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Nanotechnology, the manipulation of 
materials on an atomic or molecular scale, is 
revolutionizing various fields, including agriculture. 
In farming, nanotechnology offers innovative 
solutions to longstanding challenges, providing 
opportunities to enhance crop productivity, improve 
resource efficiency, and mitigate environmental 
impacts. The term nanotechnology was first defined 
by Taniguchi of The Tokyo Science University in 1974. 
Nanotechnology is a term originating from the prefix 
‘nano’, a greek word that means ‘dwarf’. 
Nanotechnology therefore refers to the creation and 
utilization of materials, devices and systems through 
the control of their properties and structure at a 
nanometric scale.  

Nano particles: ‘Nano’, a greek word that means 
dwarf. The word ‘nano’ is used to refer to 10-9 or a 
billionth part of one meter. It is generally used for 
materials of size between 1 to 100nm. They are also 
referred to as nanoparticles. Possess unique physical 
and chemical properties. 

Properties of nanoparticles 

• Optical properties: This may result different color 
for the particles of different sizes of nanoparticles. 
Opaque(bulk)> transparent(nano), Gold 
NPs(50nm) green > 100nm orange > bulk yellow 

• Electrical properties: it is possible to invent nano 
materials having desired conductivity. In 
ceramics, EC increase with decrease in NP size. In 
metals, EC decrease with decrease in NP size. 

• Magnetic properties: Magnetic properties of the 
materials can change when reduced to nano level. 
Na, P (paramagnetic) > ferromagnetic @ nano-
level. 

• Structural properties: Forces of attraction 
between surfaces can appear to be weak on a 
larger scale, but on a nanoscale they are strong. 
This may lead to different surface morphology, 
changes in crystal structure. 

• Mechanical properties: Ductility of nanomaterial 
may be high at high temperature.  Due to the new 
challenges in agriculture, there has been a 
growing interest in using nanotechnology. 

Goals of applying Nanotechnology in agriculture  

i. Increase crop production and yield  

ii. Increase resource use efficiency  

Specific applications include 

i. Nanogenetic manipulation of crops 

ii. Enhance seed germination 

iii. Agricultural diagnostics, Drug delivery and 
nanotechnology 

iv. Controlled release of Nanofertilizers and nano 
–complexes  

v. Nanopesticides and Nanoherbicides  

Impact of nanoparticles on the morphological and 
physiological changes in plants 

1. The nanoparticles synthesized by biological 
means are advantageous compared to chemical or 
microbial synthesis because of their nontoxic, 
rapid and cost-effective method. 

2. The nanoparticles synthesized from the plant 
materials are referred as biogenic or Phyto 
synthesized nanoparticles.  

3. The Phyto synthesized nanoparticles have distinct 
assets viz., greater surface area and stability, 
uniform shape and size compared to physically or 
chemically synthesized methods.  

4. Nanoparticles have shown varied effects on the 
morphological and physiological changes, uptake 
and translocation in different parts of plants.  

5. Application of various nanoparticles showed dose 
dependent responses of the different 
agriculturally cultivated crops and it may vary 
from plant to plant and species to species.  

6. The nanoparticles had the ability to increase the 
rate and percentage of seed germination, root and 
shoot biomass of several crop plants. 

7. The increase in the morphological traits has been 
directly correlated with the increase in the 
physiological attributes like photosynthetic 
activity, N and P metabolism, enhance in enzyme 
activities.  

Effect of nanoparticles on the physiological changes 
in plants 

Use of various nanoparticles had a significant 

role in the physiology of crop plants. It may directly or 
indirectly influence the physiological parameters by 
the alteration in the formation of reactive oxygen 

species, catalase, peroxidase, superoxide dismutase 
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activities, chlorophyll, phenol and leaf protein 

contents.  

1. Nutrient Uptake Enhancement: Nanoparticles 
can enhance the uptake of nutrients by plants 
due to their small size and high surface area, 
leading to improved plant growth and 

development. 

2. Stress Tolerance: Nanoparticles have been 
shown to increase plants' tolerance to various 

environmental stresses, such as drought, 
salinity, and heavy metals, by regulating 
stress-responsive genes and antioxidant 

enzyme activities. 

3. Photosynthesis Enhancement: Certain 
nanoparticles, such as carbon-based 
nanomaterials, can enhance photosynthetic 

efficiency in plants by facilitating light 
absorption and electron transfer processes. 

