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ABSTRACT
The coconut rhinoceros beetle, Oryctes rhinoceros (L), has been one of the major pests of coconut 
in India and other coconut producing countries causing direct or indirect losses to the crop. It 
can be controlled by eliminating the places where they breed and by manually destroying adult 
and immature (larvae). Botanical insecticides are relatively safer, degradable and are readily 
available source of biopesticides. Biosynthesis of pesticides from plant extracts is most promising 
approach for pest control. The present investigation aims to find out the possibility of eco-friendly 
management of the pest Oryctes rhinoceros by incorporating with silver nanoparticle synthesized 
from neem plant extracts. The silver nanoparticles (AgNPs) were synthesized by using aqueous 
extracts of Azadirachta indica. Formation of silver nanoparticles was observed by colour change 
of the solution, UV, FT-IR and SEM analysis. The Larvae is treated against different concentrations 
of plant extract and silver nanoparticles solution. 100% larval mortality was observed in higher 
concentration of silver nanoparticle solution. This result concluded that both silver Nanoparticles 
and leaf extract have larvicidal properties but Silver nanoparticles are more efficient and it 
serves as an alternative to synthetic insecticides for controlling harmful pest larvae. Hence the 
synthesized silver nanoparticles from the A.indica can be used as potential biolarvicidal agent 
against Oryctes rhinoceros.
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INTRODUCTION
Oryctes rhinoceros (L.), the coconut rhinoceros beetle, 
is a pest species occurring throughout many tropical 
regions of the world. Adults can spoil economically 
important wild and plantation palms. It causes disease 
in coconut and other palms by boring in to the centre  
of the crown. Where they injure the young, growing  
tissues and feed on the exuded sap. As they bore in 
to the crown, they cut though the developing leaves. 
When the leaves grow out and unfold, the damage  

appears as V-shaped cuts in the frond or holes through 
the midrib.
Rhinoceros beetle can be controlled by eliminating the 
places where they breed and by manually destroying 
adult and immature (larvae). Beetle infestation results 
in reduced yield and fatal to seedling, young or old 
palms in some situations. It makes burrows and resides 
between leaf sheaths, near the crown and cuts the leaf 
in unopened conditions. The affected frond, when 
fully opened. Show characteristic genometric cuts 
and holes are present on the unopened spindle leaves 
while unopened spathes show round to oblong holes. 
Yield loss of 5.5 to 9.1 percent due to rhinoceros beetle  
attack in coconut was reported.[1] Inflorescence damage  
by rhinoceros beetle under severe infestation and 
reported yield reduction up to 5.7%.[2]
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Botanicals (botanically derived pesticides) are reported 
to be safer than synthetic insecticides. They are easily  
degradable, environmentally safe, have broad spectrum  
in action, non-persistent and easily processed.[3,4] The 
botanicals offer desirable alternatives to synthetic 
chemicals in the agro-ecosystem where protection of  
the environment and preservation of beneficial organism  
are important.[5] More than 2000 plant species have been  
known to produce chemical factors and metabolites 
of value in pest control programme.[6-8] The present  
investigation aims to find out the possibility of  
eco-friendly management of the pest Oryctes rhinoceros 
by incorporating with silver nanoparticle synthesized 
from neem plant extracts. Various neem products have 
been researched extensively for their phytochemistry 
and exploitation in pest control programmes.[9] But the  
investigator has made an attempt to study the larvicidal  
effects of silver nanoparticle from other plants and  
successfully used against some other type of pest larvae.  
Grown research attention is focused on Neem  
(Azadirachta indica, Meliaceae), exploring the utility of its 
products as insecticides and antibiotics. To the best of 
our knowledge, neem-borne products currently showed  
effective and eco-friendly features, including little  
non-target effects, multiple mechanisms of action, low  
cost, easy production in countries with limited industrial  
facilities. In particular, the potentiality of neem  
products as an ideal and affordable source for eradicating  
pests those are harmful to agriculture field. Overall, we 
propose the employability of neem-based products as 
an advantageous alternative to build newer and safer 
arthropod control tools.

