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Abstract

Nanotechnology is a recent emerging area having vast
potential in almost every field of science due to their
small size and larger surface area as compared to bulk
phase materials. Synthesis of nanoparticles can be done
from physical and chemical methods, but these days,
bio-nanotechnology is in demand that associate principles
of biology with physical and chemical methods to
synthesize nanomaterials having precise functions. In
bio-nanotechnology, the nanoparticles are synthesized
from biological means such as plants or microbes also
called as plant-microbe-engineered nanoparticles
(PM-ENPs). PM-ENPs are more efficient, less toxic and
cost effective as compared to physical and chemically
synthesized nanoparticles. Plant-microbe-engineered
nanoparticles have good anti-microbial activity because
of electrostatic interaction with cell membrane of
microorganisms and electrostatic interaction build-up
inside the cell cytoplasm. The PM-ENPs such as zinc
oxide (ZnO) and sliver (Ag) are helpful in increasing the
growth of plant by guaranteeing that the nutrients are used
in controlled manners by the plants.
Plant-microbe-engineered nanoparticles as
bio-nanosensors have confirmed their possibility of
success in agriculture. Bio-nanosensors can be used for
monitoring of crop health, pests attack, environmental
stressors and plant diseases. The bio-nanosensors can be
used in pathogen detection, sensing food eminence,
adulterants, dye, vitamins, fertilizers, taste, smell and
pesticides. Therefore, plant-microbe-engineered nanopar-
ticles have significant role in advancement of agriculture.
This chapter will pave the path for the possibility of
synthesis of nanomaterials by biological means such as by
different plant parts and microbes. Also, the role of

different metal nanoparticles in making of different types
of bio-nanosensors and their substantial role in agriculture
advancement have also been emphasized.
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1 Introduction

Nanotechnology is coming into various fields such as
biotechnology, engineering, food technology, agriculture
and medical sciences and brought extensive research. It has
an impact on all the forms of life because of its enormous
use in automobiles, bio-medical sensors, catalyst, electron-
ics, nano-fabrics, packaging, agriculture, bio-engineering,
medicines, drug delivery, etc. (Shankar et al. 2004; Song and
Kim 2009; Iravani et al. 2011). Nanotechnology is a novel
discovery in the field of nanotechnology and changing too
fast to cover thoroughly. Richard Feynman an American
physicist in 1959 brought the concept of nanotechnology in
a conference of the American Physical Society, where he
gave the idea of the very vast potential of nanomaterials
(Feynman 1960). When bulk materials are engineered into
one or two dimensions in nano-range or smaller particles
have properties which vary from those of the bulk phase
material. Such engineered particles show totally different
characteristics from bulk phase materials. The fact on which
nanotechnology lies depicts that the reduction of size of the
substances in nanometre range changes the properties of
substances dramatically (Chattopadhyay and Patel 2016; Ail
et al. 2017).

Bulk phase material is reduced to small size nanoparticles
through different approaches such as top to bottom and bot-
tom to up (Fig. 1). In top-to-bottom approach, nanoparticles
are synthesized by physical and chemical methods which
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mainly include grinding, cutting and etching, while
bottom-to-up approach is self-re-arrangement of atom by
atom or molecule by molecule for the synthesis of nanopar-
ticles. There are advantages of using these approaches like
possibilities to develop nanostructure with more homogenous
chemical compositions and less defects. Nanomaterials are
based on Gibb’s free energy that is why such engineered
nanoparticles are in thermodynamic equilibrium state or
closure to this state. The top-down approach uses old meth-
ods to develop engineered nanoscale materials. Nano-scaled
materials have different sizes, in combination with their dif-
ferent behaviour as well as have significant impact on
chemical, physical, biological, electrical, mechanical and
functional properties (Mukhopadhyay 2014).

This chapter will enhance our knowledge about the syn-
thesis of plant-microbe-engineered nanoparticles (PM-ENPs)
and how we can use these nanoparticles for development of
particular bio-nanosensors. Besides this, the chapter will give
a glance about the newest developments, applications of
several nano-biosensors utilized in agriculture and relieving
stress of minor population of farmers.

1.1 Synthesis Methods
of Plant-Microbe-Engineered Nanoparticles

There are different methods of fabrication or synthesis of
nanomaterials such as chemical, physical and biological
methods. Methods such as physical and chemical have some
disadvantages like high energy use, toxic chemicals and high
cost. Therefore, synthesis by biological means has been
evolved by use of animal-derived biomaterials, biomolecules
of microbial origin and extracts of plant parts. Nanoparticle
synthesis through plant extract and microbial means is called
as plant-microbe-engineered nanoparticles (PM-ENPs).

