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CHEMICAL ECOLOGY
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ABSTRACT Laboratory screening bioassays and Þeld trapping experiments of spotted wing dro-
sophila ßies,Drosophila suzukii (Matsumura) (Diptera: Drosophilidae), were conducted to determine
the attractiveness of 17 compounds as well as to compare attractant efÞciency during peak fruit
ripeness and postharvest captures late in the season. Compounds structurally related to each of the
fermentation products acetic acid, ethanol, ethyl acetate, and 2-phenethyl alcohol were screened for
attractiveness compared with a soap water control in greenhouse cage bioassays. The compounds
determined to be attractive in the greenhouse bioassay (methanol, ethanol, propanol, formic acid,
acetic acid, ethyl acetate, propyl acetate, phenethyl acetate, phenethyl propionate, and phenethyl
butyrate) were individually tested in the Þeld added to apple cider vinegar (ACV). The acids were
also tested individually in neutralized ACV (NACV; pH �7). Combinations of the compounds were
tested in NACV. The capture numbers in ACV traps were not signiÞcantly increased by the addition
of any of the compounds tested, although signiÞcant deterrent effects of some of the compounds
allowed differences between treatments to be observed. Compounds that are most prevalent in wine
and vinegar (methanol, ethanol, acetic acid, and ethyl acetate) as well as phenethyl propionate and
phenethyl butyrate were less deterrent than the other compounds tested in the Þeld. Captures during
peak fruit ripeness were compared with the postharvest period when fruit hosts were not available
or were overripe. Although the total number of ßies captured late in the season was lower, the trends
in treatment performance were similar, indicating a consistent performance of these baits from peak
fruit ripeness through postharvest.
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The spotted wing drosophila,Drosophila suzukii (Mat-
sumura) (Diptera: Drosophilidae), is a widely distrib-
uted pest of small and stone fruit production, found in
North America, Europe, and Asia (Walsh et al. 2011).
Unlike other Drosophila species that lay eggs only in
overripe or rotting fruit, female D. suzukii have a
characteristic serrated ovipositor that allows them to
lay eggs in ripe and ripening fruit (Lee et al. 2011). The
damage caused by the oviposition scar and larvae that
hatch from the eggs results in unmarketable fruit and
crop loss, in some cases up to 80% (Walsh et al. 2011).
The production of strawberries, blueberries, caneber-
ries, and cherries in the western United States is
threatened by the presence ofD. suzukii, and potential

losses are signiÞcant (Bolda et al. 2010). A number of
treatment programs for D. suzukii exist and are eco-
nomically sound because the loss from yield reduction
far outweighs the cost of control. Goodhue et al.
(2011) performed an economic analysis weighing the
costs and beneÞts of controlling D. suzukii in Califor-
niaÕs raspberry and strawberry crops. Control cost per
treatment in raspberries ranges from US$9.65 per acre
for zeta-cypermethrin (Mustang EW) to US$81.34 per
acre for the organic insecticide spinosad (Entrust,
Dow AgroSciences, Indianapolis, IN).

A common grower practice forD. suzukii control in
Oregon is toapplyan insecticide spraywhenD. suzukii
are detected in monitoring traps and the fruit has
begun to ripen, which is when the fruit becomes sus-
ceptible (Lee et al. 2011). OnceD. suzukii are present
and the fruit is susceptible, the fruit should be pro-
tected with follow-up sprays based on monitoring data
and the residual effectiveness of the chosen insecti-
cide (Haviland and Beers 2012). Although monitoring
alone does not reduce pest pressure, it is the Þrst step
in an integrated pest management system and impor-
tant to integrate with a host of other management
practices (Cini et al. 2012) to keepD. suzukii numbers
low. An economic threshold level of infestation needs
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to be established to use monitoring data (Stern 1973),
which may be the mere presence of D. suzukii based
on the control costs vs. loss of yield costs. Because
there are no monitoring tools that can deÞnitively
reveal the presence ofD. suzukii in a Þeld, attractants
need to be improved to move away from prophylactic
treatment toward an integrated management of D.
suzukii. Therefore, the effectiveness of the attractant
is most important during the time of fruit ripening and
peak fruit ripeness to monitor the populations of D.
suzukii in the Þeld and conÞdently make management
decisions.
Drosophila have associations with yeast (Gilbert

