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ABSTRACT

ApiLife VAR®, the MiteGoné" liquid formic acid delivery system, an oxalic atiitkle technique, and
multiple spray application of sucrose octanoatersgSucrocide’) were compared to Apistaras late-
fall treatments to control varroa mitégafroa destructor Anderson & Trueman) in single-deep and
double-deep honey beAgis mellifera L.) colonies under northeastern US conditionsteNortality in
single-deep colonies was 97% for ApistaBi6% for Sucrocide, 92% for oxalic acid, 91% fqiltife
VAR®, 79% for formic acid, and 23% in untreated contabnies. Mite mortality in double-deep
colonies was 95% for Apist&n93% for oxalic acid, 69% for ApiLife VAR 66% for formic acid, and
15% in untreated control colonies. No significeglationships were detected between the amounts of
ApiLife VAR ® or formic acid that evaporated and correspondiitg mortality or fluctuations in apiary
temperature. The advantages and disadvantagesiobépesticide are discussed.

Note: For those who would like to know a fast answer to formic acid treatment the following is an
excerpt from the discussion on page 7. Please keep in mind that only one full length pad was used on
purposein 2 high colonies capable of a 40 day treatment. The test was discontinued at 30 daysin mid
November. A standard treatment requires 2 pads emitting 12 grams of acid per day and treatment is
recommended at the end of August: visit MiteGone website www.mitegone.com for more details.

The levels of varroa mite control found here udmmgnic acid in the MiteGone delivery pad system aver
similar to those reported for the gel-based fortinita Apicuré (ca. 70%) (Feldlaufer et al. 1997), and
were slightly higher than the single-applicatiortdsiway™ formic acid pads (51-56%) tested in New
York (Calderone 1999, Calderone and Nasr 1999k aMerage formic acid evaporation rpgée one pad
found here (4-6 g/day) is generally consideredfiigant for adequate (i.e., stand-alone) varroatoa
(Feldlaufer et al. 1997, Thomas 1997, Calderon®18alderone and Nasr 1999, Imdorf et al. 1996J; an
our results concur.

Increasing the level of varroa control using Mite@gads may be possible by implementing one or more
of the following adjustments in treatment applioati(1) extending the treatment period beyond the 3
day period evaluated here, (2) using more thardetieery pad to increase the amount of formic dloat

is released per day, and/or (3) beginning treatsneatlier in the fall season to take advantaggméally
warmer daily temperatures, which should increasmifoacid evaporation (Ruzicka 2004). Adjustments
in the application of MiteGone formic acid delivgrgds to increase evaporation rates and subsequent
varroa control appears to be realistic, as onl$68% of the initial volume of formic acid evaporated
during our study.
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INTRODUCTION

The parasitic miteyarroa destructor Anderson & Trueman, is arguably the single greatkatienge to
successful beekeeping in the United States. Witimbervention, honey bedgis mellifera L.) colonies
typically die within two years after initial varroafestation (DeJong et al. 1982a). For over 1l&ye
effective varroa control strategies in the US hesnetered on the use of conventional pesticides.
However, the consistent and exclusive use of thesgucts to control varroa mites have led to addél
problems for beekeepers; the most serious beindahelopment of varroa populations that are resista
to fluvalinate (Apistafl, Wellmark, Bensenville, IL) and coumaphos (Chedknfi, Bayer, Shawnee
Mission, KS) (Baxter et al. 1998; Elzen et al. 198&en and Westervelt 2002), and the potential
contamination of hive products with pesticide ressl (Wallner 1999).

Alternative strategies for varroa control are nupasrand exhibit a wide range of efficacy and
practicality. Physical and cultural controls sashscreen bottom boards and varroa trapping inedron
comb are typically not stand-alone strategies. H@anehey do represent options that can be incatpdr
into an integrated pest management (IPM) progranutilizes multiple strategies for suppressingoar
populations in bee colonies. Selective breedirylae stock importation programs (e.g., the USDA-
ARS Suppression of Mite Reproduction (SMR) and Russian bee projects) show great potéhtaabo and
Harris 2003; Tubbs et al. 2003), but more studieshaeded on the adaptability of these bees terdiit
regions of the US.

