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Abstract: In this review, we assess various methods and recent advancements in soil NPK (Nitrogen, Phosphorus,
and Potassium) content detection to improve agricultural productivity. Traditional soil testing methods are time-
consuming and costly, necessitating the development of efficient, cost-effective, and rapid detection technologies.
This review focuses on the use of sensing technologies, specifically NPK sensors, which provide on-the-go detection
of soil nutrients, offering a faster alternative to conventional laboratory testing. The growing demand for enhanced
agricultural production and the integration of the Internet of Things (IoT) has created a significant need for compact,
low-power, and affordable sensors for real-time soil monitoring. Additionally, the application of machine learning
techniques to analyze sensor data and predict nutrient concentrations based on large soil sample datasets is highlighted
as a promising approach to optimize soil management. This review categorizes soil detection methods into
conventional and emerging technologies, exploring their strengths, limitations, and recent research developments.
The insights presented aim to guide researchers in the design of efficient, affordable, and scalable NPK detection
sensors, ultimately contributing to sustainable agricultural practices and improved crop yields.
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L INTRODUCTION

The global population is expected to exceed 9.8 billion by 2050, with a significant increase in the population
of developing countries. India, the most populous country, faces the challenge of increasing yield production by 50%
to meet the demands for food, fuel, and other agricultural products [1]. This growing demand for food places immense
pressure on agricultural systems, making it crucial for farmers to optimize crop production and ensure sustainable
farming practices. Soil fertility plays a vital role in this process, as the nutrients present in the soil directly impact crop
yields.

Soil contains both macronutrients, such as Nitrogen (N), Phosphorus (P), and Potassium (K), and
micronutrients like iron, zinc, manganese, and copper. Among these, Nitrogen, Phosphorus, and Potassium (NPK) are
the primary macronutrients that significantly affect plant growth [2]. Accurate measurement and monitoring of NPK
levels are critical for improving soil fertility and ensuring that crops receive the required nutrients for optimal growth.

Traditional soil testing methods are often time-consuming and costly, involving laboratory analysis that can
take weeks to provide results. To overcome these limitations, advanced sensor technologies have been developed to
provide real-time data on soil nutrient levels. These sensors, such as the NPK sensor, are essential tools for on-site
monitoring, enabling farmers to make data-driven decisions on fertilization and crop selection. Recent studies have
also incorporated machine learning algorithms to enhance soil nutrient management, enabling more accurate
predictions based on sensor data [3][4].

As agricultural practices evolve, the integration of sensors with the Internet of Things (IoT) has emerged as a
promising solution for precision farming. IoT-based systems allow for real-time monitoring and remote access to soil
data, providing farmers with actionable insights into the nutrient content of their soil. Several studies have explored
the potential of loT-enabled devices to collect and analyze soil data for sustainable crop management [5][6].

PAGE NO: 184



Journal of Systems Engineering and Electronics (ISSN NO: 1671-1793) Volume 35 ISSUE 6 2025

In this study, we explore the critical role of soil fertility in agricultural productivity and the challenges farmers
face in monitoring and managing soil nutrients. Proper levels of Nitrogen (N), Phosphorus (P), and Potassium (K)
are essential for healthy crop growth, but traditional methods of measuring these nutrients often involve expensive,
time-consuming laboratory tests, which are not practical for frequent monitoring. This creates a significant gap in
efficient crop management, where timely and accurate nutrient data is crucial to optimize yields and minimize
environmental impact.

Farmers face additional challenges when it comes to determining the most suitable crops for specific soil
conditions. Without real-time data, decisions regarding fertilization and crop selection are often based on outdated or
imprecise information, leading to suboptimal farming practices. The lack of a quick, reliable solution to monitor and
analyze soil composition has hindered the widespread adoption of sustainable agricultural techniques.

With the increasing demand for food to feed the growing global population, there is an urgent need to adopt
advanced technologies that can make farming more efficient, sustainable, and resource-conscious. This study
introduces a solution that utilizes Internet of Things (IoT) technology, machine learning, and NPK sensors to provide
real-time monitoring and analysis of soil nutrient levels. By integrating these technologies, we aim to help farmers
make informed decisions on fertilizer application, crop selection, and resource management, ultimately enhancing
productivity while minimizing waste.

