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Evaluation of certain neonicotinoid insecticide seed
treatments against cereal aphids on some wheat cultivars
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Abstract

Field experiment was conducted to find out the comparative efficacy of four commercial
neonicotinoid insecticide seed treatments imidacloprid, thiamethoxam, acetamiprid and
dinotefuran against cereal aphids, Rhopalosiphum padi L., Schizaphis graminum
Rondani, and Rhopalosiphum maidis Fitch (Homoptera: Aphididae) infesting three
wheat cultivars Bani Suef, Sids 1 and Misr 1 at Assiut Governorate, Egypt during
2014/2015 season. R. padi was the most abundant species with an average (62.33, 32.50
and 25.00), followed by S. graminum (28.40, 22.67 and 19.00) and R. maidis (9.17, 8.16
and 6.17aphids/tiller) on the three wheat cultivars respectively. There were significant
differences in the number of aphids among the wheat cultivars, Bani Suef, Sids 1 and
Misr 1. In early season until the second week of March imidacloprid, thiamethoxam,
acetamiprid and dinotefuran seed treatments reduced significantly the aphid population
densities. After the second week of March there were no significant differences between
all insecticide treatments compared to the untreated control. The application of
neonicotinoid insecticides as seed treatments under field conditions to suppress the
wheat aphid’s population increased the yield production of wheat cultivars about 23.04—
64.98%. In addition, it was an incontrovertible notice that imidacloprid and
thiamethoxam seed treatments caused a significant increase in the average yield/feddan
in the three wheat cultivars compared to untreated control, whereas acetamiprid and
dinotefuran gave a lower increase in the yield production. It might be concluded that,
imidacloprid and thiamethoxam had a better efficiency against wheat aphids than
acetamiprid and dinotefuran. As a result of which, neonicotinoid insecticide seed
treatments are an integral component and friendly tactic of integrated pest management
programs for aphids control in wheat.
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Introduction

Cereal aphids are the major insect pests
attacking wheat plants  (Triticum
aestivum L.) in Egypt. The Bird cherry-
oat aphid, Rhopalosiphum padi L., the
greenbug, Schizaphis graminum Rondani,
and the corn leaf aphid, Rhopalosiphum
maidis Fitch (Homoptera: Aphididae) are
the main aphid species recorded on wheat

plants in Egypt (El-Hariry, 1979;
Megahed et al., 2002), and causing yield
losses of 7-23% when infestations

substantially exceed damage thresholds
(El-Heneidy, 1994). The appearance of
these aphids resulted in a dramatic
increase in insecticide use in cultivated
wheat. Many different control methods
have been developed to put down the
population of aphid pests, e.g. the use of
ryegrass strips in wheat fields and wheat—
oilseed rape intercropping to enhance the
number of natural enemies (Wang et al.,
2009; Dong et al.,, 2012), the use of
resistant wheat varieties (De Zutter et al.,
2012) and the application of insecticides.
At present known, the application of
insecticides (foliar sprays and seed
treatments) is one of the most important
control options for reducing the damage
caused by wheat aphids and vector-borne
disease (Ahmed et al., 2001; Royer et al.,
2005; Zhang et al., 2015). The use of
neonicotinoid insecticide as a seed
treatment has recently become an
important management  option  for
protection against wheat aphids (Ahmed
et al., 2001; Royer et al., 2005; Zhang et
al., 2015). Insecticides commercially
available for use in wheat as seed
treatments include imidacloprid (Gausho

