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ARTICLE INFO ABSTRACT

Article History Cotton aphid, Aphis gossypii and whiteflies, Bemisia tabaci are an
Received:30/8/2016 important pests in cotton plants in Egypt. The present work was conducted
Accepted:1/10/2016 during two successive seasons 2014 and 2015 in Beni- suef Governorate

on the cotton crop by spraying the tested insecticides alone and mixtures of
Key words: both acetamiprid and thiamethoxam with chloropyrifos to estimate the
Acetamiprid percentage of reduction of Aphis gossypii and Bemisia tabaci and their
thiamethoxam associated predators, Coccinella  septempunctata and Chrysoperla
chlorpyrifos ethyl carnea,after different intervals which include (24 hours) to estimate the
mixtures immediate effect, as well as after 3 ,7 and 14 days to evaluate the latent
Bemisia tabaci effect. Results indicated that acetamiprid, thiamethoxam and chloropyrifos
Aphis  gossypii alone proved to reduce Aphis gossypii and Bemisia tabaci populations up
Coccinella septempunctata to 14 days after treatment throughout both seasons. Whereas, combination
and Chrysoperla carnea of acetamiprid and thiamethoxam with chloropyrifos at half recommended

rate showed the high efficiency with reduction percentage reached to
100.0% at same exposure time during the successive seasons 2014 and
2015. In addition, acetamiprid, thiamethoxam and chloropyrifos proved
the high reduction percent to the populations of Coccinella septempunctata
and C. carnea when these insecticides were used alone at recommended
rate at 24h from treatments. Chlorpyrifos in mixtures with both
acetamiprid, and thiamethoxam at half recommended rate showed the high
effect with reduction percentage reached to 100.0% reductions for both
predators in two seasons. Results suggested that, choosing suitable
insecticide to control the tested cotton pests not only depends on its
efficiency but also its toxicity to natural enemies. Also, these results
indicated that the initial kill and residual effect of these insecticides was
highly persistent up to 14 days. The overall results appeared promising in
combination with insecticides as result of significant increasing its
reduction percent.
INTRODUCTION
Whitefly, Bemisia tabaci (Gennadius) and cotton aphid, Aphis gossypii (Glover) remain
key pests of many fields (Said et al., 2005). They affect numerous host plant species, large
excretion of honeydew serves as a medium for black sooty mold fungi. In addition, they can
transmit numerous types of plant virus (Hunter and Polston, 2001; Berlinger, 1986; Jorge and
Mendoza, 1995). Controlling these pests rely mainly on insecticides application; as a result,
the extensive use of insecticides has led to several problems, include the reduction of
beneficial arthropods caused by non-selective insecticides causing resurgence of new pests
and the eruption of secondary pests (Fernandes et al., 2010).
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Under cotton field conditions,
Green lacewing, Chrysoperla carnea
(Stephens) (Neuroptera: Crysopidae) is a
polyphagous predator that prey on a wide
range of pest species such as; aphids,
scale insects, leafhoppers, whiteflies,
psyllids, thrips, psocids, lepidopterans
and mites; hence they are very important
bio control agents (Remoldi et al., 2008).
However, they may fail to survive and
provide control when environmental
conditions are too dry or too moist
(Nayar et al., 1976). The seven spotted
lady beetle, Coccinella septempunctata
L. (Coleoptera: Coccenillidae), is a
widespread ladybird beetle. It is an
aphidophagous species and important
biological control agent (Hodek &
Hongk, 1996, Alexidze & Barjadze,
2006). Pesticides effects on natural
enemies include both direct effects such
as mortality over a given time period and
indirect. Indirect or delayed effects
include rise in the costs of pest control
and, mainly, the death of natural enemies
caused by non-selective insecticides.
Reduction of natural enemies may bring
serious problems including resurgence of
new pests and the eruption of secondary
pests to key pest (Cloyd, 2012).

