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Abstract 

Background:  The conventional pesticide formulations have many side effects on environmental. These effects were 
due to the huge quantity of pesticides used. Using of nanopesticide formulations can be reduced the quantity of 
pesticides used and subsequently decreased the cost of pest control and environment contamination.

Results:  Indoxacarb and imidacloprid nanoparticles were developed. The size of nanoparticles ranged between 
200 and 400 nm. The obtained results showed that the percentage of mortalities in second instar larvae of Egyptian 
cotton leafworm, Spodoptera littoralis were 95 and 75% in indoxacarb and imidacloprid nanoparticles, respectively. 
On the other hand, these percentages were 76.7 and 91.7%, respectively, with conventional formulations. In spite of 
one fifth of pesticide concentrations were used in nanoformulations, the LC50, s in nanoformulations were 2.9 and 
15.9 ppm for indoxacarb and imidacloprid, respectively, compared to 34.3 and 66.5 in conventional formulation. The 
loading capacity in both indoxacarb nanoparticle and imidacloprid nanoparticle were 60.7 and 52.0%, respectively.

Conclusion:  These results found that indoxacarb and imidacloprid nanoparticles were 12 and 4 times, respectively, 
more effective than indoxacarb and imidacloprid conventional formulations against the second instar larvae of S. litto-
ralis. These results also showed that indoxacarb and imidacloprid nanoparticles can be used as effective formulations 
against the cotton leafworm larvae instead of the conventional formulation to reduce the environment contamina‑
tion, control cost and pest population.

Keywords:  Nanoformulations, Conventional formulations, Spodoptera littoralis loading capacity

© The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

Background
The Egyptian cotton leafworm, Spodoptera littoralis was 
considered the key pest for most main crops in Egypt 
(Ragaei et  al. 2019). This pest has been acquired resist-
ance to many common insecticides. So, it’s badly needed 
to develop a new formulation to suppress the highly 
population of this pest and reduce the environmental 
contamination. Recently, the global pesticides consump-
tion is approximately 2 million tonnes of pesticides (De 
et  al. 2014). The intensive use of conventional pesticide 

formulations involves the enormous amounts of differ-
ent chemicals types to control weeds, insects, and patho-
gens of crops (Arnaud et al. 2005). However, many types 
of conventional pesticides formulations used were accu-
mulated in biological system, contaminate soil and water 
environments, harm living organisms, and caused a dis-
turbance in the balance of natural ecosystems (Carvalho 
2017). Now there is a new trend to get new formulations 
for reducing the risk of side effects of conventional pes-
ticide formulations. Nanotechnology is currently an 
important tool for increasing agricultural productivity. 
Nanotechnology makes a balance between minimal con-
centration and maximum pest control, safe concentration 
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and reduces the cost of pest control (Oliveira et al. 2019). 
So, using of nanopesticides is very important in modern 
agriculture (He et al. 2019). There are many types of nan-
opesticide formulation such as nanoparticle pesticide 
formulations, nanosuspension pesticide formulations, 
nanoemulsion pesticides formulations and nanocapsules 
pesticide formulations (Sabry 2020).

Imidacloprid is the promising insecticide in pest con-
trol. The mechanism of action of this insecticide con-
cerned on the central nervous system of insects, with low 
side effect 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 block-
ing nicotinic acetylcholine receptors, imidacloprid pre-
vents acetylcholine from transmitting impulses between 
nerves, resulting in the insect’s paralysis and eventual 
death. El-Sheikh et  al. (2018) used that imidacloprid 
against the second and forth instar larvae of S. littoralis. 
On the other hand, Sabry et al. (2013) used imidacloprid 
against the forth instar larvae S. littoralis. The LC50 was 
0.22 g/l.

Indoxacarb has also a new mode of action against insect 
pests. It works as a sodium channel blocker resulting in 
paralysis and death of targeted pests. This insecticide has 
been reported to have a good field activity against umber 
of Lepidoptera as well as certain Homoptera and Coleop-
tera insects. Also, these insecticide formulations are 
reducing of the pesticide risk on mammalian (Wing et al. 
2000; McKinley et al. 2002).