MATERIALS AND METHODS

Collection and preparation of Azadirachta indica 
leaves extract

Fresh plant leaves of Azadirachta indica (Neem plant) 
was collected from the defferent House hold areas in 
Ernakulam district, Kerala. Plant material was surface 
sterilized with running tap water and followed by 
distilled water to remove all dust and debris and all 
inorganic maters from leaf surface. The leaf extracts 
used for synthesis of nanoparticles were prepared by 
placing 20 g of fresh Neem leaves in a beaker along 
with 200 ml of distilled water. The aqueous mixture 
was then boiled for 25-30 min until the colour of 
aqueous solution changes to light yellow colour. The 
aqueous extracts were cooled in room temperature and 
filtered with Whitman filter paper. After filtering the 

leaf extract were stored in refrigerator in order to be 
used for further studies as per the method. 

Synthesis of silver nanoparticles

Silver Nanoparticles were synthesized from plant 
extract. For synthesis of silver nanoparticles, 1mM 
silver nitrate solution was prepared by adding 0.017 
gm of AgNO3 in 100 ml distilled water and 10 ml 
of 1mM aqueous solution of silver nitrate (AgNO3) 
(sigma Aldrich) were mixed with 6 ml of plant leaf 
extract Azadirachta indica in a conical flask and it put 
it in to the dark condition for 1-2day. After 1-2 days, 
the resulting light solution changed to dark brown in 
colour indicating the formation of silver nanoparticles 
(AgNps).

Characterization of Green synthesized silver 
Nanoparticle (AgNps) of Azadirachta indica

The preliminary detection of AgNps was carried out 
by visual observation of colour change of the filtrate.  
These samples were later subjected to an optical  
measurement, characterization of green synthesized 
AgNps of Azadirachta indica were done by the furier 
transform infrared spectroscopy (FTIR) and SEM 
analysis. The furier transform infrared (FTIR) analysis, 
used for the characterization of functional groups on 
the surface of AgNps by plant extracts. The analysis 
was done by shimadzu 8400s instrument in the range  
750-4000 cm–1 at a resolution of 1 cm–1. Which is usually  
helps to identify the possible biomolecules responsible  
for reduction, capping and sterilization of silver  
Nanoparticles. This is a good method for character-
ization of Nanoparticles. SEM gives size and shape of 
formed Nanoparticle. By using this methodology we 
can identify the surface morphology, shape and size of 
formed Nanoparticles.

Determination of the larvicidal activity of silver 
nanoparticle

To determine the larvicidal activity, the larvae were  
collected directly from the fields, the larvae were main-
tained in different petridishes containing 1ppm, 2ppm, 
and 3ppm test concentrations of silver Nanoparticles 
coated with Azadirachta indica leaf extract and the same 
number of larvae are placed in the another petridishes  
containing only leaf extract without silver Nanoparticles  
in 1ppm, 2ppm and 3ppm concentrations. Control 
Larvae were placed in another petridishes containing 
distilled water. The mortality rate was recorded after 24 
and 48 hr of exposure. Larvicidal mortality (LM) was 
calculated using the Abbott’s formula given below.[10]
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= ×Number of dead larvae
LM (%) 100

Initial number of larvae

RESULTS
In the present study silver nanoparticles were prepared 
by adding silver nitrate into aqueous leaf extract of 
Azadirachta indica. After 24hr of incubation it showed  
a colour change from light yellow to dark brown. The 
appearance of dark brown color in leaf extract indi-
cates silver nanoparticle formations. Characterization 
should be done measuring with the following analysis.

