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Abstract
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The biological efficacy of some biorational and conventional insecticides against different stages of Colorado
potato beetle, Leptinotarsa decemlineata (Say) (Coleoptera: Chrysomelidae) was evaluated under laboratory and
semi-field conditions. Seven different commercial products were tested, including the biorational insecticides:
Spinosad, Mectin, Fitoverm, Match, Neemix in addition to two conventional insecticides: Actara and Actellic.
Data indicated that all tested insecticides showed low toxic effects to L. decemlineata eggs, but most hatching
neonates died shortly after hatching. All tested insecticides at their field rates showed high toxicity to larvae of
L. decemlineata. The highest mortality was obtained in earlier instars, as compared to older ones, and mortality
increased with the time of exposure. Moreover, the lower concentrations (up to 25% of the field rate) of Actara,
Mectin, Spinosad, and Fitoverm showed high efficacy against L. decemlineata third instar larvae. Also, Actara
caused the highest mortality in L. decemlineata adults, followed by Spinosad, Mectin, and Fitoverm as compared
to Actellic, Match, and Neemix. In pupal bioassay, Fitoverm caused the greatest reduction in L. decemlineata
adult emergence followed by Mectin, Actara, Actellic and Spinosad. In translocation bioassays, Actara caused
the highest mortality in L. decemlineata 3" instar larvae or adults followed by Spinosad and Mectin. The re-
sidual activity of tested insecticides against third instar larvae was also evaluated. Actara, Spinosad, and Mectin
were more persistent under field conditions, consequently the mortality rates after 30 days of application were
46.67%, 44.44%, and 35.56%, respectively.

Keywords: Leptinotarsa decemlineata; biorational and conventional insecticides; survival; mortality; transloca-
tion, residual effect

Potato, Solanum tuberosum L., is the world’s most
widely grown tuber crop, and the fourth largest
food crop in terms of fresh production after rice,
wheat, and maize (RuTz & JANSSEN 2007), with an
estimated cultivated area of 19.33 million hectares.

average worldwide losses in potato yields due to
agricultural pests were estimated at 39% (OERKE
& DEHNE 2004). In Russia, for instance, as much as
4 million tons of potatoes are lost annually because
of the infestation with Colorado beetle, late blight

It accounts for more than 2.85 million hectares of
Russian farmland (FAOSTAT 2008), producing
about 36 784 200 tons. This crop is subjected to
severe attacks with scores of insect and patho-
gen pests which affect its production. The actual

and plant viruses (Potato World 2008).

The Colorado potato beetle (CPB), Leptinotarsa
decemlineata (Say) (Coleoptera: Chrysomelidae),
is the main limiting factor for the production of
potatoes. It is a major insect pest attacking potato
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in many potato-producing regions worldwide
(HARE 1990). It is widely accepted that potato is
the preferred host plant of the CPB. In addition
to potato, it devastates, by its voracious feeding,
other solanaceous crops such as eggplant, tomato,
pepper, and tobacco (RADCLIFFE 1982; HARE 1990;
METCALF & METCALF 1993; PHYLLIS 2004). L. de-
cemlineata can completely defoliate plants prior
to tuber formation if not adequately controlled
(KoOPMANSCHAP et al. 1989; ZEHNDER & EVANYLO
1989; NAULT & KENNEDY 1998; KARIMZADEH et
al. 2007), and may reduce tuber yields by as much
as 50% (HARE 1980). Moreover, this pest is widely
considered as a quarantine pest in most countries
of the world including Egypt (EPPO 2006).

Until recently, there has been no efficient bio-
control agent for the CPB. The control of this pest
has relied over the last 50 years on the use of most
major classes of insecticides (Lira 2008). Shortly
after insecticide application, the CPB acquires
resistance to such used insecticides (DICKENS
2002). Biological control would be the concerted
use as a major component of integrated pest man-
agement for the control of CPB. Natural enemies
of CPB include a variety of predatory insects,
parasitoids and microbial control agents (LACEY
et al. 1999).

Fortunately, biological control using biorational
insecticides has become the most efficient means
in potato pest management programs because their
use reduce pollution and delay the development of
resistance to other classical insecticides (BARCIC et
al. 2006). Several biopesticide products based on
the bacterium Bacillus thuringiensis (Bt) and on
the fungal agent Beauveria bassiana have received
considerable attention as a potential biological
control agent over the last three decades against
CPB (LACEY et al. 1999). Nevertheless, Bt-based
bioinsecticides are generally efficient if applica-
tions are timed to coincide with peak egg hatch
or when early larval instars of CPB predominate.
Humidity, temperature and solar radiation affect
the activity of microbial agents (KALUSHKOV &
BaTcHvARrROVA 2005). Moreover, foliar applica-
tions of Beauvaria bassiana have not provided the
commercially acceptable control of Leptinotarsa
decemlineata (WRAIGHT & Ramos 2002).