Other alternative approaches to varroa controtteaise of biologically-derived compounds. These
“biopesticides” may offer beekeepers practical,effdctive means of parasite control, and are theze
strong candidates for incorporation into varroa IR\ pesticide resistance management programs. A
considerable amount of research on tracheal radar pis woodi (Rennie)) and varroa mite control with
organic acids (formic, lactic, and oxalic acid) assential oils (thymol, eucalyptol, etc.) has been
conducted in Europe, the US, and elsewhere (Imetaaf. 1996; Fries 1997; Thomas 1997; Nanetti.et al
2003).

In the late 1990s, a formic acid gel formulatiorpi@ure®) was developed for use in the US for the
control of tracheal mites and suppression of vamdas (Feldlaufer et al. 1997). Despite reastmnab
efficacy against both mites, Apic(frevas removed from the market shortly after itsddtrction due to
packaging problems. No other formulations of farmacid have yet been approved in the US. However,
various formic acid pads and dispensers are avaitaid used routinely by beekeepers in other cmstr
(Nasr 1996; Calderone 1999; Fries 1997).

Several oxalic acid formulations have been testdfuirope, with some reaching >90% varroa control
(Thomas 1997; Brgdsgaard et al. 1999; Buchler 2N@0gtti et al. 2003). One promising application
technique is the “trickle method”, whereby variabtencentrations of oxalic acid (1.8-4.5%) are dig=st
in sucrose solutions (0-60%) and trickled onto aidags, the volume of solution depending on beengol
size and strength (30-50 ml/colony) (Nanetti eR803). Currently, oxalic acid is not approveduse
by beekeepers in the US.

Of the many essential oils tested for efficacy agiavarroa mites, thymol has possibly receivediost
attention (reviewed by Imdorf et al. 1999). In 200®: Italian thymol-blend product, ApiLife VARwas
granted a Section 18 Emergency Exemption in varidbhistates. The degree of varroa control achieved
with ApiLife VAR® has ranged from 66-99% in Europe (Imdorf et a@2)%nd 65-97% in the
southeastern US (Ellis et al. 2001).
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The latest biopesticide to be registered for usbdskeepers in the US is sucrose octanoate eEfess (
2002; Sheppard et al. 2003). This compound wagnally isolated from tobaccdN{cotiana spp.)
leaves, and a synthesized formulation is approwedde against various soft-bodied insect and patts
of food and ornamental crops, mushroom productystesns, and for varroa mites (EPA 2002).
Sheppard et al. (2003) developed an effective egipdin technique (direct spraying of bees on combs
with a 0.25% active ingredient solution), and achdean average of 68% varroa mortality (range 38-
87%) with single applications of this compound.eTarmulation is now available to beekeepers as
“Sucrocidé™” (Dadant & Sons, Inc., Hamilton, IL), and is heiteareferred to by this name.

Most of the studies on using formic and oxalic @oidontrol varroa mites have been done in Europe.
This complicates the interpretation and applicabdf these data to US conditions, as those stuaftes
employ different beehive designs (e.g., Swiss hiaes have explored a wide array of delivery system
dosage rates, and timings of applications. Todefulito US beekeepers and to provide information
through which unregistered compounds could becgrpeoaed, these organic acids and delivery systems
need to be evaluated and adapted to environmemditons and bee management practices in various
regions of the US. Studies on ApiLife VAR the US are few and limited to specific regiosisch as

the Southeast (Ellis et al. 2001). Likewise, mdtgles on Sucrocide are needed to evaluate theaeffi

of multiple-applications on varroa mite and honeg populations.

