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ABSTRACT 
 
The recurrent use of chemical pesticides in crop protection cause great risks to 
soil, water and human health. The Egyptian cotton leafworm, Spodoptera 
littoralis (Boisd.) (Noctuidae: Lepidoptera) is a tremendously serious pest as the 
larvae can destroy many economically important crops, such as cotton and 
tomatoes. Nanotechnology can provide a new strategy for pest control through 
the use of nanoparticles. In the present study, three nanoparticles mixtures 
TiO2(NPs)+SiO2(NPs), TiO2(NPs)+CuO(NPs) and TiO2(NPs)+ZnO(NPs) were used 
for S. littoralis management, and were compared with distilled water as control. 
The obtained results showed that nanoparticles mixtures affect the life cycle of 
all S. littoralis. The estimated LC50 values of 2nd instar treated with the three 
mixtures were 125 ppm with slope 9.2, 30 ppm with slope 7.5 and 38 ppm with 
slope 13, respectively. Also, the estimated LC50 values were 175 ppm with slope 
3.8, 31.5 ppm with slope 16.7 and 50 ppm with slope 10.8 for 4th instar treated 
with TiO2(NPs)+SiO2(NPs), TiO2(NPs)+CuO(NPs) and TiO2(NPs)+ZnO(NPs) 
respectively. It was also found that  the nanoparticles mixtures treatments affect 
the biological aspects of the insect, such as larvae and pupae duration, adult 
fecundity, egg hatchability, adult and pupa morphology and adult sex ratio. 
Therefore, the current study suggests the use of TiO2(NPs)+SiO2(NPs), 
TiO2(NPs)+CuO(NPs) and TiO2(NPs)+ZnO(NPs) mixtures in integrated pest 
management programs as alternative to chemical pesticide, as they are 
considered safe for humans and soil when compared with synthetic insecticide. 
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INTRODUCTION 
 
The benefits and potential application of nanotechnology 
are numerous. The notechnology applications in 
agriculture play a very important role in pest control and 
thus decrease the uses of polluting chemical pesticide 
(Vinutha et al., 2013). 

Insects are one of the largest widespread animals 
around the world . They can adapt to different 
environments, its high number can be attributed to their 
high reproductive potential. Some of them are vectors of 
many diseases, and many others damage field crops 
(Ragaei and Sabry, 2014).   

The   cotton  leaf  worm, Spodoptera littorals (Bosid.), in 

Egypt is considered the most horrible pest for cotton and 
vegetables as it causes a lot of damage to crops, resulting 
in drop in the country's economy. Therefore, the control of 
cotton leafworm as become an urgent need.  The recurrent 
use of organic pesticide causes pest to be highly resistant 
to majority of used chemical pesticides (Osman et al., 
2015). 

Any formulation that includes elements in the nm size 
range and/or have novel properties associated with their 
small size range is known as Nanopesticides. 
Nanopesticides may be organic ingredients (e.g., polymers) 
and/or inorganic ingredients (e.g., metal oxides) in various  
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forms (e.g., particles and micelles) (Ragaei and Sabry, 
2014). 

Recent investigations have been aimed to reduce 
dependency on chemical pesticides and to use safe 
alternatives in pest control programs. Currently, there is a 
growing need to use environmental friendly nanoparticles 
in the field of plant protection. Nano-particles technology, 
when exploited in the right way, has a strong potential of 
being used in agricultural pest control (Biswal et al., 2012; 
Brennan, 2012). 

Amorphous nano -SiO2 synthesized from cow dung gave 
good yield, and as compared with prepared nano SiO2, has 
peaks like commercial silica, which confirms the high 
purity of synthesized nano-SiO2. It is characterized using 
the FTIR and EDX studies. The XRD pattern shows strong 
and broad peak from 18° to 31°, confirming that the 
prepared nano-SiO2 is amorphous in nature (Rani et al., 
2014).  

As a non-metal oxide, silica (SiO2) nanoparticles, have 
been widely used industrially in chemical, mechanical 
polishing, and as additives for drugs, cosmetics, printer 
toners and varnishes (Lin et al., 2006). 

Recently, the use of silica nanoparticles has been 
extended to the biomedical and biotechnological fields, 
such as biosensors for simultaneous assay of glucose, 
lactate, L-glutamate, and hypoxanthine levels in rat 
striatum (Zhang et al., 2004). 

Among the manufactured metal oxide nanoparticles, 
copper oxide (CuO) NPs are used in industrial catalysis and 
are components of gas sensors, batteries, solar energy 
converters and high-temperature superconductors (Das 
and Chakravorty, 2003). CuO NPs are also used for their 
antimicrobial activity with possible applications of 
disposable textiles or food containers (Hu and Cheng, 
2009; Borkow and Micheal, 2006). 

Nano zinc oxide (ZnO) is a very helpful and significant 
material in many industrial and agricultural applications. 
From precursor “zinc acetate di-hydrate'', ZnO was 
synthesized by post thermal degradation. X-ray diffraction 
(XRD) and scanning electron microscopy (SEM) were used 
to reveal the formed oxide structural features and 
characteristics. The performed bioassay tests indicated 
that the produced nano ZnO has a novel insecticidal 
activity against the greater wax moth, G. mellonella 
(Mekewi et al., 2012). 

