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ABSTRACT The impact of trademarked and commercial products on settling of adults of the
sweetpotato whiteßy,Bemisia tabaci (Gennadius), was studied in the laboratory. A no-choice bioassay
using leaf disks of tomato, Solanum esculentum L., was developed to evaluate the impact of concen-
tration series of products on settling of B. tabaci adults. The concentration of each product that would
reduce settling by 50% (SC50) was estimated for each product using standard probit analyses, and the
values were compared with that of Ultra-Fine Oil, a parafÞnic oil product that is known to reduce
settling of whiteßy adults. Twenty-two trademarked products and 42 other products were evaluated
in the laboratory bioassay. Based upon comparisons of Þducial limits of the respective SC50 values,
Dawn detergent and E-RASE jojoba oil were the only trademarked products that were as effective
as Ultra-Fine Oil in reducing settling of B. tabaci adults. Of the nontrademarked products, 25 were
similar to Ultra-Fine Oil, although cedar, geranium, ginger, Hamlin (citrus), patchouli, olive and
wintergreen oils, as well as citronellal and limonene, had ratios of respective SC50 values with that of
Ultra-Fine Oil of �1.5 or less. Combinations of limonene and citronellal with either olive oil or
Ultra-Fine Oil were 15 and 30 times, respectively, more effective than Ultra-Fine Oil alone. Candidate
products and combinations of products were further evaluated on tomato seedlings in no-choice
screenhouse trials for effects on oviposition and on transmission of Tomato yellow leaf curl virus
(familyGeminiviridae, genus Begomovirus, TYLCV) by B. tabaci. Ultra-Fine Oil and olive oil reduced
oviposition and transmission of TYLCV in the screenhouse trials. Ginger oil and limonene reduced
oviposition in at least one screenhouse trial but did reduce transmission of TYLCV. The laboratory
bioassay provided a rapid and relatively easy method to compare products for reducing settling of B.
tabaci adults. Even though the reduced settling indicated in the laboratory bioassays was not always
reßected in reduced oviposition or TYLCV transmission in the screenhouse trials, the bioassay was
useful in rapidly identifying products that reduce settling and that could be investigated further.
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Biotype B of the sweetpotato whiteßy, Bemisia tabaci
(Gennadius), also known as the silverleaf whiteßy
(Bemisia argentifolii Bellows & Perring), is an impor-
tant pest of many horticultural and agronomic Þeld
crops and ornamental and vegetable greenhouse crops
grown worldwide, particularly in the tropics and sub-
tropics (Brown and Bird 1992, Brown 1994, Oliveira et
al. 2001). The pest causes direct damage through re-
moval of plant sap and also through induction of sys-
temic disorders (Schuster et al. 1996). Indirect dam-
age results through the transmission of plant viruses,
including carlaviruses, closteroviruses, criniviruses,
luteoviruses, nepoviruses, potyviruses, and begomo-
viruses, the latter of which predominate (Brown and
Bird 1992, Brown 1994). Economic losses worldwide
due to increased control costs and reduced yields and

marketability have been extensive, although reliable
estimates have been difÞcult to obtain because of the
wide geographic area and the large number of crops
affected, and because of the differences in monetary
systems (Oliveira et al. 2001).
B. tabaci is an important pest of both greenhouse-

and Þeld-grown tomatoes, Solanum esculentum L. In
almost all countries where tomatoes are grown com-
mercially, they are infected withB. tabaci-transmitted
viruses (Oliveira et al. 2001), the most damaging of
which is Tomato yellow leaf curl virus (family Gemi-
niviridae, genusBegomovirusTYLCV) (Polston 2001).
The impact of TYLCV on yield depends upon the time
of infection, with yield reductions of �100 and 50%
occurring when symptoms are Þrst observed �2 and
6 wk, respectively, after transplanting (Saikia and Mu-
niyappa 1989). The percentage of transmission of
TYLCV by B. tabaci increases as the number of adults
conÞned per plant increases and the time of conÞne-
ment increases (Cohen and Nitzany 1966). Further-
more, when females that had been conÞned on in-
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fected plants for 48 h were transferred individually to
noninfected plants, only 32% transmitted the virus.

Biotype B of B. tabaci induces a disorder on tomato
termed irregular ripening (Schuster et al. 1990). The
disorder is characterized externally by incomplete or
inhibited ripening of fruit and internally by an in-
crease in white tissue. The severity of the disorder is
related to the density of sessile nymphs (Schuster
2001). An action threshold of Þve sessile nymphs per
10 leaßets has been established for timing applications
of insect growth regulators (Schuster 2002).

Insecticides are most often used to manageB. tabaci,
irregular ripening and TYLCV on tomato. Unfortu-
nately, reliance on these products has lead to resis-
tance in B. tabaci populations to most classes of in-
secticides (Denholm et al. 1996, Palumbo et al. 2001).
Products that reduce the number of B. tabaci adults
that settle on plants could be useful in ultimately
reducing oviposition and, thus, population develop-
ment, as well as in reducing adult feeding and virus
transmission.

