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Introduction
Silicon is the abundant molecule having its own specific char-

acteristics and properties. The microbes are the suitable cata-
lysts producing enzymes for the degradation of complex macro-
molecules into simpler ones. Rapid and extreme climate changes 
have thrown new challenges for agriculture productivity [1-8]. 
Increased biotic and abiotic stress is challenging the agricultural 
productivity. Probably the reactive approach to such stress has 
seen many failures. Naturally time has come to look at the prob-
lem with fresh perspective and approach. Generally speaking, sili-
con has not been considered an essential plant nutrient, despite 
proven beneficial effects of silicon in plant growth and disease pre-
vention. Most plants groups are known to deposit silica between 
the cells and tissues in solid form creating amorphous structures 
called Phytoliths or Silica bodies [9-16]. Phytoliths are formed 
after absorbing silica in soluble form. They provide mechani-
cal strength and rigidity to plant parts and act as defense system 
against insects, pests and fungal infestations as well as improve 
water balance, plant growth and yield, rates of photosynthesis and 
reproduction. The technology we have developed is the combina-
tion of chemical and microbial technology for the synthesis and 
production of agricultural chemical and utilization of the same by 
using Si solubilizing bacterial consortia production of silica nano 
composites by using potassium silicate and silica as the substrates. 

The nano silica composites thus can be utilized as important mol-
ecules for enhancing agricultural productivity in the coming tomor-
row. Silica enables the plants build up a physical mineral barrier 
lining the cell. This makes it difficult for biting and sucking bugs to 
damage the plants. Naturally this reduces the food intake, growth 
longevity, and fecundity and population growth of xylem feeding 
insects. It has been observed that, plants accumulate Silica around 
fungal infected sites. If the plant has sufficient Silica level, it creates 
an active defense against fungal infections [17-23].

Silica performs like a super growth supplement advised for use throughout the lifecycle of plant. Silica creates strong cell wall 
which leads to stronger and bigger branches and stem. This uptakes and transport more water, nutrients and plant secretions 
throughout the plant body, facilitating faster growth rate and stronger plant. This also helps the plant bear the load of the fruits at 
later stage. Silica enables enhanced metabolic function, showing higher concentration of chlorophyll in leafy tissues. It also enables 
better use of CO2 and higher rate of photosynthesis. Silica accelerates synthesis of protein and starch, increasing brix level in plants. 
Silica activates at least 60 different enzymes involved in plant growth. In the present investigation, Silica nano-composites were 
prepared by the use of silica solubilizing bacteria in silica derived potassium silicate. The results were found to be very significant 
as silica nano-composites increases the plant height of brinjal, number of leaves, number of new shoots and number of flowers in 
comparison to control. The silica nano- composites also showed reduction of the wide spread of insects and pests in brinjal crop. 
After 7 days of spray there was remarkable glow in the plant and vibrant vegetative growth. This leads to higher yield, better quality, 
weight, color, taste and longer shelf life.

Materials and Methods
Preparation Silica from rice husk

Silica was procured from rice husk via thermo dynamical ac-
tivation at a temperature range of 1500C to 2500C. The silica was 
further processed and activated quickly and make it bio-available. 

Preparation of Potassium silicate from crude silica

The silica was further processed via industrial process to pre-
pare potassium silicate using potassium hydroxide. In potassium 
silicate preparation, Silica in terms of Silicon dioxide (SiO2) having 
20.8% concentration and potassium hydroxide was used in the 
form of Potassium oxide (K2O). The silica was mixed with potas-
sium hydroxide at 1200C with continuous blending and mixing. The 
blending was performed for 45 minutes in alternate duration of 15 
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Figure 2: Graphical representation of effect of silica nano- 
composite on white fly population affecting brinjal.

minutes. After the duration of 45 minutes, the transparent clear 
solution of potassium silicate was prepared [24-30]. 

Preparation of Silica nano composites using silica  
solubilizing bacteria 

The loopful inocula silica (>105 cfu/ml) solubilizing bacteria 
was inoculated in potassium silicate via submerged fermentation 
for 7 days at 300C. After the completion of 7 days cycle, the liquid 
material was centrifuged to obtain the liquid preparation of silica 
nano-composites. 

Field trials and application of Silica nano composites

The silica nano composites were diluted in dosages viz 1.0 ml/
liter, 1.5 ml/liter and 2.0 ml/liter, further tested on brinjal crop via 
foliar spray for control of insects and pests. The vegetative growth 
pattern on the crop and reduction in insects/pests if any was stud-
ied. 