Plants have been used as the main natural source for drug
preparation and treatment of human illnesses. They are
blessed by nature with a magical phenomenon to secrete
secondary metabolites which are bioactive. These days,

many natural products are made and used by the humans for
treatments of various illnesses. Biosynthesis of nanomateri-
als is one of the current medicine manufacturing processes
from the medicinal plant parts or from non-medicinal too.
Nanoparticles possess exceptional properties due to their
nanoscale size, morphology and distribution. Biosynthesis of
nano-size particles from plant leaves, bark and fruit extract is
cheap, environment-friendly and commercialized for
large-scale production. There is least requirement of toxic
chemicals, temperature and energy (Kharat et al. 2017).
Biosynthesis of nanoparticles has become a subject of
interest because of choices of reagents which are
eco-friendly, whereas chemical synthesis method requires
use of harsh chemicals for reduction and stabilization which
makes it very expensive and harmful for agriculture (Sabir
et al. 2014).

As synthesis process of nanoparticles by microbial cells is
reliable, non-toxic and eco-friendly, biological organisms
such as bacteria, viruses, algae, yeast and fungi have been
used for synthesis of metal nanoparticles. Extracellular
synthesis involves enzymes, proteins and organic molecules.
Large number of enzymes, e.g. nicotinamide adenine dinu-
cleotide hydrogenase (NADH) dependent reductase, naph-
thoquinone, anthraquinones and electron shuttle system, is
machinery for reduction of toxic metallic ions into non-toxic
metal nanoparticles (Patra et al. 2014; Bose and Chatterjee
2016). The mechanisms behind the extracellular and intra-
cellular synthesis of nanomaterials are different among dif-
ferent microorganisms (Mandal et al. 2005; Hulkoti and
Taranath 2014). In the intracellular synthesis, the positively
charged metal ions are transported through the cell wall and
interacted with negatively charged ions of the cell wall.
However, in case of fungi, nanoparticle synthesis is extra-
cellularly mediated by nitrate reductase in the presence of
enzyme nitrate reductase helping in reduction of metal ions
into nano-sized particles (Hulkoti and Taranath 2014).

1.2 Plant-Microbe-Engineered Nanoparticles
Based Bio-nanosensors

Biosensors are devices which use biological or living entities
for conversion of biological signal into electrical waves for
general analysis, and the processor helps in quantification of
signal. Biosensors have three functional units named as
interactive sensor used for recognition, transducer for signal
transfer and the processor which processes the signal trans-
ferred from the transducer. There are different types of
biosensors such as immunosensors that uses antibody–anti-
gen (Ab–Ag) reactions as a recognition model acting as
binary mode. Other types of immunosensors are analytical
immunosensor using Ag–Ab as the recognition molecule, in
which Ab acts as a recognition entity for an antigen

Fig. 1 Different approaches for the synthesis of metallic nanoparticles
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molecule and forms a stable reaction. There are a large
number of applications of novel biosensors in research and
development, food safety inspection agencies, food industry,
food producers and policymakers who take an account for
security and food safety (Prasad et al. 2017). However, there
are some disadvantages while using traditional methods for
detection of food quality such as expensiveness, time con-
sumption which requires multiple steps for sample prepara-
tion before food quality detection and requirement of skilled
technician and complex instruments which are not accessible
to peoples of rural areas (Koedrith et al. 2014). The field of
nanotechnology possesses capability to have strong impact
in multiple fields such as energy, water, health, agriculture
and food, and this is very profound technology among the
new technologies.

Nanotechnology is the change of dimensions of bulk
phase materials, system and devices at atomic and molecular
level, in 1–100 nm range for developing new characteristics
(Otles and Yalcin 2012; Prasad et al. 2015). Utilization of
nanomaterials in construction of biosensors helps in over-
coming the problems associated with old methods. There are
advantages associated with nanosensors in place of old
methods: they are highly sensitive and highly specific, offer
accurate and rapid detection, and they are eco-friendly as
well. Bio-nanosensor technology has the potential to detect
analytes in low amounts (e.g. chemical or biological mate-
rials) that are dangerous to animals, humans and plants at a
very low concentration, with very less preparation of sample
and handy instrumentation. In field of agriculture,
nano-based biosensors can offer opportunities for pesticide
detection, drug residues, food-borne pathogens, heavy metal
ions and toxic contaminants in foods in a very less time
span. Also, nanosensors monitor crop stress, antibiotic
resistance, soil conditioning, growth in plants, food quality
and nutrient contents (Teodoro et al. 2010; Tarafdar et al.
2013; Prasad 2014; Prasad et al. 2014, 2015, 2017).