Currently, the group of new biorational in-
secticides suitable for the CPB control in IPM
programmes is represented by different active
ingredients: Spinosad is a biopesticide that is
produced through the fermentation of the soil
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actinomycete Saccharopolyspora spinosa Mertz
and Yao (THOMPSON & HUTCHINS 1999), its ac-
tive ingredient consists of a mixture of spinosyn A
and spinosyn D (SALGaDpo 1998). This product
is benign towards biological control agents, hu-
mans and environment. It can be used in IPM
programmes particularly in situations, such as in
many edible crops. Mectin is widely used against
the CPB. It is a mixture of avermectins, contain-
ing 80% avermectin Bla and 20% avermectin B1b,
and Fitoverm, the product containing the active
ingredient avermectin C. Mectin and Fitoverm
are natural fermentative products of the soil mi-
croorganism Streptomyces avermitilis. Its novel
chemistry, unique mechanism of toxicity, and broad
spectrum of insecticidal activity make abamectin
a suitable choice for this purpose (CLARK et al.
1995). Also, Match is an insect growth regulator
(IGR) that has the active ingredient lufenuron with
proven wide activity against many pests including
CPB and that showed satisfactory residual action,
good leaf protection and high yields (IGRrc et al.
1999). Other biorational compounds as Neem
(Azadirachtin), a plant derived preparation from
the neem tree (Azadirichta indica A. Juss.) that
has low or moderate efficacy against CPB larvae
(BARCIC et al. 2006). Azadirachtin, a complex
tetranortriterpenoid limonoid from the neem
seeds, is the main component responsible for the
toxic effects in insects. Neem insecticides are ef-
ficient mainly in a variety of different ways: as an
antifeedant, insect growth regulator and sterilant
(MORDUE & NI1sSBET 2000).

Actara is an insecticide containing the active
ingredient thiamethoxam. Thiamethoxam is a
second-generation neonicotinoid insecticide and
acts through contact and ingestion. The primary
mode of action for thiamethoxam involves inter-
ference with or binding to nicotinic acetylcholine
receptors (MAIENFISCH et al. 2001). This mode of
action makes them highly desirable for controlling
insects that develop resistance to conventional
organophosphate, carbamate, and pyrethroid insec-
ticides (MAIENFISCH et al. 1999). Thiamethoxam
also has minimal effects on beneficial insects, low
toxicity toward mammals, and does not produce
any teratogenic or mutagenic effects (LAWSON et
al. 1999) whereas Actellic (Pirimiphos-methyl) is
an organophosphorus insecticide which is widely
used to protect field grown vegetables from the
infestation by several insect pests (RADWAN et al.
2004). Widespread resistance was recorded in a
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local population of the CPB to organophosphorus
insecticides in Russia (LEONTIEVA et al. 2006).

Bearing all these facts in mind, the aim of this
study is to evaluate the efficacy of some biorational
insecticides for the control of L. decemlineata as
compared to conventional insecticides as an at-
tempt to introduce such safer insecticides in the
IPM protocol of controlling several insect pests
in vegetable crops.

MATERIALS AND METHODS

All experiments were conducted in a laboratory
of the Plant Protection Department, Russian State
Agricultural University, Moscow, Russian Federation,
during the period from May to August, 2007. During
this period, the weather conditions were mainly hot,
which provided unusual two generations of L. decem-
lineata (GRITSENKO & OsMAN unpublished data).
The grown variety of potato in these experiments
was Magician, which is the common variety in most
potato-production regions in Russia.

Maintenance of L. decemlineata. Egg masses
and different larval instars of L. decemlineata were
periodically collected from the CPB infested po-
tato fields. Larvae were reared on potato branches
(30 cm long). The lower parts of these potato
branches were inserted in glass vials 2 x 10 cm
containing fresh water to keep these branches fresh
as long as possible (GELMAN et al. 2001). These
vials were placed in a cage of 60 x 60 x 60 cm under
laboratory conditions of 25 + 2°C; 60 + 10% RH
and photoperiod of 16:8 h (L:D). Upon emergence,
adults of CPB were collected, fed and reared as
previously mentioned in the larval stage.

Insecticides used and soil characteristics. The
formulated insecticides used in this study were:
Spinosad 12% SL (spinosyns A and D, Saccharopoly-
spora spinosa,), Mectin 1.8% EC (Streptomyces
avermitilis, 80% avermectin Bla and 20% avermectin
B1b), Fitoverm 0.2% EC (Streptomyces avermitilis,
aversectin C), Match 50% EC (lufenuron), Neemix
4.5% EC (azadirachtin), Actara 25% WG (thiameth-
oxam) and Actellic 50% EC (pirimiphos-methyl).
Solutions of all tested compounds were prepared
in distilled water at the field rate concentrations
(Spinosad 0.5 ml/l, Mectin 0.4 ml/], Fitoverm 1.2 ml/l,
Match 0.4 ml/], Neemix 1.25 ml/l, Actara 0.16 g/l,
and Actellic 1.5 ml/l). The tested concentrations
of all tested compounds in the present study were
100% field rate (FR), 50% FR, 25% FR, 12.5% FR,

6.25% FR, and 3.12% FR using fresh concentrations
prepared one hour prior to experiments.

