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ABSTRACT 
 

Four plant oils from Flax, Ginger, Garlic and Jojoba plants were prepared in the form of Nano 
– products. Cotton leaf worm in 4 th instar larvae were treated with these products. Data showed that 
Flax and Jojoba oils were the first effective one .All oils in the Nano – products were very effective 
compared with that in the traditional form. Moreover, the average size of the nanoparticles of the most 
effective Nano-emulsions (5%) were 55.15, 173.3, 120.3 and 62.14 nm for Flax, Ginger, Garlic and 
Jojoba plant oil, respectively, It can be conclude that formulated Nano- emulsion with 5% can be used 
as effective alternative to commercially available formulation on Spodoptera littoralis control, and 
may be more safe after more studies to evaluate their mammalian toxicity. 
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Introduction  
 

The Egyptian cotton leaf worm (CLW), Spodoptera littoralis (Boisduval) (Lepidoptera: 
Noctuidae) is one of the most destructive pests of several crops such as cotton, corn, peanut, clover, 
vegetables and various fruits in Africa, Asia and Europe (Smagghe and Degheele, 1997; El-Aswad et 
al., 2003 and Ragaei and Sabry, 2011). The cotton leaf worm (CLW) is the destructive pest to about 
112 host plants from different families in Egypt as well as in Mediterranean and Middle East 
countries (Kandil et al., 2003; El-Sinary et al., 2008 and El-Zoghby et al., 2011). In addition to its 
direct damage, reducing photosynthetic area and reduce the marketability of vegetables and 
ornamentals (Pluschkell et al., 1998). The most effective control measure against cotton leaf worm 
(CLW) has been achieved by using chemical insecticides. Over the past 40 years, the intensive use of 
broad spectrum insecticides against the cotton leaf worm (CLW) had led to the development of 
resistance to many of them (Aydin and Gurkan, 2006 and Rizk et al., 2010). Also, the continuous and 
unwise use of insecticides to control agricultural pests usually lead to adverse effects on beneficial 
insects, fish and wildlife, hazards to man and animals by environmental pollution, residues in foods 
(Abdel-Rahim and Azab, 2008; Abdel-Hafez and Mohamed, 2009; Osman and Mahmoud, 2009 and 
Ehab, 2012). Recently, research is concentrated on developing safer insecticides. The natural products 
of plant origin are receiving a considerable attention to avoid the different disadvantages of 
insecticides use, as they would be non-hazardous, easy to use and specific in their action (Koul, 
1982). Previous researchers demonstrated that plants were considered one of the richest sources which 
could be used as pest control agents. They attended to use plant extracts as toxicants, repellents, 
synergists, growth regulators and Antifeedant for cotton leaf worm (CLW) (Hashem et al., 1998; 
Mohamed and El-Gengaihi, 1998).  

Recent advances in materials science and chemistry have produced mastery in nanoparticle 
technology, with wide ramifications in the field of agriculture. 

Nanotechnology is the manipulation or self-assembly of individual atoms, molecules, or 
molecular clusters into structures to create materials and devices with new or vastly different 
properties. Nanotechnology can work from the top down (which means reducing the size of the 
smallest structures to the Nano scale e.g. photonics applications in Nano electronics and Nano 
engineering) or the bottom up (which involves manipulating individual atoms and molecules into 
nanostructures and more closely resembles chemistry or biology). 
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Nanotechnology has brought enormous amount of manufactured nanoparticles in the various 
areas of science, mainly due to its widespread application in a broad range of subjects including 
engineering, medicine, agriculture, chemistry, biology to applied sciences (that is electronics and 
materials). In recent years, there has been considerable interest in exploring the potential of 
nanotechnology in encapsulation at Nano scale (1nm=10-9 m) that is Nano encapsulation. Nano 
encapsulation is a process of coating or encapsulation of nanoparticles such as an insecticide using 
biodegradable polymeric matrix material (Bhattacharyya et al., 2010). Nanoparticles have a major 
challenge due to the extremely small size, high surface energy, and high surface area. These 
characteristics could comprise possible advantages as faster dissolution, improved penetration, 
reduced active amount or better distribution of small amounts of active substances over larger area 
(Hack et al., 2012). 