Organic and inorganic oils have been shown to
reduce settling of whiteßy adults to varying degrees
(summarized in Veierov 1996); however, no compre-
hensive, comparative study of the anti-settling activity
of oils and other products has been reported. Green-
house experiments evaluating the effects of products
on whiteßy settling, sometimes referred to as repel-
lency in the literature, usually involve comparing set-
tling on treated plants only (no choice), settling on
treated versus nontreated plants or settling on plants
treated with product A versus plants treated with
product B. Although these experiments are effective,
they are time- and space-consuming, especially when
one wishes to evaluate a large number of products.
Therefore, a laboratory, no-choice bioassay was de-
veloped and used to rapidly evaluate and compare
various products for reducing settling of B. tabaci
adults. Selected products were then evaluated in no-
choice screenhouse trials for effects on oviposition
and TYLCV transmission.

Materials and Methods

Laboratory Bioassays. Twenty-one trademarked
products were evaluated including Bio Crack (garlic
extract; Berni Labs S. De R.L., Aquascalientes, Ags.,
Mexico), Dawn (detergent; Proctor & Gamble, Cin-
cinnati, OH), Envirepel (garlic juice; Cal Crop USA,
L.L.C., Escondido, CA), E-RASE (jojoba oil; Lawn
and Garden Products, Inc., Fresno, CA), Fungastop
(citric acid, mint oil, Þsh oil and glycerol; Soil Tech-
nologies Corp., FairÞeld, IA), Hot Pepper Wax (cap-
saicin and other capsaicinoids; Hot Pepper Wax, Inc.,
Greenville, PA), Jungle Rain Clean Leaf (castile soap,
citrus oil, and vegetable oils; Jungle Rain, Encinitas,
CA), MSO Concentrate (methylated vegetable oil,
alcohol ethoxylate, and tall oil fatty acid; Loveland
Products, Inc., Greeley, CO), Neemix 4.5 (azadirach-
tin; Certis USA, L.L.C., Columbia, MD), NOCDOWN
III (cedar oil, CedarCide Industries, Inc., Spring, TX),
Nu Film 17 (pinolene; Miller Chemical & Fertilizer

Corp., Hanover, PA), Organocide (sesame and Þsh oil;
Organic Laboratories, Inc., Stuart, FL), PFA-2000-1
(sodium lauryl sulfate; National Colloid Research &
Development, Inc., Santa Ana, CA), Prime Oil (phy-
tobland parafÞnic oil, alkylphenol ethoxylate, and tall
fatty acids; Agriliance, LLC, St. Paul, MN), Requiem
(extract of Chenopodium ambrosioides near ambro-
sioides; AgraQuest, Inc., Davis, CA), Scent Winter-
green (wintergreen fragrance; Loveland Industries,
Inc., Greeley, CO), SucraShield (sucrose octanoate
esters; Natural Forces, LLC, Davidson, NC), Surround
WP (kaolin; Engelhard Corp., Iselin, NJ), Trilogy
(clariÞed hydrophobic extract of neem oil; Certis
USA, L.L.C., Columbia, MD), Valoram II (clove oil,
cinnamon oil, and mint oil; Soil Technologies Corp.),
and Vapor Gard (di-1-p-menthene; Miller Chemical &
Fertilizer Corp.).

An additional 42 products were obtained from com-
mercial sources and were used as supplied. The source
for each product was not recorded and it is recognized
that products from different sources could vary chem-
ically and, therefore, could vary in behavioral effects.
Further studies should use standardized or chemically
characterized products. The above-mentioned prod-
ucts were combined with Tween 20 (polyoxyethylene
sorbitan monolaurate, Fisher, Fair Lawn, NJ) at 1Ð2%
(vol:vol) to provide an emulsion; therefore, Tween 20
alone also was evaluated. Ultra-Fine Oil (Whitmire
Micro-Gen Research Laboratories, Inc., St. Louis,
MO) was included as a standard for these studies. This
parafÞnic oil previously had been shown to reduce
settling of adults of the greenhouse whiteßy, Trialeu-
rodes vaporariorum (Westwood) (Larew and Locke
1990), and biotype B ofB. tabaci(Stansly and Liu 1994,
Liu and Stansly 1995). The goal was to identify addi-
tional products that reduced settling as much as or
more than Ultra-Fine Oil. Combinations of either
Ultra-Fine Oil or olive oil with limonene and citronel-
lal (8:1:1, vol:vol:vol) also were evaluated. The olive oil
combination included Tween 20 at 2% (vol:vol).

