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Abstract Bioassayswere tested for their suitabil-
ity to determine the resistance of western flower
thrips (Frankliniella occidentalis) and greenhouse
whitefly (Trialeurodes vaporariorum) to insecti-
cides. Adult femal e greenhouse and lupin strains of
western flower thripswere exposed to bean leaf discs
treated with insecticide solutions for 24 h at 25°C.
The susceptibility of greenhouse strain western
flower thrips was further assessed following expo-
sure for 48 h at 25°C to treated bean leaf discs and
plastic Petri dishes, theinside surfaces of which had
been sprayed with insecticide. The susceptibility of
adult greenhouse whitefly was compared when ex-
posed to leaf discs sprayed with insecticide, |eaf
discsdipped ininsecticide solutions, and insecticide-
sprayed Petri dishes. Whitefly mortality onleaf discs
was assessed after 48 h at 25°C and in plastic dishes
after 24 h at 15°C in the dark. A further series of
bioassays compared the effect of insecticide on
whitefly nymphs after 7 days at 25°C when exposed
to various orientations of buprofezin-sprayed |eaf
discs, and whole leaves dipped into buprofezin so-
lutions. Thelupin strain of western flower thripswas
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more susceptible than the greenhouse strain to
fipronol, maldison, methiocarb, and methamidophos
with resistance factors of 14, 19, 26, and 45, respec-
tively. The greenhouse strain of western flower
thrips was more susceptible to dichlorvos, lambda-
cyfluthrin, maldison, and methamidophosin the Petri
dish bioassay than in the leaf disc bioassay, but the
thrips were less susceptible to maldison in 1996
bioassays than in 1993 and 1999. Adult greenhouse
whitefly were similarly susceptibleto endosulfanin
the three bioassays, but were more susceptible to
methomy! in the Petri dish teststhan in the two | eaf
disc bioassays. Dipped leaf discs gave lower LCgs
of whitefly nymphs than other bioassays, but there
was high variation between runs. The Petri dish
bioassay was successfully adapted for adult western
flower thrips and greenhouse whitefly, but itsuseis
limited by the mode of action of different insecti-
cides, and it is not suitable for insecticides that only
affect juvenile whitefly.
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INTRODUCTION

In New Zealand, western flower thrips (Frankliniella
occidentalis (Pergande) (Thysanoptera: Thripidae))
and greenhouse whitefly (Trialeurodes vapora-
riorum (Westwood) (Hemiptera: Aleyrodidag)) are
pests of many vegetable and ornamental crops, par-
ticularly when grown in greenhouses. Overseas, both
pests are known to be resistant to many insecticides
(e.g., Broadbent & Pree 1997; Kontsedalov et al.
1998; Rufingier et al. 1999; Jensen 2000; Herron &
Gullick 2001; Gorman et al. 2002). In New Zealand,
western flower thrips from greenhouses are resist-
ant to several insecticides compared with the outdoor
lupin strain (Martin & Workman 1994), whereas
resistance to buprofezin has been demonstrated in
greenhouse whitefly (Martin & Workman 1995).
Thefailure of aninsecticide application to control a
pest may be because of factors other than resistance
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toinsecticide. However, it can be difficult for grow-
ersor their advisors to distinguish between, for ex-
ample, poor application technique and resistance and
then to make appropriate decisions. The bioassays
used to determine pesticide resistance in these pests
in New Zealand have involved rearing colonies of
the insects and test plants. They are time-consum-
ing and expensive. Ideally, asimpletest isrequired
that can be used by a grower or advisor and givesa
result within a day. Several such tests have been
proposed for small invertebrates based on treating
an inert surface with insecticide, e.g., glass vials
(Cahill & Hackett 1992; Broadbent & Pree 1997),
yellow sticky traps (Sanderson & Roush 1992), and
plastic Petri dishes (Kabir et al. 1991). The simplest
of these methods is the plastic Petri dish technique,
which was developed for mites and offered the pros-
pect of being ableto prepare dishesin advance with
adiagnostic dose of insecticide so people could test
the insects on their property.

