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Abstract

The recently introduced spotted wing drosophila is one of the most serious pests in small fruit
production in the United States and Europe. Most control relies upon multiple applications of
synthetic insecticides. In an effort to find less-toxic insecticides to consumers, farm workers,
and wildlife, we conducted two laboratory trials and a semi-field trial in order to assess the
potential for disodium octaborate tetrahydrate formulated and sold as Octabor® (U.S. Borax,
Inc.) as a control for spotted wing drosophila in wild blueberry. We found that Octabor at 0.6
and 1.0% (w/v) applied to wild blueberry fruit resulted in higher mortality of flies than
non-treated control fruit. Addition of sugar to Octabor enhanced mortality in one of the two
trials, with an interaction between sugar addition and Octabor rate suggesting that the
addition of sugar provided the greatest enhancement at the low rate. Our semi-field study
showed that an apparent repellency effect of Octabor provided protection of fruit from
infestation for up to 3 days. Also in the semi-field study, we observed a delayed effect on fly
mortality. Increased fly mortality occurred over time, relative to the non-treated control fruit.
The greatest fly mortality, relative to the non-treated control, resulted from flies being
exposed to fruit treated 3 and 7 days prior to fly exposure, but not immediately after the
treatment of Octabor. We speculate on why this type of delay in mortality might have
occurred.
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1. Introduction

Since its introduction to the Continental United States from Asia in 2008, the spotted wing
drosophila, Drosophila suzukii (Matsumura), has been a concern among growers of soft fruits
(Ballman et al., 2017). The spotted wing drosophila is a wide spread pest due to its serrated
ovipositor and polyphagous nature. Drosophila melanogaster Meigen lay their eggs in rotting
fruits while the spotted wing drosophila lay eggs in ripe soft-skinned fruits (Asplen et al.,
2015). Current spotted wing drosophila management is mostly based upon use of synthetic
insecticide applications, many of which are organophosphates and toxic to farm workers
(Clavert et al., 2008). Although, cultural control tactics and biological control such as mass
trapping, exclusion netting, sanitation during and after harvest, conservation of predators, use
of pathogens, and removal of wild fruit hosts are being researched (Bohinc and Trdan, 2014;
Alnajjar et al., 2017; Alnajjar et al., 2018; Ballman et al., 2017; Ballman and Drummond,
2018). An insecticide for spotted wing drosophila control with low mammalian toxicity
would help minimize health risks to farm workers, consumers, and exposed wildlife.

Boric acid powder has been commonly used as a less toxicity alternative to other synthetic
insecticides when controlling household pests such as cockroaches. Symptoms of boric acid
poisoning in cockroaches indicate that boric acid has a neurotoxic effect on insects as well as
causing starvation by altering the insect's midgut epithelial cells by increasing their thickness
leading to disruption of nutrient absorption (Habes et al., 2006; Dayer and Karvandian, 2016).
The concentration of boric acid used against insects has little effect on human health. Many
household products including skin powder, ointments, and mouthwash contain boric acid
(Anonymous, 2017). Erdem et al. (2016) show that sodium borates can have a negative effect
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on Drosophila as well. In a laboratory study with the common vinegar fly, Drosophila
melanogaster Meigen, they showed that increased mortality and decreased fecundity
occurred when fed diets containing borax (sodium tetraborate).

The objective of our research was to test the efficacy of disodium octaborate tetrahydrate
(formulated as the commercial product Octabor®) for control against the spotted wing
drosophila. Two laboratory trials and a semi-field bioassay were conducted to test the
potential of boron as a control product.

