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ABSTRACT 
The cotton leaf worm, Spodoptera littoralis (Bois.) is a major pest with high mobility and 

reproductive capacity in cotton and various crops. The aim of this study was to evaluate the efficiency 
of two photosensitizers (Copper and Magnesium chlorophylline) and two nanocomposites over two 
photosensitizers (MgAg, MgGO, CuAg and CuGO) as photoinsecticides to control the S. littoralis in 
cotton fields during the two successive seasons, 2017 and 2018. The concentrations of the all tested 
components were 10-3 and 10-4 mg/L. Methomyle was sprayed as reference insecticides with the 
recommended concentration (1cm/L) as well as water was sprayed as a control. The numbers of alive 
S. littoralis larvae were counted in the treatments and control at 1, 7, 10 and 15 days after spray. 
Reduction percentages in the larval population corresponding to each treatment were calculated. Results 
showed that, the calculated reduction in larvae after 15 days post spray in all concentrations at the first 
season were ranged between 74.2% to 90.2% while in the second season the reduction in larvae ranged 
between 64.9% to 94.8%. After 7 days post spray, the high concentrations of either MgGo or CuGo 
showed reductions higher than methomyle after 1, 7, 10 days post spray. The reduction resulting from 
the two concentrations of MgAg were higher than all treatments (91.05- 96.51%). It could be concluded 
that the high concentrations of either MgAg or CuAg declined the number of larvae more than the 
methomyle. Therefore, the high concentrations of MgAg and CuAg can be recommended in controlling 
of cotton leaf worm in the cotton field. 
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Introduction 

The Egyptian cotton leafworm, S. littoralis (Bois.) (Lepidoptera: Noctuidae), is a destructive, 
polyphagous and multivoltine insect pest. This pest is widely distributed all over the world including 
Egypt and other Middle East countries, Southern Europe and in temperate zones in Asia and Africa 
(Salama et al., 1990). It has high reproductive potential and three generations during the cotton season 
in Egypt (Ali et al., 2017). In addition to the cotton, the S. littoralis larvae infest several important plants 
and causing great losses in quantity and quality of the attacked crops (Kandil et al., 2003). 

The extensive uses of chemical insecticides lead to pesticide poisoning, residual toxicity in water 
and soil, growing insect resistance and harmful effects to beneficial insects (Pavela, 2005). So it is 
demanded to develop selective and environmentally safe methods that may be better in controlling of 
S. littoralis. Recently, integrated pest management for controlling insect pests containing botanical 
insecticides which  are fast biodegradable, little harmful effect on the environment and non-target 
organisms, cheap, easily produced and may retard the development of resistance (Malarvannan, et al., 
2008). So it is becoming clear that alternative pest management tools are needed, less hazardous both 
to humans, non-target animals and the environment.  

Photosensitizers and nanocomposites represent a possible alternative to traditional chemical 
compounds (Ben Amor and Jori, 2000). Photoactive compounds usually used for photosensitization 
might be effective as pesticide agents, with low impact on the environment, being non-toxic and not 
mutagenic. Photosensitizer accumulates within the insect body and, following exposure to visible light, 
induces lethal photochemical reactions and death (Lukšiene et al., 2007). Photosensitizer involves 
activation of light-sensitive compounds, producing chemical reactions that damage or destroy cells; in 
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some cases the excited photosensitizer is converted into a toxic photoproduct (Spikes,1985).The use of 
a photochemical process as a new tool to control the population of different types of insects has been 
frequently examined in both laboratory experiments and field studies. In many cases, the phototoxic 
action of the chemical compound is fully developed only in the presence of oxygen; hence the 
photoinsecticidal actions appear to be of the photodynamic type (Heitz, 1987). Present evidence 
suggests that such photosensitizes act on the membranes of the midgut with consequent feeding 
inhibition, as well as on the neuromuscular sheath. (Fondren et al., 1978). 

Nanoparticle have provided a wide range of novel pesticide formulations or pesticide metallic 
NPs. These materials have higher efficacy on pest control and lesser harmful effects on the environment 
compared with the traditional (Buffle, 2006 & Dimetry and Hussein, 2016). On the other hand, its utility 
is still bounded because of shortage of information about the toxicity and environmental facts of 
nanomaterials (Narayanan et al., 2012 and Ruttkay-Nedecky et al., 2017).Toxicity mechanisms of 
nanoparticles may be reactive oxygen types, oxidative stress, membrane disruption, protein unfolding , 
and or inflammation. (Saad et al., 2015). This oxidative stress subsequently result in DNA damage and 
ultimately apoptosis which lead to death (Panacek et al., 2011).  

