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ABSTRACT

The effectiveness of three insecticides, imidacloprid,
lambda-cyhalothrin, and cyantraniliprole, in their
conventional and nanoemulsion formulations, were evaluated
under laboratory and greenhouse conditions using the
recommended dose against the cotton aphids, Aphis gossypii
Glover (Hemiptera: Aphididae). The prepared insecticide
nanoemulsions exhibited polydispersity indices ranging from
0.198 to 0.324 and zeta potentials between -27.2 and —38.1
mV. The most minor insecticide nanoemulsion droplet
diameter was lambda-cyhalothrin (83.25 nm), and the largest
was imidacloprid (112.32 nm). Preparing the imidacloprid,
lambda-cyhalothrin, and cyantraniliprole as nanoemulsion
formulations increased the toxicity by by1.41, 1.78, and 1.25-
fold after 24 hr., and 1.46, 1.7 and 1.45-fold after 48 hr.,
respectively against A. gossypii under the laboratory
condition. Lambda-cyhalothrin showed the highest toxicity
against A. gossypii, with fifty lethal concentration (LCso)
values of 5.313 ppm and 1.808 ppm after 24 hrs. and 48 hr.,
respectively. Under the greenhouse conditions, the general
means of reduction percentages of A. gossypii populations
caused by conventional formulation of lambda-cyhalothrin,
imidacloprid, and cyantraniliprole were 88.2, 81.74 and 78.91
%, respectively. While the means for the nanoemulsion
formulations were 95.17, 86.2 and 85.91 %, respectively.
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After the second spray, these means recorded 87.72, 82.78,
and 82.18% for conventional formulations and 91.22, 88.23,
and 87.31% for nanoemulsion formulations, respectively.

DOI: https://doi.10.21608/jaesj.2023.239529.1114
Keywords: Nanoemulsion, Imidacloprid, Lambda-cyhalothrin, Aphis
gossypii, Cyantraniliprole

INTRODUCTION

The cotton aphid, Aphis gossypii Glover (Hemiptera:
Aphididae), is an important insect pest of many crops worldwide
(Blackman and Eastop, 2000). The cotton aphid is highly polyphagous.
Crop plants attacked by this aphid include cucurbits, cotton, citrus,
coffee, eggplant, peppers, potato, okra, and many ornamental plants.
This aphid has been regarded as a significant pest of cucurbits and may
build up to large populations on these crops (Mendoza, 2001; Blackman
and Eastop, 1984). A. gossypii can cause two types of injury to the plant.
First, it can transmit viruses, and second, it can cause direct injury.
(Blackman and Eastop 1984). Chemical control remains the most
significant, reliable, and effective way to protect many crops from
infestation with insect pests such as cotton aphids.

The neonicotinoid insecticide imidacloprid is considered one of
the most promising insecticides in pest control. This insecticide's mode
of action concerns insects' central nervous system, with low side effects
on mammals. The action of this insecticide is caused by interfering with
the transmission of stimuli in the insect nervous system. This
mechanism leads to blockage of the nicotinergic neuronal pathway. By
blocking nicotinic acetylcholine receptors, imidacloprid prevents
acetylcholine from transmitting impulses between nerves, resulting in
the insect's paralysis and eventual death (Yamamoto et al., 1995;
Matsuda et al., 1999). Lambda-cyhalothrin is a synthetic pyrethroid
insecticide that controls various pests on food/feed crops and livestock.
Lambda-cyhalothrin is a member of the type Il pyrethroids. The action
of Lambda-cyhalothrin is caused by the slow depolarization of nerve
membrane, which reduces the amplitude of the action potential leading
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to a loss of electrical excitability (Simon, 2008; Ahamad and Kumar,
2023).

Cyantraniliprole is a second-generation commercialized
ryanodine receptor insecticide discovered after chlorantraniliprole by
DuPont, which is produced from anthranilic diamides to control
lepidopteran and sucking insects, including critical species of aphids,
whiteflies, and thrips (Sattelle et al., 2008). The mode of action of
cyantraniliprole relies on the activation of the ryanodine receptors of
insects, which are critical for muscle contraction (Lahm, et al., 2007).
This activation of the ryanodine receptors affects calcium homeostasis
by unregulating the release of internal calcium in the cell, which leads
to feeding cessation, lethargy, muscle paralysis, and ultimately, death
of the insect (Cordova et al., 2006; Jacobson and Kennedy, 2011).