20% SC), thiamethoxam (Actara 25%
WP), acetamiprid (Mospilan 20% SP)
and dinotefuran (Ochin 20% SG). These
are all neonicotinoid-based insecticides
with similar physical and molecular
properties, and a mode of action as
agonists at the insect nicotinic
acetylcholine receptor (nAChR)
analogous to nicotine (Zhang et al.,
2000; Tomizawa & Casida, 2003; Kanne
et al., 2005; Hollingworth & Treacy,
2006). Neonicotinoid insecticides
applied as seed treatments are highly
effective against piercing-sucking
insects, such as aphids, mired bugs,
whiteflies and planthoppers (Burd et al.,
1996; Liu et al., 2005; Shi et al., 2011).
In wheat, Ahmed et al. (2001) found that
imidacloprid applied at 0.175 and 0.263
g a.i./kg seeds efficiently controlled the
maize aphid, Melanaphis maidis
(Zehntner) and suppressed the green bug,
S. graminum for 6-8 weeks after sowing,
and also reduced the vyield loss, these
findings agree with the results of Burd et
al. (1996). Liu et al. (2005) also found
that imidacloprid seed treatments at a
rate of 2.24-4.80 g a.i./kg efficiently
controlled wheat aphids throughout the
wheat growing season, and increased
wheat  production.  Therefore, the
objective of the present study is to
evaluate the efficacy of four commercial
neonicotinoid  insecticides as seed
treatments, imidacloprid, thiamethoxam,
acetamiprid and dinotefuran to control
wheat aphids, R. padi, S. graminum and
R. maidis in three wheat cultivars Bani
Suef, Sids (1) and Misr (1), also the
effect on germination percent and yield
of wheat cultivars under field conditions.
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Materials and methods

Insecticides: Four neonicotinoid
insecticides were obtained from the local
market and tested as wheat seed
treatments; (trade name, percentage of
active ingredient, formulation type and
application ratio, a.i. g kg* seeds):
imidacloprid (Gausho 20% SC, 7g kg™),
thiamethoxam (Actara 25% WP, 2 g kg’
1y, acetamiprid (Mospilan 20% SP, 3.3g
kg™), and dinotefuran (Ochin 20% SG,
3.3g kg™).

Field Study: Seeds of the three wheat
cultivars viz., Bani Suef, Sids (1) and
Misr (1) were purchased from the
Egyptian Ministry of Agriculture and
Land Reclamation, and were planted on
25" November, 2014 at Assiut University
Experimental Farm, Assiut, Egypt.
Regular agricultural practices were
applied, except using the neonicotinoid
insecticides  seed  treatments. The
experimental area was divided into plots
3.5 x3 m (1/400 Feddan where Feddan =
0.42 hectare). Tested insecticides were
distributed in a randomized complete
block design and each insecticide
replicated three times. Before sowing, the
wheat seeds were treated with the diluted
insecticides at a rate of imidacloprid 7g
a.i. kg™ seed, thiamethoxam 2g a.i. kg™,
acetamiprid 3.3g a.i. kg™?, and dinotefuran
3.3 a.i.g kg™ and then dried in air. Three
untreated replicates were served as
control. The numbers of wheat aphids
(adults and nymphs) on 20 randomly
selected wheat tillers (five locations for
every plot, 4 plants for each location)
were counted (No. of aphids/tiller) from
7" January, 2015 until the maturity of the
wheat plant cultivars. The bird cherry-oat

aphid, R. padi began to appear on the
lower level of wheat plants, while the
greenburg aphid, S.graminum and the
corn leaf aphid, R. maidis were observed
on the upper level of the wheat plants.

Germination (%) in the field: To study
the effects of neonicotinoid insecticides
as a seed treatment on the germination of
wheat seed cultivars, 100 seeds per plot
were sowed between rows of the same
plots for each wheat cultivars and the
control. The germination count was
taken after 14 days from sowing date and
expressed as a percentage according to
the following equation described by
Ruan et al. (2002):

Number of germinated seed

Germination (%) = x
Total number of seed tested

Yield of wheat cultivars: Wheat was
harvested on 10" June, 2015. Average
yields of wheat (kg feddan™) were
assessed using the harvest from the entire
wheat plants of each plot for each wheat
cultivars and the control. Yield increase
percentage calculated according the
following equation: Yield increase (%) =
[average vyield (kg) in treatment -
average yield (kg) in control/ average
yield (kg) in control] x 100.

