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Abstract 

T 
he current 6<periment was conducted at the Plant 
Protection Research Institute (PPRI), Sakha 
Agriculture Research Station (SARS). In this study, the 

effects of sodium metasilicate and silica nanoparticles on the 
mortality of cotton leafworm, Spodoptera littoralis (Boisd.) 
larvae were studied in addition some biological aspects. The 
results showed that, the silica nanoparticle was more 
effective at all concentrations than sodium metasilicate. 
Increase the sodium metasilicate or silica nanoparticles 
concentrations showed adverse effects on the cotton leaf 
worm biological aspects especially at the high concentration. 
Silica nanoparticles showed easily absorption in soybean 
plants, so it highly effective on cotton leafworm survival and 
biological aspects. This study pointed to that, silica 
nanoparticles can be used as a safety agent for controlling S. 
littoralisthrough a !.P.M. 
Key words: Sodium metasilicate, Silica nanoparticles, 
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INTRODUCTION 

Soybean, Glycine max (L.) occupies a premier position among legume crops, 

being the most important source of both protein and oils. As a legume it is capable of 

utilizing atmospheric nitrogen through biological nitrogen fixation and is therefore 

much less dependant on synthetic nitrogenous fertilizer than other most crops (FAO, 

1994). Soybean used in a wide range of foodstuffs derived for soybean. 

Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae) is one of the most 

destructive pests of several crops. Over the past 25 years, the intensive use of broad­

spectrum insecticides against this pest has led the development of resistance to many 

registered pesticides for its control (Aydin and Gurkan, 2006). 

Silicon is the second abundant element in the earth crust after oxygen 

(Epstein and Bloom, 2005). In soil solution, silicon is mainly present in the form of 

H4Si04 with a range of 0.1 to 0.6 mM (Epstein, 1994). In plants, silicon accounts for 
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about 0.1 to 10% with a big variation between plant species (Epstein, 1999). Rice 

plant absorbs silicon actively through the root hairs (Ma and Yamaji, 2008) and 

accumulated mainly in husk and stem (Currie and Perry, 2007). Silicon also improves 

crop yield (Snyder eta!., 2007), and particularly improves the tolerance of plants to 

biotic and abiotic stress (Epstein and Bloom, 2005). 

Nanotechnology has provided new solutions to problems in plants 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 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 deliver-Y through improved penetration through leaves (Borei eta!., 2014). 

The current investigation was conducted to study effect of sodium 

metasilicate comparing with silica nanoparticles on soybean infestation with cotton 

leafworm, S. littoralis for using in clean agriculture. 

MATERIALS AND METHODS 

The current study was conducted at the Plant Protection Research Institute 

(PPRI), Sakha Agriculture Research Station (SARS). 

l.Tested silica: 

1.1. Silica nanoparticles: 

The silica nanoparticles were obtained from Nanotech Egypt Company 

Limited, Cairo, Egypt. The nanosilica size was 20 nm with a purity of 99.99%. The 

image of the nanosilica is shown in Fig. 1. Three concentrations of this material, 

0.1, 0.2 and 0.3 g/1 were examined under laboratory conditions. A hand sprayer (2 L 

volume) was used in spraying. 

Fig. (1): Shape and size of silica nanoparticles. 
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1.2. Sodium metasilicate: 

Sodium silicate is the common name for compounds with the formula 

Na2(Si02)n0 (Fig. 2). A well known member of this series is sodium metasilicate, 

Na2Si03• Also known as waterglass or liquid glass, these materials are available in 

aqueous solution and in solid form. The pure compositions are colourless or· white, 

but commercial samples are often greenish or blue owing to the presence of iron­

containing impurities (Greenwood et a!., 1997). Three concentrations of sodium 

metasilicate (2, 4 and 6 g/1) were examined under laboratory conditions by the same 

previous way. 

Fig. (2): Sodium metasilicate structure 

2. Tested insect: 

A laboratory strain of cotton leafworm, S. littora/is, was reared in the 

laboratory on castor-bean leaves under constant laboratory conditions of 25±2 °C 

and 65±5 % R.H. {EI-Defrawi et al., 1964). 

3. Larval mortality: 

Soybean plants (Crawford variety) when reached 60 days old were sprayed 

completely with each concentration with three replicates for each, 50 neonates of S. 

littora/is were released on four soybean plants in each replicate. 