4. Water Use Efficiency: Nanoparticles can 
improve water use efficiency in plants by 

reducing transpiration rates and enhancing 
water retention in the soil, thereby helping 
plants cope with water scarcity. 

5. Seed Germination and Seedling Growth: 
Nanoparticles have been reported to enhance 
seed germination rates and promote seedling 
growth by stimulating root development and 

nutrient uptake. 

6. Antimicrobial Properties: Some nanoparticles 
possess antimicrobial properties that can help 

plants resist pathogen attacks and reduce 
disease incidence, thereby improving plant 
health and productivity. 

7. Regulation of Hormone Levels: Nanoparticles 

can modulate plant hormone levels and 
signaling pathways, influencing various 
physiological processes such as growth, 

development, and stress responses. 

8. Gene Expression Regulation: Nanoparticles 
can alter the expression of genes involved in 
plant growth and stress responses, leading to 

physiological changes that enhance plant 
resilience and productivity. 

9. Phytotoxicity and Ecotoxicity: Despite their 

potential benefits, certain nanoparticles may 

exhibit phytotoxic or ecotoxic effects on plants 
and the surrounding environment, 
highlighting the importance of careful 

assessment of nanoparticle properties and 
concentrations. 

Long-Term Effects on Plant Health and Ecosystems 

The long-term effects of nanoparticles on plant 
health, soil fertility, and ecosystem dynamics are still 
not fully understood and require further research to 

assess potential risks and benefits. 

Nanotechnology holds great promise in 
agriculture, particularly in enhancing crop 

productivity and sustainability. Application of 
nanoparticles to seeds and plants can occur through 
various methods, each with its own advantages and 
considerations: 

Seed Coating 

• Nanoparticles can be coated onto the surface of 

seeds using various techniques such as layer-
by-layer deposition, electrostatic assembly, or 
chemical bonding. 

• Seed coatings can protect against pathogens, 
improve seed germination, and enhance 
nutrient uptake. 

Nanoparticle Sprays 

• Nanoparticles dispersed in liquid solutions can 

be sprayed onto plant surfaces using 

conventional sprayers or through foliar 
application. 

• Sprays can deliver nanoparticles directly to 
plant leaves, where they can enhance 
photosynthesis, nutrient absorption, and 

provide protection against pests and diseases. 

Soil Amendment 

• Nanoparticles can be incorporated into soil 
either directly or through nanocomposite 

materials. 

• They can improve soil structure, water 
retention, and nutrient availability, benefiting 
plant growth and health. 

Hydroponic Systems 

• Nanoparticles can be introduced into 
hydroponic systems, where plants grow in 
nutrient-rich water without soil. 

• This method allows for precise control over 
nanoparticle concentrations and their effects 
on plant growth and development. 

Seed Priming 

• Seeds can be treated with nanoparticle 

solutions prior to planting to enhance seed 
vigor, germination rates, and stress tolerance. 

• Seed priming can also improve seedling 

establishment and early growth. 
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Biological Synthesis and Delivery 

• Nanoparticles can be synthesized by biological 
organisms such as bacteria, fungi, or plants 
themselves. 

• These biologically synthesized nanoparticles 
can be applied to seeds or plants in a manner 
similar to other nanoparticle application 
methods. 

Encapsulation 

• Nanoparticles can be encapsulated within 
biocompatible materials such as polymers or 
lipids. 

• Encapsulation can protect nanoparticles from 
degradation and control their release, 
providing sustained effects on seeds or plants. 

Genetic Modification 

• Genetic engineering techniques can be used to 
introduce genes encoding nanoparticle 
synthesis or uptake mechanisms into plants. 

• This approach allows plants to produce or 
accumulate nanoparticles internally, offering 
potential benefits such as enhanced nutrient 
uptake or stress tolerance. 

Challenges and considerations 

Nanoparticle Toxicity 

Highlight concerns about the potential toxicity 
of nanoparticles to humans, animals, and the 
environment. Discuss the need for rigorous testing 
and risk assessment to evaluate the safety of 
nanoparticle-based agricultural products. 

Environmental Impact 

Acknowledge the possibility of unintended 
environmental consequences associated with the use 
of nanoparticles in agriculture, such as nanoparticle 
accumulation in soil and water bodies. 

