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ABSTRACT This study, conducted under laboratory conditions, was designed to determine the
repellent activity of 10 naturally occurring volatile alcohol constituents against adults of the fungus
gnat, Bradysia sp. nr. coprophila (Lintner) (Diptera: Sciaridae). The essential oil constituents were
octanoic acid, furfural, acetophenone, benzaldehyde, dimethoxybenzene, borneol, menthol, 1-octen-
3-ol, and 7-hydroxycitronellol, and �-terpineol. �-Terpineol, octanoic acid and furfural were tested
at several concentrations, whereas the remaining seven were tested at only one concentration. The
essential oil constituentsÕ menthol, 1-octen-3-ol, and borneol displayed the most repellent activity. The
mean percentage of fungus gnat adults recovered from the test compound petri dishes associated with
the three essential oil constituents was between 6 and 15% compared with between 36 and 50% for
the petri dishes with distilled water. The mean � SEM number of fungus gnat adults present in the
sample compartments associated with menthol (10.4 � 2.6), 1-octen-3-ol (18.8 � 2.4), and borneol
(23.4 � 5.6) was statistically lower than those in the petri dishes containing distilled water (60.9 �
7.4, 49.8 � 4.0, and 79.7 � 13.5), respectively. Only the highest concentration of �-terpineol (8.0 �mol)
displayed signiÞcant repellent activity against fungus gnat adults. The other essential constituents
tested, including octanoic acid (all three concentrations), furfural (both concentrations), acetophe-
none, dimethoxybenzene, and 7-hydroxycitronellol, were not statistically different from the distilled
water control. The results of this study indicate that certain essential oil constituents repel fungus gnat
adults, which may be useful, from a practical standpoint, in deterring adults from laying eggs into
growing media.
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Fungus gnats (Bradysia spp.) are considered major
insect pests of greenhouse-grown crops (Dennis 1978,
Hamlen and Mead 1979). Although adult ßies are
primarily a nuisance causing minimal direct plant
damage (Cloyd 2000), females lay eggs that hatch into
larvae that directly injure plants by feeding on roots or
tunneling into plant crowns (Hungerford 1916,
Wilkinson and Daugherty 1970, Kennedy 1971, Fawzi
and Kelly 1982, Jarvis et al. 1993). Fungus gnat man-
agement in greenhouse production systems involves
avoiding overwatering and eliminating algae (Ellisor
1934, Keates et al. 1989), applying insecticides (Ham-
len and Mead 1979, van Epenhuijsen et al. 2001, Cloyd
and Dickinson 2006), biological control agents or nat-
ural enemies (Chambers et al. 1993, Harris et al. 1995,
Carney et al. 2002), or a combination. A potential
alternative management strategy may be to use essen-
tial oil constituents or volatile compounds with repel-

lent activity. This would prevent adult females from
laying eggs in growing media, which would alleviate
dealing with fungus gnat larval populations. Dethier
(1947) indicated that repellency is afÞliated with a
stimulus that elicits an avoidance reaction and the
ability of living organisms to respond to chemical stim-
uli is considered universal (Rutledge et al. 1997).
However, repellents donÕt actually kill insects but sim-
ply maintain them at a distance (Garson and Winnike
1968). As such, the use of plant-derived essential oil
constituents with repellent activity is not a “stand-
alone” strategy but must be used in conjunction with
or augment other pest management practices, includ-
ing cultural control, sanitation, insecticides, and bio-
logical control. The potential beneÞts of using plant-
derived essential oil constituents against fungus gnats
include a reduction in insecticide usage and less direct
damage to plants by the larvae.

