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Abstract- The economy of developing countries heavily 

relies on the agriculture sector as its foundation. 

Researchers in the field of pest control are now 

concentrating on creating non-toxic options to 

decrease our dependence on chemical insecticides for 

controlling pests and diseases. Today, nanotechnology 

offers sustainable and eco-friendly solutions for 

managing insects and pests in agriculture, thereby 

boosting crop production efficiently. The biosynthesis 

of nanoparticles by utilizing various plant sources, 

such as leaves, stems, and fruits is a green and eco-

friendly technology. This review highlights various 

metallic and metal oxide nanoparticles synthesis and 

their applications in integrated pest management. 

Nanotechnology research in agriculture is in its early 

stages but progressing rapidly. Educating farmers and 

the public about the benefits and safe use of 

nanobiopesticides will be essential for their successful 

adoption.  Nanotechnology has been shown to be a 

powerful tool for creating novel nanocomposites to 

prevent pests and enhance crop varieties. 

Keywords: biological synthesis, green synthesis, 

nanobiopesticide, nanoparticles, nanotechnology, 

insecticide. 

I. INTRODUCTION 

India is an agricultural nation with more than 80% 

of the population employed in agriculture. Many 

crops has been negatively affected by pests and 

cause 15–20% yield losses annually [1]. Controlling 

pests and diseases in farming often heavily depend 

on chemical pesticides. Repeatedly use can make 

insects more resistant to them. Furthermore, the 

excess use of chemical pesticides showes harmful 

effects on the environment and even the crops 

themselves. When these pesticides are not used 

properly in agriculture, they can lead to increased 

pollution in the environment, which is not good for 

human health [2]. 

Some researchers in pest control are shifting their 

focus towards developing non-toxic alternatives to 

reduce our reliance on chemical insecticides for 

managing pests and diseases. Two promising recent 

approaches in this regard are biopesticides and 

nanopesticides [3]. Both biopesticides and 

nanopesticides represent innovative approaches to 

pest control that aim to address the limitations and 

environmental concerns associated with traditional 

chemical insecticides. These alternatives align with 

the growing emphasis on sustainable and eco-

friendly agricultural practices [3,4]. 

Biopesticides are a class of pest management agents 

that are sourced from natural substances, including 

animals, plants, bacteria, and specific minerals. [5]. 

Biopesticide have been shown to be effective for 

pest management and minimize damage to crops and 

the generation of sustainable agricultural products 

[6]. The majority of biopesticide have limitations 

like short-lived effectiveness and low stability; 

Hence, addressing these challenges necessitates the 

development of new pest control strategies through 

the adoption of advanced and innovative 

technologies for pest management [7]. 

Nanotechnology is an emerging approach for 

delivering and applying pesticides, and its use is 

growing in importance within agriculture and the 

food sector [2]. 

Various techniques are described for the 

nanoparticles synthesis. The physical and chemical 

processes for synthesizing nanoparticles are not only 

expensive but also environmentally damaging. In 

order to minimize the use of harmful organic 

solvents, researchers have been actively 

investigating environmentally friendly methods for 

nanoparticle synthesis [8,9]. The biological 

synthesis of nanoparticles (NPs) showes the ability 

to produce NPs with excellent polydispersity, 

dimensions, and stability. These biologically 

synthesized nanoparticles such as silver, nickel, 

cobalt, zinc and copper used for pest control known 

as “nanobiopesticides” [4]. While nanobiopesticides 

currently represent a minor segment of the overall 
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pesticide market, the concerns associated with 

chemical pesticides have created an opportunity for 

the rise of nanobiopesticides. Farmers are 

increasingly adopting this technology for purposes 

such as promoting proper plant growth, diagnosing 

plant diseases, improving crop varieties and 

controlling pests [5,6,7]. Due to capping and 

reducing properties of biosynthesized metal/metal 

oxide nanoparticles (NPs). This eco-friendly 

synthesis method is sustainable and enables the 

production of desired nanoparticles in various sizes 

and shapes by adjusting parameters during the 

synthesis process [10]. The antiviral, antifungal, 

antibacterial, and anticancer properties of 

biosynthesized nanoparticles, along with their 

impact on plant growth, nutrition, and defense 

mechanisms, were examined [11]. 