In this study, we evaluated the efficacy of ApiLWAR®, the MiteGoné&" (Kelowna, Canada) formic

acid delivery system, an oxalic acid trickling madhand multiple spray applications of Sucrocidéass

fall treatments to control varroa mites in the hedstern US. Mite mortalities obtained with therfo
biopesticides were compared to those obtained Aythtart” (standard treatment) and untreated (control)
colonies. We also evaluated the effects of tempezan the evaporation rates of ApiLife VARand the
effects of hive size (single versus double, fulbithehive bodies) on treatment efficacy.

MATERIALS AND METHODS

Colonies. Two test apiaries (“Van Waganer” and “Wilson”) wastablished within a 10-mile radius of
Cream Ridge, New Jersey, in the fall of 2003. Wikson apiary contained 30 honey bee colonies of
mixed commercial origin housed in “double-deep”dsi\{two-story, full-depth Langstroth hives); and th
Van Waganer apiary contained 30 colonies housésingle-deep” hives (single-story, full-depth,
Langstroth hives). Each colony consisted of a quea worker bees covering 6-10 (single-deep) D2 8-
(double-deep) frames, and all colonies had sinehals of open and sealed brood (1-2 frames tofEte
double-deep colonies contained honey stores seiftiéor overwintering, while single-deep coloniesre
fed 3.8 liters (1 gallon) of sucrose solution (8Dv&'v; using division board feeders) before the
application of treatments and again mid-way throtighstudy. The placement of beehives was similar
between apiaries with respect to sun exposure amdbvweaks, and hives were positioned to reduce the
drifting of foragers between colonies (Jay 1966).

Treatments. All colonies were identified as being infestedhwitarroa mites by using the alcohol wash
technique (DeJong et al. 1982b), and treatments a&gigned randomly to colonies within apiaries
having comparable varroa mite infestation leveldr{féstation = mites/bee x 100). The 30 bee cobnie

in the Van Waganer apiary were divided into 6 gsoap5 colonies, where each group received tredtmen
with ApiLife VAR®, formic acid, oxalic acid, Sucrocide, Apistamr was left untreated (control).
Treatments in the single-deep hive study begando@cober and ended on 15 November 2003.
Similarly, the 30 bee colonies in the Wilson apiamsre divided into 5 groups of 6 colonies, wherehea
group received treatment with ApiLife VARformic acid, oxalic acid, Apist&nor was left untreated
(control). Treatments in the double-deep hive wtueban on 21 October and ended on 21 November
2003.
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Colonies in the Apistahtreatment group received two (single-deep) or {double-deep) 10% Apistan
strips (2 strips per hive body). Strips were irlsthbetween frames such that adequate contachbeéh
was possible. Apist&nwas used as the standard chemical control, amotbaies used in this study were
not suspected of hosting fluvalinate-resistanta@mites. The handling time to install Apistastrips

was 1-2 minutes/colony.

Colonies in the ApiLife VAR treatment group received 3 applications of Apil\iaR® (2
tablets/packet) at 10-day intervals. In each apgibbn, the tablets were broken in two, creating fo
pieces that were placed on top of the frames iridhecorners of the upper or only hive body inkeac
treated colony. ApiLife VAR pieces were not enclosed in screen mesh. Theihgriithe to install
ApiLife VAR ® tablets was 1-2 minutes/colony/treatment.

Colonies in the formic acid treatment group eadeired a single, plastic-covered MiteGone pad sthake
with 250 ml (7.5 o0z.) of a 65% formic acid solutidrhe solution was added by trimming one end oheac
pad to expose 0.9 x 9 cm (3/8 x 3 %2 in.) of evajogasurface. Pads were attached vertically to an
outermost frame in the upper or only hive bodyhwtiite opening oriented downwards to allow the farmi
acid to evaporate. MiteGone pads measure 9 x 29 g (3 1/2 x 8 1/2 x 3/8 in.), and are made of a
lightweight, highly porous materialhe handling time to install formic acid pads wa2 thinutes/colony.

