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1.1 Introduction

Agriculture has been the key factor for development and rise of  human civilization 
by nurturing the ever-growing human population. Agricultural history dates back 
thousands of  years when people started to harvest their food from the surroundings 
about 10,000 years bc (Wieczorek and Wright, 2012). The field of  agriculture has 
witnessed groundbreaking revolutions with the main aim of  enhancing food pro-
duction in order to feed the constantly growing human population. The major con-
cern for agriculturists is to enhance crop production in a sustainable manner with 
the aim of  fulfilling food demand for the ever-growing human population, which 
is expected to grow to around 9.3 billion in 2050. In this regard, researchers are 
attempting to bring substantial changes in agricultural technology to shape the in-
frastructure of  modern agriculture (Mba et al., 2012; Mishra et al., 2014b).

The Green revolution (GR) is credited with the development of  high-yielding 
varieties, and enhanced crop yield has led to transformation of  management tech-
niques through uncontrolled use of  synthetic fertilizers and pesticides. However, 
despite the largely excellent outcome from GR, there are adverse effects from syn-
thetic pesticides and fertilizers on ecosystems, including diminished soil fertility 
and groundwater pollution. The major concerns and issues associated with GR 
raised important question about the sustainability and efficiency to cope with the 
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emerging challenges of  the 21st century (Thompson et al., 2007). Consequently, 
efforts were channelled to address biosafety issues and sustainability in  agriculture 
and this led to the development of  organic farming through biofertilizers and bio-
pesticides. Enhanced crop productivity and plant disease management without 
any adverse impacts on soil microflora are the major advantages of  using these 
bioinoculant-based fertilizers and pesticides (Adesemoye and Kloepper, 2009; 
Bhardwaj et al., 2014). In spite of  this, the major concerns of  shelf  life and un-
predictable performance under stressed environment limit its complete effective-
ness in agricultural practices. Therefore, changes in agricultural technology are 
urgently needed by modern agriculture in order to face the major constraints in 
a sustainable manner. Hence, nanotechnology has emerged as a cutting-edge so-
lution, as this revolutionary technology provides the opportunity for precision 
farming (Mishra and Singh, 2015; Mishra et al., 2017a).

1.2 A Brief Outline of Nanotechnology-based Researches  
in Agriculture

In recent times, nanotechnology has emerged as the sixth revolutionary tech-
nology after the Industrial Revolution in the mid-1700s and the Green revolu-
tion of  the 1960s (NAAS, 2013) (Fig. 1.1). In actual fact, the multidisciplinary 
approach of  nanotechnology has been exploited in a broad range of  sectors, in-
cluding cosmetics, pharmaceuticals, electronics and agriculture (Mishra et  al., 
2016). The agricultural sector has witnessed tremendous advancements due to 
the integration of  nanotechnology providing new avenues in the field of  agri- 
nanotechnology (Mishra et al., 2017a). The innovative field of  agri-nanotechnology 
has contributed successfully in various areas such as genetics and plant breeding, 
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Fig. 1.1. Evolution of the technology in agriculture section.
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waste remediation, nanobioprocessing, plant disease management and crop 
productivity (Moraru et al., 2003; Nair et al., 2010; Mishra et al., 2014a; Mishra 
et al., 2017b).

The concept of  nanotechnology in the agriculture sector originated approxi-
mately half  a century ago (Mukhopadhyay, 2014). The remarkable popularity of  
nanotechnology-based researches in the agriculture sector is demonstrated by 
the fact that Google Scholar Search on the phrase ‘nanotechnology in agriculture’ 
shows about 464,000 results while Google patents search displays 2283 patents 
(at time of  writing).

This progressive increase in scientific publications and patents reveals the po-
tential benefits of  nanotechnological applications in agriculture. It is worth men-
tioning here that the scientific fraternity is seeking nanotechnology solutions to 
various agricultural and environmental challenges due to its robust application. 
Agriculture benefits from nanotechnology in a number of  ways, such as reduced 
use of  agrochemicals due to smart delivery system, nanofertilizer for reducing 
the loss and runoff  of  synthetic fertilizers, killing of  phytopathogens by nanope-
sticides, bionanocomposites, nanosensors as a smart detecting tool (Nair et  al., 
2010; Parisi et al., 2015; Mishra et al., 2017a,b) (Fig. 1.2).

The growing trends of  publications in different areas of  agri-nanotechnology  
depict the ongoing researches and their excellent outcome. As evident 
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Fig. 1.2. Potential applications of nanotechnology in agriculture.
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from Fig. 1.3, the majority of  research has been carried out in the area of  nano-
fertilizers, while a limited number of  studies has been attempted in the area of  
nano pesticides. The global scenario of  research trends in agri-nanotechnology is 
expected to benefit both society and the agricultural sector enormously.

1.3 Achieving Sustainability in Agriculture Through 
Nanotechnology: What Are the Possibilities?

Sustainability has been the main goal in agricultural researches and is being 
given priority in order to protect the environment. Integrating the concept of  sus-
tainability into any technology and research design is necessary to deal with the 
global challenges of  environment security and societal benefits. However, coping 
with sustainability issues is proving to be difficult due to the complicated inter-
action between the ecosystem and society (Rao, 2002; Wennersten et al., 2008). 
In 2000, when nanotechnology research began, the main goal was the discovery, 
synthesis, characterization and modelling of  nanoscale materials, which are 
popularly known as nanoparticles. With continuous advancements in nanotech-
nology-based studies, the research agenda has become more focused towards ad-
dressing the major issue of  sustainability. The sustainability of  any technology is 
based mainly on three components: ecosystem health, societal benefits and eco-
nomic profitability (Diallo and Brinker, 2011) (Fig. 1.4). Achieving sustainability 
in agriculture is necessary to meet the current and future needs of  society and the 
environment without having any detrimental effects on the ecosystem.