1980, Palanca et al. 2013), andDrosophilamelanogaster
Meigen are attracted to fermentation products, more
so than to fruit volatiles alone (Zhu et al. 2003, Becher
et al. 2012). The association between Drosophila and
yeast or fermented products illuminates the potential
importance of fermentation products in the attrac-
tion of D. suzukii. Fermented products are already
known to play an important role in the monitoring
ofD. suzukii,with recommended attractants includ-
ing wine, vinegar, and fermenting yeast baits (Walsh
et al. 2011). An association betweenD. suzukii and the
yeastHanseniaspora uvarumwas discovered, stressing
the link betweenD. suzukii and fermentation products
(Hamby et al. 2012). Recent work has tested combi-
nationsofwine, vinegar, acetic acid, andethanol (Lan-
dolt et al. 2011) and different combinations of wines
and vinegars (Landolt et al. 2012), with data suggest-
ing a rice vinegar and a merlot wine are more
coattractive than other tested combinations. Physio-
logically active compounds in wine and vinegar, as
determined by gas chromatography coupled with
electroantennographic detection (GCÐEAD), have
been combined and shown to be as attractive to D.
suzukii as a wine and vinegar blend (Cha et al. 2012).
Acetic acid, ethanol, acetoin, and methionol were re-
cently recommended for a four-component bait (Cha
et al. 2014).

This work presented here focused on four groups of
fermentation products to determine attractiveness to
D. suzukii. Acetic acid, ethanol, ethyl acetate, and
2-phenylethanol have already been identiÞed in both
wine and vinegar (Ough and Amerine 1988, Guerrero
et al. 2006) and make up part of aD.melanogaster lure,
with ethyl acetate and 2-phenylethyl acetate being
optional (Baker et al. 2003). Acetic acid and ethanol
have recently been shown to be important in attract-
ing D. suzukii (Landolt et al. 2011, 2012), and acetic
acid, ethanol and 2-phenylethanol are included in a
mix of compounds that attracted D. suzukii similar to
a mix of wine and vinegar (Cha et al. 2012). Based on
these reports, we decided to evaluate structurally re-
lated analogs to already identiÞed attractants in search
for compounds with an enhanced attractivity. With
this aim, a series of compounds with varying carbon
chain lengths in the classes of alcohols (methanol to
pentanol), carboxylic acids (methanoic to pentanoic),
and acetates (ethyl to pentyl) as well as three esters
of 2-phenylethanol (acetate to butyrate) were tested
for their attractiveness to D. suzukii.

Compounds were Þrst screened in greenhouse cage
bioassays to identify any compound within each series
that was attractive to D. suzukii under greenhouse
conditions. The Þeld trapping experiments used at-
tractive compounds from the greenhouse cage bioas-
says and evaluated the attractiveness of these com-
pounds with apple cider vinegar (ACV) or neutralized
ACV (NACV) in an environment and time where the
traps will actually be used. Further Þeld tests also
determined the attractiveness of combinations of the
compounds that elicited the best response when
tested alone in the Þeld. NACV was used when trap-
ping with the acids and combination treatments to
decrease the acetic acid odor proÞle of the ACV, and
to allow the acid being tested to be the more dominant
acidic odor.

Another component of trapping explored by this
work is the seasonal variation in attractiveness of baits,
which has not been addressed previously. The pres-
ence and composition of D. suzukii hosts change
throughout the year in the Þeld, progressing from no
fruit in the early season to ripening fruit, ripe fruit, and
overripe fruit, to no fruit available in the late season.
Insects have also been shown to change seasonally,
with changes occurring numerically (Escudero-Colo-
mar et al. 2008), physiologically (Robb and Forbes
2005), and with regard to sexual selection (Vélez and
Brockmann 2006). Numerically, moreD. suzukiiwere
captured in wine and vinegar traps in February than
in April (Cha et al. 2012). We aimed to determine
whether attractiveness of baits to D. suzukii varied
seasonally because this knowledge would enable trap-
ping experiments to determine a more precise scope
of inference. Further, such results would help to de-
termine the effect of season on bait effectiveness. One
experiment from each class of compounds was re-
peated in the same Þeld as summer trapping after
harvest season of the crops. The fruit was either har-
vested or overripe, and decaying fruit was present in
the Þeld. Trapping allowed for the comparison be-
tween seasons of the number of ßies captured by
treatments as well as if compounds performed differ-
ently between the two seasons.

