existence of serious resistance problems in some areas of
Arizona (Dennehy et al. 1995).
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Monitoring insecticide resistance in whitefly with
conventional bioassay is costly and difficult but is currently
the only effective way to detect and manage resistance in
this pest. Worldwide, three very different bioassays have
been used for this purpose: the leaf disk method, the sticky
trap method, and the vial method. These methods,
however, have not been strenuously contrasted or
statistically validated regarding their precision and
accuracy in reflecting efficacy of pesticides against whitefly
in cotton fields. Each of these methods offers clear
advantages and disadvantages. Here we present results of
using all of these methods to estimate susceptibility of two
Arizona whitefly populations to three different insecticide
treatments. Based on these contrasts we draw conclusions
regarding the relative reliability, discriminating ability,
convenience, and practicality of these commonly used
methods. We then use the most reliable of the three
methods to correlate bioassay results with field efficacy
trials at two locations in Arizona that are divergent in
susceptibility to Danitol® + Orthene®.

Abstract
Three resistance monitoring methods were tested to
evaluate their relative reliability, discriminating ability,
convenience, and practicality for monitoring insecticide
resistance in Arizona whiteflies. Adult whiteflies were
collected from the field and tested in the laboratory with
three methods: leaf disk, sticky trap, and vial. Each
method was evaluated using a mixture of Danitol® +
Orthene® and two single chemicals, Thiodan® and
Danitol®, against two populations divergent in
susceptibility. The Yuma population was relatively
susceptible and the Gila River Basin population highly
resistant. Correlations of field efficacy and leaf disk
bioassays were conducted with the Yuma population and a
comparatively resistant Maricopa population. At each
location egg, immature, and adult whitefly densities were
monitored before and after Danitol® + Orthene®
treatments and resistance estimates were also monitored in
the populations using leaf disk bioassays.

Materials and Methods
Collection of Whitefly
Statewide monitoring of resistance identified two field
populations, Yuma and Gila River Basin, with widely
differing susceptibilities to the mixture of Danitol® +
Orthene®. Adult whiteflies were vacuum- collected
directly from field foliage at each site using plastic vials
with fitted screen bottoms and a Makita® cordless vacuum
(4071D). The samples were transported in ice chests
directly to the Extension Arthropod Resistance
Management Laboratory (EARML), in Tucson, where they
were released into rearing cages containing young cotton
(Pima S-7) plants. The whitefly were maintained in these
cages until they were placed in bioassays (<7 days).

Our results illustrated that the leaf disk method had the
greatest discriminating ability between susceptible and
resistant populations. The results also indicated that the
vial method was the most practical, and that the sticky trap
method was good at discriminating between populations
which have large differences in susceptibility. The field
efficacy trials indicated results from leaf disk assays
reflected what had occurred in the field.
Introduction

Leaf Disk Method
The leaf disk method (Rowland et al. 1991) used leaf
punches taken from cotton plants 18 to 26 days old. The
leaf disks were dipped for 10 s in formulated insecticide
diluted in water. After drying, the disks were placed
individually on a base of agar (1.6%) in 20ml glass
scintillation vial. Within 2h of dipping, 20-30 adult
whitefly were aspirated into each vial. Assays were then
held in an incubator at 27¡C for 48 h, after which they were
scored using a binocular microscope. Scintillation vials
were tapped on the counter 10 times after which whiteflies
not exhibiting repetitive movement of more than one
appendage were scored as dead. At least five different
concentrations were evaluated of each formulated
insecticide. These treatments were within the following
ranges: 0-10000 µg/ml Danitol® (2.4 EC); 0-32µg/ml
Thiodan® (3 EC); the mixture of and 1000µg/ml Orthene®
(90S) + 0-32µg/ml Danitol® (2.4 EC).