The bioassays were conducted in a temperature-
controlled room at 27�C, 40% RH, and a photoperiod
of 12:12 (L:D) h. The bioassay arenas (Fig. 1A) were
made of clear Plexiglas cylinders (15 cm in height by
12.5 cm in diameter). To provide ventilation, the bot-
tom of each cylinder was covered with organdy cloth
held in place with a Plexiglas ring or a wide rubber
band Þtted over the outside of the cylinder. A lid was
made for the top of each cylinder from a 14-cm-
diameter plastic petri dish with a single 3-cm hole in
the middle. The lids were afÞxed with three rubber
bands running from top to bottom. The side of each
cylinder had a 5-mm hole closed with a cork stopper
through which whiteßy adults could be introduced
with an aspirator.

The caps of 35-mm photographic Þlm canisters
(Fuji Photo Film USA, Inc., Edison, NJ) were used to
construct the satchels for presenting the test products
to the whiteßy adults (Fig. 1B). A cotton ball saturated
with deionized water was placed in the depression in
each cap and was covered with a 2.5-cm-diameter
Þlter paper circle (Whatman grade 40) also saturated
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with deionized water. Leaf disks (2.5 cm in diameter)
were cut from leaßets of 6Ð7-wk-old dwarf ÔLanaiÕ
tomato plants. Leaf disks were individually submerged
in separate concentrations of test solutions and
swirled for 5 s. Each disk was then removed and re-
submerged Þve additional times to ensure complete
coverage. After drying for �20 min, the disks were
placed with the adaxial surface adjacent to the Þlter
paper and covered with coarse fabric netting, which
was held in place with a ring cut from the top lip of the
Þlm canister. The satchel was then pushed into the
3.0-cm hole in the lid of each cylinder with the abaxial
leaf surface facing into the cylinder. Twenty B. tabaci
adults of unknown sex and age were starved for 2 h and
then introduced into each cylinder. The adults were
collected from a colony that had been maintained on
dwarf Lanai tomato plants since 1991. To collect adults
a yellow card was held adjacent to infested colony
plants, and the plants were agitated. Adults attracted
to the yellow card were gently collected with an as-
pirator and released into the bioassay arena. Because
adults on foliage could be feeding, aspirating them
directly from the foliage could damage mouthparts
and inßuence subsequent responses. Previous sam-
pling indicated that B. tabaci adults were attracted to
the yellow card at a sex ratio of �50:50. The numbers
of whiteßy adults present on the leaf disks at 24 h after
introduction were recorded. At least four concentra-
tions (percentages, vol:vol) in deionized water of each
product were evaluated along with a water check in at
least four replications (except for Vapor Gard, which
had two replications). The Plexiglas cylinders and
components of the satchels were washed with soap
and water and rinsed with 90% ethanol between ex-
periments.

The data were converted to the numbers of adults
not present on the leaf disks at the time of evaluation

and the data were subjected to probit analyses (SAS
Institute 1989). The number of adults not on the leaf-
lets dipped in deionized water was used as the control
response. The analyses were used to predict the con-
centration of each product that would reduce settling
of adults by 50% (SC50). The estimated SC50 of Ultra-
Fine Oil was divided into that of each product to
calculate settling ratios (SR50), which were then used
to compare the relative effect of each product on adult
settling.
Screenhouse Evaluations. Selected products and

product combinations from the laboratory bioassays
were evaluated for effects on oviposition and virus
transmission in four experiments in a screenhouse.
Citronellal, ginger oil, limonene, olive oil, and com-
binations of olive oil and Ultra-Fine Oil with limonene
and citronellal were included because they reduced
adult settling in the laboratory bioassays. Envirepel
and Hot Pepper Wax were included as negative con-
trols in two experiments because they did not reduce
settling in the laboratory bioassay. ÔSolar SetÕ tomato
seedlings were grown until at least the two true leaf
stage in Styrofoam trays (Todd Planter Flats, Speed-
ling Inc., Sun City, FL) cut to 32, 2.5-cm square cells
each (four rows by eight rows). Plants for each treat-
ment were sprayed to runoff with a hand-held CO2-
powered sprayer operated at 60 psi and outÞtted with
a single nozzle with a D-5 disk and #45 core. Two
hours after drying, the trays were placed individually
into 44 by 23 by 32 cm (length by width by height)
organdy-covered cages. B. tabaci adults from a labo-
ratory colony reared on TYLCV-infected Lanai plants
were aspirated as described previously and released
into each cage at the rate of Þve per plant. The colony
had been established in 1997 on plants infected with
an isolate of TYLCV (Polston et al. 1999). The cages
were arranged in randomized complete block designs