2 Types and Roles of Bio-nanosensors

Narayanan and Sakthivel (2010) has documented the large
number of nanoparticles such as silver, cadmium, gold,
magnetite, silica, titania dioxide, selenium, gold–silver alloy,
copper, cobalt and platinum nanoparticles for formation of
different types of nanosensors. All the metal nanoparticles
and noble metals used are resistant due to corrosion, and
hence, they are used for development of different types of
utility nanosensors named as acoustic wave biosensors,
magnetic biosensor, electrochemical biosensors, nanotube-
based sensors, nanowire-based sensors. The functionality of
every nanosensors is different.

• Acoustic nanosensor: It is used for amplification of the
sensing responses and improving the preciseness of the
detection limit.

• Magnetic nanosensor: It uses ferrite materials with
transition metals. Electroactive species are monitored by
electrochemical biosensors that are consumed or pro-
duced with activity of biological components.

• Electrochemical nanosensor: They are divided into
potentiometric biosensors and amperometric biosensors.
Potentiometric biosensors are not used frequently for
checking food quality when compared with amperometric
nanosensors having potential to monitor wide range of
target analytes. Potentiometric nanosensors has been
reported to detect monophenolase activity in apple juice
(Dutta et al. 2001), and sucrose concentration detected in
drinks (Rotariu et al. 2002), measuring fruit juices for
isocitrate concentration (Kim and Kim 2003) and deter-
mines urea levels in milk (Verma and Singh 2003).

• Calorimetric nanosensor: It gives results of biochemical
reactions in the form of heat absorption or production.
Calorimetric transduction sensors detect heat consumed
or generated in a biological reaction by using heat
detection devices. They are used in detection of food
quality and metabolites produced.

3 Biosynthesis of Bio-nanosensors Using
Metal Nanoparticles

Various categories of metal nanoparticles are involved in the
formation of metal oxide nanoparticles including magnetic
and nonmagnetic, metal sulphide alloy, gold and silver
nanoparticles. All these nanostructures can exist in diverse
shapes such as nanoparticles, nanosheet, nanocomposites,
nanotubes, nanorods, nanoconjugates, nanowires, etc.

4 Forms of Nanomaterials as Nanosensors

As nanosensors have high sensitivity and quick response,
different types of nanomaterials allow quick penetration of
fertilizers and nutrient for plant growth promotion, also act
as nanosensors for quick monitoring of crop status and hence
used in agricultural field such as pesticide detection, patho-
gen detection, insecticide detection, monitoring the crop
biotic and abiotic stress and regulating plant growth. Pre-
dominantly, graphene oxide, multiwalled carbon nanotubes,
multiwalled chitosan nanocomposite and ZnO chitosan
nanocomposite are used enormously in all the mentioned
application.
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In pesticide detection, carbon nanotubes, gold nanopar-
ticles, and nanocomposites and quantum dots with different
polymers have been used (Cesarino et al. 2012; Liu et al.
2012). ZnO chitosan nanocomposite membrane was used for
the detection of Trichoderma harzianum (Raskar and Law-
are 2014). Graphene oxides further detect content of nitrate
in soil (Pan et al. 2016). Further, carbon nanotubes having
single wall (SWNTs) when inserted into chloroplast of plant
cells increased the photoabsorption (Wong et al. 2016).
Kwak et al. (2017) demonstrated that nanobionic approaches
helped in crop improvement and monitoring of environment
by inserting nanoparticles into plant cell by improving
imaging.

Fang et al. (2017) have reported that glutathione has
nanoparticles (Au-NPs) for acetylcholinesterase (AChE)
activity detection by means of fluorescence and toxic and
heavy metal Cd2+ in water samples. Application of
nanosensors in agriculture is a promising tool which pro-
vides the assurance of development by monitoring soil and
crop health. However, the large number of records of
research in this area, regarding the performance of reliable
nanosensors, is surprisingly insufficient in field, opening a
window for research in future.

5 Application of Nanosensors in Agriculture

Nanosensors have more advantages in comparison with
conventional sensors because of higher sensitivity, quick
response, reliable results, large surface-to-volume ratio and
high stability. Detection range is small in gram/mole range
or lower than that which is found in several matrixes and
facilitates fast electron transfer kit. Nanosensor-based sys-
tem on global positioning level has been used for monitoring
of cultivated fields at real time level in the growing season.
All these applications assure the monitoring of crop growth
at real time level and high-quality data which could be
effective and further provide chances for management
practices and ignoring large dose of agricultural inputs.

There are different metal nanomaterials such as quantum
dots (QD), carbon nanotubes (CNT), gold nanoparti-
cles (AuNP) and nanocomposites with polymers used in
construction of nanosensors for the detection purpose of
pesticides, insecticides, acting as a disease detection tool,
providing smart agricultural practices, etc. (Zheng et al.
2011; Cesarino et al. 2012; Liu et al. 2012).

