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Abstract 

 
Agriculture is the backbone of our country. More than half of the population is 

dependent on agriculture for their livelihood. Food security is one of the major challenges 

faced by the Indian agriculture as the population of India is increasing at a very rapid rate. 
Fertilizers are one of the key input to increase crop productivity and in turn ensure food 

security for the growing population. But, the continuous use of fertilizers has affected the 
agricultural sustainability adversely. To overcome this challenge, the science of 

nanotechnology can be one of the solution. Nanotechnology deals with the particles or 

structures which are in the size range between 1 to 100 nm. Nanofertilizers are defined as 
the nanomaterials or nanoparticles with the help of which some essential or beneficial 

nutrients could be delivered to plants at the nano scale in order to enhance the plant 
growth and ultimately increase productivity. The synthesis of the nanofertilizers is done by 

fortifying nutrients singly or in combination to the adsorbents which are in nano 
dimension. These nanomaterials have an increased surface to volume ratio as compared to 

the bulk material. Due to this, they exhibit significantly novel and improved physical, 

chemical and biological properties and functions. As a result of being more reactive, they 
can penetrate through cuticle and ensure controlled release and targeted delivery of the 

nutrients.  Thus, the basic objective of use of nanotechnology in soil science is to reduce 
the usage of fertilizers, to reduce the nutrient losses by either leaching or run off, to 

increase nutrient uptake efficiency and to increase the yield of crops through optimal 

nutrient management. 
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Introduction  

 
griculture is a very important sector for the economy of developing countries. It is 

regarded as the backbone of our country. More than half of the population is 
dependent on agriculture for their livelihood. Food security is one of the major 

challenges faced by the Indian agriculture as the population of India is increasing at a very 

rapid rate. Fertilizers are one of the key input to ensure food security for the growing 
population. But, the continuous use of fertilizers affects the agricultural sustainability 

adversely. Excessive use of chemical fertilizers has caused eutrophication of the water 
bodies and also the crop yield has begin to decline now with additional doses of fertilizers 

used. The nutrient use efficiency for nitrogen is 30-35%, for phosphorus is 15-20% and for 
potassium is 35-40%. To overcome this challenge, the science of nanotechnology can be 

one of the solutions.  

The earliest discussion on nanotechnology is considered to be a speech given by 
Richard Feyman, who was an American physicist in 1959. It was titled as “There‟s plenty of 

Room at the Bottom”. Feynman discussed the importance “of manipulating and controlling 
things on a small scale” and how they could “tell us much of great interest about the 

strange phenomenons that occur in complex situations”. The term „nanotechnology‟ was 

used first by Japanese scientists Norio Taniguchi in 1974 paper on production technology 
that creates objects and features on the order of a nanometer. The term “Nano” is derived 

from the greek word nanos meaning „DWARF‟. 
Joseph and Morrison defined nano technology as the manipulation or self 

assembly of individual atoms, molecules or molecular clusters into structures to create 
materials devices with new or vastly different properties. Nanotechnology deals with the 

particles or structures which are in the size range between 1 to 100 nm. At such a nano 

scale, the properties of the matter are altered and are very different from those at 
macroscopic level. The reason of change in properties is reduced size and also because of 

changed molecular interactions (Nagula and Usha, 2016). 
The major objective of use of nanotechnology in agriculture is to reduce the use of 

fertilizers and pesticides, to reduce nutrient and economic losses in fertilization and to 

increase yields of crops through optimal nutrient management.  
 

Need of Nanotechnology in Indian Agriculture 
 

 Indian soils are exhausted heavily. 

 There is stagnation in the crop yield. 

 Organic matter content is declining. 

 Fertilizer response ratio of crops have declined drastically.  

 There is imbalanced fertilization of the crops. 

 Food security must be ensured for the rising population. 

 There is multinutrient deficiency in the soils. 

 Conjunctive use of organic and inorganic sources. 

 Climate change is yet another serious concern.  

 Crops are often exposed to abiotic and biotic stresses. 

 Shortage of resources. 

A 
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Application of Nanotechnology in Agriculture 

 
 Nano fertilizers for balanced crop nutrition and enhance nutrient use efficiency. 

 Zeolites for slow release and efficient dosage of water and fertilizers for plants. 

 Nano herbicides and nano pesticides. 

 Nano capsules for seed vigouration and insect repellents. 

 Nano sensors for soil quality, plant health monitoring and pest detection. 

 Biosensors to detect nutrient deficiency. 

 Nano magnets for removal of soil contaminants. 

 Nanobiotechnology 

 Nano food industry 

 Nanotechnology for environmental safety 

 Precision Farming. 