Materials and Methods

Insects. A laboratory colony of D. suzukii was
started and maintained as described by Bruck et al.
(2011). The colony was started with adults emerging
from infested fruits collected from grower Þelds in
Oregon and Washington in 2009 and 2010. The colony
was propagated by exposingDrosophila cornmeal diet
(San Diego Drosophila Stock Center, San Diego, CA)
in petri dishes (VWR International, Radnor, PA) to
the colony and rearing out the resulting eggs to adult
ßies to join the colony. On multiple occasions each
year, wild D. suzukii are added to the colony to de-
crease the likelihood of inbreeding and increase the
genetic similarity of the colony population to the wild
population.
Greenhouse Bioassays. Compounds were screened

in the greenhouse using a two-choice cage assay. All
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bioassays were conducted in 0.6- by 0.6- by 0.6-m
mesh cages inside a greenhouse with photoperiod of
16:8 (L:D) h and temperature between 13 and 24�C.
Within each cage were two clear cup traps, treatment
and control, positioned near opposite corners on the
cage bottom (�20 cm from the corner and �45 cm
from each other). The clear cup trap was a 946-ml
clear plastic cup (32 oz Clear Plastic Beverage Cup,
Solo Cup Company, Lake Forest, IL) with a clear
plastic lid (Lid with Straw Slot, Solo Cup Company,
Lake Forest, IL) and 15, 4.8-mm holes punched
around the top perimeter of the cup. All control traps
contained 100 ml of the soap water drowning solution
made by adding 4 ml of dish soap (Dawn Ultra, Proctor
& Gamble, Cincinnati, OH) to 3.78 liters of water.
Treatment traps consisted of one of the 17 volatiles
(seebelowfor rates)pipettedontoacottonroll placed
into individual small glass vials (8 ml, Wheaton, Mill-
ville, NJ) that were set in the center of the cup sur-
rounded by soap water. Each trap was tested with only
one volatile type. Moist cotton in a petri dish and two
small agar-based diet cups were placed in the middle
of the cage to ensure survivorship of ßies. Adult ßies
used in greenhouse experiments were between 5 and
12 d old. Approximately 200 D. suzukii of mixed sex
were put in each of the cages with traps for 24 h, and
the number of ßies in each trap was enumerated. The
difference in catch between treatment and control
traps was compared with total number of ßies cap-
tured in both traps using an Attractivity Index (AI):
100 � (number of ßies in treatment trap � number of
ßies in control trap) divided by total number of ßies
trapped. A potential attractant has a positive value and
a potential deterrent has a negative value. Treatments
with a positive average AI were subsequently used in
Þeld experiments. The AI used here is a modiÞed
version of the antifeedant index used in feeding bio-
assays of theHylobius abietis(L.) (Unelius et al. 2006).
Selection of Test Compound Concentrations. These

bioassays were conducted to aid in the selection of test
compound concentrations. Ethyl acetate (8.8, 88, and
880 �l) and phenethyl acetate (5.5, 55, and 550 �l)
were dispensed onto a cotton roll in a glass vial in the
center of 100 ml of soap water in a clear cup trap, and
each treatment was compared with a soap water con-
trol. Volumes used correspond to 10, 100, and 1,000
ppm of ethyl and phenethyl acetate in water, which
encompasses typical occurrence of ethyl acetate and
phenethyl alcohol in wine (Nykänen and Suom-
alainen 1983). Between two and six replicates of each
two-choice test were performed. The concentration
that gave the highest AI was selected as the test con-
centration.
Greenhouse Bioassay 1. The objective of this exper-

iment was to determine the attractiveness of several
short-chain alcohols toD. suzukii. The odors of meth-
anol, ethanol, propanol, butanol, and pentanol were
each compared with a water control in this series of
two-choice assays. The treatment trap contained one
of the Þve alcohols (7.2 ml, neat) in the center vial
surrounded by 93 ml of soap water. A volume of 7.2 ml
of each alcohol was chosen because of its use and

attractiveness in previous trapping studies (Landolt et
al. 2011, 2012). These two-choice tests and all subse-
quent choice tests were replicated seven times.
Greenhouse Bioassay 2. The objective was to deter-

mine the attractiveness of short-chain acids to the D.
suzukii. Formic acid, acetic acid, propionic acid, bu-
tyric acid, and valeric acid were each compared with
a water control in these bioassays. The treatment trap
contained one of the Þve acids (2 ml, neat) in the
center vial surrounded by 98 ml of soap water. A
volume of 2 ml of each acid was chosen because of its
use and attractiveness in previous trapping studies
(Landolt et al. 2011, 2012).
Greenhouse Bioassay 3. This experiment tested the

attractiveness of three phenethyl esters to the D. su-
zukii. The compounds were presented at rates of 880
�l of phenethyl acetate, 980 �l of phenethyl propi-
onate, and 1,070 �l of phenethyl butyrate, correspond-
ing to 1,000 ppm of each compound. The treatment
trap contained one of the compounds (neat) in the
center vial surrounded by 100 ml of soap water.
Greenhouse Bioassay 4. This experiment tested the

attractiveness of four low molecular weight acetates to
theD. suzukii.The compounds were presented at rates
of 5.5 �l of ethyl acetate, 6.4 �l of propyl acetate, 7.3
�l of butyl acetate, and 8.3 �l of pentyl acetate, cor-
responding to a concentration of 10 ppm of each com-
pound. The treatment trap contained one of the listed
compounds (neat) in the center vial surrounded by
100 ml of the soap water.
Field Experiments. Field tests were performed in