Currently, there is no conclusive evidence of the 

harmful effects of nanotechnology on the 

environment. However, it's important to note that 

nanotechnology is an evolving field of study and 

many countries around the world have recognized 

the potential of nanotechnology in the agriculture 

and food sector and have made substantial 

investments in its research and development [12]. 

Additionally, equal attention is being given to 

addressing societal issues associated with 

nanotechnology and to enhancing public awareness 

and understanding of its implications. This cautious 

and proactive approach aims to ensure the safe and 

responsible use of nanotechnology in agriculture and 

other sectors [5]. 

II. NANOPARTICLES 

 

Nanotechnology is becoming a highly promising 

research area for developing new active ingredients 

with nanoscale sizes, as well as their formulation 

and delivery, collectively known as 

"nanopesticides."  Nanotechnological methods have 

been used for either the "green" synthesis of active 

nanomaterials with antimicrobial, antifungal, and 

antiparasitic properties or for creating stable 

biopesticide nano-formulations with prolonged 

effects [2,7]. Nanomaterials are characterized by 

their unique surface properties, small size (ranging 

from 1 to 100 nanometers), and large surface area 

[6,13]. 

 

 

III. BIOSYNTHESIS OF 

NANOPARTICLES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IV. ROLE OF PLANTS IN GREEN SYNTHESIS 

OF NANOPARTICLES 

The phytochemicals present in the plants are 

identified as steroids, terpenoids, favonoids, 

reducing sugar, alkaloids, saponins, glycosides, 

phenolic compounds, ketones, tannins, 

anthraquinone, proteins, aldehydes, amino acids, 

amides and carboxylic acids [14] which were 

responsible for immediate reduction of metal into 

metal nanoparticles [15,16]. It was found that these 

reducing components also served as capping and 

stabilizing agents [17]. The presence of 

phytochemicals that contributed to the reduction and 

stabilization was also confirmed by the 

phytochemical analysis of the plant extract and 

studied by FTIR [17,18,19]. 

Biogenic synthesis of nanoparticles 

Collection of plant leaves 

Preparation of plant leaf extract 

Bioreduction of metallic solution 

Analyzing nanoparticles by using UV-Vis 

spectroscopy 

Characterization of nanoparticles by SEM, 

TEM, XRD and FTIR 

Application in various sector 
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V. TYPES OF NANOPARTICLES 

A diverse range of nanoparticles are synthesized 

using eco-friendly method and characterized 

through various techniques. 

 

5.1 Copper and Copper oxide Nanoparticles (Cu and 

CuO NPs) 

Spherical CuO NPs were synthesized by using 

Tabernaemontana and characterized by UV–Vis 

absorption spectroscopy, Fourier transform infrared 

spectroscopy (FT-IR), X-ray diffraction (XRD), 

scanning electron microscopy (SEM) with energy 

dispersive X-ray analysis (EDX) and transmission 

electron microscopy (TEM) analysis. FT-IR also 

confirmed the presence of functional groups. The 

antimicrobial activity of biogenic CuO NPs was 

investigated against urinary tract pathogens [20]. 

Using leaf extract of P. acerifolium CuO NPs were 

successfully synthesized and confirmed by UV-Vis 

spectra and absorption peak was observed at 383 

nm. SEM revealed that CuO NPs have a diameter 

ranging from 0.1 to 0.25 µm and oval shaped [21]. 

CuNPs were synthesized from the aqueous extract of 

Orobanche aegyptiaca [22] and from the leaf broth 

of Azadirachta indica [15]. The XRD pattern shows 

a high degree of crystallinity of the sample. SEM 

and TEM analyzed spherical and cubical shape of 

the CuNPs with particle sizes less than 50 nm and 

highly stable [22]. The plant biomolecules facilitate 

the reduction of Cu2+ ions to CuNPs and also 

function as a capping and stabilizing agent. The pH 

6.6 and 85oC temperatures are favorable for the 

biosynthesis of CuNPs [15]. 

