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INTRODUCTION 

he current scenario of agriculture 

poses numerous issues including 

demographic pressure, constantly 

changing climatic circumstances and increased 

competition for land resources have surfaced 

over the past few decades. As a result, there is 

an urgent need to ensure the global food 

security. To meet and fulfill the need for food 

needs, current agricultural techniques involve 

advanced machinery and increase in the use of 

agrochemicals. These techniques have caused 
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ABSTRACT 

The process of increasing food production has presented agricultural ecosystems with 
numerous challenges, including the persistence of residual pesticide molecules, heavy metal 
accretion in the soil, and contamination with toxic elemental particles which have a negative 
impact on the agricultural environment as well as crop productivity. The accumulation of 
toxic elements into the human body system through bio-magnification in agricultural 
products causes a variety of health issues, including nerve and heart disorders, metabolic 
disorders, infertility, damages of biological functions at the cellular level, and leading to 
220,000 annual deaths all over the world. The current practices for monitoring 
agrochemicals on agricultural ecosystems rely on techniques such as gas chromatography 
(GC-MS), high performance liquid chromatography (HP-LC) and others, which have a number 
of limitations, for instance, being expensive, time-consuming with inconvenient protocols 
and requiring sophisticated equipment and trained personnel. The development of 
nanotechnology has offered rapid development of bio and nanosensors for the detection of 
several metal and pesticides components which range from a few minimal nanogram levels 
onwards. Therefore, the present article focuses on different bio and nanosensors, how they 
are used to monitoring agricultural ecosystems and highlights the factor affecting the 
implementation from proof-of-concept to the commercialization stage. 
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the soil, air, and water resources to 

significantly deteriorate and also the levels of 

pollution in agricultural environments have 

substantially increased. The scope of pesticide 

use result in negative health impacts can 

register globally 26 million people each year, 

leading to around 220,000 deaths. 

Additionally, because of their persistent 

nature, pesticide residues contaminate the soil 

over a long period of time, which raises 

questions regarding the health of the soil, 

biodiversity, and food safety. 

Currently, agro-ecosystems can be monitored 

using a variety of techniques, including gas 

chromatography, high performance liquid 

chromatography and mass spectroscopy. All of 

these methods make it simple to find and 

measure pollutants in environmental samples 

and agricultural samples. Instead, the 

sensitivity, specificity and repeatability of 

such measurements are undeniable but the 

operation is primarily constrained by time and 

cost as well as the need for expensive 

equipment along with skilled personnel is 

obligatory. Therefore, it is imperative that such 

agricultural pollutants be monitored using 

simple, efficient, and economically sound 

approaches. In order to recognize a specific 

molecule, biological component, or 

environmental circumstance, nanosensors are 

tiny analytical devices. In comparison to their 

digital analogues, these sensors detect at a very 

miniscule level that is significantly lower, are 

portable, and cost-effective. Three 

fundamental parts make up the normal 

operation of a nanosensors device Fig.1 

 

Fig.1 Basic components of nanosensors 

used in agro-ecosystems 

Nanosensors for Pesticide Detection 

The optical sensor is made up of a recognition 

component that is unique for each residual 

pesticide particle and may communicate with 

the transducer, another component that is used 

to provide the signal for binding of a specific 

pesticide residue to the sensor. The entire 

scientific community is paying close attention 

to the recognition components, which are 

made up of enzymes, antibodies, molecularly 

imprinted polymers, aptamer, and host-guest 

recognizers, in order to improve the diagnostic 

performance of any sensor. These optical 

sensors use Surface-Enhanced Raman 

scattering (SERS), Surface Plasmon resonance 

(SPR), Colorimetric (CL), and Fluorescence 

(FL). 

Nanosensors for Detection of Heavy Metals 

Chemical sensors that use electromagnetic 

radiation to generate a diagnostic signal in a 

component is known as the transduction 

element which are a group of chemical sensors 

that are widely used for detection of heavy 

metal. A unique optical element that can be 

connected to the concentration of an analyte 

changes by the interactions between the 

sample and the radiation. For instance, the 

optical nano-sensor for cadmium detection are 

made from nanohybrid CdSe quantum dots 

which recovered its green photoluminescence 

indicating their contact with cadmium metal. 

The working principle of optical chemical 

sensors is based on apparent changes in optical 

properties (emission, absorption, transmission, 

lifespan, etc.) that arise from the binding with 

indicator (organic dye) and analyte. The 

strategy of appealing to graphene-based 

nanotechnology takes off as an accountable 

instrument that eliminates such difficulties and 

leaves the sensing platform with improved 

performance. Due to the likely merits of their 

meek construction and responsive outcomes of 

some distinct metal ions, optical procedures 

mostly based on nanomaterials of graphene-

origin have advanced in recent times for 

detecting heavy metal ions. 
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Nanosensors for Detecting Plant Pathogens 

Humans have developed a unique ability to 

identify volatile organic molecules in a variety 

of diverse situations, even at incredibly low 

concentrations, because to the evolution of 

their olfactory system. The ability of humans 

to distinguish between more than a trillion 

olfactory stimuli demonstrates their high 

sensitivity and adaptability, making olfaction a 

promising platform for various 

biotechnological applications. 

The typical nanosensor consists of three 

distinct components: Nanoparticles with 

surface-functionalized surfaces, pro-smell 

fragments and enzymes that cut pro-fragrances 

to produce olfactory output all contribute to the 

quick detection of bacteria at concentrations as 

low as 102 CFU/ml. The "enzyme nose" 

nanosensor, which is anchored in 

nanomaterials, is another practical way for 

finding targets in natural samples that are 

toxicologically significant. 

Nanosensors for pesticide detection 

Flame spray is one of the popular methods 

adapted to deposit tiny droplets of silver 

nanoparticles onto a glass surface for the 

development of SERS based nano-sensor. To 

increase the sensitivity, it is important to adjust 

the space between each silver nanoparticle. 

They had coated the sensors with a tiny layer 

of tracer dye to test their ability to detect 

substances, and then they used a spectrometer 

to identify the molecular fingerprints of the 

dye on the sensors. 

The sensors had successfully and uniformly 

identified the chemical signals, and their 

performance was held up when tested again 

after 2-5 months. This highlights the sensors 

potential for a long shelf life and their 

practicality for mass production. For instance, 

on a portion of an apple, parathion-ethyl was 

applied in a small quantity. Later, the residues 

were recovered using a cotton swab dipped in 

a pesticide-dissolving solution. Pesticides 

were detected when the solution dropped on 

the sensor. 

CONCLUSION 

Usages of nanosensors and biosensors have 

been found not only to increase agricultural 

output but also to safeguard the agro-

ecosystems. These sensors can detect the 

status of nutrient and microclimate of the soil, 

and even the temperature and soil moisture 

level. It is interesting to note that these sensors 

can also identify heavy metals, detect residual 

pesticides, track plant diseases and measure 

chemicals and poisons. These nanosensors 

involve to measure immediate, accurate 

information that even helps with crop loss 

prediction and mitigation in agroecosystems. It 

has been proposed that creating super "new 

nanomaterials" that will be accessible in the 

near future can increase the biosensor 

efficiency and stability even further. 
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