Therefore the aim of this study was to evaluate the role and the possible efficiency of two 
photopesticides and two nanocomposites against S. littoralis under field conditions. 
 
Materials and Methods 
 
Tested photosensitizers and nanocomposites 

Two Photosensitizers,copper and Magnesium chlorophylline (Cu-Chl  and Mg-Chl) were 
selected to be used in the formation of the natural extract porphyrin. The photosensitizers were prepared 
according to the methods described by El-Tayeb et al. (2011). Both silver (Ag) and grapheme oxide 
(Go) nanomaterials were used for grafting the two photosensitizers (Mg-Chl and Cu-Chl) over the two 
nanomaterials to form the required nanocompsites. These nanocompsites as follows: 

1- Mg-Chl / Ag nanocompsites 
2- Mg-Chl/ GO nanocomposite 
3- Cu-Chl/ Ag nanocomposite 
4- Cu-Chl/ GO nanocomposite 

 

Characterization of the nanocompsites 
The size, morphology and composition of the four tested nanocomposites were determined by 

high resolution transmission electron micrograph (JEOL 20100) (HR-TEM) as shown in Fig (1). 
Two photosensitiizers with two concentrations, the high concentration was 10-3 (0.32 and 0.28 

mg/L for Cu-Chl and Mg-Chl) and the low dose was 10-4 (0.032 and 0.028 mg/L for Cu-Chl and Mg-
Chl). Four nanocomposites with two concentrations, 10-3 (100 ml /L) and10-4 (10 ml / L). All 
concentrations of treatment were applied against S. littoralis in cotton field. At the same time, 
methomyle was sprayed as a reference insecticide with recommended dose (1cm/L) as well as water 
was sprayed as a control group.  

  
Experimental design  

This study was conducted at the experimental Station of the Faculty of Agricultural, Cairo 
University, Giza, Egypt (30°01'32.5"N & 31°11'33.0"E) during 2017 and 2018 seasons, respectively. 

The cotton varitiey (Giza 90) commonly planed in Egypt were chosen for field evaluation. The 
varitiey was planted on 28th of March in 2017 season and 1st of April in 2018 season. The experimental 
area of about 1/2 feddan was divided into 56 equal plots (42 m² for each). The experiments were carried 
out with a randomized complete block design with four replicates.  All experimental plots received 
regular agricultural practices except insecticide application.  When the plant age reach 21 days,  artficial  
infestation in treatment plants was carried out with 10 second instar larvae of S. littoralis / plant. The 
spray treatments were performed after one week from artficial  infestation. Plant samples were taken 
before treatment and after treatment on 1st, 7th, 10th and 15th days. The sample included 20 plants which 
were randomly selected from each plot and investigated for alive larvae. The leaves of each plant were 
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carefully investigated. All larvae of S. littoralis were counted and calculate the reduction percentage by 
using Henderson and Tillton equation (Henderson and Tilton, 1955). 

Fig. 1: TEM image of  a) Cu-chl/Ag  b) Cu-chl/Go c) Mg-chl/Ag  d) Mg-chl/Go 
Statistical analysis 

Data were statistically analyses using an analysis of variance (ANOVA), with the means were 
separated by using Duncan's Multiple Range criterion (P<0.05) between all treatments through 
investigated days. Reduction percentages corresponding to each treatment were calculated using means 
of alive insects for each treatment comparing with those alive in untreated control group by the equation 
of Handreson and Telton, (1955). 