This paper reports on research to determine the
suitability of the plastic Petri dish technique for
western flower thrips and greenhouse whitefly. The
paper also reports on the concentration/mortality
response of the greenhouse strain and lupin strains
of western flower thrips, and efforts to determine a
diagnostic dose for buprofezin and greenhouse
whitefly nymphs.

MATERIALS AND METHODS

Six experiments were carried out, two with western
flower thrips, and four with greenhouse whitefly,
using variousinsecticides (Table 1). Voucher speci-
mens of each insect population were deposited in the

Table 1

New Zealand Arthropod Collection, Landcare Re-
search, Auckland. In al of the experiments, seria
dilutions of the insecticides were made from com-
mercial formulations. The aim was to have two to
three dilutions on either side of the expected L Cx,.
Between 5 and 7 and dilutionswere used per run (one
insecticide treatment for a bioassay on 1 day). The
maximum concentration varied between runs and
between experimental treatments. Water was in-
cluded as an untreated control in al runs of each
experiment for each treatment. For each insecticide
used, runs of each experimental treatment (asingle
bioassay comparing two strains of an insect, or one
insect strain and comparing two bioassay proce-
dures) were generally conducted at over aperiod of
4-8 weeks. However, runs for the different insecti-
cides used in a bioassay were carried out at differ-
ent times. All experiments were conducted between
January 1996 and February 1999. Unless otherwise
stated, all Petri dishes used in the bioassays were
small plastic dishes (35 mm internal diam. and
10 mm high).

Western flower thrips

Two strains of western flower thrips were used in
two experiments. The greenhouse strain, derived
from an Auckland greenhouse capsicum crop, was
reared on flowers of potted chrysanthemum ‘ Charm’
incageskept at 25°C and 16:8 hlight (L) : dark (D).
The lupin strain was collected from tree lupin
(Lupinus arboeus Sims) Piha, West Auckland. Adult
female thrips were used in al bioassays.

Experiment A: comparison between strains

Female thrips of both strains were exposed for 24 h
to pesticide residues on bean leaf-discs in sealed

Insecticides used in bioassays to determine concentration-mortality responses of western flower thrips

(Frankliniella occidentalis) and greenhouse whitefly (Trialeurodes vaporariorum).

Pesticide Recommended concentration
gai. product/
Common name Product llitre 100 litres Experiment
Thrips
Dichlorvos Nuvan 1 100 ml B
Fipronil Regent 0.04 25 ml A
Lambda-cyhalothrin Karate 0.01 20 ml B
Maldison Malathion 1 200 ml A,B
M ethamidophos Tamaron 0.9 150 ml A,B
Methiocarb Mesurol 0.75 100 g A
Whitefly
Buprofezin Applaud 25 W 0.125 509 D,EF
Endosulfan Endosulfan 35 EC 0.71 200 ml C
Methomyl Lannate L 0.24 120 ml C
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containers before mortality was assessed (Martin &
Workman 1994). Four insecticides were each tested
against both strains, with five (or six) dilutions of
insecticide tested pluswater controls. Between 2 and
5runswere used for each strain and insecticide, with
either 5 or 10 Petri dishes containing leaf discsused
for each concentration for each strain within arun.

The pesticides were applied to both sides of the
bean leaf discs (25 mm diam.) in a Potter’s tower
with 2 ml of solution at 69 Pafor 7 s. The surfaces
of theleaf discswere allowed to dry and then placed
individually onfilter paper inthelids of Petri dishes.
Each dish with aleaf disc wasinserted into aplastic
bag with flowers, and female thrips were tapped in
until between 2 and 35 thrips (target 10) were present
in each dish. Thelid was closed and the dish sealed
with Parafilm and held at 25°C. Numbers of liveand
dead thrips in each dish were recorded after 48 h.
Mortality was assessed as no movement when gen-
tly touched.

Experiment B: comparison between bioassays

Four pesticides were used in a comparison of
bioassays using leaf discsin Petri dishes (asin ex-
periment A), and sprayed Petri dishes (Kabir et al.
1993). For the sprayed dishes, Petri disheswith tight-
fitting lids (50 mm diam. and 9 mm high) were used.
Theinternal surfaces of lids and baseswere sprayed
with insecticide solution using a Potter’ stower asfor
leaf discs above. After drying, asmall plug of 1.5%
w/v agar was placed in the base of each dish to
maintain sufficient humidity. Thrips were added to
the dishes as above, giving up to 26 thripsin each
dish. The lids were sealed and mortality assessed
after 24 h. Only the greenhouse strain was used for
these bioassays.

