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Introduction

The sugarbeet root maggot (SBRM), Tetanops myopaeformis (Röder), is a major insect pest of sugarbeet that can potentially cause up to 100% yield losses (Cooke 1993) if control measures are not undertaken. Crop losses, due to below-ground feeding injury by root maggot larvae, can be devastating. Sugarbeet growers in areas affected by the root maggot are heavily dependent on a few chemical insecticides. New pesticide regulations and extensive re-registration requirements from the Environmental Protection Agency (EPA) could further exacerbate the current situation if voluntary cancellations or EPA removals occur as per the new guidelines. Thus, there is a need to look for alternative control tactics that could be used on a long-term basis and could provide sustainable sugarbeet production in the Red River Valley (RRV). In the past decade there has been a tremendous increase in the search for microbial agents for insect control. Most research (1990 to present) regarding sugarbeet root maggot control has focused on the use of introduced (non-native) insect pathogens for inundative biological control of larvae. All three instars of this insect feed on the plant sap that exudes from root tissues after larvae injure root surfaces using a pair of strong mouth-hooks. To date, efforts to isolate native or naturally-occurring pathogens of the root maggot have been sparse. A native species, Syngliocladium tetanopsis Hodge, Humber, and Wozniak, has been isolated from sugarbeet root maggot larvae in the RRV. This isolate has been shown to be pathogenic to root maggot larvae (Hodge et al. 1998). Pathogenic fungi are one of the most detectable insect pathogens due to their classic disease symptoms (e.g., well-preserved cadavers, production of external conidia, etc.) and extended period of incubation in insect hosts. Searching for new fungal natural enemies of the sugarbeet root maggot could generate new information about its natural enemies and also open up new possibilities for insect management. In this era of “integrated pest management”, understanding the ecological interactions of natural enemies and their hosts can be useful to help incorporate them into pest control programs. Carefully conducted pathogen surveys could fill such gaps in information. 

This report summarizes findings of surveys (2004 & 2005) undertaken to detect and isolate native pathogens of sugarbeet root maggot larvae in the RRV. These surveys also provided data regarding biology of this key insect pest and the pupa, a potentially vulnerable stage of the sugarbeet root maggot that generally goes undetected. We report on the isolation, pathogenicity, and impact of Fusarium solani (asexual state classified as Deuteromycota: Hyphomycetes) isolate ARSEF 7382, a newly isolated root maggot pathogen native to the RRV. Due to the phylogenetic complexity of genus F. solani, the reported identity of this isolate should be considered tentative. Hence, the new insect pathogen will be indicated as ARSEF 7382 throughout this report. This fungus is the second “native” pathogen ever reported for the root maggot, and could indicate adaptation of an ubiquitous soil microbe in utilizing an abundant insect host. Pathogen-host coevolution has been noted in work on other fungal entomopathogens such as Metarhizium anisopliae and Beauveria bassiana (Freimoser et al. 2003, Nahar et al. 2004). 

Survey 1 - Prevalence, isolation and preliminary studies on ARSEF 7382 in 2004:

A total of 1,200 pupae were collected from a field site near St. Thomas (Pembina Co.) in north-eastern North Dakota. Table 1 provides details regarding survey dates and insect numbers recovered in field collections. This site was selected for two reasons: 1) a heavy root maggot infestation had been present during the preceding season; and 2) a preliminary survey had serendipitously revealed the presence of potentially infected root maggot pupae. Insect specimens were hand-collected using clean field equipment, sorted in Ziplock bags, and transported to the laboratory in a cooler at 10 o to 15 o C. Pupae were individually reared in clean plastic soufflé cups. Pupae were found to be naturally affected upon prolonged incubation (15 d) under moderate temperature and high humidity. A white cottony growth was found on 44% of pupae collected at that site. The fungus was isolated, grown in pure cultures, then conidia from these cultures were suspended in sterile water, and topically applied to laboratory reared (uninfected) pupae. This methodology, also known as “Koch’s postulates”, is a set of standard pathological procedures for demonstrating pathogenicity of a disease agent. At concentrations exceeding 1 x 106 conidia/ml and after 15 d incubation period, susceptible pupae failed to emerge as adults while the apparently uninfected ones emerged as flies. At the end of the incubation period, infected pupae had white cottony growth (mycelia) on their external surface. Fatally infected pupae had extensive tissue destruction or an excessive shrinkage of white tissue as a result of infection from this fungus. Microscopic examination of conidia (400x) confirmed that this was the same pathogen initially isolated from the field. The fungus was reisolated from infected samples. The test was repeated several times with small batches of pupae. The procedure not only demonstrated the pathogenicity of this newly isolated organism, but also provided insights on how to appropriately handle and conduct bioassays on pupae. This bioassay technique is simple, low-cost, and allows rapid screening of field-collected pupae. Larvae also can be screened for infection by using this method. Following confirmed re-isolation, a pure culture of this new pathogen, along with infected insect specimens, was submitted to the U.S. Department of Agriculture-Agricultural Research Service Collection of Entomopathogenic Fungal Cultures (ARSEF, Ithaca, NY). Dr. R. A. Humber, Curator of ARSEF fungus collections, identified the fungus as an isolate of F.  solani. The submitted isolate was accessioned in that collection as ARSEF 7382.
Table 1. Prevalence of F.  solani isolate ARSEF 7382 in T.  myopaeformis pupae at original detection site, St. Thomas, ND, 2004

	Collection date
	Pupae collected
	Infected pupae
	Infected pupae

(%)

	18 May
	5
	4
	80

	21 May
	100
	26
	26

	24 May
	12
	5
	41

	25 May
	21
	6
	28

	27 May 
	300
	13
	4

	2 June 
	100
	22
	22

	4 June 
	700
	461
	65

	Total 
	1200
	537
	Average = 44


There was no established protocol for bioassays of this fungus on pupae. We found that laboratory rearing of healthy larvae, if done carefully, can provide a large number of pupae that emerge as adults in control cups. Also, treated and untreated puparia had to be observed microscopically for the first 5 to 6 days post application of conidia until tissue destruction in treated pupae became apparent under a light microscope (30x). Bioassays were then conducted to estimate baseline susceptibility of ARSEF 7382 to its original host (SBRM pupae) using this new procedure.  For determining the median lethal concentration (LC50 – dosage that would kill 50% of the test insects), two bioassays with eight test concentrations ranging from 2 x 104 to 2.8 x 106 conidia/ml were conducted. The average LC50 of ARSEF 7382 was 1.77 x 106 conidia/ml. Jonason et al. (2005) reported 2.58 x 105 viable conidia/ml of another insect pathogen, Metarhizium anisopliae var. anisopliae strain ATCC 62176, to be sufficient to kill 50% of larvae of the sugarbeet root maggot in 15-16 d, although the effect of M. anisopliae on pupae of the SBRM is still unknown. In preliminary trials (A. Majumdar, unpublished), root maggot larvae exposed to high concentrations of ARSEF 7382 remained unaffected after a 15 d incubation period. In general, this suggests that ARSEF 7382 is a pathogen that can penetrate highly sclerotized puparia of the sugarbeet root maggot. This is supported by the finding that about 44% of the sampled populations at the original collection site were infected by this isolate. Since the pupa is the target of ARSEF 7382 and it is the immobile stage of the sugarbeet root maggot, secondary cycling is expected to be negligible, thus favoring localized epizootics. We found disease prevalence to be well synchronized with the 2004 rainfall pattern in the RRV (Table 2). In general, high soil moisture resulting from high mid-season rainfall appeared to be conducive to epizootics.  Based on the results of these preliminary findings, surveys were continued at additional sampling sites in 2005.
Table 2.  Monthly rainfall totals and average soil temperatures in relation to preceding 9 years, St. Thomas (Pembina Co.), ND, 2004

