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Abstract. This study was conducted to assess the repellency of Bounce� original brand
fabric softener dryer sheets against fungus gnat, Bradysia sp. nr. coprophila (Diptera:
Sciaridae), adults. For all five experiments conducted under laboratory conditions,
fungus gnat adults collected in the sample compartments that included Bounce� original
brand fabric softener dryer sheets ranged between 12% and 18% compared with the
mean proportion of fungus gnat adults recovered from sample compartments that ex-
cluded dryer sheets, ranging in mean proportion from 33% to 48%. Chemical analysis
using a steam distillation procedure to isolate volatile constituents found linalool as one of
the major volatiles detected in the Bounce� original brand fabric softener dryer sheets.
Additional constituents isolated were benzyl acetate, beta-citronellol, and hedione. Based
on the results from our study, under laboratory conditions, Bounce� fabric softener
dryer sheets do in fact repel B. sp. nr. coprophila adults.

Fungus gnats (Bradysia spp.) are common
insect pests of greenhouse-grown crops
(Dennis, 1978; Hamlen and Mead, 1979). The
adult flies are considered a nuisance causing
minimal direct plant damage (Cloyd, 2000);
however, eggs laid by adult females hatch into
larvae that directly injure plants by feeding on
the roots (Fawzi and Kelly, 1982; Hungerford,
1916; Jarvis et al., 1993; Kennedy, 1971;
Wilkinson and Daugherty, 1970). The primary
means of dealing with fungus gnat populations
in greenhouse production systems includes
cultural management such as eliminating
algae and avoiding overwatering (Ellisor, 1934;
Keates et al., 1989), using insecticides (Cloyd
and Dickinson, 2006; Hamlen and Mead, 1979;
van Epenhuijsen et al., 2001), and/or biological
control by introducing biological control agents
(Birken and Cloyd, 2007; Chambers et al.,
1993; Gillespie and Quiring, 1990; Harris
et al., 1995). Another potential management

strategy may be to use products or com-
pounds with repellent activity, which could
prevent adult females from laying eggs in
growing media, thus reducing fungus gnat
larval populations.

According to Dethier (1947), repellency
is associated with any stimulus that elicits
an avoidance reaction. Repellent products or
compounds have been evaluated against in-
sect pests, in particular, different species of
biting mosquitoes (Fradin and Day, 2002;
Granett, 1940; Rutledge et al., 1983). In ad-
dition, there are a number of plant-derived or
similar compounds that have been tested to
determine their repellent activity against mos-
quitoes (Barnard, 1999; Moore et al., 2007;
Sharma et al., 1993; Trigg, 1996; Tunon et al.,
1994). For years, master gardeners have
claimed that placing Bounce� original brand
fabric softener dryer sheets into the pockets
of clothing repels mosquitoes (RAC, per-
sonal observation). Bounce� original brand
fabric softener dryer sheets (Procter and
Gamble, Cincinnati, OH), which contain bio-
degradable cationic softeners and perfume,
are added to dryers to control static cling
and give clothes a fresh scent (http://www.
bouncesheets.com/en.us/products/original/
detail.jsp?section=scents&scent=outdoorfresh).

In fact, Bounce� original brand fabric
softener dryer sheets have been promoted to
repel mosquitoes and ‘‘gnats’’ in trade maga-
zines (Trumble, 2002); however, there are no
quantitative data to substantiate these claims.

As such, the objectives of this study were to 1)
determine, under laboratory conditions, if
Bounce� original brand fabric softener dryer
sheets repel fungus gnat, Bradysia sp. nr.
coprophila adults; and 2) determine the vola-
tile constituents in the dryer sheets.