High concentrations of the product containing one
insecticide, lamda-cyfhalothrin, were difficult to
spray though the Potter’s tower so for this insecti-
cide all the leaf discs were dipped in insecticide
solutions for 5 s and dried.

Each of the four insecticides was used with both
bioassays, with 3 or 4 runs used for each. In arun
there were either 5 or 10 dishes per concentration.

Whitefly

Greenhouse whitefly were reared on tobacco at
Mount Albert Research Centre, Auckland, and had
only been exposed to dichlorvos and diazinon dur-
ing the previous 10 years. For the first experiment
(experiment C), adult whitefly were narcotised with
carbon dioxide and transferred using abrush to each
dish. For the three nymph experiments (experiments
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D, E, F), adult whitefly were allowed to lay eggsfor
24 h on the primary leaves of dwarf beans (Phase-
olus vulgaris ‘Topcrop’). Adults were removed by
blowing with hot air. The plantswerekept inagreen-
house until first instar nymphs emerged.

Experiment C: comparison between bioassays

Two insecticides were used in acomparison of three
bioassays using adult whitefly. The Petri dish test,
asin experiment B, was compared with sprayed | eaf
discs, asin experiment A, with leaf discs dipped in
insecticide solution.

The sprayed Petri disheswere kept for 24 hinthe
dark at 15°C after sealing. For the other two
bioassays, bean leaf discswere either sprayed on one
sidewith aPotter’ stower (asin experiment A above)
or dipped in insecticide solutions for 5 s. After dry-
ing, the leaf discs were placed on athin layer of 1%
agar in small Petri dishes. Adult whitefly were added
to each dish (target number 5, actual varied from 1
to 7). The disheswere sealed with Parafilm and kept
at 25°Cfor 48 h. Mortality was assessed asfor thrips.

Both insecticides were used in each of the
bioassays, with 3-6 runsused for each. Inarun there
were five dishes per concentration.

Experiment D: nymphs,
comparison of sprayed and dipped leaf discs
Two hioassays using whitefly nymphs with one in-
secticide (buprofezin) were compared. Bean |eaf
discs (25 mm diam.) with first instar nymphs were
either dipped in insecticide solution for 5 s or the
discs, with the normal underside facing upwards,
were sprayed under a Potter’ stower. Dry leaf discs
were placed with the upper surface on agar in Petri
dishes and closed with alid lined with filter paper
to absorb the excreted liquid. The dish was placed
upside down in a cabinet at 25°C, 16:8 L:D
photophase. The number of nymphs at each instar
were recorded after 7 days. Nymphs that were still
at instars 1 and 2 were classified as dead, whereas
nymphs at instars 3 and 4 were classified as live.
Nymph numbers ranged from 3 to 94 per dish.
Five runs of the three bioassays were carried out,
with five dishes per concentration in each run for
each bioassay.

Experiment E: nymphs,

comparison of dipped leaf discs and whole leaves
Two bioassays using whitefly nymphs with onein-
secticide were compared. Dipped leaf discs were
compared with whole dipped leaves. Dipped discs
were prepared as above (experiment D). Detached
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whole bean leaves with first instar nymphs were
dipped in insecticide solutions for 5 s and allowed
to dry. The petiole of each leaf was placed in avia
of water and kept in a cabinet at 25°C, 16:8 L:D
photophase for 7 days when the number of nymphs
at each instar were recorded. Nymphsthat were still
at instars 1 and 2 were classified as dead whereas
nymphs at instars 3 and 4 were classified as live.
Numbers ranged from 1 to 322 per dish or leaf.
Three runs of the leaf disc assay, and four of the
intact leaf bioassay were carried out, with 10 dishes
per concentration in each run for each bioassay.

