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ABSTRACT

The question is “can we impact forest pc-pulations of hemlock woo“}r adclgid bj-' av:riall:.-r
appl}-‘in a commercial iﬂsccr—k.illing fungus that is enhanced with a microfactory formu-
lation additive’. Resules from the 2009 Pilot Study, where 1.25 acre plots of hemlock for-
est in TN were av.:ri:;]l:.-r treated with Lecanicillinm muscarinm in M}rcc-tal, a commercial
biopcstlcldc from The Netherlands, found HWA popuhtioﬂ grcrwth reduced |::}-' >50%;
but the reduction occurred only when the tank mix was augmented with a fungal en-
hancer based on whc}r microfactor}r techn o]og}c The ultimate answer to the “can it work™
question will depend on a varicr{ of factors, some biological and ccological, while others
are pmctic,aL economic and regulatory. Norwithstanding, evidence from the achieved im-
pact on HWA populations combined with an understanding of biotic and abiotic influ-
ences on HWA population d)-'namlcs suggests that L. muscarinm can hclp briﬂg HWA
under management.
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InTRODUCTION

In developing a biopesticide to protect hemlock trees from insect pests certain other ques-
tions will also arise, such as: will the fungus integrate without harming beneficial preda-
tors, will there be a commercial Product available, will it be cost-effective, are State and
Federal regulatory hurdles surmountable, and who will fund management implementa-
tion. These ancillary factors must be kept in mind throughout the process of selecting and
testing inscet-killing fungi for implementation. In previous research, the inscet-killin
fungus Lecanicillivm muscarium contained in the commercial product ‘Mycotal’ :ﬂlcrgcﬁ
as the best candidate for development (Reardon et al. 2004). We report on a pilot study
to cxamine the cfficacy of Mycotal for suppression of HWA when applied acrially to
hemlock stands.

Lecaniclliom muscarium (=Verticillinm lecanit) 1s an inscct-killing fungus that has
been isolated from most terrestrial zones. Its host range is rclativcl}r NArrow, infocling
such insccts as adelgids, thrips, aphids and whiteflies (Humber and Hansen 2005). In fact,
HWA in the Eastern US were found to be infected b}r a fungus identified as V. lecanii,
among other inscct-killing fungi (Reid 2003). Fungi kill inscects by growing profuscly
within their body cavity, after they germinate and penctrate from the outside, which re-
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quires suitable temperature and relative humidit}r. When several species of insoct—kilﬁng
fungi were tested in small-scale ficld trials, L. muscarism, then called V. lecandi, proved to
be most consistently cffective against HWA sistens (Reardon et al. 2004). Additionally,
no negative impact of V. lecanii to Sasajiscymnus tsugae, an intreduced prcdatcrry beetle,
was found in a bagged foliage study (Reardon et al. 2004).

For an inscect-killing fungus to be successfully deployed for forest pest management
it must first be registe red by the USEPA asa biopcsticidc, which can be time consuming
and costl}- for {'unEl recently isolated and with no commercial histor}r Mycotal 15 4 COM-
mercial biopesticide produccd in The Netherlands that contains the inscet-killing fungus
Lecanicillivm muscarinm. ﬁlthough not yet rcglsu:rod in the US, this biopesticide has a
completed registration package for its European registration that will accelerate the time-
line for its avai|abi|it}r in the US. With the support of the manufacturer, Koppert Biologi—
cal Systems, Inc., permits were obtained from USDA-APHIS-PPQ) to allow M}'cotars
importation and release into the environment for ficld testing. This allowed us to treatup
to 10 acres/yr of hemlock forest with the fungus.

Fungal microfactory technology was developed to improve the effectivencss and eco-
nomic fcasibilir:.r of fungi app]itd over largc acreage for pest management. Microfactor}-
technology relics on the nutritive valuc of cheese whey fgr fungal growth and reproduc-
tion, which occurs after the fungus is applicd in the ficld (Grassano 2008). MycoMax™
fungal enhancer is a formulation adjuvant based on this rtchnolog}r that was Dptimizcd
for use with M}-‘cotﬂ against HWA. In labomtor}r experiments with the enhanced fun-
gal formations, the number of fungal sporcs increased 10-100 fold and extensive funga|
growth was observed on foliage collected from the ficld.