Materials and Methods

Bounce� original brand fabric softener
dryer sheets and adult fungus gnat (Bradysia
sp. nr. coprophila) experimental procedure.
A series of five replicated experiments were
conducted to ascertain whether Bounce�

original brand fabric softener dryer sheets
(Outdoor Fresh Scent�; Procter and Gamble)
repel fungus gnat adults. All experiments
were conducted in darkness because fungus
gnat adults are attracted to light (Cloyd et al.,
2007a). The equipment and methodology
used in the experiments were similar to those
described by Cloyd et al. (2007b), which
involved the use of a set of five, six-armed
experimental arenas consisting of a central
compartment made from clear, round 5.3-L
polypropylene microwavable container (Flex
& Seal�; Rubbermaid, Inc., Fairlawn, OH)
and six smaller compartments referred to as
sample compartments, which were attached
to the central compartment by plastic adjust-
able sleeves. Sample compartments were
clear, square, 1-L polycarbonate microwav-
able containers (Stain Shield�; Rubbermaid,
Inc.) accompanied with snap-on lids (Fig. 1).
In the two-choice experiments, two sample
compartments, positioned directly across from
each other, were used, and the sleeves associ-
ated with the remaining four sample compart-
ments were sealed off with laboratory film.

All experiments were conducted in a lab-
oratory room at Kansas State University
(Manhattan, KS). Each of the five experi-
ments was blocked over time (2 d) to obtain
10 replications per treatment with five exper-
imental arenas used per day or block. The
room temperature was 24 ± 3 �C. The experi-
mental arenas were placed on a table (1.8 ·
0.6 m). A 760-mL round plastic container
(Rubbermaid, Inc.) was filled with SB300
Universal Professional Growing Mix growing
medium (Strong-Lite Horticultural Products,
Pine Bluff, AR). Approximately 200 mL of
deionized water was added to the growing
medium, and then the growing medium was
thoroughly mixed. The container with the
growing medium was heated in a microwave
oven at full power (850-W output) for 10 min.
After heating, the container was removed and
then the growing medium was allowed to cool
for 15 min. Twenty milliliters of the growing
medium was placed into a glass petri dish (5.0
cm in diameter). There were a total of 10 petri
dishes used for each experiment (described
subsequently). A small piece (5.0 · 5.0 cm) of
the Bounce� original brand fabric softener
dryer sheets (‘‘dryer sheets’’) was used in the
experiments. The growing medium, SB300
Universal Professional Growing Mix, was used
in the designated experiments. Latex examin-
ing gloves (Fisher Scientific, Pittsburgh, PA)
were worn when handling the dryer sheets to
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ensure that no human body odors contaminated
the dryer sheets and thus influenced the results.
The dryer sheets were positioned on the surface
of the growing medium, and 20 mL of water
was applied to the petri dishes associated with
Expts. 1 and 5. We purchased new dryer sheets,
which were used within 2 d of conducting each
experiment.

The following experiments were performed
in the study: Expt. 1 (dryer sheet versus water);
Expt. 2 (dryer sheet versus moist growing
medium); Expt. 3 (dryer sheet and moist grow-
ing medium versus moist growing medium);
Expt. 4 (dryer sheet versus moist growing
medium); and Expt. 5 (dryer sheet and growing
medium versus dryer sheet and water). Expts.
2 and 4 were repetitions of the same experi-
ment so as to ensure homogeneity of the data
set obtained.

Each petri dish was covered with a metal
lid fastened with antivirus insect screening
50 · 24 [0.2 · 0.8 mm (0.008 · 0.031 inch);
Greentek, Edgerton, WI] that was secured to
the inside of the rim with a rubber O-ring.
A 2.5 · 2.5-cm yellow sticky card (Hummert
International, Topeka, KS) square was glued
onto the inside portion of the insect screen-
ing. Then each covered petri dish was placed
inside the sample compartment.

Fungus gnat adults used in the study were
obtained from laboratory colonies reared on
SB300 Universal Professional Growing Mix
similar to Cabrera et al. (2005). Specimens
from the colony were identified as Bradysia
sp. nr. coprophila (Lintner) by Raymond J.
Gagne, Systematic Entomology Department
Laboratory, U.S. Department of Agriculture.
Voucher specimens are located in the Illinois
Natural History Survey Insect Collection
(#22896-22932, 32015-32021). Adult fungus
gnats used in all the experiments were 6 to 9 d
old. Approximately 150 fungus gnat adults

(mixture of females and males; sex ratio
unknown) were released into the central com-
partment of each experimental arena. Adults
were aspirated into a 9-dram plastic vial (Bio-
Quip Products, Rancho Dominguez, CA). The
vial was placed in the middle of the central
compartment, the vial lid was removed, and
then the central compartment lid was quickly
sealed.