One of the forms to avoid the
resurgence of pests is the use of selective
insecticides for controlling target pest. In
addition, there is growing global concern
over the environmental impacts of
pesticide use. Hence, it is urgent to
develop new groups of insecticides
acting selectively on certain insects to
combat highly resistant insect pest, and
to conserve their efficacy by applying
insecticide  resistance  management
strategies (Horowitz et al., 1998).
Neonicotinoids are selective insecticides
against sucking pests, used intensively
since imidacloprid was first introduced in
1991. Neonicotinoids act as a nicotinic
acetylcholine receptor and therefore have
specific activity against the insect
nervous system (Maienfisch et al., 2001).
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They are considerably less toxic to
humans than the organophosphorus and
carbamate insecticides. Several primary
target insect pests for neonicotinoids
insecticides have been shown a high
potential for resistance development
(IRAC 2008).

Insecticide mixtures especially
those with different modes of action are
usually applied in the field to enhance the
spectrum to control multiple pests in the
presence of stimulus attack. They are
also may possesses certain advantages
including, increasing the efficacy to
control a single pest, to delay the
development of insecticide resistance,
improve the efficiency of the application
because mixture often used at lower
doses than the doses of each component
separately and also reduce the side
effects of non-target organism and
environment (Warnock and Cloyd,
2005)), and to combat current resistance
in a pest species. Using mixtures as a
countermeasure for resistance
management in insect pests has been
recommended (Ahmad 2004).The use of
a mixture of insecticides is recommended
as it would delay the onset of pest
resistance in certain insecticides. It would
control some types of pests, improve the
efficiency of the application because
mixture often used at lower doses than
the doses of each component separately,
and also reduce the side effects of non-
target organism and environment
(Warnock and Cloyd, 2005).

The objectives of the present study
directed to evaluate the efficacy of the
tested insecticides alone at the
recommended rates and mixtures of
tested neonicotinoid members with
chlorpyrifos  ethyl at the half
recommended rates to elucidate the
effectiveness of mixtures in order to
saves time, money and may preserve
neonicotinoids efficacy by combating
resistance development.
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MATERIALS AND METHODS The insecticides tested, are shown in

Insecticides used Tablel.
Table 1: Details of used insecticides
Active ingredient Trade name Manufacturer Rate Chemical group IRAC
(common name) MOAP
Chloropyrifos-ethyl Durshan EC 48%EC A green serve 1L / fed Organophosphates Group 1B
Acetamiprid Mospilan 20%SP Nippon soda 100gm/ fed Neonicotinoid Group 4A
Thiamethoxam Actara 25%WP Syngenta agro 200gm/ fed Neonicotinoid Group 4A

IRAC MoA Classification Version 8.0, December 2015

Experimental design

The experiments were carried out at
Beni- suef Governorate, Egypt during the
2014 and 2015 cotton growing seasons. The
experimental area was about 1050 m2,
divided into equal parts of 210 m2 The
experimental area was divided into equal
parts of about 42 m? each. Every treatment as
well as the untreated plots was replicated
four times in a completely randomized block
design.

To evaluate the efficiency of these
treatments, 25 cotton leaves per replicate
were chosen randomly from the bottom,
middle, and the top of the cotton plants (2 +
1 + 2 leaves per plant). The upper and lower
leaf surfaces were examined carefully early
at the morning and numbers of whiteflies,
cotton aphid and associated predators,
Chrysoperla carnea and  Coccinella
septempunctata counts were recorded. Leaf
sampling and insect counting were made just
before the spraying and at 24h, 3, 7 and 15
days after the spraying. The reduction
percent of the populations was estimated by
using Henderson and Tilton’s equation
(1955) .

Statistical analysis

Data were analyzed by subjected to
analysis of variance (ANOVA). Means were
determined for significance at 0.05 using
LSD test.

RESULTS
Efficiency of the tested treatments against
Aphis gossypii and Bemisia tabaci:

The insecticidal activity of the
neonicotinoids  (imidaclopridm,  thiame-
thoxam) and chlorpyrifos), beside half-
recommended rate mixtures of acetamiprid

and thiamethoxam with chlorpyrifos were
applied against cotton aphid, whitefly and
their associated predators, Coccinella ssp.
and Chrysoperla carnea (Stephens) on cotton
seedlings and evaluated under field
conditions.