Data analysis: Statistically significant
mean values (P <0.05) were calculated
as mean + SEM (standard error mean)
using analysis of variance (ANOVA) and
separated by Tukey’s Multiple
Comparison Test (TMCT) using Graph
Pad Prism 5TM software (San Diego,
CA).
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Results

Germination (%) of wheat seeds with
different treatments in the field: As
shown in Figure 1, the germination (%)
of wheat seeds cultivars, Bani Suef, Sids
1 and Misr 1 treated with imidacloprid at
a rate of 7g a.i. kg?, thiamethoxam at a
rate of 2g a.i. kg, acetamiprid at a rate
of 3.3g a.i. kg™, and dinotefuran at a rate
of 3.3g a.i. kg™ were ranging from 84 to
86.5%, 81 to 83.5% and 85.5 to 87%
respectively, and there were no
significant differences compared to
untreated seeds.

Efficacy of neonicotinoid insecticides
seed treatment against aphids on Bani
Suef wheat cultivar: The insecticidal
activity of imidacloprid, thiamethoxam,
acetamiprid and dinotefuran applied as a
seed treatment against wheat aphids, R.
padi, S. graminum and R. maidis were
evaluated under field conditions. As
shown in Figure 2A, the bird cherry-oat
aphid, R. padi began to appear on the
lower level of wheat plants particularly
on the roots on 28 January with an
average of 2.57+0.23 aphids/tiller and
then the aphids moved from roots to
stems and lower leaves, where the
population reached a maximum of
62.33+2.14 aphids/tiller on 11 March
(Figure  3A). The  efficacy  of
neonicotinod insecticides seed treatments
against this aphid species showed that
imidacloprid, thiamethoxam, acetamiprid
and dinotefuran significantly reduced the
maximum population densities on Bani
Suef wheat cultivars with the average of
11.03+1.52, 18.75+0.25, 25.07+0.52 and
29.80+2.69 aphidsf/tiller  respectively
compared with untreated plots,
(62.33+2.14 aphidsttiller).
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Figure 1: Effect of neonicotinoid insecticides seed
treatment on germination (%) of wheat cultivars Bani Suef
(A), Sids 1 (B) and Misr 1 (C) in the field during
2014/2015 season. Columns headed by the same letter (s)
within the same figure are insignificantly different (P
<0.05) according to Tukey’s Multiple Comparison Test
(TMCT).
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These results indicated that, imidacloprid
at a rate of 7g a.i. kg™ and thiamethoxam
at a rate of 2g a.i. kg™ were significantly
higher than acetamiprid at a rate of 3.3g
a.i. kg™t and dinotefuran at a rate of 3.3g
a.i. kgt in reducing the aphid population
densities. Each of the four neonicotinoids
provided a significant reduction to the
maximum numbers of R. padi during the
early season compared to the untreated
plots, whereas at the end of the season
beginning of March 25, there was no
significant  difference  between all
insecticide treatments and the untreated
plants (Figure 3A). The population of the
greenbug aphid, S. graminum was nearly
the same as that of R. padi and showing
approximately the same trend. S.
graminum began to appear on the upper
level of wheat plants (Figure 2B) on 28
January with an average of 1.73+0.64
aphidst/tiller and the population reached a
maximum of 28.40+1.17 aphids/tiller on
11 March. The seed treatments of
imidacloprid, thiamethoxam, acetamiprid
and dinotefuran significantly reduced the
maximum population densities of this

f

Figure 2: Aphid spices on wheat plants, the bird cherry-oat aphid, R. padi on the lower level of wheat plants (A), the

species on Bani Suef wheat cultivars
with  an average of 8.17+1.01,
13.53+0.74, 15.037+0.81 and 17.23+1.25
aphids/tiller respectively compared to the
untreated plots (28.40%1.17 aphids/tiller)
whereas, at the end of the season
beginning of March 25, there was no
significant differences between all of
insecticide treatments and the untreated
plants (Figure 3B). According to the
population density, the corn leaf aphid,
R. maidis was relatively low with a
maximum of 9.17+0.44 aphids/tiller on

