Special Technology Development Program

Progress Report

PROJECT NUMBER: NA-2001-03

PROJECT TITLE: Entomopathogenic Fungi for IPM of Hemlock Woolly Adelgid

PROJECT STATUS:  Continuing

EXPECTED PROJECT DURATION:  3 Years

ORIGINAL EXPECTED COMPLETION DATE OF THE PROJECT: January 2004

EXPECTED COMPLETION DATE OF THE PROJECT: January 2004

SUBJECT:  (mark all that apply using 1 for primary category and 2 for secondary categories:  Biological Control    1    Invasive Species    1     Methyl Bromide Alternatives _____ Models _____ Monitoring _____ Organism Biology _____ Pesticides: Microbial     1     Pesticides: Synthetic _____ PTIPS _____ Population _____ Risk and Hazard _____ Remote Sensing _____ Semiochemicals _____ Silvicultural Technology _____ Social Values    2       Spray Technology      2      Other: Non target organisms    1   . 

STATUS OF SUBJECT SPECIES: non-native noxious

PROJECT OBJECTIVES (question to be answered by the project):

1. Field test select indigenous strains of entomopathogenic fungi and a commercial strain for efficacy against HWA to identify the best application time and most suitable dosage.

2. Determine the yearly carryover of entomopathogenic fungi and their impact on HWA populations.

3. Assess, in laboratory assays and forest trials, the impact of select fungi on Pseudoschmnus tsugae, a coccinellid predator being released for HWA suppression.

BRIEF DESCRIPTION OF PROJECT:

We are conducting research to develop entomopathogenic fungi for management of the hemlock woolly adelgid (HWA), Adelges tsugae, and to examine the effect of these fungi on a non-target HWA predator, Pseudoscymnus tsugae. In 2001, we established sites within HWA-infested forests in which to conduct field tests. Three indigenous isolates and a commercial fungal-based formulation are being tested against HWA when applied in the spring or fall. Indigenous fungi were selected for virulence based on previous laboratory assays. Trees selected for the tests will be used to assess the fungal carryover effect. For the spring trial, isolates were mass-produced on a solid substrate, and fresh spores were applied as a formulated suspension. For the fall application, techniques were developed to dry harvested spores yet maintain their viability and virulence.  Once dried, this viable spore powder will remain viable for several months. Laboratory trials were conducted to develop assay procedures to test the susceptibility of P. tsugae to our test fungi. Additional trials will be conducted in Year 2 to further evaluate the fungal susceptibility of this predator. Results from this project will provide critical information on how best to include entomopathogenic fungi in a comprehensive IPM approach to HWA. 

SUMMARY OF RESEARCH ACCOMPLISHMENTS:

Spring Field Application.   Extensive discussions were held prior to field applications.  Based on results of the spring application in 2001 a slightly different approach was planned.  First a series of experiments were conducted to determine exactly when applications should be made.  The inherent problem was one of evaluation.  Data collection is confounded by the presence, at any given time, of multiple stages of the hemlock woolly adelgid.  In addition, egg hatch occurs over several weeks and the crawler stage of the insect moves about the twigs seeking an acceptable site to settle. Therefore, inconsistent live and dead counts are common. In view of this problem, it was decided to evaluate only new settled individuals on new growth of the tree.  The spring application was delayed slightly and multiple applications of insect-killing fungi were planned over the summer. Data collection was scheduled for early fall.  The rationale behind this approach was that in the previous year significant effects of the fungal applications were masked by high control mortalities.  Of prime importance is the HWA population that is aestivating and will overwinter.  If that population can be significantly reduced then tree damage the following year will be minimized due to a reduction in numbers of HWA and thus fewer eggs laid etc.  This approach circumvents evaluations based on multiple stages of HWA being present and concentrates only on that overwintering population.  