Nano ZnO has been synthesized by green method using 
peels extract of Punica granatum as a reducing agent and 
aqueous zinc ions as precursor, and the obtained ZnO 
nanoparticles were characterized using UV-Visible 
Spectroscopy, Scanning Electron Microscopy. The results 
showed that Zone of inhibition appeared by aqueous 
solution of zinc oxide nanoparticles and standard 
antibiotic used at concentration of 50µg/ml.  Zinc oxide 
nanoparticles showed effect for fungal culture of 
Aspergillus niger and bacterial culture of Proteus vulgaris. 
The result emphasized the potent application of P. 
granatum peels in the synthesis of zinc oxide nanoparticles 

with economic viability and easy in scaling up for mass 
production (Mishra and Sharma, 2015) 

Titanium dioxide nanoparticles have been used as an 
additive to sunscreens, paints, toothpastes, and food 
coloring due to their small size, white pigmentation, 
resistance to degradation, and high refractive index (Anita 
and Mahalakshmi, 2011). TiO2(NPs) are capable of 
producing inconsistent biological effects in vitro as well as 
in vivo. Several studies on TiO2(NPs) toxicity in cultured 
human cells have found that they induce cytotoxicity, 
genotoxicity, inflammation, and reactive oxygen species 
(ROS) (Iavicoli et al., 2011). Therefore, the main aim of the 
present study was to compare the entomotoxicity of both 
SiO2 and TiO2 alone and its mixture against S. littoralis. 
 
 
MATERIALS AND METHODS 
 
Insect rearing 
 
The cotton leaf worm, S. littoralis, was reared for several 
generations in the laboratory at room temperature range 
between 25±2− 28±2ºC and 60±5 -65±5% R.H. The larvae 
were fed with castor bean leaves, Ricinus communis (L.) in 
a wide glass jars until pupation period and adults 
emergence. The newly emerged adults were mated inside 
glass jars supplied with a piece of cotton wetted with 10% 
sugar solution as feeding source for the emerged moths 
and branches of Tafla (Nerium oleander L.) or castor bean 
leaves as an oviposition site (El- Defrawi et al., 1964). Egg 
masses were kept in plastic jars until hatching. The 
obtained second and fourth instar larvae were used for 
bioassay tests. The bioassay evaluations were performed 
under the same laboratory condition, at temperatures of 
25±2− 28±2ºC and 60±5 -65±5% R.H. 
 
 
Chemicals 
 
Analytical grade titanium tetrachloride, sodium hydroxide 
Precursor zinc nitrate (Zn (NO3)2. 6H2O), precipitating 
agent KOH, Copper (II) chloride dehydrates and sodium 
hydroxide pellets were covered. Sodium metasilicate, 
Na2SiO3, and HCl Explanatory reagent were graded. NaOH 

chemicals were utilized within the analysis without further 
purification. Deionized water was utilized for washing 
purposes. 
 
 
Synthesis of nanoparticles 
 
Synthesis of TiO2(NPs) 
 
Analytical grade titanium tetrachloride was adopted as the 
source material and sodium hydroxide as mineralizer. An 
aqueous solution of titanium was obtained by mixing one 
molar stoichiometric ratio of titanium tetraisopropoxide  
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(TTIP) in 50 ml of distilled water. The solution, 2-3 mol of 
NaOH, was stirred for several minutes, resulting in a white 
colloidal sol. The final volume was adjusted to 90 ml using 
distilled water. Therefore, 90 ml  sol was transferred to a 
100 ml Teflon lined autoclave vessel. The sealed vessel 
was heated to 240ºC for 12 h and the resultant precipitate 
was dried at 450ºC for 2 h to obtain TiO2   nanoparticles 
(Mahshid et al., 2007). 

 
 
Synthesis of SiO2(NPs) 

 
Silicon nanoparticles were prepared by including 2.5%  of 
HCl with sodium silicate untill a shady colloidal precipitate 
was observed. The obtained precipitated was centrifuged 
at 5000 rpm for 20 min, filtered, washed three times and 
dried at 100ºC for 24 h (Zawrah et al., 2009). 

 
 
Synthesis of ZnO(NPs) 

 
ZnO nanoparticles were synthesized by direct 
precipitation method using zinc nitrate and KOH as 
precursors. In this study, watery (0. 2 M) zinc nitrate (Zn 
(NO3)2. 6H2O) and (0. 4 M) KOH were prepared. The KOH 
was added to zinc nitrate under strong attractive mixing 
until a white suspension was observed. The suspension 
was centrifuged at 5000 rpm for 20 min, washed three 
times with refined water and then calcined at 500ºC for 3 
h (Bagheri et al., 2013). 

 
 
Synthesis of CuO(NPs) 

 
CuO nanostructures were synthesized by direct 
precipitation method using copper nitrate. 
(Cu(NO3)2.3H2O). The precurser was dissolved in 100 ml 
deionized water to form 0.1 M concentration. NaOH 
solution (0.1 M) was slowly dropped under vigorous 
stirring. The precipitates were obtained and washed by 
deionized water and absolute ethanol for several times. 
Subsequently, the washed precipitates were dried at 80ºC 
for 16 h. Finally, the yield were calcined at 500ºC for 4 h 
(Kankanit et al., 2013).   