Biosynthesis of stable CuNPs was done by using 

aqueous leaf extract of Nerium oleander and 

Jatropha curcas. The size of the CuNPs obtained 

was in the range of 3.47 nm to 15.2 nm and 

formation was confirmed from the peak at 390 nm 

[16,18].  The A. scholaris leaves extracts and 

Ocimum sanctum leaf extract synthesized  Cu-NPs 

was confirmed by a color transition from light green 

to dark green and eventually to dark brown, with 

UV–vis analysis indicating a stable wavelength of 

243 nm for their formation. In SEM analysis 

presence of triangular, cylindrical, polygonal, and 

nearly spherical shapes indicates the CuNPs 

formation [14,23]. CuNPs were successfully 

synthesized using Acacia cornigera with size of 63–

153 nm and Anona purpurea extract with 87–193 

nm [24]. 

 

CuO NPs synthesized using aqueous leaf extract of 

Tecoma castanifolia and characterized by TEM 

analysis which shows a size of less than 100 nm and 

a spherical shape. EDAX analysis confirmed the 

elemental composition of the CuO NPs [25]. 

Synthesized CuO NPs by Carica papaya leaves 

extract were rod in shape and had a mean particle 

size of 140 nm, FTIR spectroscopy results analyzed 

the presence of bioactive functional groups, while 

X-ray diffraction (XRD) spectra confirmed the 

crystalline nature of CuO NPs [26]. 

 

CuONPs synthesized using leaves of Azadirachta 

indica, Solanum lycopersicum, Prunus domestica, 

Malus domestica and Morinda citrifolia plants. 

TEM analysis shows crystalline structure and  36 ± 

8 nm size and spherical shape [19,27,28,29,30]. 

 

5.2 Silver nanoparticles (Ag NPs) 

The essential components for the green synthesis of 

AgNPs are a silver metal ion solution and a 

biological reducing agent. The simplest and most 

cost-effective method for producing AgNPs 

involves the reduction and stabilization of silver ions 

through the combination of biomolecules like 

polysaccharides, saponins, vitamins, alkaloids, 

amino acids, phenols, proteins and terpenes [31]. 

Using Artemisia herba-alba plant extract, AgNPs 

were synthesized, resulting in spherical particles 

ranging from 9.68 to 36.7 nm. The synthesized 

AgNPs exhibited a maximum absorption peak at 430 

nm [32].  

The larvicidal activity of green-synthesized AgNPs 

against the cotton pest Spodoptera littoralis larvae 

was evaluated using both feeding and contact 

application methods. [32]. Different concentrations 

of AgNPs were tested on cowpea seed beetle, C. 

maculatus. AgNPs was highly effective on adults 

and larvae with 100% and 83% mortality [33]. 

5.3 Silica nanoparticles (Si NPs) 

Si NPs were produced by a biological method using 

Punica granatum leaf extract and Tetra Ethyl Ortho 

Silicate and characterized by XRD, SEM, EDX, and 

FTIR. All the characterizations revealed that the 

particles were an amorphous in nature with spherical 
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in shape and an average size of 12 nm. The 

absorption spectra of Si NPs were observed to range 

from 300 to 370 nm [34]. It was also synthesized 

using local agricultural waste, sugarcane bagasse 

[35]. 

Nano-silica (SiO2) NPs synthesized by green 

synthesis method Rhus coriaria L. extract with 

sodium metasilicate. They were characterized using 

FTIR, UV-Vis Spectroscopy, XRD, and FESEM 

[36]. 

Silica nanoparticles were synthesized from P. 

granatum which evaluated antibacterial activity 

using the well diffusion method. The antibacterial 

studies demonstrated that P. granatum assisted silica 

nanoparticles possess strong antibacterial properties 

[34]. 