Previous research has shown that fungus
gnat adults are attracted to light (Cloyd et al.,
2007a) so the vials containing adult fungus
gnats were placed into the central compart-
ments with the room door slightly ajar (so it
was possible to initiate the procedure of re-
leasing the fungus gnat adults into the central
compartment); after all the vials had been
placed into the central compartments, the in-
dividual left the room and the door was closed.

Fungus gnat adult distribution within the
sample compartments was determined after
48 h. The number of adult fungus gnats per
yellow sticky card per treatment was recorded.
Fungus gnat adults that were on the floor of
each sample compartment, and determined to
be dead, were also recorded. Any adult fungus
gnats flying around within the compartment
were collected with the use of an aspirator and
then the number was recorded. The number of
adult fungus gnats, either live or dead, in the
central compartment was also recorded.

Data analysis. Data were calculated per
replicate as a mean proportion associated with
the number of fungus gnat adults captured on
the yellow sticky cards as well as those on the
floor and flying around in each sample com-
partment of the total number collected from
the sample compartments using a Statistical
Software Program (SAS Systems for Win-
dows, Version 9.1; SAS Institute Inc., Cary,
NC). Data were normalized by arcsine square-
root transformation and treatment means were
compared by a Satterthwaite t-test procedure
for unequal variance (SAS Institute 2002).
Data were considered significant when the P
value was # 0.05. All data presented are non-
transformed.

Steam distillation extraction experimental
procedure. The volatile constituents of the
dryer sheets were determined by gas chro-
matography analysis of the steam-distillation
portion, similar to previous research (Cloyd
et al., 2007b). The dryer sheets were folded
and placed in a pear-shaped glass flask. Steam
was generated and allowed to pass through the
flask and condensed by a water-cooled glass
condenser into a receiving flask. The aqueous
condensate was extracted with methylene
chloride, from which a 1-mL portion was used
for the analysis by gas chromatography.

For compound identification, a Hewlett
Packard 5890 gas chromatograph (Palo Alto,
CA) connected to a 70-VSE Micromass spec-
trometer was used with split-less injections
onto an Agilent J & W DB-5 capillary column
(0.25 mm i.d. · 30 m) (Agilent Technologies,
Santa Clara, CA). National Institute for Stan-
dards and Technologies searching algorithms
and manual interpretation provided reasonable
matching to the obtained mass spectroscopic
fragmentation patterns. Authentic standards of

commercially available compounds were
obtained from Sigma-Aldrich (St. Louis,
MO) and matched with gas chromatograph
retention times and mass spectrometry for
confirmation.

Results

Bounce� original brand fabric softener
dryer sheets and adult fungus gnat
(Bradysia sp. nr. coprophila) experiments

Expt. 1: Dryer sheet versus water. The
range of fungus gnat adults collected from the
colonies and used in the experiment was
between 112 and 217. Treatment was signif-
icant (t = 3.93; df = 9, 17.7; P = 0.0010) with a
higher proportion of fungus gnat adults pres-
ent in the sample compartments containing
water (42%) compared with those with the
dryer sheets (16%).

Expt. 2: Dryer sheet versus moist growing
medium—SB300 Universal Professional Grow-
ing Mix. The range of fungus gnat adults
collected from the colonies and used in the
experiment was between 120 and 239. Treat-
ment was significant (t = 7.70; df = 9, 16.4;
P # 0.001) with a higher proportion of fungus
gnat adults present in the sample compart-
ments containing the moist growing medium
(48%) compared with the dryer sheet (12%).

Expt. 3: Dryer sheet and moist growing
medium versus moist growing medium. The
range of fungus gnat adults collected from the
colonies and used in the experiment was
between 138 and 220. Treatment was signif-
icant (t = 6.09; df = 9, 15.2; P # 0.001) with
a higher proportion of fungus gnat adults
present in the sample compartments contain-
ing only moist growing medium (45%) com-
pared with sample compartments with a dryer
sheet and moist growing medium (18%).