Summary 2009 Piot STupy TENMESSEE WILDLIFE AND
Recreation Area - TiTus CREEK

On the cvcmng of Ma}- 28 and agam on the mormng of I\-'lav 29, 2009 rcplmarc 1.25
acrec p|0ts of hemlocks infested with adc|g1c| crawlers were trcatn:l Tid hcllcoptcr (10 Ii-
tersfacre). To account for dcnsn:j.r dcpcndcnt Popularlon effects a total of 12 plols were
grouped into 4 blocks on the basis of pre-treatment HWA population counts. Four plots,
one from each block, served as ‘Ne Spray’ control, 4 were treated with L. mascarinm
alone (1 x 10° spores/ml: Mycotal, Koppert Biological Systems) and 4 received L. mans-
cariwm enhanced with the ﬂllchi‘aCTﬂr}’ formulation (5% w/v MycoMax); the oil adju-
vant Addit (0.25% v/v : Koppert Biological Systems) and the sticker Hyperacuve (0.05%
viv: Helena Chcmlcal} were also added to both f'ungal treatments. Treatments were ap-
p].lbd. acrially using a Bell Jet-Ranger helicopter with mounted AU6539 Micronair atom-
izers. Targeting of treatments was accomplished with an on-board navigational system
and ground-truthed plot locations. Temperature, rainfall, relative humidity and leaf wet-
ness were collected within the study arca. Weather conditions immediately post- treat-
Mment Were Etncml]}r favorable for the germination and growth of L. muscarinwm, with RH
from 85-100% and temperatures nearing 20°C.

A total of 3000 foliagc samph:s were collected to assess HWA population status pre-
treatment in spring 2009, in summer 5 wecks post-trcatment and again in March 2010.

Presentations Fifth Symposium on Hemlock Woolly Adelgid in the Eastern United States




HWA Suppression with Aerial Application of Myctoal in a Microfactory Formulation: Can It Work?

Both lower and upper (~ 15 meters) canopy foliage was collected and examined during
the 2009 and 2010 spring evaluations, but ::rnl)-' the lower CANOpy Was sam led during
summer 2009. At cach tree elevation, 5 sample branches (~25 cm) were collected from
cach of 10 pre-selected and tagged trees. HWA were quantified on the spring (2009 and
2010) samples using a modification of the ‘Rich Cowles’ method where DI‘E}-‘ up to 20
HWA woolly masses arc counted/branch (Cowles and Montgomery 2006). The differ-
ence between post and pre-treatment counts were considered to assess treatment impact.
Minute HWA sistens are present during summer sampling period and cach of these must
be counted microscopically and punctured to determine its survival status; alive inseccts
arc indicated by body turgor and burgundy colored blood; the HWA on five branchletes/
branch were examined (~12,000 individuaifsj, Data were log transformed when necessary
and analyzed using GLM is SAS (SAS Insttute 2008) (Alpha=0.05); P-diff was uscd for
pre-planned means separation (SAS Institute 2008).

When foliage was collected 5-wecks post-treatment to assess populations of acsti-
vating sistens the number of alive HWA tended to be lower in fungal treated plots, and
more so when the fungal enhancer was included, 73% and 43% of control Populations,
respectively (Figure 1), although the differences were not significant (P=0.05). The latter
post-treatment sample, taken In spring 2010, revealed an anticipated density-dependent
crash of HWA populations in the lower clevation of block (4) where the HWA density
was extremely high the previous year. The change in HWA population from the preced-
ing spring rcf{:ctcd this crash in a significant interaction between block (based on initial
popularionj and f'ungal treatment, which masked the overall affect of the fungus in the
analysis (Figure 2). The crash was most prominent in the block 4 control plot, whereas
the dramatic reduction was not as cvident in the plot of the corresponding block receiv-
ing enhanced fungus. It is unclear whether this failure to completely crash was the result
of the enhanced fungal treatment or that initial HWA populations were somewhat lower.
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Figure 1. The number of live HWA sistens found in the lower hemlock canopy 5 weeks post-treatment
for plots receiving no spray or aerial treatment of L. muscarium fungus (Mycotal) with or
without fungal enhancer (MycoMax). Vertical lines indicate the standard error of means.
There were no significant difference (P>0.05) among treatments.
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Figure 2. The change in HWA populations between pre- and post-treatment samples taken from the
lower and upper branches (~ 15 meters). The sum of 5 samples/elevation/tree was used
to calculate population change. In most plots HWA populations were continuing to expand,
except that a density dependent crash in HWA populations occurred in the lower canopy
of block 4, which is charactenized by a significant (P<0.05) Block (density) X Treatment
interaction.

Regardless of the causc, the presence of a residual HWA population may be of some ben-
cfit by providing food for continucd survival of HWA predators, instcad of the dearth
caused by the density-dependent tumult in unregulated HWA populations.