Experiment F: nymph bioassays,

leaf disc drying times and whole leaves

Five bioassays using whitefly nymphs with one in-
secticide were compared. Whole dipped |eaveswere
compared with dipped leaf discsthat were dried for
four different times. Whole leaves and discs were
prepared as above (experiments D and E). For discs,
the Petri disheswere sealed when the leaf discswere
wet, just dry, dried for 2 or 4 h. In thisbioassay, only
onerun per bioassay was carried out, with five dishes
per concentration for each bioassay. After 7 days, the
number of nymphs at each instar were recorded.
Nymphs that were still at instars 1 and 2 were clas-
sified as dead whereas nymphs at instars 3 and 4
were classified as live. Numbers ranged from 1 to
119 per dish or leaf.

Statistical analysis

For each experiment, data for each insecticide were
analysed separately, with all bioassays and runs for
an insecticide analysed together. Thus, therewasno
direct comparison between the insecticides used
within each experiment. Data for each individual
dish/leaf disc were used for al the analyses.

Insecticide concentration-response curves were
fitted to the proportion of insects that died, taking
into account the binomial nature of the data
(McCullagh & Nelder 1989, chapter 4). A logistic-
concentration-response curve of log(concentration)
was used:

100-P
—b
14 Conc.
LCg
where b is related to the steepness of the curve at a
concentration of LCsg, Pisthe natural % mortality
(at Concentration = 0), and LCg is the concentra-

tionthat killshalf of the remaining (100-P)% insects.
Curves were fitted using the non-linear generalised

%Dead = P+
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model fitting facilities in GenStat, including those
implemented inthe PROBITANALY SIS command,
which allow simultaneous estimation of all param-
eters (including P). The concentration killing 90%
of the insects, including those that died naturally
(Dgo) Was estimated from these fitted parameters.
Testing for significant differencesin the LCg, b Or
P parameters between treatments or runswas carried
out using parallel regression analysis (Ross 1984) .

In addition to examining the data through curve-
fitting, two binomial generalised linear modelswith
alogit link (McCullagh & Nelder 1989) were used,
one fitting to the means for each concentration for
each treatment, and onefitting to the meansfor each
concentration of each treatment within each run.
Using analysis of deviance (McCullagh & Nelder
1989), a comparison of the fit of these two models
allowed an assessment of whether the variation be-
tween runs was greater than that within runs for
dishes treated similarly. A comparison of the fit of
the concentration-response curve to the fit of the
treatment mean model similarly allowed an assess-
ment of lack of fit of the curve to the treatment
means. For al of the bioassays, the run-to-run vari-
ability (i.e., between run mean deviance) was found
to besignificantly larger than that within runs. Thus,
all the standard errors presented here, and tests for
differences between bioassays in parameters of the
concentration-response curves, were based on the
run-to-run variability.

For some of the assays, a few extreme outliers
were identified and excluded from the final analy-
Sis.

All analyses were carried out using Genstat 5
release 4.1 (Genstat 5 Committee 1997).

RESULTS

Control mortality P did not vary significantly (P >
0.05) between bioassays for any of the insecticides
in any of the experiments. For most of the experi-
ments, there were significant differences between
concentration-mortality curves fitted separately to
each run of abioassay or insecticide, indicating sub-
stantial heterogeneity of the response. Thisis re-
flected in the standard errors of the fitted parameters
of the curves presented here. Unless otherwise stated,
therewasno significant (P > 0.05) lack of fit between
single curves (averaged over runs) fitted for each
insecticide for each bioassay, and the meansfor each
concentration averaging across runs, indicating that
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the fitted curves presented give agood summary of
the general responses found. However, because of
the large differences between runs, these single
curves are not necessarily useful in predicting re-
sponses in future experiments.