25 March (Figure 2C). The seed
treatments of imidacloprid,
thiamethoxam, acetamiprid and

dinotefuran against this species reduced
the population with an average of
3.70+0.85, 5.23+0.54, 5.78+0.55 and
6.11+0.67  aphids/tiller  respectively
compared to the untreated plots
(9.14+0.44 aphidsttiller) but there was no
significant difference between all of
insecticides treatments because the
population was relatively low compared
to other species (Figure 3C).

greenbug aphid, S. graminum (B) and the corn leaf aphid, R. maidis (C) on the upper level of the wheat plants. All the
photos were taken from Assiut University Experimental Farm, Assiut, Egypt by a Canon Camera (12,1 Mega Pixels,

digital 1XUS 96015, 15 X, Japan).
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Figure 3: Effect of neonicotinoid insecticides seed
treatment against aphids on wheat cultivar Bani Suef
during 2014/2015 season.

Efficacy of neonicotinoid insecticides
seed treatment against aphids on Sids
1 wheat cultivar: Data represented in
figure 3 summarize the effect of
imidacloprid, thiamethoxam, acetamiprid
and dinotefuran applied as a seed
treatment against wheat aphids, R. padi,
S. graminum and R. maidis, on wheat
cultivar Sids 1 during 2014/2015 season
under field conditions. Results showed
that all treatments caused a significant
reduction in aphid’s population as
compared with untreated plots. The
maximum population of R. padi, S.
graminum and R. maidis were
32.50+1.61, 22.67+1.20 and 8.17+0.61
aphidsf/tiller on 18 March for R. padi, S.
graminum and on 25 March for R. maidis
in the untreated wheat plants. These
results showed that, R. padi was the
highest population followed by S.
graminum, whereas, R. maidis was the
lowest population on wheat cultivar Sids
1. Imidacloprid, thiamethoxam,
acetamiprid and dinotefuran reduced the
maximum population of R. padi, with an
average of 11.43+1.73, 13.98+0.57,
16+1.53 and 18.33+1.20 aphidsttiller, S.
graminum  with an average of
10.67+0.88, 13.67+1.20, 14.00+0.53 and
15.67+0.88 aphids/tiller and R. maidis
with an average of 2.53+0.84, 3.43+0.47,
4.17+0.67 and 5.27+0.37 aphidsttiller,
respectively compared to the untreated
plants (Figure 4 A, B, C). Moreover,
there were no significant differences
between treated and untreated wheat
plants during the end of season.
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Figure 4: Effect of neonicotinoid insecticides seed

treatment against aphids on wheat cultivar Sids 1
during 2014/2015 season.
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Figure 5: Effect of neonicotinoid insecticides seed
treatment against aphids on wheat cultivar Misr 1
during 2014/2015 season
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Efficacy of neonicotinoid insecticides
seed treatment against aphids on Misr
1 wheat cultivar: For wheat cultivar
Misr 1, data illustrated in Figure 5
showed that R. padi was the most
abundant species with an average of
25.5x1.73 aphids/tiller followed by S.
graminum with an average of 19.25+1.53
aphids/tiller on 18 March, whereas, R.
maidis was the lowest abundant with an
average of 6.17+0.73 aphids/tiller on 25
March. All insecticides tested as seed
treatments significantly reduced the
aphid population densities on wheat
cultivar Misr 1 during 2014/2015 season
under field conditions. Imidacloprid,
thiamethoxam, acetamiprid and
dinotefuran  reduced the maximum
population of R. padi, with an average of
8.22+1.15, 9.67+1.33, 11.25+1.35 and
12.33+£1.76 aphids/tiller, S. graminum
with an average of 5.00+0.57, 7.67+0.82,
9.00+£1.16 and 10.00+1.16 aphidsftiller
and R. maidis with an average of
1.83+0.44, 2.33+0.45, 3.33+0.17 and
3.67+£0.33  aphids/tiller,  respectively
compared to the untreated plants (Figure
5 A, B, C). However, there were no
significant differences between all of
insecticides treatment.