The cage was then covered with double muslin cloth. An evaluation was 

performed 15 days post S. littora/is release as number of alive. 

4. Reproduction and development of the insect: 

The survived larvae from all previous treatments were reared on soybean 

leaves and compared with larvae reared on untreated leaves (control) at 25±2°C and 

65±5% RH. The following observation? were performed: larval duration, pupal 

period, adult longevity, number of laid eggs per female and percent of hatching. 
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5. Statistical Analysis: 

The obtained data were treated statistically according to Duncan Multiple 

Range Test (Duncan, 1955). 

RESULTS AND DISCUSSION 

1. Mortality percentage: 

Results in Fig. (3) showed mortality percentage of 5. littoralis larvae treated 

with sodium metasilicate and silica nanoparticles. The results pointed to that, 

increase the concentrations of silica gradual increased in the mortality of larvae. 
1 

According to sodium metasilicate, the highest concentration (6 g/1) showed high 

mortality percentage (31.33%). While the treatment of silica nanoparticles showed 

the highest mortalities ranged 69.33 - 88.00% compared with sodium metasilicate 

and control 5.33%. 
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Fig. (3): Mortality percent of Spodoptera littoralis. 
Means followed by the same letter are not significantly different at the 5% level according to DMRT 

2. Reproduction and Development of the insect: 

The presented data in Table (1) showed effects of sodium metasilicate and 

silica nanoparticles on certain biological aspects of S. littoralis under laboratory 

conditions. The lar:'{al stage of S. littoralis reared on soybean plants recorded 

gradually long periods in sodium metasilicate and silica nanoparticles, compared with 

control. It recorded 14.20, 14.00 and 19.60 days when treated with 2, 4 and 6 g/1 

sodium metasilicate, respectively. Using silica nanoparticles showed significant 

differences in the duration 20.00, 20.80 and 20.80 days with 0.1, 0.2 and 0.3 g/1, 
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respectively. As for the pupal stage, silica nanoparticles (14-15 days) showed 

significant differences in all concentrations when compared with sodium metasilicate 

(10-12 days) and control (10 days). 

Adult longevity showed no significant differences between all treatments and 

control this period ranged between 12.4-13.8 days. The statistical analysis showed 

the total number of eggs laid per female affected significantly comparing with the 

control especially in using silica nanoparticles. The female laying eggs at all 

concentrations, the total number of eggs/female recorded high number 247.5 and 

252.5 eggs/female with two sodiuq1 metasilicate concentrations 2 and 4 g/1, 

respectively. Using silica nanoparticles, decreased the numbers to 220.00, 222.50 and 

168.75 eggs/female with 0.1, 0.2 and 0.3 g/1, respectively. The hatching percentage 

of eggs affected clearly by using sodium metasilicate or silica nanoparticles, low 

percents (52- 69) were recorded comparing with the control (81). 

Table 1. Biological aspects of Spodoptera /ittoralis reared on soybean leaves treated 
with silica nanoparticles at 25±2 °C and 65±5 RH%. 

Larval Adult 
Silica Cone. Pupal stage Egg 

duration longevity Hatching Ofo 
(g/1) 

{dayJ 
(day) 

_(day) 
No./female 

2 14.2±1.5a lO.O±l.Oa 12.6±0.6a 247.5±15.0c 69.3±8.3c 
Sodium 

4 14.0±0.7a 11.2±0.8a 12.8±0.8a 252.5±13.2c 65.0±5.8bc 
metasilicate· 

6 19.6±1.5b 12.4±1.1ab 12.4±0.6a 220.0±16.3b 63.8±6.3ab 

0.1 20.0±2.5b 14.2±1.9c 13.0±0.7a 220.0±18.3b 60.8±6.5b 
Silica 

0.2 20.8±1.8b 14.6±1.8c 13.2±0.8a 222.5±20.6b 55.8±4.4a 
nanoparticles 

0.3 20.8±0.8b 15.2±1.5c 13.0±0.7a 168.8±10.3a 52.0±3.6a 

Control - 14.40±1.14a 10.20±1.10a 13.80±0.84a 252.50±6.45d 80.75±4.35d 

Means followed by the same letter are not significantly different at the 5% level according to DMRT 

Recent researches have been focused on the beneficial effects of silicon in 

increasing crop resistance to pests and diseases (Keeping and Meyer, 2002 and 

EI-Samahy et a/., 2014). Painter (1951), Epstein (1999) and EI-Samahy (2002) 

suggested that silicon deposited in the epidermal tissue may have several functions 

including support and protection as a mechanical barrier against pathogen and 

herbivore invasions. 