Emphasize the importance of monitoring and 
mitigating any adverse environmental effects through 
responsible application practices. 

Regulatory Challenges 

Explain the complexities of regulating 
nanotechnology in agriculture, including gaps in 
existing regulatory frameworks and the need for 
updated safety standards. 

Ethical Considerations 

Raise ethical questions surrounding the use of 
nanotechnology in agriculture, such as concerns about 
equity, access to technology, and potential socio-
economic impacts on farmers and communities. 

Knowledge Gaps and Uncertainties 

Highlight the existing gaps in scientific 
understanding regarding the long-term effects of 
nanoparticle exposure on ecosystems and human 
health. 

Stress the importance of continued research to 
address these knowledge gaps and inform evidence-
based decision-making. 

Risk Perception and Communication 

Explore public perceptions of nanotechnology 
in agriculture and the role of risk communication in 
shaping attitudes and behaviors. 

Discuss strategies for effectively 
communicating the potential benefits and risks of 
nanotechnology to stakeholders, including farmers, 
consumers, and policymakers. 

Technology Access and Equity 

Address concerns about access to 
nanotechnology-based agricultural products, 
particularly for small-scale farmers and communities 
in developing regions. 

Advocate for equitable distribution of 
technology and resources to ensure that all farmers 
can benefit from advancements in agricultural 
nanotechnology. 

Long-Term Sustainability 

Consider the broader implications of 
widespread adoption of nanotechnology in 
agriculture for long-term sustainability, including its 
impact on biodiversity, ecosystem resilience, and 
global food security. 

Encourage a holistic approach to sustainable 
agriculture that balances technological innovation 
with socio-economic and environmental 
considerations. 

Future outlook and Research Directions: 

Nanomaterial Innovation 

Explore ongoing research efforts focused on 
developing novel nanomaterials with tailored 
properties for specific agricultural applications, such 
as controlled-release nano fertilizers, targeted delivery 
systems for crop protection agents, and nano 
biosensors for monitoring plant health. 

Precision Agriculture 

Discuss the role of nanotechnology in 
advancing precision agriculture techniques, including 
the development of nanoscale sensors and imaging 
technologies for real-time monitoring of soil and crop 
conditions. 
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Highlight the potential for nanotechnology to 
enable site-specific management practices that 
optimize resource use efficiency and minimize 
environmental impact. 

Smart Farming Systems 

Explore the integration of nanotechnology 
with other emerging technologies, such as artificial 
intelligence, Internet of Things (IoT), and robotics, to 
create smart farming systems capable of autonomous 
decision-making and adaptive management. 

Biological Applications 

Investigate the use of nanotechnology in 
biological applications, such as nanobiotechnology 
and Nano biomimetics, to harness biological systems 
for agricultural purposes. 

Environmental Remediation 

Discuss the potential of nanotechnology for 
environmental remediation in agricultural settings, 
including the development of nanomaterial-based 
adsorbents for soil and water purification, as well as 
nano remediation techniques for mitigating pollution 
and contamination. 

Sustainability and Safety 

Emphasize the importance of integrating 
sustainability principles and safety considerations into 
nanotechnology research and development in 
agriculture. 

Collaborative Research Initiatives 

Encourage collaboration between 
multidisciplinary research teams, including scientists, 
engineers, agronomists, and social scientists, to 
address complex challenges and capitalize on the 
potential synergies between nanotechnology and 
agriculture. Advocate for increased funding and 
support for interdisciplinary research projects aimed 
at advancing the field of agricultural nanotechnology. 

Global Implications and Equity 

Consider the global implications of 
nanotechnology in agriculture, including its potential 
to address pressing challenges such as food insecurity, 
climate change, and sustainable development. 

Conclusion 

In conclusion, the integration of 
nanotechnology into agriculture holds immense 

potential to revolutionize farming practices, enhance 
crop productivity, and mitigate environmental 
impacts. Through the development of innovative 
nanomaterials and smart farming systems, researchers 
are paving the way for a more sustainable and resilient 
agricultural future. However, it's essential to 
acknowledge the challenges and uncertainties 
associated with nanotechnology, including potential 
risks to human health and the environment. As we 
look to the future, collaboration between scientists, 
policymakers, industry stakeholders, and farmers will 
be essential to ensure the responsible and equitable 
deployment of nanotechnology in agriculture. 
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