Colonies in the oxalic treatment group each receb@ml (1.5 0z.) single applications of a 3.2%lmxa
acid solution. Oxalic acid solutions were trickididectly onto bees between the frames using a&larg
syringe at a rate of 5 ml (0.15 0z.) of solutiom fpame space. In double-deep colonies, the swiwias
trickled only between the frames of the top hiveyooThe 3.2% oxalic acid solution was prepared by
adding 44.8 g (1.6 0z.) oxalic acid dihydrate (99afity; 71.4% oxalic acid) to 1 liter (ca. 1 qtf)a50%
sucrose solution (w/v). The handling time to apptalic acid was 1 minute/colony.

Colonies in the Sucrocide treatment group rece8/agplications at 10-day intervals. The applicatio
technique developed by Sheppard et al. (2003) wed, whereby the Sucrocide solution was applied to
all frames containing adult bees at rate of 50108 0z.) per frame (25 ml or 0.75 oz./side) using a
handheld garden sprayer set on a fine mist pattéxdult bees were wetted completely with solution.
Diluted Sucrocide for application was prepared tigimag 25 ml (0.75 oz.) of 40% sucrose octanoate
esters (AVA Chemical Ventures, Portsmouth, NH) .®IRBers (1 gallon) of distilled water, giving el
concentration of 0.625% product (0.25% active idgret). Five single-deep and no double-deep cofonie
were treated with Sucrocide. The handling timepplyaSucrocide was about 5 minutes/colony/treatment

Mortality Data. Mite mortality was measured using laminatedgpagbicky boards (15 x 12 in. (I x w =
38.1 x 30.5 cm)) covered with hardware cloth (8ize64 openings perinto prevent bees from
contacting the petroleum jelly used to capturerfglmites. Sticky boards were placed on the bottom
boards in each test colony at 10-day intervalafperiod of 30 days (3 sticky boards readings fearrh
colony during treatment). On day 30, Apistastrips were placed in all test colonies to quarttie
varroa mite population remaining after the expertaktreatment regimes. Mite mortality from the
evaluation Apistafi strips (2 in single-deep hives and 4 in doublepdgees) was determined for a 20-
day period (16 Nov. to 5 Dec. 2003 for single-deelonies, and 22 Nov. to 11 Dec. 2003 for double-
deep colonies).

Due to our use of separate apiaries and startiteg danite mortalities from single-deep and douldesd
colonies were analyzed separately. Percent miyr{alioportion of mites collected during treatmest
total mites collect during treatment + Apistagvaluation periods) were arcsine-squareroot toarrsfd
and analyzed using one-way analysis of variancih, miean separation tests performed using Tukey’s
tests (Minitab 2000).
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Evaporation of Formic Acid and ApiLife VAR. MiteGone pads soaked with formic acid were
weighed before placement in colonies and at theoétite 30-day treatment period. ApiLife VAR
tablets were weighed before placement in colomelsl® days later when tablets were removed and/or
replaced. Temperature records were obtained freatlver monitoring stations near the Van Waganer
apiary (Pemberton, NJ) and Wilson apiary (Freehdld,

Correlation Analysis. Pearsonr) or Spearmarr{ for non-normal data) correlation analyses were
performed to detect possible relationships betwgBrthe pre-treatment mite infestation level esties
using the alcohol wash technique and the total murabmites in each colony collected throughout the
treatment + evaluation periods §quare-root transformed to normalize data);{@)tbtal number of
mites in a colony and corresponding mite mortdli)y (3) the amounts of formic acid or ApiLife VAR
that evaporated during treatment periods and quoreng mite mortalityrg); and (4) the amount of
ApiLife VAR ® evaporating to the maximum, minimum, and averagly temperatures during the
individual 10-day treatment periods)(

RESULTS

Treatment Effects. Treatment effects on varroa mite mortality wagmificant in both single-deep and
double-deep colonie®« 0.0001). For single-deep colonies, there werdifierences in total mite
mortality for colonies treated with ApistanSucrocide, oxalic acid, or Apilife VAR(Table 1). Colonies
treated with formic acid and the control group Baghificantly lower mite mortality and also diffete
from each other. Mite mortality data for the sergleep study are presented as the proportionaif tot
mites collected during each treatment period aedtlbsequent treatment evaluation period using
Apistar?® (Fig. 1A).

