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Abstract 

 
Nanotechnology's application in agriculture has fundamentally transformed current farming 
processes. Developing disease resistance and enhanced output without collecting 
environmental toxins is one of the growing issues in the present agricultural system. The 
majority of commonly used chemical fertilisers and pesticides have a number of negative 

consequences on both plants and the environment. Crop protection solutions based on 
nanotechnology have the potential to increase disease resistance and crop output. 
Reduced environmental contaminants, quicker illness detection, a simple manufacturing 
method, lower toxicity and cost-effectiveness are all advantages of employing nano 
particles in agricultural areas. Agrochemical and nutrition delivery, insecticides, Nano-scale 
carriers, smart packaging, Nano sensors, veterinary care, fisheries and aquaculture and 
nutrient deficiency diagnosis are all direct uses of nanotechnology in agriculture. 
Nanomaterials are created using two fundamental methods: top-down (size reduction from 
bulk materials) and bottom-up (material synthesis from the atomic level). Nano-fertilizers 
are increasingly being employed as alternatives to bulk fertilisers to prevent agrochemical 
contamination of soil and water. Nano-fertilizers allow nutrients to be released slowly and 
steadily, reducing nutrient loss and increasing nutrient usage efficiency. Slow-release 
fertilisers are a good option for soluble fertilisers because nanotechnology enhances 
nutrient usage efficiency and lowers environmental costs. This research focuses on the use 
of nanotechnology to benefit the agriculture industry, particularly in the areas of plant 
nutrition and plant protection. 
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Introduction 
 

uman imagination and fantasies are frequently the source of new science and 
technology. Nanotechnology, a twenty-first-century frontier, sprang from such 
aspirations. Nanotechnology is described as the study and control of matter at 

scales of 1 to 100 nanometres, where unusual occurrences allow for fresh applications. 
Although humans have been exposed to nanoparticles throughout history, it rose 
considerably during the industrial revolution. Nanoparticle research is not new. Richard 
Zsigmondy, the Nobel Laureate in Chemistry in 1925, was the first to suggest the notion of 
a "nanometre." He was the first to use a microscope to measure the size of particles such 
as gold colloids, and he developed the term nanometre to describe particle size. Norio 
Taniguchi was the first to coin the term "nanotechnology" to characterise semiconductor 
operations on the nanoscale scale. Nanotechnology, he said, was defined as the 
processing, separation, consolidation, and deformation of materials by a single atom or 
molecule. Kroto, Smalley, and Curl discovered fullerenes in the 1980s, and Eric Drexler of 
Massachusetts Institute of Technology (MIT) used ideas from Feynman's "There is Plenty 
of Room at the Bottom" and Taniguchi's term nanotechnology in his 1986 book, "Engines 
of Creation: The Coming Era of Nanotechnology." Drexler presented the concept of a 
nanoscale "assembler," capable of creating copies of itself as well as other things of 
arbitrary complexity. "Molecular nanotechnology," as Drexler's view of nanotechnology is 
known, is a popular term. Another Japanese scientist, Iijima, discovered carbon 
nanotubes, which took nanotechnology even further. 
 Sustainable agriculture is critical for achieving "Zero Hunger," one of the United 
Nations' 17 sustainable development objectives. Food production and delivery throughout 
the world are under severe strain as a result of rising population, climate change, 
environmental pollution, and increased water and energy demands. Agriculture now 
consumes a startling amount of resources. For example, global annual crop production 
exceeds three billion tonnes, necessitating 187 million tonnes of fertiliser, 4 million tonnes 
of pesticides, 2.7 trillion cubic metres of water (roughly 70% of global freshwater 
consumptive use), and more than two quadrillion British thermal units (BTU) of energy 
(Kahet al., 2019).  

According to the Food and Agriculture Organization (FAO), the world's population 
is expected to reach 10 billion by 2050, resulting in a 50 percent increase in food demand, 
particularly in developing nations. Furthermore, there are already 815 million individuals 
who are undernourished, with an additional 2 billion people anticipated to fall into this 
group by 2050. This predicament necessitates significant improvements in the world's food 
producing systems. Nanotechnology has recently been proven to have the potential to 
benefit the agriculture sector by boosting the efficiency of agricultural inputs and providing 
solutions to agricultural and environmental challenges in order to improve food output and 
security, according to recent studies.  