Western flower thrips experiments
Experiment A: comparison between strains

The lupin strain was more susceptible to the four
insecticides than the greenhouse strain by 14-45
times (Table 2). The concentration-mortality curves
for the insecticides, except fipronil, had similar
slopes (b) for both strains, indicating that the main
difference between the strains can be summarised as
asideways shift of the concentration response curve
when plotted against log of concentration. Thus, the
concentrations estimated to kill 90% of insects (Dqp)
were also substantially larger for the greenhouse
strain than for the lupin strain.
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Experiment B: comparison between bioassays

The greenhouse strain of western flower thrips was
more susceptible (P < 0.05) to eachinsecticidein the
Petri dish bioassay than in the leaf disc bioassay
(Table 3). For one of the insecticides (dichlorvos)
therewasasignificant (P < 0.05) lack-of-fit between
the concentration-response curves and the means,
indicating that the data did not follow a sigmoidal
response. This means that the estimate of the con-
centrationsrequired for the higher kill level (Dgg) are
less well estimated.

Based on the LCsx, the insecticides were 3.5x
(dichlorvos) to nearly 150x (maldison) more toxic
when used in sprayed Petri dishes than when using
leaf discs. Even for 90% kill (Do), all of the insec-
ticides were substantially more toxic when sprayed
on dishes rather than on leaves.

In these bioassays the greenhouse strain of west-
ern flower thrips was less susceptible to maldison

Table2 Estimated and derived parametersfor concentration-response curvesfor experiment A, comparing bioassays
on two strains of thrips (Frankliniella occidentalis) for four insecticides (standard errors for parameters are in
parentheses). (RF, aresistance factor calculated as the L Cg of the greenhouse strain divided by the LCg of the lupin
strain; d.f., degrees of freedom associated with the standard errors; n, total number of insects used over al runs and

concentrations.)

LCso P Dgo
Insecticide Thrips strain n (g/litre) b (% mortality)  (g/litre) RF
Fipronil Greenhouse 2202 1.657(0.115) 1.65(0.141) 3.37(1.63) 6.127 14
(d.f. =56) Lupin 1827 0.115(0.011) 1.31(0.130) 5.21(2.16) 0.591
Maldison Greenhouse 624 0.397 (0.075)  2.06 (0.547) 1.12 (3.59) 1.147 19
(d.f.=34) Lupin 2638 0.021 (0.002) 2.530.402) 8.40 (4.07) 0.048
Methiocarb Greenhouse 2272 1.154(0.188)  1.57 (0.300) 5.15 (3.98) 4.525 26
(d.f.=39) Lupin 2950 0.044 (0.007)  1.84(0.430) 12.82 (4.09) 0.134
Methamidophos ~ Greenhouse 858 0.226 (0.052)  1.50(0.383) 5.42 (5.03) 0.941 45
(d.f.=12) Lupin 860 0.005(0.001) 1.73(0.612) 14.25 (5.97) 0.016

Table 3 Estimated and derived parameters for concentration-response curves for experiment B, comparing two
bioassays of thrips (Frankliniella occidentalis) for four insecticides (standard errorsfor parametersarein parentheses).
(d.f., degrees of freedom associated with the standard errors; n, total number of insects used over al runs and

concentrations.)

LCsp P Dgo
Insecticide Bioassay n (g/litre) b (% mortality)  (g/litre)
Dichlorvos Petri dish 1193 0.543(0.023)  4.35(0.613) 6.94 (2.97) 0.884
(d.f. =39) Leaf disc 1106 1.883(0.196)  1.94(0.280) 9.14 (3.09) 5.54
Lambda-cyhalothrin Petri dish 1170 0.144 (0.006)  4.05 (0.559) 6.43 (3.22) 0.243
(d.f. =25) Leaf disc 865 1.438(0.208)  1.28(0.223) 4.52 (3.39) 7.73
Maldison Petri dish 1239 0.009 (0.001) 0.866(0.175)  2.74(3.31) 0.171
(d.f. =56) Leaf disc 1588 1.338(0.232)  1.31(0.219) 2.06 (3.06) 7.02
Methamidophos Petri dish 1204 0.057 (0.002)  5.35(1.055) 4.56 (3.39) 0.085
(d.f.=42) Leaf disc 1276 0.461 (0.053)  2.43(0.545) 8.59 (2.88) 1.10
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and methamidophos than in the same leaf disc
bioassay used when comparing thrips strains (experi-
ment A) (Table 2). This probably reflects the large
variation found between runs of the same bioassay.
Maldison was 3 times astoxic in experiment A than
in experiment B, and methamidophos was twice as
effective.