Results in Table (2) indicated that full
recommended rate application against Aphis
gossypii  showed  effective  reduction
percentage at 24 h. from application.
Reduction percentage in the two successive
seasons (2014 and 2015) recorded (88.5,
91.6), (84.5, 89. 6) and (87.8, 89. 1) for
acetamiprid, thiamethoxam and chlorpyrifos,
respectively. Considerable drop in reduction
was noticed at 3, 7 and 15-days intervals
observations with the tested treatments
throughout the two seasons (2014 and 2015).
Reduction at 3 days intervals recorded (85.9,
75.4), (75.3, 69.6) and (83.9, 76.7) for
acetamiprid, thiamethoxam and chlorpyrifos,
respectively. Reduction at 7 days were (62.9,
75.4), (63.4, 69.6) and (65.9, 76.7); at 15
days reduction percent were (54.5, 47. 6),
(52.7, 45. 7) and (49.73, 48.6) for
acetamiprid, thiamethoxam and chlorpyrifos,
respectively.

Mixtures of the tested neonicotinoids
with chlorpyrifos were conducted in the two
successive seasons (2014 and 2015) with
half-recommended rate led to excellent
efficacy (100% reduction percent) at 24 h.
Reduction percent at 3 day intervals was
(74.79, 73.9) and (75.15, 75.2), at 7 day
intervals was (60.70, 59.3) and (55.22,
66.6)while at 15-days post-treatments
reduction percent was (47.32, 44.27) and
(44.27, 48.8) for (Acetamprid + Chlorpyrifos
) and (Thiamethoxam + Chlorpyrifos )
mixtures,respectively.
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Table 2: Reduction percentages of Aphis gossypii after field application of different insecticide treatments during

2014 and 2015 growing seasons

2014 season
Treatment Rate/fed. % Reduction after different intervals
24 | 3-days | 7-days | 14-day
insecticides
Acetamprid 100gm/ fed 88.55a 85.89a 62.87a 54.54a
Thiamethoxam 200gm/ fed 84.51b 75.34b 63.41a 52.67b
Chlorpyrifos 1L / fed 87.87c 83.97¢c 65.95b 49.73c
Mixtures
Acetamprid + Chlorpyrifos 50gm+500ml/ fed 100.0d 74.79d 60.70c 47.32d
Thiamethoxam + Chlorpyrifos 100gm+500ml/ fed 100.0d 75.15d 55.22d 44.27e
LSD at 5% 2.14 2.12 2.02 1.08
2015 season
insecticides
Acetamprid 100gm/ fed 91.6° 75.42 59.9a | 47.6a
Thiamethoxam 200gm/ fed 89. 6° 69.6° 56.6.b | 45.7b
Chlorpyrifos 1L/ fed 89. 1v 76.7° 57.9¢c 48.6C
Mixtures
Acetamprid + Chlorpyrifos 50gm+500ml/ fed 100.0° 73.9¢ 59.3d 46.2d
Thiamethoxam + chlorpyrifos 100gm+500ml/ fed 100.0° 75.2¢8 66.6e 48.8e
LSD at 5% 1.9 1.8 1.03 1.22

Regarding Bemisia tabaci, results in
Table (2) indicated that full recommended rate
of the tested insecticides alone showed the
same aforementioned trend for reduction
percentage at 24 h. from application.
Reduction percentage recorded (82.51, 89.11),
(90.72, 91.12) and (89.11, 92.33) for

acetamiprid, thiamethoxam and chlorpyrifos
in the two successive seasons (2014 and
2015), respectively. Considerable drop in
reduction was noticed at 3, 7 and 15-days
intervals of observations as illustrated in
Table 3.