This work aims to develop nanoparticle pesticide for-
mulations of both imidacloprid and indoxacarb as new 
pest control trend and using it against the second instar 
larvae of cotton leafworm control.

Methods
Test insect
Laboratory colony of Egyptian cotton leafworm, Spo-
doptera littoralis was reared under laboratory conditions 
(26 ± 1 °C and 70 ± 5 RH) for many generations. The sec-
ond instar larvae of S. littoralis were used as a target test 
against both indoxacarb and imidacloprid conventional 
and nanoformulations.

Test chemicals
Two common insecticides were used.

1.	 Indoxacarb (Avaunt 15% EC), produced by Du Pont 
De Nemours. Indoxacarb belong to a new class 
of insecticides called oxadiazine and it works as a 
sodium channel blocker. The recommended field rate 
is 200 ml/feddan (4200 m2)

2.	 Imidacloprid (Trade name is Commando 35% SC) 
produced by Vapco Company Jordan. This insecticide 
belongs to neonicotinoids group. The recommended 
field rate is 250 ml/feddan (4200 m2)

Preparing of imidacloprid and indoxacarb nanoparticles
Chitosan with a high molecular was used as a carrier for 
active ingredient of imidacloprid and indoxacarb. Both 
imidacloprid and indoxacarb nanoparticles were pre-
pared according to Vaezifar et al. (2013). The chitosan was 
taken and dissolved in the acetic acid (2% v/v) followed 
by continuous stirring with the help of magnetic stirrer 
for 15–20 min. The 0.8% (w/v) tripolyphosphate solution 
containing insecticides (imidacloprid or indoxacarb) were 
added to the chitosan solution (chitosan + acetic acid) fol-
lowed by 5–10 min of stirring. The suspension was centri-
fuged at10,000 RPM for 30 min. The pellet was collected 
and lyophilized to obtain imidacloprid and indoxacarb 
nanoparticles. Photography of nanoparticles was achieved 
by scan electronic microscope (Fig. 1a, b).

After the imidacloprid and indoxacarb nanoparticles 
were prepared the loading capacity of both imidacloprid 
and indoxacarb were calculated according to He et  al. 
(2017):

Loading capacity is defined as the mass percentage of 
the loaded LC to the total solids in the imidacloprid or 
indoxacarb/chitosan nanoparticles. This loading capacity 
was determined by about 30 mg of the samples (indoxac-
arb or imidacloprid nanoparticles) were weighed and dis-
solved in 50 ml of acetonitrile, and the mixture remained 
in a shaking tank overnight at a constant temperature 
to completely dissolve the carrier material. After the 
solution was filtered, the mass concentration of indox-
acarb or imidacloprid in acetonitrile was examined by 
HPLC (The HPLC system was equipped with an XTerra 
RP18 column, 5 µm particle size, 4.6 mm internal diam-
eter × 250 mm length (Waters®, USA) under a detection 
wavelength of 278 nm (He et al. 2017) (Fig. 2). The load-
ing capacity of imidacloprid was calculated by division of 
2.600/5.000 × 100 = 52%. The loading capacity of indox-
acarb was 3.083/5.000 × 100 = 60.8%.

Bioassay
Three concentrations of both indoxacarb and imidaclo-
prid were used; the field rate and other two lower con-
centrations (Table 1).

Loading capacity LC

=

Mass of loaded insecticide

Mass of insecticide nanoparticles
× 100
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Each concentration has three replicates and ten healthy 
larvae per replicate were used. Other three replicates 
sprayed by water as a control. Lettuce leaves were used as 
natural diet to larvae. Deeping technique was used with 
larvae treatment. The percentages of mortalities were 
recorded after one, two four and seven days. After seven 
days the lethal concentrations for 50% of population LC50 
s were recorded and the dead larvae were photographed.