 
Results and Discussion 
 
1. Effect of photosensitizers on S.littoralis larvae 
  Copper and Magnesium chlorophyllin were examined against the S. littoralis in the cotton field 
at 2017 and 2018 seasons (Table 1 & 2).  In the first season, all treatments declined alive larvae at 1, 7, 
10 and 15 days post spraying compareing with control. The mean number of alive larvae was significant 
between all treatments.  One day post spray, the high concentration of Mg-Chl (10-3 mg/L) was the most 
effective achieving 54.44% reduction in larvae. Seven days post spray, the high concentration of either 
Mg-Chl and Methomyl showed high reductions (75.0 and 76.5%, respectively, while the low 
concentration of Mg-Chl (10-4 mg/L) recorded high reductions 70.9%) than the same concentration of 
Cu-Chl (60.7 %). The reduction percentage reached 83.7% after ten days post spray at high 
concentrations of Mg-Chl. However, highest reduction (90.5%) recorded after fifteen days post spray 
at Mg-Chl (10-3 mg/L) (Table 1 and Fig. 2). 

  In the second season, all treatments declined alive larvae at 1, 7, 10 and 15 days post spraying in 
comparing with control. The mean number of alive larvae was high significant between all treatments.  
Generally, the two concentrations of Mg-Chl recorded higher reduction than the same concentrations 
of Cu-Chl. At all concentrations, the highest percentage reduction was recorded after 15 days post spray. 
These reductions were ranged between 74.2% to 90.5% while methomyl treatment achieved 95.2% 
reduction than control (Table 2 and Fig. 2). 

 

 

a b 

  
c d 
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Table 1: Efficiency of some photosensitiizers against cotton leaf worm S.littoralis larvae in cotton fields at 2017 

season 

Formulation 
Rate 
mg/L 

Mean number of alive larvae ± SE 

Before 
spray 

Days after spray 
1 7 10 15 

Copper 
clorophline 
(Cu-Chl) 

10-3 10.2±0.99b 5.43±0.53b 3.870.74b 2.531.13ab 1.630.18b 

10-4 10.3±1.05b 6.23±0.43b 4.30.40b 3.470.21b 3.70.05c 

Magnesium 
clorophline 
(Mg-Chl) 

10-3 7.6 ±0.34a 3.9 ±0.60a 2.270.06a 1.330.13a 1.00.1ab 

10-4 5.83±0.20a 3.3± 0.26a 2.030.08a 1.470.31a 1.430.31b 

Methomyl 1 cm/L 6.03±0.28a 3.07±0.32a 1.70.05a 1.170.06a 0.40.17a 
Control 0 7.9±0.41a 8.9± 0.42c 9.4 0.39 c 9.10.44c 11.00.52d 
F value  9.13 24.78 57.09 33.06 210.20 
P value  <0.001 <0.001 <0.001 <0.001 <0.001 

Means within a column followed by the different letter are significantly different using Duncan's Multiple Range Test.  
  

 

 
Fig. 2: Reduction percentages in the population of cotton leaf worm  S. littoralis larvae treated with 

some photosensitiizers in cotton fields at 2017 and 2018 seasons 
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Table 2: Efficiency of some photosensitiizers against cotton leaf worm S. littoralis larvae in cotton fields at 
2018 season 

Means within a column followed by the different letter are significantly different using Duncan's Multiple Range Test.   
 

The obtained results are in a harmony with that recorded by Abd El-Naby (2007) who evaluated 
the effect of methylene blue (MB) and hmatomporphyrin (HP) photoinsecticides on the 2nd and 3thi nstar 
larvae of S. littoralis under laboratory conditions. He found that, MB was higher toxic than HP on 
larvae. The 2nd instar larvae were more susceptible to the photoinsecticides. The mortality percentage 
were 64.33, 34.0 and 18.0% when treated by 10-2, 10-3and 10-4ml/ml MB, respectively while the 
mortality % was 33.67, 21.33 and 5.66% when the larval treated by the same concentrations of HP after 
10 days post treatment. Abd El-Rahman et al. (2016) used five concentrations (0.1, 0.5, 1.0, 5.0 and 10 
mg/100ml for phloxin B and 50, 100, 500, 1000  and 1500 mg/100ml for mendione) against peach fruit 
fly, Bactrocera zonata under laboratory conditions. They found that phloxin B recorded the percentage 
mortality reached 90% at 10 mg after 24 h. El-Tayeb et al. (2011) found that the photosensitizer 
(Hematoporphyrin IX) induced reduction of Parasarcophaga argyrostoma population. In agreement 
with the findings in the present study Huang et al. (2004) investigated the photolarvicidal activities of 
10 thienyl 1, 3, 4-thia (oxa) diazoles as novel photosensitizers. They found that these compounds 
showed strong larvicidal activities against Pseudaletia separata only under irradiated conditions. The 
mode of action of photodynamic type insectidial agent could be due to inhabitation of feeding by 
damaging of memberans of midgut wall (Fondren et al., 1978), Changes in membrane permeability 
(Weaver et al., 1976), and induction of physiological and morphological abnormalities to larval, pupal 
and adult stage  (Pimprikar et al., 1979 and Fairbrother et al., 1981). 