Fig. 1. Bioassay arena (A) and presentation satchel (B) used to evaluate products for reducing settling of B. tabaci adults
in the laboratory. (Online Þgure in color.)
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on benches in a plant production house with a Þber-
glass roof and screened sides. Blocking was down the
length of the benches. There were eight replications
in the Þrst experiment, three in the second, and four
in the third and fourth, with one tray per treatment in
each replicate and one replicate per bench. Four days
later, the plants were sprayed to runoff with a 1%
solution of insecticidal soap (M-Pede Insecticide/
Fungicide, Mycogen Corporation [afÞliated with
Dow AgroSciences LLC], San Diego, CA) to kill
whiteßy adults. In three of the four experiments, the
numbers of eggs were counted on 10 randomly se-
lected plants of the 12 plants in the middle of each tray.
Only the middle plants were examined to avoid any
possible edge effects in the cages. The trays were then
drenched with the neonicotinoid insecticide imida-
cloprid (Admire 2F, Bayer CropScience, Research
Triangle Park, NC) to kill any hatching whiteßy
nymphs.

The incidence of TYLCV-infected plants was de-
termined 3 wk after inoculation. Plants were inspected
for symptoms of TYLCV infection. In addition, a nu-
cleic acid spot hybridization assay was used to conÞrm
the presence of virus in plants showing mild symptoms
and in any plants that were questionable (Polston and
Sherwood 2003). Young leaves from control and test
plants were collected and extracted (Polston et al.
1999) and blotted onto 40 mM Tris-acetate, 1 mM
EDTA (pH 8.0)-wetted positively charged nylon
membranes (Whatman Schleicher and Schuell,
Keene, NH) by using a blotting manifold (Hybrid-Dot
Manifold, Invitrogen, Carlsbad, CA). Membranes
were air-dried and then baked at 65�C for 30 min.
TYLCV DNA was detected using a 312-nt polymerase
chain reaction-ampliÞed portion of the intergenic re-
gion of TYLCV (GenBank accession L12219), which
was labeled with 32P using a High Prime labeling sys-
tem (GE Healthcare, Chalfont St. Giles, Buckingham-
shire, United Kingdom). This probe was hybridized to
blots at 65�C overnight and rinsed under high strin-
gency conditions. Blots were exposed to X-ray Þlm for
4Ð24 h at �70�C.

Data were subjected to analysis of variance, and
means were separated using the protected least sig-
niÞcant difference (LSD) at P � 0.05 (SAS Institute
1989). The percentages of plants infected with TYLCV
were transformed using arcsine square root of the
proportion before analyses and mean separation but
are presented in the original scale.

Results

Laboratory Bioassays. Based upon comparisons of
Þducial limits (P� 0.05) of the respective SC50 values,
Dawn detergent and E-RASE jojoba oil were the only
trademarked products that were as effective as Ultra-
Fine Oil in reducing settling of B. tabaci adults (Table
1). Bio Crack garlic extract and Hot Pepper Wax cap-
saicin, which are sold as having repellent properties
for agricultural insect pests, were not as effective in
reducing settling as was Ultra-Fine Oil. Envirepel,
which also is sold as a repellent, had little or no effect

and no rate response. The remaining trademarked
products were evaluated because of potential or sus-
pected effects on adult settling, but did not reduce
settling to a greater extent than Ultra-Fine Oil.

Of the nontrademarked products, 25 were similar to
Ultra-Fine Oil based upon comparisons of Þducial
limits of SC50 values (Table 1). Cedar oil, geranium oil,
ginger oil, hamlin oil (citrus oil), olive oil, patchouli oil
and wintergreen oil, as well as citronellal and li-
monene, had SR50 values of approximately �1.5. None
of these products reduced settling to a signiÞcantly
greater extent than Ultra-Fine Oil. Combinations of
limonene and citronellal with either olive oil or Ultra-
Fine Oil reduced settling signiÞcantly more than Ul-
tra-Fine Oil alone and were �15 and 30 times more
active, respectively.
Screenhouse Evaluations. In four screenhouse ex-

periments, Ultra-Fine Oil and olive oil consistently
resulted in lower percentages of plants with conÞrmed
infections of TYLCV relative to the water control,
although the percentage of reduction varied among
the four experiments (Table 2). Ultra-Fine Oil re-
duced the rate of transmission an average of 54.8%
(range, 36Ð88%), and olive oil reduced the rate of
transmission an average of 45.5% (range, 30Ð54%).
Plants sprayed with olive oil in the fourth experiment
had a higher incidence of TYLCV infection than plants
sprayed with Ultra-Fine Oil. The combinations of ei-
ther olive oil or Ultra-Fine Oil with limonene and
citronellal were evaluated in the fourth experiment
and resulted in lower percentages of symptomatic
plants compared with the water control; however, the
percentages were signiÞcantly higher than that of Ul-
tra-Fine Oil alone. Citronellal alone did not reduce the
incidence of symptomatic plants compared with the
water control in the one experiment in which it was
evaluated. Neither ginger oil nor limonene resulted in
a lower incidence in any of the experiments but re-
sulted in a higher incidence in the Þrst experiment.
The negative controls Envirepel and Hot Pepper Wax
were no different from the control in the incidence of
treated plants with TYLCV. Hot Pepper Wax resulted
in a greater percentage of symptomatic plants com-
pared with the water control in the third experiment.