FTIR analysis

FTIR analysis aids in identify the possible biomolecule 
especially functional groups which are responsible for 
the capping and efficient stabilization of the metal 
nanoparticles synthesized by Azadirachta indica leaf 
extract. It provides information about different func-
tional groups such as amide linkages (C=O), COO-, 
N-H, OH groups (Figure 1). They found in amino acid  
residues in protein and synthesized Silver nanoparticles.  
Here have got a broad band’s or peaks in between 
1000 to 3000cm-1. The FTIR spectrum gives a wide 
range of absorption peaks which includes1338.6, 
1487.12, 1799.59 cm-1. The present FTIR analysis of 
silver nanoparticle synthesized from Azadirachta indica 
leaf extract showing a strong peak at 1338.6 cm-1 could 
assigned to C-O vibrations of alcohol, phenols and 
C-N vibration of amides. The band at 1487.12 cm-1 and 
1799.59 cm-1 indicate fingerprinting region of O-H 
and C-O groups. And the peak 2378.23 cm-1 results 
N-H stretching of amine and amide groups. The peak 
observed at 1070.49 cm-1 showing C-O stretching of 
ether linkages. So, the result is always giving the infor-
mation’s about dual role of plant extract as a reducing 
and capping agent.

SEM analysis

The SEM analysis was usually carried out to understand  
the topology, characteristic particle size and morphology 
of the silver nanoparticles (Figure 2). SEM is attached 
with energy dispersive x- Ray spectroscopy (EDS). The 
EDS analysis silver nanoparticle was revealing the  
presence of phase. The result gives average size of Silver  
nanoparticle was 10-80 nm and the shape of the nanopar-
ticle proved to be spherical in nature. The particles 
show different size ranges in between the above value.  
The rough morphology always of the silver nano-
particles provides excellent larvicidal activity of the  
synthesized nanoparticle.

Larvicidal activity of silver nanoparticle and leaf 
extract against the larvae of Oryctes rhinoceros.

Present study revealed that the efficiency of green 
synthesis of silver nanoparticle from A.indica and 
leaf extract at different concentrations (1ppm, 2ppm, 
3ppm and control) was tested against Oryctes rhinoceros 
larvae. Larvicidal activity of silver nanoparticle and leaf 
extract was recorded in the table (Table 1). Mortality 
rate were comparatively very low in leaf extract when 
compared with the action of silver nanoparticle against  
the larvae. Here larvae are treated separately with  
defferent concentration of AgNPs and leaf extract and 
are recorded defferent mortality rates at 24 and 48hr of  
reactions. Higher mortality was recorded at 48hr bioassay  
than those at 24hr. There is no mortality observed in 
control up to 48 hr.
Larvicidal activity of plant extract shows comparatively 
low efficacy against larvae than silver nanoparticles. 
The mortality rate of Larvae in 3ppm plant extract 
results 62% and it is significantly higher than the 
mortality at 1ppm, 2ppm concentrations which 
results25%, 37.5% respectively at 48 hr reaction. At the 
same time the mortality rates of Larvae in 3ppm of 

Figure 1: FTIR spectrum of silver nanoparticle synthesized 
reduction of Ag+ ions by Azadirachta indica leaf extract. Figure 2: High resolution scanning electron microscopic 

(SEM) image of silver nanoparticles (AgNPs).
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silver nanoparticles (AgNPs) provide 100% mortality 
and 50% in 1ppm, 62%in 2ppm at 48hr of reaction 
(Figure 3). Results of larvicidal activity clearly indicate 
the percentage of mortality being directly proportional 
to the concentration of extract and time of exposure.  
The smaller size of the nanoparticle gave higher efficacy  
than leaf extract.

DISCUSSION AND CONCLUSION 
The present study is mainly focused on simple process  
of green synthesis by using aqueous leaf extract of  
Azadirachta indica leaf for biosynthesis of silver nano-
particle, characterization and larvicidal activity against  
larvae of Oryctes rhinoceros. Visual observation in  
photosynthesis of silver nanoparticle using aqueous 
leaf extract of  A. indica provide a colour change from 
Yellow to dark brown in 24hr of reaction. Colour 
change of leaf extract is clearly an indication for the 
formation of silver nanoparticles. Present findings 
agreement with previous studies.[11,12]