Effect of neonicotinoid insecticide seed
treatment on yield of wheat cultivars:
For wheat cultivar Misr 1, data illustrated
in Figure 5 showed that R. padi was the
most abundant species with an average of
25.5x1.73 aphids/tiller followed by S.
graminum with an average of 19.25+1.53
aphids/tiller on 18 March, whereas, R.
maidis was the lowest abundant with an
average of 6.17+0.73 aphids/tiller on 25
March. All insecticides tested as seed
treatments  significantly reduced the
aphid population densities on wheat

cultivar Misr 1 during 2014/2015 season
under field conditions. Imidacloprid,
thiamethoxam, acetamiprid and
dinotefuran reduced the maximum
population of R. padi, with an average of
8.22+1.15, 9.67+1.33, 11.25+1.35 and
12.33+1.76 aphids/tiller, S. graminum
with an average of 5.00+0.57, 7.67+0.82,
9.00£1.16 and 10.00%1.16 aphidsf/tiller
and R. maidis with an average of
1.83+0.44, 2.33+0.45, 3.33+0.17 and
3.67+£0.33  aphidsf/tiller, respectively
compared to the untreated plants (Figure
5 A, B, C). However, there were no
significant differences between all of
insecticides treatment.

Discussion

Wheat aphid is one of the major pests of
wheat in Egypt, and instituting control
measures to prevent the harm they cause
will be significant in reducing the
associated economic damage. This study,
conducted during 2014/2015 season,
demonstrated that imidacloprid (7g a.i.
kg?), thiamethoxam (2g a.i. kg?),
acetamiprid  (3.3g a.i. kg') and
dinotefuran (3.3g a.i. kg') seed
treatments had no effect on the
germination  percentage of  wheat
cultivars, increase the average vyield
production and reducing the wheat aphid
infestations  throughout the  wheat
growing season (Figs. 1 to 5 and Table
1). Three aphid species found infesting
the three different wheat cultivars during
the wheat growing season. The current
results reveal that there were significant
differences in the number of aphids
among the wheat cultivars, Bani Suef,
Sids 1 and Misr 1. Maximum numbers of
aphids per tiller were the highest in Bani
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Suef cultivar with an average of
(62.33£2.14) and lowest in Misr 1
cultivar with average (25.00%1.73). Thus,
Sids 1 seems to be more susceptible with
an average of (32.50+1.73) while Misr 1
was more resistant. Variations in the
aphid populations among the different
cultivars has been reported by several
researchers (Zhang et al., 1989; Aslam et
al., 2005; Aheer et al., 2007; Helmi &
Rashwan, 2013). Up to 15 weeks after

sowing, imidacloprid and thiamethoxam
were last in wheat plants, which provided
long-term protection for the wheat
cultivars against wheat aphids (Figs. 3 to
5). These results were in agreement with
the work of Liu et al. (2005), who found
that imidacloprid and thiamethoxam seed
treatments were effective in suppressing
the wheat aphid population in wheat
plants under field’s conditions
throughout the growing season.

Table 1: Estimated average yield per feddan in kilograms of wheat and percentage of increase yield in the control and

after neonicotinoid insecticides seed treatment against aphids on wheat cultivars Bani Suef, Sids 1 and Misr 1 during

2014/2015 season.
Rate Bani Suef cultivar Sids (1) cultivar Misr (1) cultivar

Insecticides (a.i. Average yield/ Yield Average yield/ Yield Average yield/ Yield

gm/kg feddan (kg+SE) increase feddan (kg+SE) increase feddan (kg+SE) increase

seeds) (%) (%) (%)
Control 0 2568.25+12.33¢ - 2288.67+16.30e - 2629.33+13.82¢ -
Imidacloprid 7 3308.00+22.45a  28.80a 3776.00+18.00a  64.98a 3840.00+11.50a  46.04a
Thiamethoxam 2 2959.33+15.85b  15.23b 3662.50+12.50b  60.03b 3180.00+14.00b  20.94b
Acetamiprid 3.3  2720.00+13.18c  7.85c 3416.00+11.00c  49.26¢ 3040.00+12.00c  15.62c
Dinotefuran 3.3 2652.00+14.22d 3.26d 2816.00+19.00d  23.04d 2928.00+25.00d  11.36d

Notes: Feddan = 0.42 hectare, yield increase (%) = [average yield (kg) in treatment - average yield (kg) in control/average

yield (kg) in control] x100. Means followed by the same letter(s) within the same column are insignificantly different

according to TMCT (p-vale < 0.05).