Repeated applications of entomopathogenic fungi were made to single branches.  Efficacy will be evaluated based on changes in population levels between pretreatment counts and counts of sistens made during the early fall.  The study was set up as a completely randomized design with treatments (Table 1) replicated 6 times.  

Table 1. Treatments for field-testing in 2002 at Mt. Tom, Massachusetts

	Fungal Species
	Isolate #
	Origin
	Original Host
	LC50 for HWA

	M. anisopliae
	MA 1080
	Vermont
	Maple leafcutter
	   7.9 x 105 spores/ml

	B. Bassiana
	GA 082
	Massachusetts
	HWA
	   1.1 x 107 spores/ml

	B. bassiana
	GHA (Mycotrol)
	Unknown
	Grasshopper
	   1.2 x 1013 spores/ml

	Chemical control
	Sun spray oil
	
	
	

	Blank control
	Silwet in tap water
	
	
	

	No-spray control
	
	
	
	


Fungal isolates were applied at 1 x 108 conidia/ml water using a CO2 pressurized sprayer with a solid full cone nozzle and 35 psi.  The sprayer was calibrated prior to use and delivered approximately 150 ml spray per branch.  Viability of fungi was assessed by inserting a Petri dish with ¼ strength SDAY media into the spray stream at application then incubating the plate at 22 ºC and counting germination rates 20 h postapplication. Applications were made on 23May, and at ~ 4 week intervals thereafter. 


For pre and fall population assessments 5 samples will be collected from each branch and placed in relabeled test tubes.  From each a portion of new growth will be excised for counting.  Using a stereomicroscope the number of live and dead HWA will be determined.  The length of the branchlets will be recorded.  For both the pre and post application data counts an index (post/pre) will be calculated on a per branch basis and analyzed in SAS using GLM based on a completely randomized design. Fall sampling has not been done therefore; results will be forthcoming in 2003 reports. 

Predator Susceptibility.  The stable management of a pest species using biologically based strategies often includes more than one component in the management system. Both entomopathogenic fungi and predatory beetles, particularly Pseudoscymnus tsugae, are being developed for biological control of HWA. If entomopathogenic fungi are going to be deployed in conjunction with predators it is important that these strategies are mutually compatible. During 2001 we developed a Petri dish assay system that provides for both contact and residual exposure of P. tsugae to entomopathogenic fungi. Building on our assay development, we have completed the laboratory testing of the non-target effects against P. tsugae for four entomopathogenic fungi being developed for management of HWA.

Adult beetles were received from the Alampi Beneficial Insect Lab within 2 weeks after their emergence and immediately used in bioassays. For each test unit 10 beetles were placed in a Petri dish (3.5 cm dia.) lined with filter paper. To provide moisture and nourishment for the beetles, each dish was streaked with honey ((50 mg) before treatment and on day 1 post-treatment. The following fungi were tested at 5 x 107, 1 x 108 and 2 x 108 conidia/ml (distilled water with 0.01 % Tween 80): Beauveria bassiana (Bb-726 and GA-082), Metarhizium anisopliae (Ma-1080) and Paecilomyces farinosus (AT-159). Water-treated and Tween-treated (0.01 %) controls were also included. Each dish was sprayed using a Potter spray tower (15 psi) calibrated to deliver 4 ml of spray suspension. The dishes were sealed with parafilm immediately after treatment. The treated insects were held at 22oC (16:8 L:D) and examined on days 4, 7, 11 and 15 post-treatment. There were three runs of the experiment and each treatment was represented 5 times within a run.  The experimenter was blinded as to the treatment applied to each dish. Data on survivorship (arcsine transformed) within each treatment was analyzed in SAS using the general linear model of analysis of variance (GLM). When a significant treatment effect was observed (alpha = 0.05) individual means were compared to the Tween-treated control using a one-tailed Dunnett’s test.