A variety of plant-derived essential oil constituents
have been evaluated to determine repellency against
insect and mite pests, including nepetalactone,
�-pinene, limonene, �-ocimene, pulegone, thymol,
and L-menthol (Aggarwal et al. 2001, Schultz et al.
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2004, RufÞnengo et al. 2005). Compounds with repel-
lent activity, including essential oil constituents and
similar compounds have been evaluated against insect
pests such as species of biting mosquitoes (Rutledge et
al. 1983, Trigg 1996, Barnard 1999, Fradin and Day
2002, Moore et al. 2007), house ßies and cockroaches
(Singh and Upadhyay 1993, Schultz et al. 2004),
stored-product beetles (Tripathi et al. 2000), andVar-
roa destructorAnderson & Trueman (RufÞnengo et al.
2005). However, no quantitative studies have been
conducted todetermine the repellent activityofplant-
derived essential oil constituents against fungus gnat
(Bradysia spp.) adults. Therefore, the objective of this
study was to determine, under laboratory conditions,
whether a diversity of volatile essential oil constitu-
ents repel adults of the fungus gnat, Bradysia sp. nr.
coprophila (Lintner). Most of the essential oil constit-
uents selected in our study have been shown to display
repellent activity against insects (Vale 1980, Costan-
tini et al. 2001, Hattori 2001). Menthol was speciÞcally
chosen in our study due to its chemical structure,
which is similar to borneol (a compound present in
moderate amounts in SB300 Universal Professional
Growing Mix growing medium).

Several techniques have been employed when test-
ing essential oil volatiles with insects (Tripathi et al.
2000, Schultz et al. 2004, RufÞnengo et al. 2005). Our
approach was to use distilled water as the solvent for
the test compound because distilled water is free of
volatile impurities that might interfere with the test
compounds, unlike acetone or ethanol, which have
been used for solubilizing essential oil type com-
pounds. In addition, using distilled water as the solvent
facilitated the analysis so that the actual amount of the
material present in the olfactometer could be accu-
rately measured.

Even though the compounds are solubilized in wa-
ter, the volatile compounds have sufÞcient vapor pres-
sure that allows partitioning into the air volume of the
olfactometer and thus are present in measurable quan-
tities that would affect a response from the target
organism. Based on our previous research with soilless
growing media (Cloyd et al. 2007a), a candidate list of
probable repellents or attractants was developed.

Materials and Methods

A series of experiments were conducted to ascertain
whether 10 selected essential oil constituents or com-
pounds displayed repellent activity against Bradysia
sp. nr. coprophila adults. Three essential oil constitu-
ents were tested at several concentrations, whereas
the remaining seven were tested at only one concen-
tration (Table 1). All the experiments were conducted
in darkness as fungus gnat adults have been shown to
be attracted to light (Cloyd et al. 2007b). The meth-
odology and equipment used in all experiments were
similar to those described by Cloyd et al. (2007a). This
study involved the use of two- and three-armed ex-
perimental arenas, which included a central compart-
ment made from a clear, round 5.3-liter polypropylene
microwavable container (Flex & Seal: Rubbermaid,

Inc., Fairlawn, OH); sample compartments (clear 1-li-
ter polycarbonate Stain Shield containers, Rubber-
maid), positioned directly across from or equidistant
from each other were used, and the sleeves associated
with the remaining four sample compartments were
sealed-off with laboratory Þlm (ParaÞlm M, Pechiney
Plastic Packaging, Menasha, WI) (Fig. 1). The plastic
containers (polypropylene and acrylic) used in the
study do not emit volatiles (Cloyd et al. 2007a). After
use, each olfactometer was disassembled and washed
thoroughly in a hot detergent solution, rinsed with
acetone, followed by distilled water, and then air-
dried overnight.

The compounds used in this study were high-purity
products (Sigma-Aldrich, St. Louis, MO) that were
supplied at assay values of 95Ð99% and used without
further puriÞcation. High-purity water was prepared
from in-house reverse osmosis treated water that was
then glass distilled from an alkaline solution of potas-
sium permanganate. Stock solutions of the test com-
pounds were made by preparing aqueous solutions in
distilled water. For example, we added a small amount
(�0.1 ml for liquids or 100 mg for solids) to a glass ßask
containing 500 ml of water. Several of the test com-
pounds have limited solubility in water. As such, for
these samples, the test compound was allowed to
equilibrate in the water, by stirring for 24Ð48 h and
then Þltered to remove any undissolved portion. Con-
centration amounts were calculated using the BeerÐ
Lambert relationship: optical density � pathlength �
molar absorptivity � concentration (OD � �c�). Ex-
tinction coefÞcients were obtained from the NIST
Chemwebook (http://webbook.nist.gov/chemistry/),
and the measured optical density value was deter-
mined by scanning the UV absorption spectrum (DU
7400 photodiode array spectrometer, Beckman
Coulter, Fullerton, CA). These preparations were
used either at the Þnal concentration or diluted. From
the large volume stock solutions, the test samples were