 
 
Nanoparticles characterizations 

 
The synthesized nanoparticles were characterized using 
two techniques. X-ray diffraction investigation was 
performed at room temperature (29ºC) and (20-80 theta 
degree) with CuK radiation. The transmission electron 
microscope instrument, which function at accelerating 
voltage 80 KV, was used to characterize the size of the 
nanoparticles. 

Bioassay 
 
Feeding entomotoxic effect was performed via leaf dip 
bioassay method. Leaf discs of castor oil plant were 
prepared and dipped in a solution of 1000, 500, 250, 125, 
62.5 and 31.25 ppm of the prepared nanoparticels 
mixtures of TiO2(NPs), SiO2(NPs), CuO(NPs) and ZnO(NPs). 
The samples were mixed under stirring with ratio 1:1. The 
untreated leaf discs of castor oil plant were used in control 
set. The containers were covered with muslin cloth to 
allow aeration. Each treatment was repeated three times. 
Each replicate contain ten of both 2nd and 4th instars larvae 
of S. littoralis, which were introduced in each container 
(Scheme 1). All bioassays were performed at 25 ± 2 0C and 
RH of 65 ± 5%. Insect mortality was checked at particular 
days. Their corrected percentages were statistically 
computed using Probit analysis program ( Finney, 1971).  

The Effect of LC50 on some biological activities, such as 
larval and pupal duration, percent of pupation and adult 
emergence, larval and pupal malformations, fecundity, 
eggs hatchability and adult longevity and sex ratios of S. 
littoralis were carried out using feeding application for 48h 
on treated leaves with these nanoparticles. After 48h., the 
treated leaves were replaced by another untreated one 
and the larvae fed on it until pupation. Three replicates 
consisted of thirty larvae for each of the six used 
concentrations of both tested second and fourth instars 
larvae and control. Also, the observed malformations were 
recorded and photographed. 
 
 
Statistical analysis 
 
The total percentage of the larval mortality of both 2nd and 
4thinstar of S. littoralis until pupation were recorded and 
corrected according to Abbott formula (Abbott, 1925). The 
data were then analyzed using the probit analysis (Finney, 
1971) and the LC50 values of both treated larvae instars 
for the three tested treatments were estimated. The 
different biological effects, such larval and pupal duration, 
pupal weight, pupation and adults emergence percent, 
adult fecundity, eggs hatching, longevity, and sex ratio 
were evaluated at the LC50 values. The obtained data of 
the biology were statically calculated using Excel for 
windows computer program to determine the F-value, P-
value and L.S.D (least significant difference) at 0.05 or 0.01 
degree of freedom. 
 
 
RESULTS AND DISCUSSION 
 
Nanoparticles characterization 
 
The transmission electron microscope measured the size 
of the synthesized inorganic nanoparticles and its 
distributions. The TEM images in Figures (1-4) show a 
bimodal profile of the particle size distribution.  
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Figure 1: TEM image of CuO nanoparticles. 
 
 

 
 
Figure 2: TEM image of SiO2 nanoparticles. 

 
 
Aggregation occurred in the all synthesized nanoparticles. 
The size of CuO(NPs) was about 47 nm in diameter, 20 nm 
for SiO2(NPs) and 32 nm for ZnO(NPs) and TiO2(NPs). X-
ray diffraction analysis clarified the phase formation of the 
nanoparticles at room temperature (29ºC) in the range of 
20-80º with CuK radiation. Figures 5 to 8 show the x-ray 
diffraction patterns of the calcinated nanoparticles at 
600ºC. The presented XRD patterns of the synthesized 
nanoparticles exhibit a typical phase composition for each 
type and theses patterns are close to those in the JCPDS 
cards; for CuO(NPs), ZnO(NPs) and TiO2(NPs) with 
number 04-006-2679, 01-089-7102 and 03-065-5714, 
respectively. All the synthesized nanoparticles have pure 
structures  without  extra phases, while SiO2(NPs) showed  

no peak due to its amorphous nature. 
 
 
Toxic effect  
 
Data presented in Table 1 indicated that the three 
nanoparticles mixture treatments were effective against 
the 2nd and 4th instar larvae of S. littoralis. The larval 
mortality of both instars was detected after 48 h post 
application until pupation. TiO2(NPs)+CuO(NPs) mixture 
treatment was the most effective against both second and 
fourth instars larvae where, the mortality % of both instars 
were 100, 90, 84, 70, 65, 55 and 90, 80, 70, 65, 60, 50%, 
respectively at the tested concentrations as compared with 
0% of both 2nd and 4th instar of the control, and its LC50 
values were 30 ppm with slope 7.5 and 31.5 ppm with 
slope 16.7 for the two instars, respectively. The 
TiO2(NPs)+ZnO(NPs) mixture treatment had the second 
effect, where the mortality % of both instars gave 97, 86, 
76, 64, 60, 48 and 88, 80, 70, 60, 52, 42%, respectively at 
the tested concentrations as compared with 0% of both 2nd 
and 4th instar of the control and its LC50values were 38 
ppm with slope13 and 50 ppm with slope 10.8 for the two 
instars, respectively. The larvae of the two instars treated 
with a mixture of TiO2(NPs)+SiO2(NPs) had the least toxic 
one, as the mortality% were 100, 100, 100, 50, 40, 30, 0 
and 90, 80, 70, 40, 20, 10, 0% for both larval instars, 
respectively and its LC50 values were 125 and 175 ppm 
for the two instars, respectively with slope 9.2 and 3.8 . At 
all the three tested nanoparticles mixtures, the second 
instar larvae were more susceptible than the fourth ones.                                          