	Factor
	Month
	1995-2003 average
	2004 
	Difference

	Rainfall 

(mm)
	April
	17.4
	43.2
	+25.8

	
	May
	61.4
	91.2
	+29.8

	
	June
	67.0
	20.3
	-46.7

	Soil temperature (oC)
	April
	3.3
	7
	+3.7

	
	May
	11.9
	12
	+0.1

	
	June
	19.2
	17
	-2.2


Survey 2 - Prevalence of ARSEF 7382 in 2005

A grant provided by the North Dakota State Board of Agricultural Research and Education (SBARE) allowed survey work to be expanded and include sites in Lodema, St. Thomas, Cavalier, and Forest River townships of Pembina Co., ND, in 2005 (Table 3). A total of 11 locations were surveyed intensively, and the exact collection points for pupae were recorded using global positioning system (GPS) receiver. About 2,400 pupae were collected in June and individually examined for any potential fungus-insect associations. Adult emergence (from apparently uninfected pupae) was also recorded for all collection sites. ARSEF 7382 was detected in all surveyed locations, although infection levels were low in most areas. Overall, about 4% of pupae were infected by ARSEF 7382; however, one site in Forest River township had 11.9% infected pupae. In 2005, lower than normal soil temperatures (<20o C) could have acted against the spread of this disease. Also, the extremely high soil moisture could have exceeded optimal levels for development of this fungus. Slow development of the host and prolonged fly emergence does not favor epizootics. ARSEF 7382 also was isolated from the cadavers of a few sugarbeet root maggot flies. Native isolates of Aspergillus and Penicillium (identification service provided by Cornell University, Ithaca, NY) also were found in association with dead flies. While all Penicillium species are nonpathogenic to insects, the exact nature of association of Aspergillus and ARSEF 7382 cannot be ascertained without further studies on all life stages of the sugarbeet root maggot. It is interesting to note that ARSEF 7382 was always found associated with those life stages of sugarbeet root maggot that characteristically have thick cuticle (pupae and adult flies). Also, 19% and 14% of apparently uninfected field-collected pupae failed to emerge as adult flies at sites Lodema and St. Thomas, respectively. Adult emergence was lowest at the Forest River collection site. No native virulent isolates of Metarhizium or Beauveria (the most commonly used insect pathogens worldwide) were found in our surveys. We are in the process of compiling cropping history of all survey locations to hopefully unveil more ecological parameters associated with the prevalence of ARSEF 7382.

Table 3.  Prevalence of Fusarium solani isolate ARSEF 7382 in four townships, Pembina County, ND, 2005
	Township
	Number of study locations
	2005 collection dates
	Total number of insects
	Prevalence of ARSEF 7382 
(% of total)
	% adult emergence failure

	
	
	
	Pupae 

	Larvae
	
	

	Lodema
	1
	6 to 9 June
	390
	5
	4.0
	18.9

	St. Thomas
	7
	6 to 16 June
	1690
	65
	3.7
	13.9

	Cavalier
	2
	13 June
	300
	2
	1.0
	14.0

	Forest River
	1
	10 & 16 June
	20
	2
	11.9
	48.8

	Average
	
	
	
	
	5.1
	23.9


Overall conclusion

Results from these two surveys confirm that pupae can serve as hosts for insect biocontrol fungi. Pupae are a non-feeding stage in the lifecycle of root maggots; however, they could be a vulnerable target if the appropriate soil-borne pathogen were discovered. Inclement weather conditions could potentially upset maggot survival and development. This underscores the importance of continuing field surveys for native pathogens of the root maggot. Investigations on development of improved bioassay procedures for estimating fungus pathogenicity against larva, pupa, and adult stages of the sugarbeet root maggot are currently underway in our laboratory. Such procedures will also hopefully generate data regarding larval behavior in relation to fungal pathogens and the soil environment. 
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