Urbanization, energy and resource limits, sustainable resource use, run-off and 
build-up of pesticides and fertilisers are only a few of the agricultural and environmental 
concerns that nanotechnology has the ability to address (Chen and Yada, 2011; Parisiet 
al., 2015).Because of the increased desire for greater agricultural yields and more effective 
techniques to enhance agricultural operations, the usage of nanoscale materials in 
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agricultural research is on the rise (Gogoset al., 2012). In reality, nanotechnology has the 
potential to have a significant influence on the development of sustainable agriculture and 
precision agriculture.  

The ultimate objective of environmental monitoring and targeted intervention is to 
maximise agricultural output while lowering input costs. The classification, synthesis, and 
potential applications of nanomaterials in agriculture, such as improving and protecting 
agronomic yields and crop production, as well as detecting and remediating environmental 
pollutants, are discussed in this chapter, with an emphasis on emerging occupational risks 
in this field. 
 
Classification of Nano-materials 
 
1. Classification on the basis of Morphology, Size and Shape 
 
a. Organic Nanomaterials 

Organic nanomaterials or polymers are generally known as dendrimers, micelles, 
liposomes, and ferritin, among others. Some nanomaterials, such as micelles and 
liposomes, have a hollow core, sometimes known as Nano capsules, and are sensitive to 
thermal and electromagnetic radiation such as heat and light. Because of their distinct 
properties, they are an excellent alternative for medication delivery. Apart from their usual 
properties like as size, composition, surface shape, etc., their drug carrying capacity, 
stability, and delivery systems, whether entrapped drug or adsorbed drug system, define 
their area of applications and efficiency. Organic nanomaterials are frequently employed in 
biomedical fields, such as medication delivery systems, since they are effective and may be 
injected into particular regions of the body, a process known as targeted drug delivery. 

 
b. Inorganic Nanomaterials 

Inorganic nanomaterials do not include carbon. The inorganic nanomaterials are 
not harmful to the body. Organic nanomaterials are less stable than inorganic 
nanomaterials. Metal and metal oxide nanomaterials are the two types of inorganic 
nanomaterials. 

 
c. Metal Nanomaterials  

Metallica nanomaterials are made from metals using destructive or constructive 
processes. Pure metal nanomaterials are synthesized using metal precursors. Due to 
plasma on resonance characteristics, metal nanomaterials have unique optoelectrical 
capabilities. Shape, facet, and size all influence the synthesis of metal nanomaterials 
(Dreadenet al., 2012). Aluminum, gold, iron, lead, silver, cobalt, zinc, cadmium, and 
copper nanomaterials are all well-known metal nanomaterials. 

 
d. Metal Oxide Nanomaterials 

The goal of metal oxide nanomaterials synthesis is to change the properties of 
their individual metal nanomaterials, such as converting iron nanomaterials into iron oxide 
nanomaterials. When compared to iron nanomaterials, the reactivity of iron oxide 
nanomaterials is higher. Metal oxide nanomaterials are generated as a result of an 
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increase in the reactivity and efficiency of the metal oxide. Zinc oxide, silicon dioxide, iron 
oxide, aluminium oxide, cerium oxide, titanium oxide, and magnetite are examples of 
metal oxide nanomaterials. 

 
e. Ceramic Nanomaterials 

Ceramic nanomaterials are porous inorganic nanostructures (Thomas et al. 2015). 
They are generally composed of metal and metalloid oxides, carbides, phosphates, and 
carbonates, such as calcium, titanium, and silicon. Due to a variety of advantageous 
features, including as strong heat resistance and chemical inertness, they have a wide 
range of uses. 

 
2. Carbon based Classification of Nanomaterials  

Carbon based nanomaterials are those formed entirely of carbon. They can be 
categorized into graphenes, fullerence, carbon nanotubes, carbon nanofibres and often 
activated carbon at nanosize. 

 
a. Graphenes 

Graphene is a carbon material that is allotropic. It's a two-dimensional hexagonal 
honeycomb carbon atom lattice with a flat surface. The graphene has a thickness of 1 nm.  

 
b. Fullerenes 

Fullerenes (C60) are spherical carbon molecules made up of carbon atoms that are 
bonded together by sp2 hybridization. The spherical structure is made up of 28 to 1500 
carbon atoms, with diameters ranging from 8.2 nm for single layers to 4 to 36 nm for 
multi-layered fullerenes. 

 
c. Carbon nanotubes 

Carbon nanotubes, also known as buckytubes, are elongated cylindrical fullerenes 
with diameters measured in nanometers and lengths measured in micrometres or 
millimetres. These are graphene-based carbon nano foils. They're hollow cylinders 
containing carbon atoms grouped in a honeycomb lattice. They are classified as single-
walled nanotubes (SWNTs) or multi-walled nanotubes (MWNTs) based on their folding 
(MWNTs). These are more durable than steel and can help to strengthen structures. 

 
d. Carbon Nanofibres 

Carbon nanofiber is made from the same graphenenanofoils as carbon nanotubes, 
but instead of cylindrical tubes, they are coiled into a cone or cup form. 

 
e. Activated Carbon 

Amorphous carbon-based substance with diameters ranging from 20 to 70 nm and 
a spherical shape. 