Statistical analysis
Data were subjected to the analysis of variance test 
(ANOVA) via Randomized Complete Block Design 
(RCBD) (F test) and analysis of variance (one ways clas-
sification ANOVA) followed by a least significant differ-
ence (LSD) at 5% (Costat Statistical Software 1990).

Results
To make sure that the size of insecticide particles in nano 
size, scanning electron microscope (SEM) (JSM-7401 F, 
JEOL Ltd., Akishima-shi, Japan) was used to determine 
the size of pesticide particles (Fig. 1). Also, to make sure 
that the pesticide particles are deposited on polymer 
particles (chitosan), loading capacities of both tested 
insecticides are determined (Fig. 2). The obtained results 
showed that the loading capacities of both imidacloprid 
and indoxacarb were 52 and 60.8%, respectively.

Using of imidacloprid and indoxacarb conventional 
formulations
Imidacloprid and indoxacarb are promising insecticides 
belong to different insecticide groups. Imidacloprid and 
indoxacarb conventional formulations are used against 
the second instar larvae of Egyptian cotton leafworm 
under laboratory conditions (Table 2). As clear in Table 2 
the first concentration (recommended field rate) for imi-
dacloprid is more effective than indoxacarb (the percent 
of larvae mortalities are 91.7 and 76.7%, respectively. 

With the second and the third concentration imidaclo-
prid also is more effective than indoxacarb. The statis-
tical analysis shows that there is a significant difference 
between the first concentrations in both imidacloprid 
and indoxacarb but there is no difference in the second 
and third concentrations. The LC50, s of imidacloprid 
is less than and indoxacarb. The LC50, s are 66.5 and 
34.3 ppm, respectively.

Using of imidacloprid and indoxacarb nanoparticles
The efficacy of imidacloprid and indoxacarb nanopar-
ticles against the second instar larvae of S. littoralis are 
examined (Table 3). One fifth of the concentrations which 
used with conventional formulations are used (Fig. 1).

The efficacy indoxacarb nanoparticles are more than 
imidacloprid nanoparticles with all concentrations used. 
The percent of mortalities with the first, second and third 
concentrations are 95, 80, 58.3 and 75, 50, 35 in indox-
acarb and imidacloprid, respectively. The LC50, s are 2.9 
and 15.9 ppm, respectively (Table 3) (Fig. 3). The statis-
tical analysis shows that there are significant differences 
between indoxacarb and imidacloprid nanoparticles.

Discussion
The intensive use of conventional formulations of pes-
ticides caused many problems to environment. Using 
of nanoparticles formulations may be reducing these 
problems. Using of imidacloprid and indoxacarb nano-
particles against the second instar larvae of Spodop-
tera littoralis reduces the amount of insecticides uses 
and increases the efficacy of pest control. The quality 
of insect control by nanoparticles formulation was bet-
ter than conventional formulations. The LC50, s of both 
indoxacarb and imidacloprid nanoparticles were 2.9 
and 15.9  ppm, respectively. While the LC50, s of indox-
acarb and imidacloprid conventional formulations were 
34.3 and 66.5  ppm, respectively. This means that the 

Fig. 1  Imidacloprid (a) and indoxacarb (b) nanoparticles
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Fig. 2  The loading capacities of imidacloprid (a) and indoxacarb (b)
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indoxacarb nanoparticles was most effective than the 
conventional formulations by 12 times. And also, imida-
cloprid nanoparticles were more effective than the con-
ventional one by 4 times.