 

5.4 Magnesium oxide nanoparticles (MgO-NPs) 

The synthesized MgO-NPs from Brown algae, 

Cystoseira crinita, were characterized by UV-vis, 

FTIR, TEM, SEM, XRD, EDX, and X-ray 

photoelectron spectroscopy (XPS). The 

nanoparticles exhibited promising antibacterial 

activity as well as used against Candida albica. 

Additionally, they demonstrated larvicidal and 

pupicidal effects against Musca domestica [37]. 

Magnesium nanoparticles (RcNps) were 

synthesized using Rosa foribunda charisma petals. 

HR-TEM images revealed polyhedral shapes and 

sizes ranging from 35.25 to 55.14 nm. RcNps 

demonstrated excellent anti-aging activity and 

showed promising antibacterial effects against three 

skin pathogens: Staphylococcus epidermidis, 

Streptococcus pyogenes, and Pseudomonas 

aeruginosa. RcNps have the potential to serve as a 

valuable natural ingredient in the skin care 

cosmetics industry [38]. 

Amaranthus blitum, Andrographis paniculata and 

Amaranthus tricolor leaf extracts from these plants 

were used to synthesize of MgO NPs. FTIR 

spectroscopy and TEM analyze and identify the 

functional groups in the extracts, showing stability. 

The absorbance at 320 nm in the UV-visible 

spectrum indicates the formation of metal oxide in 

the sample [39]. 

Using Annona squamosa seeds and Tecoma stans 

(L.) flower extracts MgONPs were synthesized 

successfully in an eco-friendly mode and 

characterized by UV–vis, XRD, EDX, SEM and 

TEM. The absorption spectra of MgONPs were 

found to be 281 nm. It also shows antibacterial 

activity [40,41]. MgO NPs were synthesized using 

Alstonia scholaris leaf extract and characterized 

using SEM, XRD, and EDX techniques. The 

crystallite size of MgONPs was found to be 19.57 

nm [42]. 

 

5.5 Nickel oxide nanoparticles (NiO NPs) 

Biosynthesized NiO-NPs using Ocimum sanctum 

and Acacia nilotica leaf extract, were characterized 

by SEM, TEM, FTIR, UV–Vis spectroscopy, and 

XRD. The antibacterial potential, electrochemical 

properties, and hemolytic effects of the NPs were 

also investigated. XRD patterns showed that NiO 

NPs had face-centered cubic structures and 

exhibited a high degree of crystallinity [43.44]. 

Phyto-synthesised NiO nanoparticles by using 

Catharanthus roseus and Rauvolfia serpentine plant 

leaf extract. By using agar diffusion method (ADM) 

antibacterial properties were also examined against 

different bacteria [45]. NiO NPs were tested against 

Callosobruchus maculatus [46]. NiO-NPs caused 

physiological and histological changes in the ground 

beetle B. polychresta studied [47].

 

Table I: Showing Biosynthesized Nanoparticles 
Reducing agent Synthesis pathway Metal Target  References 

Orobanche aegyptiaca Dried stems Cu NPs Meloidogyne incognita [22] 

Solanum lycopersicum leaf extract CuONPs Antibacterial activity [19] 

Prunus domestica leaf extract CuONPs Biodiesel blend preparation [28] 

Azadirachta indica leaf extract CuONPs Anticancer drug (ROS) [27] 

Jatropha curcas leaf extract Cu NPs photocatalytic activity against dyes [18] 

Tecoma castanifolia  leaf extract Cu NPs E.coli and S. aureus [25] 

Malus domestica  leaf extract CuONPs Antibacterial activity [29] 

polyol process polyol process Cu NPs Anopheles, Culex, Rhipicephalus [48] 

Ocimum sanctum leaves extracts Cu NPs  [23] 

Alstonia scholaris leaves extracts Cu NPs Escherichia coli and Staphylococcus aureus [14] 