Greenhouse whitefly experiments
Experiment C: comparison between bioassays

There was no significant difference between
bioassays in the susceptibility of adult whitefly to
endosulfan, but greenhouse whitefly were substan-
tially more susceptible (P < 0.05) in the Petri dish
bioassay to methomyl than in the two assays using
leaf discs (Table 4). For this insecticide, the slope
(b) wassimilar for both bioassays, indicating that the
difference between the assays primarily represented
ahorizontal shift in the response curve, asin experi-
ment A. However, there was some lack of fit (P >
0.05) between the fitted curves and the means,
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indicating that the curve did not compl etely describe
the concentration responses observed for methomyl.

Experments D, E, F: nymph bioassays

The LCsy for the dipped leaf disc was lower
(P <0.05) than for the sprayed | eaf disc (experiment
D) and the dipped leaf (experiment E) (Table5). The
amount of drying of the leaf discs before sealing the
dish with adult whitefly did not significantly affect
the mortality of the whitefly (experiment F).

DISCUSSION

The bioassay based on the Petri dish with insecticide
residues sprayed from a Potter’ s tower (Kabir et al.
1993) was successfully adapted for use with adult
western flower thrips and adult greenhouse whitefly.
A moisture source, asmall plug of agar, was essen-
tial for survival of the control insects. Good survival
of adult whitefly also required the dishesto be held

Table 4 Estimated and derived parameters for concentration-response curves for experiment C, comparing three
bioassays of adult whitefly (Trialeurodes vaporariorum) for two insecticides (standard errors for parameters are in
parentheses). (d.f., degrees of freedom associated with the standard errors; n, total number of insects used over all runs

and concentrations.)

LCso P Dgo
Insecticide Bioassay n (g/litre) b (% mortality) (g/litre)
Endosulfan Petri dish 529 16.5 (5.16) 0.693(0.111) 1.75(2.81) 382
(d.f.=56) Sprayed leaf disc 678 26.2 (7.55) 1.012 (4.198) 11.23 (4.60) 201
Dipped leaf disc 676 11.1 (2.76) 1.015(0.167)  4.58 (3.58) 92
Methomy! Petri dish 400 0.011 (0.000) 4.27(0402) 1.71(1.62) 0.018
(d.f.=56) Sprayed leaf disc 807 0.534 (0.030) 2.29(0.189) 5.74(1.70) 1.335
Dipped leaf disc 803 0.427 (0.026) 215(0.185)  7.75(1.71) 1.140

Table5 Estimated and derived parametersfor concentration-response curvesfor experiments D, E, and F, comparing
bioassays of whitefly (Trialeurodes vaporariorum), using buprofezin (standard errorsfor parametersarein parentheses).
(d.f., degrees of freedom associated with the standard errors; n, total number of insects used over al runs and

concentrations.)

LCs P Dgo
Insecticide Bioassay n (g/litre) b (% mortality) (g/litre)
Experiment D Sprayed leaf disc 5809 1.440 (0.121) 213(0.252)  0.69 (1.12) 4.03
(d.f. = 46) Dipped leaf disc 7053 0.324 (0.029) 156 (0.177)  2.01(1.74) 1.30
Experiment E  Dipped leaf disc 15399 0.311 (0.053) 1.79(0.358)  4.47 (3.90) 1.03
(d.f. = 30) Dipped |eaf 13476 0.604 (0.089) 1.70(0.331) 3.63(352) 2.15
Experiment F Wet leaf disc 823 0.234 (0.014) 6.10(0.994) 552 (2.75) 0.332
(d.f. = 149) Just dry leaf disc 463 0.195 (0.028) 2.78(0.725) 11.44(4.38) 0.409
2hdrying leaf disc 870 0.251 (0.014) 471(0.630) 6.13(2.45) 0.394
4hdrying leaf disc 773 0.238 (0.024) 3.08(0.523)  7.04(3.06) 0.473
Dipped leaf, dry 2676 0.413 (0.024) 1.88(0.133) 554 (1.57) 1.284
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at alower temperature (15°C) and in the dark. The
technique, however, is limited to insecticides that
will kill the insects through contact or fumigant ac-
tion and is probably dependent upon the interaction
between the chemicals and the plastic of the dish.
(Kabir et al. 1993) found that the precision of the
Petri dish test varied compared with other bioassay
methods, depending on the specific active ingredi-
ent and the formulation of the activeingredient used.
Western flower thrips and greenhouse whitefly
tended to be more susceptible to some insecticides
when sprayed on to Petri dishes (Tables 3 and 4), but
there was unacceptable variability between runs of
each bioassay that madeit difficult to defineadiag-
nostic dose and makes the test unsuitable for one-
off rapid insecticide resistance testing. We were not
able to identify the source of this variability. The
glass vial test appears to offer greater consistency
(Broadbent & Pree 1997), but requires specialised
equipment for rotating and drying the treated vials.

