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Introduction 
Our agriculture faces many major challenges such as production of sufficient food to feed the 
growing population, global climate change, decreasing in cultivable land, enhanced incidence of 
pest and diseases and  environmental degradation. Productivity of crops grown for human 
consumption is at risk due to the incidence of pests, especially weeds, pathogens and animal 
pests (Trivedi and Ahuja 2011). These perpetually compete with humans for food, fibre and 
shelter or serve as vectors of diseases. Crop losses due to these harmful organisms can be 
substantial and may be prevented, or reduced, by crop protection measures. Insect pests and 
diseases constitute major loss to the tune of 40-65% of any agricultural or horticultural crops 
(Oerke, 2006). In the present scenario, prevention of losses due to pests is one of the options to 
meet the challenge of world food security. However, conventional pest control means use of 
chemical pesticides which leads to resistance, resurgence of pests to pesticides and 
environmental contamination. The number of pest outbreaks has increased and many innocuous 
species have attained the status of serious pests in the recent years. Furthermore, insect pest 
species, genetics and ecological diversity is always subjected to fluctuating environmental 
characters including climate. Hence, there is an urgent need to evolve strategies and technologies 

Nano mission in agriculture is quite appropriate in India in the context of changing 
scenarios in agricultural production systems under changing climatic scenarios and in 
the verge of transforming traditional farming to precision agriculture.  Nanotechnology 
has the potential to revolutionize the agricultural with new tools for the molecular 
treatment of diseases, rapid disease detection, enhancing the ability of plants to absorb 
nutrients etc. Nanotechnology such as nanosensors and nano based smart delivery 
systems could ensure effective utilization of inputs such as water, nutrient and 
pesticides are used efficiently in agriculture. Nano barcodes and nanoprocessing could 
also help monitor the quality of agricultural produce. In the near future nano-structured 
catalysts will be available which will increase the efficiency of pesticides and 
herbicides, allowing lower doses to be used through monitoring environmental variables 
and applying targeted action. Nano-encapsulation of insecticides, fungicides or 
nematicides will help in producing a formulation of insecticides which offers effective 
control of insect while preventing residues in soil.  
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that will not only meet increasing demands for food, feed and fibre but also those that will enable 
us to produce more without the problems encountered as stated above. In this context, 
nanotechnology is one such cutting edge technology which can provide sustenance to our food 
production by many ways including early detection and management of pests, diseases and 
nutrient deficiencies, enhancing input use efficiency and, avoiding/reducing spoilage of food 
items including fruit & vegetables through smart packaging. Nanotechnological approaches can 
be exploited to protect the crops from pests and diseases (Knot et al., 2012).Nanotechnology is 
the manipulation or self-assembly of individual atoms, molecules, or molecular clusters into 
structures to create materials and devices with new or vastly different properties that are 
impossible to achieve by the conventional systems.  
 

Detection and Diagnosis of Pathogens 
Conventionally, pesticides are sprayed only after symptoms are obvious based on visual 
diagnosis. When spraying is performed it may be too late to protect the crops. The development 
of diagnostic kits for detection of diseases, pests and nutritional deficiencies are quite appropriate 
in the contexts of Indian agriculture to enable quick reaction time to take corrective measures.  
Thus, early detection is utmost essential to protect the crops from infection and prevent yield and 
quality losses. Detection of these pathogens is difficult at low titre/population and there is a need 
for sensitive, precise and accurate detection technology to develop disease management 
strategies. Traditional diagnostic methods for the detection and identification of 
diseases/pathogens are dependent on culture practices, embryo tests and examination of infected 
parts visually and microscopically. Enrichment and selection steps are often time consuming and 
the biochemical identification of pathogen may add several days to the procedure and thus limit 
their use. Nanotechnology has extremely high potential in agriculture particularly to improve the 
speed and accuracy of disease diagnostics and pathogen detection which will help the 
agricultural industry to combat crop pathogens including virus, bacteria and fungus. 
Nanoparticles that have entered into the arena of controlling pant diseases are nano-forms of 
gold, carbon, silver, silica. Gold nanoparticle has found widespread applications in disease 
diagnostics. Recent progresses in nanotechnology and analyte nanoparticles complex i.e. DNA 
nanoparticle and antibody nanopartcle conjugate systems have emerged as novel and extremely 
powerful tools for disease diagnostics (Schroper, 2011).  