cultivated small fruit Þelds in Benton County, OR. The
same type of clear cup trap used in the greenhouse
bioassays was used in these Þeld tests. The drowning
solution was made by adding 4 ml of dish soap to 3.78
liters of 5% acidity ACV (Fred Meyer Apple Cider
Vinegar, Inter-American Products Inc., Cincinnati,
OH) or ACV neutralized to �pH 7 with sodium hy-
droxide. The ACV was neutralized to decrease its
acetic acid proÞle and to allow the acid being tested
to be the dominant acidic odor. The odor tested in
each treatment (see below for compounds and rates)
was pipetted onto a cotton roll in an appropriately
sized vial with a 10-mm opening suspended by wire
into the drowning solution of the trap. The vials were
used to keep the presentation of the odors consistent
in the greenhouse and Þeld trials and to prevent side
reactions that might occur if the compounds were
added directly to ACV. Ethyl acetate content in vin-
egar is inßuenced by the amount of ethanol in the
vinegar (Tesfaye et al. 2004), so an increase of ethanol
to an ACV trap would be associated with an increase
of ethyl acetate. Each trap was tested with only one
volatile or combination treatment. Traps were placed
at least 10 m apart in four replicated linear rows
(blocks). The rows were separated by at least 20 m.
Traps were hung in the canopies of each crop to
achieve similar exposure at all trap locations to max-
imize consistency and D. suzukii capture. In all Þve
experiments, traps were placed in the Þeld for 5 d, and
the number of D. suzukii captured was determined.
After each 5-d period, no attractants were placed in
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theÞeld for2d, allowingodors fromthepreviousweek
to dissipate and not inßuence the next trapping week
when odors were placed in a new position.
Field Experiment 1. This experiment was based on

results from greenhouse bioassay 1 to test the effect of
adding alcohol odors to an ACV drowning solution.
Four weeks of trapping was conducted in cherries
from 2 June 2012 to 27 June 2012 and in blackberries
from 16 July 2012 to 10 August 2012. An ACV standard
and three alcohols were selected for testing in the Þeld
based on the results of greenhouse bioassay 1; meth-
anol, ethanol, and propanol were the odors with pos-
itive AI in the greenhouse. The alcohol to be tested
(7.2 ml, neat) was dispensed into a small glass vial with
a cotton roll inside. The vial was then hung by a wire
into 93 ml of ACV drowning solution. Sixteen traps
(four per treatment) were placed in the Þeld in a Latin
square design with four rows and four distances (col-
umn) from the Þeld edge. During the 5-d trapping
period, attractants were renewed daily because of the
high evaporation rate of alcohols. After each 2-d non-
testing period, the traps were placed into a new Latin
square design; each treatment was present at each
row � column position once during the 4 wks.
Field Experiment 2. This experiment was based on

results from greenhouse bioassay 2 to test the effect of
adding acid odors to the drowning solution of NACV.
Four weeks of trapping was conducted in cherries
from 9 July 2012 to 3 August 2012 and in blackberries
from 30 July 2012 to 24 August 2012. The drowning
solution was ACV neutralized to a pH between 6 and
8 by the addition of sodium hydroxide pellets (�98%,
CAS no. 1310-73-2). Dish soap (4 ml) was added to
3.78 liters of NACV. Formic acid, acetic acid, and
valeric acid (2 ml, neat) were presented in the traps
by dispensing each onto a cotton roll in a plastic vial
(2 ml, Corning Inc., Corning, NY), which was sus-
pended by a wire into 98 ml of NACV drowning
solution. The attractants were renewed every other
day. In cherries, the three treatments and an ACV
standard were arranged in a new Latin square design
each week. An NACV standard was added to the trial
in blackberries, and the Þve treatments were set up in
a randomized complete block design (RCBD) with
four blocks (20 traps total) and rerandomized weekly.
Field Experiment 3. The treatments in this experi-

ment were based on results from greenhouse bioassay
3 to test the effect of phenylethyl esters. Four weeks
of trapping was conducted in raspberries from 16 July
2012 to 10 August 2012 and in cherries from 30 July

