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ABSTRACT
The cotton leaf warm Spodoptera littoralis is considered the major
important pest of plenty of vegetables, for causing severe injuries to the
plants in all phonological crop stages, beside its rising resistance to several
groups of pesticides. The overall objective of this investigation was to look
for new control strategy through evaluate the effects of the application of
hydrophobic nano-silica on the resistance of tomato plants to this pest. The
experiments were carried out under semi field conditions; the experiment
was conducted with two treatments, consisting of nano-silica application,
and a negative control (distilled water) with five replications. Nano-silica
LD50 found to be 212.045 ppm with slope 4.553, it was applied in six doses
100, 150, 200, 250, 300, and 350 ppm of 50 ml/plant, neonates of
Spodoptera littoralis were exposed daily to tomato leaves mortality was
detected after 15 days post application. The following evaluations were
performed: a) Mortality%; b) reproduction and development of the
Spodoptera littoralis. Results of treatment of hydrophobic nano-silica in
larval test indicated high toxic action at all concentrations used parallel
with concentrations. High resistance in tomato plants was found against
this insect-pest especially at 300, 350 ppm, respectively. It can be
concluded that this is probably the first report that demonstrated that nanosilica could be used in Spodoptera littoralis control.
© 2013 PSCI Publisher All rights reserved.

Introduction
Spodoptera littoralis (Bosid) (Lepidoptera: Noctuidae) is an extremely serious pest, the larvae of which can
defoliate many economically important crops cutting across over 40 families, such crop includes cotton and tomatoes
EPPO, (2008) the insect is very prolific pest whose female layes hundreds of eggs in egg masses, and the larvae pass
through six instars in 15 to 23 days Miyahara et al., (1971) many insecticides have been tested against this pest HaasStapleton et al., (2003) the use of insecticides in agriculture field causes biological imbalance Yadav (2010) some new
eco- friendly formulations pesticides became the target Bulmer et al., (2009), zhang and Xiao-zhen, (2010) and Cloyd and
Bethke (2011). Control of tomato insect pests can be achieved through optimizing the cultural practices, planting date,
insect-resistant varieties, proper fertilization and biological control Ali et al., (1993); (1998); Shalaby (2001); Helal (2004);
Abou-Atti and Abd El-Aziz (2007). The application of silicon in crops provides a viable component of integrated
management of insect pests and diseases because it leaves no pesticide residues in food or the environment and can be
easily integrated with other pest management practices Laing et al., (2006). The field application of silicon to susceptible
wheat cultivars increased crop resistance and reduced pest infestation Basagli et al., (2003); Ecole and Sampaio, (2004).
The induced resistance of plants to insects is a potential strategy in the integrated pest management aiming the reduction of
deleterious effects of chemical compounds. Therefore, although not being considered an essential nutritional element to the
plants, the addition of silicon has induced resistance in many plant species. Besides, this procedure jointly with the plant
genotype has determined the potential of production as well as the tolerance to insect-pests and diseases. Whenever a new
technology has emerged, it has opened many vistas to be explored. Nowadays, nanotechnology has being embraced in the
world of pesticides and pest control Harper, (2010) and has a potential to revolutionize modern day agriculture pest
control, different groups of nano pesticide overcome like insecticides, fungicides, herbicides Matsumoto et al ., (2009) and
Peteu (2010). The new nanotechnology with materials having unique properties than their macroscopic or bulk counter
parts, has promised applications in various fields. The essence of nanotechnology is the ability to work at the molecular
level, atom by atom, to create large structures with fundamentally new molecular organization. The aim is to exploit these
properties by gaining control of structures and devices at atomic, molecular, and supra molecular levels and to learn to
efficiently manufacture and use these devices. Nanotechnology has provided new solutions to problems in plants and food
science (post-harvest products) and offers new approaches to the rational selection of raw materials, or the processing of
such materials to enhance the quality of plant products. Nanotechnology is emerging as a highly attractive tool for
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formulation and delivery of pesticide active ingredients as well as enhancing and offering new active ingredients. Such as
nanocapsules based on polymers are being designed for controlled release of active ingredient as well as enhanced delivery
through improved penetration through leaves. The objective of this study was to evaluate the effect of the application of
nano-silica on the resistance of tomato plants to the Spodoptera littoralis aiming at providing relevant imputes to the
management of cotton leaf warm on this crop. This is a first record of using such rational new nano pesticides as new
method of control using new approach.
Materials and Methods
Experimental design
The experiments were installed within the period of April to July (2013) and were carried out in two steps, under
semi-field and laboratory conditions at the Department of Economic Entomology and Pesticides, Faculty of Agriculture,
Cairo University Egypt. Under semi field conditions, one types of nano-silica was tested, namely hydrophilic nano-silica,
which applied in six doses 100, 150, 200, 250, 300, 350 ppm. This product was obtained from Nano Tech. Egypt.
Experimental parameter
The following evaluations were performed
(a) Mortality percentage under semi-field conditions
Six doses 100, 150, 200, 250, 300, 350 ppm were prepared in total volume 50 ml for each concentration. Tomato
plants were covered completely with each concentration with five replicates for each, leaves were emerged daily into glass
jar 350 cm3, 50 neonates Spodoptera littoralis were release into each jar. Each replicate was represented into three jars.
The jar was then covered with double muslin cloth. The evaluations were performed 15 days post Spodoptera littoralis
release by counting the living ones.
(b) Reproduction and development of the Spodoptera littoralis
The larvae which survived from all treatments were taken and some biological aspects were counted in
comparison with untreated larvae (control). These were placed into environmental condition at 25±1°C temperature,
70±10% RH and 12h photophase. The following observations were performed: larval duration, pupal period, and adult
longevity, number of laid eggs per female and percent of hatchability.
Statistical analyses
For the first experiment, a completely randomized experimental design, with two treatments (silicon
nanoparticles application and non-treated control) and ten replications was used. Data were submitted to ANOVA, and the
means were compared by the means-grouping test of Scott and Knott (1974) at P < 0.05. And for concentration- mortality
response curve for probit analysis Fenny, (1952) was used.
Results and Discussion
Mortality percentage under semi-field conditions
When the feeding preference test was carried out directly on the plants in the laboratory conditions 28±2 ºC and
RH = 65%, statistically significant differences among treatment were observed in Table (1) and Fig. (1). Spodoptera
littoralis release, a significant increase on development of larvae occurred on the control plants as opposed to a significant
decrease occurring on the nanosilica-treated, ones concentrations 250, 300 and 350 caused more than 50% death
percentage) it gave 64.18, 68.93 and 98.24%, respectively in comparison to control which gave zero death %.
Table 1. Mortality percentage among neonate larvae of Spodoptera littoralis tested with nano-silica after 15 days post emergence
Nanosilica/
ppm
Control*
100 ppm
150 ppm
200 ppm
250 ppm
300 ppm
350 ppm