Table 3: Reduction percentages of B. tabaci after field application of different insecticide treatments during 2014

and 2015 growing seasons

2014 season

insecticides Rate/fed. % Reduction after different intervals

24 3-days 7-days 14-day
Acetamprid 100gm/ fed 82.51a 84.52a 68.38a 58.68a
Thiamethoxam 200gm/ fed 90.72b 84.15a 69.41b 53.15b
Chlorpyrifos 1L / fed 89.11c 87.16¢ 65.97c 49.18c
Mixtures
Acetamprid + Chlorpyrifos 50gm+500ml/ fed 100.0d 88.30c 70.10d 48.19c
Thiamethoxam + Chlorpyrifos 100gm+500ml/ fed 100.0d 78.19d 63.17e 38.22d
LSD at 5% 2.3 2.03 1.78 2.54

2015 season
insecticides
Acetamprid 100gm/ fed 89.11a 81.5a 67.3a 49.2a
Thiamethoxam 200gm/ fed 91.12b 79.2b 72.3b 53.1b
Chlorpyrifos 1L/ fed 92.33c 86.0c 75.6¢ 44.5¢c
Mixtures
Acetamprid + Chlorpyrifos 50gm+500ml/ fed 100.0d 81.9d 54.9d 47.9d
Thiamethoxam + chlorpyrifos 100gm+500ml/ fed 100.0d 72.8e 65.6e 50.0e
LSD at 5% 1.08 111 1.23 1.99
Mixtures of acetamiprid or significant  increasing  activity  against

thiamethoxam with chlorpyrifos in the two
successive seasons (2014 and 2015) with
half-recommended rate at 24 h. showed

whiteflies, B. tabaci leading to excellent
efficacy (100% reduction percent).On the
other hand, Reduction percent at 3,7 and 15
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days intervals tend to be similar to the
aforementioned results with aphids.
Efficiency of the tested treatments
against Coccinella septempunctata and
C. carnea.

Data in Table 4 indicated that,
population density of Coccinella spp was
reduced after application of acetamiprid,
thiamethoxam, and chlorpyrifos compared to
untreated plots at different exposure dates
during the two seasons. During 2014 season,
acetamiprid, thiamethoxam and chlorpyrifos
reduced the population of Coccinella spp
with a reduction 73.33, 79.16 and 92.59 %
when these insecticides were used alone at
full recommended rate from 24h from
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treatments. These reduction percent were
increased to 100.0 % when thiamethoxam,
acetamiprid mixed with chlorpyrifos at half
recommended rate at the same time. For
2015 season, results showed that,
acetamiprid, thiamethoxam and chlorpyrifos
caused a significant reduction in the
population of Coccinella spp with a
reduction percentage 83.60, 85.24 and 100.0
% when these insecticides were used alone at
full recommended rate from 24h from
treatments. These reduction percent were
increased to 100.0 % when thiamethoxam,
acetamiprid mixed with chlorpyrifos at half
recommended rate at the same time.

Table 4: Reduction percentage and selectivity effects of the tested treatments on Coccinella septempunctata

during 2014 and 2015 growing seasons

2014 season

Treatment Rate/fed. % Reduction after different intervals

24 | 3-days | 7-days [ 14-day
insecticides
Acetamprid 100gm/ fed 73.33a 68.0a 62.66a 58.23a
Thiamethoxam 200gm/ fed 79.16b 72.8b 56.66b 46.66b
Chlorpyrifos 1L / fed 100.0c 100.0c 66.66C 48.82c
Mixtures
Acetamprid + Chlorpyrifos 50gm-+500ml/ fed 100.0c 100.0c 53.33d 42.35d
Thiamethoxam + Chlorpyrifos 100gm-+500ml/ fed .100.0c | .100.0c 53.33e 39.16a
LSD at 5% 2.09 2.3 1.93 2.54