Table 1. Volatile essential oil compounds (constituents) eval-
uated, vapor concentration, and tests conducted in the study

Compounda Vapor (�mol � SD)

Octanoic acid 1.8 � 0.1
Octanoic acid 3.4 � 0.6
Octanoic acid 8.5 � 0.5
Furfural 1.3 � 0.2
Furfural 3.7 � 0.7
Acetophenone 0.8 � 0.1
Benzaldehyde 1.1 � 0.1
Dimethothoxybenzene 152.0 � 2.4
Borneol 7.0 � 0.5
Menthol 14.5 � 0.2
1-Octen-3-ol 9.7 � 0.1
7-Hydroxycitronellol 1.9 � 0.5
�-Terpineol 0.7 � 0.1
�-Terpineol 0.8 � 0.1
�-Terpineol 3.4 � 0.4
�-Terpineol 8.0 � 0.4

a First 12 lines were all pairwise comparison tests (compound ver-
sus water), whereas the last four lines were associated with two- and
three-way comparison tests (two concentrations of �-terpineol versus
water).
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distributed, as 12 ml each into 59-ml bottles. Distilled
water was used as the blank control that also was
allocated at 12 ml.

For exposure to the fungus gnat adults, each solu-
tion was transferred, quantitatively, into a glass (boro-
silicate) petri dish (diameter, 5.0 cm). At the end of
the assay, the liquid remaining in the petri dish was
transferred back to the storage bottle by using a glass
pipette. Final volume solution was measured and each
sample was analyzed for the percentage remaining of
the initial test compound. Analysis was performed
using high performance liquid chromatography or gas
chromatography. The amount of the test compound
that was actually released into the vapor phase of each
olfactometer was calculated as concninitial � volinitial �
concnÞnal � volÞnal � amount of vapor as deÞned as
the vapor amount in micromoles.

All experiments were conducted in a laboratory
with each experiment blocked over time (2 d) to
obtain 10 replications per treatment with Þve exper-
imental arenas used per block or day; there were a
total of 10 petri dishes used for each of the experi-
ments. The room temperature was maintained at 24 �
4�C. Experimental arenas were positioned on a table
(1.8 by 0.6 m). Each solution was placed into the
center of the petri dish. Each petri dish was covered
with a metal lid fastened with antivirus insect screen-
ing 50 � 24 (0.2 by 0.8 mm) (Greentek, Edgerton, WI)
that was secured to the inside of the rim with a rubber
O-ring. A 2.5- by 2.5-cm yellow sticky card (Hummert
International, Topeka, KS) square was glued onto the
top of the insect screening. Then each covered petri
dish was placed inside the sample compartment. Adult
fungus gnats used in the study were obtained from
laboratory colonies reared on SB 300 Universal Pro-
fessional Growing Mix similar to that described in
Cabrera et al. (2005). Specimens from the colony were

identiÞed as Bradysia sp. nr. coprophila (Lintner) by
Raymond J. Gagne (Systematic Entomology Depart-
ment Laboratory, U.S. Department of Agriculture).
Voucher specimens are located in the Illinois Natural
History Survey Insect Collection (22896Ð22932,
32015Ð32021). Fungus gnat adults used for the exper-
iments were 6Ð9 d old. The adults were aspirated into
a 9-dram plastic vial (BioQuip Products, Rancho
Dominguez, CA). Each vial was placed in the middle
of the central compartment, the vial lid was removed,
and then the central compartment lid was quickly
sealed. Approximately 150 adults (mixture of females
and males; sex ratio unknown) were released into the
central compartment of each experimental arena.

