on natural enemies.

· Gave interview information for an article in Agweek, “Entomologists determine trigger level spraying aphids” (March, 2008).  Includes information on natural enemies.

· Gave written and interview information for an article on soybean aphid in Agweek, March 2008

· Answered 5 letters or phone calls about biological control
Impacts

· Presentation for producers in IPM and biological control at the Brown County Crop Improvement Association Seminar Program

· Speaker evaluation feedback on my talk:

· Would you recommend this program? Yes 18, No 0

· Will you use the information for management decisions?  

 Yes 18, No 0

· I organized/coordinated the Northern Great Plains Soybean IPM Forum, an information and education event for soybean producers, consultants, agri-businesses, Extension and research staff, and others interested in soybean production.  This was a Regional event conducted in two locations on back-to-back days (Fargo, ND on Feb.7 and Brookings on Feb.8), through collaboration with NDSU and UMN.  I raised funding for the event through both competitive grants and industry donations totaling $23,000 [see Extension Funding Requests below].  The Forums featured talks by a variety of experts from Minnesota, Iowa, Wisconsin, Tennessee, and Kentucky.  We also ran focus groups with soybean stakeholders to identify their needs and priorities and to better-inform Research and Extension efforts in the area of soybean IPM.  Well-attended and well-received, the event drew over 170 participants from throughout the region.  In a post-forum survey, 77% of participants indicated that they would implement new IPM strategies in soybean as a result of the program.  I also established a web site where videos and slide shows from the Forum are available online. 
Project Summaries

1)  Interaction between host plant resistance and biological control in soybean

PI: Kelley J. Tilmon, South Dakota State University
2) Releasing Binodoxys communis for soybean aphid suppression:  delivering on the 

Promise

PI: Matt O’Neal, Iowa State University, 
CO-PI: Kelley J. Tilmon, South Dakota State University
3) Biological control of the soybean aphid

PIs: Multiple in the North Central region, including K. Tilmon

4) Biological Control of Canada Thistle (fact sheet publication)
PIs: Darrel Deneke and Paul Johnson, SDSU

South Dakota Department of Agriculture (submitted by Ron Moehring)
The SD Department of Agriculture worked on several bio-control projects in 2008. One of our main thrusts was the collection and re-distribution of Aphthona flea beetles for the control of leafy spurge. The department participated in collection and redistribution efforts that provided insects to a approximately 100 private landowners, three native tribes, 10 counties, one NGO, and two neighboring states. Insect number were down this year and these collections redistributed about 1.75 million agents.  

We also worked with SD Public TV on a bio-control feature program that is planned for airing next spring. 

The SD-NE Purple Loosestrife Project is a cooperative project between both states, their counties that border the Missouri River, Mike Durfee State Prison, USDA-APHIS, USF&WS, USACOE, BIA, private industry and the native tribes to raise Galerucella at the prison using inmate labor for rearing. These agents were redistributed through the area. This project also just started a Knapweed insectary using Cyphocleonus and Larinus for control of diffuse and spotted knapweed.

The department also assisted USDA-APHIS in the release and monitoring of Diorhabda elongata for the control of Saltcedar at seven experimental sites in SD.  One site was destroyed by increased water levels in Lake Oahe. One site that showed promise for collection last year was covered with silt from early spring flooding, reducing the insect’s survival. Three sites showed some insect over wintering. Few insects were found at the remainder of sites.
USDA-ARS Report (submitted by Jonathan Lundgren, USDA-ARS, Brookings, SD. Jonathan.Lundgren@ars.usda.gov)
1)  Biological Control of Subterranean Stages of Corn Rootworms

Investigators: Jonathan Lundgren1, Deirdre Prischmann2, Stefan Toepfer3, Tim Haye4, Ulli Kuhlmann4
1North Central Agricultural Research Laboratory, USDA-ARS, Brookings, SD

2Department of Entomology, North Dakota State University, Fargo ND

3CABI Swiss BioScience Centre, Hodmezovarsahel, Hungary

4CABI Swiss BioScience Centre, Delemont, Switzerland

2)  The Nutritional Challenges Posed by Non-prey Foods for Coccinellids

Investigators: Jonathan Lundgren1, Don Weber2
1North Central Agricultural Research Laboratory, USDA-ARS, Brookings, SD

2Invasive Insect Biocontrol & Behavior Laboratory, USDA-ARS, Beltsville, MD

3)  Plant-natural Enemy Interactions Soybean Agroecosystems: Implications of Plant Diversity and Crop Varietal Selection to the Performance of Orius insidiosus and Coccinellids.