These results obtained in this study are similar to those 
obtained by Osman et al. (2015) who synthesized SiO2 

nanostructures via different preparation methods and by 
application of surface contact and feeding bioassay 
methods. It was found that there is not any entomotoxic 
effect of larvae treated with commercial silica by feeding 
bioassay, and small effect was observed in using surface 
contact experiment. In contrast, synthesized silica 
nanostructures showed great entomotoxic effect for both 
bioassay methods. Thandapani et al. (2017) synthesized 
TiO2 using the green ecofriendly method. The obtained 
TiO2 was found to have a spherical shape of 20–50 nm in 
size. The larvicidal activity of TiO2 NPs against fourth 
instar larvae of dengue, Zika virus, and filariasis mosquito 
vectors, Aedes aegypti and Culex quinquefasciatus. TiO2 NPs 
at 25 mg/l showed maximum mortality percent of 93.3 
and 100 for Aedes aegypti and C. quinquefasciatus vectors, 
respectively. Debnath et al. (2011) and Debnath et al. 
(2012) reported that  the dehydration of insect body 
caused by SiO2 dust was mainly due to sharp damage of the 
cuticulal water barrier as a result of scratch, and the 
insects began to lose water from their bodies and died due 
to dehydration. The results obtained in the present study 
are in line with the findings of Rahman et al. (2009) who 
reported that Zno nanoparticles cause degeneration of the 
protective wax layer when absorbed into the cubicula 
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Figure 3: TEM image of ZnO nanoparticles. 
 
 

 
 
Figure 4: TEM image of TiO2 nanoparticles. 

 
 

 
 
Figure 5: XRD of CuO nanoparticles. 

lipids of insect and mortalities % increased with increase 
in nanoparticles concentration. Also, the resulted showed 
that at 2000 ppm, mortality reached 63.33%. Raj et al. 
(2017) reported that mortality recorded 100% in the case 
of cotton leafworm treated with ZnO nanoparticles at 100 
ppm, while in the case of CuO nanoparticles, the mortality 
reached 86.67% at the same concentration.  Nalini et al. 
(2017) suggested that small size nanomaterials can 
penetrate larval bodies more than molecules in the bulk 
materials, causing oxidative damage to DNA, proteins and 
lipids. In a study by Nasr et al. (2015), two nanoparticles, 
Aluminum oxide (Al2O3) and Zinc oxide (ZnO), were used 
as stored product insect protectants. They studied the 
effect of ZnO nanoparticles on mortality, offspring and 
weight loss and percentage of T. castaneum adults. The 
data showed that the increasing concentration and 
exposure period caused increase in mortality (%). Araj et 
al. (2015) studied the effect of silver and sulfur 
nanoparticles against Drosophila melanogaster with 
different concentrations. Thus the nanoparticles showed a 
great effect on survival and biological features of the 
insect. While Kirthi et al. (2011) showed that synthesized 
ZnO reached mortality of  43% at 1 h, 64% at 3 h, 78% at 6 
h, 100% after 12 h against R. microplus activity using the 
Direct contact method. The measured mortality effects of 
ZnO NPs were 38% at 10 min, 71% at 30 min, 83% at 1 h, 
and 100% after 6 h against P. humanus capitis, and 37, 72, 
100% and 43, 78 and 100% at 6, 12, and 24 h against A. 
subpictus and C. quinquefasciatus, respectively. Also, 
Debnath et al. (2010) studied the effects of metal oxides 
nanoparticles, such as aluminum oxide, zinc oxide, 
titanium dioxide and silver nanoparticles against insect 
pests and pathogens. While, Rouhani et al. (2012) showed 
that both nanoparticles (silica and silver) were highly 
effective on adults and larvae of Callosobruchus maculates 
on cowpea seed, causing 100 and 83% mortality, 
respectively. Hence, Araj et al. (2015) showed that silver 
nanoparticles (Ag NPs), synthesized using green method at 
different concentrations (10, 50, 100, 200ppm), were 
tested on Drosophila melanogaster. They were thus highly 
effective on larvae mortality.  
 
 
Latent effect 
 
Larval periods 
 
Data in Tables 2 and 3 indicated that the larval treatment 
of the second instar of S. littoralis with a mixture of 
SiO2(NPs)+TiO2(NPs), CuO(NPs) +TiO2(NPs)  and 
ZnO(NPs) +TiO2(NPs) at LC50 values significantly 
(p<0.0008) increased the larval duration with averages of 
12.6, 12.7 and 11.7 days, as compared with 10.4 days of 
the control. While the 4th larval instar, which fed on the 
three treatments, did not affect the larval duration, with 
averages of 9.8, 9.4 and 9.7days. This is similar to that of 
the control, 10.4 days.  
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Figure 6: XRD of ZnO nanoparticles. 
 