For double-deep colonies, there was no differendetal mite mortality between Apistamand oxalic
acid (Table 1). Mite mortality was similar in coles treated with ApiLife VAR and formic acid. In
double-deep control colonies, mite mortality waséo than all other treatment groups. Mite mortality
data for the double-deep study are presented gedpertion of total mites collected during each
treatment period and the subsequent treatmentati@iuperiod using Apistan (Fig. 1B).

Pre-treatment mite infestation levels determinedheyalcohol wash technique did not differ sigrahdy
between the 6 treatment groups in the single-delEmies or between the 5 treatment groups of the
double-deep colonies (Table 1). The average tatalber of mites collected per colony also did néfedi
between treatment groups in either the single-deeipe double-deep colonies (Table 1).

The numbers of bee colonies dying during treatraempresented in Table 1. In the single-deep study
one colony from each of the Apisfaftreatment period 1), ApiLife VAR (treatment period 1), and
control (treatment period 3) groups died duringshely. In the double-deep study, one colony frache
of the Apistaff (treatment period 1), ApiLife VAR (treatment period 2), and formic acid (treatment
period 1) groups, and two colonies from the oxati (both in treatment period 1) group, died dgrin
the study. The cause of colony death in all casespresumed to be exceptionally high varroa mite
infestation levels (among the highest in both sisdalcohol wash estimates exceeded 35% infestation
worker bees).
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Evaporation of ApiLife VAR and Formic Acid. The total amount of ApiLife VARthat evaporated
in each colony during the 30-day treatment peried W3.44 + 0.86 g (ca. 20.3% of the cumulative
weight of three packets) in single-deep colonies @b0 * 1.24 g (ca. 14.4%) in double-deep colonies
(Table 2). In the single-deep study, there wadifference between treatment periods 1, 2, or 3Her
amount of ApiLife VAR that evaporated®(= 0.4410). In the double-deep study, there was no
difference between treatment periods 1, 2, or 3tferamount of ApiLife VAR that evaporated®(=
0.1335). Very little or no portions of the ApiLiféAR® tablets appeared to have been chewed by bees.
The total amount of formic acid that evaporatedrauthe 30-day treatment period was 165.4 + 7.23 g
(60% of initial volume) in single-deep colonies aith.8 + 4.15 g (52.5% of initial volume) in doebl
deep colonies (Table 2). Average formic acid evafan rates were 5.56 g per day for single-deep
colonies, and 4.82 g per day for double-deep cekni

Correlation Analyses. The alcohol wash estimates of pre-treatment mfestation levels were
significantly correlated with the cumulative numiosémites collected on sticky boards during the
treatment + evaluation periods< 0.781,P < 0.001). In the single-deep study, mite mortaigs not
correlated with the total number of mites in a oglin the ApiLife VAR® group ¢ = 0.505,P = 0.386),
the formic acid groupr(= 0.365,P = 0.545), the oxalic acid group £ 0.769,P = 0.231), the Sucrocide
group ¢ = -0.262,P = 0.738), or the Apistdhgroup ¢ = 0.108,P = 0.863). In the double-deep study,
mite mortality was not correlated with the totahmher of mites in a colony in the ApiLife VARgroup
(r =-0.560,P = 0.621), the formic acid group £ -0.096,P = 0.877), the oxalic acid group£ -0.870,P
= 0.328), or the Apistahgroup ¢ = 0.151,P = 0.809).