The insecticide concentrations in nanoparticles were 
one fifth of the concentrations in conventional formula-
tions. This result also showed that the nanoparticles for-
mulations were less toxic to nontarget organisms such 
as human and natural enemies of tested pest. The same 
result was found by Assemi et  al. (2014). The authors 

found that the nanoimidacloprid was 8 times more 
effective than imidacloprid conventional formulations 
against tobacco aphids, Myzus persicae. Rouhani et  al. 
(2012) found that the imidacloprid nanoparticles were 
more effective than Ag and Ag-Zn nanoparticles against 
Aphis nerii. Ahmed et  al. (2019) used lambda-cyhalo-
thrin nanoparticles against the second instar larvae of 
S. littoralis. The authors found that the tested concen-
trations of lambda-cyhalothrin nanoparticles decreased 
the insect population to 37 times compare with the 

Table 1  Concentrations of indoxacarb and imidacloprid conventional and nanoparticles formulation

C1: First concentration per ppm (field rate)

Formulations Conventional formulations (ppm) Nanoparticles formulations (ppm)

C1* C2 C3 C1 C2 C3

Insecticides

 Imidacloprid 180 90 45 36 18 9

 Indoxacarb 80 40 20 14 7 3.5

Table 2  Effect of  the  conventional formulations of  imidacloprid and  indoxacarb against  the  second instar larvae of  S. 
littoralis 

*Means under each variety sharing the same letter in a column are not significantly different at P < 0.05

Insecticides The percentages of mortalities

C1 C2 C3 Slope ± SE LC50 
and fudicial 
limitsMeans ± SE Means ± SE Means ± SE

Imidacloprid 91.7 ± 2.9a 61.7 ± 2.9a 31.7 ± 2.9a 3.1 ± 0.4 66.5
(57.7–75.2)

Indoxacarb 76.7 ± 2.9b 58.3 ± 7.6a 30.0 ± 5.0a 2.1 ± 0.3 34.3
(28.4–40.3)

Control 1.7 ± 2.9c 0.0b 1.7 ± 2.9b

F values* 837.14*** 162.3*** 61.4***

LSD5% 5.77 9.4 7.4

Table 3  Effect of imidacloprid and indoxacarb nanoparticles against the second instar larvae of S. littoralis 

*Means under each variety sharing the same letter in a column are not significantly different at P < 0.05

Insecticides The percentages of mortalities

C1 C2 C3 Slope ± SE LC50 
and fudecial 
limitsMeans ± SE Means ± SE Means ± SE

Imidacloprid 75.0 ± 5.0b 50.0 ± 5.0b 35.0 ± 5.0b 1.8 ± 0.3 15.9
(12.7–19.4)

Indoxacarb 95.0 ± 5.0a 80.0 ± 5.0a 58.3 ± 2.9a 2.3 ± 0.4 2.9
(2.0–3.6)

Control 1.7 ± 2.9c 0.0c 1.7 ± 2.9c

F values* 372.5*** 294.0*** 175.2***

LSD5% 8.8 8.2 7.4
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conventional formulations. Memarizadeh et  al. (2014) 
used nano indoxacarb against Glyphodes pyloalis. The 
obtained results showed that the efficacy of indoxacarb 
nanoparticles were very effective against G. pyloalis and 
reduces the pesticides residues. Bilal et al. (2020) devel-
oped indoxacarb nanoparticles against the diamond back 
moth, Plutella xylostella to overcome on insecticides 
resistance. The loading capacity was 24%. The obtained 
results showed that the indoxacarb nanoparticles were 
effective in insecticides resistance management.

Conclusion
The conventional formulations of pesticides have many 
side effects on environment due to their residues in soil 
and plants. Nanopesticide formulations are the best solu-
tion for reducing the pesticide restudies in soil, human 
and plants and also reduces the cost of pest control. In 
this work this strategy was used with indoxacarb and 
imidacloprid pesticides. The one fifth concentration of 
nanopesticide was more effective than the conventional 
formulation. So, this work recommended that the using 
of nanotechnology in pesticide formulations develop-
ment to reduce the side effects of pesticides. This strategy 
also can be used as a part of integrated pest management 
(IPM) program.

Abbreviations
LC50: Lethal Concentrations for 50% of pest population; LSD: Less Significant 
Difference.
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