 

Nanofertilizers in Soil  
 

Nanofertilizers are defined as the nanomaterials or nanoparticles with the help of 
which some essential or beneficial nutrients could be delivered to plants at the nano scale 

in order to support the plant growth and improve its production (Chhipa, 2017). For a 

spherical particle, the ratio of surface area to volume is inversely propotional to the radius 
of particle r according to-  

 
SA/V = 3/r 

 

With the decrease in the radius, surface area to volume ratio increases. Therefore, 
nanofertilizers have an increased surface to volume ratio as compared to the bulk material. 

Due to this, nanofertilizers exhibit significantly novel and improved physical, chemical and 
biological properties, phenomena and functions. For instance, if rock phosphate is applied 

in nanofertiliizer form, the availability of phosphorus increases because it may prevent the 
fixation of phosphorus in the soil. This is as a result of small size of nanomaterials, which 

can be explained by the so called quantum effect. This quantum effect is dominant when 

the range is in nanometer size and does not come into play on going from macro to micro 
dimensions. The excess application of fertilizers is not desirable for plants as loss of these 

nutrients can occur as run off or leaching losses. The synthesis of the nanofertilizers is 
done by fortifying nutrients singly or in combination to the adsorbents which are in nano-

dimension. With the use of nanotechnology, slow release nanofertilizers are developed. 

These nanocoatings or surface coatings of nanomaterials on fertilizer particles hold the 
material more strongly due to higher surface tension as compared to bulk fertilizers 

(Manjunatha et al., 2019). 
Nanofertilizers being more reactive, they can penetrate through cuticle and ensure 

controlled release and targeted delivery of the nutrients. The pore size of cell wall ranges 
from 5 to 20 nm. Hence, nanoparticles with diameter less than the pore size of plant cell 

wall can easily enter through the cell wall and reach up to the plasma membrane. 

Nanoparticles are also engineered to enter through the stomatal pores. The nanoparticles 
which are foliar applied get transported from the site of their application to the cells and 
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carried via the phloem vessels likely through the cellular connections called 

plasmodesmata. The uptake of nanoparticles into plant cells can also occur by binding to 
carrier proteins i.e. aquaporins, ion channels, endocytosis or by forming complexes with 

membrane transporters. Foliar applied nanomaterials have the ability to enter from the 
atmosphere into the leaf stomata and then redistribute in the plant to the various plant 

parts (Ayman M. El-Ghamry et al., 2018) 

Polymer coated nanofertilizers have a matrix architecture which are composed of 
biodegradable polymers of either synthetic or natural origin. The most widely used 

synthetic polymers are polylactide, polylactide - polyglycolide copolymers, 
polycaprolactones and polyacrylates. Among the various natural polymers, alginate, 

albumin or chitosan have been widely explored (Pund and Joshi, 2017). 
 

How Nanofertilizers Can Help In Agricultural Sustainability? 

Sustainable agriculture involves farming techniques and agricultural practices that 
produce adequate amount of grains, meat, plants or any life form of agriculture products 

for meeting society's present needs and without compromising the needs of future 
generation, at the same time protect ecosystems, environment and human health. 

Nanotechnology is one of the innovative technique which helps in sustainable growth of 

the agricultural system and brings positive increases in crop productivity.  As the food 
crisis is rising, sustainable agriculture plays a pivotol role to overcome global food crisis. 

The rate at which population is increasing has surpassed the rate of crop production.  
Conventional farming practices that are in use are causing more harm to the environment. 

As the fertilizers are being used at a very fast rate, the world is facing the shortage of 
these resources.  Under such scenario, nanotechnology seems to be one of the most viable 

sustainable option. 

 
Preparation of Nanofertilizers  

There are two approaches for synthesis of nanoparticles namely top down 
approach and bottom up approach. In case of top down approach, there is division of a 

larger solid into smaller particles i.e. nanoparticles. This approach is practiced less as 

compared to the bottom up approach. Various methods which are used in top down 
approach are milling/ attrition, chemical methods, photo-lithography, electron beam 

lithograohy, X-ray lithograohy, etc.  In case of bottom up approach, there is gradual 
addition of atoms or molecules. There is condensation of atoms or molecules in gas phase 

or solution phase such that they grow in size and reach nanoscale size. It include methods 

like sol gel processing, chemical vapour deposition, plasma or flame spraying synthesis, 
laser pyrolysis and molecular condensation (Rattan et al., 2015). 

 
Achievements of Nanofertilizers 

 
Basically, there is improvement in three major areas of production – 

 Yield: Nano fertilizers increases yield of crops by an average of 20%. This implies 

that there is growth in leaf, biomass, fruit and grain separately. 

 Nutritional Value: Tests show that there is an increase of about 10% in 

both protein and sugar content of treated plant for most types of crops. 
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 Health: Overall health of the plant is enhanced, making it more resistant to severe 

weather and extreme atmospheric conditions. Immunological response is 

heightened allowing the plant to fight disease and also prevent infections.  
 