The soil used was clay (10.1% coarse sand, 5.3%
fine sand, 25.7% silt and 58.9% clay; pH = 6.1; or-
ganic matter 3.7%), the soil type prevails in potato
production regions near Moscow.

Experimental bioassays

Bioassay of L. decemlineata eggs. The experiment
was conducted using CPB egg masses (< 1-day old
eggs) on potato leaves. The egg masses were treated
in 9 replications (20 eggs in each) with one of the
tested solutions of the tested insecticides through
direct spray using a hand sprayer. Treated eggs were
then removed, kept on clean Petri dishes (10 cm in
diameter) and observed till egg hatching. Moreover,
the rate of mortality in surviving first instar larvae
was recorded 24 h post hatching.

Bioassay of L. decemlineata larvae. In this experi-
ment, the effect of the field rate (FR) of the tested
insecticides was studied against L. decemlineata
1%, 274, 374 and 4t instar larvae in the middle age of
each instar depending on the size of the abdomen
and arched back of theses instars. Moreover, the
effect of 50% FR, 25% FR, 12.5% FR, 6.25% RF, and
3.12% FR against L. decemlineata third instar larvae
was also investigated. Each treatment was repli-
cated 9 times with 10 larvae each. The treatments
were performed by dipping small potato leaves in
the tested solution for 15 s with gentle agitation.
The treated potato leaves were then placed on a
paper towel for at least 2 h or until they dried out
before being used in the experiments. The tested
larvae of L. decemlineata were starved for at least
4 h prior to the experiment. Larvae were removed
gently with a fine camel-hair brush and placed
into Petri dish having a small treated potato leaf.
Petri dishes were closed and kept in the laboratory
under the abovementioned laboratory conditions.
Control treatments were also conducted with
the same protocol using distilled water. One day
after treatment, the surviving larvae were fed on
untreated leaves for the rest of the experimental
period. To record mortality, Petri dishes were
daily observed till the larvae developed into pu-
pae. Rates of mortality in L. decemlineata larvae
were recorded 3 days and 7 days post feeding on
the treated leaves. Larvae were considered dead
if they gave no response to stimulation by touch
with the hair-camel brush.
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Bioassay of L. decemlineata pupae. To study the
effect of the field rate of the tested insecticides
on the pupae of L. decemlineata, each 500 g of
soil were mixed thoroughly with 100 ml of each
insecticide solution. These treated soils were left
to dry completely before being packed into small
plastic pots (1 1). Ten full grown larvae of L. de-
cemlineata were placed on the treated soil. These
pots were covered with muslin sheets and fixed in
place with rubber bands. Fifteen days later, pots
were checked to record the rates of adult emer-
gence. Each treatment was replicated 9 times with
10 pupae each. Control treatment was performed
using the same protocol and number of replica-
tions but with distilled water only.

Bioassay of L. decemlineata adults. In this experi-
ment, three concentrations (FR, 50% FR and 25%
FR) of each insecticide were tested. Potato leaves
were treated as previously mentioned in larval bio-
assay. Each treatment was replicated 9 times. The
tested adults were starved for at least 4 h prior to
the experiment. Ten L. decemlineata adults were
confined in clean Petri dish with treated potato
leaves. Petri dishes were then closed and kept under
the aforementioned laboratory conditions. One day

later, adults were checked and fed on untreated
potato leaves until the end of experimental period.
Control treatments were also conducted using the
same protocol with distilled water. Treatments
were checked at daily basis and the rate of adult
mortality was recorded 3 days and 7 days post
feeding on the treated leaves.

Persistence of insecticides on foliage-treated potato
plants. To study the persistence/residual activity
of the tested insecticides against L. decemlineata
larvae under field conditions, 3 plants (5 weeks-old)
were carefully sprayed with the FR of each of the
tested insecticides. Another 3 potato plants were
also sprayed with water as untreated control. Exactly
zero, 5, 10, 20, 30, and 40 days after application, the
leaves of treated and untreated plants were picked
up and transported to the laboratory. The bioassay
was conducted only for starving third instar larvae
of L. decemlineata. Nine replications with 10 third-
instar larvae of L. decemlineata were used for each
treatment. Larvae were gently moved into the Petri
dish and allowed to feed on the treated leaves for 24
h, only then they were fed on untreated leaves till
the end of the experiment. L. decemlineata larvae
were daily observed and the mortality percentages

Table 1. Mortality percentages (+ SE) of L. decemlineata 1%, 2", 3", and 4" instar larvae fed on potato leaves
treated with the recommended dose of tested insecticides three and seven days post treatment

