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Abstract— Fluorescence based optical biosensors which are 

integrated with the Internet of Things (IoT) technology presents the 

developmental approach to the tracking of real-time plant nutrients. 

This research focuses on developing the Optical biosensors to enhance 

agricultural productivity by altering and perfecting the fertilizer use 

and field testing them. These biosensors will observe the nutrient and 

will provide the data through the user interface. This paper aims to 

discuss the design, materials required, methodology used and the 

outcome of this innovative solution, which aims to address the issues 

like soil nutrient management challenges and support the sustainable 

agricultural practices. 

Index Terms — Fluorescence, optical biosensors, real-time 

nutrient monitoring, IoT. 

I. INTRODUCTION   

The agricultural productivity is heavily influenced by soil 

nutrient levels, and well-regulated systematic nutrient 

management is necessary for the optimal crop yields. 

Traditional methods for soil nutrient analysis are generally time 

consuming and the laboratory facilities are required, limiting 

their practical application for real-time monitoring. It has 

guided to the investigation of the newest and modern 

technologies like fluorescence-based biosensors which 

provides prominent sensitivity and preciseness for the detection 

of various analytes or specimens [1]. Combining these 

fluorescence-based biosensors with the IoT technology, we can 

be able to provide the farmers with the real-time data on the soil 

nutrients, making possible the accurate use of the fertilizers 

application and thus improving the crop nutrient management 

[2].   

The fluorescence-based biosensors have the fluorophores 

which emits the light upon the excitation by the stimulus, which 

permits them for the detection and quantification of the specific 

nutrients in the soil. By combining them with the IoT modules 

these sensors can transmit the data to the cloud-based platforms 

allowing them for remote surveillance and analysis [3]. This 

combination guarantees the steady flow of the information from 

fields to farmers, assisting prompt and well-informed decision 

making. These technologies are essential for the modern 

precision agriculture, which relies on the accurate and real-time 

data to optimize the inputs and improve the yields [4]. 

Additionally, the use of nanomaterials in these sensors 

enhances their accuracy, sensitivity and specificity, making 

them ideal for detecting the low concentration of the soil 

nutrients [5]. 

The generation, advancement and the distribution of these 

biosensors may lead to the significant advancement in the 

agricultural productivity and sustainability. When the farmers 

are provided with the accurate information about the soil 

nutrient composition and concentration, they can make the 

reasonable decisions about the use of fertilizers allowing them 

reducing the waste and environmental impact [6]. In addition, 

the ability to monitor of these biosensors allows them for the 

rapid response to the changing condition of the soil, which in 

turn will improve the crop management practices. This research 

aims to create and implement a system of fluorescence-based 

optical biosensors for monitoring the plant nutrient in real-time, 

which will address the urgent need for sustainable and 

productive agricultural practices. The objectives of this 

research are –  

 Develop and manufacture the biosensors which are 

able to detect the nutrient content in soil. 

 Enable the real-time data transmission and remote 

tracking with the help of IoT modules. 

 Conduction of extensive field test to determine the 

performance and dependency of the sensors. 

 Provide farmers with resources to regulate the 

fertilizer use and improve crop yields. 
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II. MATERIALS AND METHODOLOGY 

Materials used  

 Fluorophores: Fluorescein, Rhodamine, Quantum dots 

 Bioreceptors:  

 Optical Components: Single mode Wi-fi module 

 Transducers: Photodetectors, CCDs 

 Microfluidic Chips: PDMS, Glass 

 Electronic Conductors: Microcontrollers (Raspberry 

Pi 4 Module B), Data acquisition systems 

 IoT modules: Wi-Fi module, Arduino Uno, Raspberry 

Pi 4 

 Binding agents: (3-Aminipropyl)triethoxysilane 

(APTES) 

 Solvent: Ethanol, deionized water 

 Equipments: Spin coater, fluorescence spectrometer, 

optical fiber cleaver, fiber optic fusion splicer, optical 

power meter, analytical balance, pH meter, 

conductivity meter  

 Data analysis software: Python, R Language  

Methodology 

1. Design and development of the sensor  

1.1. Preparation of Sensor Surface  

 Clean both the sides of glass slide thoroughly by using 

ethanol and deionized water and then dry them under 

the nitrogen flow 

 Coat the glass slides in ethanol with (3-

Aminopropyl)triethoxysilane (APTES) so that the 

amino groups are added to it for binding of 

fluorophores. Incubate it for an hour. Rinse it with 

ethanol and let it dry [7]. 

1.2.  Immobilizing Fluorophore 

 Dissolve the fluorophores (fluorescein for nitrates, 

rhodamine B for phosphate & quantum dots for 

potassium) in the phosphate-buffered saline such that 

the final concentration reaches 10 µM.  

 The prepared fluorophore solution is drop-casted on 

the APTES-treated slides. Incubate them for two hours 

such that binding is allowed’ 

 Wash the slides again with phosphate-buffered saline 

to remove the remaining unbound fluorophores and let 

it dry under the nitrogen flow [8]. 

 

1.3. Integration of Optical Fiber 

 Cleave the optical fiber with the use of an optical fiber 

cleaver to obtain the sharp end. 

 Connect the optical fiber to the sensor with the use of 

an optical fiber fusion splicer.  