 
2. Effect of nanocompositeson S. littoralis larvae 

 
Graphene oxidenancomposites 

Two nancomposites including graphene oxide (MgGo and CuGo) were examined against S. 
littoralis in the cotton field at season 2018 (Table 3 and Fig. 3). A significant decline in alive larvae 
was observed at 1, 7, 10 and 15 days post spraying with 10-3, and 10-4 ml/L of either MgGo or CuGo. 
One day post spray, the high concentration of MgGo (10-3 ml/L) was the most effective achieving 
74.60% reduction in larvae. The concentration of MgGo (10-4 ml/l) recorded reduction in larvae 61.83% 
higher than the two concentrations of CuGo and methomyle. The two concentrations of CuGo (10-3 and 
10-4 ml/L) recorded lower reductions (56.31% and 46.33%) than methomyl (55.24%). Seven days after 
spray, the high concentration of either MgGo or CuGo showed higher reductions than methomyl, while 
the low concentration of these two nanocomposites revealed slightly lower reductions than methomyl. 
Ten days post spray, the 10-3 m/L of MgGo was the most effective (88.54% reduction), followed by 10-

4 ml/L of MgGo (80.93% reduction), 10-3 m/l of CuGo (80.53% reduction), methomyl (80.33%) and 
then 10-4 ml/l of CuGo (74.31% reduction). Fifteen days post spray, the 10-3 ml/L of MgGo was the 
most effective (86.59% reduction). 

 
 
 

Formulation 
Rate 
mg/L 

Mean number of alive larvae ± SE 

Before spray 
Days after spray 

1 7 10 15 
Copper 
clorophline  
(Cu-Chl) 

10-3 10.230.99b 4.730.17b 3.870.74b 2.530.14a 2.370.08b 

10-4 10.31.05b 6.230.43c 4.30.40b 3.230.60a 3.70.05c 

Magnesium 
clorophline 
(Mg-Chl) 

10-3 10.570.60b 3.90.60ab 2.170.088a 1.50.35a 1.00.1a 

10-4 8.90.55ab 3.470.40ab 1.730.08a 2.270.33a 1.430.31ab 

Methomyl 1 cm/L 7.370.84a 2.70.28a 1.70.30a 1.271.13a 0.40.17a 
Control 0 10.530.75b 11.270.62d 11.270.67c 10.90.76b 11.20.74d 
F value  2.43 48.25 62.97 32.01 139.07 
P value  0.09 <0.001 <0.001 <0.001 <0.001 
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Table 3: Efficiency of graphene oxide nanosheets coupled with Mg-Chl and Cu-Chl as nanocomposites against 
cotton leaf worm S. littoralis in cotton fields at 2018 season 

Formulation 
Rate 
ml/L 

Mean number of alive larvae ± SE 

Before spray 
Days after spray 

1 7 10 15 
MgGo 10-3 9.730.55a 2.300.15 d 1.270.11 c 0.900.11c 0.430.09 c 

10-4 7.600.44 b 2.700.12 d 1.770.12 c 1.170.14 c 0.700.13bc 
CuGo 10-3 9.100.67 a 3.700.20 c 1.930.14 c 1.430.18Cbc 0.770.10bc 

10-4 10.270.56 a 5.130.21 b 2.670.25 b 2.130.29b 0.970.14bc 
Methomyl 1cm/L 7.370.44 b 3.070.20cd 1.700.23c 1.170.20c 0.400.09 c 
Control 0 10.530.52 a 9.800.53 a 9.300.40 a 8.500.44Ca 3.470.23 a 
F value - 6.356 106.982 177.878 134.219 70.745 
P value - <0.001 <0.001 <0.001 <0.001 <0.001 

Means within a column followed by the different letter are significantly different using Duncan's Multiple Range Test.   