 

 
 
Figure 7: XRD of TiO2 nanoparticles. 

 
 

 
 
Figure 8: XRD of SiO2 nanoparticles. 

Pupal periods 
 

The treatment of the second instars larvae of S. littoralis 
with the three mixtures SiO2(NPs) +TiO2(NPs), CuO(NPs) 
+TiO2(NPs)  and ZnO(NPs) +TiO2(NPs) at the LC50 values 
significantly (p<0.01) increased the pupal duration as 
shown in Tables 1 and 2. It caused the increase in pupal 
duration to averages of 24.7 and 25.4 days for 
CuO(NPs)+TiO2(NPs)  and ZnO(NPs) +TiO2(NPs)  mixtures, 
respectively  as compared with 7.3 days of the control. 
Also, the treatment of the same instar with 
SiO2(NPs)+TiO2(NPs)  mixture had the next effect, it 
increased the pupal duration to average of 9 days as 
compared to 7.3 days of the control. Similarly, the 4th larval 
instars treated with the both CuO(NPs) +TiO2(NPs)  and 
ZnO(NPs) +TiO2(NPs)  had pronounced effect (p <0.008) as 
it increased pupal duration to 22.7 and 26.3 days, as 
compared with the control, 7.8 days. While, the fourth 
instar treated with SiO2(NPs)+TiO2(NPs) mixture did not 
affect the pupal duration,  with average of 6.8 days, which 
almost similar to the 7.8 days of the control. 

These results are similar to that obtained by Massey 
(2006) who showed that increase in silica content reduced 
the growth rates and feeding efficiency of Spodoptera 
exempta. However, El-bendary and El-Helaly (2013) 
reported that the larval and pupal period of S. littoralis 
produced from neonate larvae were fed with tomato leaves 
and sprayed with nano-silica particles. Thus they were not 
affected at all used concentrations, as compared with the 
control. While, Araj et al. (2015) indicated that none of the 
tested nanoparticles, silver nanoparticles (Ag NPs) and 
sulfur nanoparticles (S NPs), applied against the fruit fly D. 
melanogaster had significant effect on the pupae longevity. 
Whereas El-Helaly et al. (2016) mentioned that a newly 
hatched larvae of S. littoralis fed on both Squash leaves and 
semi-synthetic diet treated with nano Silica at 4 different 
concentrations, 200,300,400, and 500 ppm, gave prolong 
larval duration of 17, 18.1, 18.3 and 19.1 days, respectively 
as compared with the control, 15.3 days. It also gave 14, 
17, 14 and 15 days pupal duration, as compared with the 
control, 9.1 days. 
 
 

Pupation 
 

Tables 2 and 3 show that of the larval treatment of 2nd 
instar with SiO2(NPs)+TiO2(NPs), CuO(NPs+TiO2(NPs) and 
ZnO(NPs)+TiO2(NPs)  mixtures at LC50 values induced the 
most (p < 0.008) reductions in pupation to reach 50, 54.6 
and 48%, respectively as compared with the control, 
100%. The 4thinstar treatments with these nanoparticles 
mixtures showed a higher effect on pupation. It reduced 
pupation by 60, 42 and 58.3%, respectively as compared 
with the control, 100%.                                       
 
 

Adult emergence 
 
On the other hand, the larval treatments of the second and 
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Table 1: Insecticidal activity of the three nanoparticle mixtures, SiO2+TiO2, CuO+TiO2 and ZnO+TiO2 against the second and fourth 
instar larvae of Spodoptera littoralis. 

 

Concentration 

ppm 

 

Treatments 

SiO2(NPs)+TiO2(NPs) CuO(NPs)+TiO2(NPs) ZnO(NPs)+TiO2(NPs) 

% larval mortality 

2nd instar 4th instar 2nd instar 4th instar 2nd  instar 4th instar 

1000 100 90 100 90 97 88 

500 100 80 90 80 86 80 

250 100 70 84 70 76 70 

125 50 40 70 65 64 60 

62.5 40 20 65 60 60 52 

31.25 30 10 55 50 48 42 

0 0 0 0 0 0 0 

LC50 value 125 175 30 31.5 38 50 

Slope 9.2 3.8 7.5 16.7 13 10.8 

Confidence limit 
at 95% 

Upper 375 437.5 91 104 125.4 145 

Lower 41.7 70 11 10 11.5 17.2 

 
 
 

Table 2: Insecticidal activity of the three nanoparticle mixtures SiO2+TiO2, CuO+TiO2 and ZnO+TiO2 against the 2nd instar larvae of S. littoralis. 
 

Treatment 

Larval duration 

Mean+S.D. 

(days) 

Larval Malfo 

Mean+S.D. 

(days) 

Pupation% Pupal duration 

Mean+S.D. 

(days) 

Pupal 

weight 

Mean+S.D 

Emergence% 

Normal Malfo. Normal Malfo. 