Morinda citrifolia leaf extract CuONPs Antibacterial activity [30] 

seedless dates seedless dates Cu/CuO 

NPs 

 [17] 

Azadirachta indica leaves extract Cu NPs  [15] 

Pterospermum 

acerifolium 

leaves extracts Cu ONPs water flea Daphnia [21] 
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Carica papaya  leaf extract CuONPs  [26] 

Tabernaemontana 

divaricate 

leaf extract CuONPs  Escherichia coli [20] 

Acacia cornigera and 

Annona purpurea 

plants extracts Cu NPs Tribolium castaneum [24] 

Nerium oleander leaf extract Cu NPs Antibacterial activity [16] 

Artemisia herba-alba plant extract Ag Spodoptera littoralis [32] 

Tagetes erecta  leaves extract  Ag Escherichia coli and Staphylococcus aureus [50] 

Capparis zeylanica leaves extract Ag E-coli, Pseudomonas aeruginosa [49] 

Solvothermal method Chemical Ag cowpea seed beetle, C. maculatus [33] 

Sugarcane bagasse Agricultural waste Si NPs  [35] 

Punica granatum leaf extract Si NPs E. coli and Salmonella sp. [34] 

 Rhus coriaria leaf extract SiO2NPs  [36] 

Cystoseira crinita brown algae MgO NPs Musca domestica [37] 

Amaranthus tricolor leaf extract MgO NPs Biosensing and therapeutic development [39] 

Tecoma stans leaf extract MgO NPs  [41] 

Alstonia scholaris leaf extract MgO NPs Anti-inflammatory activity [42] 

Annona squamosa  seeds MgO NPs Antibacterial activity [40] 

Rosa foribunda  charisma petals Mg NPs Staphylococcus, Streptococcus and 

Pseudomonas 

[38] 

Catharanthus roseus leaf extract NiONPs E. coli, Pseudomonas spp. And Bacillus spp. [45] 

Acacia nilotica leaf extract NiONPs Antibacterial activity B. subtilis [43] 

Ocimum sanctum leaf extract NiNPs treat textile and tannery effluents. [44] 

Rauvolfia serpentine leaf extract NiONPs Callosobruchus maculatus [46] 

 

VI. INSECTICIDAL ACTIVITY OF 

NANOBIOPESTICIDES 

The CuNPs from Acacia cornigera showed 90% 

mortality effective insecticidal activity against 

Tribolium castaneum, a pest of stored grain and 

CuNPs from obtained A. purpurea  showed 76.6% 

mortality against Tribolium castaneum [24]. The 

synthesized Cu NPs and copper acetate solution 

showed larvicidal activity of Anopheles subpictus, 

Culex quinquefasciatus and Rhipicephalus 

microplus and also showed anti-parasitic activity 

[48]. Nematode mortality depended on 

concentration of NPs and exposure time [22]. 

CuO NPs used in control and management of crops 

and vegetables pests. CuO NPs were toxic to 

Daphnia [21]. The strong antibacterial activity 

reported against Gram-positive bacteria (Bacillus 

subtilis, and Staphylococcus aureus), Gram-

negative bacteria (Escherichia coli) and antifungal 

activity also analysed [16,19,25,29,30]. 

Nano-silica in comparison with Silica & Diazinon, 

was applied as foliar spray on squash plants in the 

greenhouse and fed to newly hatched Spodoptera 

littoralis larvae [51]. SiNPs efficiently used as 

essential tool in S. littoralis management programs, 

which showed entomotoxic effect [52]. SiNPs 

showed effects on larval enzyme activity of second 

instar larvae of S. littoralis [53].  NiO-NPs caused 

physiological and histological changes in the ground 

beetle B. polychresta and Callosobruchus maculatus 

were studied [46,47]. 

MgO NPs used against Musca domestica which 

showed larvicidal and pupicidal activity [37]. 