The amount of ApiLife VAR that evaporated during a treatment period wasigafficantly correlated
with the corresponding mite mortality in eitherglerdeep colonieg{= 0.975,P = 0.144) or double-
deep coloniesr{ = 0.933,P = 0.235). The amount of formic acid that evapestah a colony was not
significantly correlated with the correspondingiadative mite mortality of the 30-day treatmentipdr
in either the single-deep colonieg £ -0.489,P = 0.403) or double-deep colonies£ 0.746,P = 0.464).

The amount of ApiLife VAR that evaporated during a treatment period wasmwelated with the
average daily minimum temperature$ -0.0161, P = 0.761), maximum temperatuge=(0.020, P =
0.970), or mean temperaturg<-0.030, P = 0.955) during the treatment periatgaombined across
apiaries). Minimum, maximum, and daily averagegemtures during each treatment period are
presented in Table 2.

DISCUSSION

All four of the biopesticides we evaluated (ApiLNM&AR®, formic acid, oxalic acid, and Sucrocide) show
promise as viable alternatives, alone or as paatrafilti-tactic IPM approach, to conventional pades

for the late-fall control of varroa mites. Altetimy a conventional pesticide with a biopesticidatment
(i.e., spring and fall) would reduce conventionasficide use by 50%, and could serve as a toarthat
fluvalinate- and coumaphos-resistance in varrqaufaions by decreasing the frequency of mite
exposure to these pesticides. Percent varroa ¢oasulting from these biopesticide treatments weie
related to the overall numbers of varroa mitedhiendolonies, suggesting that these biopesticidesidh

be equally effective against various levels of mfestation (e.g., high or low infestations).
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The sticky boards used here to capture falling sraigring treatment, in effect, served the sametiomc
as screen bottom boards, as mites (if alive) trdpethe boards were prevented from reattachirng$b
bees. Therefore, mite mortality reported here khbe considered the cumulative effect of chemical
treatment and the culling of varroa from the broedt through the physical barrier of a sticky
board/screen bottom board. This aspect is paatiimportant for treatments such as ApiLife VAR
whose efficacy relies, in part, on increasing growrbehavior by acting as an irritant to bees, Wwhic
leads to increased rates of varroa removal fronit dees through behavior modification.

Our use of different apiaries and treatment stgrtiates for the single- and double-deep hive studlies
not allow us to directly compare treatment effieasdboetween these two hive size categories. However
due to similarities in average total mite infesiatievels (Table 1) and average temperatures (I3ble
between apiaries during the studies, some gerrerald can be noted for informational purposes.
Specifically, the efficacy of chemicals that actdmntact (Apistafi as an axonic (nerve) poison) or
consumption (oxalic acid, probably as a protoplaspeison by acidifying the host bee’s hemolymph) by
varroa mites were unrelated to hive size; wherbamicals whose efficacy relies on evaporation rates
(ApiLife VAR ® and formic acid) were more effective at killingsaa in single-deep hives than in
double-deep hives. Sucrocide was only testechiglesideep colonies; however, the mode of action for
sugar esters (presumably both suffocation and clson through the dissolving of the mite’s cutanul
wax layer) (Puterka et al. 2003) suggests thabitld/be equally effective in larger hives as losgre
application of solution was sufficient to cover adlult bees in the colony.

The levels of varroa mite control found here udmmgnic acid in the MiteGone delivery pad system aver
similar to those reported for the gel-based fortioita Apicuré (ca. 70%) (Feldlaufer et al. 1997), and
were slightly higher than the single-applicatiortdsiway™ formic acid pads (51-56%) tested in New
York (Calderone 1999, Calderone and Nasr 1999k auerage formic acid evaporation rpée one pad
found here (4-6 g/day) is generally consideredfiigant for adequate (i.e., stand-alone) varroatoa
(Feldlaufer et al. 1997, Thomas 1997, Calderon®18alderone and Nasr 1999, Imdorf et al. 1996]; an
our results concur.