2. Materials and Methods
2.1 Drosophila suzukii colony source, rearing procedures, and crop plants

Adult D. suzukii were collected in wild blueberry (V. angustifolium Aiton) plants in Stillwater,
Maine, USA in July 2016. Flies were reared on Instant Drosophila Medium formula 4-24
(Carolina Biological Supply Co., Burlington, NC) and held in 7.3 x 2.0 cm Drosophila
culture tubes in the laboratory at 20-23<C. Newly emerged adult D. suzukii were transferred
to new media every 2 to 3 wk. The culture was periodically inspected for contamination by
other Drosophila species, and if other species were found we started new colonies using adult
D. suzukii from our original stock colony in new culture tubes. All wild blueberry crop plants
(Vaccinium angustifolium Aiton) used in both the laboratory and semi-field experiments were
wild genotypes of unknown genetic identity. Wild blueberry has no cultivars as it is a wild
crop plant that is commercially managed.

2.2 Laboratory control of spotted wing drosophila with Octabor. 2016/2017

Octabor® (disodium octaborate tetrahydrate, U.S. Borax Inc.) was evaluated in the laboratory
to assess its potential to control spotted wing drosophila adults. Two trials were conducted. In
the first trial, two rates of Octabor were tested, 0.6% v/w (1.2g in 200ml water) and 1.0% v/w
(2.0g in 200ml water)  with and without the addition of 16 oz/acre of sugar (0.957¢g) as a
feeding stimulant. In the second trial, a single rate was tested (0.6% v/w (1.2g in 200ml water)
with and without 16 oz/acre (0.957g) of sugar. Groups of 6-10 laboratory-reared flies were
placed in sterilized (1:10 bleach solution) plastic cages (9 x 4.38 x 4.13in) with five
raspberries. All fruit was washed with tap water and allowed to air dry before each trial. Prior
to introduction of the flies into the cages, the fruit was treated by mixing the various rates in a
lab bench mister set to the finest droplet size. The sprayer was a LaMi Fine Mist Sprayer
(LaMi Products, Huntingdon Valley, PA, USA) with a spray pressure of about 70 kPa (10 psi)
resulting in approximately 0.5 ul applied per treatment dish. Two sprays (enough to wet the
surface) were applied to the fruit that was spread out in a single layer in an open Petri dish
(100 x 15mm). For the first trial there were four replications of each treatment and four
non-treated controls. Non-treated controls were treated with water only. For the second trial
there were five replications of each treatment and five non-treated controls. Each trial used
different cohorts of flies, but within a trial all replicates were set up with flies from the same
cohort. Flies were introduced into the cages after the material had dried on the fruit (1hr post
application). Cages were kept on a laboratory bench at room temperature (20-22 <€) and
monitored daily for one week and the numbers of dead and live flies were recorded. In the
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second trial, the number of flies on the fruit was also recorded at each sampling interval.
2.3 Control of spotted wing drosophila with Octabor, a semi-field bioassay. 2017.

Octabor was evaluated in a semi-field bioassay to assess its potential to control spotted wing
drosophila. Because our laboratory findings suggested that addition of sugar only enhanced
Octabor at the low dose and only in one trial, we decided not to add sugar to the application
of Octabor in the field since sugar can result in attraction of non-target beneficial insects and
in sooty mold growth on leaves and fruit (Hagen and Hale, 1974; Summy and Little, 2008).
Octabor (1.0% w/v) was applied to a crop-year blueberry field at Jonesboro, ME on 31 July.
The material was applied in 25 gallons of water-mixture per acre with a CO,-propelled,
80-inch boom sprayer (76-inch swath) equipped with four, flat-spray 8002VS TeeJet® nozzles
operating at 35 psi and at a slow walking speed. Speed was regulated using a metronome. At
0 (material allowed to dry on foliage for 4 hours), 3, and 7 days after treatment (DAT), stems
containing leaves and ripe berries were cut off the bushes and placed in water picks (10cm
long single anchor water pick, AquaPic® brand) inside 320z clear plastic deli cups. The water
picks were inserted through a hole in the bottom of the container such that the lip of the water
pick was even with the bottom of the cup. Berries (n = 6 to 10) were removed from the stems
and placed in wire mesh containment boats to reduce loss of residues on the berries. Ten adult
SWD (5 male, 5 female) that were between 2 and 5 days old were removed from a laboratory
colony, anesthetized with CO,, and added to the cups. There were four replicates + four
non-treated controls for each DAT sample. To limit fly mortality, cotton balls moistened with
water were placed in each cup, and a 10z portion cup was filled with drosophila diet (Instant
drosophila medium, Carolina Biological Supply Company, Burlington, North Carolina) was
placed in each cup to provide food for the flies. To minimize moisture build up, lids had a
5cm diameter hole cut in them and fine mesh affixed over the hole using hot glue. Cups with
collected blueberry fruit and flies were placed in an environmental chamber at 25<C, 75% RH,
and a 16:8 L:D cycle. Adult mortality was assessed daily for 8 to 10 days; fruit infestation
was assessed after one week using the Salt Extraction Method described in Drummond et al.
(2017).