Since 1990, whitefly, Bemisia tabaci (Gennadius), (a.k.a.
Bemisia argentifolii Bellows and Perring) has been a very
serious threat to production of cotton, vegetables, and
melons in Arizona (Byrne et al. 1990). The increased
severity of whitefly in the Southwest has been attributed to
the establishment and subsequent predominance of a
distinctly new form of the pest (Brown et al. 1995). This
new biotype (or species) has proven to be much more
refractory to insecticides than populations were previously.
Statewide monitoring of whitefly resistance has been
conducted by our laboratory since 1994 in cooperation with
the USDA Western Cotton Research Laboratory. These
statewide surveys of resistance have confirmed the
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after treatment. This continued for 14 days at the Yuma
site and 6 days at the Maricopa site. Adult, egg and
immature whitefly densities were estimated for each of the
five replicates of the control and treated plots. Adult
whitefly densities were sampled using the leaf-turn method
(Ellsworth et al. 1994). Eggs and immature densities were
sampled by collecting 15 leaves per plot from the fifth main
stream node of cotton plants located throughout each plot.
The collected leaves were taken to the EARML facility. On
each leaf a 1 cm diameter circle was drawn near the leaf
base, between the main vein and the second lateral vein.
Immature and egg stages within these arenas were counted
using a binocular microscope. Collection of leaves were
made every two days until plots required re-treatment. This
was 14 days at Yuma and 6 days at Maricopa.

Sticky Trap Method
The Sticky Trap method (Prabhaker et al. 1992) uses 3" x
5" plastic yellow cards coated on one side with a very thin
layer of Tanglefoot®. Three ml of formulated insecticide
diluted in water was sprayed over each card using a Potter
Precision Spray Tower. The cards were allowed to dry and
were then passively infested with approximately 50 whitefly
each. Passive infestation comprised using a glass jar, with
a square approximately 3.5 cm on side cut in the jar lid and
a fiber optic light. A sticky card with Tanglefoot®-side
facing inside the jar was positioned on the lid of the
horizontal jar. The light source, placed so that the sticky
card's infesting area was illuminated, attracted whitefly to
the exposed sticky card. Infested cards were then placed on
foam racks in 13 gallon coolers containing at least a 3 cm
depth of water. After 24 hours mortality was assessed with
the aid of a binocular microscope. To do this the sticky
card was tapped on the countertop 10 times after which
individuals not exhibiting repetitive movement of more
then one appendage, when probed with a #5 camel hair
brush, were scored as dead. The concentrations of
formulated insecticide evaluated were in the ranges of: 010000 µg/ml Danitol® (2.4 EC); 0-3200 µg/ml Thiodan®
(3 EC); and 1000 µg/ml Orthene® (90S) + 0-3200 µg/ml
Danitol® (2.4 EC).

Results and Discussion
Contrasts of Methods
Tables 1-3 contrast the results of the leaf disk, sticky trap,
and vial methods estimates of the susceptibility of two
populations to mixtures of Danitol® + Orthene®, Danitol®
alone and Thiodan® alone.
The leaf disk method generally produced the lowest LC50
values, the highest slopes of the response lines and the least
overlap in responses of the Yuma and Gila River Basin
populations. The sticky trap method produced LC50 values
6- to 118-fold higher than the leaf disk method, except for
Danitol® susceptibility of the Gila River Basin population,
in which case the sticky trap method was moderately more
toxic than the leaf disk method (Table 2). The sticky trap
method was less able to discriminate between the two
populations than was the leaf disk method. This is
illustrated in tables 2 and 3, where the 95% FL of LC50 of
the two populations overlap for the sticky trap but not for
the leaf disk method. The sticky trap method discriminated
well between Yuma and Gila River Basin populations
susceptibility to Danitol® + Orthene®, however the slopes
produced were not as high as those produced with the leaf
disk method (Table 1).