 
 
 
 

http://www.pgrindias.in/


 PLANTA – Vol.-4, April 2022: 969 – 982 
(Research Book Series Chapter – 106) 

____________________________________________________________________________________________ 

Dilbagh et. al., Nanotechnology: A Technique to Boost Crop Yield| 973  
www.pgrindias.in 

3. Dimension based Classification 
 
a. Zero-Dimensional (0D) 

All of the dimensions of zero-dimensional nanomaterials (0D) are nanoscale, i.e., 
less than 100 nanometers. Spherical nanomaterials, cube, nanorod, polygon, hollow 
sphere, metal, and core-shell nanomaterials, as well as quantum dots, are all included in 
the 0D category  
 
b. One-Dimensional (1D) 

One-dimensional nanomaterials (1D) are materials having one non-nanoscale 
dimension and two nanoscale dimensions. Metallic, polymeric, ceramic, nanotube, and 
nanorofilament or fibre, as well as nanowires and nanofibers, are all examples of 1D 
materials. 
 
c. Two-Dimensional (2D) 

Only one dimension of two-dimensional nanomaterials (2D) exists at the 
nanoscale, whereas the other two do not. Thin films, nanoplates, and nanocoatings are all 
examples of 2D thin films, which can be single-layered or multi-layered, crystalline or 
amorphous. 
 
d. Three-Dimensional (3D) 

3D nanomaterials are bulk particles with diameters greater than nanoscale (1–100 
nm). In 3D, 0D, 1D, and 2D nanomaterials are the construction blocks. Among them are 
nanocomposites, core shells, nanowire bundles, nanotube bundles, and multi nanolayers. 
 
Synthesis of Nanomaterials 

Metal nanomaterials may be made using a range of processes. The top-down and 
bottom-up approaches to synthesisnanomaterials have both been identified. Milling, 
lithography, sputteringand thermal decomposition are examples of top-down approaches. 
The particle size and structure are not well controlled in this method. The bottom-up 
approach, which involves building a material from the bottom up: atom-by-atom, 
molecule-by-molecule, and cluster-by-cluster, is the method most commonly employed by 
scientists in the synthesis of nanomaterials. 
 
1. Top down Approaches 
 
a. Milling 

High energy ball milling has been widely used for the production of different 
nanomaterials among all top down approaches. By milling and post-annealing elemental or 
compound powders in an inert environment, mechanical alloying techniques have been 
used to make amorphous and nanocrystalline alloys, as well as metal/non-metal 
nanocomposite materials. Mechanical alloying is a non-equilibrium processing technique 
that involves milling distinct elemental powders in an inert environment to produce a 
mixed powder having the same composition as the elements. Plastic deformation, cold-
welding, and fracture are the most important factors in high-energy ball milling, where 
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deformation causes a change in particle shape, cold-welding causes an increase in particle 
size, and fracture causes a drop in particle size, culminating in the generation of powder 
(Yadavet al., 2012). 

 
b. Lithography 

Lithographic techniques are top-down methods capable of producing micron-sized 
features for the most part, although they are energy intensive and need expensive 
equipment. For numerous decades, lithography has been employed to create printed 
circuits and computers. Nanoimprint lithography is a distinct form of lithography than 
traditional lithography. It's a lot like template synthesis. A template is created first, and 
then a soft polymeric substance is stamped to make the pattern. Stamped material is 
created via the top-down process. Nanosphere lithography uses latex spheres to create 
templated matrices. Photolithography, electron beam lithography, soft lithography, 
focussed ion lithography, nano-imprint lithography, and dip pin lithography are examples 
of lithography techniques. Contact and proximity printing, as well as projection printing, 
were all part of photo-lithography (Ijazet al. 2020). 

 
c. Sputtering 

By ejecting particles with the assault of high-energy ions, nanomaterials are 
deposited on the surface of a substrate in the sputtering process. Surface coating, thin 
layer deposition, and surface etching are all done using the sputtering technique (Nguyen 
et al., 2018). In a low-pressure environment, glow discharge generators function by 
putting an electric potential between two electrodes in a gas phase. Plasma is an ionised 
gas that forms when electrons speed and collide with a gas atom. 