Results and Discussion
The results of the study suggested that, silica nano-composites 

are the perfect solution for enhancement of vegetative growth 
of brinjal crop and reduction of insects/pests. The effect of silica 
nano-composites on vegetative growth of brinjal are shown in 
Table 1; Figure 1 and the effect of silica nano-composites on white 
fly population are shown in Table 2 and Figure 2. The pictures of 
crops are shown in Images 1, 2 and 3. The results of the present 
study almost correlate with the previous findings [31-35]. 

S. No

Vegetative 
parameters

Biological nano-silica  
composites

Control (Non 
treated)

1.0 ml/ 
liter

1.5 ml/
liter

2.0 ml/
liter

1 No. of new 
Shoots 5.1 10.3 15.5 2.1

2 Branches 3.1 4.8 6.5 1.5
3 Height cm 18.5 27.3 30.2 14
4 Leaves 25.5 38.7 45.67 15.12
5 No. of 

Flower 1.2 5 8 0

Table 1: Effect of silica nano-composite on  
vegetative growth of brinjal.

Figure 1: Graphical representation of effect of silica  
nano-composite on vegetative growth of brinjal.

S. No Silica nano 
-composites

Average white fly 
 population

Control 
(Non 

treated)
1.0 ml/ 

liter
1.5 ml/

liter
2.0 ml/

liter
1 5.3 4.5 2.6 10.78

Table 2: Effect of silica nano-composite on white  
fly population affecting brinjal.

Image 1: Effect of silica nano composite on growth of brinjal crop.

Image 2: Effect of silica nano composite on growth of brinjal crop.
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Image 3: Effect of silica nano composite on white fly  
population invading brinjal crop.

Conclusions
The present study suggests that, biological nanoparticles can 

be prepared by using the specific PGPRs and microbial strains us-
ing the natural agricultural friendly raw materials. In the present 
study, biological silica synthesized nanoparticles were prepared 
using silica solubilizing bacteria (SSB). The bio-formulations of 
nano-silica were assayed for plant growth promotion activity and 
pesticidal activity against insects/pests. The bio-formulations of 
nano silica composite were found significant as foliar spray for re-
ducing insects/pests and enhancing the vegetative growth of brin-
jal crop. The studies on multiple crops can provide us the signifi-
cant and effective results of the proposed formulation.

Bibliography

1. Agarie S., et al. “Effects of silicon on tolerance to water deficit 
and heat stress in rice plants (Oryza sativa L.), monitored by 
electrolyte leakage”. Plant Production Science 1 (1998): 96-
103. 

2. Ahmad R., et al. “Role of silicon in salt tolerance of wheat (Trit-
icum aestivum L.)”. Plant Science 85 (1992): 43-50. 

3. Ahmed M., et al. “Silicon application and drought tolerance 
mechanism of sorghum”. African Journal of Agricultural Re-
search 6 (2011): 594-607. 

4. Al-Karaki., et al. “Phosphorus nutrition and water stress ef-
fects on proline accumulation in sorghum and bean”. Journal 
of Plant Physiology 148 (1996): 745-751. 

5. Alvarez J., et al. “Economics of calcium silicate slag application 
in a rice-sugarcane rotation in the Everglades”. Agric Systems 
28 (1988): 179-188. 

6. Ashraf M., et al. “Growth and photosynthetic characteristics in 
pearl millet under water stress and different potassium sup-
ply”. Photosynthetica 39 (2001): 389-394. 

7. Bakhat HF., et al. “Optimal level of silicon for maize (Zea mays 
L. c.v. Amadeo) growth in nutrient solution under controlled 
conditions”. The Proceedings of the International Plant Nutri-
tion Colloquium (2009). 

8. Barcelo J., et al. “Silicon amelioration of aluminium toxicity in 
teosinte (Zea mays L. ssp. mexicana)”. Plant Soil 154 (1993): 
249-255.

9. Carpita NC. “Structure and biogenesis of the cell walls of grass-
es”. Annual Review of Plant Physiology and Plant Molecular Biol-
ogy 47 (1996): 445-476. 

10. Chapman HD. Diagnostic criteria for plants and soils. Univer-
sity of California Division of Agricultural Sciences Riverside 
(1966). 

11. Chen CH and J Lewin. “Silicon as a nutrient element for Equise-
tum arvense”. Canadian Journal of Botany 47 (1969): 125-131. 