Increasing the level of varroa control using Mite@®gads may be possible by implementing one or more
of the following adjustments in treatment applioati(1) extending the treatment period beyond the 3
day period evaluated here, (2) using more thardefieery pad to increase the amount of formic dloat

is released per day, and/or (3) beginning treatsneatlier in the fall season to take advantaggmé€ally
warmer daily temperatures, which should increasmifoacid evaporation (Ruzicka 2004). Adjustments
in the application of MiteGone formic acid delivgygids to increase evaporation rates and subsequent
varroa control appears to be realistic, as onl¥8% of the initial volume of formic acid evaporated
during our study.

Varroa mortality obtained here using ApiLife VARvas very similar to that reported in Europe are th
southeastern US (Imdorf et al. 1999; Ellis et 80P). Interestingly, the evaporation rates of AfaL
VAR® and formic acid in our study were not correlatemperature (min, max, or daily average),
which is in contrast to data reported by Calder@®99), who found significant correlations between
evaporation rates and temperatures for formic asttla thymol-blend of similar composition to Apikif
VAR®. Perhaps the low temperatures fluctuations dusimgstudy were insufficient to detect this
relationship.
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Mite mortality was also not correlated with the ambof ApilLife VAR® or formic acid that evaporated
during our study, which was unexpected, becaus€alterone (1999) noted, the efficacy of both
materials should be related to the amount of neteriwhich mite populations are exposed. Calderon
(1999) and Calderone and Nasr (1999) found thisesdistrepancy between evaporation rates and
corresponding mite mortality using formic acid ahd thymol-blend they evaluated. The higher mite
mortality for ApiLife VAR® and formic acid in single- versus double-deep miel® found here was,
presumablydue to the greater exposure (closer proximity)eddto chemical fumes in smaller hives
than in larger hives.

Each of these biopesticides has their own advastage disadvantages. Sucrocide provided excellent
control of varroa, can be used throughout the sgasd is safe to use; but the application teclenigay
be too labor intensive to be adopted by beekeepiénssubstantial numbers of colonies. In addition,
more studies on Sucrocide are needed to deterntiag Wany, effects varying levels of brood have o
treatment efficacy, and whether or not honey bes egd young larvae may be affected by direct spray
applications. Oxalic acid also provided good colndf varroa; however, it is typically reservedaakate-
season treatment or for other times in which tiehétle or no brood production, as there are totifig
reports to its effects on bees, ranging from netéelous effect to impaired queen performance and
overwintering success (Hiiges et al. 1999; Narttél. 2003). This aspect needs to be better redolv
before commercialization of an oxalic acid prodadhe US can be attempted. Treatment with ApiLife
VAR® or formic acid would be likely more efficaciousti$ed in conjunction with other varroa-reducing
strategies (e.g., mite-resistant bee stock). ApiMAR® use is also restricted to fall treatments, duiésto
negative effect on brood production (Ellis et &02), making it counterproductive as a spring tresut.
The potential of formic acid to be re-approvedudse by US beekeepers is unclear.

The positive correlation between the pre-treatmaite infestation level in a colony determined usiing
alcohol wash technique (DeJong et al.1982b) anddh®sponding cumulative number of mites collected
on sticky boards during the treatment + evalugpieniods suggests that the alcohol wash techniqye ma
be a useful indicator to estimate and monitor cpll@vel varroa infestation levels. Delaplane anadé#io
(1997) and Calderone and Nasr (1999) previouslgrted similar relationships using the ether roll
technique.

In conclusion, ApiLife VAR, the MiteGone formic acid delivery system, a 3.@%lic acid trickle
application, and Sucrocide each have potentiaktedbuable additions to the beekeepers’ arsenal of
varroa control products. Increasing the diveraitg availability of varroa control options are dfical
importance to the US beekeeping industry, considehe widespread reports of mite resistance to
conventional pesticide products.
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Table 1. Pretreatment mite infestation level estimtes (mean = SE), total average number of mites golonies
(mean + SE), and mite mortality (mean + SE) resultig from 6 treatments in single-deep colonies and 5
treatments in double-deep colonies.