2012 to 24 August 2012. An ACV standard was used in
this experiment, and treatment traps contained 100 ml
of the ACV drowning solution with a microcentrifuge
tube (1.5 ml, Brand Tech ScientiÞc, Inc., Essex, CT)
with cotton and the treatment compound suspended
by a wire above the drowning solution. The com-
pounds were presented at the test rate of 1,000 ppm in
water (880 �l of phenethyl acetate, 980 �l of phen-
ethyl propionate, and 1,070 �l of phenethyl butyrate),
and renewed each week. The traps were placed in the
Þeld in a new Latin square design each week.
Field Experiment 4. The objective of this experi-

ment was to determine the attractiveness of an ACV
drowning solution containing the attractive acetates
tested in greenhouse bioassay 4. Trapping was con-
ducted in raspberries for 5 wk from 9 July 2012 to 10
August 2012 and for 4 wk in cherries from 6 August
2012 to 31 August 2012. An ACV standard was used in
this experiment, and the treatment traps contained
100 ml of the ACV drowning solution with a micro-
centrifuge tube with cotton and the attractant sus-
pended by wire above the drowning solution. The
compounds were presented at rates of 5.5 �l of ethyl
acetate and 6.4 �l of propyl acetate, and renewed
daily. The traps were set up in an RCBD with four
blocks in the Þeld and rerandomized weekly.
Field Experiment 5. The objective of this experi-

ment was to determine if combinations of compounds
from Þeld experiments 1Ð4 would act in synergy and
elicit a higher response by D. suzukii than individual
compounds. Four weeks of trapping was conducted in
blackberries and blueberries from 3 September 2012
to 5 October 2012. The compounds used in this ex-
periment were acetic acid, ethyl acetate, methanol,
ethanol, phenethyl propionate, and phenethyl bu-
tyrate. Four vials, each containing one compound
from a different Þeld experiment, were suspended by
a wire above 91 ml of NACV drowning solution. Al-
cohols and acetates (ethyl and propyl) were renewed
daily, acids every other day, and phenethyl esters
every week. A trap with 100 ml of NACV drowning
solution was used as the control. A summary of the
attractant combinations tested is found in Table 1.
The traps were set up in an RCBD with four blocks
in the Þeld and rerandomized weekly.
Comparison of Trapping Season. This experiment

was performed to compare the catch data of the same
treatments during peak fruit ripeness and postharvest.
From 8 October 2012 to 2 November 2012, Þeld ex-
periments 1Ð4 were repeated in one of the same Þelds

Table 1. Combinations of attractants dispensed onto cotton rolls in separate 10-mm opening vials suspended in a NACV trap placed
in the field between 3 September 2012 and 5 October 2012

Compound Vial type Combo 1 Combo 2 Combo 3 Combo 4

Acetic acid 2-ml PP 2 ml 2 ml 2 ml 2 ml
Ethyl acetate 1.5-ml PP 5.5 �l 5.5 �l 5.5 �l 5.5 �l
Methanol 8-ml glass 7.2 ml Ð 7.2 ml Ð
Ethanol 8-ml glass Ð 7.2 ml Ð 7.2 ml
Phenethyl propionate 1.5-ml PP 985 �l 985 �l Ð Ð
Phenethyl butyrate 1.5-ml PP Ð Ð 1,074 �l 1,074 �l

PP, polypropylene.
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in which the Þrst experiment was performed (JuneÐ
August 2012). Field experiment 1 was repeated in the
blackberry Þeld, Þeld experiment 2 in the cherry or-
chard, Þeld experiment 3 in the cherry orchard, and
Þeld experiment 4 in the raspberry Þeld.
Statistical Analysis. For all laboratory experiments,

the AI was tested for being �0 with a one-sided t-test.
All statistics were tested in JMP 7.0.1 (SAS Institute,
Cary, NC). For Þeld trapping experiments, male and
female counts were combined because the trends
were similar and the 5-d total catch numbers were
transformed (Log10(x� 1)) to homogenize variances.
The data from each experiment were analyzed sepa-
rately per crop type. For Latin square designs, treat-
ment, date collected, and treatment � date were Þxed
terms, and row and position were random terms. For
RCBD, treatment, date collected, and treatment �
date were Þxed terms, and block was a random term.
All means were compared using the TukeyÐKramer
test. For comparison of trapping season, the data from
each repeated experiment were analyzed separately
using treatment, season, treatment � season interac-
tion as Þxed terms, and block as a random term. The
date collected was speciÞc to each season and not
included as a term. A signiÞcant treatment � season
interaction would be evidence for different trends
between in-season and late-season trapping.
Chemicals. Phenethyl acetate (�99%, CAS no. 103-