2015 season
insecticides
Acetamprid 100gm/ fed 83.60a 66.40a 62.58a 61.11a
Thiamethoxam 200gm/ fed 85.24b 72.65b 64.51b 51.35b
Chlorpyrifos 1L / fed 100.0c 100.0c 62.87¢ 54.54c
Mixtures
Acetamprid + Chlorpyrifos 50gm+500ml/ fed 100.0c 100.0c 66.45d 52.43d
Thiamethoxam + Chlorpyrifos 100gm+500ml/ fed .100.0c .100.0c 62.58e 45.94e
LSD at 5% 1.09 1.79 1.37 1.2
Results in Table 5 showed a treatments. These reduction percent were

significant reduction on the population of C.
carnea compared to untreated plots at
different exposure dates during the two
seasons. Results in Table 5 showed the reduction
percentage and selective effects of different
insecticides on C. carnea at 24, 3, 7 and 14 days
during 2014 season. Acetamiprid, thiamethoxam
and chlorpyrifos caused a significant reduction in
the population of C. carnea with a reduction
percentage 84.44, 82.77 and 97 % respectively
when these insecticides were used alone at
full recommended rate from 24h from

increased to 100.0 % when thiamethoxam,
acetamiprid mixed with chlorpyrifos at half
recommended rate at the same time. During 2015
season, results showed that acetamiprid,
thiamethoxam, and chlorpyrifos caused a
significant reduction in the population of C.
carnea reached to 86.18, 82.77 and 92.12% when
these insecticides were wused alone at full
recommended rate from 24h from treatments. These
reduction percent were very increased to 100.0 %
when thiamethoxam, acetamiprid mixed with
chlorpyrifos at half recommended rate at the same
time.
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Table 5: Reduction percentage and selectivity effects of the tested treatments on C. carnea during 2014 and

2015 growing seasons

2014 season

Treatment Rate/fed. % Reduction after different intervals

24 | 3-days | 7-days | 14-day
insecticides
Acetamprid 100gm/ fed 84.44a 75.93a 59.48a 39.8a
Thiamethoxam 200gm/ fed 82.77b 72.19bh 56.92b 40.60a
Chlorpyrifos 1L / fed 100.0c 100.0c 53.84c 41.62a
Mixtures
Acetamprid + Chlorpyrifos 50gm+500ml/ fed 100.0c 100.0c 50.25d 36.54b
Thiamethoxam + Chlorpyrifos 100gm+500ml/ fed | .100.0 c .100.0c 55.22¢ 44.27c
LSD at 5% 1.85 1.13 1.37 1.66

2015 season
insecticides
Acetamprid 100gm/ fed 86.18a 74.73a 44.77a 39.30a
Thiamethoxam 200gm/ fed 82.77b 59.48b 40.29b 36.81b
Chlorpyrifos 1L / fed 92..12c 63.41c 55.22¢ 44.27c
Mixtures
Acetamprid + Chlorpyrifos 50gm+500ml/ fed 100.0d 100.0d 49.75d 35.32d
Thiamethoxam + Chlorpyrifos 100gm+500ml/ fed | 100.0d 100.0d 63.41e 52.67e
LSD at 5% 1.23 1.44 2.11 1.6°
DISCUSSION efficiency and residual effects of these
Cotton aphid,Aphis gossypii and insecticides persisted up to 15 days against A.

whitefly, Bemisia tabaci are a polyphagous
pests cause different damage levels; directly
or indirectly to several plants, (Jacobson and
Croft 1998). Farmers used to control such
pest with insecticides, however, populations
of this pest have demonstrated the ability to
develop resistance to several insecticides
(Grafton-Cardwell et al.,1992). In this study,
aphid and whitefly were susceptible to the
examined insecticides treatments and gave
high mortality. However, an appropriate
management strategy for pesticide resistance
should be considered. The tested parasitoids
are important in controlling aphid and
whitefly naturally and are used in biological
control programs of them in diverse crops
(Pungerl, 1984).Although biological control
is desirable, pests having high reproductive
rate and mobility are very difficult to control
by biological means only and require
selective insecticides acting together with
natural control (Stark and Rangus, 1994).