Extensive insecticidal applications has provoked undesirable effects, which results in the 
inevitable transport of these chemicals and their degradation products to surrounding non-target 
organisms, fostered environmental and human health concerns (Santho shkumar et al., 2010). 
Moreover, the poor solubility of pesticides in water and use of various organic solvents for their 
dissolution causes more environmental contamination by the solvent itself (Weber et al., 2010; 
Hayward et al., 2010). The recent advancements in Nano-scale techniques hold the promise of 
controlled release and targeted delivery of various macromolecules for enhanced plant growth, pest 
control, and nutrient utilization (Nair et al., 2010 ; Ghormade et al., 2011). Despite their efficacy and 
potential beneficial effect on the environment Nano formulation of pesticides is not particularly 
common, research on Nano pesticides is still in its infancy. 

The aim of this study is the evaluation the use of the low dangerous products (plant oils) in the 
form of nanoparticles to control the larvae of cotton leaf worm.  

 
Materials and Methods 
 
Rearing of insects: 
 

Spodoptera littoralis Boisduval were taken from Cotton pest Research Division, Plant 
Protection Research Institute. The egg- masses were kept in a glass jar covered with gauze under 
laboratory condition of  25- 32 ºC and 65±5% R.H. When the egg masses became dark- blue in colour 
enough fresh casters leaves Ricinus communis L. were introduced daily into the jars as dietary 
medium for hatched larvae. After the first moult groups of second instar larvae were transferred to 
new glass jars capacity 1 kg, at 25 larvae per jar and provided with fresh caster leaves daily. The 
number of   larvae was lowered to 15 larvae/ jar after the second moult castor leaves were supplied 
abundantly to avoid cannibalism. When larvae reached the last instar then 10 larvae of the sixth instar 
were transferred to a clean jar, provided with moistened sawdust 4 cm thick and allowed to pupate. 
Full – grown pupae of both sexes were transferred to cylindrical cages covered with gauze. The cages 
were supplied with branch of tafle plant Nerium oleander to serve as suitable sits for oviposition.        
 

Plant oils used: 

 
Four plant oils Table (1) belonging to different families; Linaceae, Zingiberaceae, 

Amarylldaceae; Simmondsiaceae, were used during these investigations. All the oils were bought 
from Al- Gomhuria Company of drugs, chemical and medical supplies in Egypt. 

 
Scientific name Family Common name 
Linum usitatissimum       Linaceae Flax oil 
Zingiber Officinale Zingiberaceae Ginger oil 
Allium sativum L. Amarylldaceae Garlic oil 
Simmondsia chinensis   Simmondsiaceae Jojoba oil 
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Synthesis of Nano particles  
 

Nano-emulsions of the plant oils were prepared using the oil samples were diluted with a large 
amount of water (ratio 1:100) then an emulsifier materials (Tween 80 ) is added at a rate of (1 ml / 
liter ) combination of emulsifiers helps to prevent particle agglomeration. Different concentrations (5, 
2.5, 1.25 and 0.625% conc.) of each oil was prepared. 

The oil emulsions were placed on the sonicator for half hour. After that the coarse emulsion was 
subjected to 55 W of ultrasonic treatment for 5 min using a high-power ultra-sonication probe (Fig 1) 
then placed again for half hour on the sonicator and then stored at 4 °C for further bioassays (Fig 2 ). 
Emulsification technique was according to, the methods of Sjostrom Bergenstahl 1992; Siekmann, 
1996 and Asnawi et al., 2008. 
 

Fig. 1: Samples of (Flax oil, Ginger oil and Garlic oil) on high-power ultra-sonication probe 

 
Fig. 2: Formulation of Nano emulsions 

 
Size characterization of nanoparticles 
 

The nanoparticles size and their distribution were analyzed with the particle size distribution   
   

Transmission Electron Microscope. 
 