Due to the intensive use of conventional formulations of
pesticides, the hazard and residues of pesticides have increased for
nontarget organisms such as humans and beneficial insects (insect
predators, parasites, and pollinators). To reduce this hazard,
nanotechnology has introduced a new trend in pesticide formulation.
This trend is called nanoformulation of pesticides. These
nanoformulations include nanoparticles, nanocapsules,
nanosuspensions, and nanoemulsion pesticides. Nanoemulsion is a
complex system that contains an oil phase with the presence of
surfactant and water. This nanoemulsion form has become a topic for
many studies, uses, and applications (Salim et al., 2011). Thus, keeping
in view the information mentioned above, this study aims to evaluate
the effect of conventional and nanoemulsion of imidacloprid, lambda-
cyhalothrin, and cyantraniliprole against the cotton aphids, A.
gossypii under the greenhouse and laboratory conditions.

MATERIALS AND METHODS
The tested insecticides
Three insecticides in their conventional and nanoemulsion

formulation have been chosen in this study as follows: Imidacloprid
(ImiDOR 35%SC), which was obtained from Chema Trade Company,
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Nasr City, Cairo, Egypt, at a rate of 75 ml/100 liter of water, Lambda-
cyhalothrin (Lambda 5 % EC) which obtained from Kafr El- Zayat
Company for Pesticides and Chemicals 61 Al- Hussein Street,
Mohandessin — Giza — Egypt. At a rate of 95 cm3/100 liter,
Cyantraniliprole (Benevia 10 % EC) at a rate of 60 cm3/100 liter of
water was obtained from FMC Company, US.

Nanoemulsion preparation

The nanoemulsions of lambda-cyhalothrin, imidacloprid, and
cyantraniliprole were prepared in two phases, including coarse
emulsions prepared by stirring and further emulsification using high-
energy ultrasonication. First, each insecticide dissolved in toluene and
butanol (1:1) as a common solvent (oil phase). The oil phase was slowly
added to the aquatic phase (water and tween 80) with stirring at 4000
rpm for 30 minutes. The formed emulsions were then sonicated for 30
minutes at a sonication power of 10 kHz and pulses nine cycles/sec
using an Ultrasonic Homogenizer (HD 2070 with HF generator GM
2070, ultrasonic converter UW2070, booster horn SH 213 G, and probe
microtip MS 73, @ 3 mm). The temperature difference between the
initial and final coagulant emulsion was not more than 25°C (Badawy et
al., 2017; Shahavi et al., 2019).

Characterization of insecticide nanoemulsion

Centrifugation assay: This analysis of nanoemulsion was performed
by centrifuging the samples for 30 minutes at 5000 rpm and noticing
phase separation, creaming, and cracking. The nanoemulsion should
have maximum stability, not a phase separation (creaming and
cracking) (Shafig and Shakeel, 2010).

Freeze-thaw cycle: In this test, the formulations were subjected to two
different temperatures (-21°C and 21°C.) for each temperature test of at
least 24 hr. (Kadhim and Abbas, 2015). The separation or creaming
layer was examined.
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Heating cooling test: The prepared nanoemulsions were maintained at
four °C and 40°C with storage for 48 h per temperature test.
Nanoemulsions stable at this temperature were subjected to further
study (Kadhim and Abbas, 2015).

Viscosity and pH measurements: The dynamic (absolute) viscosity (L)
of the insecticide nanoemulsions was measured by a Rotary Myr VR
3000 digital viscometer with L4 spindle at 200 rpm at 25°C without
further dil. Each reading was taken after the equilibrium of the sample
for two minutes. The samples were repeated four times, and the data
expressed in mPa.s. The observation of pH value follows from the
determination of stability of nanoemulsion due to alteration of pH of the
presence of chemical reactions. The digital pH meter was used to
determine the pH values of prepared nanoemulsions.

Particle size, zeta potential, and poly polydispersity index (PDI): The
average volume of droplets (PDI) and diameters of nanoemulsions were
measured by dynamic light dispersion method (DLS) using Zetasizer
Nano ZS (Malvern Instruments, UK) at room temperature. Before
measurements, samples were diluted to 10% with deionized water to
avoid multiple dispersion effects. The size of emulsion droplets was
estimated at an average of three measurements and was shown as an
average diameter in nanometers. PDI values <0.25 indicated a narrow
size distribution providing good stability of nanoemulsions (Sobhani et
al., 2015; Su et al., 2017). The stability of the Nano imidacloprid was
assessed in terms of zeta potential using a Zeta Plus tool (Malvern Zeta
size Nano-zs90).