Because fungus gnat adults are attracted to light
(Cloyd et al. 2007b), the vials containing the adults
were placed into the central compartments with the
room door slightly ajar so it was possible to initiate
the procedure of releasing the fungus gnat adults
into the central compartment. After all the vials
were placed into the central compartments, the
individual left the room, and the door was closed.

Adult fungus gnat distribution inside the sample
compartments was determined after 48 h. The number
of fungus gnat adults per yellow sticky card per treat-
ment was recorded. Adults on the ßoor of each sample
compartment, and determined to be dead, were re-
corded, as were any adults ßying around within the
compartment, after collection with the use of an as-
pirator. The number of live or dead adults in the
central compartment also was recorded.

We conducted an experiment involving two sepa-
rate trials to determine the effect of different concen-
trations of �-terpineol on fungus gnat adults. These
trials were similar to the experiment described above
involving the use of the experimental arenas; however,
these trials were three-choice tests with two different

Fig. 1. Two-armed experimental arena used in the study associated with all of the two-choice experiments. A glass petri
dish (5.0 cm in diameter) containing the treatments (1 and 2) was placed into the designated sample compartments (1 or
2). Adult fungus gnats Bradysia sp. nr. coprophila, obtained from a laboratory colony, were collected in a 9-dram plastic vial
and then released into the central compartment (3). The number of adult fungus gnats captured on 2.5- by 2.5-cm yellow
sticky cards associated with each treatment was counted, and fungus gnat adults on the ßoor in the sample compartments
(1 or 2) were counted. The number of fungus gnat adults that remained in the central compartment (3) was recorded. (Online
Þgure in color.)
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concentrations of �-terpineol, and distilled water as
the control. In the Þrst trial, �-terpineol concentra-
tions were 0.7 and 8.0 �mol, and in the second trial
concentrations were 0.8 and 3.4 �mol. There were 10
replications per each treatment. Adult fungus gnat
alive and dead distribution and numbers were re-
corded as above.
Statistical Analysis. Data were calculated per rep-

licate as a mean percentage, i.e., the number of fungus
gnat adults captured in each sample compartment on
the yellow sticky cards, as well as those on the ßoor
and ßying around; compared with the total number
released into the central compartment. Data were
normalized by arcsine square-root transformation,
and treatment means were compared by a Satterth-
waite t-test procedure for unequal variance (SAS In-
stitute 2002). Data were considered signiÞcant if P �
0.05. All data are presented as nontransformed values.

For the �-terpineol experiment, data associated
with the number of fungus gnat adults captured on the
yellow sticky cards as well as the number of adults
ßying around within the sample compartments were
analyzed using a one-way analysis of variance
(ANOVA) (SAS Institute 2002), with the �-terpineol
concentrations (n� 2) and distilled water as the main

effects. Data were normalized by arcsine square-root
transformation before analysis and the mean percent-
age of fungus gnat adults captured in each sample
compartment on the yellow sticky cards, as well as
those on the ßoor and ßying around were separated
using a FisherÕs protected least signiÞcant difference
(LSD) test at P � 0.05.

Results

The number (mean � SEM and range) of fungus
gnat adults released and recovered from the choice
experiments is presented in Table 2. In general, there
were lower numbers of adults in the treatment com-
partments containing menthol, 1-octen-3-ol, and bor-
neol than the other treatments. The essential oil con-
stituents menthol, 1-octen-3-ol, and borneol displayed
signiÞcant (P� 0.0001) repellent activity against Bra-
dysia sp. nr. coprophila adults, at the concentrations
tested, based on the percentage of fungus gnat adults
present in the petri dishes with the test compound
compared with those petri dishes with distilled water
(Tables 2 and 3). For example, the percentage of
fungus gnat adults recovered from the test compound
petri dishes associated with the three essential oil

Table 2. Number (range) of fungus gnat (Bradysia sp. nr. coprophila) adults released and recovered from the two-choice experiments,
and estimated vapor pressure (�SD) of each compound to which fungus gnats were exposed (10 replications per experiment)