2.4 Statistical methods.

In the laboratory experiment logistic regression was used to test for treatment effects (JMP,
2015). The analyses were performed by trial. In the semi-field experiment logistic regression
was used compare adult mortality and fruit infestation between Octabor-treated and
non-treated controls and Generalized Estimating Equations were used to conduct a repeated
measures logistic regression (Hardin and Hilbe, 2003).
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3. Results

From the two laboratory experiments we found that exposure to boron formulated as Octabor,
increased fly mortality over the non-treated control by day 6 post application (X2 = 51.252,
P < 0.0001, Fig. 1A; X? @ = 3.103, P = 0.078, trial 1 and trial 2 respectively, Fig. 1B;). Fly
mortality in the non-treated controls was low in both trials after 6 days (11.1 and 1.8%,
respectively). However, in the second laboratory trial, a much reduced level of mortality was
observed independent of sugar, comparable to that observed in the first trial with a dose of
0.6% (w/v) without the addition of sugar (Fig. 1B). Our results in trial 1 showed that while
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Figure 1. Percent mortality of spotted wing drosophila adults exposed to Octabor over time
in Laboratory Trial 1 (A) and Trial 2 (B).

sugar may increase the effectiveness of Octabor as an insecticide, this was more obvious with
the low rate of application (0.6% (w/v)) compared to the high rate (1.0% (w/v)). The
interaction between sugar and Octabor rate demonstrates this for a model that includes an
effect for day (X?u)= 62.852, P < 0.0001). We observed 87.5% mortality by day six when
sugar was added to the 0.6% rate compared to only 12.5% mortality in the 0.6 rate without
sugar. Fly mortality in the non-treated check was 11.1% on day six without sugar.

The semi-field bioassay showed that Octabor applied on the fruit did reduce infestation by
larvae at day 0 and day 3 after application (Fig. 2); though, all fruits were infested by day 7.
This interaction between time (days) and treatment was significant (X2(4) =16.771, P=0.012).
This effect was not strong, as there was high variation among replicates; therefore, the
difference between the Octabor treated fruit and the non-treated fruit at each date was
significant only at P = 0.10 (X 2 @ = 2.721). However, when evaluating fruit infestation over
all the dates, there was a strong effect on infestation when comparing Octabor-treated fruit to
non-treated fruit (X 2 @ = 15.623, P < 0.0001). When we looked at mortality for flies confined
to arenas either with Octabor-treated fruit or control (non-treated) fruit, we found a
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significant Octabor effect (Fig. 3). However, the pattern of mortality was not as expected. We
observed no difference in mortality when flies were confined to fruit that had just been
treated with Octabor compared to fruit of the non-treated control. We did find significantly
higher mortality in the Octabor treatment relative to the control for day 3 and day 7 fruit.
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Figure 2. Percent of fruit infested with spotted wing drosophila larvae in the semi-field trial
(n = 4 replicates of 10 flies per replicate), error bars are normal approximations of binomial
standard errors.