Scanning electron microscopy (SEM): SEM analysis used a JEOL JSM-
5410 (Japan) electron microscope with a W-source operating at 80 kV.
The sample was prepared on a glass slide (1 x 1 cm) after washing it
with ethanol. A tiny drop of nanoemulsion was spread evenly over the
glass slide and allowed to air dry. To make it conductive, gold coating
with Jeol Quick Auto Coater was performed (JFC-1500). The
nanoemulsions were then subjected to SEM analysis under ambient
conditions.
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Laboratory insecticidal evaluation: Toxicity testing of imidacloprid,
lambda-cyhalothrin, and cyantraniliprole and their nanoemulsion
against laboratory strain of the cotton aphids (maintained under
conditions of 25+2°C and 655 %RH on castor bean leaves) was
conducted. The leaf-dip bioassay technique was adopted from
(Moores et al., 1996; Aydin et al., 2005) with minor modifications.
Cucumber leaf discs (55 mm diameter) were dipped in insecticide
solutions for 10 s and dried on a paper towel. The Serial dilutions of
formulated compounds were prepared in distilled water containing 500
ppm Tween 20 (as a non-ionic surfactant). Cucumber leaves were
dipped for 10 s into deionized water containing 500 ppm Tween 20 for
controls. In Petri plates (60 mm diameter), leaves were placed upside
down on an agar bed. On the treated leaf, fifteen apterous adults of A.
gossypii were inserted. Each insecticide had six concentrations, and
each concentration had four replicates. These concentrations were 1, 5,
10, 15, 20, and 40 ppm for cyantraniliprole and imidacloprid and 0.5, 1,
5,10, 15 and 20 ppm for lambda-cyhalothrin. After 24 and 48 hours, the
mortality rate was calculated and corrected by Abott's formula (1925).
Adults were considered dead if they showed no coordinated forward
movement when prodded with a fine paintbrush. The LCss, LCso, and
LCoo values and 95% confidence limits were calculated according to
Finney (1971) using LdP-line, Ehab Software
(http://www.ehabsoft.com/Idpline/).

Insecticidal evaluation under greenhouse conditions: The current
experiment was planned to compare the efficiency of the conventional
and nanoemulsion formulations of lambda-cyhalothrin, imidacloprid,
and cyantraniliprole against the cotton aphids A. gossypii. This
experiment was conducted in a commercial plastic greenhouse in the
Damanhour district, EI Behera Governorate, Egypt (9 X 40 m). The
greenhouse was planted on the 10th of May 2023 with cucumber
(Cucumis et al.) (variety, white wonder). Except for applying any
pesticides, all the standard agricultural practices for greenhouse
cucumber (fertilization, irrigation, light intensity pinching, photoperiod,
and temperature) were carried out regularly (Raymond, 2003).

Statistical analysis
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The randomized complete block design (RCBD) was applied
with four replicates/treatments and four for control in 28 plots. Every
plot was separated from the other plot by one meter to reduce
interference from another treatment drift. The sample size was many
alive aphids found on four leaves from four different plants (16
leaves/plot). All treatments were applied during the cucumber fruiting
stage. Counts of aphids were recorded immediately before treatment
and at 1, 4, 7, and 14 days after treatment. An ordinary hand sprayer of
20 liters capacity with a bent-down Nozzle was used. Reduction
percentages of A. gossypii numbers were calculated according to
Henderson and Tilton equation (1955) and subjected to analysis of
variance (ANOVA) (CoStat et al., 1998).

RESULTS AND DISCUSSION

Characterization  of  lambda-cyhalothrin,  imidacloprid, and
cyantraniliprole nanoemulsions

The physical and chemical characteristics of the nanoemulsion of three
insecticides (lambda-cyhalothrin, imidacloprid, and cyantraniliprole)
are presented in Table 1.