 
d. Thermal Decomposition 

Thermal breakdown is an endothermic chemical degradation caused by heat. The 
decomposition temperature is the precise temperature at which a substance chemically 
decomposes. The nanomaterials are made by decomposing metal at particular 
temperatures, which triggers a chemical process that produces secondary compounds. Due 
to its simplicity of producing highly crystalline nanomaterials with size distribution control, 
thermal breakdown of metallic precursors in the presence of organic surfactants at high 
temperatures is a method commonly adopted (Betancourt-Galindo et al., 2014). 

 
2. Botton up Approaches 
 
a. Sol-Gel 

A colloidal solution of particles floating in a liquid phase is known as a sol. A solid 
macromolecule immersed in a solvent is called a gel. Due to its simplicity and the fact that 
most nanomaterials can be synthesised using this process, sol-gel is the most used 
bottom-up method. It's a wet-chemical process in which a chemical solution serves as a 
precursor for a discrete particle system. In the sol-gel process, metal oxides and chlorides 
are commonly utilised as precursors. Shaking, churning, or sonication are used to 
disseminate the precursor in a host liquid, resulting in a system with a liquid and solid 
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phase. To recover the nanomaterials, several processes such as sedimentation, filtration, 
centrifugation, and moisture are used to separate the phases (Mann et al., 1999). 

 
b. Pyrolysis 

Pyrolysis is the most widely utilised method in industry for producing 
nanomaterials on a big scale. It entails the use of flame to burn a precursor. The precursor 
is either a liquid or a vapour that is injected into the furnace under high pressure through 
a tiny hole and burned(Kammleret al., 2001). To recover the nanomaterials, the 
combustion or by-product gases are air classified. To create high temperatures for simple 
evaporation, some of the furnaces employ laser and plasma instead of flame. Pyrolysis has 
the benefits of being a simple, efficient, cost-effective, and continuous process with a high 
yield.  

 
c. Chemical Vapour Deposition (CVD) 

CVD is a versatile and effective way to make nanostructures. This method 
produces nanomaterials from very basic materials. Using this method, a thin layer of 
gaseous reactants is applied to a substrate. When gas comes into contact with a heated 
substrate in a reaction chamber, a chemical reaction occurs (Bhaviripudiet al., 2007). As a 
result, a thin layer forms on the surface of the substrate. This thin film is wiped out and 
used. Controlled delivery of gasphase reactants, availability of an enclosed reaction 
chamber, gas discharge, regulation of reaction pressure, delivery of energy source for 
chemical reactions, cleanup of exhaust gases to achieve safe and nontoxic levels, and 
automation process control to increase deposition process stability are some of the 
operating requirements. 

 
d. Spinning 

A spinning disc reactor (SDR) is used to create nanomaterials by spinning them. It 
has a revolving disc inside a chamber/reactor that can adjust physical factors such as 
temperature. To avoid chemical reactions, the reactor is usually filled with nitrogen or 
other inert gases to eliminate oxygen (Tai et al., 2007). The liquid, such as precursor and 
water, is pushed into the disc at various speeds. The atoms or molecules fuse together as 
a result of the spinning and are precipitated, collected, and dried. The properties of 
nanomaterials synthesised from SDR are determined by many operational factors such as 
liquid flow rate, disc rotation speed, liquid/precursor ratio, feed location, disc surface, and 
so on. 

 
Biosynthesis 

Biosynthesis is a nontoxic and biodegradable nanoparticle synthesis method that is 
both green and environmentally beneficial (Hulkotiet al., 2014). Biosynthesis replaces 
conventional chemicals with bacteria, plant extracts, fungus, and other precursors to 
generate nanomaterials for bio-reduction and capping. Biosynthesised nanomaterials have 
unique and increased features that make them suitable for biomedical use. 
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Applications of Nanotechnology in Crop Improvement 
 
1. Nano-Agrochemicals  

Nano-agrochemicals combine nanotechnology and agrochemicals to create Nano-
fertilizers, Nano-herbicides, Nano-fungicides, Nano-pesticides and Nano-insecticides.They 
are delivered on time, within strict time constraints, spatially targeted, regulated, 
responsive, and effective. 

