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ABSTRACT

Monitoring for resistance through bioassay: The susceptability of
two field strains of whiteflies Bemisia spp. to representatives of the main
insecticidal groups were compared to study the development of resistance
in Bemisia spp. field populations. The susceptibility tests were done
according to (Prabhaker er al, 1985). The results revealed that, El-
Beheira field strain of Bamisia spp. was more tolerant to the tested
organophosphate and carbamate insecticides than Abees one. The highest
level of resistance was obtained for thiodicarb (R/R = 10.53) followed by
profenofos, methomyl, pyrimiphos-methyl and chlorpyrifos. Concerning
a laboratory-susceptible strain as a reference, the results reveled that
Abees and El-Beheira field strains were tolerant or resistant to most of the
tested imsecticides except for deltamethrin. For the Abees strain the
highest level of resistance was obtained for malathion (R/R = 16.85)
followed by pirimiphos-methyl, profenofos, methomyl and cypermethrin,
while for El-Beheira strain the highest level of resistance was obtained for
profenofos (R/R = 45.17) followed by malathion, pirimiphos-methyl and
methomyl. Moreover, the field strains of Bemisia spp. showed low or no
level of tolerance to the tested synthetic pyrethroids. Generally, El-
Bebeira field strain was more tolerant or resistant to the tested
organophosphates and carbamates compared with Abess field strain or the
laboratory-susceptible one.
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Monitoring for resistance through biochemical techniques:
Biochemical techniques based on qualitative esterases activity were used
for monitoring insecticide resistance, to eStablish the frequency and
resistance levels in Bemisia spp. The non-specific esterases activity using
tile with grooves technique for the two tested strains of Bemisia spp.
showed -that, the percent of resistant individuals (had high level of non-
specific esterases activity) was higher compared with that of Abees one.
This technique is useful in monitoring organophosphate resistance,
acetylecholin-esterase activity was also determined by using tile with
grooves technique. The results reflect that, Fl-Beheira field strain of
Bemisia spp. had also higher percent ofresistant individuals (had high
level of acetylecholinesterase activity) compared with Abees one.

Complementary of bioassay and biochemical assay had important
implementation in monitoring resistance phenomenon, and hence the
postulation of resistance management recorumendations,

INTRODUCTION

Whitefly, Bemisia spp. has become a serious pest of cotton and
vegetable crops in Egypt. Simultaneity of several factors that may be
responsible for increases in whitefly population include a viability of over
wintering hosts, abundance of summer hosts, moderate winter
temperature and rain fali, low population of natural ememies, and the
development of resistance to insecticides as a result of varied selection
pressure on cotton pests to which they are subjected (Prabhaker, et al,
1985). Because of whitefly is an important vector of plant virus besides
damaging plants directly when it present in significant numbers, various
groups of insecticides are therefore widely applied for its control in
glasshouse and outdoors. Extensive use of several classes of insecticides
has occurred for insect control on cotton before and since 1981 build up
Bemisia spp. Populations, and the possible development of resistance
palterns m this insect. However, resistance to numbers of pesticides or
pesticides groups has developed in whiteflies (Prabhaker, er al, 1985,
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Omer et al, 1993, Williams, ef al.. 1998). Development of resistance in
Bemisia spp. highlighted the need for an effective resistance management
strategy. Resistance monitoring techniques play an integral role ia
resistance management programs and if used before pesticide treatment
can avoid ineffective applications (Brent 1986, Roush & Miller 1986,
ffrench-Constant & Roush 1990). The most commonly used resistance
monitoring technique for whitefly is through a leaf dip assay. However,
this technique is time consuming and need large numbers of insects in
one assay. Dittrich and Ernst 1983, Dittrich ef al., 1985, Prabhaker et al,
1988 used bioassay to monitor resistance in whitefly. However, in many
insects a close association has been demonstrated between
organophosphate resistance and esterases (Kasai & Ogita 1965, Needham
& Sawicki 1971, Yasutomi 1971, Beranck 1974, Georghiou & Pasture
1978, Curtis & Pasture 1981, Dittrich et al., 1990, Bloch & Wool 1994).
A simple biochemical technique could be used for monitoring of
resistance in such insects. Moustafa & Abd El-Rahman 1988 used three
biochemical techniques to monitor resistance (especially to
organophosphates) in cotton leafworm Spodoptera littoralis. However
Georghiou & Saito 1983 used a simple biochemical technique to monitor
resistance especially to carbamate. The objective of our work is to use
bioassay and biochemical techniques to monitor for resistance in field
populations of Bemisia spp.