SiO2(NPs)+TiO2(NPs) 12.6+1** 10 50+10** 0 9+  0.9** 245+24n.s 89 10.5 

CuO(NPs)+TiO2(NPs) 12.7+1n.s 37.5 54.6+3.7** 14.3 24.7+1.6** 129+58** 94.7+4.5* 5.3 

ZnO(NPs)+TiO2(NPs) 11.7+0.1n.s 50 48+1.3** 52 25.4+0.5** 109+54** 46+1** 54.3 

Control 10.4 +1.2 0 100 0 7.3+ 1 253+17.3 100 0 

F value 37.889 1828.69 38790. 447.28 709.858 38.50144 8150.96 1438.333 

P value 0.0008 0.0178 0.008 0.0345 0.000351 0.0013 0.0161 0.0197 

L.S.D         at0.05 0.788 0.7375 2.1 2.4375 0.9875 19.85 2.65 1.3625 

At 0.01 1.1525 1.6525 4.13 5.578 1.4025 28.47 6.037 3.0775 
 

** = Highly Significant (p<0.01);  
* =Significant (p<0.05). 
 Malfo.= Malformation% 
n. s=none Significant (p>0.05). 
S.D.=Standard deviation                                                  
 L.S.D. = Least significant                                                
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Table 3: Latent effect of the three nanoparticle mixtures, SiO2+TiO2, CuO+TiO2 and ZnO+TiO2 against the fourth instar larvae of Spodoptera littoralis. 
 

Treatment 

Larval duration 

Mean+S.D. 

(days) 

Larval Malfo 

Mean+S.D. 

(days) 

Pupation% Pupal duration 

Mean+S.D. 

(days) 

Pupal 

weight 

Mean+S.D 

Emergence% 

Normal Malfo. Normal Malfo. 

SiO2(NPs)+TiO2(NPs) 9.8+ 1. n.s 0 60+ 10** 0 6.8+0.6n.s 259+30n.s 100 0 

CuO(NPs)+TiO2(NPs) 9.4+2. n.s 40 42+2.7** 58.3 22.7+2.4** 88+44** 39+4** 61.1 

ZnO(NPs)+TiO2(NPs) 9.7+3 n.s 40 58.3+8.5** 41.7 26.3+2.4** 91+49** 61+2.1** 39.1 

Control 10.4+1.3 0 100 0 7.8+1 248.9+23 100 0 

F value 1.52557 772.84 31644.1 1755.6 620.151 14.16428 259.666 1874.21 

P value 0.288 0.0229 0.010 0.0187 0.00837 0.008413 0.0403 0.02251 

L.S.D         at0.05 0.7875 0.6167 2.8125 0.6125 1.1625 18.85 6.75 4.78 

At 0.01 1.1275 1.337 6.5025 1.3525 1.6775 27.07 15.54 11.1 
 

 ** = Highly Significant (p<0.01)                                      
* =Significant (p<0.05) 
Malfo.= Malformation% 
n. s=none Significant (p>0.05). 
 S.D.=Standard déviation                                                
 L.S.D. = Least significant                                             

 
 
fourth instars with SiO2(NPs)+TiO2(NPs), 
CuO(NPs)+TiO2(NPs) and ZnO(NPs)+TiO2(NPs) 
mixtures with different ratios are shown in Tables 
1and 2. The 2nd treated with SiO2(NPs)+TiO2(NPs)  
gave 89% adult emergence as compared with 100% 
of control. While the treatment of the 4th with 
SiO2(NPs)+TiO2(NPs) mixture did not affect the 
adult emergence, it similar to that of the 
control(100%). The larval treatments of the 2nd and 
4th instars with ZnO(NPs)+TiO2(NPs) mixture had 
the most potent on adult emergence with decrease 
to 46 and 61% for the two instars, respectively as 
compared with 100% for both instars of that of the 
control. Also, the 4th instar treated with 
CuO(NPs)+TiO2(NPs) mixture had the highest effect 
on adult emergence with decrease to 39%, as 
compared with 100% of that of the control, while 
the 2nd instar with the same treatment decreased the 
adult emergence to 94.7%, as compared with 100% 

pupation of that of 2nd of the control. These results 
are similar to that obtained by Debnath et al. (2010) 
who found that among all four applied 
concentrations of nano oxide to artificial diet in 
which the larvae of Galleria mellonella were reared, 
the highest viable pupal production (6 pupae) was 
detected at concentrations at which the lowest larval 
death values were achieved (1×10-6and4×10-6), as 
compared with that of the control (56 viable pupae). 
They categorized the emergence of adult moths into 
deformed and healthy adults. It was found that 
healthy moths were of high representation at the 
concentrations, at which the lowest larval death 
values were achieved. Also, Osman et al. (2015) 
pointed out that the pupation and adult emergence 
rates resulted from the treated 2nd instars larvae of 
S. littoralis with different concentrations (2000, 500, 
250 and 125ppm) of the tested two nanoparticles 
(Zinc and Silica nanoparticles), which highly reduced 

pupation as compared with untreated larvae. The 
greatest reduction was observed at the highest 
concentrations (2000 ppm), as it produced 13.33 
and16.67% of pupation as compared with 96.67% of 
the control and also, gave 13.33 and16.67% of adult 
emergence as compared with 86.67% of untreated 
larvae. However, Irie et al. (2015)  reported that 
pupation and emergence were not affected by the 
injection of suspensions of 10 μL (100 μg/mL) 
titanium dioxide nanoparticles (TiO2-NPs), and 10 
μL (100 μg/mL) zinc oxide nanoparticles (ZnO-NPs) 
or saline (control) against the 5th instar larvae of the 
sweet potato hornworm (Agrius convolvuli). 
 