Both Ultra-Fine Oil and olive oil resulted in fewer
eggs deposited on treated plants compared with the
water control in two of the three experiments (Table
3). Combining limonene or citronellal with either of
the two oils did not enhance their effect on egg dep-
osition. Applying citronellal alone did not result in
fewer eggs compared with the water control, whereas
applying limonene resulted in fewer eggs in one ex-
periment. Plants sprayed with ginger oil had fewer
eggs than the control in one of two experiments. En-
virepel did not result in fewer eggs compared with the
water control, whereas Hot Pepper Wax resulted in
more eggs deposited.

Discussion

The laboratory bioassay developed in the current
study provided a rapid and relatively easy method to
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Table 1. Comparison of various products for impact on settling of B. tabaci adults

Material na Intercept Slope SC50
b (Þducial limits) SR50

c Pd

Ultra-Fine Oil 839 1.39 1.71 0.15 (0.08Ð0.29) �0.0001
Allspice oil 480 1.40 3.21 0.37 (0.26Ð0.47) 2.4 0.08
Anise oil 480 �1.38 5.70 1.75 (1.62Ð1.87) 11.6 0.27
Bergmont oil 320 0.53 3.08 0.67 (0.50Ð0.81 4.5 0.27
Bio Crack 399 �3.03 1.68 63.67 (44.74Ð149.1) 424.5 0.50
Capsaicin �0.1e