MATERIALS & METHODS

Insects : Two field strains of whitefly Bemisia spp. were collected
from cotton fields. Alexandria strain (Abees) was collected from Abees
Station for Research at Alexandria Governorate. Another field strain El-
Beheira was collected from El-Beheira governorate. Both strains
collected as adult insects. Field populations of whitefly adults were
collected by the aid of suction apparatus, early in the morning according
to (Dittrich et al.,, 1990). After colection, the insects were transferred to
glass jars (one liter), then kept in ice box during transportation to the
laboratory. Before bioassay tests, jars were taken out of the ice box and
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inverted up side down on table, so that the healthy individuals would
move {0 the top due io their negative geotactic and positive phototropic
behavior (El-Helaly er al, 1971). Weak and dead individuals were

discarded

Insecticides Organophosphorus: Chlorpyriphos [ 0,0-diethyk0-
(3,5,6-trichloro-2-pyridinyl) Phosphorothiate], as a formulation of 48%
EC., Chlorphyrifos-methyl [0,0-dimethy!-0-(3,5,6-trichloro-2-pyridinyl)]
phosphorothioate, as a formulation of 60% EC., Malathion. [: 0,0
dimethy}-0«3,5,6-trichloro-2-pyridinyl) ~ phosphborothioate], as a
foromlation of 57% EC, Pirimiphos-methyl [0-2-diethylamino-6-
methylpyrimidin-4-y10,0-dimethy] phosphorothioate], as a formulation of
50% EC, and Profenofos 0-(4-bromo-2-chlorophenyl)-0-ethyl-S-propyl-
phosphorothioate, as aformulation of 72% EC, Carbamates: Methomyl
[methyl N-((methylamino carbonyl) oxy] ethanimidothioate], as a
fornulation of 90% SP., and Thiodicars [dimethyl N-N-[thiobis
(methylimino carbomyloxy)] bis [ethanimidothioate] ,as a formulation of
80% EC Synthetic Pyrethroids; Cypermethrin RS)-(~yano-3-
phenoxybenzyl (1RS, 3RS; IRS, 3SR)-3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropane carboxylate, as a formulatior of 25% EC,
Deitamethrin [IR-[1 ((§*), 3)]] cyano (3-phenoxyphenylymsthyl 3- (2,2-
dibromoethenyl)-2,2-ethylcyclopropane) carboxylate, as = formulation of
2.5% EC and Fenvalerate: (RS)-(-cyano-3-phenoxy benzyl {R8)-2-(4-
chlorophenyl)-3-methylbutyrate. as a formulation of 20% EC. All of the
tested insecticides were local purchased.

Monitoring of resistance th rough bicassay:

The healthy insects were used for the bioassay according to
(Prabhaker er al., 1985). Castor bean leaves were washed, air dried, then
cut into discs about (9 cm in diameter). Insecticide (forrulated) solutions
were prepared into tap water. A series of 6-8 concentrations for each
insecticide were used, each concentration was replicated four tires. Leaf
discs were dipped in the insecticide solution for ten seconds, then air
dried for 30 min. After drying the treated discs were confined to Petri-
dishes (9 cm.) contained a thin layer of 2% agar to keep the discs wetted
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and fresh for 24 hours or more. The insects were carefully immobilized
with carbon dioxide, then placed on Petri-dishes contained the treated
leaves with the aid of black and waxy paper. About 25-40 adults were
used for each replicate. The exact mumber of healthy adulis in each petri-
dish was recorded within 10 min, when they recovered from anesthesia.
The insects were maintained at 27°C, 70-85% RH and photo period 12
hours light during bioassay experiments. Mortality counts were recorded
after 24 hours by the aid of dissecting microscope. A computer program
for probit analysis (Finney 1971) was used to estimate the LCsp and slope
values. Mortality were corrected in relation control using Abbott’s
formula (Abbott 1925).