Treat- 1%t instar 2" instar 3 instar 4™ instar
ment post 3days post7 days post3days post7days post3days post7days post3days post7 days
Control 444 + 8.89 + 6.67 + 8.89 + 222+ 8.89 + 0.0¢ 6.67 +
2.94P 3.51P 3.33¢ 3.51°¢ 2.22¢ 3.51¢ ) 3.33¢
88.89 + . 84.44 + . 82.22 + . 75.56 + .
Actara = gga 100.00 €485 100.00 - ga 100.00 - 9ga 100.00
) 86.67 + . 84.44 + . 7333 + . 57.78 + 95.56 +
Spinosad 577 100.00 6.48° 100.00 g.gob 100.00 969 4.44°
, 88.89 + . 73.33 + . 7111 + . 48.89 + .
Mectin P 100.00 4718 100.00 5 g 100.00  ggb 100.00
60.00 + . 4222 + 97.78 + 37.78 + 82.22 + B 46.67 +
Match 10.542 100.00 9.10° 2,200 10.24¢ 10.24% 0.0 9.43°
) 77.78 + . 75.56 + . 64.44 + 95.56 + 46.67 + 66.67 +
Fitoverm —* .51 100.00 6.48° 100.00 4.44%b¢ 4.44° 3.33b 3.33b
Actellic 80.00 + 9333 + 66.67 + 86.67 + 46.67 + 66.67 + 24.44 + 53.33 +
6.67° 3.332 6.67% 3.332 8.82bcd 8.82b 5.56¢ 3.33P
Neemix 15.56 + 88.89 + 11.11 + 71.11 + 15.56 + 24.44 + 0.0¢ 6.67 +
7.29b 5.882 3.51°¢ 6.76P 4,449 5.56¢ : 4.71¢
F-value 25.844 137.617 26.975 108.333 16.746 43.187 31.659 72.507
P-value 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Means followed with the same letters (column wise) are not significantly different (Tukey’ HSD; P > 0.05)
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were recorded 3 days and 7 days post feeding on
treated leaves.

Translocation of the tested insecticides into
plants. This study was carried out to record the
translocation activity of the tested insecticides
through potato plants and its residual activity
against L. decemlineata larvae and adults. Po-
tato was planted into untreated soil in plastic
pots. Pots were irrigated for the first time with
the tested solution of insecticides at a field rate
(500 ml/pot), and then with fresh water when
needed. After 25 days of planting, each pot was
covered thoroughly with transparent muslin and
provided with ten third instar larvae or adults of
L. decemlineata. Nine replications were used for
each treatment including the control. Insects were
observed at 3-day intervals after exposure and
the rates of mortality in L. decemlineata larvae
or adults were recorded.

Statistical analysis. Data on mortality in
L. decemlineata eggs, larvae, pupae, adults were
analyzed using one-way ANOVA (SAS Institute
2003). In the case of significant F-values, means
were separated by Tukey’s HSD test at a 0.05 sig-
nificance level.

RESULTS

Bioassay of L. decemlineata eggs

Data in Figure 1 show that the tested insecticides
were harmless to L. decemlineata eggs and no sig-
nificant difference was observed in hatching ability.
However, significant differences existed among the
tested insecticides in rates of mortality in surviving
first instar larvae one day after hatching. Mortality
rates could be arranged as Fitoverm > Mectin >
Spinosad > Actara > Actellic > Neemix > Match.

Bioassay of L. decemlineata larvae

All tested insecticides at their field rates showed
high toxicity to larvae of L. decemlineata (Table 1).
Mortality rates decreased as L. decemlineata larvae
aged, but increased with the time post treatment.
There were significant differences among the tested
insecticides in their mortality rates in first instar
cohorts 3 days and 7 days post treatment; and in
second instar cohorts 3 days and 7 days post treat-
ment (Table 1). The same trend of significance was
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Bars with the same letters are not significantly different (Tukey’s HSD test; P > 0.05)

Figure 1. Effect of tested insecticides on the percentages of egg hatching and mortality of first instar larvae

after hatching
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observed in third instar larvae for 3 days and 7 days
post treatment and in fourth instar bioassays for
3 days and 7 days post treatment. Generally, Actra
and Mectin caused the highest mortality in all
tested larval instars, being 100% after 7 days of
treatment, whereas Neemix was the least efficient
insecticide (Table 1).

As for L. decemlineata third instar larvae bio-
assays, data indicated that the mortality rate in-
creased significantly with the increase in insecticide
concentration (Table 2). While Mectin was the most
toxic insecticide to L. decemlineata 3" instar larvae,
Neemix was the least efficient one. Significant differ-
ences were found 3 days and 7 days post treatment
in all tested concentrations (Table 2).

Bioassay of L. decemlineata pupae

As shown in Figure 2, Fitoverm caused the great-
estreduction in L. decemlineata adult emergence
at 96.67%, followed by Mectin (86.67%), Actara
(70.00%), Actellic (43.33%) and Spinosad (16.67%).
Significant differences among the insecticides
were found out, but emergence rates in Match
and Neemix did not differ significantly from that
of the control.

Bioassay of L. decemlineata adults

As shown in Table 3, Actara caused the highest
mortality in L. decemlineata adults, followed by
Spinosad, Mectin and Fitoverm, either 3 days or
5 days post treatment. Significant differences in
mortality rates were recorded at 100% RF, 50% FR
and 25% FR after 3 days and 7 days since treat-
ment.