There was no significant difference in survivorship between P. tsugae treated with fungi and those in the Tween-treated controls (Table 2). The GLM analysis did note a significant treatment effect on days 7 and 11 post-treatment (P<0.026 for both days), but this was not supported in the mean comparison test. None of the treated insects showed signs of fungal outgrowth. Survival in the controls was excellent up to day 11 and was declining by day 15. In a preliminary assay during 2001 there was a weak mortality response to 1x108 conidia/ml indicating the utility of this assay system. However, the beetles used were older and control mortality was relatively high by day 7, which suggests a stressed condition of the test insects. In the current trial with fresher insect material, a concentration of 2 x 108 conidia/ml did not cause any significant decrease in survivorship. On day 15 there was some indication of reduced survival at the highest concentration of Ma-1080 and for GA-082, but the decreases were minor and statistically indistinguishable from the control in this replicated trial.  Therefore, in laboratory assays there appears to be little if any negative response of P. tsugae to fungi currently being developed for management of HWA. During 2003 we will conduct field trials under natural conditions to determine the interaction between these biological control agents for management of HWA.

Table 2. The average percent survival ((SE) of P. tsugae over time after contact and residual exposure to entomopathogenic fungi at the concentrations indicated.

	
	Concentration

(conidia/ml)
	% Survival ((SE) 1

	Treatment
	
	Day 4
	Day 7
	Day 11
	Day 15

	Bb 726
	5 x 107
	    96.6 (1.9)ns2
	    96.6 (1.9)ns
	    89.9 (4.4)ns
	    75.9 (9.1)ns

	
	1 x 108
	98.0 (1.1)
	98.0 (1.1)
	95.3 (1.7)
	72.7 (7.6)

	
	2 x 108
	98.0 (1.1)
	97.3 (1.2)
	94.0 (1.6)
	78.7 (7.3)

	GA-082
	5 x 107
	98.0 (1.4)
	96.0 (2.4)
	90.6 (3.4)
	62.5 (9.1)

	
	1 x 108
	97.2 (1.6)
	93.0 (3.1)
	85.0 (5.5)
	65.0 (8.3)

	
	2 x 108
	94.7 (2.4)
	91.4 (3.4)
	84.2 (5.1)
	64.8 (8.9)

	At-159
	5 x 107
	98.0 (1.4)
	96.0 (2.4)
	94.0 (2.5)
	84.7 (6.3)

	
	1 x 108
	98.0 (1.4)
	98.0 (1.4)
	97.2 (1.6)
	90.3 (3.8)

	
	2 x 108
	99.3 (0.7)
	99.3 (0.7)
	92.0 (4.3)
	81.3 (8.6)

	Ma-1080
	5 x 107
	99.3 (0.7)
	98.0 (1.1)
	93.8 (1.3)
	75.2 (6.5)

	
	1 x 108
	99.3 (0.7)
	96.0 (2.7)
	90.0 (3.2)
	69.8 (5.5)

	
	2 x 108
	97.3 (1.2)
	87.6 (4.6)
	74.3 (6.3)
	56.3 (5.7)

	Tween 
	--
	93.3 (2.1)
	89.3 (3.0)
	88.0 (3.3)
	78.6 (5.7)

	Water
	--
	98.7 (0.9)
	96.7 (1.6)
	86.7 (4.3)
	73.7 (8.3)


1 n=15 per treatment, with a total of 2,100 insects tested, 150 for each treatment.
2 “ns” indicates none of the fungal treatments were significantly (P>0.05) were significantly different than the Tween-treated control.  
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Conidia formulated in oil.  Microbial control of settled Adelges tsugae using fungal conidia presents a unique application difficulty. Traditional high-volume conidia-suspension application relies on both direct and indirect insect exposure. For settled A. tsugae, control is dependent on  the direct application of conidia onto the insect body itself. To optimize for this condition, the conidia deposition of 2ml and 5ml volumes of oil-based B. bassiana at two concentrations, 1 x 1010 and 5 x 109 conidia per ml were assessed for the Turbair Electrafan MK12. The pattern was characterized on nine 22x22mm plastic cover slips, analyzed at 40x obj. magnification for the presence of conidia. Each cover slip was divided into 64 equally-spaced squares, each 0.4x0.4mm. This size was chosen since it approximates the size the smallest settled A. tsugae lifestage; 0.43mm long x 0.27mm wide (McClure, 1989). 