Characterization of obtained nanoparticle is done by 
using a variety of techniques including FTIR (furier 
transform infrared spectroscopy), SEM analysis. The 
FTIR analyses are carried out to identify the possible 
biomolecules responsible for reduction, capping and 
stabilization of Silver nanoparticle.[13] In the present 
study FTIR analysis of silver nanoparticle synthesized 
from A. indica leaf extract showing a strong peak at  
1338.6 cm-1 could assigned to C-O vibrations of alcohol,  
phenols, and C-N vibration of amides. The band at 
1487.12 cm-1 and 1799.59 cm-1 indicate fingerprinting 
region of O-H and C-O groups. And the peak 2378.23 
cm-1 results in N-H stretching of amine and amide 
groups. The peak observed at 1070.49 cm-1 showing C-O 
stretching of ether linkages. The similar and almost 
equal results are reported in the article.[14] According  
to this FTIR analysis of medicinal plant especially  
A. indica exhibit the peak 1395.52 gives phenol C-O, 
peak 2359.59 gives N-H stretching of amine and 
amides. So, the IR analysis also provided an idea about 
biomolecules present in leaf extracts.
The surface morphology, shape and size of the silver 
Nanoparticle were analyzed by using SEM. The SEM 
images shows individual Nanoparticle which is pre-
dominantly spherical as well as number is of aggregates  
with no defined morphology. The present study 
shows the size of the Silver Nanoparticles ranging  
from 10-80 nm. Similar result of the silver Nanoparticle  
size was reported by using Aloe vera extract[15] and by 
using Euphorbia hirta leaves.[16] However, we found very 
little variations in the sizes of the Nanoparticle. It 
is observed that most of the AgNPs were of various 
spherical shapes, which fall closer to many of the Silver 
Nanoparticle produced by other plant materials.[17–19] 
SEM reveals information about the sample including 
morphology, chemical composition and crystalline 
structure of Nanoparticle. SEM provides detailed high 
resolution images of the sample by restoring a focused 
electron beam across the surface and detecting second-
ary or back scattered electron signal.
Many of the reported tropical plants are leading  
to extraction and characterization of their active  
components and its nanoparticle for various uses.  
A large number of plant products have been reported 
to have repellent activity.[20,21] Keeping these in mind  
the present study was undertaken to evaluate the  
larvicidal activity of A.indica leaf extract and its Silver  
nanoparticle against Oryctes rhinoceros larvae. The present  
work revealed that more larvicidal activity showed by 
silver nanoparticles compare with Neem leaf extract at 
24 and 48 hr of reaction. Larvicidal activity higher at 
48hr in 3ppm concentrated silver nanoparticle which  

Table 1: Larval mortality rates of AgNPs and leaf 
extract against Oryctes rhinoceros at 24hr and 48hr 

of reaction.
Materials Percentage of LM  

(24hr)
Percentage of LM 

(48hr)
1ppm 2ppm 3ppm 1ppm 2ppm 3ppm

Distilled 
water 

0 0 0 0 0 0

Plant 
extract

12.5% 25% 50% 25% 37.5% 62%

AgNps 37.5% 50% 75% 50% 62% 100%

Figure 3: Graphical representation of larvicidal activity of 
AgNPs and leaf extract against Oryctes rhinoceros.
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indicates 100% mortality. But in leaf extract the  
mortality shows just 62% at 48hr of reaction. From 
these results, nanoparticles have more efficacy than 
aqueous A. Indica leaf extract. Similar larvicidal activity  
of silver nanoparticles is reported from defferent plant 
extracts includes Plumeria rubra plant latex against Aedes 
larvae[22] and Eclipta prostrata leaf extract against filarial 
and malarial vectors larvae.[23]