Appearance and particle size (droplet diameter)

The particle (droplet) size and PDI results revealed that the three
nanoemulsion preparations achieved the target nanometric size range.
According to Sadurni et al. (2005), the average size of a drop of oil-in-
water type nanoemulsions usually falls within the range of 20 to 200
nm. The lambda-cyhalothrin nanoemulsion had a minor droplet
diameter (83.25 nm), while the imidacloprid nanoemulsion had the
largest droplet diameter (112.32 nm) (Fig. 1). The lambda-cyhalothrin
nanoemulsion also had the lowest PDI value (0.198). At the same time,
the highest (0.324) was observed in the imidacloprid nanoemulsion.
According to Baboota et al. (2007), the polydispersity index reflects
particle size distribution in the formulation; a PDI of 0.3 indicates a
system heterogeneity, while a PDI of <0.2 refers to a uniform droplet
size distribution and homogeneous population.
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Viscosity and pH measurement

The viscosity of the lambda-cyhalothrin, imidacloprid, and
cyantraniliprole nanoemulsions were 3.94, 4.33, and 4.55 mPas.,
respectively. The pH values were 6.12, 6.43, and 6.46, respectively.

Zeta potential

The measuring nanoemulsion zeta potential is helpful for understanding
and predicting the interactions between nano-particles. The estimated
zeta potential values (Fig. 1) were —38.1, -27.2, and -28.6 mV for
imidacloprid, lambda-cyhalothrin, and cyantraniliprole insecticide
nanoemulsions, respectively. Overall, zeta potentials more significant
than 25 mV or lower than —25 mV typically indicate high degrees of
stability (Shi et al., 2017). The results of leaving the nanoemulsion of
the three insecticides in different storage conditions and thermodynamic
stability (centrifugation at 5000 rpm, storage at 25°C, heating cycle, and
cooling and freeze-thaw cycle) are tabulated in Table 1. The results
indicated that all nanoemulsions passed a centrifugation test at 5000
rpm. Also, the results showed that the heating-cooling test indicated that
all samples were stable.

The morphology and shape of the nanoemulsions were studied using
scanning electron microscopy (SEM), as shown in Fig. 2, and the shape
of the droplets was spherical. The results of characterizations of
nanoemulsion of the three insecticides are in harmony with the results
of Badawy, et al. (2019) who determined the particle size of five
insecticides i. e. chlorpyrifos, malathion, cypermethrin, deltamethrin
and lambda-cyhalothrin by 18.35, 177.2, 84.99, 24.42 and 79.05 nm,
respectively, while the PDI values ranged from 0.121 to 0.377.

Table (1): The physical and chemical characteristics of the nano-formulations of
lambda-cyhalothrin, imidacloprid, and cyantraniliprole
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Pesticides A B C D pH + SD E PDI Zeta_
(nm)  potential
Imidacloprid \ \ v 4.33+0.16 6.43+0.051 11232 0.324 -381
Lambda cyhalothrin NN N 3.94+0.2 6.12+#0.036 8325 0.198  -27.2
Cyantraniliprole NN N 455+0.18 6.46+0.035 89.17 0255  -28.6

' = the nanoemulsion formulation is stable without phase separation
A: Stability after centrifugation at 5000 rpm, B: Freeze thaw cycles, c: Heating-cooling cycle,
D: Viscosity (mPa.s.) = SD, and E: Droplet size (nm)

Laboratory evaluation of tested insecticides and their nanoemulsions
against A. gossypii

Results in Table (2) showed that, after 24 hr. of the exposure
time, lambda-cyhalothrin nanoemulsion was the most effective
insecticide against A. gossypii adults, followed by imidacloprid
nanoemulsion and then cyantraniliprole nanoemulsion. The LCsg values
for the tested insecticides arranged in ascending order were as follows:
lambda-cyhalothrin nanoemulsion (2.989 ppm with a confidence
interval of 2.176- 3.964 ppm), imidacloprid nanoemulsion (4.758 ppm
with a confidence interval of 1.807 - 7.737 ppm) and cyantraniliprole
nanoemulsion (7.254 ppm with a confidence interval of 3.369 - 12.108
ppm). The toxicity index was employed to compare the efficiency of all
tested insecticides at a fixed level (LCso) to their most effective
insecticide. The toxicity index values were 62.82 and 41.2 %, as toxic
as lambda-cyhalothrin nanoemulsion for imidacloprid nanoemulsion
and cyantraniliprole nanoemulsion, respectively. The slop values for the
nanoemulsion ~ of  imidacloprid, lambda-cyhalothrin,  and
cyantraniliprole were 1.658, 1.162, and 1.635, respectively.