Mortality % among neonate larvae of Spodoptera littoralis tested with nano-silica after 15 days post emergence
R1
R2
R3
R4
R5
Mean %
0.00
0.00
0.00
0.00
0.00
0.00
(0/148)
(0/148)
(0/150)
(0/146)
(0/149)
15.75
20.40
19.46
12.16
12.16 (18/148)
15.98
(23/146)
(30/147)
(29/149)
(18/148)
16.89
19.33
14.76
25.00
21.23 (31/146)
19.44
(25/148)
(29/150)
(22/149)
(37/148)
20.54
36.66
25.00
30.13
29.33 (44/150)
28.33
(30/146)
(55/150)
(37/148)
(44/146)
66.43
64.86
67.78
67.11
54.73 (81/148)
64.18
(97/146)
(96/148)
(101/149)
(100/149)
60.00
50.00
80.00
87.33
67.33
68.93
(90/150)
(74/148)
(120/150)
(131/150)
(101/150)
97.88
98.00
100.00
97.33
97.98
98.24
(139/142)**
(147/150)
(150/150)
(146/150)
(146/149)
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Figure 1. A- The collected LC50 using probit program, B- The mean of mortality percentage among neonate larvae of Spodoptera
littoralis tested with nano-silica after 15 days post emergence.

Reproduction and Development of the Spodoptera littoralis
Statistically significant differences (P > 0.05) were detected neither for the biological characteristics related to
pre-reproductive and reproductive periods nor for survival of the larvae phase Table (2). For the biological aspects related
to longevity, however, statistically significant differences (P < 0.05) did occur. On the other hand, the total number of eggs
laid per female was affected in all treatments compared with control, the percentage of hatchability was reduced in nanosilica treatments compared with control, therefore the larval duration, pupal period and adult longevity were not affected in
all treatment compared with control. In order to that, the total number of larvae produced within the reproductive period
was affected by nano-silica application Fig. (2-7). However, females that developed on leaf sections of nano-silica free
plants (control) produced 80% more larvae than those reared on leaf sections of nano-silica treated tomato plants Fig. (2-7).
Table 2. Duration of the larval, pupal, adult longevity (days), number of laid eggs and hatchability (%) of treated and non-treated tomato
plants. Temperature 25±1°C., RH: 70±10%, Photophase 12h.
Biological test
Treatments
Nanosilica-free
(cont.)

Larval
duration/D.

Pupal stage/D.

Adult
longevity/D.