Monitoring of resistance through biochemical techniques :
Qualitative determination of non-specific esterases activity (Tile

with groove technique). This technique bassed on the qualitative
biochemical determination of non-specific esterases activity. Five mg of
B-naphthyl acetate was dissolved in 2 ml acetone, then 50 ml of 0.02 M
phosphate buffer (pH 7.4) was added. The volume was completed to 100
ml immediately before the determination. An individual of Bemisia spp.
adult was crushed in the tilc groove in 10 pl distilied water. The tiles were
kept in refrigerator at 4-5°C for 30 min. After that 10 pl of B-naphtyl
acetate solution was added to each groove, then incubated for 15 min at
37°C. and 300 pl 0.4% fast blue B salt was dropped on each groove. Ten
ul of 25% trichloroacetic acid were added to stop the reaction A hundred
to three hundred insects were assayed in each determination. The two
field strains of Bemisia spp. were tested at the same time. Individuals
whose reaction colo: is pink considered as resistant, while individuals,
whose reaction color is not apparent, considered susceptible. This
technique is used also to monitor for organophosphate resistance.

Qualitative determination of acetylcholinesterase activity was
determined according to {Georghiou & Saito 1983). Acetyl thiocholine
jodide (ATCHI) 4x10™ M) was used as a substrate. Dithiobisnitrobenzoic
acid (DTNB) 2x107? M) in phosphate buffer 0.02 M (pH 7.0) was used as
a reagent. An indivitual of Bemisia spp. adult was crushed in a tile groove
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in 200 pl buffer, then 100 pl of the resultant insect homogenate was
transferred to each groove, ten plof DTNB and 10 ul of ATChI. Were
added to each groove. The tiles were incubated for 30 min, at 37°C. Afier
that 10 pl of eserin sulfate solution (10° M) was added to stop the
reaction. A hundred to three hundred insecis were assayed in each
determination. The two field strains of Bemisia Spp. were tested at the
same time. Individuals whose reaction color is dark yellow considered as
resistant, while individuals, whose reaction color is pale yellow
considered as susceptible. This technique is used to monitor carbamate
resistance.

RESULTS

Monithring for resistance through bioassay resuls :

The toxicity data of four organophosphates, two carbamates and
three pyrethrois insecticides against Abees and El-Beheira field strains of
Bemisia spp. are presented in Tables (1 & 2). The LCsq with their
confidence limits, slope and R/R values of Abees field strain are shown in
Table (1). The data show that, deltamethrin was the most effective
insecticide against this strain compared with the other tested insecticides,
while fenvalerate was the least toxic one. The efficacy in descending
order concerning the LCs, values of the tested insecticides was
deltamethrin, chlorpyrifos-methyl, cypermethrin, profenofos, thiodicrab,
prrimiphos-methyl, malathion and fenvalerate, The toxicity data for
organophosphates revealed that, chlorpyrifos-methyl was the most toxic
followed by profenofos, pirimiphos-methyl and malathion. For carbamate
insecticides the range of toxicity was very narrow between thiodicarb and
methomyl. While pyrethroids insecticides showed wide range of toxicity.