TEM – Nanotechnology& Advanced Material Central Lab. 
(NAMCL), Agriculture Research Center (ARC). 
Company name: FEI, Netherland. 
Model: Tecnai G20, Super twin, double tilt. 
Applied voltage: 200 kV 
Magnification Range: up to 1,000,000 X 
Gun type:  LaB6 Gun 
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High resolution transmission electron microscope (HR-TEM, Tecnai G20, FEI, Netherland) 
was used for the purpose of imaging, crystal structure revelation and elemental analysis "qualitative 
and semi-quantitative analysis. Two different modes of imaging were employed; the bright field at 
electron accelerating voltage 200 kV using lanthanum hexaboride (LaB6) electron source gun and the 
diffraction pattern imaging. Eagle CCD camera with (4k*4k) image resolution was used to acquire 
and collect transmitted electron images. TEM Imaging & Analysis (TIA) software was used to 
spectrum acquisition and analysis of EDX peaks. 

Structural characterization and the morphology Nano -emulsions of plant oil were observed 
with transmission electron microscopy (TEM). Samples were placed on carbon-coated TEM grids 
after a suitable dilution was created, then a drop of 2% phosphotungstic acid was added. The excess 
liquid was removed by blotting with a filter paper for 2 min. The sample was allowed to dry for 10 
minutes at room temperature before observation. 
 
Bioassay tests: 
 
Prepartion of plant oil solution: 
 

Ten grams of each plant oils was diluted with 50 ml. petroleum ether to obtain 20 %( w/v) stock 
solution which diluted to obtain 10, 5, 2.5 and 1.25 % (w/v) concentration. 
 
Insecticidial activity: 
 
The use of traditional form experiment:- 
 

To evaluate the insecticidal activity of plant oil against fourth instar larvae of Spodoptera 
littoralis.   By leaf dipping technique, the leaves of castor bean leaves (R. communis) were dipped in 
the above mentioned concentrations for each plant oil, for 15 seconds, placed to dryness on filter 
papers at room temperature, then placed in glass jars (1 kg.) with filter paper on the bottom and 
covered with muslin. For each oil concentration 30 larvae were placed in the jars. Three replicates 
(each containing 30 larvae) were used and the larvae were fed on treated leaves for 24 hrs. Then,  on 
fresh untreated leaves until the end of the experiment. After the desired exposure time mortality 
assessment was performed and corrected by Abbott formula (1925). The same step was followed in 
the treatment with the use of solvent only. The same step was followed in the control with the use of 
distilled water only. 
 
The use of Nano – products experiment:- 

 
The toxic effect of the same plant oils which used in the previous study, prepared in the form of 

Nano, and also evaluated against of the same insect used.  
 

Results and Discussion  
 
Characterisation of Nano- emulsions:-   
 

The average size of the nanoparticles of the most effective Nano-emulsions (5%) were 55.15, 
173.3,120.3 and 62.14  nm for Flax, Ginger, Garlic and Jojoba plant oil .respectively, The results 
showed that a Flax emulsion Nano particle was the smallest particle size comparing with the other 
particle followed by Jojoba Nano particle. Their size distribution has been showed in Figure 3, 4, 5 
and 6. 

The TEM study revealed that the nanoparticle predominates with spherical morphology and 
most of the nanoparticles were roughly shaped with smooth edges (Figure 7, 8, 9, 10).  
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Fig. 3: Nano particles from Nano emulsion of Flax oil 

 
Fig. 4: Nano particles from Nano emulsion of Ginger oil 
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Fig. 5: Nano particles from Nano emulsion of Garlic oil 

 
Fig. 6: Nano particles from Nano emulsion of Jojoba oil 
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Fig. 7: TEM of Flax emulsion at 5 % after 21 days from determination of the particle size.  (Particle 

size varied between (99.3 – 693) nm). 

  

 
Fig. 8: TEM of Ginger emulsion at 5 % after 21 days from determination of the particle size.  