The synthetic forms of lambda-cyhalothrin were the most
effective insecticide against the adults of A. gossypii with ICsp of 5.313
ppm, compared with the synthetic forms imidacloprid (6.731 ppm) and
finally synthetic forms of cyantraniliprole (9.103 ppm). Also, the
toxicity index was employed to compare the efficiency of three tested
compounds in their synthetic forms at a fixed level (LCsp) to their most
effective insecticide. The values of the toxicity index were 78.93 % and
58.37 % as toxic as a synthetic form of lambda-cyhalothrin for
imidacloprid and cyantraniliprole, respectively.
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Fig. 1. A typical particle size distribution by a dynamic light scattering (DLS) and
Zeta potential distribution of the nanoemulsion formulations of A) Imidacloprid
B) Cyantraniliprole, and C) Lambda-cyhalothrin
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Lambda-cyhalothrin Cyantraniliprole Imidacloprid
Fig. 2: scanning electron micrograph of prepared nanoemulsion of Lambda-
cyhalothrin, Cyantraniliprole, and Imidacloprid

Nanoemulsion formulations of lambda-cyhalothrin,
imidacloprid, and cyantraniliprole were more toxic than conventional
formulations, with relative efficiency of 0.437, 0.293, and 0.203 for
lambda-cyhalothrin ~ for  imidacloprid  and  cyantraniliprole,
respectively. After 48 hr. of the exposure time, based on data in Table
(4), the results of tested insecticides against A. gosspii adults showed
the lambda-cyhalothrin nanoemulsion was the most effective at the LCso
level (1.066 ppm with a confidence interval of 0.674-1.509 ppm),
followed by Imidacloprid nanoemulsion (2.866 ppm with a confidence
interval of 1.382-5.745 ppm) and cyantraniliprole nanoemulsion (4.466
ppm with a confidence interval of 1.57-7.289 ppm). Nano-lambda-
cyhalothrin was used as a standard in calculating the toxicity index due
to its highest effect. Data in Table (4) illustrated that nano imidacloprid
was 37.19%, followed by cyantraniliprole with 23.86% compared to
Nano- lambda-cyhalothrin.

The LCso values of the synthetic formulation of lambda-
cyhalothrin, imidacloprid, and cyantraniliprole were 1.808 ppm, 3.744
ppm, and 6.512 ppm, respectively. After 48 hr. exposure time, the
nanoemulsion formulations of lambda-cyhalothrin, imidacloprid, and
cyantraniliprole were more toxic than that of the usual formulation with
the relative efficiency of 0.41, 0.23, and 0.31 for lambda-cyhalothrin,
imidacloprid and cyantraniliprole, respectively. After 48 hr. exposure
time, nanoemulsion had the steepest slope with 1.136, 1.54, and 1.632
compared with 1.014, 1.581, and 1.784 for lambda-cyhalothrin,
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imidacloprid, and cyantraniliprole, respectively. The steepest slope
indicates that the slightest change in the concentration of the
insecticides caused high mortality compared with the least steep slope,
which needed more concentration to give the same effect (percent
mortality).

The current results are in harmony with the results of Barakat et
al. (2023), who found that the LCso values of acetamiprid, dinotefuran,
and their nanoform were recorded at 3.566, 4.068, 0.590, and 0.705 ppm
against A. craccivora, respectively. Also, the toxicity of acetamiprid
against soybean Aphid, Aphis glycines was estimated as an LCsg value
of 6.742 mg a.i./L with a confidence interval of 5.133-8.629 mg a.i./L
(Zhang et al., 2022). In our results, the insecticide lambda-cyhalothrin
was the most effective insecticide against the cotton aphids, A. gossypii,
in agreement with the results of Kandil et al. (2022), who found lambda-
cyhalothrin (with an LCso of 0.021 pg/mL) was the most effective
insecticide against cowpea aphids, followed by cypermethrin, (0.056
pug/mL) dinotefuran (0.89 pg/mL), acetamiprid (0.95 pg/mL), and
thiamethoxam (3.82 pg/mL). Also, in this respect, Assemi et al. (2014)
found that the nano-pesticide of imidacloprid (0.512 ppm) was much
more effective, around five times higher than synthetic (2.56 ppm) after
24 hours of application against Myzus persicae in laboratory bioassay.
The current results are in harmony with the results of Zeng et al. (2016),
who studied the toxicity of imidacloprid and cyantraniliprole
against Myzus persicae and estimated the fifty lethal concentrations by
12,726 and 1.691 ppm for cyantraniliprole and imidacloprid,
respectively.
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Table (2): Acute contact toxicity of Lambda-cyhalothrin, Imidacloprid, Cyantraniliprole against cotton aphids, Aphis gossypii after 24 h from
treatment under laboratory conditions.