I 
I 
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One of the main uses of silicon in plants for structural rigiditY and strength in 

cell walls. Silicon has been documented to greatly enhance a plant's ability to fend off 

fungal diseases and insects. It is thought that this may be due to an epidermis that is 

more difficult to penetrate. Research has also shown that cells that accumulate 

greater silicon have a greater natural defense system by producing greater quantities 

of phenolic materials and chitinas~s when infected by an invader (Nissan et a/., 

2011). 

The polymerized silica is deposited into cell wall, cell lumen, intra-cellular spaces, and 

trichomes (Cooke and Leishman, 2011), and thus increases the tissue strength. 
' Reinforcement of the cell wall by silica deposition impedes penetration of insect 

herbivores (Reynolds et a/., 2009). Borei et a!., (2014) showed that silica 

nanoparticles had adverse effects on the cotton leaf worm survival and some 

biological aspects. 

Sodium metasilicate and silica nanoparticles sprays affect the feeding 

preference the S. littoralis, increasing the resistance of soybean. Concomitantly it 

affects biological parameters of the insect such as longevity and nymph production, 

thus reducing the reproductive potential of females on soybean and therefore 

reducing the insect population density, damages and yield losses to the crop. In 

conclusion, this study evidenced that silica nanoparticle is effective than sodium 

metasilicate against cotton leafworm, S. littoralis and would therefore be a useful 

component of an integrated pest management strategy and clean agriculture. 

REFERENCES 

1. Aydin, M. H. and Gurkan, M. 0. (2006). The efficacy of spinosad on different 

strains of Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae). Turkish 

Journal of Biology, 30: 5-9. 

2. Borei, H. A., EI-Samahy, M. F. M., Galal, Ola A. and Thabet, A. F. (2014). The 

efficiency of silica nanoparticles in control cotton leafworm, Spodoptera littora/is 

Boisd. (Lepidoptera: Noctuidae) in soybean under laboratory conditions. Glob. J. 

Agric. Food Safety Sci., Vol.l (2): pp. 161 .... 168. 

3. Cooke, J and Leishman, M. R. (2011). Silicon concentration and leaf longevity: 

is silicon a player in the leaf dry mass spectrum. Functional Ecology, 25, 1181-

1188. 

4. Currie, H. A. and Perry, C. C. (2007). Silica in plants: Biologi,cal, biochemical and 

chemical studies. Ann. Bot. 100:1383-1389. 

I 
I 



I 

EI-SAMAHY, M. F. M. 559 

5. Duncan, D. B. (1955). Multiple Range and Multiple F. test. Biometrics, 11: 1-24. 

6. EI-Defrawi, M., Tappozada, A. Mansour, N. and Zeid, M. (1964). Toxicological 

studies on the Egyptian cotton leafworm, Prodenia litura. 1- Susceptibility of 

different larval instars to insecticides. J. Econ. Entomol., 57: 591-593. 

7. EI-Samahy, M. F. M. (2002). Studies on Rice Stem Borer. M. Sc. Thesis, Fac. 

Agric. Kafr EI-Sheikh, Tanta Univ., p. 91. 

8. EI-Samahy, M. F. M., Asmaa M. A. EI-Ghobary and I. F. Khafagy (2014). Using 

silica nanoparticles and neem oil a:; new approaches to control Tuta absoluta 

(Meyrick) in tomato under field conditions. International Journal of Plant & Soil 

Science, 3(10): 1355-1365, Article no. IJPSS.2014.10.013 

9. Epstein, E. (1994). The anomaly of silicon in plant biology. Proc. Nat. Acad. Sci. 

USA 91:11-17. 

10. Epstein, E. (1999). Silicon. Annu. Rev. Plant Physiol. Plant Mol. Bioi. 50:641-644. 

11. Epstein, E. and Bloom, A. J. (2005). Mineral Nutrition of Plants: Principles and 

Perspectives. Second Edition. Sinauer. 

12. FAO (1994). Tropical soybean improvement and production. Food and 

Agricultural Organization of the United Nation. ISSN 0259-2525. 