The LCso s with their confidence limits at 95% level, slope, and
R/R value of El-Beheira field strain are shown in Table (2). The obtained
data show that, deltamethrin was the most toxic insecticide, while
thiodicarb was the least toxic one. The other tested msecticides showed
different toxicity levels. The efficacy in descending order concerning the
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LCso values of the tested insecticides was deltamethrin, cypermethrin,
chlorpyrifos-methyl, fenvalerate, profenofos, malathion, pirimiphos-
methyl, methomyl, and thiodicerb. For organophosphate insecticides
chlorpyrifos-methyl was significantly the most toxic insecticide.
Malathion and profenofos had moderate toxicity, while pirimiphos-
methy]l was the least toxic organophosphate. The toxicity data of
carbamate insecticides revealed that, methomyl was more effective than
thiodicarb. The tested pyrethroid insecticides showed wide range of
toxicity, however, deltamethrin was significantly the most toxic
pyrethroid insecticide, while fenvalerate was significantly the least toxic
one.

The susceptibility data of Abees and El-Beheira field strains of
Bemisia spp. to the tested insecticides are shown in Tables 1 & 2) the
results revealed that, El-Beheira field strain was more tolerant or resistant
than Abees field one (as a reference) to all the tested organophosphate
and carbamate insecticides. The highest level of resistance was obtained
for thiodicarb followed by profenofos, methomyl, pirimiphos-methyl and
chlorpyrifos-methyl. El-Beheira strain was about two times more tolerant
than Abees to malathion. For pyrethroid insecticides El-Beheira strain
showed slight susceptibility than Abees strain for both cypermethrin and
fenvalerate, while the same strain was slightly changed toward tolerance
for deltamethrin compared with Abees strain. Concerning a laboratory-
susceptible strain as a reference one (Sherif 1994). Abees and El-Beheira
field strains showed tolerance or resistance to the most tested insecticides
except deltamethrin. For Abees field strain the highest level of resistance
obtained for malathion followed by pirimiphos-methyl, profenofos,
methomy! and cypermethrin. While, for El-Beheira field strain the highest
resistance level was obtained for profenofos, followed by malathion,
pirimiphos-methyl and methomyl. However, El-Beheira field strain was
more susceptible to cypermethrin and deltamethrin. Generally, El-Beheira
field strain was more tolerant or resistant to organophosphates and
carbamates compared with Abees field strain or the Ilaboratory-
susceptible one.
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Tabie (3): The gualitative activity of nonspecific esterases in Abees
apd ElBeheira field strains of Bemisia spp. (Tile with
gronves technrique) "

| Criteria Reaction group | Y%of

A (RR) B (RS) C (58) susceptibic individu
resistani hetero individuals als

Strain individuals | zygous which

individ had R

uals Gene

Number | % | Number | % | Number | %
LAkbees 0.0 00| 100 | 333 200 66.6 | 3333
El-Beheira | 78 221 222 | 638 48.0 | 138 8621

Table (4): The qualitative activity of acetylcholinesterase in Abees
and El-Beheira field strains of Bemisia spp.

Qitcria Reaction group N
: A* B**
Individuals had high AChE | Individuals had fow AChE
Field;ﬁ\ activity (dark yeilow) activity (vellow)
N Number % Number %
Abees 248 68.84 112 31.16
El-Beheira 300 8571 50.0 14.27

*  Susceptible individuals (SS)
** Resistant individuals (RR + SS)

-10-
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Monitoring for resistance through biochemical technique
results :

Qualitative determination of non specific esterase activity data
are shown in Tables 3 & 4 for Abees and El-Beheira field strains. This
activity was classified into three categories (A, B, C) according to the
degree of reaction taking part between enzyme system and substrates. The
data showed that, the percent of individuals which had reaction group
“A” (RR = resistant) was zero and 78 for Abees and El-Beheira strains,
respectively, While the percent of individuals had reaction group “B” (RS
= heterogencous) was 33.33 and 63.8 for the respective strains. Moreover
the percent of individuals had no reaction (SS = susceptible } was 66.67
and 13.8 for Abees and El-Beheira field strains, respectively. The percent
of individuals which expected to had R gene responsible for resistance in
El-Beheira strain was higher than that in Abees one 86.21 and 33.33,
respectively. The data is in coincidence with the previous finding, that
Abees and El-Beheira field strains were resistant to organophosphates.
The obtained data for the two tested strains support the results of bioassay
confirming the successful ability of uging this technique notonly for
monitor resistance to organaophosphates but also for the pyrethroid
resistance. The technique showed good discrimination between
susceptible and field strains. The level of resistance developed was
coincident with the increase in the individuals which had high level of
esterases.