 Align the optical fiber with area on the glass slide 

coated by fluorophore using a precision stage [9]. 

1.4. Integration of IoT Modules 

 Measure the baseline signal by connecting the optical 

fiber to optical fiber meter 

 Integrate the ESP8266 Wi-Fi module with Arduino 

Uno or Raspberry Pi for the wireless communication 

 Program the microcontroller to collect the data 

(fertilizer and moisture content) from optical power 

meter and share it via the IoT modules [10]. 

2. Calibration and Testing  

2.1. Calibration 

 Prepare a series of standard nutrient solutions (nitrate, 

phosphate, and potassium) with known concentration 

(e.g., 0, 1,5,10,50,100 ppm) and label them [5]. 

 Dip the sensor in each solution and measure the 

fluorescence intensity using the spectrometer 

 Plot the graph for the fluorescence intensity v/s 

nutrient concentration for each nutrient [8] 

2.2. Testing 

 Collect the different soil samples and mix 10g of soil 

in deionized water to prepare soil extracts. Shake it for 

an hour. Filter the extract [11] 

 Measure the concentration of nutrient in the soil by 

using the calibrated biosensors  

 To validate the accuracy, compare the biosensor 

readings with the standard laboratory measurements. 

3. Data Analysis and Interpretation 

3.1. Data Processing 

 Data is imported directly into the data analysis app and 

it will provide the data in actual figures. 

3.2. Interpretation and Feedback 

 Analyze the data and take the correct actions against 

the data obtained. 

III.  RESULTS 

The fluorescence-based optical biosensors developed for 

detecting the soil nutrient content showed the reliable and 

consistent responses to their respective concentration ranges. 

The calibration curve obtained by measuring fluorescence 

intensity against the concentrations showed a clear and uniform 

relationship between the nutrient concentration and sensor 

response, which are necessary for the correct quantification. 

The biosensor showed a linear and consistent increase in the 

fluorescence intensity with increase in the concentration of 

nitrate ions. It showed high sensitivity for the nitrate ions. 

However, slight deviations were observed at the higher 

concentrations, found out due to the saturation effects. These 

are very common in fluorescence-based detection methods. 

Biosensor showed the similar and consistent results for the 

phosphate ions and potassium ions. Proving that it can be used 
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for wide range and is suitable for the detection 

of the higher concentrations. The irregular but anticipated 

increase in fluorescence intensity by potassium sustains the 

strength of the biosensor for real-time tracking. Hence helps the 

farmers for optimum use of fertilizers to avoid the underuse and 

overuse of fertilizers, preventing the soil degradation and 

environmental impact [11]. 

The integration of the IoT technology enabled us with real-

time data transmission and monitoring. It also provides a user-

friendly interface to the farmers to obtain the soil nutrient 

content information directly into the mobiles. The introduction 

of fluorescence-based optical biosensors overcomes the 

limitations of the traditional soil testing methods, which, 

generally are time-consuming and require specialized 

equipments and expertise [5]. 

 

 

Fig. 1.  Arduino uno 

 

Fig. 2.  Arduino uno connected with optical fiber (the other end is 

connected with slide). 

 

 
 

Fig. 3.  Calibration Curve (Concentration (ppm) v/s fluorescence  
intensity (a.u.)) 

 

Fig. 4.  Data in figures on the mobile app interface 
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IV. DISCUSSION AND CONCLUSION 

The advancements in the soil monitoring technology can be 

clearly seen through the development of fluorescence-based 

optical biosensors. These biosensors provide the accurate and 

real-time detection of the necessary nutrients like nitrate, 

phosphate and potassium. These nutrients are necessary for the 

optimum growth of the crops. With the application of modern 

technology like IoT and advanced nanomaterials, these 

biosensors overcame the limitations of labor-intensive 

traditional soil testing methods, generally need specialized 

equipments and expertise. The ability of these biosensors to 

detect the specific nutrients precisely and giving the prompt 

feedback to the farmers allows them to make the timely and 

informed decisions about the fertilizer applications. [5][11]. 

Integrating the IoT technology increases the usability and 

accessibility of the system, which enables the farmers to receive 

real-time data in actual figures on their mobiles, which will 

promote the adoption of this technology. 

The utility and adaptability of the biosensors make them 

convenient to use in different agricultural environments, which 

may range from small farmlands to big agricultural companies. 

These biosensors showed their durability and dependability in 

the different surroundings, environmental conditions and soil 

types during their field testing, hence confirming their 

effectiveness in real-life conditions. This adaptability is 

necessary to address the worldwide issue of sustainable 

agriculture, where efficient resource control is the solution. 

[11]. Developing these biosensors indicates the significance of 

interdisciplinary studies, emerging skills in nanotechnology, 

sensor designing & development and agricultural sciences. 

Further advancements in the biosensors will be focused on 

broadening the nutrient pool which will be able to detect the 

variety of nutrients and improving the sensor design for long-

term stability and durability. Ultimately, these biosensors 

provide us with an appropriate, effective and feasible method 

for the improving the optimum use of the agriculture, 

improving the crop yields, and supporting the sustainable 

agricultural practices which guarantees the food security and 

environmental preservation for our future generations. 
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