A. Nanosensors Provide Smart Agricultural Practices

Society is more dependent on the conventional agriculture
practices and is transforming itself into smart agriculture in
which the main contribution came from nanosensors, and it

facilitates in progress of crop growth, detects pest attack on
crop in field condition, detects diseases in various crops and
reduces environmental stress (Chen and Yada 2011).
Real-time monitoring with nanosensors prevents the use of
fertilizer and pesticides and reduces environmental contam-
inants as well as the cost of the product.

Some of the activities included in smart agriculture are as
follows:

(a) Fertilizer or pesticide delivery system facilitated by
nanoformulations increases the wettability and disper-
sion of nutrients.

(b) Fertilizer or pesticide residues are detected by
nanosensors.

(c) Disease incidence and crop growth were monitored by
remote sensor systems.

B. Nanosensors Detect the Soil Humidity

Ganeshkumar et al. (2016) showed that nanofibers in one
dimension made up of potassium niobate (KNbO3) are
sensing the humidity because of their large surface-to-
volume ratio. Humidity nanosensors produce a result in the
form of log value in linear form dependant on conductance
versus relative humidity at the interval of two seconds.
Results showed an increase in conductance from 10 − 10℧
to 10 − 6℧ for relative humidity range from 15 to 95% at
room temperature.

C. Nanosensors and Crop Improvement

Bionic plants are developed through concise farming with
the insertion of nanoparticles into the plant and chloroplast
cells for imaging the presence of different objects in envi-
ronment. Self-powering of plants is enhanced by commu-
nication of infrared devices or light sources (Ghorbanpour
and Fahimirad 2017; Kwak et al. 2017). In one study, Gir-
aldo et al. (2014) and Wong et al. (2016) reported that in
in vivo conditions, single-walled carbon nanotubes
(SWNTs) when inserted in plant system increase the pho-
toabsorption. SWNTs suppress the reactive oxygen species
(ROS) generation in chloroplast, and near-infrared fluores-
cence light-harvesting capacity is increased which results in
photosynthetic efficiency and yield of plants. Hence, nano-
bionic approaches help in crop improvement and monitoring
of environment.

D. Nanosensors Used for Herbicide Detection

Nanosensors composed of TiO2 nanotubes were used for
atrazine detection in soil reported by Yu et al. (2010). Chi-
tosan composites and carbon nanotubes which are
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multiwalled were used in detection of methyl parathion in
acetylcholinesterase enzyme modified with glassed electrode
made up of carbon and detected in small amount in water
and soil (Dong et al. 2013). Inhibitory effect of acetyl-
cholinesterase enzyme was used for detection of methyl
parathion. An amino-containing phosphorus such as glu-
fosinate and glyphosate herbicide in soil was detected by
nanofilm-modified pencil graphite electrode in range of
0.19–0.35 mg mL−1, respectively.

Herbicide chlortoluron was detected by enzymatic
nano-biosensor (Haddaoui and Raouafi 2015). The applica-
tion of herbicide in agriculture provides prevention of
growth of weed in cereal fields. The nanostructured method
utilizing ZnO nanoparticles and modified carbon electrodes
having screen-printed (SPCEs) which allows the detection of
an activity of enzyme inhibition in tyrosinase and herbicide
level of chlortoluron in part per billion (ppb) is also detected.
This nano-biosensor has a 0.47 nano-mole (nM) detection
limit. Herbicide chlortoluron induces tyrosinase inhibition in
range from 1 to 100 nM.

E. Detection of Pesticide and Insecticide by
Aptamer-Based Nanosensor

Aptamers aremade up of peptidemolecules or single-stranded
nucleic acid having size less than 25 kDa with natural or
artificial origin, also known as antibodies which are used for
recognition element of aptasensors. Aptasensors are further
used in pesticide and insecticide detection. They are also used
for further detection of heavy metals such as Hg2+, As3+ and
Cu2+. Even antibiotic kanamycin, tetracycline, oxytetracy-
cline and cocaine were also detected by aptasensors. Acet-
amiprid in soil ranging from 75 nM to 7.5 lM is detected by
nano-biosensor made up of nanoparticles with gold aptamer
containing acetamiprid-binder.

Some pesticides such as monocrotophos and
organophosphate were detected by an electrochemical
biosensor including injection having novel flow (Norouzi
2017). Integrated results of chitosan–gold nanoparticle film
are produced with technique called as fast Fourier transform
continuous cyclic voltammetry (FFTRCCV). The purpose is
to use chitosan–gold nanoparticles for increasing the
immobilization level, and the results are obtained in less than
70 s, and further increased sensitivity has 10 nm detection
limit; structure obtained was more stable having more than
50-day storage stability.