Investigators: Jonathan Lundgren1, Michael Seagraves1, Louis Hesler1, Kelley Tilmon2, Roy Scott2, Kenton Dashiell1, Walter Riedell1
1North Central Agricultural Research Laboratory, USDA-ARS, Brookings, SD

2Plant Science Department, South Dakota State University, Brookings, SD

4)  The implications of seed predation by crickets and carabids for biological control of insects and weeds.

Investigators: Jonathan Lundgren1, Michael Lehman1, James Harwood2
1North Central Agricultural Research Laboratory, USDA-ARS, Brookings, SD

2Department of Entomology, University of Kentucky, Lexington, KY
Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.
Peer-reviewed Publications

Lehman, R. M., J. G. Lundgren, and L. Petzke. In press. Bacterial communities associated with the digestive tract of the predatory ground beetle, Poecilus chalcites, and their response to laboratory rearing and antibiotic treatment. Microbial Ecology.

Lundgren, J. G., J. K. Fergen, and W. E. Riedell. 2008. The influence of plant anatomy on oviposition and reproductive success of the omnivorous bug, Orius insidiosus. Animal Behaviour 75: 1495-1502
Lundgren, J. G., K. Wyckhuys, and N. Desneux. In press. Population responses by Orius insidiosus to vegetational diversity. BioControl.

Toepfer, S., T. Haye, M. Erlandson, M. Goettel, J. G. Lundgren, R.G. Kleespies, D. C. Weber, G. Cabrera Walsh, J. Jackson, A. Peters, R.-U. Ehlers, H. Strasser, D. Moore, S. Keller, S. Vidal, U. Kuhlmann. In press. A review of the natural enemies of beetles in the subtribe Diabroticina (Coleoptera: Chrysomelidae): Implications for sustainable pest management. Biocontrol Science and Technology.

Weber, D. C., and J. G. Lundgren. In press. Quantification of predation using qPCR: Effect of prey quantity, elapsed time, chaser diet, and sample preservation. Journal of Insect Science. 
Wolfenbarger, L. L., S. E. Naranjo, J. G. Lundgren, R. J. Bitzer, and L. S. Watrud. 2008. Bt crop effects on functional guilds of non-target arthropods: a meta-analysis. PLoS ONE 3(5): e2118.doi:10.1371/journal.pone.0002118.
3 Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.
a) Organized the short course titled “Natural History and Taxonomy of the Carabidae” as the Midwest Institute for Biological Control. The course was held on June 22-25, 2008 at Oak Lake Field Station, Brookings County, South Dakota. Five world-renowned experts of carabid ecology and systematics instructed individual hands-on modules that explored the taxonomy, physiology, genetics, ecology, and pest management benefits of this economically important group of beneficial insects. Twelve students from nine states attended the course. These students were represented an array of skill levels and professional interests, and included graduate students, amateur collectors, and entomological professionals.

b) 
Mentored two visiting French students for internships pertaining to coccinellid feeding ecology and rootworm biological control. Supervised one post-doctoral researcher.

c) 
Prepared the monthly 500-word column titled “The Insect Spotlight”, which is circulated to 300,000+ subscribers to regional and agricultural newspapers. The major focus of this article is to promote non-chemical management and understanding of beneficial and pest insects.

WISCONSIN

State Representative: David Hogg
Department of Entomology

University of Wisconsin-Madison
hogg@entomology.wsic.edu
Accomplishments

1.  Advance the science of biological control through fundamental research on the biology of natural enemies and their application in pest management.

1)  Biological Control of the Soybean Aphid

PI:  David Hogg, University of Wisconsin

Co-PIs/Collaborators:  University of Illinois (K. Steffey), Illinois Natural History Survey (D. Voegtlin), Iowa State University (M. O’Neal), Michigan State University (C. DiFonzo, D. Landis), University of Minnesota (D. Ragsdale, G. Heimpel), Purdue University (M. Rhainds), South Dakota State University (K. Tilmon), USDA/ARS Beneficial Insect Introductions Research Unit, Newark, DE (K. Hopper, K. Hoelmer), and University of Wisconsin (D. Hogg, C. Gratton, D. Mahr, E. Cullen). Overseas collaboration with: Japan - University of Utsunomiya, and Japanese National Agricultural Research Service; China - Chinese Academy of Sciences, and USDA/ARS Sino-American Biological Control Laboratory, Beijing; and Korea - Seoul National University.