Total number of
mites/colony*

Pre-treatment
mite infestatiorf

Hive Size
Treatment n

Mite mortality
from treatment’

Bee colony death

z during treatment

Single-Deep Colonies 30

Apistan 5 9.3+£1.90 2473 £529.2 0.97 £ 0.007 a 1
Sucrocide 5 12.4£2.75 1825 +422.5 0.96 + 04808 0
Oxalic Acid 5 10.2+4.35 1473 £ 382.1 0.92 +10& 0
ApiLife VAR 5 24.0 £9.07 2077 £440.8 0.91 £ B8a 1
Formic Acid 5 224+941 2435 £ 633.6 0.79 +2® 0

Control 5 10.7 £3.43 1363 + 158.1 0.23 +0.004 ¢ 1
Mean - 14.8 + 2.69 1941 +193.0 - -

Double-Deep Colonies 30

Apistan 6 25.9+3.94 1818 +222.0 0.95 +0.007 a 1
Oxalic Acid 6 12.8 £1.02 2369 +538.3 0.93 z2& 2
ApiLife VAR 6 12.2+1.04 2355 £473.3 0.69 + 0 Db 1
Formic Acid 6 20.3+1.84 1117 + 243.0 0.66 H87.® 1
Control 6 15.6 £4.33 2091 £ 357.9 0.15+0.012¢c 0

Mean - 17.4 + 2.57 1950 + 231 - -

% Original sample size.

Y Pre-treatment alcohol wash estimates of percanvaanfestation did not differ between treatmentugps in

either the single-dee (= 0.3696) or the double-deep € 0.1047) colonies.

¥ The average total number of mites collected plmes did not differ between treatment groupsitihes the
single-deep® = 0.4051) or the double-dedp € 0.6870) colonies.

" Proportion of mites collected during treatmeniigus in relation to the total number of mites cctiéel during the
treatment + evaluation periods. Values in colunutieded by the same letter were not significanifyedent from
each otherH = 0.05). Mean separation data from single-deepnie$ and double-deep colonies are independent

from each other.

Table 2. Amount (mean + SE) of ApiLife VAR and formic acid evaporating, and the corresponding
minimum, maximum, and average temperatures during ad across treatment periods.

Hive Size ApiLife VAR Formic Acid Temperatufc CF)
Treatment Period Evaporated {g) Evaporated (¢ Min Max Mean
Single-Deep Colonies
1 (14 Oct. - 24 Oct.) 5.63+1.83 - 7.2 @4. 17.3 (63.2) 12.1 (53.7)
2 (25 Oct. — 5 Nov.) 3.56 £0.33 - 8.7 (47.7 19.1(66.4) 13.8 (56.9)
3 (6 Nov. — 15 Nov.) 4.25+0.53 - 4.8(40.6 12.4(54.4) 8.5 (47.3)
Total (14 Oct. — 15 Nov.) 13.44 +0.86 165.4.231 6.8 (44.2) 17.1 (62.7) 12.1 (53.8)
Double-Deep Colonies
1 (21 Oct. - 31 Oct.) 3.61+1.42 - 7.2 (5. 15.6 (60.0) 11.2 (52.2)
2 (1 Nov. — 10 Nov.) 244 +0.92 - 7.7(45.8 16.7 (62.1) 11.9 (53.4)
3 (11 Nov. — 21 Nov.) 3.45+0.62 - 5.0 1. 13.1 (55.5) 8.7 (47.7)
Total (21 Oct. — 21 Nov.) 9.50+1.24 144 .8.15 7.0 (44.6) 15.7 (60.2) 10.8 (51.4)

Z Original total weight of ApiLife VAR tablets (2 p@ackage) was 22.0 g.
Y Original total weight of formic acid solution iretivery pads was 275.0 g.
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Fig. 1. Proportion (mean + SE) of the total numbeof V. destructor mites in a colony collected
during each of the treatment periods in single-deepolonies (A) and double-deep colonies (B).
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