No. of Laid
egg/female

Hatchability (%)

---

15.3±0.20

9.1±0.50

13.3±0.80

280.5±6.20

86.1±0.30

100 ppm

15.9±0.90

10.9±0.40

12.9±0.30

260.9±0.30

78.3±0.90

150 ppm

17.3±0.60

12.5±0.10

13.7±0.50

250.3±0.70

71.5±0.40

200 ppm

17.8±0.50

13.3±0.80

13.5±0.40

220.8±0.50

67.8±0.70

250 ppm

19.1±0.10

15.9±0.60

14.1±0.20

190.4±0.50

63.1±0.20

300 ppm

19.2±0.30

17.2±0.40

12.8±0.70

160.2±0.60

55.3±0.30

350 ppm

19.9±0.70

17.9±0.02

13.7±0.30

130.8±3.10

53.2±0.70

Nanosilica-trated

Results indicate that nano-silica seems to enhance tomato plants in controlling the cotton leaf worm, Spodoptera
littoralis; this control tactic increased the obtained yield. Similar results were recorded when used potassium silicate for
both the second and third larval instars, as the percentage reductions ranged 41.61-51.50 and 22.07- 36.68 %, respectively,
and reduction in feeding consumption of the fourth instars ranged 15.56 - 31.50 %. Goussain et al. (2002) registered
increased mortality and cannibalism in groups of fall armyworm, Spodoptera frugiperda for the larvae of the second and
sixth instars with silicon application. Results of Goussain et al. (2002) proved that Spodoptera frugiperda larvae displayed
increased mortality, cannibalism and mandibular wear after feeding on corn plants fertilized with silica. Similar results
were obtained by Massey et al. (2006) who indicated that increasing silica content of grasses deterred feeding and reduced
the growth rates and feeding efficiency of Spodoptera exempta.
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Figure 2. Duration of the larval, pupal, adult longevity (days), number of laid eggs and hatchability (%) of
treated and non-treated tomato plants. (Nano-silica treated 100 ppm).
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Figure 3. Duration of the larval, pupal, adult longevity (days), number of laid eggs and hatchability (%) of treated and non-treated
tomato plants. (Nano-silica treated 150 ppm).
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Figure 4. Duration of the larval, pupal, adult longevity (days), number of laid eggs and hatchability (%) of
treated tomato plants. (Nano-silica treated 200 ppm).
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Figure 5. Duration of the larval, pupal, adult longevity (days), number of laid eggs and hatchability (%) of treated and non-treated
tomato plants. (Nano-silica treated 250 ppm).
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Figure 6. Duration of the larval, pupal, adult longevity (days), number of laid eggs and hatchability (%) of treated and non-treated
tomato plants. (Nano-silica treated 300 ppm).
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Figure 7. Duration of the larval, pupal, adult longevity (days), number of laid eggs and hatchability (%) of treated and non-treated
tomato plants.(Nano-silica treated 350 ppm).

Similar observations had already been reported by other authors for different species of insects and/or host plants.
In feeding preference tests conducted with the green-aphid S. graminum on silicon-treated and non-treated sorghum plants,
Carvalho et al. (1999) observed almost twice the number of aphids on leaf sections, which did not receive silicon
treatment. These researchers concluded that the non-preference of aphids for silicon-treated leaves was due to a mechanical
barrier provided by the deposition of this element on the cell wall. Analogous conclusions have also been drawn from other
crops and for other insects Djamin and Pathak (1967), Tayabi and Azizi (1984), Salim and Saxena (1992), Sawant et al.
(1994), Goussain et al. (2002). Tomato leaves that received silicon sprays were more turgid than those silicon-free ones
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(control). Research results have indicated that the silicon, once absorbed by the xylem veins, is deposited on the wall of the
plant tissues, forming a mechanical barrier Blum (1968). Several authors (e.g. Richmond and Sussman, (2003) and Ma,
(2004) indicated that silicon also alleviates many a biotic stresses including chemical stress (salt, metal toxicity, nutrient
deficiency).
Conclusion
We concluded that the application of nano-silica to the tomato plants may minimize the problems caused by
Spodoptera littoralis. It provides a moderate degree of resistance, but presents the advantage of being feasibly integrated to
other management tactics in controlling this pest. Nano-silica sprays affect the feeding preference of the Spodoptera
littoralis, thus increasing the resistance of tomato plants. Concomitantly it affects biological parameters of the insect such
as longevity and nymph production, thus reducing the reproductive potential of females on tomato plants and therefore
reducing the insect population density, damages and yield losses to the crop. In conclusion, this study demonstrates that
nano-silica is effective against Spodoptera littoralis and would therefore be a useful component of an integrated pest
management strategy.
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