F. Nanosensors in Insecticide Detection

Another biosensor called as amperometric immunosensor
was used for carbofuran detection which is a broad-spectrum
insecticide used in agriculture. Gold nanoparticles are

immobilized with monoclonal antibody specific to carbofu-
ran on the glutathione. Carbon nanotubes are having multi-
walled and sheet of grapheme made up with
polyethyleneimine polymer–gold nanocomposites via
self-assembly and modified on to the surface of a glass
carbon electrode. And further, this antibody conjugates with
gold nanoparticles detected by the immunosensing method
in detection limit 0.03 ng mL−1. This simultaneous
immunological and electrochemical strategy provides highly
reproducible, high stability, more specific and good regen-
eration capability nanosensors (Zhu et al. 2013). Another
study on quantum dots (QDs) was done for methyl parathion
detection by chronoamperometric sensor in the presence of
substrate called as ATCl before and after inhibition with
different concentrations of methyl parathion producing
results variation in oxidation current which gives the con-
centration of methyl parathion involved in a reaction. QDs
are nanocrystals known for their fluorescence spectra, full
wavelength absorbance, high photo-stability and fluores-
cence emission in controlled manner. QDs have all these
properties which provide them a property for imaging and
sensing purpose. Construct prepared in the study was made
up of ZnSe quantum dots attached with graphene–chitosan
nanocomposites electrostatically and casted on a glassy
carbon electrode, and acetylcholinesterase with mercap-
tophenyl boronic acid-functionalized was quantitatively
detecting methyl parathion in 0.2 nM in the form of elec-
trochemical signals.

G. Nanosensors As Disease Detection Tool
a. Nano-biosensor made up of chitosan and ZnO

nanoparticles nanocomposite with electrode made up
of gold is developed to detect fungal pathogen Tri-
choderma harzianum (Siddiquee and Suryani 2014).

b. Polymyxa betae, causal agent of necrotic yellow
vein virus, which is detected by quantum dots
consisting of fluorescence resonance energy transfer
(FRET) nano-biosensor is used for identification of
disease in sugar beet named as Rhizomania (Safar-
pour et al. 2012).

c. Bakhori et al. (2013) have reported that FRET is
used for identification of Ganoderma boninense
with oligonucleotide in which sensor is made up of
deoxyribonucleic acid (DNA) probes and quantum
dots.

d. Gold nanoparticle tagged with horse radish peroxi-
dase for bacterial detection such as Pantoae stew-
artii (Zhao et al. 2014a, b).

e. Label-free gold nanorods were used for Odon-
toglossum ringspot virus detection and Cymbidium
mosaic virus detection in 42 and 48 pg mL−1,
respectively.
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f. A bacterial plant pathogen Xanthomonas axonopodis
pv. vesicatoria in solanaceous crops was detectedwith
fluorescent silica nanoprobes tagged with secondary
antibody of goat anti-rabbit Ig (Yao et al. 2009).

g. Karnal bunt disease in wheat was detected with
immunosensor of nano-gold (Singh et al. 2010).

H. Nanosensors Detect Nutrient concentration

Soil suffers from a loss of nutrient concentration, and it is
important to analyse soil requirement for conditioning and
productivity increase, and components which are in excess
suffer from leaching. Some of the nanosensors which are
used in nutrient detection are as follows:

Graphene oxide-based nanosensors were useful in nitrate
detection, and nanosensors such as nanofibres made up of
graphite oxide sheet and compound poly (3, 4-ethylene
dioxythiophene) were for detection of nitrate (Pan et al.
2016; Ali et al. 2017).

I. Nanosensors Detect Fertilizer Activity

In the current society, fertilizer estimation is increasing with
the help of nanosensors, further helping in cost management
of fertilizers for reducing the pressure for farmer and saving
fertilizers which are unutilized. Some of the nanoparticle-
based biosensors were used to determine the urea, urease
inhibition and urease activity which are as follows:

Urea, urease inhibition and urease activity were recog-
nized by nanosensor made up of gold nanoparticle-3, 3′, 5,
5′-tetramethylbenzidine-H–O (Deng et al. 2016). Gold
nanoparticle acts as a detection tool and produces yellow
colour and has detection limit for recording urease activity
(1.8 unit per L) in soil.

J. Nanosensors As An Agent for Promotion of Sus-
tainable Agriculture

Nanofertilizers deliver nutrients to crops in the form of a
product encapsulated with nanoparticle. Advantage of using
nanofertlizers is reducing nitrogen loss due to emissions and
leaching (De Rosa et al. 2010)

There are three ways of encapsulation:

(a) Nanoporous materials or nanotubes can contain nutri-
ents or coating with thin film made up of polymers and
delivering an emulsions or nanoparticles.

(b) Carbon nanotubes have penetrated in tomato seeds
(Khodakovskaya et al. 2009).

(c) Nanoparticles made up of ZnO enter the ryegrass root
tissue (Lin and Xing 2008).