The population change data was re-analyzed without block 4 to obtain a more precise
cvaluation of trcatment cffects. In this casc, there was a significant (P<0.05) reduction
in HWA population growth when hemlocks were treated with fungus enhanced in the
whey microfactory formulation (Figure 3). Although HWA population in the enhanced
fungus plots still continued to grow, they expanded at a rate less than half that found in
control plots. HWA population cxpansion in plots treated with fungi, but without the
fungal cnhancer, tended to be lower than the untreated control although the difference
was not significant. Thesc results reflect that obscrved in summer (Figure 1) and suggest
HWA populations were impacted by acrial application of the inscet-killing fungus when
formulated with the fungal enhancer.
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Figure 3. The change in HWA populations between pre- and post-treatment samples taken from the
lower upper branches (~ 15 meters), combined over elevation. Results from block 4 were
excluded because of an anticipated density dependant crash in HWA population. Plots
were either not treated (Ho Spray) or treated with L. muscarium fungus (Mycotal) with
or without fungal enhancer (MycoMax). The growth of HWA populations was significantly
(P<0.05) reduced in plots receiving the enhanced fungal treatment, as indicated by differ-
ent capital letters over standard error bars.

The influence of rcducing population Erowth on |onE:r—tcrm HWA popularion d}r—
namics arc uncertain. To explore possible outcomes, a preliminary asscssment was made
using a HWA Population Simulator developed by Trotter (2010) to model, among other
factors, impacts of cold induced, ov er-wintering mo rtalirj-'; morta|it}-' to the summer and/
or overwintering sisten population is analogous to the fungal impact reported herein.
MNominal settings were made in the model to reflect potcntia| impacts of other biotic and
abiotic factors on the progridicns and sistens population: cgg production=50% of maxi-
mum, cgg mortality=50%, crawler mortality=90%. The mortality ofjuvcnllc and adults
Prog ridicns was sct to 50% to suggest prcdator influcnces and overwintering mortality of
sistens was held at 0%; sisten summer mortality was adjusted to capture different levels
c-ff'ungal impact, 1.e., 0, 25%, 75% }rcarl}r mortallt}-

The outputs from the modeling exercise when the initial population is set to 500 in-
dividuals arc depicted in Figure 4. Note that models arc designed to explore possible
outcomes and results should be considered with that in mind. When no (0%) fungal im-
pact was incorpomtcd the HWA popularion spikcd rcgu|ar|:.r twice each year as crawlers
cmerged, cscalated in between and went off the chart after 2 years, much like what occurs
naturall}r. At 25% j;carl}r impacr, the severe escalation was dcla}-‘cd for 1 ycar. Incorpo—
rating the fungal impact obtained in the pilot study (~50% suppression in cxpansion),
the spikes in crawler numbers were still evident but the general escalation of the HWA
Popularion 15 apprcciabl inhibired. Sur risingl}r, when the i:ung.ﬂ impact was increased
to 75%, crawler spikes E:gan to subsicﬁ: and overall populations decreased over time!
However, it must be reiterated that results from this moddiﬂg cXCrclse can on|}r be used
to help understand intcractions of potential mortality factors and cannot be substituted
for real world evaluation of longer-term impacts.
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Figure 4. Results from the hemlock woolly adelgid population simulation model (Trotter 2010) at dif-
ferent levels of projected yearly impact by insect-killing fungus, i.e., 0, 25, 50, and 75%
reduction in summer sisten populations. Repeating pairs of large spikes represent yearly
populations of progridien and sisten crawlers, respectively, followed by a trough indicat-
ing the sisten population that would summer aestivate and overwinter. The Y-axis ranges
from 0-11,000 individuals and crawler spikes go off-scale. The model is started with 500
individuals and other parameters are defined in the text.
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The question remains, “can it work’, can we use aerial appli-:ations of ins:{'t—kiﬂing
fungi as biopesticides to broadly suppress HWA populations and protect hemlock trees.
A second acerial app|ication ata i:ighcr f‘ungal rate was made in 2010, for which the results
were unavailable, and a larger trial is planned for 2011 in two climatic zones (TN-southern
and PA-northern) to investigate interaction with low winter temperatures - from these
a clearer picture of fungal impacts is expected to emerge. However, the results obtained
in the 2009 Pilot Smd}-' are a positive harbingcr {'omparcd to other unsuccessful attempts
at broad scale application of inscct-killing fungi for pest suppression, and suggests the
utility of using the fungal enhancer in the whey-based microfactory formulation. There
is an und crsmndabl}-’ strong desire to observe r:apid knockdown of HWA Population s.In
reality, massive discase outbreaks with insect-killing fungi are poorly understood and not
usually captured through spray and count cxperimental approaches. While rapid knock-
down is hopcq:l for through making ‘inundative’ ap lications of f'ung;al spores done in the
2009 and 2010 Pilot Studies, the benefits of broacﬁ}-' 1nocu|at1nE HWA populat[c-ns to
enhance prospects for futurce discasc outbreaks should not be ignored.
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