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Abstract

tion, control cost and pest population.

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 LCy, 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. itto-
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-
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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
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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 LCy, was
0.22 g/1.

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 m?)
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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 m?)

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 LC
Mass of loaded insecticide

= - — - x 100
Mass of insecticide nanoparticles

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 pm particle size, 4.6 mm internal diam-
eter x 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 x 100="52%. The loading capacity of indox-
acarb was 3.083/5.000 x 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).
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Fig. 1 Imidacloprid (a) and indoxacarb (b) nanoparticles

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 LC,
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 LCy) s of imidacloprid
is less than and indoxacarb. The LCg,, 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 LCs, 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 LC,, s of both
indoxacarb and imidacloprid nanoparticles were 2.9
and 15.9 ppm, respectively. While the LCy, s of indox-
acarb and imidacloprid conventional formulations were
34.3 and 66.5 ppm, respectively. This means that the
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Table 1 Concentrations of indoxacarb and imidacloprid conventional and nanoparticles formulation
Formulations Conventional formulations (ppm) Nanoparticles formulations (ppm)
c1* c2 c3 c1 c2 ca
Insecticides
Imidacloprid 180 90 45 36 18 9
Indoxacarb 80 40 20 14 7 35

C1: First concentration per ppm (field rate)

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

littoralis
Insecticides The percentages of mortalities
(@] c2 c3 Slope + SE LCsq
and fudicial
Means +SE Means + SE Means + SE limits
Imidacloprid 9174297 61.7+297 3174297 31104 66.5
(57.7-75.2)
Indoxacarb 76.74+29° 583+76° 300+£5.0° 21+03 343
(28.4-40.3)
Control 17429 0.0° 17429°
F values* 837.14%** 162.3%** 61.4%%*
LSDss, 577 94 7.4
*Means under each variety sharing the same letter in a column are not significantly different at P<0.05
Table 3 Effect of imidacloprid and indoxacarb nanoparticles against the second instar larvae of S. littoralis
Insecticides The percentages of mortalities
C1 c2 c Slope + SE LCso
and fudecial
Means +SE Means + SE Means + SE limits
Imidacloprid 75.0+5.0° 50.0+5.0° 350+5.0° 18403 159
(12.7-19.4)
Indoxacarb 95.0+£5.0° 80.0+£5.0° 583+£29° 23+04 29
(2.0-3.6)
Control 1.74+29° 0.0 1.74+29¢
F values* 372.5%% 294.0%** 175.2%**
LSDsq, 8.8 82 74

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

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
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Fig. 3 Effect of indoxacarb (a) and imidacloprid (b) nanoparticles against the 2nd instar larvae of S. littoralis in compared with control (c)

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

Acknowledgement
Great thanks for all staff member in Pests and Plant Protection Department,
National Research Centre.

Authors’ contributions

KHS participated in scientific idea, laboratory experiment, analysis data and
writing the paper; HAS carried out the bioassay and participates in writing the
paper; HMM collected the data, data analysis and participated in writing the
paper. All authors have read and approved the manuscript.

Funding

This work was financially supported by National Research Centre, Cairo, Egypt,
Project NO. 12050118 by providing us the tools that used in our experiment;
tested insect, chemicals and electronic microscope.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Ethics approval and consent to participate
The manuscript does not contain studies involving human participants,
human data or human tissue.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 19 November 2020 Accepted: 22 December 2020
Published online: 09 January 2021

References

Ahmed KS, Mikhail WZA, Sobhy HM, Radwan EMM, EI Din TS, Youssef AM
(2019) Effect of lambda-cyhalothrin as nanopesticide on cotton leaf-
worm, Spodoptera littoralis (Boisd.). Egypt J Chem 62(7):1263-1275

Arnaud B, Samira A, Michel S, Martinus TG (2005) 2,4-Dichlorophenoxyacetic
acid (24-D) sorption and degradation dynamics in three agricultural soils.
Environ Pollut 138:92-99

Assemi H, Sajjadi A, Naghizadeh F (2014) Investigation of different values of
nanoimidacloprid for control of tobacco aphids, Myzus persicae nicotia-
nae in Laboratory. Agrotechnology 3:128

