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INTRODUCTION
• Agrochemicals play an important role in agricultural production. 

• The application of nanotechnology in pesticide delivery is relatively new and in the early
stages of development.

• The focus of ongoing research was on the development of a nanoencapsulated pesticide
formulation that has slow releasing properties with enhanced solubility, permeability, and
stability.

• Nanoencapsulated pesticide formulation is able to reduce the dosage of pesticides and
human exposure to them, which is environmentally friendly for crop protection. 
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Nanocapsules Nanospheres

NanogelsMicelles

Polymer-Based
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Nanocapsules

Vesicular systems that are made up:

• A polymeric membrane

• The active compounds
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Nanospheres

• Constitute the active nanocarrier system 

• The active compounds are uniformly distributed and embedded into the polymeric matrix
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Micelles

• Micelles are ideal bioactive nanocarriers for encapsulating pesticides, especially for 

water-insoluble agents.
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Nanogels

• Aqueous dispersions of hydrogel particles 

• Formed by physically or chemically crosslinked polymer networks

• The methods for preparing nanogels are as follows:

(i) Physical assembly of interactive polymers

(ii) Polymerization of monomers in a homogeneous phase or in a micro- or nanoscale heterogeneous environment 

(iii) Cross-linking of preformed polymers 

(iv) Template-assisted nanofabrication of nanogel particles
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Liposomes SLNs

NLCs Emulsions

Lipid-Based
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Nanoliposomes

• Spherical amphiphilic structures made from polar lipids

• Hydrophilic heads of the polar lipids are oriented towards water 

• Hydrophobic tails are arranged towards the central core

. 
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Nanolipid

Carriers: 

SLNs & NLCs
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• Formulated by solid lipids known as solid lipid nanoparticles (SLNs)

• Mixture of solid lipids and oils called nanostructured lipid carriers (NLCs) 
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13 Nanoemulsions
• One of the simplistic and highly effective nutraceutical and pharmaceutical delivery 

systems in the encapsulation industry
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• Different techniques to preparation Nanoemulsions and Nanolipid Carriers

a)  Hot homogenization

b)  Cold homogenization 

c)  High pressure homogenization

d) Solvent emulsification–evaporation

e)  Solvent emulsification-diffusion

f)  Microemulsion

g) Melting dispersion

h) Ultrasonication

i)  Solvent injection



a)  Hot homogenization

• The active component or agrochemical is dispersed in molten lipid and the 

active ingredient loaded lipid is solidified using liquid nitrogen or dry ice. 
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b)  Cold homogenization

• The active component or agrochemical is dispersed in a molten 

lipid/surfactant mixture and thoroughly mixed by gentle stirring. 
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c)  High pressure homogenization
• The lipid is pushed through high shear stress under the influence of high pressure (100–2000 bar) 

which reduces the particle size to nano levels.
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d) Solvent emulsification–evaporatio
• The lipids and active component/agrochemicals are dissolved in an organic solvent and the

solution emulsified in aqueous solution.

• The organic solvent is removed by evaporating the emulsion in a rotary evaporator at 50–60°C .

16

Future 

Prospects
ApplicationPreparationIntroduction Nanodelivery



e) Solvent emulsification-diffusion 
• The solvent and water are mutually saturated prior to dissolution of lipid and active

component/agrochemical in water saturated solvent followed by stirring to yield O/W
emulsion.
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f) Microemulsion 
• Agrochemical is dispersed in molten lipid to which mixture 

of water, co–surfactant and surfactant

• Preheated to the molten lipid temperature, are added and 
stirred gently
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h) Ultrasonication
• The dispersion of molten core and phospholipids takes place in an aqueous medium at 

elevated temperatures through ultrasonication. 
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g) Melting dispersion
• Agrochemical and solid lipid are melted in the presence of organic solvent that forms the oil 

phase. 



i) Solvent injection

• The lipids and agrochemicals are solubilized in a 
water–miscible solvent or water–miscible solvent 
mixture 