Table1: Methods Used for Production of Nanoparticles 
 

                                Methods Used for Production of Nanoparticles  

 

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 

 
  Source -Prasad et al., 2012 

 

Fig.1: Effect of foliar application of lower dosage of nanoscale ZnO on the pod 
yield of peanut 

A - NPK + ZnSO4 (Chelated @ 30g/15 L), B - NPK + ZnO (Nano @ 2g/ 15 L) and  
C – Control 
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Indian Agro-Scientist Develops World's First Nano Fertilizer through 

Biosynthesis 
Indian agro-scientist developed world's first nano-fertiliser through biosynthesis. 

The new variant of fertiliser was developed by Dr. J.C. Tarafdar of the Central Arid Zone 
Research Institute under the Indian Agriculture Research Institute (IARI) on Mar 10, 2014. 

The fertiliser was prepared by developing a methodology to use microbial enzymes for 

breakdown of the respective salts into nano-form. Dr Tarafdar told ISJ that the newly 
developed fertiliser is 2-4 times less expensive compared to chemical fertilisers. While the 

cost of Nano Phosphorus per hectare is just Rs.352-396, depending upon the leaf size of 
the plants that of SSP is Rs. 480-640 and DAP is Rs. 1500-2000 (both after subsidy).   

“Since it is complete bio-source, nano fertilizer is eco-friendly and improves soil 
aggregation, moisture retention and carbon build-up. There is no health hazard and is 

suitable for all crop varieties including food grains, vegetables and horticulture,” said Dr. 

Tarafdar. 
 

IFFCO Introduces India’s First Nanotechnology Based Products for on Field 
Trials 

Indian Farmers Fertiliser Cooperative Limited (IFFCO) is one of India's biggest 

cooperative societies which is wholly owned by the Indian Cooperatives. On nov 2019, the 
fertilizer major developed its 'nano-technology' based products - nano nitrogen, nano zinc 

and nano copper for trial in the farmers field in order to reduce the dependency on 
chemical fertilizers and to boost farmers income. These products are environment friendly 

and introduced for the first time in India. They have the potential to reduce usage of 
conventional chemical fertilisers by 50 per cent besides raising crop output by 15-30 per 

cent. These nano products were launched at an event held at its unit in Kalol, Gujarat by 

Union Chemicals and Fertilisers Minister Sadananda Gowda. These products have been 
researched and developed indigenously at the IFFCO Nano Biotechnology Research Centre 

(NBRC) at Kalol Unit (www.krishijagran.com). 
 

Advantages of Nanofertilizers over Conventional Fertilizers 

Nanofertlizers use is one of the emerging technologies in the field of soil science. 
It has several advantages over conventional fertilizers: 

 Wastage of fertilizers is reduced as nutrient uptake efficiency is higher when 

nanofertlizers are applied. 
 Risk of environmental pollution will be less with the use of nanofertilizers. 

 There is controlled release rate and release pattern of nutrients in case of 

nanofertlizers as compared to conventional fertilizers. 

 There is a reduced risk of leaching and run off losses when nanofertilizers are 

used. 
 

Possible Hazards Associated With the Use of Nanotechnology 

 Nanofertilizers, nanopecticides or nanoherbicides, when they are air borne, they 

can deposit on above ground parts of plant and can create a barrier on stomata or 
stigma which prevents pollen tube germination. 
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 They can also enter the vascular tissues of plants and imair translocation of water 

and nutrients. 

 These particles can also enter the bloodstreams which causes inflammation and 

toxicity. 
 Nanopesticides may create new contaminants in the soil due to longer persisitence 

(Mahil and Kumar, 2019). 

 
Future Prospects 

 Research is underway to develop nano-composite to supply all the required 

essential nutrients in suitable proportion through smart delivery system.  
 The impact of nano-fertilizer products on physiological, biochemical, nutritional 

and morphological changes in plants and the fate of nano-products in soil and 

plant systems have to be studied.  

 In addition, the effects of nano-fertilizer products on rhizosphere microorganisms 

and biogeocycling of nutrients needs to be explored. 
Therefore more research and industrial setup should be emphasized in the field of 

Nanofertilizers.   
 

Conclusion  

Application of nanotechnology in agriculture is still in its initial stages and needs to 
be explored more. However, it has a lot more potential to reduce the dependency on 

chemical fertilizers, reduce the environment pollution and in turn ensure sustainable 
agriculture. Nano particles, because of its small size, reduces leaching losses, promotes 

rapid absorbtion by plants, increases nutrient use efficiency, improve crop growth, yield 

and also maintain soil health over long run. But there are also possible hazards associated 
with the use of nanotechnology which includes production of wastes toxic materials, 

respiratory disorders, carcinogenic effect and also reduces the translocation of nutrients 
and water in plants. Therefore, these nanofertilizers must be used cautiously and within 

defined limits. 
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