Agency: North Central Soybean Research Program

2. Facilitate the implementation of biological control in production and natural systems.

With the assistance of graduate student Camila Botero I supervised the 2008 release of the aphidiine parasitoid Binodoxys communis for soybean aphid biological control, at 7 sites in Wisconsin.  Establishment was documented at six of the sites.  Follow-up monitoring will be conducted in 2009.

3. Educate stakeholders, students, extension personnel and the general public on the principles and practices of biological control.

We conducted a field day at one of our Binodoxys release sites on August 21 to explain the release program and the role of biological control in soybean aphid management.

Personnel trained

Two M.S. students, Camila Botero and Rachel Mallinger. 
State Project Summaries

1)  Abundance and Diversity of Natural Enemies in Conventional and Organic Field Crops
PI: David Hogg

Graduate Student: Rachel Mallinger

Presentations
Mallinger, R.E. and D.B. Hogg.  2008.  Aphid pests and their natural enemies in organic and conventional soybean and alfalfa fields.  Annual Meeting of the North Central Branch of the Entomological Society of America, Columbus, OH.

2)  Effects of landscape spatial structure and resource availability in conservation biological control” (USDA Hatch)
PI:  Claudio Gratton

Graduate student:  Ben Werling

We experimentally examined the impact of planting native, warm-season grasses next to potatoes on natural enemies and predation in the crop.  Our findings suggest that planting grasses increases predation on eggs of Colorado potato beetle.  Preliminary evidence suggests this is due to increased harvestmen densities (Opiliones:  Phalangiidae).
We conducted field experiments examining the impact of natural areas immediately adjacent to and within 1.5 kilometers of the crop on natural enemy communities and their predation of potato pests.  This research was conducted in grower’s fields, and suggests natural areas can increase biocontrol, but that they should be conserved at different scales to enhance control of different pests.
Presentations
Werling, B.P. and C Gratton.  2008.  Off-crop natural areas and predation in Wisconsin potato crops.  Annual Meeting of the Ecological Society of America, Milwaukee, WI.
Werling, B.P. and C Gratton.  2008.  Local landscape composition drives predation on an insect herbivore of potato.  US-Regional Meeting of the International Association for Landscape Ecology, Madison, WI (poster).

Publications
Werling, B. P., and C. Gratton.  2008.  Influence of field margins and landscape context on ground beetle diversity in Wisconsin (USA) potato fields.  Agriculture, Ecosystems and Environment 128: 104-108. 
3)  The Role of Natural Habitats in Agroecosystems: Evaluating Benefits and Establishing Standards for Restored Non-Crop Lands (USDA, NRI, Managed Ecosystems)

Co-PI: Claudio Gratton with P. Zedler, N. Matthews, D. Sexson

Graduate Student: Hannah R. Gaines

We investigated how one ecosystem service, post-dispersal weed seed predation, and its providers (i.e. ground beetles) are influenced by the management strategies implemented under the Wisconsin Healthy Grown Potato program.  We found that non-crop habitats in the potato agroecosystem provide valuable resources that enhance seed-eating ground beetle abundance, diversity, and their consumption rate of weed seeds.

Presentations
Gaines, H.R. and C. Gratton. 2008. Influence of non crop habitat on weed seed predation within potato crops. Annual Meeting of the Ecological Society of America, Milwaukee, WI.

4)  Management strategies of Phyllophaga anxia (Coleoptera: Scarabaeidae) grub populations in conifer plantations in Wisconsin

PI:  R. Chris Williamson

Graduate Student: P.J. Liesch, P. J.
This project evaluates various management strategies of Phyllophaga anxia white grubs on conifer plantations in northern Wisconsin.  Currently, Christmas tree growers rely on chemical insecticides to control white grubs, and little is known about the efficacy and persistence of entomopathogenic nematodes in conifer plantations.  In addition to evaluating chemical management options, a key component of this project is to evaluate the efficacy and persistence of two species of entomopathogenic nematodes (Heterorhabditis bacteriophora and Steinernema carpocapsae) in conifer plantations.  
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