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Abstract:

Agriculture will require efficient management of water, fertilizers, and energy to improve crop
productivity and support sustainable farming practices. Traditional fertilizer application methods
will often depend on manual observation and fixed schedules, which will lead to improper nutrient
management, nutrient imbalance, and unnecessary fertilizer usage. Smart fertigation systems will
provide an effective approach for addressing these limitations by integrating IoT, soil nutrient
sensing, and real-time monitoring technologies. In this review, NPK-based soil monitoring and
IoT-enabled fertigation approaches will be studied with emphasis on nitrogen, phosphorus, and
potassium monitoring for precision agriculture. The proposed system will use an ESP32
microcontroller, NPK sensor, soil moisture sensor, and DHT11 sensor to monitor soil nutrient and
environmental conditions in real time. The collected data will be displayed on an LCD and
transmitted through Wi-Fi to the Blynk IoT platform for remote monitoring. Based on real-time
NPK readings, the fertilizer requirement will be determined, and the appropriate fertilizer-supply
motor will be manually operated. Solar energy will be integrated with a solar charge controller and
rechargeable battery to reduce dependence on conventional electricity and support sustainable
operation. The reviewed approaches will indicate that the integration of NPK sensors, 10T
monitoring, fertigation, and renewable energy will provide a promising solution for improving
fertilizer utilization, reducing resource wastage, minimizing manual effort, and supporting
sustainable precision agriculture.
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1. INTRODUCTION:

Agriculture will require efficient management of water, fertilizers, and energy to improve
productivity and promote sustainable utilization of resources. Traditional irrigation and fertilizer
application methods will often depend on manual observation and fixed schedules. These practices
will lead to improper fertilizer application, nutrient imbalance, water wastage, and increased
operational effort. Smart fertigation technologies will provide an effective approach for improving
agricultural resource management by combining irrigation, fertilizer application, sensing, and
monitoring technologies. The Internet of Things (IoT) will enable continuous monitoring of soil
and environmental conditions through sensors and wireless communication. NPK sensors will be
used to monitor the levels of nitrogen, phosphorus, and potassium in soil, which will help in
assessing nutrient requirements for crops. Soil moisture sensors will provide information about soil
water conditions, while temperature and humidity sensors will help monitor the surrounding
environmental conditions. Real-time nutrient monitoring will support more informed fertilizer-
management decisions and will contribute to

precision agriculture. IoT-based fertigation systems will allow the collected sensor data to be
processed and transmitted to monitoring platforms. An ESP32 microcontroller will be used as the
main processing unit, while Wi-Fi connectivity will allow the monitored parameters to be
transmitted to the Blynk IoT platform. The system will display real-time soil and environmental
parameters and will allow the user to determine fertilizer requirements based on the monitored
NPK values. Similar IoT-based approaches will be studied for automated irrigation and
fertilization in precision agriculture. Renewable energy will also play an important role in
developing sustainable agricultural monitoring systems. Solar-powered fertigation will reduce
dependence on conventional electrical power and will support energy-efficient agricultural
operations. The proposed approach will therefore integrate solar energy, NPK sensing, soil-
moisture monitoring, environmental sensing, and loT-based communication to support efficient
fertilizer and resource management. The review will focus on existing and proposed approaches
for smart fertigation, NPK-based soil monitoring, IoT-enabled agricultural systems, and renewable
energy-based fertigation. The integration of these technologies will be expected to reduce
unnecessary fertilizer applications, improve resource utilization, minimize manual monitoring
efforts, and support sustainable precision agriculture.

2. LITERATURE SURVEY:

M. Zulkahairi et al. [1] proposed an IoT-based fertigation system for agriculture using an ESP32
controller. The system monitors electrical conductivity (EC), temperature, humidity, and water
level to automate fertilizer and irrigation management, reducing fertilizer wastage and improving
crop productivity.

127



%
Int. J. Mech. Eng. Res. & Tech 2026

ISSN 2454 - 535X
http://www.ijmert.com
Vol.18 Issue 4, 2026

P. Tondhare et al. [2] presented a review on the use of soil NPK sensors in smart agriculture. The
study highlights the importance of real-time soil nutrient monitoring for precision farming and
discusses different NPK sensing technologies and their applications.