However, acetamiprid and dinotefuran
had lower effect as seed treatments
against wheat aphids compared to the
untreated control. An intense wheat
aphid’s peaks occurred at the beginning
of the second or the third week of March
and continued until mid or late April.
However, it was apparent that wheat
aphids on wheat cultivars in the plots
which were treated by imidacloprid and
clothianidin less abundant than in the
untreated control. In early season until
the second week of March, imidacloprid,
thiamethoxam, acetamiprid and

dinotefuran seed treatments reduced
significantly the aphid population
densities. After the second week of
March, there were no significant
differences between all of insecticide
treatments compared to the untreated
control, this may attributed to wheat
aphid’s migration to new emerged wheat
ears and the wheat plants grew rapidly
from the jointing stage to the heading
stage (Zhang et al., 2015). In addition,
during this period, the concentration of
imidacloprid, thiamethoxam, acetamiprid
and dinotefuran decreased in the wheat
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plants and less insecticide was available
in the soil, so it was not translocated to
new plant parts of wheat. The lower
insecticidal concentration in the soil and
plant was adverse to the control of the
wheat aphids, especially under a serious
occurrence of aphids during a later
growth period (Magalhaes et al., 2009;
Zhang et al.,, 2015). Imidacloprid,
thiamethoxam, acetamiprid and
dinotefuran have similar mode of action
and molecular structures, and they
interact likewise with the nicotinic
acetylcholine receptors (nNAChRs) of the
central and peripheral nervous systems
(Yamamoto, 1996; Zhang et al., 2000;
Tomizawa & Casida, 2003; Kanne et al.
2005; Hollingworth & Treacy, 2006). In
the present study, reasonable population
of wheat aphids, R. padi, S. graminum
and R. maidis control and yield augments
were achieved using the neonicotinoid
insecticide seed treatments under field
conditions. However, the application at
the same rate (3.3g kg™), acetamiprid
provided a lower population density of
wheat aphids than dinotefuran in wheat
cultivars during the growing season,
which was due to the differences in
metabolites in wheat plants, water
solubility, degradation and insecticide—
soil interactions of acetamiprid and
dinotefuran (Wu et al., 2012; Kong et al.,
2012; Zhang et al., 2015) . These results
needs further research studies in view of
the extended period of systemic activity
of neonicotinoid insecticides in wheat
aphids. Although, aphids was considered
the important pests attacking wheat
plants and causing sever reduction in the
yield (Slman, 2002). These pests cause
serious damages to the plants either
directly by sucking plant juice or
indirectly as a vector of diseases. Aphids

are the Ilimiting factors in wheat
production in Upper Egypt which cause
severe damage and reduce the yield from
7-23% (El-Heneidy, 1994) and from 4.24
to 21.89 % (Amin et al., 2007). In
addition, it was an obvious observation
that imidacloprid and thiamethoxam seed
treatments caused a significant increase
in the average yield/feddan in the three
wheat cultivars Bani Suef, Sids 1 and
Misr 1 compared to the untreated control
(Table 1), meanwhile, acetamiprid and
dinotefuran gave a lower increase in the
yield production. It might be concluded
that, imidacloprid and thiamethoxam had
a better efficiency against wheat aphids
than acetamiprid and dinotefuran
because probably, they have a high
systemic effect especially through the
root system. Similarly, studies of the
efficacy of imidacloprid dressing of
winter wheat in North America suggest
that yield benefits are small compared to
untreated plants and often exceeded by
the cost of the pesticide (Royer et al.,
2005). Suhail et al. (2013) stated that,
imidacloprid and thiamethoxam as seed
treatments reduced the population of
aphid, Sitobion avenae F. and resulted
significant increase in wheat crop yield
compared to all other treatments. By
contrast, Wilde et al. (2001) evaluated
thiamethoxam and imidacloprid seed
treatments for insect control in wheat
fields in Kansas and found no yield
benefit in the field experiments, which
had low to no pest pressure, and control
of early season pests was demonstrated
in greenhouse experiments with infested
plants, but late season pest control was
less effective and inconsistent. The same
author noted that, seed treatment could
be useful in fields with chronic pressure
from several pests, and the use of seed
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treatments is economically risky where
insect populations are variable. In
conclusion, the results of the present
study clearly showed that, imidacloprid,
thiamethoxam, acetamiprid and
dinotefuran seed treatments provided
early protection against wheat aphids R.
padi, S. graminum and R. maidis with
greater yield in wheat cultivars Bani suef,
Sids 1 and Misr 1 under field conditions.
Neonicotinoid insecticides seed
treatments are excellent means for the
management of wheat aphids on wheat
plants. Therefore, imidacloprid and
thiamethoxam seed treatment could be
used in integrated pest management
programs for controlling the wheat aphid.