Nanotechnology in the study of diagnosis and host virus interaction of crop plants, 
quantum dots for multiplex detection of plant viral infections for quarantine and indexing of 
quality planting material are the other areas where nanotechnology can be used in crops. The 
disease causing agent especially phytoplasmas are unique group of obligate plant pathogens. 
Hence correct and quick pre symptomatic diagnosis in crops, weeds and vector is extremely 
critical to take up management strategies to avoid total loss of the crops. Nanotechnological 
approaches are widely used for early detection of diseases particularly cancer in humans. Similar 
diagnostic approaches and devices can be exploited in agricultural production systems through 
development of quick diagnostic kits for early detection of viral, bacterial, fungal and 
phytoplasmal diseases in major targeted crop plants.  

There is lots of scope for employing the nanotech methods for development of nucleic 
acid based dipstick assay using gold nanoparticle for the detection of important potato viruses 
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and use of quantum dots for detection and intra-cellular localization of potato pathogens in micro 
propagated plants.  It can also be effectively used to manage and diagnose some of the very 
difficult phytoplasmal diseases. In the past two decades, viral diseases in crops can be detected 
by using ELISA test. Despite this technique is highly useful, it takes a couple of weeks to get the 
ELISA tests done in nearby plant pathological laboratories by that time extensive damages could 
have already been done and becomes too late to undertake control measures. Dip-stick method 
has been proved effective in detecting viral diseases in potato. The plant extract is allowed to 
react with the stick and the detection is done within couple of minutes in the field itself. The 
precision and validity of the method can be further improved by using nano-particles.  
 

Nanopheromone 
Pheromones are volatile chemical compounds secreted by a species to help it communicate with 
other individuals of its kind. In this technology, pheromone lure compound is kept in a trap to 
attract female insects and effectively kill them for the effective control of pests. Research has 
been done for decades for the isolation, identification and synthesis of insect pheromone which is 
an effective tool for management of pest as one of the IPM strategy but still the technology needs 
refinement for use in the applications of mass trapping and mating disruption with that ensures 
formulations processing, less photo oxidation, least thermo degradation and prolonged shelf life. 
Nanotechnology plays a pivotal role to increase the effectiveness of pheromones by 
encapsulation of the compounds which will help prolong use of semi chemicals and prevent the 
need to frequent change in septa. Once the active molecule of pheromones is encapsulated, its 
action can be prolonged by slow release and also solves the problem of photo-instability by 
providing protection from sunlight, protect molecules from oxidation. Presently the cost of 
pheromones was quite high due to the above problems. This can be reduced by using the concept 
of encapsulation and thus preventing the wastage of chemicals, thereby lowering the cost of 
application technology of pheromones to make it a successful venture. The highly volatile 
pheromone compounds and their release pattern can be regulated through nano-formulations 
(Hellmannaet al., 2011; Bhagatet al., 2013). 
 

Nano-pesticides for Greener Agriculture 
Nano-pesticides defines as any formulation that intentionally includes elements in the nm size 
range and/or claims novel properties associated with these small size range, it would appear that 
some nanopesticides have already been on the market for several years. Nanopesticides 
encompass a great variety of products and cannot be considered as a single category. 
Nanopesticides can consist of organic ingredients (e.g., a.i., polymers) and/or inorganic 
ingredients (e.g., metal oxides) in various forms (e.g., particles and micelles) (Ragaei and Sabry, 
2014).The pesticides residues in the applied surface of plant remains one of the most cost 
effective and versatile means of controlling insect pests. In order to protect the active ingredient 
from the environment conditions and to promote persistence, a nanotechnology approach 
microencapsulation can be used to improve the insecticidal value. The use of engineered 
nanoparticles (ENPs) is receiving increasing interest is the pesticide sector with the development 
of a range of plant protection products that are termed “nanopesticides”. Nanopesticides “involve 
either very small particles of a pesticide active ingredient (a.i) or other small engineered 
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structures with useful pesticidal properties”. Nanopesticides represent an emerging technological 
development that, in relation to pesticide use, could offer a range of benefits including increased 
efficacy, durability, and a reduction in the amounts of active ingredients that need to be used. A 
number of formulations have been suggested including emulsions (e.g., nanoemulsions), 
nanocapsules (e.g., with polymers), and products containing pristine engineered nanoparticles, 
such as metals, metal oxides, and nanoclays. These products, which are at different stages in the 
product development cycle, can be used to improve the efficacy of existing pesticide active 
ingredients or to enhance their environmental safety profiles, or both (Kahet al., 2013). In some 
cases, the ENP itself may “drive” the biological effect (e.g., nano-silver when used as a pesticide 
where the active component is the ionic silver that is released from the ENP), whereas in other 
cases nanotechnology is used to protect an active ingredient or enhance its delivery to the site of 
action. Despite biopesticides are highly recommended as part of IPM module, it is rarely adopted 
due to the poor shelf life. This may be overcome by development of nano-formulations of 
biopesticides in order to enhance the shelf life besides improving their pesticidal action.  