So present study results showing that silver nanoparticles  
synthesis from Azadirachta indica has a great promising 
application in agriculture fields to reduce the number 
of harmful pests by its larvicidal activity.
The present study concluded that the leaf extract of 
Azadirachta indica has the potential to reduce silver 
ions to make silver nanoparticles and it can be used  
as an eco-friendly larvicidal agent against Oryctes rhinoceros  
(palm attacking beetles). The main cause of larval  
mortality is due to their unique characteristics of silver 
Nanoparticles and its smaller size. So, they can inter-
act very easily with the fat body of larvae and produce 
either genotoxicity or protein degradative effects on its 
body lead to their death. This is the major reason for 
death.
This method of synthesis and their activities, efficiencies  
are providing to be an eco-friendly, rapid greening  
approach for the synthesis of providing a cost effective  
and an efficient way for the Silver Nanoparticles  
formation and is satisfied all the conditions of a 100% 
green chemical process. The main benefits of using 
plant extracts are high energy efficiency, cost effective, 
and safer to humans.
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SUMMARY 
The present study deals with the biosynthesis of silver 
nanoparticles from aqueous leaf extract of Azadirachta 
indica and its larvicidal activity against Oryctes rhinoceros 
beetle. The larvicidal actions of silver Nanoparticles 
exhibit more efficacy than aqueous leaf extract against 
the larvae in the same concentration (3ppm) and time 
of exposure (48 hrs). From the results, both silver 
nanoparticles and leaf extract have larvicidal proper-
ties. Silver nanoparticles are more efficient hence; it 
serves as an alternative to synthetic insecticides for 
controlling harmful pest larvae. The results obtained 
during the present study gave an idea that, developing 
natural products for synthesizing silver nanoparticles 
and testing their efficiency in controlling of pest larvae 
is an advanced technique for making a more potential 
environmentally safe biopesticides. 

REFERENCES
1. Ramachandran CP, Kurian C, Mathen J. Assessment of damage to coconut 

due to Oryctes rhinoceros L., Nature of damage caused by the beetle and 
factors involved in the estimation of loss. Indian Cocon J. 1963;17:3-12.

2. Nair CP, Sukumaran R, Mohan MC. Rhinoceros Beetle (Oryctes rhinoceros 
L.) and its Bio control Agents. Technical bulletin No. 43. Central plantation 
crops Research institute. Kayamkulam, Kerala, India; 2002.

3. Solsoloy AD, Solsoloy JS. A safe and effective pesticide. ILEIA News Lett. 
1995;11(4):31.

4. Talukder FA, Howse PE. Evaluation of Aphanamixis polystachya as a source 
of repellents, antifeedants, toxicants and protectants in storage against 
Tribolium castaneum (Herbst). J Stored Prod Res. 1995;31(1):55-61. doi: 
10.1016/0022-474X(94)00036-S.

5. Weather’s been A. A, Tang YQ. Effect of neem seed extracts on feeding, 
growth, survival and reproduction of Diaprepes abbreviatus. J Ecol 
Entamology. 2002;95:661-7.

6. Ahemed S, Graivge M, Hylin JW, Mitchell WC, Listinger J. A. Some promising 
plant species for use as pest control agents under traditional farming system. 
In:Proceedings of the second international Neem conference, Germany; 
1984. p. 565-80.

7. Emera S, Baker FR. EI- Bersmawy S, Abulyazid I. Cairo. 2002;1:904-16.
8. Talukadar FA. Plant products as potential stored products insect management 

agent. A mini review Emir. J Agric Sci. 2006;18:17-32.
9. Mulla MS, Su T. Activity and biological effects of Neem products against 

arthropods of medical and veterinary importance. J Am Mosq Control Assoc. 
1999;15(2):133-52. PMID 10412110.

10. Abbott WS. A method of computing the effectiveness of an insecticide. J 
Econ Entomol. 1925;18(2):265-7. doi: 10.1093/jee/18.2.265a.

11. Satyavani K, Guruderban S, Ramanathan T, Balasubramanian T. 
Biomedical potential of silver nanoparticles synthesized from Calli cells of 
Citrulluscolocynthis (L.). Schrad. J Nano Biotechnol. 2011;9(43):1-8.