Acknowledgements

The author thanks the Plant Protection
Department, Faculty of Agriculture,
Assiut University Egypt for continuous
supporting. Many thanks also are
extended to Dr. Amal Hamed Atta, for
assisting in the identification of the
aphids' species and to the staff of plant
protection experiment farm for the
planting and management of
experiments.

References

Aheer GM, Munir M, Ali A, 2007. Impact of
weather factors on population of wheat
aphids at Mandi Baha-ud-Din district.
Journal of Agriculture Research 45 (1):
61-66.

Ahmed NE, Kanan HO, Inanaga S, Ma YQ,
Sugimoto Y, 2001. Impact of pesticide
seed treatments on aphid control and

yield of wheat in the Sudan. Crop
Protection 20:929-934.

Amin IA, SIman FAA, Ahmed MA, 2007.
Assessment of some bread wheat
genotypes for cereal aphids infestation
under Upper Egypt conditions. Minia
Journal of Agricultural Research and
Development 27: 23-41.

Aslam M, Razaq M, Akhter W, Faheem M,
Ahmad F, 2005. Effect of sown date of
wheat on aphid (Schizaphis gramium
Rondani) population. Pakistan
Entomology, 27 (1): 79-82.

Burd JD, Elliott CN, Reed DK, 1996. Effects
of the aphicides Gaucho/Raxil and
CGA-215944 on feeding behavior and
tritrophic interactions of Russian wheat
aphids. SWest Entomology 21:145-152.

De Zutter N, Audenaert K, Haesaert G,
Smagghe G, 2012. Preference of cereal
aphids for different varieties of winter
wheat.  Arthropod-Plant  Interaction
6:345-350.

Dong ZK, Gao FJ, Zhang RZ, 2012. Use of
ryegrass strips to enhance biological
control of aphids by ladybirds in wheat
fields. Insect Science 19:529-534.

El-Hariry, MA, 1979. Biological and
ecological studies on aphids attacking
corn and wheat in Egypt. M.Sc. Thesis,

Faculty of Agriculture, Ain Shams
University, Egypt, 213pp.
El-Heneidy AM, 1994, Efficacy of

aphidophagous insects against aphids at
wheat fields in Egypt. Egyptian Journal
of Biological Pest Control 4 (2):113-
123.

Helmi A, Rashwan R, 2013. Effect of wheat
cultivars and sown dates on aphid
infestation in Egypt. Munis Entomology
and Zoology 8 (2): 825-830.

Hollingworth  RM, Treacy MF, 2006.
Classification ~ and  properties  of
commercial insecticides and acaricides,

31



Abd-Ella, 2016

pp. 36-67. In All JN, Treacy MF (eds.),
Use of management of insecticides,
acaricides, and transgenic crops. The
American Phytopathological Society, St.
Paul, MN.

Kanne DB, Dick RA, Tomizawa M, Casida
JE, 2005. Neonicotinoid nitroguanidine
insecticide metabolites: Synthesis and
nicotinic receptor potency of guanidines,
aminoguanidines, and their derivatives.
Chemical Research in Toxicology 18:
1479-1484.