Compound
Vapor

(�mol � SD) in

Released into central
compartment

(mean � SEM)

Treatment
compartment

(mean � SEM)

Captured in water
compartment

(mean � SEM)

Recovered from
central compartment

(mean � SEM)

Octanoic acid 1.8 � 0.1 56Ð124 (94.8 � 8.1) 3Ð35 (16.3 � 3.6) 4Ð30 (15.7 � 2.7) 27Ð88 (62.8 � 6.4)
Octanoic acid 3.4 � 0.6 78Ð116 (94.8 � 4.8) 2Ð30 (14.0 � 2.7) 5Ð36 (17.7 � 3.7) 44Ð92 (63.1 � 5.0)
Octanoic acid 8.5 � 0.5 34Ð106 (71.3 � 7.7) 5Ð37 (17.7 � 3.3) 5Ð24 (13.5 � 2.0) 21Ð60 (40.1 � 4.8)
Furfural 1.3 � 0.2 2Ð137 (94.4 � 8.8) 12Ð66 (30.3 � 6.1) 2Ð50 (24.2 � 4.5) 19Ð70 (39.9 � 4.6)
Furfural 3.7 � 0.7 128Ð211 (162.6 � 8.9) 23Ð65 (48.0 � 4.5) 27Ð58 (45.8 � 3.4) 36Ð99 (68.8 � 7.1)
Acetophenone 0.8 � 0.1 99Ð260 (155.6 � 15.5) 18Ð78 (40.6 � 5.2) 10Ð90 (42.1 � 9.1) 40Ð102 (72.9 � 6.3)
Benzaldehyde 1.1 � 0.1 115Ð208 (163.0 � 8.1) 40Ð85 (60.0 � 5.3) 23Ð91 (58.6 � 6.4) 25Ð59 (44.4 � 3.7)
Dimethoxybenzene 152 � 2.4 100Ð236 (164.3 � 14.0) 15Ð117 (50.8 � 10.9) 16Ð90 (54.8 � 8.2) 27Ð95 (58.7 � 6.4)
Borneol 7.0 � 0.5 34Ð303 (165.1 � 24.8) 4Ð67 (23.4 � 5.6) 20Ð159 (79.7 � 13.5) 10Ð122 (62.0 � 12.2)
Menthol 14.5 � 0.2 120Ð239 (172.1 � 10.4) 2Ð26 (10.4 � 2.6) 28Ð99 (60.9 � 7.4) 149Ð239 (100.8 � 9.2)
1-Octen-3-ol 9.7 � 0.1 89Ð154 (122.9 � 6.0) 10Ð32 (18.8 � 2.4) 31Ð64 (49.8 � 4.0) 89Ð154 (54.3 � 4.7)
7-Hydroxycitronellol 1.9 � 0.5 115Ð198 (162.9 � 8.1) 22Ð106 (46.5 � 8.1) 23Ð130 (59.5 � 10.1) 31Ð91 (56.9 � 5.7)

Table 3. Repellent activity of essential oil constituents (compounds versus distilled water) against fungus gnat (Bradysia sp. nr.
coprophila) adults