45-7), phenethyl butyrate (�98%, CAS no. 103-52-6),
phenethyl propionate (�98%, CAS no. 122-70-3),
ethyl acetate (�99.7%, CAS no. 141-78-6), propyl ac-
etate (�98%, CAS no. 109-60-4), methanol (�99.9%,
CAS no. 67-56-1), propanol (99.5%, CAS no. 67-63-0),
pentanol (�99%, CAS no. 71-41-0), butanol (�99.4%,
CAS no. 71-36-3), acetic acid (�99%, CAS no. 64-19-
7), butyric acid (�99%, CAS no. 107-92-6), propionic
acid (�99.5%, CAS no. 79-09-4), and valeric acid
(�99%, CAS no. 109Ð52-4) were purchased from Sig-
ma-Aldrich (St. Louis, MO). Ethanol (95%, CAS no.
64-17-5) and formic acid (�88%, CAS no. 64-18-6)
were purchased from Oregon State University Chem-
istry Stores, Corvallis, OR. Propyl acetate (99%, CAS
no. 109-60-4), butyl acetate (97%, CAS no. 123-86-4),
and pentyl acetate (95%, CAS no. 628-63-7) were
synthesized as described by Williamson and Masters
(1999).

Results

GreenhouseBioassays.Selection of Test Compound
Concentrations.

Ethyl acetate dispensed at 5.5 �l was selected as the
concentration to be used, with an AI of 36 (Table 2).
Dispensed at 55 and 550 �l, ethyl acetate was less
attractive with AIs of seven and eight, respectively.
Phenethyl acetate dispensed at a rate of 880 �l was
selected to be the test concentration because of an AI
of 53. Dispensed at 8.8 and 88 �l, phenethyl acetate
was less attractive with AIs of 20 and 39, respectively.
GreenhouseBioassay 1. Treatment traps baited with

methanol, ethanol, and propanol caught more mean
adult D. suzukii in the cage bioassays than the water

control traps (positive AI value, signiÞcantly �0, Ta-
ble 2). Traps baited with butanol and pentanol caught
fewer ßies than the control traps in the bioassays
(negative AI value).
GreenhouseBioassay 2. Treatment traps baited with

formic acid and acetic acid caught more adult D.
suzukii than the control traps (Table 2). Traps baited
with valeric acid did not catch signiÞcantly more D.
suzukii than the control (P� 0.06), but this chemical
was still included in Þeld trials. Traps baited with
butyric acid and propionic acid caught fewer ßies than
the controls.
Greenhouse Bioassay 3. All treatments caught more

adult D. suzukii than the control traps (Table 2).
GreenhouseBioassay 4. Treatment traps baited with

ethyl acetate caught more adult D. suzukii than the
control traps (Table 2). Traps baited with propyl ac-
etate did not catch signiÞcantly more ßies than the
controls (P � 0.15), but this chemical was still in-
cluded in Þeld trials. Traps baited with butyl acetate
and pentyl acetate caught fewer ßies than the controls.
Field Experiments. Field Experiment 1. The num-

bersofmaleand femaleßiescaught in theÞeld showed
similar trends within each experiment and were
pooled for analysis (Fig. 1a). The total number of D.
suzukii captured in traps baited with different alcohols
was signiÞcantly different in both cropping systems
(treatment F3, 24 � 11.2, P	 0.001 in cherries; F3, 24 �
51.5, P 	 0.001 in blackberries; F-values for date and
treatment � date not reported for any Þeld experi-
ments). In both crops, the treatment traps with pro-
panol captured signiÞcantly fewer adults than the
ACV standard. Traps containing methanol and ethanol
captured a similar number of total ßies as ACV in both
crops.
Field Experiment 2. Numbers of ßies caught in the

traps containing different acid treatments were sig-
niÞcantly different in both cropping systems (Fig. 1b;
F3, 24 � 27.9,P	 0.001 in cherries;F4, 57 � 7.5,P	 0.001
in blackberries). In cherries, all treatments caught
signiÞcantly fewer adultD. suzukii than the ACV stan-
dard. In blackberries, traps containing acetic acid and
the NACV captured similar amounts of ßies as ACV.
The formic acid and valeric acid treatments captured
signiÞcantly fewer ßies than ACV, but a similar
amount of ßies as the traps containing NACV.
Field Experiment 3. The total numbers of ßies cap-

tured in traps differed signiÞcantly between phen-
ethyl esters when placed in both cherry orchards (Fig.
1c; F3, 24 � 3.0, P� 0.05) and raspberry Þelds (F3, 24 �
4.7, P� 0.010). In raspberries, traps baited with phen-
ethyl propionate captured a similar number of ßies as
ACV. Traps baited with phenethyl acetate and phen-
ethyl butyrate captured fewer ßies than ACV. When
placed in the cherry orchard, the traps baited with
phenethyl butyrate captured a similar number of ßies
as ACV. Phenethyl acetate and phenethyl propionate
captured fewer ßies than ACV.
Field Experiment 4. The total number of ßies cap-