S. Adak et al. [3] developed a smart agriculture system using NPK sensors for fertilizer
optimization in guava farming. The proposed system improves soil health assessment and enables
efficient fertilizer management, resulting in enhanced crop productivity.

L. Kumar et al. [4] designed a soil nutrient monitoring system using Arduino and an NPK sensor.
The system measures nitrogen, phosphorus, and potassium levels in real time, helping farmers
make informed fertilizer management decisions.

R. Adhikari et al. [5] proposed a real-time soil nutrient monitoring system using NPK sensors for
precision agriculture. The system integrates sensor data with predictive analysis to improve
nutrient management and crop monitoring.

V. Vidanapathirana et al. [6] developed a pomegranate farming monitoring system using machine
learning and IoT technologies. The system monitors environmental conditions, detects diseases,
and recommends suitable agricultural practices to improve pomegranate yield and quality.

U. Ahmad et al. [7] proposed a solar-powered IoT-based fertigation system for smart irrigation and
fertilizer management. The system automatically controls irrigation and nutrient supply while
improving water-use efficiency and supporting sustainable agriculture.

D. Sonal et al. [8] evaluated the impact of integrating real-time NPK sensors into smart farming
systems. Their research demonstrated that continuous nutrient monitoring enhances fertilizer
efficiency, crop productivity, and environmental sustainability.

M. Cefola et al. [9] investigated the effects of low-input fertigation treatments on pomegranate fruit
quality. Their study showed that optimized fertigation strategies improve fruit quality while
reducing water

consumption and fertilizer input.

S. Hiranur et al. [10] reviewed the application of NPK and moisture sensors for soil nutrient
detection. The study emphasizes the importance of real-time monitoring for improving irrigation
scheduling, fertilizer application, and crop yield.

R. Tricabo-Col6n et al. [11] studied the effects of drip irrigation and fertigation on carbon and
nitrogen dynamics in pomegranate orchards. Their findings indicate that optimized fertigation
practices improve nitrogen use efficiency while minimizing nutrient losses.

A. Rezaei et al. [12] proposed an IoT-based automated irrigation and fertilization system for
precision agriculture. The system combines multiple environmental sensors with wireless
communication to automate

irrigation and nutrient delivery, reducing water consumption and labor requirements.
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V. Sakle et al. [13] presented a comprehensive review of NPK sensor technologies for smart
agriculture. Their study discusses different sensing techniques, challenges, and future
developments in soil nutrient monitoring systems.

T. Adamo et al. [14] proposed an IoT-based microservices framework for optimizing irrigation and
fertigation in smart agriculture. The framework enables efficient resource management through
cloud computing, sensor networks, and real-time decision-making.

P. Mohan et al. [15] developed an IoT-based crop recommendation system using NPK sensors. The
system analyzes soil nutrient levels and recommends suitable crops and fertilizer requirements,
improving precision farming practices.

N. Zulkahairi et al. [16] proposed a smart fertigation system integrated with a mobile application
and fuzzy logic optimization. The system automates fertilizer scheduling and irrigation control,
improving efficiency while minimizing resource wastage.

N. Tanari et al. [17] investigated the effect of fertigation of primary nutrients on pomegranate fruit
productivity and quality. The study concluded that balanced nutrient application through drip
fertigation significantly enhances fruit yield and quality.

L. Ricci et al. [18] investigated the qualitative and biochemical characteristics of pomegranate
fruits grown under reclaimed water and low-input fertigation treatments. Their study demonstrated
that optimized fertigation strategies can maintain fruit quality while improving water-use
efficiency and supporting sustainable pomegranate cultivation.

T. Adamo et al. [19] proposed an IoT-based microservices framework for optimizing irrigation and
fertigation in smart agriculture. The framework integrates IoT sensors, cloud computing, and real-
time monitoring to automate irrigation and nutrient management, resulting in efficient resource
utilization and improved crop productivity.