Silver nanocomposites 
Two nancomposites including silver (MgAg and CuAg) were examined against the S. littoralis 

in the cotton field at season 2018  (Table 4 and  Fig. 3). A significant decline in alive larvae was 
observed at 1, 7, 10 and 15 days post spraying with 10-3 and 10-4 ml/L of either MgAg or CuAg. All 
tested concentrations exhibited reduction percentages higher than methomyle excepting 10-4 ml/L of 
CuGo recorded lower reduction at 1, 7, 10 and 15 days post spray. Fifteen days post spray, comparing 
with reduction recorded in methomyle treatment (83.53%), the reduction resulting from the two 
concentrations of MgAg were higher (91.05%- 96.51%), while the reduction recorded with the two 
concentrations of CuAg were lower (69.94%- 79.52%). In general, the high concentrations of either 
MgAg or CuAg declined the number of larvae more than methomyl. Therefore, the high concentrations 
of MgAg and CuAg are recommended in controlling of cotton leaf worm in the cotton field. 

Nanoparticle using as a new approach to control some insect pests. Few studies investigated 
the effect of different nanoparticles on the Spodoptera sp. such as El-Bendary and El-Helaly (2013) 
who evaluated the effects of SiNPs (100, 150, 200, 250, 300 and 350 ppm) on the resistance of tomato 
plants to S. littoralis. Their results indicated high toxic action at all concentrations. Moreover, they 
found high resistance in tomato plants against this insect pest especially at 300 and 350 ppm. Abd El-
Wahab and Anwar (2014) reported that copper (CuO) and zinc (ZnO) nanoparticles showed significant 
effect on the 2nd instar larvae of S. littoralis, with mortality percentage of 100 and 73.33%, respectively. 
Chakravarthy et al. (2012) evaluated the effects CdS, Ag and TiO2 nanoparticles with 5 concentrations 
against 2nd instar larvae of Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae) in laboratory. They 
found that, at the high concentration (2400ppm), larval mortality percentages were 93.79, 73.79 and 
56.89% for CdS, TiO2 and Ag, respectively. Debnath et al. (2011) found that SiNPs were more effective 
on the second instar larvae of S. litura F. which killed all the larvae within 24 h. Shaker et al. (2017) 
evaluated the effects of TiO2 nanoparticles on the 2nd and 4th instar larvae of S. littoralis. The 2nd and 4th 
instar larvae were fed for 48 h on treated leaves with TiO2 nanoparticles and a control (distilled 
water).They found the LC50 value of the 2nd instar and 4th instar larvae treated with TiO2 nanoparticles 
was 62.5 ppm and 125 ppm, respectively. El-Helaly et al. (2016) study the effect of nano-silica, Silica 
and Diazinon as a recommended insecticide with 200, 300, 400, and 500 ppm against on newly hatched, 
second and fourth instars larvae of S. littoralis (Bosid) on the squash plants in greenhouse. They found 
that, nano-silica caused higher toxic action values than with the other treatments. Mortality rate among 
larvae in any of the treatments was directly correlated with the increase in concentration. Also, the 
newly hatched larvae were more susceptible to treatments than the other tested instars. 

On the other hand, Nanoparticles were used to control of different insects such as leaf miner in 
faba bean fields and T. absoluta under greenhouse conditions (Derbalah et al., 2012). El-Samahy and 
Galal (2012) used five concentrations of SiNPs; 100, 200, 300, 400 and 500 ppm to control Aphis 
craccivora and Lirioyza trifolii. Their results showed that the reduction percentages in the number of 
both insects were significantly increased as the concentration increased. El-Samahy et al. (2014) studied 
the effect of three silica nanoparticales (SiNPs) concentrations (100, 200 and 300 ppm /4200 m2) against 
Tuta absoluta larvae under field conditions. Results revealed that, SiNPs showed highly efficient in 
reduction of   T. absoluta. The reduction percentage reached 100% at 10 days after spring with 300 
ppm.  
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Table 4: Efficiency of silver nanosheets coupled with Mg-Chl and Cu-Chl as nanocomposites against cotton leaf 
worm S. littoralis in cotton fields at 2018 season 