Cardamon seed oil 160 �1.02 3.08 2.14 (1.60Ð2.83) 14.3 0.36
Castor oil 960 0.41 1.28 0.48 (0.22Ð0.85) 3.2 �0.0001
Catnip oil 200 �1.03 4.28 1.74 (0.85Ð2.51 11.6 0.02
Cedar oil 600 0.44 0.56 0.16 1.1 �0.0001
Cineole 588 0.32 0.95 0.46 (0.10Ð1.61) 3.1 0.02
Cinnamon bark oil 1,120 1.61 3.50 0.35 (0.26Ð0.46) 2.3 �0.0001
Cinnamon leaf oil 1,080 0.87 4.20 0.62 (0.53Ð0.71) 4.1 0.0005
Citronellal 840 2.79 2.67 0.09 (0.08Ð0.10) 0.6 0.33
Cottonseed oil 600 1.29 2.49 0.30 (0.19Ð0.50) 2.0 �0.0001
Dawn detergent 480 0.63 1.14 0.28 (0.21Ð0.37) 1.9 0.10
Dill oil 320 �0.03 2.18 1.03 (0.62Ð1.60) 6.9 0.03
Envirepel 1,360 �1.73 �0.08 3.63 � 10�21 0.01
E-RASE 760 0.29 0.74 0.41 (0.01Ð2.80) 2.7 �0.0001
Fungastop 560 0.09 1.07 0.82 (0.63Ð1.05) 5.5 0.25
Geranium oil 715 1.60 1.76 0.12 (0.02Ð0.22) 0.8 0.01
Ginger oil 600 3.92 3.26 0.06 (0.05Ð0.08) 0.4 0.05
Hamlin (citrus) oil 462 0.80 0.64 0.06 (0.01Ð0.27) 0.4 0.04
Hot Pepper Wax 380 �9.29 7.01 21.13 (7.66Ð31.13) 140.7 0.001
Hyssop oil 320 0.09 0.44 0.61 (0.29Ð1.64) 4.1 0.57
Jasmonic acid 720 0.13 0.78 0.69 (0.29Ð2.83) 4.6 0.02
Jungle Rain Clean Leaf 320 �0.77 1.57 3.10 (1.33Ð22.90) 20.7 0.02
Lavender oil 400 0.21 1.10 0.65 4.3 �0.0001
Limonene 720 2.36 3.59 0.22 (0.15Ð0.29) 1.5 0.003
Lemongrass oil 400 1.16 2.33 0.32 (0.16Ð0.47) 2.1 0.05
MSO 680 0.25 1.09 0.59 3.9 �0.0001
Neemix4.5 360 �1.73 1.79 9.36 (7.04Ð11.49) 62.4 0.43
NOCDOWN III 520 �1.27 0.46 571.54 3810 �0.0001
Nu Film 17 560 �0.67 0.73 8.34 (5.61Ð16.19) 55.6 0.22
Olive oil 719 2.38 1.49 0.025 (0.01Ð0.06) 0.2 0.0002
Olive oil � limonene � citronellalf 800 3.91 1.71 0.005 (0.004Ð0.006) 0.03 0.88
Organocide 402 �0.78 3.83 1.60 (1.27Ð2.07) 10.7 0.07
Pachouli oil 320 2.46 3.92 0.24 (0.19Ð0.28) 1.6 0.11
Palmarosa oil 800 0.87 3.48 0.56 (0.00Ð0.83) 3.8 �0.0001
Pennyroyal oil 600 �0.03 1.12 1.06 (0.06Ð132.35) 7.0 �0.0001
PFA-2000-1 360 �0.08 0.54 1.40 (0.37Ð6.69) 9.3 0.07
Pinene 380 �5.61 8.34 4.71 (4.51Ð4.99) 31.4 0.48
Pine oil 740 �0.83 2.22 2.37 (1.49Ð4.49) 15.8 �0.0001
Piperidine 600 0.45 2.18 0.62 (0.43Ð0.83) 4.2 0.03
Prime Oil 600 �0.14 0.66 1.61 (1.06Ð2.62) 10.7 0.27
Requiem 480 �1.03 2.87 2.29 (1.26Ð3.03) 15.3 0.002
Rosemary oil 320 �0.46 1.20 2.43 16.2 0.0005
Sage oil 240 �0.30 2.14 1.39 9.3 0.09
Scent Wintergreen 500 0.40 1.04 0.41 (0.30Ð0.64) 2.7 0.27
Sesame oil 560 0.42 0.82 0.30 (0.20Ð0.42) 2.0 0.14
Sesame seed oil (brown) 360 0.32 0.94 0.45 (0.14Ð1.12) 3.0 0.03
Sesame seed oil (clear) 440 0.92 1.82 0.31 (0.15Ð0.57) 2.1 �0.0001
Soybean oil 280 0.02 1.61 0.98 (0.42Ð2.32) 6.5 0.05
SurcraShield 400 0.18 5.75 0.98 (0.93Ð1.03) 6.5 0.27
Surround 160 �4.19 3.58 14.77 (12.82Ð17.60) 98.5 0.34
Tagetes oil 600 0.32 0.69 0.35 (0.01Ð31.28) 2.3 0.0002
Tansy oil 640 �0.98 2.25 2.73 (2.41Ð3.10) 18.2 0.13
Tea tree oil 560 �0.35 2.18 1.44 (1.23Ð1.68) 9.6 0.26
Thymol 560 0.99 2.02 0.32 (0.18Ð0.51) 2.1 0.003
Trilogy 560 �0.78 2.31 2.17 (1.85Ð2.55) 14.5 0.19
Tumeric 880 1.00 2.41 0.39 (0.23Ð0.56) 2.6 �0.0001
Tween 20 300 �1.73 1.53 13.45 (9.41Ð30.64) 89.7 0.36
Ultra-Fine Oil � limonene � citronellalf 560 2.44 1.22 0.01 (0.001Ð0.03) 0.07 0.002
Valoram II 760 �1.19 3.09 2.42 (1.59Ð3.29) 16.1 �0.0001
Vapor Gard 200 �0.65 0.29 178.74 (11.5Ð8.30 � 1010) 1191 0.66
Wintergreen oil 840 3.08 2.77 0.08 (0.03Ð0.19) 0.5 �0.0001
Worm wood oil 640 0.15 1.05 0.71 (0.43Ð1.20) 4.7 0.04

a The number of adults tested, not including the number in the controls.
b Estimated concentration of test material (% vol:vol) required to reduce adult settling 50%. The upper and lower 95% Þducial limits are given

in parentheses. No values are presented when the limits could not be calculated.
c Settling rates based upon SC50 values relative to Ultra-Fine Oil as the standard.
d A P value �0.05 indicates the data Þt the probit model.
eHigher concentrations were too noxious to handle.
f A combination of oil, limonene and citronellal in a 8:1:1 (vol:vol:vol) ratio. The combination with olive oil was combined with Tween 20

at 2% (vol:vol).
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compare products for reducing settling of B. tabaci
adults. Differences in the effect of some products on
settling between the laboratory and screenhouse trials
could be due to differences in volatility among the
tested products and in differences in the test methods
and conditions. The cages that were used in the
screenhouse studies were larger and provided a
greater opportunity for air exchange. In addition, al-
though temperatures were not continuously recorded
in the screenhouse, they often reached or exceeded
38�C, which is much higher than the 27�C maintained

in the rooms in which the laboratory bioassays were
conducted. In addition, the data in the laboratory
bioassays were collected 1 d after treatment, whereas
those in the screenhouse trials were collected 4 d after
treatment, which also could result in degraded resi-
dues. Thus, products that are more volatile or that
contain highly volatile components, such as ginger oil,
may not persist as long in the larger cages than in the
smaller cages or in hotter, prolonged conditions. Im-
proved formulations or micro-encapsulation to con-
trol or reduce volatility may enhance the anti-settling
activity of such products. Leaf dips were used for the
laboratory bioassays and foliar sprays were used for
the screenhouse trials. Leaf dips with ginger oil and
Ultra-Fine Oil reduced adult settling more than did
leaf sprays in laboratory and greenhouse experiments
(Liu and Stansly 1995, Zhang et al. 2004). At least in
the case of ginger oil, this was due to greater concen-
trations of certain constituents on leaßets that had
been dipped compared with those that had been
sprayed (Zhang et al. 2004).