 
a. Nano-Pesticides 

A thin-walled shell protects the Nano-sized active pesticide component (protective 
coating). In this case, "controlled release of the active ingredient" or encapsulation of 
pesticide active components within permeable nanoparticles is the most effective method. 
For example, "Halloysite" (Clay nanotubes) has been created as a low-cost pesticide carrier 
that minimises the quantity of pesticide required by having a longer release time and 
better interaction with plants. To manage insect pests, Syngenta has released Karate® 
ZEON, a Nano encapsulated broad range insecticide. When exposed to an alkaline 
environment, such as an insect's stomach, another functioning Nano-insecticide known as 
"gut buster" releases its contents. 

 
i.) Pesticides 
 

Chemical Nano particles Reference 

Avermecitin Porous hollow silica (15 nm) Li et al. (2007) 

Ethiporle Poly-caprolactone (135 nm) Boehm et al. (2003) 

Gamma cyhalothrin Solid lipid (300nm) Frederiksenet al. (2003) 

 
ii.) Biopesticides 
 

Chemical Nano particles Reference 

Plant origin: Nano silica for insect control 
Artemisia arborescens 

Nano silica (3-5 
nm) 

Bariket al. (2008) 

Essential oil encapsulation 
Solid lipid (200-
294 nm) 

Lai et al. (2006) 

Microbial product: absorption of 
Myrothreciumverrucariaenzyme 

Chitos kaolin (250-
350 nm) 

Ghormadeet al. 
(2011) 

 
b. Nano-Herbicide 

Creating a target-specific herbicide chemical encapsulated in a nanoparticle that 
penetrates the root system and translocates to parts that obstruct glycolysis of the root 
system's food reserve. This will make the weed plant hungry, and it will finally die. 
Herbicide treatment with insufficient soil moisture in rain-fed areas may result in vapour 

loss. Herbicides cannot be used in advance of predicted rainfall since we are still unable to 
precisely estimate rainfall. It is expected that the controlled release of encapsulated 
pesticides would eliminate weeds that compete with the crops. There are herbicide 
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adjuvants on the market that claim to include nanoparticles. Developing a nanoparticle-
encapsulated herbicide chemical with a particular target. 
 
c. Smart Dust: 

An army of nano-sensors will be scattered like dust across the farms and fields, 
these tiny wireless sensors are capable to communicate the information they sense.These 
are programmed and designed to respond various parameters like variation in 
temperature, humidity and nutrients. Smart dust detects onset of food spoilage and food 
freshness and monitor soil conditions and crop growth for precision farming. 
 
d. Food Packaging: 

Incorporation of nano-materials in packaging biopolymers like cellulose and 
polyesters, plant oils and gelatins have proven to provide necessary mechanical strength, 
better reinforcement and barrier properties. Nanocomposites such as nylon 6 have also 
been prepared to obtain lighter, stronger plastics with better heat resistance and barrier 
properties 

The most problematic element for food packaging engineers is oxygen because it 
spoils the fat in meat and cheese and turns them pale. Nanoparticles in Durethan®, 
Bayer’s new plastic material, cannot permit air to penetrate like in other conventional 
plastics. Incorporation of nanoparticles of clay into an ethylene-vinyl alcohol copolymer 
and into a poly (lactic acid) biopolymer was found to increase barrier properties to oxygen. 

Polymer-silicate nanocomposites have also been reported to have improved gas 
barrier properties, mechanical strength, and thermal stability. Nanoclay-nylon coatings and 
silicon oxide barriers for glass bottles are used to impede gas diffusion. 

Bayer has developed an even more airtight plastic packaging that will keep food 
fresher and longer than plastics, which is “hybrid system” as it is enriched with an 
enormous number of silicate nanoparticles (Bayer, 2003). Researchers at Leeds University 
have demonstrated that nanoparticles with antimicrobial properties can be employed for 
safer food packaging. Nanoparticles such as titanium dioxide, zinc oxide and magnesium 
oxide, as well as a combination of them, once functionalized can be efficient in killing 
micro-organisms and are cheaper and safer instead of metal-based nanoparticles. 
 
e. Electronic Tongue 

It is actually an array of Nano sensors which change colour by the release of gases 
as the food spoils thus giving a clear indication whether the food is fresh or not. 
 
f. Electronic Nose 
 Detection of odour and concentration of odorant in food. It contains nano-particles 
of ZnO. The mechanism of action is based on resistant pattern of different gases as each 
gives different detection signals. 
 