tured in the traps baited with various acetates did not
differ signiÞcantly in raspberries (Fig. 1d; F2, 42 � 0.91,
P� 0.410). However, in the cherry orchard, the total
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number of ßies captured differed signiÞcantly be-
tween these treatments (F2, 33 � 4.0, P� 0.027). Both
ethyl acetateandpropyl acetatecaptured similarnum-
bers of ßies as ACV. Traps baited with ethyl acetate
captured signiÞcantly more ßies than traps baited with
propyl acetate.
Field Experiment 5. The total numbers of ßies cap-

tured in traps baited with several combinations of
attractants differed signiÞcantly in both blackberries
(Fig. 2; F5, 68 � 5.4, P	 0.001) and blueberries (F5, 69 �
8.3, P 	 0.001). In blackberries, traps baited with
combination 4 as well as NACV captured as many ßies
as the ACV standard. Traps baited with combinations
1, 2, and 3 captured signiÞcantly fewer ßies than ACV.
All the combination treatments captured statistically
similar numbers of ßies as NACV. In the blueberry
Þeld, only the NACV and traps baited with combina-
tion 2 captured as many ßies as the ACV control.
Comparison of Trapping Season. The total number

of ßies captured during postharvest trapping was sig-
niÞcantly lower than the number caught during peak
ripeness at all four sites as indicated by a signiÞcant
season effect (Table 3). However, the treatments

showed similar trends during the harvest and post-
harvest seasons, as indicated by a nonsigniÞcant treat-
ment � season interaction (Table 3).

Discussion

None of the compounds tested in the Þeld trapping
experiments increased the attractiveness of the ACV
traps when presented individually or in combination.
Some of the compounds had a deterrent effect that
allowed us to discern differences in the performance
of compounds. Testing the series for acids and acetates
revealed that compounds other than the known ßy
attractants (acetic acid and ethyl acetate) had a de-
terrent effect when added to an ACV trap.

No combination of odors presented with NACV
captured signiÞcantly more ßies than the ACV or
NACV traps. The tested combinations are not additive
or synergistic when the vials of the attractants are
combined in a single trap, and may be redundant or
not behaviorally active. Odors from each Þeld exper-
iment were combined to test if there would be any
additive effect of the combination, but results re-

Table 2. Mean (�SE) of male and female D. suzukii captured in greenhouse bioassays, with (AI)

Test, compound/volume
Treatmenta Controla

AI* SE
Catch SE Catch SE

Selection of test compound concentration 1
Phenethyl acetate

8.8 �l 20.8 8.6 13.8 3.2 �3.0 20.8
88 �l 26.2 3.9 11.5 3.7 41.1 13.1
880 �l 31.2 6.0 9.7 3.7 52.9 11.3

Selection of test compound concentration 2
Ethyl acetate

5.5 �l 61.0 12.0 28.5 12 36.2 26.1
55 �l 27.0 0 23.5 0.5 6.9 1.1
550 �l 15.3 5.2 13.0 2.9 3.3 30.4

Greenhouse bioassay 1
Alcohols

Methanol 172.8 15.2 15.0 5.8 84.9* 4.6
Ethanol 167.5 38.5 15.8 4.1 82.8* 2.9
Propanol 43.8 7.7 13.2 4.2 55.9* 11.1
Butanol 4.8 1.7 19.2 4.6 �59.4 9.5
Pentanol 1.0 0.4 11.8 3.3 �83.8 5.8

Greenhouse bioassay 2
Acids

Formic acid 30.7 4.6 14.2 3.6 41.5* 11.4
Acetic acid 64.0 10.5 28.9 4.4 33.4* 11.8
Propionic acid 12.4 2.8 21.3 2.4 �32.3 12.4
Butyric acid 20.8 3.1 32.1 3.8 �22.7 10.8
Valeric acid 51.0 12.3 24.7 5.3 25.9b 13.9

Greenhouse bioassay 3
Phenethyl esters

Phenethyl acetate 34.6 2.8 14.6 3.2 42.4* 9.4
Phenethyl propionate 46.9 9.2 20.3 3.7 33.7* 10.1
Phenethyl butyrate 28.9 5.7 11.6 3.5 43.8* 13.8

Greenhouse bioassay 4
Acetates

Ethyl acetate 32.1 3.4 22.9 4.5 20.3* 8.1
Propyl acetate 29.6 5.0 22.0 3.8 13.4c 11.8
Butyl acetate 9.9 0.6 15.4 5.6 �6.6 12.2
Pentyl acetate 4.9 1.4 10.9 3.7 �27.2 11.1

a Treatment � chemical in vial � surrounding soapy water; Control � soapy water; n � 7.
b P � 0.0604.
c P � 0.150.
* Asterisk indicates that value is signiÞcantly �0 by t-test.
AI � 100 � (treatment captures � control captures)/(treatment captures � control captures).
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vealed that there was no more attraction to the traps
baited with a combination of vials when compared
with the ACV control than to any of the traps baited
with individual compound vials. When trapping with
the combinations was performed in blueberries, three
of the four treatments actually captured signiÞcantly
fewer ßies than the NACV trap, indicating a deterrent
effect. This makes the transition from individual com-
pound testing to combination testing complicated be-
cause of complex interactions in response to attract-
ants when presented in varying crops.