Jain et al. [20] reviewed various IoT applications in precision agriculture and concluded that [oT
technologies, including smart irrigation, soil monitoring, environmental sensing, and cloud-based
monitoring, improve resource utilization, increase crop productivity, reduce manual effort, and
support sustainable farming practices.

Table 1 Literature Review

Ref. | Paper /Project System Methodology Key Findings Advantages
No. Architecture
[1] IoT-Based ESP32, EC, Automated Reduced fertilizer | Automatic
Fertigation System | temperature, fertigation using | wastage and irrigation and
humidity, water IoT improved crop remote
level sensors productivity monitoring
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[2] Review of Soil NPK sensing Literature review | Real-time nutrient | Covers different
NPK Sensors technologies monitoring is NPK sensor
essential for technologies
precision farming
[31 Smart Agriculture | NPK sensor, IoT Soil nutrient Improved soil Accurate fertilizer
using NPK controller monitoring and health and crop management
Sensors fertilizer productivity
optimization
[4] Arduino-Based Arduino, NPK Real-time Helps farmers | Low-cost and
Soil Nutrient sensor measurement of | make fertilizer | simple design
Monitoring NPK decisions
[5] | Real-Time Soil NPK sensor with Data acquisition | Improved nutrient | Supports
Nutrient predictive analysis | and nutrient management precision
Monitoring prediction agriculture
[6] | Pomegranate IoT sensors, Environmental Improved Crop-specific
Farming Machine Learning monitoring and pomegranate yield | monitoring
Monitoring disease detection | and quality
System
[7] Solar-Powered IoT | Solar panel, IoT Automated Improved water- Renewable energy
Fertigation System | controller, irrigation and use efficiency and automation
irrigation unit fertilizer control
[8] NPK Sensor NPK sensor, IoT Continuous soil Improved fertilizer | Real-time nutrient
Integration in nutrient efficiency and monitoring
Smart Farming monitoring crop productivity
[9] | Low-Input Drip fertigation Experimental Improved fruit Saves water and
Fertigation for system fertigation study | quality with fertilizer
Pomegranate reduced water and
fertilizer
[10] | Review of NPK Soil moisture and Literature review | Real-time sensing | Explains sensor
and Moisture NPK sensors improves applications
Sensors irrigation
scheduling
[11] | Drip Irrigation Drip irrigation and | Field experiment | Improved Reduced nutrient
and Fertigation in | fertigation nitrogen use losses
Pomegranate efficiency
[12] | Automated IoT sensors, Automated Reduced labor and | Fully automated
Irrigation and wireless irrigation and water operation
Fertilization communication fertilization consumption
[13] | Review of NPK Various NPK Literature review | Discusses Comprehensive
Sensor sensing methods challenges and review
Technologies future trends
[14] | IoT Microservices | IoT sensors, cloud Cloud-based Efficient resource Scalable cloud
Framework computing, irrigation and utilization architecture
microservices fertigation
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[15] | IoT Crop NPK sensor, IoT Soil nutrient Improved crop Supports
Recommendation | platform analysis and selection precision farming
System crop

recommendation

[16] | Smart Fertigation | IoT, mobile Intelligent Improved Remote
using Fuzzy Logic | application, fuzzy irrigation fertigation monitoring and

logic scheduling efficiency control

[17] | Fertigation in Drip fertigation Nutrient Increased fruit Optimized
Pomegranate system application yield and quality nutrient

experiment management

[18] | Low-Input Reclaimed water Fruit quality Maintained fruit Sustainable
Fertigation using with drip fertigation | analysis quality with cultivation
Redaimed Water reduced water

usage

[19] | IoT Microservices | IoT sensors, cloud Real-time Efficient resource Cloud-based

Framework platform irrigation and utilization and monitoring
fertigation crop productivity
management

[20] | ML-enabled IoT NPK, FC-28, Sensor data is Improves Remote
System for Soil DHT11, JXBS- uploaded to the productivity monitoring, real-
Nutrients 3001 Sensors, IoT, | cloud where ML | through intelligent | time analysis,
Monitoring and MQTT, Machine predicts crops crop precision farming.
Crop Learning and fertilizer recommendations.