68 http://jas.macrothink.org



- Journal of Agricultural Studies
A\ Mac.rOtthl,:,'k ISSN 2166-0379
Institute 2018, Vol. 6, No. 3

40,
] ” 1.0% Octabor
355 ] non-treated control

301
251

20

% mortality

1oj , )
ol ] JT

0 3 7
Days After Treatment (0=4 hrs)

Figure 3. Percent mortality of spotted wing drosophila adults over time in the semi-field trial
(n = 4 replicates of 10 flies per replicate), error bars are normal approximations of binomial
standard errors..

3. Discussion

Few insecticides with low mammalian toxicity have shown enough promise for control of the
spotted wing drosophila that they are recommended for wild blueberries (Yarborough et al.
2018). Insecticides formulated with spinosyns are one such group of insecticides.
Neonicotinoid insecticides and neem are recommended, but only for the initial applications
during the beginning of spotted wing drosophila fruit attack since they are not highly
effective in protecting fruit from infestation under high fly pressure. However, insecticides
with low mammalian toxicity may have a role in spotted wing drosophila pest management
when they are incorporated with other tactics such as early harvest, mass trapping, or
exclusion netting (Alnajjar et al. 2017; Cormier et al., 2015; Hampton et al., 2014).

Our research with Octabor showed that even in the laboratory this insecticide might be
inconsistent in effect. The first trial suggests that imbibing Octabor through the addition of a
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sugar feeding stimulant enhances fly mortality and that this was most noticeable at the lower
dose. The phagostimulant effect of sugar added to baits and insecticides has been well
documented with the spotted wing drosophila (Loeb et al., 2013; Hamby and Becher, 2016;
Knight et al., 2016; and Rice et al., 2017; Fanning et al., 2018). Sugar enhances attraction of
flies to insecticide deposits on plant tissue and increases efficacy of stomach poisons by
increasing consumption of insecticide laden sugar droplets. Sugar as a bait increases trap
efficacy as its fermentation attracts spotted wing drosophila adults as well. In fact these
studies have shown that not only sugar acts as a phagostimulant to these flies, but corn gluten
and yeast are also phagostimulants. However, trial 2 showed no effect of a sugar feeding
stimulant. Both the sugar and no sugar addition Octabor treatments resulted in similar fly
mortality as the non-sugar low dose Octabor treatment observed in trial 1. Therefore, it may
have been the case that in trial 2 flies did not feed on the sugar either due to the physiological
state of hunger in the flies or due to habituation of flies to the sugar which has been
documented by Cevik and Erden (2012). This aspect of enhancement of Octabor through
addition of a sugar feeding stimulant may present obstacles in the use of this insecticide in the
field where competition for carbohydrates in a natural heterogeneous environment might
reduce feeding by flies of Octabor on fruit. This has been documented for ants with
insecticide baits (Sudd and Sudd, 1985). In addition, sugar concentration on wild blueberry
fruits has been shown to increase the natural microbial community on the fruit (Wu et al.,
2017). This could result in the metabolism of the fruit borne sugars, thereby, reducing the
attraction and phagostimulation behavior in spotted wing drosophila on fruit. The dose of
sodium borates in the form of boric acid delivered in sugar baits has been intensively studied
in ants. A range of doses can result in the behavioral response in ants attracted to baits as
being either phagostimulatory or repellent. Klotz et al., (2000) demonstrated that doses less
than 1% boric acid in sugar baits were phagostimulatory, whereas, doses greater than 1%
were repellent to Argentine ants (Linepithema humile (Mayr)). However, this behavioral
response to dose appears to be species-specific. The carpenter ant exhibits phagostimulation
at doses up to 2% boric acid in sugar baits (Klotz and Moss, 1996) and the imported fire ant
(Solenopsis invicta Buran) exhibits phagostimulation at doses up to 5% boric acid (Klotz et
al., 1997).