13. Greenwood, F., Norman, N. and Earnshaw, A. (1997). Chemistry of the Elements 

(2"d ed.). Butterworth-Heinemann. ISBN 0080379419. 

14. Keeping, M. G. and Meyer, J. H. (2002). calcium silicate enhances resistance of 

sugarcane to the African stalk borer £/dana saccharina Walker (Lepidoptera: 

Pyralidae). Agric Forest Entomol4: 265-274. 

15. Ma, J. F. and Yamaji, N. (2008). Functions and transport of silicon in plants. Cell. 

Mol. Life Sci. 65:3049-3057. 

16. Nissan, H., Moshelion, M. and Elbaum, R. (2011). The influence of silica on cell­

culture growth parameters and cell-wall construction. In Proceedings of The 5th 

International Conference on Silicon in Agriculture. September 13-18, 2011. 

Beijing, China. 

17. Painter, R. H. (1951). Insect resistance in crop plants. MacMillan, New York, 520 pp. 

18. Reynolds, 0. L., Keeping, M. G. and Meyer, J. H. (2009). Silicon-augmented 

resistance of plants to herbivorous insects: a review. Annals of Applied Biology, 

155, 171-186. 

19. Snyder, G. H., Matichenkov, V. V. and Datnoff, L. E. (2007). Silicon. In Allen V, 

Barker, David J. Pilbeam (eds) Handbook of Plant Nutrition, CRC Press, pp 551-

568. 



I 

560 COMPARATIVE THE EFFICACY OF SODIUM METASIUCATE WITH SIUCA NANOPARTICLES 
AGAINST SPODOPTERA LIITORALIS(BOISD.) IN THE LABORATORY 

~ llll ~Ua • J • · -'I ~~ l:l.w tJta! ~ U.. .. .. ~ ~ (>.J: 'J*"i""" .. .. .. .. .) 

~ "lJM.;'i~ lfo.JJ~" uJii,ll J.;J oJJJ ~ 

W.Jli.o u~ '~ (PPRI) w\:i4ill ~t!_, ~Y'"I ~ t.J ~ Y.J~I ~>~ W:l..P.J 

Spodoptera liftoralis u-J::.ill J.J.J o.) _,.) .)c. ~ _,.il..i.l\ ~~ r -':1.) ~~ w~ ~ ~W 

w.....ii.S ~ _,.il..i.ll J ~\:ill\ w~i .ill_,.~ ~_,1~1 ~~~~~.)c. ..ill~_, (Boisd.) 

.) ·· -11 wts.ili.... t:u....J .ti li.o ( ::1/ 0 3 0 2 ,o 1) o .. ~.:. .11 1 -~1 · .. < - :i...Jc.\j .=:<l r.J:l~ "" •· .J ~r:" 1.J I I ~'"&-'~Y~" J*'" 

• .l.....J • • ".)WI · i · .. < - o.)w · ·1 ~I ~I · -- 1.:. ..ill~ . -~~/ 6 4 ,2 WI · .. < " · (.)--A -..>.l L.>:J (..)A I.S ~ y . .) u .) (..)A ..)6--"" ~ r:- -' ~ ..>'-! 

I 4 . o\o! ~_;... _,.il..i.ll ~I wll:!~ -:_,1 .1:.:.. _,1 .ill_, .o ~I w _,1 >.l-1 .)c. ~ ~I WI _jjtJI 

. ,..LJI .u11 - o.) ~ w\:ililll ~ t\j.) o .li · w.)l · ..ill~ .. <i ~ .lJ w- -~1 J .~ w\:iw '-" -' U"""' ~.)-' J . -' J"' (..)A .) ~ • .) • -~ J"' • 

. ~_,1~1 4:iL.......4§ .JY..fl_, (/.88- 69) ~tc w_,... ~ c.).c o~l o~ .)c. yl...J4 ) 

o.) .) ~ts.... ___q ~Wi ·1 ·.<.. ~11 ~';/1 " .LII · ~ • ·\..ill \.S..J.wJI wl:u · ··I''- I J ~ ,. u 1...>-""':l .r- ~~ (..)A .Y-".Jl -- .Y?- .J:U'Ll ""6-'..9 

.WI.ll.l.JI · ;i....~l ww...sll J!,li:j 1\:iltJ w- -11 J .~ J I~ · L~ll ' 
.. (..)A - - (,S"' • -' -~ J"' ~ cs- U"""' ~.).J 

I 

I 
I 