Expt. 4: Dryer sheet versus moist growing
medium. The range of fungus gnat adults
collected from the colonies and used in the
experiment was between 132 and 195. Treat-
ment was significant (t = 6.09; df = 9, 15.2; P #
0.001) with a higher proportion of fungus gnat
adults present in the sample compartments
containing moist growing medium (45%) com-
pared with those sample compartments contain-
ing a dryer sheet and moist growing medium
(18%).

Expt. 5: Dryer sheet and growing medium
versus dryer sheet and water. The range of
fungus gnat adults collected from the colo-
nies and used in the experiment was between
106 and 212. Treatment was not significant
(t = 0.22, df = 9, 16.2; P = 0.8271) with an
equal proportion of fungus gnat adults pres-
ent in the sample compartments containing
a dryer sheet and growing medium (15%) as
the sample compartments with a dryer sheet
and water (15%).

Steam distillation extraction experiment
Analysis of the volatile constituents of the

dryer sheets by gas chromatography–mass
spectrometry produced a complex chromato-
gram of which several of the major compo-
nents were tentatively identified and confirmed
by comparison with commercially available

Fig. 1. Six-armed experimental arena used for all
experiments in the study, in which just two
arms were used for the two-choice experiments
associated with the study. A glass petri dish (5.0
cm in diameter) containing the treatments was
placed into the designated sample compartments
(A or B). 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 (C). The
number of adult fungus gnats captured on 2.5 ·
2.5-cm yellow sticky cards associated with each
treatment was counted, and fungus gnat adults
on the floor in the sample compartments (A or B)
were counted. Also, the number of fungus gnat
adults that remained in the central compartment
(C) was recorded.
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standard components: linalool, benzyl acetate,
beta-citronellol, and hedione (Fig. 2).

Discussion

This study is the first to demonstrate that
Bounce� original brand fabric softener dryer
sheets repel fungus gnat adults under labora-
tory conditions. For all five experiments, the
mean proportion of fungus gnat adults col-
lected in the sample compartments contain-
ing the dryer sheets was significantly fewer
ranging from 12% to 18%, whereas those
sample compartments without dryer sheets
contained 33% to 48% of the fungus gnats
released in the arena. Furthermore, for Expts.
1 through 4, the percent of fungus gnat adults
recovered from the central compartment was
between 36% and 48%; however, the percent
of fungus gnats collected from the sample
compartment for Expt. 5, which included dryer
sheets in both sample compartments, was 69%.
This suggests that for Expt. 5, fungus gnat
adults remained in the central compartment,
further validating evidence for repellent activ-
ity of the dryer sheets when placed in both
sample compartments. Fungus gnat adults are
highly attracted to moist growing medium
(Baker 1994; Cloyd et al., 2007b; Olson
et al., 2002); however, dryer sheet repellency,
as demonstrated in Expts. 3 and 5, clearly
overcame any attraction to the moist growing
medium.

One of the major volatile constituents
detected in the dryer sheets was linalool (3,7-

dimethyl-1,6-octadien-3-ol), which is a mono-
terpene alcohol, colorless liquid that is used
by cosmetic and perfume companies as a result
of its flower-like odor (Bernier et al., 2007).
Linalool is present naturally in plants, includ-
ing lavender (Lavandula angustifolia Mill.),
marjoram (Origanum vulgare L.), and basil
(Ocimum basilicum L.) (Mansour et al., 1986;
Morales et al., 1993; Narusuye, 2005). This
compound occurs in two different structurally
active isomer forms chemically known as
enantiomers that are chiral molecules having
the same molecular formula but are mirror
images of each other (Ibrahim et al., 2001).
Sometimes, one form is more predominant
than the other (Bernier et al., 2007). For ex-
ample, the major form in lavender is the (R-)
form and in coriander (Coriandrum sativum
L.) the (S+) form (Cseke et al., 2007).

Linalool has been shown to be directly
toxic to a number of different mite and insect
pests, including Tyrophagus putrescentiae
(Schrank) (Sanchez-Ramos and Castanera
2001), Tetranychus cinnabarinus (Boisd.)
(Mansour et al., 1986), Oryzaephilus surina-
mensis (L.) (Shaaya et al., 1991), Blattella
germanica L. (Jang et al., 2005), and Zabrotes
subfasciatus (Boheman), Acanthoscelides
obtectus Say, Rhyzopertha dominica (F.),
and Sitophilus oryzae L. (Weaver et al.,
1991). However, minimal research has been
conducted to evaluate any repellent activity.
It is interesting to note that the citrosa plant
(Pelargonium citrosum ‘Van Leenii’), which
is promoted extensively because it claims to

repel mosquitoes, contains �6.8% linalool
(Matsuda et al., 1996).