Compound
Vapor

(�mol � SD)
% fungus gnat adults

(mean � SEM)
Statisticsa Response

Octanoic acid 1.8 � 0.1 17 � 3 vs. 17 � 3 t� 0.02; df � 9, 18; P� 0.9829 No effect
Octanoic acid 3.4 � 0.6 16 � 3 vs. 18 � 4 t� 0.52; df � 9, 18; P� 0.6103 No effect
Octanoic acid 8.5 � 0.5 25 � 4 vs. 19 � 2 t� 1.17; df � 9, 14.5; P� 0.2617 No effect
Furfural 1.3 � 0.2 31 � 4 vs. 25 � 4 t� 0.92; df � 9, 17.6; P� 0.3702 No effect
Furfural 3.7 � 0.7 30 � 3 vs. 28 � 2 t� 0.50; df � 9, 16.1; P� 0.6260 No effect
Acetophenone 0.8 � 0.1 28 � 4 vs. 25 � 4 t� 0.51; df � 9, 18; P� 0.6189 No effect
Benzaldehyde 1.1 � 0.1 38 � 4 vs. 35 � 3 t� 0.53; df � 9, 16.4; P� 0.6007 No effect
Dimethoxybenzene 152 � 2.4 29 � 4 vs. 35 � 5 t� 0.87; df � 9, 17.8; P� 0.3982 No effect
Borneol 7.0 � 0.5 14 � 2 vs. 50 � 4 t� 7.48; df � 9, 13.8; P� 0.0001 Repellent
Menthol 14.5 � 0.2 6 � 1 vs. 36 � 5 t� 6.21; df � 9, 10.7; P� 0.0001 Repellent
1-Octen-3-ol 9.7 � 0.1 15 � 2 vs. 41 � 3 t� 6.82; df � 9, 14.2; P� 0.0001 Repellent
7-Hydroxycitronellol 1.9 � 0.5 29 � 4 vs. 36 � 5 t� 1.15; df � 9, 17.5; P� 0.2667 No effect

Repellency is expressed as a mean percentage of fungus gnat adults captured in the sample compartments associated with each compound.
a Treatment means were compared by a Satterthwaite t-test procedure for unequal variances (SAS Institute 2002). Data were considered

signiÞcant if P � 0.05.
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constituents was between 6 and 15% compared with
between 36 and 50% for the petri dishes with distilled
water. The number (mean � SEM) of fungus gnat
adults present in the sample compartments associated
with menthol (10.4 � 2.6), 1-octen-3-ol (18.8 � 2.4),
and borneol (23.4 � 5.6) was statistically lower than
those in the petri dishes containing distilled water
(60.9 � 7.4, 49.8 � 4.0, and 79.7 � 13.5), respectively.

In the trial involving concentrations of 0.7 and 8.0
�mol of �-terpineol, the range of fungus gnats used
was between 90 and 171. Treatment was signiÞcant
(F � 22.83; df � 2, 29; P � 0.0001) with sample com-
partments containing 8.0 �mol of �-terpineol having a
signiÞcantly lower (mean � SEM) percentage of fun-
gus gnat adults (4 � 1) than either 0.7 �mol (22 � 2)
or distilled water (25 � 3). The range and mean �
SEM number of fungus gnat adults present in the
sample compartments associated with 8.0 �mol of
�-terpineol was 0Ð13 (5.7 � 1.2), whereas the number
was 8Ð46 (30.8 � 4.2) for 0.7 �mol �-terpineol and
5Ð57 (35.0 � 5.0) for distilled water. The mean number
of fungus gnat adults present in the central compart-
ment was 68.5 � 4.7.

In the trial with 0.8 and 3.4 �mol of �-terpineol the
range of fungus gnats used was between 115 and 240.
There were no signiÞcant differences among the treat-
ments (F� 0.56; df � 2, 27; P� 0.5771), with the mean
percentage of fungus gnat adults afÞliated with the
three treatments between 22.8 and 27.0%. The mean
number of fungus gnat adults present in the central
compartment was 103.7 � 13.1.

Discussion

This study is the Þrst to show that three of the
essential oil constituents tested (menthol, 1-octen-3-
ol, and borneol) demonstrated repellent activity
against the adults of Bradysia sp. nr. coprophila at the
vapor concentrations tested (14.5, 9.7, and 7.0 �mol)
under laboratory conditions. Menthol is a monoter-
penoid found in several species of mint (Mentha spp.),
including Japanese mint (MenthaarvensisL.) and pep-
permint (Mentha piperita L.) (Mishra and Kumar
1983, Quarles 2000, Tripathi et al. 2000). Menthol oc-
curs naturally as a single isomer [(�)-menthol] and
can be made using a lengthy synthetic process; how-
ever, synthetically derived menthol is a mixture of two
isomers (� menthol, a racemic mixture) produced by
the hydrogenation of thymol (Hopp 1993) and is as-
sociated with the preparation of fragrance and ßavor-
ing in chemicals (Moore et al. 2007). Menthol has
exhibited repellent activity against mosquitoes (Bun-
ker and Hirschfelder 1925). Peppermint leaves, which
have been shown to repel mosquitoes, may contain up
to 80% menthol (Lee et al. 2001). Menthol also has
been demonstrated to “strongly” repel four stored
product beetle pest species such as Callosobruchus
maculatus F., Rhyzopertha dominica F., Sitophilus
oryzae L., and Tribolium castaneum (Herbst) (Aggar-
wal et al. 2001). In addition, Perrucci (1995) found
that menthol, derived from M. piperita, was the most
active essential oil constituent against Tyrophagus lon-