Persistence of insecticides on foliage-treated
potato plants

The obtained results (Table 4) indicated that the
mortality rate of L. decemlineata third instar larvae
decreased gradually over time in all treatments
and significant differences were found 3 days post
treatment for zero time, 5 days, 10 days, 20 days,
30 days, and 40 days. The same trend of significance
was observed when mortality was recorded 7 days
post feeding on treated leaves for all investigated
intervals (Table 4).
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Figure 2. Rate of adult emergence (+ SE) of L. decemli-
neata placed as full grown larvae on treated soil with
the recommended dose of tested insecticides

Translocation of the tested insecticides
into plants

In this experiment, L. decemlineata third instar
larvae and adults were allowed to feed on potato
leaves taken from plants grown in treated soil
after 25 days since planting and insecticide ap-
plication. Actara, Spinosad, Mectin and Actellic
showed the high ability of persistence and trans-
location through potato plants, causing the death
of L. decemlineata larvae and adults (Figure 3).
The tested insecticides differed significantly in
causing mortality in L. decemlineata larvae and
adults. Meanwhile, no significant difference was
observed among Neemix, Match, and Fitoverm
compared to the control (Figure 3).

DISCUSSION

L. decemlineata is a very destructive pest to the
potato crop worldwide. The increasing incidence
of resistance to the majority of available insec-
ticides may lead to serious control problems in
most potato-growing areas (CASAGRANDE 1987).
One way to obviate resistance development is to
use the insecticides belonging to the new classes
as indicated in this study (KOOPMANSCHAP et al.
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Figure 3. Mortality rates (+ SE) of third instar

a a a O Control
100 ~ ] larvae and adults of L. decemlineata fed on
O Actara leaves of potato plants irrigated for the first
90 7 Spinosad  time with insecticide solutions
80 - B Mectin
Bars with the same letters are not significantly
B Match .
70 different (Tukey’s HSD test; P > 0.05)
8 Fitoverm
;f\/ 60 1 b O Actelic
ig 50 - O Neemix
é c
40 3 -
%
30 A §
20 - \
.
.
0 .
d § d
0 T N —

Larval mortality

1989). The control of third and fourth instar larvae
of L. decemlineata is especially important since these
stages are usually responsible for approximately 90%
of defoliation caused by this pest (HARE 1990).

Effects on different stages of L. decemlineata

In the present study, the tested insecticides
showed low toxicity to L. decemlineata eggs; how-
ever, most hatching neonates died shortly after

Adults mortality

hatching. These results are consistent with those
reported by KooPMANSCHAP et al. (1989), who
found that the larvae of L. decemlineata failed to
emerge from treated eggs with the juvenile hor-
mone analogue S-71639 and emerging larvae died
soon after hatching. However, the high toxicity of
Spinosad and Match was observed in eggs of Spo-
doptera littoralis (OsMAN & MAHMOUD 2008).
In foliar bioassays, the tested insecticides differed in
their toxicity to L. decemlineata larval instars. High
mortality was obtained in earlier instars as compared

Table 3. Effect of different concentrations of tested insecticides on the mortality of L. decemlineata adults nine

and seven days post treatment

ER* 50% RF 25% RF
Treatment
post 3 days post 7 days post 3 days post 7 days post 3 days post 7 days

Control 0.0c 222 +2.22 0.0 222 + 2,224 0.0 222 + 2.22¢
Actara 91.11 + 3.51° 100.00 73.33+3.33"  93.33+3.33%  60.00 +4.71* 86.67 + 3.33
Spinosad 86.67 + 6.67° 93.33 £3.33*  73.33+577*° 86.67+3.33%  62.22+521* 77.78 +2.22°
Mectin 7111 +4.84°> 9556 +2.94% 6222 +521*° 82.22+4.01*  51.11 +4.84* 7556+ 556
Match 222 +222¢  11.11 +3.51¢ 0.0° 6.67 + 3.334 0.0° 6.67 + 3.33°
Fitoverm 80.00 + 577 93.33+3.33*  60.00 +3.33*  84.44 + 4.44*  51.11 + 4.84* 7556 + 4.44°
Actellic 57.78 + 11.28" 86.67 + 6.67°  31.11 +7.54> 6222 +4.01°  24.44 + 8.01° 48.89 + 7.54"
Neemix 24.44 + 556° 3556 + 648" 1556 + 444" 26,67 +3.33°  13.33+3.33"° 17.78 + 2.22°
F-value 40.724 101.447 50.162 113.505 32.477 68.142
P-value 0.000 0.000 0.000 0.000 0.000 0.000

*field rate; Means followed with the same letters (column wise) are not significantly different (Tukey’ HSD; P > 0.05)
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to older ones and mortality increased with the
time after exposure. The most efficient insecti-
cides were Actara, Mectin, and Spinosad. These
findings are in agreement with those reported for
Thiamethoxam (Actara), which is regularly used
by potato growers in the USA as a systemic insec-
ticide to control L. decemlineata and Empoasca
fabae (KUHAR et al. 2007). Spinosad was previously
reported to show high efficacy against the larvae
of Palpita unionalis, being the highest against first
and third instar larvae as compared to fifth instar
larvae (MANDOUR et al. 2008). Fitoverm showed a
broad-spectrum activity against insects belonging
to Coleoptera, Homoptera, Diptera, Orthoptera,
Isoptera, Hymenoptera, and Lepidoptera (FISHER
& MRoOzIK 1984).

