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Introduction 

The use of chemical pesticides has 

historically served as the primary method for 

pest control in agriculture. While they have 

contributed significantly to increased crop 

yields, their overuse has led to serious 

consequences. Pesticide residues contaminate 

soil, water, and food, posing risks to human 

health and the environment. Non-target 

organisms, including pollinators like bees and 

natural pest predators, are often collateral 

damage. Moreover, pests are evolving 

resistance to existing chemicals at an alarming 

rate, rendering many traditional solutions 

ineffective. In this context, nanotechnology is 

the science of manipulating matter at the 

atomic and molecular level emerging as a 

transformative approach in managing 

agricultural pests. It offers the promise of a 

future where crops can thrive with minimal 

chemical inputs, beneficial insects are  

 

 

 

 

 

 

 

 

 

 

 

 

protected, and farmers can effectively control 

pests without causing environmental damage. 

What is Nanotechnology? 

Nanotechnology, with its precision and 

ability to manipulate materials at the 

nanoscale, holds promise for revolutionizing 

pest management methods (Iravani et al., 

2011). It enables the creation of highly 

targeted pest control agents that can be applied 

in smaller and more effective doses, which 

reduces the overall chemical burden on the 

environment (Kumar et al., 2023). For 

example, nanoparticles can be designed to 

enhance the delivery and effectiveness of 

active ingredients, ensuring they reach the 

target pest more accurately and in controlled 

amounts.  

Nanoformulation and their Application 

Nanoemulsions: 

Nanoemulsions are colloidal  
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dispersions made up of nanoscale droplets that 

provide several benefits in pesticide delivery. 

They improve the solubility of water-insoluble 

active ingredients, which enhances their 

bioavailability and effectiveness against insect 

pests.Their high stability helps extend the shelf 

life of pesticides by reducing degradation, 

resulting in more consistent pest control 

performance (Mossa et al., 2018). Recent 

research indicates that nanoemulsions can 

increase the penetration of pesticides into 

insect bodies, achieving higher mortality rates 

with lower doses and thereby reducing 

environmental impact. 

Nanoparticles  

Metallic nanoparticles, especially those 

composed of silver, gold, and zinc oxide, have 

shown strong insecticidal effects. These 

nanoparticles are capable of penetrating the 

insect cuticle and disrupting vital physiological 

functions by triggering oxidative stress, which 

damages cells and ultimately causes insect 

death. Silver nanoparticles, in particular, have 

proven effective against a variety of insect 

pests, including those that have developed 

resistance to traditional insecticides. Due to 

their extremely small size, these nanoparticles 

can interact directly at the cellular and 

molecular levels, providing a unique 

mechanism of action that lowers the risk of 

resistance development. 

 

Nanogels and Nanofibers  

Nanogels and nanofibers are used to 

provide sustained release of active ingredients, 

ensuring long-lasting pest control while 

reducing the need for frequent applications. 

Nanogels, which are cross-linked polymer 

networks capable of absorbing large volumes 

of water, can encapsulate pesticides and 

gradually release them over time, offering 

continuous protection against insect pests. In 

contrast, nanofibers can be formed into mats or 

films that slowly release insecticides, serving 

both as a physical barrier and a source of 

chemical control. These controlled release 

systems enhance the effectiveness of pest 

management while also minimizing 

environmental impact by reducing the amount 

of pesticide released at once. 

Nanocarriers: 

Nanocarriers, including liposomes and 

polymeric nanoparticles, significantly improve 

pesticide delivery by enabling controlled 

release and targeted action against specific 

insect pests (Chandraker et al.,2021). These 

systems encapsulate active ingredients, 

shielding them from environmental 

degradation and ensuring their release only 

upon reaching the target site, which helps 

minimize non-target exposure and 

environmental pollution. For instance, 

liposome-based nanocarriers have been widely 

researched for their capacity to deliver both 
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hydrophilic and hydrophobic pesticides, 

offering flexibility in pest control applications. 

Advantages: 

1. Targeted Delivery: 

Nanoparticles can deliver pesticides 

specifically to target pests, minimizing harm to 

beneficial insects and non-target organisms. 

2. Controlled Release: 

Nano-formulations like nanogels and 

nanofibers offer sustained release, reducing the 

frequency of pesticide applications. 

3. Improved Solubility and Stability: 

Nanocarriers enhance the solubility of 

poorly water-soluble pesticides and protect 

active ingredients from environmental 

degradation. 

4. Reduced Dosage and Environmental 

Load: 

Higher efficacy at lower doses helps 

reduce the overall amount of chemicals 

released into the environment. 

5. Resistance Management: 

Novel mechanisms of action at the 

cellular/molecular level can reduce the chances 

of pests developing resistance. 

Disadvantages: 

1. Toxicity Concerns: 

Potential unknown long-term effects on 

human health, non-target organisms, and 

ecosystems due to nanoparticle exposure. 

2. Environmental Persistence: 

Some nanoparticles may accumulate in 

the soil or water, leading to unforeseen 

ecological consequences. 

3. 3.High Production Costs: 

Manufacturing nanomaterials can be 

expensive, potentially limiting large-scale 

adoption. 

4. 4.Regulatory and Safety Gaps: 

Lack of clear regulations and 

guidelines for nanomaterial use in agriculture 

can hinder commercialization and safety 

assessments. 
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