Ultra-Fine Oil, olive oil, and ginger oil reduced
settling of B. tabaci adults in the no-choice laboratory
bioassays. The effects of these products on adult set-
tling were conÞrmed in no-choice screenhouse trials,
although none were consistent across all experiments.
In the screenhouse trials, these three products re-
duced oviposition rates and in the case of Ultra-Fine
Oil and olive oil interfered consistently with trans-
mission of TYLCV. Liminone reduced settling in the
laboratory bioassay but did not consistently result in
reduced oviposition or reduced transmission of
TYLCV in the screenhouse trials. Citronellal, although
reducing settling in the laboratory assay, did not result
in reduced oviposition or transmission in a single
screenhouse trial.

In general, all oils reduced adult settling to some
extent, although most had SR50 values ranging from
�1Ð15 compared with the parafÞnic oil Ultra-Fine Oil.
Oils evaluated included mineral, vegetable and essen-
tial oils. Oils that were essentially equivalent to Ultra-
Fine Oil included cedar oil, geranium oil, ginger oil,
Hamlin oil, jojoba oil (ERASE), olive oil, patchouli oil
and wintergreen oil. Cedar oil formulated with 1%
Tween 20 resulted in a SR50 value of 1.1, whereas the
commercial product NOCDOWN III, which is 67%
cedar oil, had a SR50 value of 3810 and thus had no
effect on adult settling. Ginger oil, which had a SR50

value of 0.4 in the current study, contains sesquiter-
penes, including bisabolene, farnesene, sesquiphellan-
drene, zingeberene and curcumene (van Beck and
Lelyveld 1991). These latter two compounds are vol-
atile constituents of the glandular trichomes of acces-
sions of the wild tomato speciesLycopersicon hirsutum
f. typicum Humb. & Bonpl. and contribute to the
resistance of these accessions to the Colorado beetle,
Leptinotarsa decemlineata (Say) (Carter et al.
1989a,b) and to the twospotted spider mite, Tetrany-
chus urticae Koch (Weston et al. 1989). Muigai et al.
(2002) demonstrated the anti-settling activity and re-
sidual toxicity of ginger oil to B. tabaci adults in the
laboratory. Zhang et al. (2004) also found ginger oil

Table 2 Effect of foliar sprays of selected products on trans-
mission of TYLCV by B. tabaci adults on tomato seedlings in a
screenhouse

Treatmenta
Mean % TYLCV infected plantsb

Exp 1 Exp 2 Exp 3 Exp 4

Citronellal 78.4ab
Envirepel 50.1bc 33.8b
Ginger oil 57.3ab 45.8ab 20.3cde
Limonene 65.2a 39.7abc 25.1bcd 63.9bc
Olive oil 33.8d 17.8c 16.4de 40.2d
Olive oil � limonene �

citronellalc
41.1d

Hot Pepper Wax 52.0abc 48.1a
Ultra-Fine Oil 31.5d 24.0bc 15.6e 10.7e
Ultra-Fine Oil �

limonene � citronellalc
51.7cd

Water 48.7c 58.8a 30.8bc 86.0a
df 6,41 4,8 6,18 6,18
F 10.35 4.96 8.40 16.56
P 0.0001 0.03 0.0002 �0.0001

a All treatments were evaluated at a concentration of 1% (vol:vol).
bData were transformed arcsine square root of the proportion

before analyses, but data are presented in the original scale. Means
followed by the same letter are not signiÞcantly different at the
protected LSD at P � 0.05 based upon transformed data.
cCombinations of oil, limonene and citronellal in a 8:1:1 (vol:vol:

vol) ratio. The combination with olive oil was combined with Tween
20 at 2% (vol:vol).