12. Banerjee P, Satapathy M, Mukhopahayay A, Das P. Leaf extract mediated 
green synthesis of silver nanoparticles from widely available Indian plants: 
Synthesis, characterization, antimicrobial property and toxicity analysis. 
Bioresour Bioprocess. 2014;1(1):3. doi: 10.1186/s40643-014-0003-y.

13. Chanda S. Silver Nanoparticles (medicinal plants mediated. A new generation 
of antimicrobials to combat microbial pathogens – a review in mendezvilas, 
A. (Ed). Microbial pathogens and strategies for combating them; science. J 
Technol Educ. 2013:1314-23.

14. Nair LD, Arora ASK. Fourier Transform infrared Spectroscopy Analysis of few 
medicinal plants. J Adv Pharm Educ Res. 2013;3.



Gopalakrishnan, et al.: Larvicidal Activity of Green Synthesized Nanoparticles Against Rhinoceros Beetle

412 Asian Journal of Biological and Life Sciences, Vol 10, Issue 2, May-Aug, 2021

15. Chandran SP, Chaudhary M, Pasricha R, Ahmad A, Sastry M. Synthesis of gold 
nanotriangles and silver nanoparticles using Aloe vera plant extract. Biotechnol 
Prog. 2006;22(2):577-83. doi: 10.1021/bp0501423, PMID 16599579.

16. Elumalai E, Prasad T, Hemachandran J, Therasa SV, Thirumalai T, David E.  
Extracellular synthesis of silver nanoparticles using leaves of Euphorbia 
hirtaand their antibacterial activities. J Pharm Sci Res. 2010;2:549-54.

17. Shankar SS, Rai A, Ankamwar B, Singh A, Ahmad A, Sastry M. Biological 
synthesis of triangular gold nanoprisms. Nat Mater. 2004;3(7):482-8. doi: 
10.1038/nmat1152, PMID 15208703.

18. Huang J, Li Q, Sun D, Lu Y, Su Y, Yang X, et al. Biosynthesis of silver and 
gold nanoparticles by novel sundried Cinnamomum camphora Leaves. 
Nanotechnology. 2007;18. doi: 10.5104-105115.

19. MubarakAli DM, Thajuddin N, Jeganathan K, Gunasekaran M. Plant extract 
mediated synthesis of silver and gold Nanoparticles and its antibacterial 
activity against clinically isolated pathogens. Colloids Surf B Biointerfaces. 
2011;85(2):360-5. doi: 10.1016/j.colsurfb.2011.03.009, PMID 21466948.

20. Phasomkusolsil S, Soonwera M. Insect repellent activity of medicinal plant 

oils against Aedes aegypti (Linn.), Anopheles minimus (Theobald) and Culex 

quinquefasciatus Say based on protection time and biting rate. Southeast 

Asian J Trop Med Public Health. 2010;41(4):831-40. PMID 21073057.

21. Karunamoorthi K, Ilango K, Murugan K. Laboratory evaluation of traditionally 

used plant-based insect repellent against the malaria vector Anopheles 

arabiensis Patton (Diptera: Culicidae). Parasitol Res. 2010;106(5):1217-23. 

doi: 10.1007/s00436-010-1797-y, PMID 20195634.

22. Patil CD, Patil SV, Borase HP, Salunke BK, Salunkhe RB. Larvicidal activity 

of silver nanoparticles synthesized using Plumeria rubra plant latex against 

Aedes aegypti and Anopheles stephensi. Parasitol Res. 2012;110(5):1815-22.  

doi: 10.1007/s00436-011-2704-x, PMID 22089086.

23. Rajakumar G, Rahuman AA. Larvicidal activity of synthesized silver 

Nanoparticles using Eclipta prostrata leaf extract against filariasis and malaria 

vectors. Acta Trop. 2011;118(3):196-203.

Cite this article: Ganga G, Haritha CM, Sreekutty TV. Larvicidal Activity of Silver Nanoparticles Synthesized from Azadirachta 
indica Leaf Extract against Oryctes rhinoceros (L.) Beetle. Asian J Biol Life Sci. 2021;10(2):407-12.