Bilal M, Xu C, Cao L, Zhao P, Cao C, Li F, Huang Q (2020) Indoxacarb-loaded
fluorescent mesoporous silica nanoparticles for effective control of
Plutella xylostella L. with decreased detoxification enzymes activities. Pest
Manag Sci 76:3749-3758




Sabry et al. Bull Natl Res Cent (2021) 45:16

Carvalho FP (2017) Pesticides, environment, and food safety. Food Energy
Secur 6(2):48-60

Costat Statistical Software (1990) Microcomputer program analysis version
4.20. Cohort Software, Berkeley

De A, Bose R, Kumar A, Mozumdar S (eds) (2014) Worldwide pesticide use. In:
Targeted delivery of pesticides using biodegradable polymeric nanopar-
ticles. Springer, Berlin, pp 5-6

El-Sheikh EA, El-Saleh MA, Aioub AA, Desuky WM (2018) Toxic effects of neo-
nicotinoid insecticides on a field strain of cotton leafworm, Spodoptera
littoralis. Asian J Biol Sci 11:179-185

He X, Deng H, Hwang HM (2019) The current application of nanotechnology
in food and agriculture. J Food Drug Anal 27(1):1-21

He Q, Zhang H, Li LX, Zhou XT, Li JB, Kan CY (2017) Preparation and properties
of lambda-cyhalothrin/polyurethane drug-loaded nanoemulsions. RSC
Adv 7:52684-52693

McKinley N, Kijima S, Cook G, Sherrod D (2002) Avaunt (Indoxacarb): a new
mode of action insecticide for control of several key orchard pests. In:
Proceedings of 76th annual Western Orchard pest and disease manage-
ment conference 9-11 January 2002, Portland, Washington State Univer-
sity, New Products DuPont Crop Protection, Wilmington, DE

Memarizadeh N, Ghadamyari M, Adeli M, Talebi K (2014) Linear-dendritic
copolymers/indoxacarb supramolecular systems: biodegradable and
efficient nano-pesticides. Environ Sci Process Impacts 16:2380-2389

Oliveira JL, Campos EVR, Camara MC (2019) Highlights in nanosustained
release systems aiming agriculture applications. J Sib Fed Univ Biol
12(3):311-328

Page 7 of 7

Ragaei MA, Mohamed SM, Sabry AAA, KH, (2019) Biochemical characterization
of spiromesifen and spirotetramat as lipid synthesis inhibitors on cotton
leaf worm, Spodoptera littoralis. Bull Natl Res Center 43(65):1-6

Rouhani M, Samih MA, Kalantari S (2012) Insecticide effect of silver and zinc
nanoparticles against Aphis nerii Boyer De fonscolombe (Hemiptera:
Aphididae). Chil J Agric Res 72(4):590-594

Sabry KH (2020) role of nanopesticides in agricultural development. In:
Keswani C (ed) Intellectual property issues in nanotechnology. CRC Press,
New York, pp 107-120

Sabry KH, Ragaei M, EL-Rafei A, (2013) Synergism action of silica and some pes-
ticides against the cotton leafworm, Spodoptera littoralis (Boisd.) larvae.
Green Far 4(2):185-189

Vaezifar S, Razavi S, Golozar MA, Karbasi S, Morshed M, Kamali M (2013) Effects
of some parameters on particle size distribution of chitosan nanoparti-
cles prepared by ionic gelation method. J Clust Sci 24:891-903

Wing KD, Sacher M, Kagaya Y, Tsurubuchi Y, Mulderig L, Connair M, Schnee M
(2000) Bioactivation and mode of action of the oxadiazine indoxacarb in
insects. Crop Prot 19(8/10):537-545

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com




	Development of imidacloprid and indoxacarb formulations to nanoformulations and their efficacy against Spodoptera littoralis (Boisd)
	Abstract 
	Background: 
	Results: 
	Conclusion: 

	Background
	Methods
	Test insect
	Test chemicals
	Preparing of imidacloprid and indoxacarb nanoparticles
	Bioassay
	Statistical analysis

	Results
	Using of imidacloprid and indoxacarb conventional formulations
	Using of imidacloprid and indoxacarb nanoparticles

	Discussion
	Conclusion
	Acknowledgement
	References