Vial Method
The Vial Assay (Cahill and Hackett, 1992) involved
placement of 0.25 ml of technical grade insecticide
dissolved in acetone into 20 ml glass scintillation vials.
Vials were rolled for 10 min. using a conventional hotdog
roller to evenly coat the inner surfaces as the acetone
evaporated. The vials were then placed in a ventilation
hood for 2 h to fully dry. Twenty whitefly were aspirated
into each vial and vials were then placed in an incubator at
27°C. Mortality was assessed after 6 h, using a binocular
microscope. This involved tapping vials on the countertop
ten times. Individuals unable to right themselves were
scored as dead. Concentrations of formulated insecticide
evaluated were in the ranges of: 0-1000 µg/ml Danitol®
(2.4 EC); 0-100 µg/ml Thiodan® (3 EC); and for the
mixture 1000 µg/ml Orthene® (90S) + 0-100 µg/ml
Danitol® (2.4 EC).
Field Evaluations of the Leaf Disk Method
Field trials were conducted at Yuma and Maricopa,
Arizona. At each site, 5 insecticide threshold treatments x
5 replication were arranged in a Latin square design. Each
block was 50 x 12 rows and row spacing was 1 foot.
Buffers of 10 feet width separated replicates at Maricopa.
Only two of the treatments were used for this evaluation:
the unsprayed (control) group and a treatment that
triggered sprays at 10 adult whitefly per leaf. When adult
whitefly reached 10 per leaf, the corresponding blocks were
sprayed using a commercial mixture 0.2 lb. of Danitol® +
0.5 lb. Orthene® per gallon and a volume of 20 gallons of
water per acre. Whiteflies for leaf disk bioassays were
removed from each plot before spraying and every two days
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Field Evaluation of the Leaf Disk Method
Differences in field performance of Danitol® + Orthene®
were reflected nicely in leaf disk bioassay results (Figures
1-8). That is, when the leaf disk assay showed the greatest
susceptibility, field performance was the best, and vice
versa. This indicates that the leaf disk method provides
acceptable precision in reflecting field performance of
Danitol® + Orthene®.
Figure 1 and figure 5 demonstrate the striking differences
between leaf disk resistance estimates at Yuma and at
Maricopa after the three treatments of Danitol® +
Orthene®. At the latter site the population's susceptibility
was reduced greater than hundred-fold. Susceptibility of
the Yuma population was changed little after three
treatments of Danitol® + Orthene®. The densities of eggs,
immatures, and adult whiteflies at both sites reflected the
susceptibility collected from bioassays (figures 2-4 for the
Maricopa site and figures 6-8 for the Yuma site). At
Yuma, the spray application suppressed all stages counted
for greater than two weeks while the control remained
constant or grew in number. The Maricopa populations, on
the other hand, appeared to be almost unaffected the
treatment of Danitol® + Orthene®. This result shows
vividly that the resistance to synergized pyrethroids in
Arizona whiteflies renders them nearly immune to these
insecticides.

The vial method did not discriminate as well between
populations as did the other methods when using Danitol®
+ Orthene® or Orthene® alone. However, the vial method
did produce higher slope values than the sticky trap method
and had no overlap of the 95% FL of LC50 for Thiodan®
alone (Table 3).
Each bioassay method has distinct advantages and
disadvantages. The leaf disk assay had the greatest ability
to discriminate differences in susceptibility of populations,
produced the steepest slopes, and did not require the use of
Tanglefoot®. However, it requires healthy uninfested
cotton plants of correct age. It is expensive, not portable,
and is relatively difficult and time consuming.
The sticky trap assay, on the other hand, is fairly
inexpensive, and portable. It discriminated moderately well
between susceptibility of the Yuma and Gila River Basin
populations. But this method requires the use of
Tanglefoot®, is moderately time consuming (for
construction of assays and their spraying) and requires
considerable space and quantity of pesticide.
The vial assay is the easiest and cheapest method.
Additional advantages include the short duration of the test,
portability and the advantage of not having to use
Tanglefoot®. However, with the pesticides we evaluated,
this method was the least accurate and precise. This
appeared to be related to the highly resistant Arizona
whitefly we evaluated. The vial bioassay estimated
susceptibility of the Yuma population nicely but the high
resistance exhibited by the Gila River Basin population
yielded very low slopes, except with Thiodan® (Table 3).
Stickiness of vials treated with high concentrations of
pyrethroids and pryrethroid mixtures further limited the
utility of this method in Arizona.
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methods. Assistance in the laboratory, greenhouse, and
field was provided by X. Li, M. Wigert, J. Russell, and C.
Wigert.

Conclusion
The three principal methods used for whitefly monitoring
worldwide produced significantly different estimates of
susceptibility and resistance intensity for the three
insecticide treatments evaluated. The leaf disk method
generally produced the lowest LC50 values, the highest
slopes of the response lines and the least overlap in
responses of the Yuma and Gila River Basin populations.
The sticky trap method produced LC50 values 6 to 118-fold
higher than the leaf disk method, except for Danitol®
bioassays of the Gila River Basin population, in which case
the sticky trap method was moderately more toxic than the
leaf disk method. The sticky trap method discriminated
well between populations differing in susceptibility to
Danitol® + Orthene®, but was less effective than the leaf
disk method at discriminating susceptibility to Danitol® or
Thiodan® alone. The vial method was the least effective
at discriminating between the Yuma and Gila River Basin
populations. Additionally, it posed technical problems
stemming from stickiness of Danitol®, especially at the
high concentrations required to kill the Gila River Basin
population. The sticky trap bioassay represented a practical
compromise between difficulty and discriminating ability.
It also offered the advantage of portability.
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