Nanotechnology can be employed to synthesize smart herbicides that release active 
herbicide molecules only when moisture is available in rainfed besides targeting both leaves and 
tubers. the existing herbicide molecules can be encapsulated with a suitable polymer that 
facilitate the release of herbicide molecules synchronize with soil moisture and release the 
chemicals which circumvent weed seeds from germinating. Nanoherbicides are quite ideal for 
rainfed farming where weed menace is harder to overcome. By controlling structure precisely at 
nanoscale dimensions, one can control and tailor properties of nanostructures, such as 
nanocapsules, in a very accurate manner for slow release herbicide to achieve season long weed 
control. The encapsulated the herbicide molecule with polymers such as poly styrene sulphonate 
and poly alylamine hydrochloride that breaks open only the soil moisture is present. 
Encapsulated herbicides possess thermal and hydro stability besides sustained release of active 
ingredients that ensure effective weed control. 

Nano-pesticides encompass a great variety of products, some of which are already on the 
market. In the future, nanotechnology may also provide benefits for precision farming through 
“smart field systems” to detect and locate crop infestation with pathogens and to trigger 
application of pesticide as needed. These systems have the potential to overcome the need to 
apply a pesticide to the entire crop, thereby protecting the environment through the use of 
reduced quantities and targeted application of the pesticide active ingredient. 
 

Smart Delivery System 
Smart delivery system for agriculture can possess timely controlled, spatially targeted, self-
regulated, remotely regulated, preprogrammed or multifunctional characteristics to avoid 
biological barriers to successfully targeting. Smart delivery systems can monitor the effects of 
delivery of pesticides molecules. Nanotechnology holds the promise of controlled release of 
agrochemicals and site targeted delivery of various macromolecules needed for improved plant 
disease resistance, efficient nutrient utilization and enhanced plant growth. Design and 
fabrification of nano-plant protection inputs such as herbicides, fungicides, insecticides, and 
pheromone for a slow, steady and smart release of inputs to improve the use efficiencies while 
protecting the natural environment. 
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Nano-formulations of existing agrochemicals are designed to be more reactive and more 
bioactive than conventional agrochemicals. There is the real possibility that although smaller 
quantities of chemicals may be used. Processes such as nano-encapsulation show the benefit of 
more efficient use and safer handling of pesticides with less exposure to the environment that 
guarantees ecoprotection. The uptake efficiency and effects of various nanoparticles on the 
growth and metabolic functions vary differently among plants. Nanoparticle mediated plant 
transformation has the potential for genetic modification of plants for further improvement. 
Specifically, application of nanoparticle technology in plant pathology targets specific 
agricultural problems in plant–pathogen interactions and provide new ways for crop protection. 
Nanotechnology based products and processes are very précised and capable of delivering the 
nutrients or any other agri-inputs in right quantities, judicious proportions and timely the-refore 
input use efficiencies can be enhanced tremendously which closely coincides with economic 
benefits. Laboratory studies on nano-fertilizers indicated that the nutrient use efficiency for N 
increased from 32% in conventional fertilizers to 72% suggesting that the amount of fertilizers 
used may be reduced by half to harvest same amount of grains (Chinnamuthu and Murugesa 
Boopathi, 2009). 
 

Conclusion 
Innovation always results in both drawbacks and benefits for human and environmental health. 
Nanotechnology has developed tremendously in the past decade and was able to create many 
new materials with a vast range of potential applications. However, the risk that nano-particles 
may pose to human and environment health is not yet fully understood. The precautionary 
principle therefore suggests keeping environmental release of nano-particles minimal until their 
fate and toxicity is better understood. For example, nano-pesticides may reduce environmental 
contamination through the reduction in pesticide application rates and reduced losses. However, 
nano-pesticides may also create new kinds of contamination of soils and waterways due to 
enhanced transport, longer persistence and higher toxicity than the conventional chemicals that 
they replace. 
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