giorGervais, a mite pest of stored food. In addition, the
(minus)-menthol isomer has been shown to be toxic
to three termite species, whereas the (�)-menthol
isomer is not (Petrowitz 1980).

1-octen-3-ol has been determined to be a potent
olfactory stimulant and is a widely recognized mos-
quito attractant (Takken and Kline 1989, Kline et al.
1990, Kline 1994, Hoel et al. 2007, Ditzen et al. 2008).
However, in our study, 1-octen-3-ol actually displayed
repellent activity against fungus gnat adults. There is
minimal information on borneol and its repellent
properties although borneol has been manufactured
as a moth repellent (Hattori 2001). As such, this study
is the Þrst to demonstrate that borneol, which is ob-
tained from herbs such as Artemisia argyii Levl. et
Vant, has repellent activity against adult fungus gnats.

Octanoic acid is an essential oil constituent that is
common in plant oils, especially coconut and palm
(Buguet and Bezard 1979). However, at the three
concentrations evaluated (1.8, 3.4, and 8.5 �mol), oc-
tanoic acid did not exhibit any repellent activity
against fungus gnat adults. It is possible that these
concentrations were “too low” to have any repellent
effect against fungus gnats. Acetophenone is emitted
by mammals such as bats and elephants and has been
shown to repel certain ßies (Wood et al. 2005). Ben-
zaldehyde stimulates the chemoreceptors of the tick
Amblyomma variegatum F. (Steullet and Guerin
1994); however, in our study, both acetophenone and
benzaldehyde did not demonstrate any repellent ac-
tivity against fungus gnat adults, which may be asso-
ciated with the concentrations tested.

�-terpineol, which is a mono and sesquiterpene
obtained from a variety of plant types has been shown
to repel insects (Norris 1996, Garcia et al. 2005), ticks
(Pålsson et al. 2008) and acts as a feeding deterrent
against Spodoptera litura F. (Hummelbrunner and Is-
man 2001). Furthermore, �-terpineol has demon-
strated to be directly toxic to the larval stage of
Trichoplusia ni (Hübner) (Isman et al. 2008). In our
study, only the highest vapor concentration of �-ter-
pineol (8.0 �mol) displayed signiÞcant repellent ac-
tivity against fungus gnat adults, whereas the lower
concentrations did not have any repellent effects,
which may indicate a dose-dependent response by
fungus gnat adults.

In conclusion, this study has demonstrated that spe-
ciÞc essential oil constituents have repellent activity
on fungus gnat adults under laboratory conditions and
has provided information that may eventually result in
the implementation of an alternative management
strategy to deal with fungus gnats in horticultural
cropping systems. This may involve a “push-pull strat-
egy” in which fungus gnats are repelled away from the
main crop and then lured to “trap pots” that contain
growing medium that is attractive to adults (Meers
and Cloyd 2005), which may either be treated with an
insecticide or disposed of routinely. This strategy may
result in a reduction in fungus gnat populations and
would be easy to implement because many plant-
derived essential oil constituents are inexpensive and
readily available (Moore et al. 2007). Future studies
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are needed to determine whether incorporating these
essential oil constituents into certain growing media
will repel fungus gnat adults, thus preventing egg-
laying and subsequently alleviating problems with the
larval stage. Furthermore, studies need to assess the
longevity of effective repellent activity and the dis-
tance associated with repellency.
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