Table 3. Effect of foliar sprays of selected products on ovipo-
sition by B. tabaci adults on tomato seedlings in a screenhouse

Treatmenta
Mean no. eggs/10 plantsb

Exp 2 Exp 3 Exp 4

Citronellal 141.0bc
Envirepel 21.5bc
Ginger oil 137.0b 10.3bc
Limonene 166.3b 8.3bc 248.8a
Olive oil 218.0b 3.8c 132.0bc
Olive oil �

limonene � citronellalc
118.8bc

Hot Pepper Wax 126.5a
Ultra-Fine Oil 191.3b 15.5bc 43.3c
Ultra-Fine Oil �

limonene � citronellalc
140.8bc

Water 379.3a 35.0b 192.8ab
df 4,8 6,18 6,18
F 7.78 18.45 3.42
P 0.007 0.0001 0.02

a All treatments were evaluated at a concentration of 1% (vol:vol).
bMeans followed by the same letter are not signiÞcantly different

at the protected LSD at P � 0.05.
cCombinations of oil, limonene and citronellal in a 8:1:1 (vol:vol:

vol) ratio. The combination with olive oil was combined with Tween
20 at 2% (vol:vol).
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reduced settling and oviposition of B. tabaci adults in
laboratory olfactometer studies as well as in green-
house studies; however, ginger oil failed to reduce the
number of alighting B. tabaci adults on tomato in the
Þeld (D.J.S., unpublished data). Thus, the effects of
ginger oil on settling may be enhanced by microen-
capsulation to control the rate of volatization.

Cottonseed oil, which had an SR50 value of 2.0 in this
bioassay, reduced the number of alighting B. tabaci
adults on treated plants compared with untreated
plants in greenhouse trials (Butler et al. 1989). Cot-
tonseed, castor, peanut, soybean and sunßower oils
reduced settling and oviposition of B. tabaci adults,
with peanut oil having the greatest effect on settling
(Fenigstein et al. 2001). The oils also caused direct
mortality to immature life stages when sprayed on
infested leaves. The reduction in settling of adults
demonstrated for cottonseed and castor oils in no-
choice laboratory tests was strong enough to cause
death by starvation or dehydration. Neither Trilogy,
which is clariÞed neem oil, nor Neemix, which con-
tains azadirachtin from neem seeds, appreciably re-
duced adult settling in the current study (Table 1).
These data are in contrast with results of studies in
which neem seed extract applied to foliage in both
no-choice and choice greenhouse trials reduced ovi-
position by B. tabaci (Coudriet et al. 1985, Prabhaker
et al. 1999). A 2% formulation of garlic oil exhibited a
low level of settling and reduced oviposition, although
the effects were not as great as with a formulation of
10% garlic extract (Flint et al. 1995). However, the
garlic extract also contained an unknown amount of
soybean oil that may have contributed to the reduced
settling and oviposition. Envirepel, which contains
garlic juice, did not demonstrate a reduction in settling
(Flint et al. 1995). Neither this product, nor Bio Crack,
which contains garlic extract, deterred settling in the
current study (Table 1).

Our results indicate that olive oil was highly deter-
rent to settling of whiteßy adults and was able to
interfere in the transmission of a plant virus by the
whiteßies. To date, most studies on the chemistry of
olive oil have focused on the identiÞcation of com-
pounds that might have effects on human health. Olive
oil has been shown to contain biologically signiÞcant
amounts of squalene, as well as a number of phenolic
compounds such as oleuropein and the glycosides
coumaric, ferulic, and caffeic acids (Visioli and Galli
2002). Many of these compounds are antioxidants and
are active against an array of enzymes. In addition,
olive oil contains volatile compounds of which several
have been identiÞed as phenolics. The amounts of
these compounds vary with the type and source of
olives (Olea spp.) as well as the type of processing
used to produce the oil. To our knowledge this is the
Þrst report of the effectiveness of olive oil as a com-
pound to reduce rates of virus transmission by a white-
ßy. This information could be useful to organic pro-
ducers and homeowners who are looking for
alternative approaches to management of whiteßy-
transmitted viruses.

Mineral oils have been used for many years to min-
imize the spread of plant viruses by insect vectors
(reviewedbyPerringet al. 1999). Ithasbeenproposed
that this is due to a direct effect through a reduction
in insect populations, to effects on insect feeding be-
havior, and to interference of virus retention in the
stylets in the case of aphid and potyvirus transmission.
Ultra-Fine Oil has been used for at least 20 yr for
whiteßy population control in Florida (D.J.S., unpub-
lished data) and to reduce the incidence of begomo-
virus-infected plants through reductions in whiteßy
populations. To our knowledge, this is the Þrst dem-
onstration that this oil reduces settling of B. tabaci
adults sufÞciently to interfere with begomovirus trans-
mission by whiteßies. This reduction of settling could
be one of the mechanisms in which Þeld applications
can result in fewer virus-infected plants.

The bioassay method did not offer whiteßy adults a
choice of treated or nontreated leaf surfaces. There-
fore, some products with lesser effects on adult set-
tling may be overlooked; however, in an agricultural
setting it would be expected that products that greatly
reduce settling would be required to adequately pro-
tect large plants because thorough coverage is more
difÞcult under Þeld conditions. Even though the re-
duction in adult settling indicated in the bioassays may
not always be reßected in the same level or type of
reduction of settling indicated in the no-choice tests
with tomato seedlings, the bioassay was useful in rap-
idly identifying products/compounds with anti-set-
tling activity which then could be investigated further.
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