As shown in Table 2, the low concentration of the
tested insecticides such as Actara, Mectin, Spinosad,
and Fitoverm showed high efficacy when used up
to 25% of the field rate. This, undoubtedly, has two
advantages. First, it would reduce the amount of
insecticides in the environment and encourage the
natural enemies of L. decemlineata. Second, it would
increase the profit through reducing the cost of the
control. Fortunately, Spinosad, Mectin, and Fitoverm
are recognized worldwide as benign compounds
towards biocontrol agents and are widely used in
IPM programs for different pests. However, the
safety of Actara to beneficial arthropods, humans
and environment is still controversial.

Fitoverm, Mectin, and Actara showed high ef-
ficacy in reducing the rates of emergence; however,
the action of Spinosad was less pronounced. The
lower mortality may be attributable to the rapid
degradation of Spinosad in wet environments (L1u
& L1 2004).

In the present study, Actara, Spinosad, Mectin,
and Fitoverm were promising against L. decemline-
ata adults even at 25% FR. The results of Spinosad
agree with those reported previously by Azimi et al.
(2009), who found that Spinosad had high potential-
ity against CPB adults. Toxicity symptoms appeared
only 4-5 h after treatment. The results indicated a
direct positive relationship between the mortality
of CPB adults and Spinosad exposure time.

Residual action
The application of the full dose of Actara,

Spinosad and Mectin resulted in a very high mor-
tality in third instar larvae of L. decemlineata at

132

rates of 46.67%, 44.44%, and 35.56%, respectively,
after 30 days since application. However, Fitoverm
showed the shortest residual activity as compared
to Actara, Spinosad, and Mectin. Similarly, BARC1C
et al. (2006) reported a high efficacy of Spinosad
against L. decemlineata with a residual activity
between 10 and 20 days after treatment. MANDOUR
et al. (2008) reported a longer residual activity of
Spinosad against Palpita unionalis larvae with
a LT, of 27.7 days. Spinosad caused significant
reductions in Thrips tabaci up to 21 days post
treatment (MAHMOUD & OsMAN 2007).

Translocation activity

When applied with irrigation water, the tested
insecticides differed markedly in their effect in
controlling L. decemlineata larvae or adults. While
Actara, Spinosad, and Mectin were the most ef-
ficient against CPB larvae, Actara was the most
efficient against adults. This may be due to the
fact that Actara has a translocation activity and is
known to be translocated via the xylem (SENN et
al. 1998), and this property has been confirmed by
its prompt activity following the drench applica-
tion. In addition, it also has a systemic property
and can be transported to untreated areas of the
plant (LAwWsoON et al. 1999). Similarly, MASON et
al. (2000) found that the translocation of thiame-
thoxam (Actara) following drench application ap-
peared quite fast and caused high mortality up to
22 days in whiteflies, whereas the foliar treatment
was very efficient but short-lasting.

It could be concluded that the application of
Acatra, Spinosad, Mectin, and Fitoverm as foliar
application at full dose or even at 50% FR would
effectively control L. decemlineata. Also, the ap-
plication of Actara, Spinosad, and Mectin, not
Fitoverm, to the soil before planting or through
the irrigation system could result in a significant
reduction in L. decemlineata population for at
least one month (with approximate 50% mortality).
The applications of these three insecticides have
minimal effects on beneficial insects, mammals
and environment (BRET et al. 1997; LAWSON et
al. 1999; MANDOUR et al. 2008). Thus, introduc-
ing such safer biorational insecticides in IPM
protocols during controlling insect pests in field
grown vegetables may be useful tools for minimiz-
ing the most hazardous effects of conventional
insecticides.



Plant Protect. Sci.

Vol. 46, 2010, No. 3: 123134

Acknowledgements. The author would like to thank
all staff members at the Department of Plant Protection
and Plant Protection Station, Russian State Agricultural
University, Moscow, Russian Federation, for providing
senior research fellowship and facilities in the course
of the study.

References

AziMm1 M., POURMIRZA A.A., SAFARALIZADEH M.H.,
MOHITAZAR G. (2009): Studies on the lethal effect of
Spinosad on adults of Leptinotarsa decemlineata (Say)
(Coleoptera: Chrysomelidae) with two bioassay meth-
ods. Asian Journal of Biological Science, 2: 1-16.

BARCI¢ ]I, BAZOK R., BEZJAK S., CULJAK T.G., BARCIC
J. (2006): Combination of several insecticides used for
integrated control of Colorado potato beetle (Leptino-
tarsa decemlineata Say., Coleoptera: Chrysomelidae).
Journal of Pest Science, 79: 223-232.