In this study, acetamiprid,
thiamethoxam, and chlorpyrifos caused a
high significant reduction in cotton aphid and
white fly populations. In addition, the

gossypii and B. tabaci. Similar results
indicated that neonicotinoid insecticides were
highly effective against cotton aphid and
reduced the population of this pest (up to
14days) under field conditions (Shi et al.,
2011; EI-Naggar and Zidan, 2013). In
addition, when outbreaks occur in cotton
aphid populations, insecticides application is
the only effective tactic to suppress this pest
and consequently insect predators often got
killed which resurge the pest again and thus
more sprays are needed. That will lead us to
use selective insecticides to spare the natural
enemies (Preetha et al., 2009). Also, our
results indicate that all insecticides were
effective as leaf treatments at 24h of both
insects Aphis gossypii and. Bemisia tabaci .
Other investigators reported that
imidacloprid showed satisfactory control of
sucking pests (Maienfisch et al., 2001;
Magalhaes et al., 2009). Such a difference in
performance between imidacloprid and
thiamethoxam has been reported the obtained
results are in agreement with those of several
investigators. Misra (2002) found that
imidacloprid as well as thiamethoxam proved
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significantly  superior in.  Also, all
insecticides induced a fast initial effect after
two weeks of treatment (EI-Naggar and
Zidan 2013). The neonicotinoid,
imidacloprid proved to be effective against
aphids, jassids, and whitefly. It could reduce
the need for foliar sprays by at least four
applications (Zhang et al., 2014).

Mixtures of various compounds
which acting on different sites has been
adopted to slow down insecticide resistance
evolution, safe and cost effective based on
the optimum use of existing compounds
(Martin et al., 2003). Theoretically,
insecticide mixtures can delay the onset of
resistance development more effectively than
rotation of insecticides if resistance to each
compound is independent and rare (Curtis,
1985). Neonicotinoids act agonistically on
nicotinic acetylcholine receptors (Elbert et
al., 2007) and have been shown to have no or
less  cross-resistance to  conventional
insecticides (Mokbel 2007; 2013). Then,
neonicotinoids and their mixtures have
commonly been used in practice against a
variety of pests worldwide.

In the present study, the synergistic
effect between chlorpyrifos (acetyl choline
esterase inhibitors) with acetamiprid and
thiamethoxam (neonicotinoids) may be due
to either Ops caused accumulation of
acetylcholine at the junction of motor nerve
and ganglia of the autonomic nerves system
leading to enhance the nerve impulse firing
in the post synaptic membrane or inhibiting
esterase which play a certain role in
metabolism of neonicotinoids.
Neonicotinoids may work as agonists and
exhibit excitatory effect to nicotinic
acetylcholine receptors. Therefore, both
cholinesterase inhibitors and neonicotinoids
have a similar net result on the transmission
of nerve impulses

The common green lacewing, C.
carnea, is the main natural enemy that has
been effectively used to control various
insect pests in different agro-ecosystems
(Athan et al., 2004; Tsaganou et al., 2004).
Our results indicated that chlorpyrifos tend to
be highly persistent up to 15 days and
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reduced the population of C. carnea on

cotton plants. On the other hand, Elbert et al.

(1998) reported that exposure of C. carnea

larvae to imidacloprid resulted in a 40%

reduction in the population under field

conditions. However, thiamethoxam caused

86.7% mortality of the C. carnea larvae and

found to be a moderately harmful after 24

hours and harmful after 48 hours exposure

for semifield and field tests (Nasreen et al.,

2005; Gaber et al., 2015).

Also, imidacloprid and thiamethoxam
possesses low toxicity to lady beetles than
their prey aphids; however, this limited
tolerance was insignificant under the high
dosage of spraying. Preetha et al. (2010)
reported that imidacloprid had little impact
on the egg parasitoid, T. Chilonis and at the
recommended dose (25 g a.i. ha_1).

Generally, the present work showed
that tested neonicotinoids can be used
effectively to control cotton aphid, A.
gossypii and whiteflies, Bemisia tabaci in
cotton fields, and proved less toxic to natural
enemies in comparison with chloropyrifos.
The tested mixtures proved excellent efficacy
to both tested pests and associated tested
predators. These results could be useful for
the selection of suitable insecticides for use
in IPM program in cotton plants to control
the cotton aphid and whiteflies under field
conditions.
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