There are certain millennium development goals (MDG) established by the 
United Nations with which one can identify the sustainability of  the technology 
(Brutland, 1987). Keeping these goals in mind, we can predict the sustainable 
 approach of  nanotechnology in the following ways.
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 1. Nanotechnology has the potential to advance modern agricultural systems 
with huge positive impacts on society. Moreover, the food safety sector also bene-
fits through the integration of  nanotechnology.
 2. Taking into account the hygiene and sanitation issues of  society, nanotech-
nology has offered promising applications in the field of  water treatment 
technologies, eradicating the occurrence of  water-borne diseases. Moreover, 
groundwater contamination has been another serious issue that can easily be 
addressed with the help of  nanotechnology.
 3. Nanotechnology-based advanced methodologies for detecting, monitoring 
and prevention of  plant diseases.
 4. Restoring and maintaining soil fertility through application of  nanofertilizers.

Subsequently, these optimistic disclosures of  the potential of  nanotechnology 
indicate an environmentally sustainable approach for agricultural uses. 
Furthermore, modernization of  the agricultural sector through involvement of  
nanotechnology has contributed greatly to the food sector by improved methods 
for food supply (Srinivas et al., 2009).

1.4 Challenges in Forthcoming Years

The potential applications of  nanotechnology in agriculture are high; however, 
some topics need to be addressed (Fraceto et al., 2016). In coming years, nano-
technology has the potential to become a reality in the agriculture sector 
(Fig. 1.5); however, some key points should be improved.

 1. Nanomaterials to be used on the field – at the moment, agrochemical companies 
need to work together with the universities and research institutes in order to 
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make feasible the technology transfer aiming to produce new and more efficient 
crop protection products to increase agricultural production.
 2. Development of  process and products using sustainability principles – researchers 
involved in the development of  new nanotech-based products need to seek ways 
to develop clean technology; for example, based on green chemistry, as well as the 
use of  naturally occurring compounds for pest control, such as botanical insecti-
cides and repellents. Another aspect concerns the development of  systems that 
can contribute to preserving the soil microbiota, thus bringing great benefits to 
soil fertility over the years.
 3. Reduction in costs of  process and nanoproducts to be used in the field – because 
many of  the processes involving nanotechnology are still expensive, the scaling 
process, as well as the raw materials to be used to produce nanoproducts should 
be low cost, with preference given to biodegradable materials with a biological 
origin.
 4. Understanding of  the fate of  nanoproducts – an understanding of  the fate of  nano-
products in the environment is of  the utmost importance for guaranteeing the 
use of  these in agriculture. In this regard, researchers need to make efforts to 
understand the mechanisms of  their interaction with soil, water and air, as well 
as, in some cases, the development of  new models that can predict the fate of  
these new nanoproducts.
 5. Investigation of  risk assessments of  nanoproducts – the entire scientific commu-
nity involved in the development of  nanoproducts must be clear about the poten-
tial risks to the environment and human health from the use of  nanoproducts in 
agriculture. Transport studies along the food chain should be performed, as well 
as determination of  the limits allowed for each of  these nanoproducts in order to 
ensure that they do not carry risks.
 6. Regulation aspects of  the use of  nanoproducts into the field – regulatory agencies, 
researchers and companies should ensure regulatory frameworks for the use of  
nanotechnology in agriculture, as well as what limits are important to ensure 
food security.
 7. Discussion about socioeconomic aspects of  the use of  nanotechnology in agriculture – 
researchers, companies and governments should work towards demonstrating 
the possible advances of  nanotechnology in order to guarantee food security 
through the people. Another aspect concerns the impacts of  the use of  these 
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 technologies related to the job positions due to the use of  the technology, as well 
as the needs of  qualifications for the employees in the field of  nanotechnology ap-
plied to agriculture.

Therefore, such aspects need to be discussed in a very short space of  time in order 
to ensure that nanotechnology can really be a revolution for the agricultural 
sector, in particular with increased productivity, coupled with a decrease in envir-
onmental impacts caused by the use of  agrochemicals in the field.

1.5 Future Approach

Regarding the future for nanotechnology in agriculture, we believe that it can 
be used in conjunction with other actions, such as smart grid technology. In 
this context, crop problems could be solved through the use of  effective nano-
pesticides in order to meet local, regional and global demands. In this context, 
the association of  effective methods of  applications of  nanopesticides, nano-
fertilizers and systems for maintenance of  water in the soil could be carried 
out by drones to correct locally the deficiencies in the crops. It is also worth 
noting that in the future, all these actions could be controlled by intelligent 
decision-making systems connected with very sensitive and specific nanosen-
sors (Fig. 1.6).

Such actions could provide a better control against pests in crops, thus min-
imizing problems of  resistance of  organisms to nanopesticides. Moreover, there is 
a wide scope for nanotechnology to be part of  an efficient management system 
in agriculture in order to provide increased productivity associated with reduced 
impacts on environment and human health.
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