The objective of this research is to develop a cost-effective and user-friendly soil NPK sensor system that
allows for real-time nutrient analysis directly in the field. The system integrates IoT capabilities, enabling seamless
data transmission to cloud platforms for further analysis using machine learning algorithms. These algorithms
generate personalized recommendations on fertilizer use and crop selection, tailored to the specific nutrient levels
present in the soil. By leveraging machine learning, the system can predict the optimal fertilization and crop strategies
based on historical data and real-time soil conditions, offering farmers actionable insights to improve crop yields and
soil health.

NPK Sensors: Principles and Technologies

1. Optical Sensors: Optical sensors operate on the principle of light absorption or fluorescence to detect the
presence of NPK nutrients in soil. These sensors analyze how different wavelengths of light interact with the
soil sample, which allows them to estimate the concentration of various nutrients. The primary advantage of
optical sensors is their ability to provide high sensitivity and real-time data without causing any disruption to
the soil. This makes them a non-destructive method of measuring nutrient levels. However, optical sensors
are often affected by the soil's moisture content and organic matter, which can cause fluctuations in readings.
Additionally, they require careful calibration to ensure accuracy across different soil types, which can
sometimes limit their practicality in diverse agricultural environments.

2. Electrochemical Sensors: Electrochemical sensors work by detecting the electrical potential or current
generated by nutrient ions at an electrode in contact with the soil. These sensors are designed to be highly
sensitive to specific ions such as nitrate, phosphate, and potassium, making them a reliable option for real-
time monitoring of nutrient levels. Electrochemical sensors can quickly provide valuable data, which is
essential for precision agriculture. However, one of their main challenges is ion interference, where the
presence of other ions in the soil may affect the accuracy of readings. Additionally, the electrodes in
electrochemical sensors are prone to fouling, which can degrade their performance over time. Frequent
calibration is also necessary to maintain accuracy, particularly in varied soil conditions, which can add to the
operational complexity.

3. Ion-Selective Electrodes (ISEs): Ion-selective electrodes (ISEs) are a specialized type of electrochemical
sensor designed to measure the voltage change caused by specific ions, such as nitrate, phosphate, or
potassium, in the soil. The selectivity of ISEs makes them a valuable tool for monitoring nutrient levels in
soil, as they are highly sensitive to the targeted ions. ISEs provide real-time monitoring and are capable of
giving quick and reliable data, which is crucial for effective nutrient management in agriculture. However,
like other electrochemical sensors, ISEs are susceptible to interference from ions that are chemically similar
to the target ions, which can lead to inaccuracies. Furthermore, ISEs require regular maintenance to prevent
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electrode fouling, and they also require periodic calibration to maintain accuracy, particularly when soil
composition varies significantly.

II. LITERATURE SURVEY

The objective of this project is to develop a soil NPK sensor utilizing an Arduino board and OLED display to
measure nitrogen, phosphorus, and potassium levels in soil. This device is designed to assist farmers by providing
real-time data on soil nutrient content, helping to optimize crop fertility and productivity. The sensor, inserted into
the soil, features a probe that detects nutrient levels. The Arduino board activates the sensor and displays the data on
an OLED screen, offering an intuitive interface. This sensor-based technology enables precision agriculture, reducing
the reliance on traditional laboratory testing and promoting more efficient use of fertilizers. By enabling faster and
more accessible nutrient analysis, the NPK sensor has the potential to significantly improve crop yields and soil
management practices. [1]

Fig.1: Monitoring of Soil Nutrients Using Soil NPK Sensor and Arduino

Soil fertility is crucial for plant growth and directly influences crop yields. To aid farmers in accurately
measuring soil nutrient content, this case study introduces a soil nutrient measuring device focused on Nitrogen,
Phosphorus, and Potassium (NPK), specifically for cayenne pepper cultivation. The device features NPK sensors that
detect soil nutrients when inserted into the ground. The collected data is processed by an Arduino Nano V3
ATMEGA328P and displayed as analog signals on a screen. This system is customizable to meet the user's specific
testing or cultivation needs, providing an efficient tool for optimizing plant growth and enhancing crop yields.[2]