The combined results of the laboratory studies and the semi-field bioassay show future
potential for Octabor or other formulations of sodium borate as a least-toxic insecticide
control for the spotted wing drosophila. However, more research is required before applying
boron in an agricultural context such as practiced in the residential environment (Horton et al.,
2011). Our semi-field bioassay showed that high concentrations of Octabor can protect fruit
from infestation for short periods of time. Fruit in the field that was treated with Octabor
received less larval infestation for up to seven days (Fig. 2). While Figure 3 suggests that a
field application does not kill flies immediately, it apparently prevents them from laying eggs
in fruit. However, the potency of sodium borates and boric acid esters is short lived under
certain pH environments (Van Duin et al., 1984) and would need to be extended before
serving as a useful repellent. Although, this might not have to be greatly enhanced since some
current insecticides used against spotted wing drosophila such as Entrust® (spinosyns) only
have an effective activity of 1 day and malathion (several formulations) only has an effective
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activity of 3 days (Collins and Drummond, 2014; 2016). We do not know whether the
“apparent” repellency effect to Octabor is indeed due to repellency of adult ovipositing
females such that they do not land on the fruit or lay fewer eggs in treated fruit, or if Octabor
causes mortality of oviposited eggs and larvae inside the fruit; although, in the early stages of
our experiment (day 0 to day 3), we did not observe respiratory tracheae of eggs nor shrunken
fruit in our study that would be indicative of high rates of oviposition.

In addition to having “apparent” repellent effects in the field, Octabor had a negative effect
on SWD mortality, but the temporal pattern of mortality was not as we hypothesized. We
thought that similar to the repellent effect, mortality of flies would be highest at day 0 and
then decline rapidly with time. However, Figure 3 shows the opposite phenomenon. This is
difficult to explain, but we put forth the following hypothesis. An explanation might be the
chemical transformation that Octabor experiences under field conditions over time. We
hypothesize that in the field on fruit over time Octabor, or disodium octaborate tetrahydrate,
tends to chelate with certain organic compounds (Lloyd, 1998), possibly reducing its toxicity
to flies, but potentially still being repellent. However, especially in an aqueous sugar
environment (dew on fruit and leaves) many of the oxygen borate compounds transform to
the more acidic boric acid form (Lloyd, 1998). If this is the case, then we might have
observed repellency to ovipositing flies from disodium octaborate tetrahydrate and
subsequent delayed mortality to flies from increased concentrations of boric acid.

5. Conclusion

Further study is needed to test whether this temporal dynamic in repellency and mortality can
be understood to allow optimization of Octabor’s potential as an insecticide. Increased sugar
concentrations and decreased Octabor concentrations may reduce Octabor’s “apparent”
repellent effects and attract more spotted wing drosophila flies to ingest the mixture. Past
experiments have tested the effect of boron-rich diets on Drosophila melanogaster mortality
and fecundity and found that both mortality and reduced fecundity result (Erdem et al., 2016).
Reduction in fecundity as a result of ingesting sodium borates appears to occur across insect
families and orders. This phenomenon has been recorded in mosquitos (Bhami and Das,
2015), cockroaches (Habes et al., 2013), and moths (Hyrsl et al., 2007). Replicating the
experiments conducted by Erdem et al., (2016) and those presented here using D. Suzukii
may further our understanding of Octabor’s effect on spotted wing drosophila and its
management. The short generational period of the spotted wing drosophila make fecundity an
important target in control. A similar strategic approach by Alnajjar et al. (2018), focusing on
fecundity of the spotted wing drosophila with pathogenic fungi, found that sub-lethal doses of
the fungus, Beauveria bassiana (Bals.) Vuill. reduced fecundity of infected spotted wing
drosophila female flies. The delayed toxic effect of Octabor on spotted wing drosophila could
be offset by a strong effect on fecundity that would dampen future generations within the fruit
growing season. Until further experimentation has been conducted, Octabor should not be
recommended as an insecticide in an agricultural setting, but it does appear to have
characteristics that warrant further study.
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