BrRET B.L., LARsON L.L., SCHOONOVER J.R., SPARKS
T.C., THoMmPsON G.D. (1997): Biological properties
of spinosad. Down Earth, 52: 6-13.

CASAGRANDE R.A. (1987): The Colorado potato beetle:
125 years of mismanagement. Bulletin of Entomologi-
cal Society of America, 33: 142-150.

CLARK J.M,, ScoTT ].G., CAMPOS F,, BLoomQuisT J.R.
(1995): Resistance to the avermectins: Extent, mecha-
nism and management implications. Annual Review
of Entomology, 40:1-30.

DickeNs J.C. (2002): Behavioural responses of larvae
of Colorado potato beetle Leptinotarsa decemlineata
(Coleoptera: Chrysomelidae) to host plant volatile
blends attractive to adults. Agriculture Forest Ento-
mology, 4: 309-314.

EPPO (2006): Distribution Maps of Quarantine Pests of
Europe: Leptinotarsa decemlineata. Available at http://
pqr.eppo.org/datas/LPTNDE/LPTNDE.pdf

FAOSTAT (2008): International Year of the Potato.
Available at http://www.potato2008.org/en/world/
europe.html

FisHER M.H., Mrozik H. (1984): The avermectin fam-
ily of macrolide-like antibiotics. IN: OMURA A. (ed.):
Macrolide Antibiotics. Academic Press, New York:
553-606.

GeELMAN D.B,, BELL R.A., Liska L.J., Hu J.S. (2001):
Artificial diets for rearing the Colorado potato bee-
tle, Leptinotarsa decemlineata. Journal of Insect Sci-
ence, 1: 1-7. Available online at www.insectscience.
org/1:7

HARE J.D. (1980): Impact of defoliation by the Colo-
rado potato beetle Leptinotarsa decemlineata on

potato yield. Journal of Economic Entomology, 73:
369-373.

HARE ].D. (1990): Ecology and management of Colo-
rado potato beetle. Annual Review of Entomology,
35:81-100.

IGrcJ., BARCIC R., DOBRINCIC R., MACELJSKI M. (1999):
Effect of insecticides on the Colorado potato beetles
resistant to OP, OC and Pinsecticides. Journal of Pest
Science, 72(3): 76—80.

KaLusHKOV P.,, BATCHVAROVA (2005): Effectiveness
of Bt new leaf potato to control Liptinotarsa decem-
lineata (Say) (Coleoptera: Chrysomelidae) in Bulgaria.
Biotechnology & Biotechnological Equipment, 19(1):
28-32.

KARIMZADEH R., HEJAZI M.]., RAHIMZADEH K.F,,
MoGHADDAM M. (2007): Laboratory evaluation of
five chitin synthesis inhibitors against the Colorado
potato beetle, Leptinotarsa decemlineata. Journal of
Insect Science, 7: 1-6.

KoorPMANScHAP A.B., OoucHI H., KorT C.A.D. (1989):
Effect of a juvenile hormone analogue on the eggs,
post-embryonic development, metamorphosis and
diapause induction of the Colorado potato beetle,
Leptinotarsa decemlineata. Entomologia Experimen-
talis et Applicata, 50: 255-263.

KuHAR T.P, DouGHTY H., HITCHNER E., CHAPMAN
A., CAsSSELL M., BARLOwW V. (2007): Evaluation of
seed-applied insecticide treatment on potatoes, 2006,
Arthropod Management Test, E38.

Lacey L.A,, HorTON D.R., CHAUVIN R.L., STOCKER
J.M. (1999): Comparative efficacy of Beauveria bassi-
ana, Bacillus thuringiensis, and aldicarb for control of
Colorado potato beetle in an irrigated desert agroeco-
system and their effects on biodiversity. Entomologia
Experimentalis et Applicata, 93: 189-200.

LawsoN D.S., DumBAR D.M., WHITE S.M., NGo N.
(1999): ACTARA™ 25 WG: Control of cotton pests
with a new neonicotinoid insecticide, thiamethoxam.
In: Proceeding of Beltwide Cotton Conference, Cot-
ton Insect Research and Control Conference. National
Cotton Council of America, Memphis, Tenn, USA:
1106-1110.

LeoNTIEVA T.L., BENKOVSKAYA G.V, UpALOV M.B,, Po-
SCRYAKOV A.V (2006): Insecticide resistance level in
Leptinotarsa decemlineata Say population in the South
Ural. Resistance Pest Management, 15: 25-26.

Lira J.J. (2008): Integrated pest management approach in
orchard, cereal and potato protection in Poland, EPPO
Bulletin, 22: 537-543.

Liu S., L1 Q.X. (2004): Photolysis of spinosyns in seawater,
stream water and various aqueous solutions. Chemos-
phere, 56: 1121-1127.

133



Vol. 46, 2010, No. 3: 123-134

Plant Protect. Sci.

MaHMoUD M.E, OsMAN M.A.M. (2007): Relative toxicity
of some biorational insecticides to second instar larvae
and adults of onion thrips (Thrips tabaci Lind.) and
their predator Orius albidipennis under laboratory and
field conditions. Journal of Plant Protection Research,
47: 391-400.