These cover slips were spaced in three rows of three, with each cover slip being placed 0.5m apart from the nearest cover slip. The conidial application was done at a distance of 1m from the application nozzle of the ULV applicator.The number of conidia per counted square is shown in Figure 1.

Figure 1. Conidial counts on 0.4x0.4mm grids. Total number of conidia for sprays done using two different nozzles, two different volumes and two different rates of conidia. The low rate was 5x109 conidia/ml, and the high rate was 1x1010 conidia/ml. The flow rate for the yellow nozzle is 250μl/sec, and the flow rate for the red nozzle is 312μl/sec. 

Every combination of nozzle, conidia rate, and volume resulted in conidia on >78% of all grids. The combination of the highest volume, highest conidia rate, and fastest flow rate resulted in the largest number of recovered conidia. Low-volume-treatment combinations using the nozzle with the slower flow rate deposited half as many conidia as the nozzle with the faster flow rate. This was untrue when the volume was increased; deposition was not notably different. 

Part of the application strategy using ULV oil-based conidia formulations, is to deliver droplets of formulation that range between 30 and 150μm. The smaller droplet size allows for uniform coverage and avoids run-off of the treatment suspension. To test the two nozzles for droplet size, a second experiment was conducted using the same protocol as previously described with the following exceptions; 100% oil without conidia was used, and the plastic cover glass slips were replaced with oil-sensitive marking paper (Syngenta Corp, Willmington, DE). A total of 2ml was used for both nozzles. Droplet sizes were measured using an ocular micrometer calibrated for use on a stereo-microscope.
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Figure 2. Droplet size range for the yellow and red nozzles used for the conidial deposition study.

The total percentage of droplets of diameters between 30 and 150μm was 40% greater with the nozzle with the slower drip rate; the yellow nozzle. This nozzle was selected for further study for a preliminary bioassay against A. tsugae using an oil-based ULV formulation strategy.

McClure, M.S. 1989. Evidence of a polymorphic life cycle in the hemlock woolly adelgid, Adelges tsugae (Homoptera: Adelgidae). Ann. Entomol. Soc. Amer. v82, p.50-54.

CHANGES TO ORIGINAL SCOPE OR OBJECTIVES:

· Tested one fungal concentration instead of two.

· Targeted HWA immatures on new growth.

· Discontinued work on fungal carry-over.

ADDITIONS TO ORIGINAL PROJECT SCOPE OR OBJECTIVES:

· Tested blastospore and blastospore plus conidial suspensions and different combinations of blastospore and conidia in fermentation broth.

· Tested various concentrations of sun spray oil, sunflower oil, horticultural oil and refined kerosene as carriers for conidia.

FHP LEAD CONTACT:

Dennis Souto

US Forest Service, Northeast Region, Durham, NH 

Tel: (603) 868-7717
Fax: (603) 868-7604

Email: dsouto@FS.FED.US
PRINCIPAL INVESTIGATOR(S):

Bruce L. Parker
University of Vermont, Entomology Research Laboratory

Tel:  (802) 656-5440
Fax: (802) 658-7710

Email: bparker@zoo.uvm.edu
H. Brenton Teillon
Vermont Department of Forests, Parks & Recreation


Tel: (802) 241-3676 
Fax: (802) 244-1481

Email: bteillon@fpr.anr.state.vt.us
Margaret Skinner
University of Vermont, Entomology Research Laboratory

Tel:  (802) 656-5440
Fax: (802) 658-7710

Email: mskinner@zoo.uvm.edu
COOPERATORS (contributing to, but not leading the project):