Studies suggested that delivery system of nutrients
explores the porous domains in nanoscale range on plant
surfaces which release nutrients and prevent their changing
state into gaseous or chemical forms whose further absorp-
tion cannot occur by plants. In order to attain the absorption,
biosensor is equipped with nanofertilizers and allows con-
trolled delivery of nutrients. Soil nutrient and environmental
conditions also improves the quality of soil by reducing
toxic effects caused by fertilizers.

K. Nanosensors in Regulation of Plant hormones

McLamore et al. (2010) demonstrated the use of MWCNTs
helped in the study of plant growth by hormone regulation
especially auxin and helped to understand the mechanism of
plant roots acclimatization in the environment in marginal
soils.

6 Conclusion

The use of nano-biosensors in agriculture enabled for
improvement in detection capacity of microorganisms con-
taminants which are toxic and detect pesticide and insecti-
cide residues. The support of nanomaterials to biosensor
technology provides a better device, which can be handled
easily and more sensitive and helps in improvement of
detection speed. In addition, it has capability for sensing
single analyte which gives the information of toxic con-
taminants present in agriculture. Sensing system increases
the selective or specific method of detection for pathogens
during antigen–antibody interactions.

Nano-biosensors are still in its development stage in rural
small-scale farms, but the support of different type of
nanomaterials is effective for biosensors because the cost is
less, highly sensitive, user-friendly, high specificity and no
technician requirement. Therefore, this nano-biosensor
technology will be effective in increasing the crop produc-
tion for fulfilling the increasing demands for food and pro-
vide novel devices for farms in rural or remote areas in order
to give benefits for early monitoring of crop.

In a nutshell, the use of bio-nanosensors provides smart
agricultural practices and has large number of applications in
agriculture such as a detection tool for diseases for quick
identification of pathogens and therefore help in managing
plant diseases. It also helped in hormones delivery such as
auxin and gibberellin with the help of multiwalled carbon
nanotubes and promoting plant growth and detects activity
of fertilizer, nutrient concentration, insecticides and pesticide
residues.

170 S. Dhiman et al.



References

Ali MA, Jiang H, Mahal NK, Weber RJ, Kumar R, Castellano MJ,
Dong L (2017) Microfluidic impedimetric sensor for soil nitrate
detection using graphene oxide and conductive nanofibers enabled
sensing interface. Sens Actuators B. Chem 239:1289–1299

Bakhori N, Yusof N, Abdullah A, Hussein M (2013) Development of a
fluorescence resonance energy transfer (FRET)-based DNA biosen-
sor for detection of synthetic oligonucleotide of ganoderma
boninense. Biosensors 3:419–428

Bose D, Chatterjee S (2016) Biogenic synthesis of silver nanoparticles
using guava (Psidium guajava) leaf extract and its antibacterial
activity against Pseudomonas aeruginosa. Appl Nanosci 6:895–901

Cesarino I, Moraes FC, Lanza MR, Machado SA (2012) Electrochem-
ical detection of carbamate pesticides in fruit and vegetables with a
biosensor based on acetylcholinesterase immobilised on a compos-
ite of polyaniline–carbon nanotubes. Food Chem 135:873–879

Chattopadhyay DP, Patel BH (2016) Synthesis, characterization and
application of nano cellulose for enhanced performance of
textiles. J Text Sci Eng 6:184–215

Chen H, Yada R (2011) Nanotechnologies in agriculture: new tools for
sustainable development. Trends Food Sci Technol 22:585–594

Deng HH, Hong GL, Lin FL, Liu AL, Xia XH, Chen W (2016)
Colorimetric detection of urea, urease, and urease inhibitor based on
the peroxidase-like activity of gold nanoparticles. Anal Chim Acta
915:74–80

DeRosa MC, Monreal C, Schnitzer M, Walsh R, Sultan Y (2010)
Nanotechnology in fertilizers. Nat Nanotechnol 5:91

Dong J, Fan X, Qiao F, Ai S, Xin H (2013) A novel protocol for
ultra-trace detection of pesticides combined electrochemical reduc-
tion of Ellman’s reagent with acetylcholinesterase inhibition. Anal
Chim Acta 25:78–83

Dutta S, Padhye S, Narayanaswamy R, Persaud KC (2001) An optical
biosensor employing tiron-immobilised polypyrrole films for esti-
mating monophenolase activity in apple juice. Biosens Bioelectron
16:287–294

Fang A, Chen H, Li H, Liu M, Zhang Y, Yao S (2017) Glutathione
regulation-based dual-functional upconversion sensing-platform for
acetylcholinesterase activity and cadmium ions. Biosens Bioelec-
tron 87:545–551

Feynman R (1960) There’s plenty of room at the bottom. Eng Sci
23:22–36

Ganeshkumar R, Sopiha KV, Wu P, Cheah CW, Zhao R (2016)
Ferroelectric KNbO3 nanofibers: synthesis, characterization and
their application as a humidity nanosensor. Nanotechnology
27:395607