Formulation 
Rate 
ml/L 

Mean number of alive larvae ± SE 

Before spray 
Day after spray 

1 7 10 15 

MgAg 
10-3 8.700.73 bc 1.530.10d 0.500.11c 0.430.11d 0.100.06 d 

10-4 10.170.57 ab 2.200.15d 0.900.11c 0.700.10cd 0.300.09 cd 

CuAg 
10-3 9.930.53 ab 3.130.21c 1.900.19b 1.330.12bc 0.670.09 bc 
10-4 7.370.44 c 4.170.23b 2.200.18b 1.700.17 b 0.730.13 b 

Methomyl 1cm/L 7.370.44 c 3.070.20c 1.700.23b 1.170.20bc 0.400.09 bcd 
Control 0 10.530.52 a 9.800.53a 9.300.40a 8.500.44  a 3.470.23 a 
F value - 6.716 119.252 212.999 185.902 100.439 
P value - <0.001 <0.001 <0.001 <0.001 <0.001 

Means within a column followed by the different letter are significantly different using Duncan's Multiple Range Test.   
 

 

 
Fig. 3: Reduction percentages in the population of cotton leaf worm S.littoralis larvae treated with some 

nanocomposites in cotton fields at 2018 season. 
 
Conclusion 

In this study two photosensitizers (Copper and Magnesium chlorophylline) and two nanocomposites 
over two photosensitizers (MgAg, MgGO, CuAg and CuGO) were firstly evaluated to reduce the 
population of S. littoralis in the cotton fields. The results showed that the high concentration 10-3 ml/L 
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gave the highest reduction in the population of this insect. So it is recommended to use this 
concentration in controlling of cotton leaf worm in the cotton field. 
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	  In the second season, all treatments declined alive larvae at 1, 7, 10 and 15 days post spraying in comparing with control. The mean number of alive larvae was high significant between all treatments.  Generally, the two concentrations of Mg-Chl recorded higher reduction than the same concentrations of Cu-Chl. At all concentrations, the highest percentage reduction was recorded after 15 days post spray. These reductions were ranged between 74.2% to 90.5% while methomyl treatment achieved 95.2% reduction than control (Table 2 and Fig. 2).
	Two nancomposites including graphene oxide (MgGo and CuGo) were examined against S. littoralis in the cotton field at season 2018 (Table 3 and Fig. 3). A significant decline in alive larvae was observed at 1, 7, 10 and 15 days post spraying with 10-3, and 10-4 ml/L of either MgGo or CuGo. One day post spray, the high concentration of MgGo (10-3 ml/L) was the most effective achieving 74.60% reduction in larvae. The concentration of MgGo (10-4 ml/l) recorded reduction in larvae 61.83% higher than the two concentrations of CuGo and methomyle. The two concentrations of CuGo (10-3 and 10-4 ml/L) recorded lower reductions (56.31% and 46.33%) than methomyl (55.24%). Seven days after spray, the high concentration of either MgGo or CuGo showed higher reductions than methomyl, while the low concentration of these two nanocomposites revealed slightly lower reductions than methomyl. Ten days post spray, the 10-3 m/L of MgGo was the most effective (88.54% reduction), followed by 10-4 ml/L of MgGo (80.93% reduction), 10-3 m/l of CuGo (80.53% reduction), methomyl (80.33%) and then 10-4 ml/l of CuGo (74.31% reduction). Fifteen days post spray, the 10-3 ml/L of MgGo was the most effective (86.59% reduction).
	Silver nanocomposites
	Two nancomposites including silver (MgAg and CuAg) were examined against the S. littoralis in the cotton field at season 2018  (Table 4 and  Fig. 3). A significant decline in alive larvae was observed at 1, 7, 10 and 15 days post spraying with 10-3 and 10-4 ml/L of either MgAg or CuAg. All tested concentrations exhibited reduction percentages higher than methomyle excepting 10-4 ml/L of CuGo recorded lower reduction at 1, 7, 10 and 15 days post spray. Fifteen days post spray, comparing with reduction recorded in methomyle treatment (83.53%), the reduction resulting from the two concentrations of MgAg were higher (91.05%- 96.51%), while the reduction recorded with the two concentrations of CuAg were lower (69.94%- 79.52%). In general, the high concentrations of either MgAg or CuAg declined the number of larvae more than methomyl. Therefore, the high concentrations of MgAg and CuAg are recommended in controlling of cotton leaf worm in the cotton field.