Conventional formulation Nanoemulsion
Treatments Confidence limits Confidence limits Tl RE
LCs0 values Slope b G TI LCso Slope X2
Lower Upper Lower Upper
1C2s 1.517 0.364 2.386 0.785 0.451 1.166
Lambda- 1.239 1.162
cyhalothrin 1Cso 5.313 2.417 11.591 +0 133 8.627 100 2.989 2.176 3.964 +0.125 9.336 100 0.437
LCoo 57.515 41.065 502.206 37.884 23.978 73.238
1C2s 2.618 0.916 3.744 1.864 0.399 2.454
Imidacloprid 1Cso 6.731 3.596 10.397 +1(5614753 9.874 | 78.93 4,758 1.807 7.737 4_10615684 8.671 | 62.82 | 0.293
LCao 40.494 28.333 123.576 28.224 20.275 107.96
1C2s 3.942 2.812 5.04 2.806 0.746 3.813
Cyantraniliprole | 1Cso 9.103 7.443 10.937 +16815966 8.237 | 58.37 7.254 3.369 12.108 7}0613753 8.234 41.2 0.203
LCoo 44,641 33.34 67.66 44.079 33.358 | 192.043

Toxicity index (TI) = (LCso of the most efficient compound/ LCso of the tested compound) x 100
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Table (3): Acute contact toxicity of Lambda-cyhalothrin, Imidacloprid, Cyantraniliprole against cotton aphids, Aphis gossypii after 48
hr. from treatment under laboratory conditions.

Conventional formulation Nano formulation
Treatments Confidence limits T Confidence limits T RE
LCso Values Slope b G LCso Slope X2
Lower Upper Lower Upper
Lambda- | 10, | 0301 | 0.169 | 0.662 0272 | 0119 | (46
cyhalothrin 1014 1136
. 1.066 0.674 .

1Cso 1.808 1.183 2.561 +0138 3.82 100 1.509 +0.145 6.137 100 0.41

Lew | 33227 | 3| 7137 14315 1 9035 | 58705
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Imidacloprid | 10,0 | 1402 | 0341 | 1.972 1.046 | 0371 | 3.217
1Cso | 3744 | 1408 | 5858 | 1981 1 gg73 | 5471 | 2866 | 1382 | 5745 | 15 | gos2 | 3719 | 023
+0154 | & : +0182 | © : :
LCo | 24.199 162'26 712 10479 | 13462 | 32452
Cyan”li”i“pro 1Css | 2726 | 0659 | 3533 1724 | 0328 | 2218
1.784 1.632
1Co | 6512 | 2757 | 1076 | 789 | 5066 | 4281 | 4466 | 157 | 7289 | 1932 | 6703 | 2386 | 031
LCo | 34.056 265’3 142,383 27253 | 19.519 | 110.083

Toxicity index (TI) = (LCso of the most efficient compound/ LCso of the tested compound)x100

Relative efficiency of nanonization (RE)= (LCso of normal formulation — LCso of Nanoemulsion)/LCso of normal formulation
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Evaluation of the efficacy of the tested insecticides and their
nanoemulsions to control A. gossypii