Ghorbanpour M, Fahimirad S (2017) Plant nanobionics a novel
approach to overcome the environmental challenges. In: Medicinal
plants and environmental challenges. Springer, Berlin, pp 247–257

Giraldo JP, Landry MP, Faltermeier SM, McNicholas TP, Iverson NM,
Boghossian AA, Reuel NF, Hilmer AJ, Sen F, Brew JA, Strano MS
(2014) Erratum: corrigendum: plant nanobionics approach to
augment photosynthesis and biochemical sensing. Nat Mater 13:530

Haddaoui M, Raouafi N (2015) Chlortoluron-induced enzymatic
activity inhibition in tyrosinase/ZnO NPs/SPCE biosensor for the
detection of ppb levels of herbicide. Sens Actuators B: Chem
219:171–178

Hulkoti NI, Taranath TC (2014) Biosynthesis of nanoparticles using
microbes—a review. Colloids Surf, B 121:474–483

Iravani S (2011) Green synthesis of metal nanoparticles using plants.
Green Chem 13:2638

Kharat M, Du Z, Zhang G, McClements DJ (2017) Physical and
chemical stability of curcumin in aqueous solutions and emulsions:
impact of pH, temperature, and molecular environment. J Agric
Food Chem 65:1525–1532

Khodakovskaya M, Dervishi E, Mahmood M, Xu Y, Li Z, Watanabe F,
Biris AS (2009) Retraction notice for carbon nanotubes are able to
penetrate plant seed coat and dramatically affect seed germination
and plant growth. ACS Nano 6(8):7541

Kim M, Kim MJ (2003) Isocitrate analysis using a potentiometric
biosensor with immobilized enzyme in a FIA system. Food Res Int
36:223–230

Koedrith P, Thasiphu T, Tuitemwong K, Boonprasert R, Tuitemwong P
(2014) Recent advances in potential nanoparticles and nanotech-
nology for sensing food-borne pathogens and their toxins in foods
and crops: current technologies and limitations. Sens Mater 711

Kwak SY, Giraldo JP, Wong MH, Koman VB, Lew TT, Ell J,
Weidman MC, Sinclair RM, Landry MP, Tisdale WA, Strano MS
(2017) A nanobionic light-emitting plant. Nano Lett 17(12):7951–
7961

Lin D, Xing B (2008) Root uptake and phytotoxicity of ZnO
nanoparticles. Environm Sci Technol 42:5580–5585

Liu D, Chen W, Wei J, Li X, Wang Z, Jiang X (2012) A highly
sensitive, dual-readout assay based on gold nanoparticles for
organophosphorus and carbamate pesticides. Anal Chem
84:4185–4191

Mandal D, Bolander ME, Mukhopadhyay D, Sarkar G, Mukherjee P
(2005) The use of microorganisms for the formation of metal
nanoparticles and their application. Appl Microbiol Biotechnol
69:85–92

McLamore ES, Diggs A, Calvo Marzal P, Shi J, Blakeslee JJ, Peer WA,
Murphy AS, Porterfield DM (2010) Non-invasive quantification of
endogenous root auxin transport using an integrated flux microsen-
sor technique. Plant J 63:1004–1016

Mukhopadhyay SS (2014) Nanotechnology in agriculture: prospects
and constraints. Nanotechnol Sci Appl 63

Narayanan KB, Sakthivel N (2010) Biological synthesis of metal
nanoparticles by microbes. Adv Coll Interface Sci 156:1–13

Norouzi P (2017) A novel admittometric sensor for determination of
theophylline using FFT coulometric admittance voltammetry and
flow injection analysis. Int J Electrochem Sci 10057–10070

Otles S, Yalcin B (2012) Review on the application of nanobiosensors
in food analysis. Acta Scientiarum Polonorum Technologia Ali-
mentaria 11:7–18

Pan P, Miao Z, Yanhua L, Linan Z, Haiyan R, Pan K, Linpei P (2016)
Preparation and evaluation of a stable solid state ion selective
electrode of polypyrrole/electrochemically reduced graphene/glassy
carbon substrate for soil nitrate sensing. Int J Electrochem Sci
11:4779–4793

Patra CR, Mukherjee S, Kotcherlakota R (2014) Biosynthesized silver
nanoparticles: a step forward for cancer theranostics? Nanomedicine
9(10):1445–1448

Prasad R (2014) Synthesis of silver nanoparticles in photosynthetic
plants. J Nanopart 1–8

Prasad R, Pandey R, Barman I (2015) Engineering tailored nanopar-
ticles with microbes: quo vadis? Wiley Interdisc Rev Nanomed
Nanobiotechnol 8:316–330