For western flower thrips, a comparison of the
sprayed leaf disc data for maldison and methami-
dophos in Tables 2 and 3 and for maldison,
methamidophos, and methiocarb in this paper and
Martin & Workman (1994) showsthat the suscepti-
bility to each insecticide was similar for the lupin
strain and greenhouse strain of western flower thrips.
However, greenhouse strain western flower thrips
appeared to be less susceptible to maldison when
tested in 1996 (Table 3) than in 1993 (Martin &
Workman 1994) and 1999 (Table 2), giving aresist-
ance factor of 64 compared to 19.

For greenhouse whitefly nymphs, a comparison
of sprayed leaf disc datashowed that whitefly inthe
tests reported in this paper were less susceptible to
buprofezin (LCsy 1.44 mg/litre, Table 5) than sug-
gested in earlier estimates (Martin & Workman
1995) (L Cg 0.135 mg/litre). Thesedifferencescould
be because of the variability experienced between
runs of experiments. High variability was also ex-
perienced in experiments using detached leaves (Ta
ble5). Survival of whitefly nymphsisinfluenced by
leaf quality and the use of |eaves attached to plants
(Cahill et a. 1996b) appears to be a better option,
though this requires either controlled environment
rooms with high quality lighting or an adequately
cooled greenhouse.

For insecticidesthat only kill whitefly nymphsor
where systemic activity is important, bioassays in-
volving leaf discs, detached leaves, or attached
leaves are essential (Martin & Workman 1995;
Cahill et al. 1996a,b). Buprofezin kills juvenile
whitefly when they moult. Although leaf discs can
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be used to compare the susceptibility of whitefly
strains to the chemical (Martin & Workman 1995),
the use of detached leaves appeared promising
(Cahill pers. comm.), but attached leaves are best
(Cahill et a. 1996b). Detached bean leaves do not
require as much space in controlled environment
facilities as pots of bean seedlings and thus were
chosen for our research. In our experiments, dipped
leaf discsgavethelowest L Csgs, evenlower than the
dipped leaves (Table 5). This did not seem related
to the dryness of the leaf discs when the Petri dish
was closed (Table5), but may be associated with the
vapour action of buprofezin or the poorer quality of
the leaves within the dish compared to the detached
leaves. Use of leaves attached to seedlings in well
ventilated chambers should prevent these problems.

For insects known to be prone to developing re-
sistanceto insecticides, it would be desirable to have
asuite of diagnostic bioassays to test suspect insect
populations for resistance to insecticides. The com-
parison of the concentration-response of western
flower thripsto four insecticides (Table 2) confirms
earlier findings (Martin & Workman 1994) that the
greenhouse strain is less susceptible to maldison,
methamidophos, and methiocarb than the lupin strain
with resistance factors of 19, 45, and 26, respec-
tively. However, al three products provide field
control of western flower thrips. More recently, the
discovery of onion thrips, Thrips tabaci Lindeman,
in onion crops that were resistant to insecticides
(Martin et al. 2003) stimulated research into base-
line data for new insecticides registered for onion
crops. However, these baseline bioassays arelargely
dependent on the input of the companies marketing
theinsecticides, or the cropping industries. The test-
ing of populations of insects for resistance is likely
only when control of the pest has become very dif-
ficult and companies marketing the products or
groups of growers using the insecticides pay for the
tests.
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