Fig.2: Design of a Soil Nutrient Measuring Device for NPK - Cayenne Pepper

Agriculture is essential for feeding the growing global population, yet optimizing crop production and
resource management remains a major challenge. This research introduces an innovative loT-enabled device
integrated with machine learning (ML) to monitor soil nutrients and deliver precise crop recommendations. The
system uses FC-28, DHT11, and JXBS-3001 sensors to collect real-time data on soil moisture, humidity, temperature,
and nutrient levels. Data is transmitted via the MQTT protocol to a central server, where ML algorithms analyze it to
recommend suitable crops, appropriate fertilizers, and their optimal quantities based on soil conditions. Additionally,
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the system logs applied treatments in a database, enabling traceability and allowing consumers to assess produce
quality through a mobile app. Field experiments demonstrate that the proposed system improves productivity and
resource efficiency compared to traditional methods, contributing to sustainable farming and food security. This work
highlights the transformative potential of ML and IoT in modernizing agriculture and enhancing decision-making in
crop and nutrient management. [3]

Fig.3: ML-enabled IoT System for Soil Nutrients Monitoring and Crop Recommendation

Selecting the right crops based on soil nutrients such as Nitrogen (N), Phosphorus (P), and Potassium (K)
remains a challenge for many farmers. Traditional soil testing methods are time-consuming, often taking weeks for
laboratory results, and typically only provide nutrient levels without offering specific crop recommendations. To
address this issue, we propose a real-time crop prediction system using machine learning. The system utilizes sensors
to measure key soil parameters including N, P, K, pH, temperature, and humidity. These sensors transmit time-
stamped live data to a Python-based platform where machine learning algorithms analyze the information to predict
suitable fertilizers and crop types. By automating this process, the system offers a faster, data-driven solution to help
farmers make informed decisions, ultimately improving crop yield and soil utilization. [4]
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Fig.4: Crop Prediction using NPK Sensors and Machine Learning

Soil fertility is a key indicator of soil quality, directly influencing its ability to support plant growth. Accurate
assessment of essential nutrients—Nitrogen (N), Phosphorus (P), and Potassium (K)—is critical for maximizing crop
yield and ensuring sustainable land use. This paper explores a novel, non-invasive optical technique for rapid soil
nutrient analysis. The system employs an optical transducer consisting of three LEDs (each tuned to specific nutrient
absorption bands) and a photodiode to detect reflected light from soil samples. As light interacts with nutrient-rich
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soil, the photodiode measures the intensity of reflected light, which varies according to nutrient concentration. A
microcontroller processes these signals and displays real-time NPK values digitally. Through extensive testing on
diverse soil samples, this method has demonstrated accuracy in correlating optical reflectance with nutrient levels.
The proposed system offers a practical, cost-effective solution for real-time soil fertility assessment, aiding precision
agriculture and informed fertilizer application. [5]

[

Fig.5: Soil NPK Detection Using Optical Method

With the continuous growth of the global population, there is an urgent need to enhance food production
through sustainable and efficient methods. This paper presents the development of a smart farming system using the
Internet of Things (IoT) to monitor and manage soil and plant health. By integrating various sensors, including those
for soil nutrients, temperature, humidity, and moisture, the system collects real-time environmental data. This data is
analyzed using a recommendation model trained on historical datasets to suggest the most suitable crops based on
current soil conditions. The IoT-enabled system displays the data on a user-friendly interface, allowing farmers to
make informed decisions quickly. This approach not only increases agricultural productivity but also reduces resource
wastage, offering a scalable and reliable solution for modern farming. [6]
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Fig.6: Smart Farming System using NPK Sensor

Effective nutrient management is vital for maximizing crop yields and achieving sustainable agriculture.
Traditional methods of determining nutrient requirements are often imprecise, leading to poor fertilization practices
and environmental harm. To address this, the proposed system utilizes advanced NPK sensor technology for real-
time soil nutrient monitoring. These sensors collect field data, which is processed using machine learning algorithms
and agronomic knowledge to generate personalized fertilizer recommendations tailored to specific crops and soil
conditions. By analyzing patterns and correlations in nutrient levels and crop performance, the system offers accurate,
timely, and location-specific advice. This integration of sensor data and artificial intelligence enhances productivity,
reduces resource waste, and supports environmentally responsible farming. Though further field trials are necessary,
early results indicate strong potential for widespread adoption of this intelligent crop management approach. [7]
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Fig.7: Sustainable Crop Recommendation System Using Soil NPK Sensor