12. Chen W., et al. “Silicon alleviates drought stress of rice plants 
by improving plant water status, photosynthesis and mineral 
nutrient absorption”. (2010). 

13. Clements HF. “Interaction of factors affecting yield”. Annual Re-
view of Plant Biology 15 (1964): 409-442. 

14. Clements HF. “The roles of calcium silicate slags in sugarcane 
growth”. Rep Hawaiian Sugarcane Technol (1965): 103-126. 

15. Cocker KM., et al. “The amelioration of aluminum toxicity by 
silicon in higher plants: Solution chemistry or an in planta 
mechanism?”. Physiologia Planetarium 104 (1998): 608-614.

16. Datnoff LE., et al. “Silicon and plant disease”. In Mineral Nutri-
tion and Plant Disease (2007): 233-246. 

17. Dawkins R and Krebs JR. “Arms races between and within spe-
cies”. Proceedings of the Royal Society of London B 205 (1979): 
489-511.

18. Delhaize E., et al. “Aluminum tolerance in wheat (Triticum aes-
tivum L.) II. Aluminumstimulated excretion of malic acid from 
root apices”. Plant Physiology 103 (1993): 695-702.

19. Epstein E. “Silicon”. Annual Review of Plant Physiology and Plant 
Molecular Biology 50 (1999): 641-664.

20. Epstein E and Bloom AJ. “Mineral Nutrition of Plants: Princi-
ples and Perspectives 2nd edn”. Sunderland, MA, USA: Sinauer 
Associates (2005).

21. Fauteux F., et al. “The protective role of silicon in the Arabidop-
sis-powdery mildew pathosystem”. Proceedings of the National 
Academy of Sciences of the United States of America 103 (2006): 
17554-17559.

Citation: Manjit Kaur., et al. “Plant Growth Regulatory and Insecticidal Effect of Silica Nano-Composites on Brinjal Crop". Acta Scientific Agriculture 4.1 
(2020): 65-68.

https://www.tandfonline.com/doi/abs/10.1626/pps.1.96
https://www.tandfonline.com/doi/abs/10.1626/pps.1.96
https://www.tandfonline.com/doi/abs/10.1626/pps.1.96
https://www.tandfonline.com/doi/abs/10.1626/pps.1.96
https://www.sciencedirect.com/science/article/pii/016894529290092Z
https://www.sciencedirect.com/science/article/pii/016894529290092Z
https://pdfs.semanticscholar.org/a34b/bc65838e9678522e6a8537aa4ff39848b7ef.pdf
https://pdfs.semanticscholar.org/a34b/bc65838e9678522e6a8537aa4ff39848b7ef.pdf
https://pdfs.semanticscholar.org/a34b/bc65838e9678522e6a8537aa4ff39848b7ef.pdf
https://www.sciencedirect.com/science/article/pii/S0176161796803786
https://www.sciencedirect.com/science/article/pii/S0176161796803786
https://www.sciencedirect.com/science/article/pii/S0176161796803786
https://www.sciencedirect.com/science/article/pii/0308521X88900509
https://www.sciencedirect.com/science/article/pii/0308521X88900509
https://www.sciencedirect.com/science/article/pii/0308521X88900509
https://link.springer.com/article/10.1023/A:1015182310754
https://link.springer.com/article/10.1023/A:1015182310754
https://link.springer.com/article/10.1023/A:1015182310754
https://escholarship.org/uc/item/7n94x8pv
https://escholarship.org/uc/item/7n94x8pv
https://escholarship.org/uc/item/7n94x8pv
https://escholarship.org/uc/item/7n94x8pv
https://link.springer.com/article/10.1007%2FBF00012530
https://link.springer.com/article/10.1007%2FBF00012530
https://link.springer.com/article/10.1007%2FBF00012530
https://www.ncbi.nlm.nih.gov/pubmed/15012297
https://www.ncbi.nlm.nih.gov/pubmed/15012297
https://www.ncbi.nlm.nih.gov/pubmed/15012297
https://www.ncbi.nlm.nih.gov/pubmed/20532668
https://www.ncbi.nlm.nih.gov/pubmed/20532668
https://www.ncbi.nlm.nih.gov/pubmed/20532668
https://www.annualreviews.org/doi/10.1146/annurev.pp.15.060164.002205
https://www.annualreviews.org/doi/10.1146/annurev.pp.15.060164.002205
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1998.1040413.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1998.1040413.x
https://onlinelibrary.wiley.com/doi/abs/10.1034/j.1399-3054.1998.1040413.x
https://royalsocietypublishing.org/doi/abs/10.1098/rspb.1979.0081
https://royalsocietypublishing.org/doi/abs/10.1098/rspb.1979.0081
https://royalsocietypublishing.org/doi/abs/10.1098/rspb.1979.0081
http://www.plantphysiol.org/content/103/3/695
http://www.plantphysiol.org/content/103/3/695
http://www.plantphysiol.org/content/103/3/695
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1859967/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1859967/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1859967/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1859967/