Kong DY, Xu J, Han ZH, He J, Shi LL and
Shan ZJ, 2012. Adsorption and leaching
behavior of seven pesticides in three
different soils. Chines Journal of
Pesticide Science 14: 545-550.

Liu AZ, Li SJ, Han S, 2005. The study of
control effect on wheat aphids and yield
effect of imidacloprid seed dressing.
Henan Agriculture Science 11:63-64.

Magalhaes LC, Hunt TE, Siegfried BD, 2009.
Efficacy of  neonicotinoid  seed
treatments to reduce soybean aphid
populations under field and controlled
conditions in Nebraska. Journal of
Economic Entomology 102:187-195.

Megahed HHA, Ibraheem MMA, Attia SA,
El-Heneidy AH, 2002. Evaluation of

certain insecticides and alternative
chemicals against cereal aphids in
Egyptian wheat fields. Agricultural

Research Journal, Sues Canal University
1: 69-72.

Royer TA, Giles KL, Nyamanzi T, Hunger
RM, Krenzer EG, Elliott NC, Kindler
SD, Payton M, 2005. Economic
evaluation of the effects of planting date
and application rate of imidacloprid for
management of cereal aphids and barley
yellow dwarf in winter wheat. Journal of
Economic Entomology 98 (1):95-102.

Ruan S, Xue Q, Tylkowska K, 2002. The
influence of priming on germination of
rice (Oryza sativa L.) seeds and seedling

emergence and performance in flooded
soils. Seed Science Technology 30: 61-
67.

Shi XB, Jiang LL, Wang HY, Qiao K, Wang
D, Wang KY, 2011. Toxicities and
sublethal effects of seven neonicotinoid
insecticides on survival, growth and
reproduction of imidacloprid-resistant
cotton aphid, Aphis gossypii. Pest
Management Science 67:1528-1533.

Slman FAA, 2002. Influence of some
agricultural practices on the infestation
of wheat crop by cereal aphids in Upper
Egypt. Assiut Journal of Agricultural
Sciences 33: 1-12.

Suhail A, Igbal J, Arshad M, Gogi MD, Arif
MJ, Shafait T, 2013. Comparative
efficacy of insecticides as seed treatment
against wheat aphid and its coccinellid
predator. Pakistan Entomologist 35(1):
17-22.

Tomizawa M, Casida JE, 2003. Selective
toxicity of neonicotinoids attributable to
specibcity of insect and mammalian
nicotinic receptors. Annual Review of
Entomology 48: 339-364.

Wang WL, Liu Y, Chen J, Ji XL, Zhou HB,
Wang G, 2009. Impact of intercropping
aphid-resistant wheat cultivars with
oilseed rape on wheat aphid (Sitobion
avenae) and its natural enemies. Acta
Ecologica Sinica 29:186-191.

Wilde GE, Whitworth RJ, Claassen M,
Shufran RA, 2001. Seed treatment for
control of wheat insects and its effect on
yield. Journal of Agricultural and Urban
Entomology 18(1): 1-11.

Wu WZ, Guo M, Kong DY, Shi LL, Xu J,
Shan ZJ, 2012. Adsorption and leaching
of clothianidin in soil. Environmental
Chemistry 31:1730-1735.

Yamamoto I, 1996. Neonicotinoids - mode of
action and selectivity. Agrochemical
Japan 68:1-14.

32



Abd-Ella, 2016

Zhang A, Kayser H, Maienfisch P, Casida JE,
2000. Insect nicotinic acetylcholine
receptor: conserved  neonicotinoid
specificity of [3H] imidacloprid binding
site. Journal of Neurochemistry 75:
1294-1303.

Zhang P, Zhang X, Zhao Y, Wei Y, Mua W,
Liua F, 2015. Effects of imidacloprid
and clothianidin seed treatments on
wheat aphids and their natural enemies
on winter wheat. Pest Management
Science DOI: 10.1002/ps 4090.

Zhang WY, Xie R, Wang D, Qu H, Yin Y,
1989. Preliminary study on some new
cultivars with aphid resistance. Ins.
Wheat Research China 3: 30-31.