Prasad R, Bhattacharyya A, Nguyen QD (2017) Nanotechnology in
sustainable agriculture: recent developments, challenges, and per-
spectives. Front Microbiol 8:10–14

Raskar SV, Laware SL (2014) Effect of zinc oxide nanoparticles on
cytology and seed germination in onion. Int J Curr Microbiol App
Sci 3:467–473

Rotariu L, Bala C, Magearu (2002) Yeast cells sucrose biosensor based
on a potentiometric oxygen electrode. Analytica Chimica Acta
458:215–222

Sabir S, Arshad M, Chaudhari SK (2014) Zinc oxide nanoparticles for
revolutionizing agriculture: synthesis and applications. Sci World J
1–8

Bio-nanosensors: Synthesis and Their Substantial Role … 171



Safarpour H, Safarnejad MR, Tabatabaei M, Mohsenifar A, Rad F,
Basirat M, Shahryari F, Hasanzadeh F (2012) Development of a
quantum dots FRET-based biosensor for efficient detection of
polymyxa betae. Can J Plant Path 34:507–515

Shankar SS, Rai A, Ahmad A, Sastry M (2004) Rapid synthesis of Au,
Ag, and bimetallic Au core–Ag shell nanoparticles using Neem
(Azadirachta indica) leaf broth. J Colloid Interface Sci 275:496–502

Siddiquee S, Suryani S (2014) Nanoparticle-enhanced electrochemical
biosensor with DNA immobilization and hybridization of Tricho-
derma harzianum gene. Sens Biosens Res 2:16–22

Singh R, Singh D, Singh D, Mani JK, Karwasra SS, Beniwal MS
(2010) Effect of weather parameters on karnal bunt disease in wheat
in Karnal region of Haryana. J Agrometeorol 12:99–101

Song JY, Kim BS (2009) Rapid biological synthesis of silver
nanoparticles using plant leaf extracts. Bioprocess Biosyst Eng
32:79

Tarafdar JC, Sharma S, Raliya R (2013) Nanotechnology: interdisci-
plinary science of applications. Afr J Biotech 12:219–226

Teodoro S, Micaela B, David KW (2010) Novel use of nano-structured
alumina as an insecticide. Pest Manag Sci

Verma N, Singh M (2003) A disposable microbial based biosensor for
quality control in milk. Biosens Bioelectron 18:1219–1224

Wong MH, Giraldo JP, Kwak SY, Koman VB, Sinclair R, Lew TT,
Bisker G, Liu P, Strano MS (2016) Nitroaromatic detection and

infrared communication from wild-type plants using plant
nanobionics. Nat Mater 16:264–272

Yao KS, Li SJ, Tzeng KC, Cheng TC, Chang CY, Chiu CY, Liao CY,
Hsu JJ, Lin ZP (2009) Fluorescence silica nanoprobe as a biomarker
for rapid detection of plant pathogens. Adv Mater Res 79–82:513–
516

Yu Z, Zhao G, Liu M, Lei Y, Li M (2010) Fabrication of novel atrazine
biosensora and its subpart-per trillion levels sensitive performance.
Envirom Sci Technol 44:7878–7883

Zhao L, Peralta-Videa JR, Rico CM, Hernandez-Viezcas JA, Sun Y,
Niu G, Servin A, Nunez JE, Duarte-Gardea M, Gardea-Torresdey
JL (2014a) CeO2 and ZnO nanoparticles change the nutritional
qualities of cucumber (Cucumis sativus). J Agric Food Chem
62:2752–2759

Zhao Y, Liu L, Kong D, Kuang H, Wang L, Xu C (2014b) Dual
amplified electrochemical immunosensor for highly sensitive
detection of Pantoea stewartii subsp. stewartii. ACS Appl Mater
Interfaces 6:21178–21183

Zheng Z, Li X, Dai Z, Liu S, Tang Z (2011) Detection of mixed
organophosphorus pesticides in real samples using quantum
dots/bi-enzyme assembly multilayers. J Mater Chem 21:16955–
16962

Zhu Y, Cao Y, Sun X, Wang X (2013) Amperometric immunosensor
for carbofuran detection based on MWCNTs/GS-PEI-Au and
AuNPs-antibody conjugate. Sensors 13:5286–5301

172 S. Dhiman et al.


	11 Bio-nanosensors: Synthesis and Their Substantial Role in Agriculture
	Abstract
	1 Introduction
	1.1 Synthesis Methods of Plant-Microbe-Engineered Nanoparticles
	1.2 Plant-Microbe-Engineered Nanoparticles Based Bio-nanosensors

	2 Types and Roles of Bio-nanosensors
	3 Biosynthesis of Bio-nanosensors Using Metal Nanoparticles
	4 Forms of Nanomaterials as Nanosensors
	5 Application of Nanosensors in Agriculture
	6 Conclusion
	References