68

Plant Growth Regulatory and Insecticidal Effect of Silica Nano-Composites on Brinjal Crop

22. Hartmann T. “The lost origin of chemical ecology in the late 
19th century”. Proceedings of the National Academy of Sciences 
of the United States of America 105 (2008): 4541-4546.

23. Hodson MJ., et al. “Phylogenetic variation in the silicon com-
position ofplants”. Annals of Botany 96 (2005): 1027-1046.

24. Holab EB. “The arms race is ancient history in Arabidopsis, the 
wildflower”. Nature Reviews Genetics 2 (2001): 516-527.

25. Jander G and Howe G. “Plant interactions with arthropod her-
bivores: state of the field”. Plant Physiology 146 (2008): 801-
803.

26. Kinrade SD., et al. “Stable five- and sixcoordinated silicate an-
ions in aqueous solution”. Science 285 (1999): 1542-1545.

27. Korndo¨ rfer GH Ed. “III Silicon in Agriculture Conference”. 
Uberlˆandia, Brazil: Universidad Federal de Uberlˆandia 
(2005).

28. Ma JF. “Silicon requirement in rice”. III Silicon in Agriculture 
Conference, Ed. G.H. Korndorfer, (2005): 52-61.

29. Ma JF and Tamai K. “Characterization of silicon uptake by rice”. 
II Silicon in Agriculture Conference (2002): 111-113.

30. Silicon in Agriculture Organizing Committee and Japanese So-
ciety of Soil Science and Plant Nutrition: Tsuruoka, Japan.

31. McKersie BD and Leshem YY. “Stress and Stress Coping in 
Cultivated Plants”. Dordrecht: Kluwer Academic Publishers 
(1994).

32. Pessarakli. “Handbook of Plant and Crop Stress. 2nd edn, Re-
vised and Expanded”. New York, Basel: Marcel Dekker (1999).

33. Rafi MM., et al. “Silicon deprivation causes physical abnormal-
ities in wheat (Triticum aestivum L.)”. Journal of Plant Physiol-
ogy 151 (1997): 497-501.

34. Rafi MM and Epstein E. “Silicon absorption by wheat (Triti-
cum aestivum L.)”. Plant and Soil 211 (1999): 223-230.

35. Rains DW., et al. “Active silicon uptake by wheat”. Plant and Soil 
280 (2006): 223-228.

Volume 4 Issue 1 January 2020
© All rights are reserved by Manjit Kaur., et al.

Citation: Manjit Kaur., et al. “Plant Growth Regulatory and Insecticidal Effect of Silica Nano-Composites on Brinjal Crop". Acta Scientific Agriculture 4.1 
(2020): 65-68.

https://www.pnas.org/content/105/12/4541
https://www.pnas.org/content/105/12/4541
https://www.pnas.org/content/105/12/4541
https://www.ncbi.nlm.nih.gov/pubmed/16176944
https://www.ncbi.nlm.nih.gov/pubmed/16176944
https://www.ncbi.nlm.nih.gov/pubmed/11433358
https://www.ncbi.nlm.nih.gov/pubmed/11433358
http://www.plantphysiol.org/content/146/3/801
http://www.plantphysiol.org/content/146/3/801
http://www.plantphysiol.org/content/146/3/801
https://www.ncbi.nlm.nih.gov/pubmed/10477513
https://www.ncbi.nlm.nih.gov/pubmed/10477513
https://www.sciencedirect.com/science/article/pii/S017616179780017X
https://www.sciencedirect.com/science/article/pii/S017616179780017X
https://www.sciencedirect.com/science/article/pii/S017616179780017X
https://link.springer.com/article/10.1023/A:1004600611582
https://link.springer.com/article/10.1023/A:1004600611582
https://link.springer.com/article/10.1007/s11104-005-3082-x
https://link.springer.com/article/10.1007/s11104-005-3082-x

	_GoBack
	_GoBack
	_GoBack