(Particle size varied between (8.62 – 200) nm). 
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Fig. 9: TEM of Garlic emulsion at 5 % after 21 days from determination of the particle size.  (Particle 

size varied between (46.7 - 448) nm). 

 
Fig. 10: TEM of Jojoba emulsion at 5 % after 21 days from determination of the particle size.  

(Particle size varied between (139 - 693) nm). 

Toxicity effect of some plant oils against 4th instar larvae of Spodoptera littoralis 
 
 The results of the effect of toxicity of plant oil (Flax oil Linum usitatissimum), (Ginger oil 
Zingiber Officinale) , Garlic oil (Allium sativum L) and (Jojoba oil  Simmondsia chinensis) on  4th 

instar larvae of Spodoptera littoralis  at 25- 32 ºC and 65±5% R.H are presented in Table (2). The 
result showed that mortality was increased by increasing the plant oil concentration and period of 
exposure. Mortality were 17.7, 11.1, 31.1 and 36.6 % after 1 day exposure and increased to reach after 
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7 days of treatment 91.1, 66.7,82.2 and 91.1% for Flax, Ginger, Garlic and Jojoba oils respectively. 
Data indicated that Flax oil had the higher mortality and it was more effective than other oils followed 
by Jojoba, Garlic and Ginger oils these recorded 91.1±1.15, 91.1±0.86, 82.2±2.01and 66.7±2.00 
respectively. 
 
Table 2: Toxicity effect of some plant oils against 4th instar larvae of Spodoptera littoralis. 

Treatments 
Conc. % Accumulative mortality % after indicated day 

1 2 3 5 7 

Flax oil 

10 17.7±2.21 33.3±1.00 58.8±2.41 78.8±4.93 91.1±1.15 
5 14.3±1.10 28.7±2.08 36.5±1.42 67.6±2.00 82.2±1.01 
2.5 10.1±1.00 23.4±0.34 31.1±1.00 56.6±1.14 73.3±1.12 
1.25 6.5±1.1 15.5±0.45 23.5±1.00 44.6±1.12 60.3±1.15 

Ginger oil 

10 11.1±1.52 16.6±2.00 33.3±3.01 56.6±2.05 66.7±2.00 
5 7.7±0.89 15.5±2.00 27.7±1.15 46.6±2.51 62.2±0.64 
2.5 5.5±1.15 12.3±0.01 16.7±0.86 34.6±0.40 44.4±1.21 
1.25 0.00±0.0 6.6±1.00 15.4±0.57 24.5±2.00 33.9±1.52 

Garlic oil 

10 31.1±1.00 51.1±2.30 60.1±1.5 74.4±1.14 82.2±2.01 
5 24.4±2.08 30.1±1.00 46.5±1.00 58.7±1.12 68.8±1.02 
2.5 17.9±2.10 21.3±1.15 32.3±0.55 47.7±2.01 62.2±1.03 
1.25 12.2±0.45 16.5±1.00 24.5±2.01 35.6±2.03 53.8±2.64 

Jojoba oil 

10 36.6.±0.25 48.7±0.85 64.4±0.47 73.3±1.01 91.1±0.86 
5 21.1±0.7 33.3±0.64 48.8±1.2 65.5±0.64 82.2±1.12 
2.5 12.2±0.64 26.6±1.14 38.7±0.62 54.4±0.91 61.2±0.29 
1.25 3.5±1.1 18.9±0.28 23.3±1.14 37.8±0.40 51.2±1.12 

Control  0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 

 
Toxicity effect of Nano emulsion particles of plant oils against 4th instar larvae of Spodoptera 
littoralis. 
 

On the tested target species, Nano modified emulsion has a greater toxic at lower 
concentration compared to their conventional compounds. It can be conclude that formulated Nano- 
emulsion with 5% can be used as effective alternative to commercially available formulation on 
Spodoptera littoralis control, and may be more safe after more studies to evaluate their mammalian 
toxicity. 
 