MAIENFISCH PL., GSELL L., RINDLISBACHER A. (1999):
Synthesis and insecticidal activity of CGA 293343 — a
novel broad-spectrum insecticide. Pesticide Science,
55:351-354.

MAIENFISCH P, ANGST M., BRANDL F.,, FiscHER W., Ho-
FER D., KAYSER H., KOBEL W., RINDLISBACHER A., SENN
R., STEINEMANN A., WIDMER H. (2001): Chemistry and
biology of thiamethoxam: a second generation neonico-
tinoid. Pest Management Science, 57: 906-913.

MANDOUR N.S., OsMAN M.A.M., MAHMOUD M.E, Mos-
LEH Y.Y. (2008): Evaluation of spinosad as a biopesticide
for controlling the jasmine moth, Palpita unionalis Hb.
(Lepidoptera: Pyralidae). Egyptian Journal of Biological
Control, 18: 207-213.

MaAsoN G., RaANcATI M., Bosco D. (2000): The effect of
thiamethoxam, a second generation neonicotinoid insec-
ticide, in preventing transmission of tomato yellow leaf
curl geminivirus (TYLCV) by the whitefly Bemisia tabaci
(Gennadius). Crop Protection, 19: 473-479.

METCALF R.L., METCALF R.A. (1993): Destructive and
Useful Insects. 5" Ed. McGraw-Hill Book Company,
New York: 14.43-14.45.

MoRrDUE (LUuNTZ) A.]., NISBET A.]. (2000): Azadirach-
tin from the neem tree Azadirachta indica: its action
against insects. Annual Society of Entomology, Brasil,
29: 615-632.

Naurt B.A., KENNEDY G.G. (1998): Limitations of using
regression and mean separation analyses for describing
the response of crop yield to defoliation: A case study of
the Colorado potato beetle (Coleoptera: Chrysomelidae)
on potato. Journal of Economic Entomology, 91: 7-20.

OERrKE E.C., DEHNE H.W. (2004): Safeguarding production
— losses in major crops and the role of crop protection.
Crop Protection, 23: 275-285.

OsMAN M.A.M, MauMmouD M.F. (2008): Effect of bio-
rational insecticides on some biological aspects of the
Egyptian cotton leafworm Spodoptera littoralis (Boisd.)

(Lepidoptera: Noctuidae). Plant Protection Science, 44:
147-154

PHYLLIS A.W.M (2004): A freeze-dried diet to test patho-
gens of Colorado potato beetle. Biological Control, 29:
109-114.

Potato World (2008): International year of the potato 2008
“New light on a hidden treasure” An end of year reviews.
FAO, Roma. Available at http://www.potato2008.org/en/
events/book.html

RaDCLIFFE E.B. (1982): Insect pest of potato. Annual Re-
view of Entomology, 27: 173-204.

RADWAN M.A., SHIBOOB M.H., ABU-ELAMAYEM M.M,,
ABDEL-AAL A. (2004): Pirimiphos-methyl residues on/in
some field-grown vegetables and its removal using vari-
ous washing solutions and kitchen processing Interna-
tional Journal of Agriculture & Biology, 6: 1026—1029.

RuTz D., JANSSEN R. (2007): Biofuel Technology Hand-
book. WIP Renewable Energies, Munich: 46.

SALGADO V.L. (1998): Studies on the modes of action of
spinosad: Insect symptoms and physiological correlates.
Pesticide Biochemistry and Physiology, 60: 91-102.

SAS Institute Inc (2003): SAS/STAT Version 8.2 SAS In-
stitute Inc., Cary, NC.

SENNR., HOFER D., HOPPE T, ANGST M., Wyss P, BRANDL
F., MAIENFISCH P., ZANG L., WHITE S. (1998): CGA
293’343: a novel broad-spectrum insecticide support-
ing sustainable agriculture worldwide. In: Proceeding
Brighton Crop Protection Conference Pests and Dis-
eases, 1: 27-36.

THOMPSON G., HUTCHINS S. (1999): Spinosad — a new
class of fermentation-derived insect control agents. Pes-
ticide Outlook, 10: 78—81.

WRAIGHT S.P, Ramos M.E. (2002): Application param-
eters affecting field efficacy of Beauveria bassiana foliar
treatments against Colorado potato beetle Leptinotarsa
decemlineata. Biological Control, 23: 164—178.

ZEHNDER G.W., EvaNnyLO G.K. (1989): Influence of ex-
tent and timing of Colorado potato beetle (Coleoptera:
Chrysomelidae) defoliation on potato tuber production
in eastern Virginia. Journal of Economic Entomology,
82: 948-953.

Recieved for publication June 26, 2009
Accepted after corrections July 31, 2010

Corresponding author:

Dr. MOHAMED ABD ELNAEIM M. OsMAN, Suez Canal University, Faculty of Agriculture, Plant Protection

Department, 41522, Ismailia, Egypt

tel.: + 2 018 836 31 57, + 2 064 323 91 89, e-mail: naeim70@hotmail.com

134