Citronellol [3, 7-dimethyloct-6-en-1-al
(C10H18O)] is a monoterpene found in many
plants, including rose geranium (Pelargonium
graveolens L’Her. Ex Ait.), citronella (Cym-
bopogon nardus L.), European pennyroyal
(Mentha pulegium L.), and lemon balm
(Melissa officinalis L.). Citronellol is used in
sweet lemon scent perfumes and has demon-
strated repellent activity against mosquitoes,
although the duration of repellency is 1 h or
less (Moore et al., 2007).

Based on the results obtained from our
study, it is evident that Bounce� original brand
fabric softener dryer sheets repel fungus gnats.
However, there are still important issues that
need to be resolved, including the residual
effects (based on age of dryer sheets) and ef-
fective distance of repellency, response in a
no-choice situation (if dryer sheets are placed
into each petri dish), impact on fungus gnat
larval populations, and ultimately plant dam-
age. In the future, the use of dryer sheets may
be an alternative strategy to deal with fungus
gnat populations in greenhouses. This may in-
volve placing individual dryer sheets into a
designated number of containers with plants,
which would repel adults and prevent egg-laying
by females, thus reducing larval populations.

Literature Cited

Baker, J.R. 1994. Insects and related pests of
flowers and foliage plants: Some important,

Fig. 2. Total ion chromatogram (gas chromatography–mass spectrometry) of the volatiles detected from each (n = 2) Bounce� original brand fabric softener dryer
sheet (Procter and Gamble, Cincinnati, OH).

1832 HORTSCIENCE VOL. 45(12) DECEMBER 2010



common and potential pests in the Southeastern
United States, AG-136. North Carolina Co-
operative Extension Service, North Carolina
State University, Raleigh Durham, NC.

Barnard, D.R. 1999. Repellency of essential oils
to mosquitoes (Diptera: Culicidae). J. Med.
Entomol. 36:625–629.

Bernier, U.R., D.L. Kline, and K.H. Posey. 2007.
Human emanations and related natural com-
pounds that inhibit mosquito host-feeding abil-
ities, p. 77–100. In: Debboun, M., S.P. Frances,
and D. Strickman (eds.). Insect repellents; prin-
ciples, methods, and uses. CRC Press, Taylor &
Francis Group, Boca Raton, FL.

Birken, E.M. and R.A. Cloyd. 2007. Food prefer-
ence of the rove beetle, Atheta coriaria Kraatz
(Coleoptera: Staphylinidae) under laboratory
conditions. Insect Sci. 14:53–56.

Cabrera, A.R., R.A. Cloyd, and E.R. Zaborski. 2005.
Development and reproduction of Stratiolaelaps
scimitus (Acari: Laelapidae) with fungus gnat
larvae (Diptera: Sciaridae), potworms (Oligo-
chaeta: Enchytraeidae) or Sancassania aff.
sphaerogaster (Acari: Acaridae) as the sole food
source. Exp. Appl. Acarol. 36:71–81.

Chambers, R.J., E.M. Wright, and R.J. Lind. 1993.
Biological control of glasshouse sciarid flies
(Bradysia spp.) with the predatory mite, Hypo-
aspis miles, on cyclamen and poinsettia. Bio-
control Sci. Technol. 3:285–293.

Cloyd, R.A. 2000. Fungus gnat and shorefly man-
agement strategies: Panel discussion, p. 57–59.
In: King, A.I. (ed.). In: Greene, I.D. (ed.). Proc.
of 16th Conference on Insect and Disease
Management on Ornamentals. Society of Amer-
ican Florists, Alexandria, VA.

Cloyd, R.A., A. Dickinson, R.A. Larson, and K.A.
Marley. 2007a. Phototaxis of fungus gnat,
Bradysia sp. nr coprophila (Lintner) (Diptera:
Sciaridae), adults to different light intensities.
HortScience 42:1217–1220.