Table 3: Toxicity effect of Nano - emulsion particles of plant oils against 4th instar larvae of Spodoptera 

littoralis. 

Treatments 
Conc. % Accumulative mortality % after indicated day 

1 2 3 5 7 

Flax oil 

5 45.5±2.00 60.1±2.51 77.7±2.01 93.3±1.12 100.0.00± 
2.5 41.1±1.23 50.1±1.00 70.2±1.13 87.6±1.00 95.5±0.57 
1.25 36.6±2.00 44.4±2.31 57.7±2.3 81.1±2.3 91.1±1.1 
0.625 28.2±1.15 37.7±2.1 47.7±1.30 65.5±1.00 86.6±2.00 

Ginger oil 

5 23.3±1.00 31.1±2.51 44.4±1.13 68.8±1.15 81.1±1.15 
2.5 18.8±1.22 26.6±2.00 33.6±1.02 57.8±2.30 74.4±3.02 
1.25 14.5±2.51 17.8±0.57 27.8±3.05 38.6±3.02 58.8±4.05 
0.625 8.8±0.57 11.1±1.52 15.5±1.33 20.5±2.00 33.3±2.00 

Garlic oil 

5 41.1±1.52 68.7±1.23 84.4±1.51 92.2±1.52 97.7±0.57 
2.5 33.3±3.00 45.6±1.52 62.3±2.08 71.2±1.15 88.8±0.57 
1.25 27.6±1.23 37.5±1.52 47.8±3.01 62.2±2.08 74.4±1.52 
0.625 22.2±2.01 26.7±0.57 40.1±3.11 58.8±2.01 68.8±1.15 

Jojoba oil 

5 45.5±0.75 64.6±1.04 91.2±0.64 100±0.00 100±0.00 
2.5 41.1±0.71 61.1±0.62 84.4±1.10 98.8±0.64 100±0.00 
1.25 37.7±1.04 50.1±0.75 77.7±0.40 90±0.57 97.7±0.85 
0.625 28.8±1.15 37.7±2.51 47.7±2.51 65.5±2.01 86.6±2.00 

Control  0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 0.0±0.0 
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Jojoba oil in the form of Nano-proved that it come in the first category recording 100% 
mortality at 5 % and 2.5 % concentration and the minimum mortality % was 86.6 % at 0.625 % 
concentration after 7 days of treatment. Approximately Flax oil in Nano form caused the same 
mortality %. Data always showed that Nano form of Garlic oil came in third position and finally 
Ginger oil giving between 81.1 – 33.3 % mortality at the different concentration. 
 
Discussion  
 

Data of Nanoparticles (Table 3) and illustrated in Fig (7, 8, 9 and 10) showed that the 
particulation of oils in the form of Nano was more effectiveness against treated insects till the 
minimizing the concentration to the half of it. Nano particles can cover more and large surface area 
with particles of insecticides. Also, Nano particles can more ability to penetrate enter the target 
protected plants. These characters make these products more effective against insect pests attacking 
the plants.  

Jojoba and Flax oils achieved 100% of mortality in the high concentration and also at 2.5 % 
concentration for Jojoba oil. As for the homogeneity % of oil it was 100% in the case of Garlic oil 
with size of particles 120.3 nm and also it was 100% with size of 173.3 nm in Ginger oil. 

In the case of Flax oil the homogeneity was 99.9 with size of (55.15) nm. Jojoba Nanoparticles 
form has 97.4 % homogeneity with size of (62.14) nm.   
From the previous data it was conclude that the form of Nanoparticles was more effective than 
traditional form. As the particles are low the effectiveness becomes more because of the increase of its 
penetration. Also, from the Figure of transmission electron Microscope (TEM) it was clear that the 
passing of long period (21 days after particulation) increase the collection of atoms and may be due to 
decrease of effectiveness.  

Jojoba oil and Flax oil has promising future in the field of plant protection and IPM programs. It 
is more important notice conclude that all Nano-products before we say that it safe we must conduct 
out more experiments to confirm this affair.  
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