Charles Burnham
Massachusetts Division of Forests and Parks 

Allison Wright

Massachusetts Division of Forests and Parks

Michael Brownbridge
University of Vermont, Entomology Research Laboratory

Scott Costa 

University of Vermont, Entomology Research Laboratory

Svetlana Gouli

University of Vermont, Entomology Research Laboratory


William Reid

University of Vermont, Entomology Research Laboratory


Mark S. McClure
CT Agric. Exp. Station

COOPERATOR INVOLVEMENT:

Charles Burhnam

Site selection and setup, HWA sampling


<5%

Allison Wright

Site selection and setup, HWA sampling


<5%

Michael Brownbridge

Conduct lab trials on non-targets, Assist with 

field applications and evaluation 



15%

Scott Costa


Conduct research, spray application, data analysis





HWA sampling





20%

Svetlana Gouli


Mass produce fungi for pilot test, HWA sampling





pilot test evaluation





10%

William Reid


Assist with field applications, sampling and evaluations  
10%

Mark McClure


Consult on all matters relevant to the biology and

ecology of P. tsugae



 

<5%

PRODUCTS AND DUE DATES:

2001: Year 1 pilot test spray and sample collection and evaluation of Fall and Spring applications. Initiate lab bioassay of P. tsugae. Analysis of data for research completed. Submit progress report.

STATUS OF PRODUCTS/PRESENTATIONS

· Pilot test sprays and sample collection for spring applications complete

· Pilot test sprays for fall application complete, final collection scheduled for 16 Oct.

· Laboratory bioassay for P. tsugae developed.

· Statistical analysis completed on data collected.

· Progress report submitted.

Products:  

· Standard bioassay system for comparing the susceptibility of P. tsugae to insect-killing fungi.

· Standard method for mass-producing fungi on solid substrate and preparing viable dry spore powder.

Publications: None

Technology Transfer: None

FIRST FISCAL YEAR FUNDED: 2001 & 2002

FUNDS OBLIGATED FROM BEGINNING OF PROJECT THROUGH CURRENT FISCAL YEAR:

	
	Item
	Requested Funding
	Non-Federal Funding
	Received Funding
	Expended1

Funding

	Fiscal Year 2001
	
	
	
	
	

	Administration
	Salary
	32,000
	6,587
	38,587
	19,366

	
	Overhead
	11,072
	2,273
	13,345
	13,345

	
	Travel
	3,000
	0
	3,000
	1,213

	Procurements
	Contracting
	0
	1,000
	0
	1,000

	
	Equipment
	1,000
	0
	1,000
	0

	
	Supplies
	5,000
	0
	2,000
	100

	Indirect Charges
	
	
	12,466
	12,466
	12,466

	Year Totals
	
	52,072
	22,326
	74,398
	47,490

	Fiscal Year 2002
	
	
	
	
	

	Administration
	Salary
	34,000
	6,850
	40,850
	11,604

	
	Overhead 
	11,730
	6,128
	17,858
	17,858

	
	Travel
	3,000
	0
	3,000
	830

	
	Contracting
	
	1,000
	1,000
	1,000

	
	Equipment
	0
	0
	0
	0

	
	Supplies
	4,000
	0
	4,000
	3,404

	Indirect Charges
	
	0
	17,420
	17,420
	17,420

	Year Totals
	
	52,730
	27,394
	80,124
	52,116

	Total spent to date
	
	
	
	
	99,606

	Fiscal Year 2003
	
	
	
	
	

	Administration
	Salary
	32,000
	10,000
	42,000
	

	
	Overhead
	11,264
	7,124
	18,388
	

	
	Travel
	3,000
	0
	3,000
	

	
	Contracting
	0
	1,000
	1,000
	

	
	Equipment
	0
	0
	0
	

	
	Supplies
	3,000
	0
	3,000
	

	Indirect charges
	
	
	12,261
	12,261
	

	Year Totals
	
	49,264
	30,385
	79,649
	

















