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Introduction 

Nanotechnology is a rapidly evolving technology that deals with the manipulation of 

materials on a nano scale level. In recent years, interest in the application of nanotechnology 

in agriculture, specifically in crop improvement is rising. Nanotechnology has the potential to 

revolutionize agriculture by enhancing crop yield, improving nutrient uptake and increasing 

resistance to pests and diseases.  

What are nano particles? 

Nanoparticles are the building blocks of nanotechnology. These particles, which are 

typically less than 100 nanometers in size exhibit unique properties that differ from those of 

their bulk counterparts. Nanoparticles have a large surface area to volume ratio, slow release, 

specific release which makes them highly reactive and able to interact with biological 

systems at the molecular level. This property has led to the development of nanomaterials 

that can be used to enhance plant growth and development. 

Role of Nanotechnology in Agriculture: 

Nanotechnology in agriculture can be broadly classified into two categories: nano 

sensors and nanomaterials. Nano sensors are used to detect the presence of different 

environmental factors, such as temperature, humidity and nutrient levels. They transmit this 

information to a computer, allowing farmers to monitor their crops in real-time. On the other 

hand, nanomaterials are used as fertilizers, pesticides, and growth promoters. 

1. Nano sensors  

Nano sensors can be used to detect the presence of various environmental factors, 

such as soil moisture, temperature and nutrient levels which can help farmers to monitor and 

optimize crop growth. For instance, nano sensors can be embedded in the soil to detect the 

levels of nitrogen, phosphorus, and potassium, which are essential nutrients for plant growth. 

If the levels are low then sensors alert the farmer, who can then add the appropriate amount 

of fertilizer to the soil, thereby reducing the overuse of fertilizers and improving crop yields. 

Nanotechnology - A Tool for Crop Improvement 
 

Sachin Kumar
1
, Muskan Yadav

1
 and Satender Kumar

2 

1
Department of Agronomy, CCS Haryana Agricultural University, Hisar 

2
Department of Soil Science, CCS Haryana Agricultural University, Hisar  

 
ARTICLE ID: 57 

 



Vol. 3 Issue-10, June 2023                                                                     (e-ISSN: 2582-8223) 

                                                                                                                                                                                                                                                                  

www.justagriculture.in                                                                
 

 

P
ag

e3
6

3
 

2. Nanomaterials 

Nanomaterials such as nanoparticles and nanotubes enhance plant growth and 

increase crop yields. For example, nanoparticles of zinc and iron can be used as fertilizers to 

increase the nutrient uptake of plants. Similarly, carbon nanotubes can be used to deliver 

genes or other molecules to plants, which can improve their resistance to pests and diseases. 

Moreover, nanomaterials can also be used as pesticides. For example, silver nanoparticles 

have been shown to have potent antimicrobial properties, which can help to protect plants 

from harmful bacteria and fungi. Furthermore, nanomaterials can also be used as growth 

promoters. For instance, nanoparticles of silica have been shown to increase the 

photosynthesis rate of plants, thereby enhancing their growth. 

Importance of nanotechnology in agriculture: 

1. Nano-fertilizers: Nano fertilizers typically consist of nanoscale particles or coatings that 

encapsulate or bind nutrients protecting them from leaching or volatilization and 

releasing them gradually over time. They are designed to deliver nutrients such as 

nitrogen, phosphorus, and potassium to plants in a highly targeted and controlled 

manner, maximizing nutrient uptake and minimizing wastage. This technology aims to 

improve crop yield, reduce nutrient losses and minimize the environmental impact 

associated with conventional fertilizers. 

2. Crop protection: Nano pesticides encapsulated with nanoparticles or nanoscale 

materials can efficiently deliver active ingredients such as insecticides or fungicides to 

targeted pests. The nanoscale formulation allows for better adhesion to plant surfaces, 

improved penetration into pest tissues and controlled release of the active compounds. 

Nano pesticides aim to increase the effectiveness of pest control while reducing the 

amount of pesticide needed, minimizing environmental impact and improving the overall 

safety and sustainability of agricultural practices. 

3. Precision farming: Nanotechnology plays a significant role in precision farming by 

offering innovative solutions to optimize agricultural practices. It enables precise 

monitoring, control and delivery of various inputs to enhance crop production while 

minimizing resource wastage. Nanotechnology in precision farming involves the 

development and application of nano sensors, nano fertilizers, nano pesticides and nano 

materials for targeted delivery and efficient use of resources. 
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4. Remediation of soil and water: Nanotechnology offers various techniques for soil 

water remediation including nanofiltration, adsorption and degradation of contaminants. 

Nanofiltration utilizes nanoscale membranes to selectively filter out pollutants, allowing 

clean water to pass through while retaining harmful substances. Nanomaterials with high 

surface area and reactivity such as activated carbon nanoparticles or nanoscale metal 

oxides can adsorb contaminants and remove them from soil water. 

5. Agricultural Diagnostics: Nanotechnology-based agricultural diagnostics involve the 

development of nano sensors, nano biosensors, and nanodevices that can detect specific 

biomarkers or indicators of plant health and disease. These nano sensors can be designed 

to detect pathogens, toxins or nutrient levels in plants, soil and water with high 

sensitivity and selectivity. Nano biosensors which combine nanomaterials with 

biological recognition elements such as antibodies or DNA probes enable the detection 

of specific pathogens or genetic markers associated with diseases. These biosensors can 

provide rapid on-site testing and monitoring, allowing for early detection and effective 

disease management. 

Challenges and Concerns: 

Although nanotechnology has the potential to revolutionize agriculture, there are still 

concerns about its safety and environmental impact. One of the major concerns is the 

potential toxicity of nanoparticles which can accumulate in the soil and water and ultimately 

affect human and animal health. Moreover, there is also a concern about the long-term effects 

of nanomaterials on the soil microbiome which plays a vital role in maintaining soil health 

and fertility. 

Conclusion: 

Nanotechnology has the potential to revolutionize agriculture by enhancing plant 

growth and increasing crop yields while reducing the use of harmful chemicals and fertilizers. 

Although there are still concerns about its safety and environmental impact, with proper 

regulation and monitoring nanotechnology can become an essential tool for crop 

improvement. 

 