Qualitative determination of acetylcholinesterase data for Abees
and El-Beheira field strains of Bemisia spp. are presented in Table (4).
The obtained data showed that, the percentages of individuals which had
high level of AChE was higher in El-Beheira strain than in Abees one,
since, the percentage were 85.71 and 68.84, respectively. In other words
~ El-Beheira field strain possessed more AChE compared with Abees one.
Geperally, the result reflects the possibility of using AChE activity
through the qualitative determination technique as an indicator for
monitoring carbamate resistance in the tested insects, since a relation
between the R/R and level of AChE activity was observed.

~11-
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DISCUSSICN

The results revealed that, Fl-Beheira fieid strain of Bemisia Spp.
was more tolerant to the most tested organophosphate and carbamate
insecticides than Abees one. The highest level of resistance was obtained
for thiodicarb followed by profenofos, methomyl, pyrimiphos-methy! and
chlorpyrifos. Concerning a laboratory-susceptible strain as & reference
strain, the results revealed that Abees and El-Beheira field strains of
Bemisia spp. were tolerant or resistant to most of the tested insecticides
except for deltamethrin. For Abees strain, the highest level of resistance
was obtained for malathion followed by pirimiphos-methyl, profenofos,
methomy] and cypermethrin, while for El-Beheira strain, the highest level
of resistance was obtained for profenofos followed by malathion,
pirimiphos-methyl and methomyl. These results are in agreement with
that reported by Prabhaker er al, (1985), (1988), Simmons & Delméhy
(1990), Sanderson & Roush (1992), Cahill et al., (1995), and Prabhaker ef
al., (1998). Moreover, the field strains of Bemisia spp. showed low or no
level of tolerance to synthetic pyrethroids. This finding is in agreement
with that reported by Dittrich & Ernst (1983), Prabhaker et al., (1985) and
Horowitz et al,, (1988). In the meantime a high level of resistance was
observed for malathion, that is in consistent with that reported by El-Hag
& Homn {1983), Prabhaker et al., (1988) and (1989).

Monitoring of resistance through biochemical techniques was
achieved by using tile with grooves one. The data of non-specific
esterases activity using tile technique for the two tested strains of which
Bemisia spp showed that, El-Beheira field strain had high percent of
resistant individuals compared with that for Abees field strain. The results
confirmed the data of monitoring resistance through bioassay, in which
El-Beheira field strain of Bemisia spp. was resistant to organophosphates..
In the meantime these strains had high number of individuals with high
activity of non-specific esterases. This finding is in agreement with that
reported by Georgiou & Saito (1983) in which this technique could be -
used for monitoring resistance to organophosphates.
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The resulis of acetylcholinesterase qualitative activity (using tile
with grooves technique) showed that, El-Beheira field strain of Bemisia
spp. had high percent of resistant individuals which had high level of
AChE activity compared with Abees one. These results again confirmed
the data of monitoring resistance through bioassay technique in which Ei-
Beheira field strain so the tested insect had high level of resistance to
carbamate insecticides. In the meantime these strains had high activity
level of AChHE. This finding is in agreememt with that reported by
Geourghiou & Saito (1983) in which this technique could be used for
monitoring carbamate resistance.

It could be concluded that, there is no one monitoring technique
that can cover all the needed informations about resistance. But it is
necessary to complimentary between bioassay and biochemical
techniques. This is useful for development and implementation of
effective and accurate resistance monitoring system and potentially
provides a novel meanes for pest control and management of resistance.
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