Cloyd, R.A., A. Dickinson, R.A. Larson, and K.A.
Marley. 2007b. Effect of growing media and
their constituents on fungus gnat, Bradysia sp.
nr. coprophila (Lintner) adults. Insect Sci. 14:
467–475.

Cloyd, R.A. and A. Dickinson. 2006. Effect of
Bacillus thuringiensis subsp. israelensis and
neonicotinoid insecticides on the fungus gnat
Bradysia sp. nr. coprophila (Lintner) (Diptera:
Sciaridae). Pest Manag. Sci. 62:171–177.

Cseke, L.J., P.B. Kaufman, and A. Kirakosyan.
2007. The biology of essential oils in the
pollination of flowers. Natural Product Comm.
2:1317–1336.

Dennis, D.J. 1978. Observations of fungus gnat
damage to glasshouse cucurbits. N. Z. J. Exper.
Agric. 6:83–84.

Dethier, V.G. 1947. Chemical insect attractants
and repellents. The Blakiston Co., Philadelphia,
PA.

Ellisor, L.O. 1934. Notes on the biology and
control of Neosciara ocellaris (Comstock)
(Diptera: Sciaridae). Iowa State J. Sci. 9:25–36.

Fawzi, T.H. and W.C. Kelly. 1982. Cavity spot of
carrots caused by feeding of fungus gnat larvae.
J. Amer. Soc. Hort. Sci. 107:1177–1181.

Fradin, M.S. and J.F. Day. 2002. Comparative
efficacy of insect repellents against mosquito
bites. N. Engl. J. Med. 347:13–18.

Gillespie, D.R. and D.M.J. Quiring. 1990. Biolog-
ical control of fungus gnats, Bradysia spp.
(Diptera: Sciaridae), and western flower thrips,
Frankliniella occidentalis (Pergande) (Thysa-
noptera: Thripidae), in greenhouses using a
soil-dwelling predatory mite, Geolaelaps sp. nr.
aculeifer (Canestrini) (Acari: Laelapidae). Can.
Entomol. 122:975–983.

Granett, P. 1940. Studies of mosquito repellents, II.
Relative performance of certain chemicals and
commercially available mixtures as mosquito
repellents. J. Econ. Entomol. 33:566–572.

Hamlen, R.A. and F.W. Mead. 1979. Fungus gnat
larval control in greenhouse plant production.
J. Econ. Entomol. 72:269–271.

Harris, M.A., R.D. Oetting, and W.A. Gardner.
1995. Use of entomopathogenic nematodes
and a new monitoring technique for control of
fungus gnats, Bradysia coprophila (Diptera:
Sciaridae), in floriculture. Biol. Control 5:412–
418.

Hungerford, H.B. 1916. Sciari maggots injurious to
potted plants. J. Econ. Entomol. 9:538–549.

Ibrahim, M.A., P. Kainulainen, A. Aflatuni, K.
Tiilikkala, and J.K. Holopainen. 2001. Insecti-
cidal, repellent, antimicrobial activity and phyto-
toxicity of essential oils: With special reference
to limonene and its suitability for control of insect
pests. Agr. Food Sci. Finland 10:243–259.

Jang, Y.-S., Y.-C. Yang, D.-S. Choi, and Y.-J. Ahn.
2005. Vapor phase toxicity of marjoram oil
compounds and their related monoterpenoids
to Blattella germanica (Orthoptera: Blattellidae).
J. Agr. Food Chem. 53:7892–7898.

Jarvis, W.R., J.L. Shipp, and R.B. Gardiner. 1993.
Transmission of Pythium aphanidermatum to
greenhouse cucumber by the fungus gnat
Bradysia impatiens (Diptera: Sciaridae). Ann.
Appl. Biol. 122:23–29.

Keates, S.E., R.N. Sturrock, and J.R. Sutherland.
1989. Populations of adult fungus gnats and
shore flies in British Columbia container nurser-
ies as related to nursery environment, and in-
cidence of fungi on the insects. New For. 3:1–9.