 
The pupal weight 
 
The 2nd and 4th instars treated with 
SiO2(NPs)+TiO2(NPs)    mixture   did   not   affect the  
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pupal weight and had averages of 245 and 259 mg as 
compared with 253 and 248.9 mg of both instars of that of  
the control, respectively. 

Tables 2 and 3 showed that the larval treatments of the 
second and fourth instar with CuO(NPs)+TiO2(NPs) and 
ZnO(NPs)+TiO2(NPs) mixture at the LC50 values induced 
highly significant (p<0.01) decrease in pupal weight to 
averages of 129, 88 and 109, 91 mg, respectively as 
compared with 253.3 and 263.3 mg of both instar, 
respectively of  the control. These results are similar to 
that obtained by Kubo-Irie et al. (2015), where (TiO2-NPs) 
and (ZnO-NPs) were subcutaneously injected in 5th instar 
larvae of the sweet potato hornworm (A. convolvuli). On 
pupal day 4, there was a significant decrease in testis 
weight and the number of sperm bundles. Osman et al. 
(2015) reported that 2nd instar of S. littoralis treated with 
Zinc and Silica oxides nanoparticles was highly significant 
in both larval and pupal weight at the tested 
concentrations (2000, 500, 250 and 125 ppm). 
 
 
Morphogenetic abnormalities 
 
Larvae malformations 
 
Data presented in Tables 2 and 3 demonstrated that the 
larval feeding of 2nd of S. littoralis with 
SiO2(NPs)+TiO2(NPs), CuO(NPs)+TiO2(NPs) and 
ZnO(NPs)+TiO2(NPs) mixtures at its LC50 values  induced 
increase in larval malformations percentage in relative to 
control as follows: 10, 37.5 and 50% larval malformations, 
respectively as compared with 0% of that of the control. 
But the 4th larvae treated with SiO2(NPs)+ TiO2(NPs) 
mixture did not give any larval malformations as 
compared with that of the control (0%). Although 
CuO(NPs)+TiO2(NPs) and ZnO(NPs)+TiO2(NPs) gave the 
same larval malformations effect of 40% as compared with 
0% of the control. 
 
 
Pupal malformations 
 
Tables 2 and 3 indicated that the 2nd and 4th  larvae instars 
treated with SiO2(NPs)+TiO2(NPs) mixture did not give 
any pupal malformations percent, as compared with 0% of 
that of the control. But, treatment of both 2nd and 4th instar 
with both CuO(NPs)+TiO2(NPs) and ZnO(NPs)+TiO2(NPs) 
mixtures had the greatest percentages of pupal 
malformations with 14.3, 58.3 and 52, 41.7%, respectively 
as compared with 0% of the pupae malformations, which 
resulted from the treatment of both instar with these 
nanoparticles.  

The 2nd instar treated with SiO2(NPs)+TiO2(NPs) mixture 
gave adult malformations (10.5%).  Treatment of the same 
instar with ZnO(NPs)+TiO2(NPs) mixture had the highest 
percent of the adult malformations with 54.3% as 
compared with 0% of that of the control. But the treatment 

with CuO(NPs)+TiO2(NPs) gave 5.3% adult malformations 
as compared with 0% of that of the control. However, the 
4th instar treated with CuO(NPs)+TiO2(NPs) mixture gave 
the highest percent of adult malformations with 61.1%, as 
compared with 0% of that of control. While the same instar 
treated with SiO2(NPs)+TiO2(NPs) mixture did not give 
any adult malformations as compared to that of the 
control, and ZnO(NPs)+TiO2(NPs) mixture treatment gave 
39.1% adult malformations as compared with the control, 
0%.  
  
 
Adult fecundity and eggs hatchability% 
 
Data presented in Table 4 demonstrated that the larval 
feeding of 4th instar larvae of S. littoralis on the 
SiO2(NPs)+TiO2(NPs), CuO(NPs)+TiO2(NPs) and 
ZnO(NPs)+TiO2(NPs) mixture at its LC50 values had the 
strongest effect on the adult fecundity inhibition to zero, as 
compared with 321 eggs/female of that of the control. 
Similarly, the larval feeding of S. littoralis on the tested 
nanoparticles reduced the total number of viable eggs laid 
by adult females fed as 4th instar larvae on the nano 
particles at its LC50 values. SiO2(NPs)+TiO2(NPs), 
CuO(NPs)+TiO2(NPs) and ZnO(NPs)+TiO2(NPs) mixtures 
had strong effect on the adult fecundity and eggs hatching 
inhibition to zero. These results are agreement with those 
obtained by Osman et al. (2015) who reported that the 
total number of eggs laid per female of S. littoralis was 
affected in all treatments (350, 300, 250, 200, 150 and 100 
ppm) as compared with the control. Also, they reported 
that the percentage of eggs hatchability was reduced with 
nano silica treatments, as compared with the control. 
 