• Quickly injected into an aqueous phase of 
surfactants 
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j) Double emulsification
• A previously dissolved aqueous hydrophilic bioactive compound is mixed with molten 

lipid to form the primary emulsion

• Stabilized by adding stabilizer that is dispersed in an aqueous phase 
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Mesoporous Silica Nanoparticle
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• The amphiphilic surfactant 

provides the basic structure on 

which the deposition and 

condensation of SiO2 take place. 
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Porous Hollow Silica Nanoparticle
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HSNs act as carrier materials for both oil-soluble and water-soluble pesticides, and 

loading efficiency depends on their morphological features. The pesticide loading 

efficacy can also be increased by improving the loading methods.
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Clay material
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Nanoclays are fine-grained materials belonging to the wider group of minerals commonly 

described as naturally occurring aluminum silicates or hydrous silicates with sheet-like 

structures. 

(a)                              (b) (c)                               (d) (e)
Organoclay         Polymer-clay nanocomposite       Pillared clay               Heat-treated clay             Acidtreated clay
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Layere double hydroxides
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• Natural and synthetic materials of anionic lamellar compounds 

• made up: positively charged brucite-type layers of mixed metal hydroxides
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Poly(citric acid) grafted carbon nanotube

Inorganic porous materials such as porous nano-CaCO3, nano-zeolite

Niosomes

Dendrimers

Other Nanoencapsulation Materials
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Niosomes
• Self-assembled vesicular nanocarriers

• Obtained by hydration of synthetic surfactants and appropriate amounts of cholesterol or 
other amphiphilic molecules 
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• Different methods of noisome preparation 

a)  Ether injection 

b) Trans membrane pH gradient method

c) Reversed phase evaporation 

d) Bubbling of nitrogen 

e) The single pass technique

f) Microfluidization 

g) Thin film hydration

h) The Handjani-Vila method 

i)  Formation of niosomes from proniosomes

j)  Melted amphiphile injection

k) Solid amphiphiles/hot water

l)  Micellar solution/enzymes



Dendrimers

• Novel three-dimensional, symmetric and highly 
branched globular polymeric structures 

• synthesized by repetitive addition of monomers 
from a central polyfunctional core 
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Application of Nanoencapsulated
Agrochemicals in Practice





 Nanotechnology offers great potential to produce agrochemicals with the desired

chemical composition and efficiency, thereby boosting the plant productivity.
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Nanofertilizers Nanopesticides

Nanofungicides Nanoherbicides
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Nanofertilizers
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Nanopesticides
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Nanofungicides
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Nanoherbicides
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 Spraying of Cu(OH)2 nanopesticides in lettuce (Lactuca sativa),(Zhao et al., 2016)

- leaves increased K concentration in lettuce 

- The accumulated Cu results in generation of ROS,against which the plant uses osome metabolites

- This reduces its total antioxidant capacity

 Nanoparticles of Zn and ZnO concentration 0.1 mg/L (Wu et al., 2018). 

- Inhibit the nitrification rate of nitrifying bacterial communities, indicating their toxicity 

 Studies on the accumulation and excretion/detoxification of biocompatible magnetic fluid 

of carbon-coated nanoparticles in pea, sunflower, tomato, and wheat (Cifuentes et al., 

2010). 
- Have revealed that nanoparticles reach the vascular tissue through the root and spread to the aerial part of the

plants in <24 h using the transpiration phenomenon
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Future Prospects of

Nanoencapsulation in Agriculture



Bulk Pesticides Nanopesticides
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 As such, the use of fertilizers, pesticides, and other agrochemicals has increased enormously 

throughout the world. 

 it is well established that a maximum (>90%) of the agrochemicals sprayed go waste.

 Production of nanoagrochemicals work with the basic principles of nanotechnology involving 

encapsulation of the active ingredient in a suitable carrier material for controlled release and 

targeted delivery of the nanoscale active ingredients

IntroductionPreparationApplication
Future 
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