In the greenhouse cage assays preceding the Þeld
trials, the alcohols were presented at the same volume
per volume concentration of 7.2% yielding different
molecular concentrations because of the different
weights of the compounds. There is also a decrease in
volatility of the compounds as the molecular weights
increase, leading to different concentrations of the
odors sensed by the insects in the trials. Dependence
of biological activity on the concentration of the odors

presented is shown by the optimal concentration de-
termination experiments run in this study. If the con-
centration of the attractant is different than the
optimal concentration, it could elicit a different re-
sponse. The attractiveness to D. suzukii, decreased
with increased chain length of the acetates and alco-
hols (Table 2). Biological activity of structural analogs
has also been shown to change with chain length in
Milichiella lacteipennis Loew (Diptera: Milichiidae)
(Dorner and Mulla 1963) and Vespula vulgaris (L.)
(Hymenoptera: Vespidae) (El-Sayed et al. 2009). The
differences in attractiveness between the tested ana-
logs could result from differences in release rate as
well as attraction. The alcohols and acetates are also
the most volatile test compounds, followed by the
acids and then the phenethyl esters. The attractive-
ness toD. suzukii of the acids was not correlated with
the chain length; the carboxylic acids with 1, 2, and 5
carbons were attractive, while the acids with 3 and 4
carbons were not. The prevalence of isovaleric acid,

Fig. 1. Mean (�SE) number of D. suzukii caught in traps of (a) Þeld experiment 1, (b) Þeld experiment 2, (c) Þeld
experiment 3, and (d) Þeld experiment 4. Treatments in the same crop with different letters captured a signiÞcantly different
number by a TukeyÐKramer post hoc analysis at the 0.05 level.

Fig. 2. Mean (�SE) number ofD. suzukii caught in Þeld experiment Þve traps placed in a blackberry and blueberry Þeld.
Treatments in the same crop with different letters captured a signiÞcantly different number by a TukeyÐKramer post hoc
analysis at the 0.05 level.

April 2014 KLEIBER ET AL.: ATTRACTIVENESS OF FERMENTED COMPOUNDS TO D. suzukii 445



but not propionic or butyric acids, in vinegar (Yang
and Choong 2001) may be an explanation of this.

The amount of lure dispensed into the vials used in
individual and combination experiments in both the
greenhouses and Þeld experiments may not produce
the most attractive concentration of each compound
in the trap because all the compounds in each class
were tested at the same rate. The acids were tested at
a rate of 2%, the concentration of acetic acid in a
mixture of wine and vinegar used by others (Landolt
et al. 2011, 2012). In wines and vinegars, there are
much lower levels of other acids than of acetic acid
(Nykänen and Suomalainen 1983, Yang and Choong
2001). The use of the other acids at elevated concen-
trations could have resulted in a deterrent effect, sim-
ilar to what had been observed whenD. melanogaster
were exposed to increasing concentrations of acetic
acid in baits (Reed 1938). The compound most abun-
dant in wine and vinegar from each class was selected
as the benchmark for concentration testing, leading to
the possibility that most of the remaining compounds
were presented at a concentration too high for attrac-
tion.

In the trapping season experiment, the season by
treatment interaction was not signiÞcant, indicating a
consistent relative performance of the tested com-
pounds when added to ACV traps. The effect of these
compounds on D. suzukii did not change between
these two seasons, so trap effectiveness can be inter-
polated between the two seasons: traps that are at-
tractive at the season at the beginning of ripeness
should remain effective through the postharvest pe-
riod.

Vinegar is a commonly used attractant forD. suzukii
and the standard to which attractants in these exper-
iments were compared. Although ethyl acetate dis-
pensed from a vial in an ACV trap and a combination
of vials of acetic acid, ethanol, ethyl acetate, and phen-
ethyl butyrate in a NACV trap captured numerically
more ßies than ACV and NACV respectively, no treat-
ment in this experiment statistically increased the at-
traction of ACV or NACV. Therefore, more work is
needed to determine compounds to enhance D. su-
zukii captures, possibly incorporating results of Cha et
al. (2012, 2014) with volatiles from wine and vinegar
or other sources of attractants.
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