Different concentrations of silica and silver 

nanoparticles were synthesized by solvothermal 

method and tested on C. maculatus. The LC50 value 

for Si NPs was calculated as 1.03 g kg-1 on larvae 

and for Ag NPs was calculated as 1.00 g kg-1 on 

larvae, respectively. Result showed that, the both 

nanoparticles were highly effective on adults with 

100% and larvae with 83% mortality, respectively 

[33]. 

Using Eriobotrya japonica leaf extract Zinc Oxide 

Nanoparticles (ZnO-NPs) were synthesized and 

evaluates their insecticidal and antibacterial 

properties. which showed significant efficacy 

against stored grain pests like Sitophilus oryzae and 

Tribolium castaneum, as well as against bacterial 

strains such as Ralstonia solanacearum. The 

findings suggest that these eco-friendly 

nanoparticles could serve as effective protective 

agents for seeds and stored grains, promoting 

sustainable agricultural practices [54]. 

VII. MORPHOLOGICAL AND 

HISTOPATHOLOGICAL CHANGES AFTER 

TREATMENT 

Ar-AgNP-infected larvae stopped feeding and 

showed decolorization of the cuticle in the thoracic 

region. These studies investigated changes in the 

histological structure in midgut epithelial cells, the 

cuticle, and different larval tissues [32]. 2nd larval 
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instar of Spodoptera treated by Dimilin48% 

compound and mid gut section of larvae showed 

alterations in cell size and shape, mid-gut epithelial 

cell vacuolization. Nuclei and brush border 

degenerations, peritrophic membrane separation and 

swelling in gut-lumen these effects showed by 4th 

larval instar of Spodoptera after the treatment of 

Emafel 4% [55]. 

The morphological changes observed in the 

deceased sixth-instar larvae of treated Spodoptera 

littoralis included pupal malformation, pupation, 

and adult emergence. Additionally, biological 

aspects such as mortality due to digestive tract 

impairment, surface enlargement of the integument, 

dehydration, blockage of spiracles and tracheae, 

reduction in body weight, and protein degradation 

were investigated. Deficiency in protein, 

carbohydrates, and lipid content were reported after 

treating SiO2-TX, SiO2-CTAB, and SiO2-PVP in 

sixth instars of S. littoralis [52]. Sections of the gut 

region of treated larvae showed disruption of gut 

layers and gut musculature, elongation of epithelial 

cells or form projections towards the lumen. 

Trachea, fat bodies, and gonads were affected [32]. 

VIII. CONCLUSION 

Improper management, mishandling, or lack of 

adequate knowledge can result in the misuse and 

overuse of chemical pesticides, causing harm and 

accumulation in areas beyond the targeted crops. 

This negatively affects beneficial organisms like 

microorganisms, plants, and small animals.  

Exposure to pesticides can lead to acute reactions in 

humans, including headaches, sneezing, irritation, 

vomiting and skin rashes. The severity of these 

effects depends on the duration and concentration of 

exposure. Chemical pesticides can generate more 

toxic compounds, making these processes both 

harmful and expensive. Adopting eco-friendly 

solutions like nanobiopesticides is recommended to 

promote a sustainable environment and maintain a 

healthy, productive ecosystem. Although 

nanobiopesticides currently make up a small portion 

of the pesticide market, farmers are increasingly 

using this technology to support plant growth, 

diagnose plant diseases, and manage pests. 

The eco-friendly approach of nanoparticle synthesis 

not only reduces the environmental impact 

associated with traditional chemical methods but 

also leverages the natural properties of plants to 

produce nanoparticles with unique characteristics. 

The synthesized nanoparticles, such as silver, 

copper, nickel, gold, zinc, etc. exhibit promising 

antimicrobial, antioxidant, and anti-inflammatory 

activities, making them suitable for various 

biomedical applications, including drug delivery and 

wound healing. Overall, the findings emphasize the 

potential of utilizing agricultural waste and natural 

resources in nanotechnology, creating the way for 

sustainable practices in the field. The review 

encourages further research to explore the full 

capabilities of these green synthesized 

nanoparticles, which could lead to innovative 

solutions in healthcare, environmental, and pest 

management. 
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