After the 1st spray

Based on the initial effect values (Table 4), the results indicated
that lambda-cyhalothrin insecticide was the most effective insecticide
(with reduction percentages of 86.33 and 96.62 % for usual and
nanoemulsion formulation, respectively) followed by imidacloprid
(88.74 and 90.18% for regular and nanoemulsion, respectively) and
cyantraniliprole (78.19 and 83.62 %). At four days post-treatment,
lambda-cyhalothrin showed the highest effective insecticide (with
reduction percentages of 93.2 and 97.5 for normal and nanoemulsion,
respectively), followed by imidacloprid (83.94 and 88.48 %), then
cyantraniliprole (80.47 and 88.16 %). At seven days post-treatment, the
application of lambda-cyhalothrin resulted in a significant reduction
in A. gossypii, which recorded 90 and 94.82 % reduction percentages
for usual and nanoemulsion formulation, respectively. The insecticide
imidacloprid came in the second rank with reduction percentages of
80.13 and 88.23 % for usual and nanoemulsion formulation,
respectively. The insecticide cyantraniliprole was in last place, with
80.11 and 87.59 % reduction percentages for regular and
nanoemulsions, respectively. The general means of reduction
percentages of A. gossypii populations caused by the usual formulation
of lambda-cyhalothrin, imidacloprid, and cyantraniliprole were 88.2,
81.74 and 78.91 %, respectively. While these means for the
nanoemulsion formulations were 95.17, 86.2 and 85.91%, respectively.

After the 2nd spray

Data presented in Table (5) clarified those differences between
the effects of lambda-cyhalothrin, imidacloprid, and cyantraniliprole
against the total population of A. gossypii at 1, 4, 7, and 14 days after
the second spray. After the second spray, all the treatments were
significantly superior to the untreated control. Lambda 5 % EC
formulation decreased A. gossypii population compared to other
treatments at 1, 4, 7, and 14 days after the second spray. It gave the
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highest percent reduction one day after the second spray (86.95 and
90.71% for synthetic and nanoemulsion formulation, respectively)
compared with ImiDOR 35%SC (89.95 and 92.2 %) and Benevia 10 %
EC (85.43 and 88.34%).

Concerning the general means of the reduction percentages after
the second spray, the results emphasize that the highest population
reduction was recorded in lambda-cyhalothrin (with reduction
percentages of 87.72 and 91.22% for synthetic and nanoemulsion
formulation, respectively). The second-best treatment was imidacloprid
(82.78 and 88.23 %) and cyantraniliprole (82.18 and 87.31%). The
current results emphasize using these insecticides to suppress the A.
gossypii population under economic threshold levels and recommend
concentration to enhance the profitability of the crop and ensure quality.
Therefore, our results align with the results of Ane et al. (2016), who
investigated the impact of lambda-cyhalothrin and imidacloprid on
aphids in strawberry fields in Pakistan. Their study demonstrated that
both insecticides effectively lower aphid density in strawberries;
however, lambda-cyhalothrin  yielded better results than
imidacloprid. Also, the current results are in accordance with the results
of Fountain (2013) who reported control of potato aphid on strawberry.
He found that cyhalothrin suppressed the number of aphids in field. The
current results support the results of Lasheen, et al., (2020) who
investigate the efficiency of four pesticides i. e. lambda cyhalothrin,
thiamethoxam, azadirachtin and Beauveria bassiana against the white
fly, Bemisia tabaci, infesting squash plants during the two growing
season, 2017 and 2018, under field conditions. They found that the
efficiency of the tested pesticides on white fly could be arranged
according to their percentages of reduction in infestation in the follows
order: lambda cyhalothrin > B. bassiana > thiamethoxam >
azadirachtin, respectively.
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Table (4): Efficiency of three insecticides in control of cotton aphid, Aphis gossypii populations at 1, 4, 7 and 14 days
after treatment under greenhouse conditions after the 1%t spray (means of reduction percentages % and mean numbers
aphids/4 cucumber leaves between brackets):