Precision farming is an advanced agricultural approach that addresses the challenges of feeding a growing

population while minimizing environmental impact, conserving water, and adapting to climate change. This method
leverages modern technologies such as soil moisture, temperature, light, and NPK sensors, along with
microcontrollers like Arduino and ESP32, to collect and process real-time field data. Internet of Things (IoT)
technologies enable wireless data transmission, while machine learning algorithms analyze the collected data to
provide accurate crop and fertilizer recommendations. The methodology involves deploying sensors in the soil, using
microcontrollers to interpret the readings, and applying data analytics to support precise decision-making. This results
in increased crop yields, reduced resource usage, and more sustainable farming practices. Precision farming is
scalable and can be adopted by farmers with any size of land, making it a practical and impactful solution for modern
agriculture. [8]

Fig.8: Development and Testing of Soil NPK, Moisture, and Temperature Sensing Gadget
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III. PROPOSED METHOD

The proposed method aims to enhance agricultural productivity and optimize resource management through
a smart farming system that integrates IoT technology, NPK sensors, machine learning, and cloud-based platforms.
The system utilizes NPK sensors to measure essential soil nutrients like nitrogen, phosphorus, and potassium, along
with environmental sensors that monitor temperature, humidity, and soil moisture. These sensors are connected to a
central processing unit, such as a PLC with Wi-Fi connectivity, which allows real-time data collection and
transmission to a cloud platform like ThingSpeak. This data is then analyzed using machine learning algorithms,
which generate personalized crop recommendations based on the soil and environmental conditions. Farmers can
access this information through a mobile application, which provides them with insights into soil nutrient levels,
optimal crop selection, and fertilization requirements. The system offers continuous monitoring and feedback,
enabling farmers to make informed decisions and adjust their practices accordingly, ultimately leading to improved
crop yield, sustainability, and cost-efficiency. By leveraging real-time data and machine learning, this method
revolutionizes traditional farming practices, ensuring precision agriculture that optimizes resource use and enhances
overall farm productivity.

IV.  CONCLUSION

The integration of modern technology into agricultural practices is pivotal for addressing the
challenges posed by a growing global population, limited natural resources, and the need for sustainable
food production. This research proposes the development of a smart farming system using Internet of
Things (IoT) technology, which allows farmers to monitor critical soil parameters such as nitrogen (N),
phosphorus (P), and potassium (K), along with environmental factors like temperature, humidity, and soil
moisture. The use of NPK sensors and machine learning algorithms provides real-time data and
personalized recommendations for crop selection and fertilizer application.

By utilizing the capabilities of loT and advanced sensing technologies, the proposed system helps
farmers make informed decisions regarding nutrient management and crop selection. This technology can
predict the optimal crops for a given field based on the soil's nutrient levels and environmental conditions,
reducing the reliance on manual soil testing, which is time-consuming and often inaccurate. Moreover, by
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integrating sensors with cloud platforms like ThingSpeak and mobile applications, farmers can remotely
monitor and manage their farms, increasing productivity and resource efficiency.

Additionally, the use of machine learning algorithms to analyze the collected data allows for tailored
recommendations that optimize crop yields while minimizing resource wastage. This system could
significantly enhance agricultural sustainability, reduce environmental impacts, and improve food security.
The integration of a PLC with Wi-Fi, combined with real-time data collection and cloud-based analytics,
provides a robust and reliable framework for modernizing farming practices.

The proposed system offers a practical and cost-effective solution to some of the most pressing
challenges in agriculture today. With the growing importance of precision farming, this technology will
empower farmers to adopt smarter farming practices, optimize nutrient management, and ultimately
improve crop quality and yield. As further research and field testing are conducted, this technology has the
potential to revolutionize the agricultural sector, fostering a more sustainable and efficient approach to food
production.
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