 
Adult longevity 
 
Data in Table 4 showed that the treatment of the fourth 
instar larvae of S. littoralis with nanoparticles mixtures 
SiO2(NPs)+TiO2(NPs) and CuO(NPs)+TiO2(NPs) at its LC50 
values significantly (p<0.01) reduced the adult longevity to 
8.2 and 8.7 days, respectively as compared with 10.5 days 
of that of the control. While, the ZnO(NPs)+TiO2(NPs) had 
no effect on the adult longevity (10.5 days), which is 
similar to that of the control, 10.5 days. These results are 
in contracted with that obtained by El-bendary and El-
Helaly (2013) who mentioned that the longevity of adult 
treated as neonate larvae with nanosilica particles at 
different concentrations was not affected at all treatments 
(ranged 14 to 13 days), as compared with the control.   
 
 
Adult sex ratio 
 
Data in Table 4 demonstrated that the larval treatment of 
the instar of S. littoralis with the SiO2(NPs)+TiO2(NPs) and 
CuO(NPs)+TiO2(NPs) mixtures gave adult female increase  
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Table 4: Latent effect of the three nanoparticle mixtures, SiO2+TiO2, CuO+TiO2 and ZnO+TiO2 at its LC50 against the fourth instar 
larvae of Spodoptera littoralis. 

 

Treatment 
Fecundity 

Mean+S.D. 
Eggs hatching% 

Mean+S.D. 

(days) 

Sex ratios % 

Females Males 

SiO2(NPs)+TiO2(NPs) zero** zero 8.2+2.2** 64.3 35.7 

CuO(NPs)+TiO2(NPs) 0 0 8.7+0.5** 66.7 33.3 

ZnO(NPs)+TiO2(NPs) 0 0 10.7+1.6 50 50 

Control 321+71 100 10.5+1 50 50 

F value 36.895  11.381   

P value 0.033164  0.00980   

L.S.D         at0.05 101.2625  1.0167   

At 0.01 208.9  1.47   
 

** = Highly Significant (p<0.01).                                     
* Significant (p<0.05) 
 Malfo.= Malformation%. 

n. s=none Significant (p>0.05). 
S.D.=Standard deviation.                                                   
 L.S.D. = Least significant.   

 
 
and male decrease with 64.3:35.7 and 66.7:33.3, as 
compared with 50:50% of adult female and male 
ratio of the control. But ZnO(NPs)+TiO2(NPs) 
mixtures did not show any shift in the female to 
male ratio 50:50, which is the same with the control.   
 
 
Conclusion 
 
The results of the present study demonstrated that 
the tested nanoparticles mixtures 
CuO(NPs)+TiO2(NPs SiO2(NPs)+TiO2(NPs) and 
ZnO(NPs)+TiO2(NPs) were effective against the 
survival of the 2nd and 4th instar larvae of S. littoralis. 
Also, some biological aspects (larval duration, 
pupation and adult emergence%, fecundity and eggs 
hatching %, adult longevity and sex ratios%) of the 
insect were affected with all treatments. Further, 
these treatments caused malformations in larvae, 
pupae and adult stages. Thus, it can be concluded 

that the application of Nano titanium dioxide may 
minimized the problems caused by S. littoralis of the 
host crops. Recent findings showed the potential 
harmful effects of nanomaterial's on the digestive 
systems of a beneficial soil organism -earthworm 
(Ruitenberg, 2013). In addition,  the application of 
titanium dioxide TiO2(NPs) on food crops has been 
reported to promote plant growth, increase the 
photosynthetic rate, reduce disease severity and 
enhance yield by 30%. It has also been reported that 
the application of TiO2(NPs) significantly reduced 
the incidence of rice blast and tomato spray mold 
with a corresponding 20% increase in grain weight 
due to the growth promoting effect of TiO2(NPs) 
(Mahmoodzadeh et al., 2000). It was evident that 
silica nanoparticles based insecticide is physically 
active, that is, these nanocides cause damage to the 
cuticle water barrier of the insects mostly by 
abrasion to some extent due to adsorption, and 
insect death occurs due to desiccation (Harper, 

2010). El-Helaly et al. (2016)  showed the 
application of nanosilica at 500 ppm concentration 
for the suppression of S. littoralis fed on squash in 
Egypt. This result is in line with the findings of El-
bendary and El-Helaly (2013), who applied SNP 
against S. littoralis on tomato. In addition, it was 
found that the nanosilica application also stimulates 
the physiological activity and growth of plants 
(Carver et al., 1998). The mechanism of control of 
insect pest using nano-silica is based on the fact that 
insect pests used a variety of cuticular lipids for 
protecting their water barrier and thereby prevent 
death due to desiccation. But nanosilica particles 
applied on plant surface are absorbed into the 
cuticular lipids, resulting in death by physical means 
of insects. Modified surface charged hydrophobic 
nano-silica (3-5 nm) could be successfully 
implemented to manage a variety of ectoparasites of 
animals and agricultural insect pests (Barik et al., 
2008). 
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