2. Nano Fertilizer Technology:  
 There is a vast scope for the formulation of nano-fertilizers. Significant increase in 
yields have been observed due to foliar application of nano particles as fertilizer 
(Tarafdaret al., 2012a; Tarafdaret al., 2012b). It was shown that 640 mg ha-1 foliar 
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application (40 ppm concentration) of nanophosphorus gave 80 kg ha-1 P equivalent yield 
of clusterbean and pearl millet under arid environment. 
 
Advantages of Nano Fertilizers 
 

1. Nano-sized formulation improve the solubility and dispersion of insoluble nutrients 
in soil, reduce soil absorbtion and fixation, and increase the bioavailability. 

2. Release rate and release pattern of nutrients for water soluble fertilizers is 
precisely controlled through encapsulation in envelope forms of semipermeable 
membranes coated by resin-polymer waxes, and sulphur. 

3. Nanostructured formulations can reduce the loss rate of fertilizer nutrients into soil 
by leaching and leaking. 
 

3. Disease Management 
 

Nanomaterial Application Function 

Nano silver 
Xanthomonascampestristowards 
cabbage black rot 

Reduction of cabbage 
rot 

Thiamine di-
lauryl sulfate NPs 

C. gloeosporioides 

80% growth 
inhibition. NPs 
penetarted  inside 
hyphal membrane 
and destructed the 
cell 

Nano copper Xanthomonasaxonopodis 
Inhibited the growth 

at 0.2ppm 

TiO2 
Xatnhomonasperforanztowards 
bacterial spot of tomato 

TiO2 had high 
photocatylic activity 
and significantly 
reduced the disease 

 

4. Application in Seed Science  
 Experiment by ETC group that aimed to the characteristics of local rice varieties a 
hole was drilled on the membrane of a rice cell and a N2 atom was introduced to stimulate 
rearrangement of rice’s DNA. Researchers have been able to alter the color of the rice 
from purple to green. Goal of the research is to develop a variety of rice that can be grown 
all year long with shorter stems and improved grain color. 
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5. Plant Growth Enhancement 
 
6. Biologically Active Nanochips 
 

It carries 2 components, Carrier Molecule and Physiologically Active Substances. 
Dimensions of biologically active nanochips range from several microns to 1-2 mm.It 

enhances seed reliability and resistance to adverse environmental factors. Its composition 
and properties can be modified by populating pores of carriers with appropriate 
physiologically active nanoparticles. 

 
a. Carrier Molecule: 
 

Carrier molecule hold the physiologically active substance within its nanopores. It 
may be any solid porous material like mineral, clay, turf or polymer. It is incorporate into 
nanopores of the seed cover by means of any conventional method of pre-sowing 
treatment of seeds. The pores size of carrier molecule is largely depends on nature and 
structure of active substance is Less than 2 nm, in between 2 & 50 nm and Greater than 
50 nm. 
 
b. Physiologically Active Substances 
 
i. Macro elements: Nitrogen, Phosphorus, Potassium, Sulphur 
ii. Micro elements: Cobalt, Molybdenum, Iron, Zinc, Copper, Manganese 

iii. Plant growth regulator: Auxins, Gibberellins, Cytotoxins 
iv. Phytosanitary substance: Fungicides, Antibiotics, Insecticides It is being 

absorbed within space between embryo and seed coat and act as protective film 
between seed and the harsh climate. 

 
Objective 
 
1. To produce high-quality seed 
2. To enhance seed tolerance to biotic and abiotic stresses 

NP 
Mode of 
plant 
exposure 

Plant Effects Refrences 

MWCNTs Root Tomato 

Enchanced fresh and dry 

biomass and changes in 
gene of water channel 
proteins 

Khodakovskayaet 
al. (2011) 

ZnO Foliar Pearl millet 
Increase in shoot length 
and chlorophyll 

Tarafdaret al. 
(2014) 

ZnO Foliar Clusterbean 
Increase in dry mass and 
grain yield 

Raliya and 
Tarafdar (2013) 

ZnO Foliar Chickpea 
Increased biomass 
accumulation 

Burmanet al. 
(2013) 
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3. To extend seed dormancy and improve produces quality 
4. To provide pre-sowing treatment based on a predicted adverse effect 
5. To enhance seed and plant adaptability to real-life adverse conditions 
6. To improve germination properties and increase yield & productivity 

 
7. Nano-Gold 
 

Crop 
Beneficial 
Effects 

Optimum 
Concentration 

Reference 

Rice Seed germination 100 & 500 mg/L Jiang et al. (2013) 

Mung 
Plant growth 
Photosynthesis 

20 mg/L Das et al.(2017) 
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