Post spray (days) General
Treatments Pre spray
1 4 7 14 mean
Control (65.3121.64) | (753141.47) | (80.69+1.78) | (115.19+4.45) | (107.44+1.25)
. 86.33+1.72° 93.2+1.09P 90+2.39¢ 83.28+2.3b 88.244.24°
Conventional
oo | (70.75+2.65)
rmutati (11.19+1.76) | (5.94+0.94) | (12.38+2.35) | (19.5+3.03)
Lambda-
cyhalothrin 96.62+0.512 97.5+1.732 94.82+1.632 91.74+2.268 | 95.17+2.728
Nanoemulsion | (73.56+2.41)
formulation (2.88+052) | (2.25+1.58) | (6.63x1.79) | (9.94+2.38)
88.74+2.94b¢ 83.94+2.624 80.13+2.694 74.16%1.9¢ 81.7445.97¢
Conventional (72.56%2.3)
formulation 9.38+2.14) | (14.38+2.21) | (25.3823.81) | (30.88+2.75)
Imidacloprid
90.18+2.48b 88.48+1.89° 88.23£1.6° 77.88+2.4° 86.245.36°
Nanoemulsion (68.25+2.35)
formulation (7.75£2.01) | (9.69+1.36) | (14.19+2.13) | (24.88+3.28)
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78.19+1.784 80.47+1.269 | 80.11+1.92¢ 76.87+2.98°¢ 78.91+2.4¢
Conventional | (66.25+1.74)
formulation (16.69+1.77) (16+1.34) (23.31£3.27) (25.13£2.31)
Cyantraniliprole
83.62+4.18°¢ 88.16+1.46° | 87.59+1.23° 84.27+1.67° 85.91+3
Nanoemulsion | (71.38+1.69)
formulation (13.44+3.25) | (10.43+£1.25) | (15.63%1.74) (18.5+2.27)
F- values 24.186 49.214 34.151 31.101 28.911
L.S.D. 3.7699 2.60005 2.933 3.40265 2.93145

Means followed by the same letter(s) within the same column are non significantly different (P < 0.05)

Table (5): Efficiency of three insecticides in control of cotton aphid, Aphis gossypii populations at 1, 4, 7 and 14 days after
treatment under greenhouse conditions after the 2" spray (means of reduction percentages % and mean numbers aphids/4
cucumber leaves between brackets)

Post spray (days) General
Treatments Pre spray
1 4 7 14 mean
Control (107.44£1.25) | (104+1.66) | (93.63+2.06) | (81.812.38) | (78.56 +1.52)
c ] 86.05:2.21 | 88.05:2.83° | 87.31+1.66° | 88.58%2.71a> | 87.72+1.93°
Lambda- fonver;t't‘?”a (19.5+3.03)
cyhalothrin ormutation (2.44+0.43) (2+0.41) | (1.88220.32) | (1.63+0.25)
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90.71+3.0420 | 91.49+2 492 91.35+2.582 | 91.34+3.642 91.22+2.672
Nanoemulsion (9.94+2.38)
formulation (0.89+0.33) (0.75£0.35) (0.69+0.31) (0.63£0.32)
89.95+0.532P 84.41+2.3¢ 79.51+1.45°¢ 77.26+2.48¢ 82.7845.31°¢
Conventional (30.87+2.75)
formulation (1.88+0.78) (4.19+0.69) (4.81+0.52) (5.13+0.66)
Imidacloprid
P 92.2+1.712 88.56+2,220 86.29+2.97° | 85.88+1.91° 88.2343.282
Nanoemulsion (24.88+3.28)
formulation (3.0+0.29) (2.4440.24) (2.56£0.47) (2.56£0.47)
85.43+3.19°¢ 82.03+2.83¢ | 89.82+4.323% | 71.43+2.269 82.18+7.59¢
Conventional (25.13+2.31)
formulation (1.88+0.48) (3.94+0.77) (1.94+0.83) (5.25+0.65)
Cyantraniliprole
4 P 88.34+2.12 | 90.61+1.822> | 91.57+1.282 78.71+0.9¢ 87.31+5.46°
Nanoemulsion (18.5+2.27)
formulation (2.06£0.24) (8.25£0.29) (1.1940.24) (2.8840.32)
F- values 4,713 6.201 11.920 46.773 8.382
L.S.D. 3.42995 3.33265 3.68095 3.31095 3.3591

Means followed by the same letter(s) within the same column are nonsignificantly different (P < 0.05)
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CONCLUSIONS

It was concluded the nanoemulsion formulations of
imidacloprid, lambda-cyhalothrin and cyantraniliprole can be used as an
effective alternatives of conventional formulations to control A. gossypii
due to its physical characteristics. Prepared of nanoemulsion
formulation increased the toxicity of imidacloprid, lambda-cyhalothrin
and cyantraniliprole against A. gossypii by using the leaf-dip bioassay
under laboratory conditions by1.41, 1.78 and 1.25-fold, after 24 hr. and
1.46, 1.7 and 1.45-fold after 48 hr., respectively. Lambda-cyhalothrin
insecticides showed the highest toxicity against A. gossypii compared
with imidacloprid and cyantraniliprole whether in the laboratory or in
the greenhouses conditions.
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