Kennedy, M.K. 1971. The significance of fungi in
the ecology of Bradysia impatiens. MS thesis,
Cornell University, Ithaca, NY.

Mansour, F., U. Ravid, and E. Putievsky. 1986.
Studies of the effects of essential oils isolated
from 14 species of Labiatae on the carmine
spider mite, Tetranychus cinnabarinus. Phyto-
parasitica 14:137–142.

Matsuda, B.M., G.A. Surgeoner, J.D. Heal, A.O.
Tucker, and M.J. Maciarello. 1996. Essential oil
analysis and field evaluation of the citrosa plant
‘Pelargonium citrosum’ as a repellent against
populations of Aedes mosquitoes. J. Amer.
Mosq. Control Assoc. 12:69–74.

Moore, S.J., A. Lenglet, and N. Hill. 2007. Plant-
based insect repellents, p. 275–303. In: Musta-
pha, D., S.P. Frances, and D. Strickman (eds.).
Insect repellents; principles, methods, and uses.
CRC Press, Taylor & Francis Group, Boca
Raton, FL.

Morales, M.R., J.E. Simon, and D.J. Charles. 1993.
Comparison of essential oil content and com-
position between field and greenhouse grown
genotypes of methyl cinnamate basil (Ocimum
basilicum L.). J. Herbs, Spices, and Medic.
Plants 1:25–30.

Narusuye, K. 2005. Linalool suppresses voltage-
gated currents in sensory neurons and cerebel-
lar purkinje cells. J. Neural Transm. 112:193.

Olson, D.L., R.D. Oetting, and M.W. Iersel. 2002.
Effect of soilless potting media and water
management on development of fungus gnats
(Diptera: Sciaridae) and plant growth. Hort-
Science 37:919–923.

Rutledge, L.C., D.M. Collister, V.E. Meixsell, and
G.H.G. Eisenberg. 1983. Comparative sensi-
tivity of representative mosquitoes (Diptera:
Culicidae) to repellents. J. Med. Entomol. 20:
506–510.

Sanchez-Ramos, I. and P. Castanera. 2001. Acar-
icidal activity of natural monoterpenes on
Tyrophagus putrescentiae (Schrank), a mite
of stored food. J. Stored Prod. Res. 37:93–101.

SAS Institute. 2002. SAS/STAT users’ guide.
Version 9.1. SAS Institute, Inc, Cary, NC.

Shaaya, E., U. Ravid, N. Paster, B. Juven, U.
Zisman, and V. Pissarev. 1991. Fumigant toxic-
ity of essential oils against four major stored-
product insects. J. Chem. Ecol. 17:499–504.

Sharma, V.P., M.A. Ansari, and R.K. Razdan.
1993. Mosquito repellent action of neem (Aza-
dirachta indica) oil. J. Amer. Mosq. Control
Assoc. 9:359–360.

Trigg, J.K. 1996. Evaluation of eucalyptus-based
repellent against Anopheles spp. in Tanzania.
J. Amer. Mosq. Control Assoc. 12:243–246.

Trumble, J.T. 2002. Caveat emptor: Safety consid-
erations for natural products used in arthropod
control. Amer. Entomol. 48:7–13.

Tunon, H., W. Thorsell, and L. Bohlin. 1994.
Mosquito repelling activity of compounds oc-
curring in Achillea millefolium L. (Asteraceae).
Econ. Bot. 48:111–120.

van Epenhuijsen, C.W., B.B.C. Page, and J.P.
Koolaard. 2001. Preventative treatments for
control of fungus gnats and shore flies. New
Zealand Plant Protection 54:42–46.

Weaver, D.K., F.V. Dunkel, L. Ntezurubanza, L.L.
Jackson, and D.T. Stock. 1991. The efficacy of
linalool, a major component of freshly-milled
Ocimum canum Sims (Lamiaceae), for pro-
tection against postharvest damage by certain
stored product Coleoptera. J. Stored Prod. Res.
27:213–220.

Wilkinson, J.D. and D.M. Daugherty. 1970. The
biology and immature stages of Bradysia impa-
tiens (Diptera: Sciaridae). Ann. Entomol. Soc.
Amer. 63:656–660.

HORTSCIENCE VOL. 45(12) DECEMBER 2010 1833