Recommendation requirements.
Table 2 Research Analysis
Ref. No. Existing Research Pros Cons Research Gap
[1], [13], [15] IoT-based smart Enables Limited or no Develop an
fertigation and automatic integration of ESP32-based
automated irrigation, real-time NPK Wi-Fi smart
irrigation systems remote sensing and fertigation
using ESP32, monitoring, renewable system
cloud and efficient energy. integrated with
technologies, and resource Blynk Cloud,
wireless management. NPK sensor,
communication. and solar
power.

[3], [5], [8], NPK sensor-based Improves soil Most systems lack
[17] smart agriculture nutrient complete
for fertilizer monitoring and automation,
optimization and fertilizer pomegranate-
nutrient efficiency. specific

Integrate real-
time NPK

sensing with
automated

fertigation for
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implementation,
or renewable

energy support.

pomegranate
farming using

solar energy.

(6], [18], [19]

Smart monitoring

Improves crop

Limited IoT

Develop a

and fertigation yield, fruit automation and | complete IoT-
techniques for quality, and absence of enabled
pomegranate water-use integrated NPK- | pomegranate
cultivation. efficiency. based smart monitoring and
fertigation. fertigation
system with
real-time NPK
sensing.

[71 Solar-powered Supports Does not Integrate solar-
IoT-based sustainable and include real- powered
fertigation system. energy-efficient time NPK operation with

irrigation. monitoring or NPK-based
pomegranate- automated
specific fertigation for
implementation. | sustainable
pomegranate
farming.

[2], [14] Reviews on NPK Explains No practical Develop a
sensor NPK sensing implementation | practical low-cost
technologies for methods, or integrated IoT system using
smart agriculture. applications, IoT prototype. NPK sensors,

and future Wi-Fi, Blynk
trends. Cloud,and solar
enery.
3. RESEARCH GAP:

Based on the identified research gaps, the proposed Renewable Energy-Based Smart Fertigation
Controller Using NPK Sensor provides an integrated solution for sustainable pomegranate
farming. The system studies the soil requirements of the pomegranate crop by monitoring soil
moisture, temperature, humidity, and NPK nutrient levels in real time. It connects to Wi-Fi and
sends sensor data to the Blynk Cloud, allowing farmers to view live readings on a mobile
dashboard. The NPK sensor enables accurate fertilizer management, while automated irrigation
improves water-use efficiency. Additionally, the use of a solar panel provides renewable energy,
making the system energy-efficient and suitable for remote agricultural areas. Overall, the
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proposed system enhances irrigation and fertilizer management, reduces resource wastage, and
supports sustainable pomegranate cultivation.

4. PROPOSED METHODOLOGY:

SOLAR PANEL

v

CHARGE CONTROLLER

v

BATTERY
NPK SENSOR i s
(Soil Nutrient) =t
ESP32 - DHT11 SENSOR
. T &
SOIL MOISTURE i MICROCONTROLLER ( ewﬁr:ri:ti:;;?
SENSOR

y v

LCD DISPLAY Wi-Fi MODULE
BLYNK 10T ,| USER/MOBILE
PLATFORM MONITORING
FERTILIZER
REQUIREMENT
ANALYSIS
MANUAL MOTOR
OPERATION
|
¥ v
MOTOR 1 MOTOR 2
| FERTILIZER TANK 1 | | FERTILIZER TANK2 |
| FERTILIZER PIPE1 | | FERTILIZERPIPE2 |

| |
v

CONTINUOUS MONITORING
& REAL TIME OBSERVATION

Figure 1 Block Diagram of Proposed System

Above Fig shows the proposed methodology system. The proposed methodology will integrate [oT
technology, NPK sensing, environmental monitoring, and renewable solar energy to develop a
smart fertigation monitoring system. A solar panel will be used to generate electrical energy, which
will be regulated through a solar charge controller and stored in a rechargeable battery to power the
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system. The NPK sensor will monitor nitrogen, phosphorus, and potassium levels in the soil, while
the soil moisture sensor will measure soil moisture, and the DHT11 sensor will monitor
temperature and humidity.

The collected sensor data will be processed by the ESP32 microcontroller, which will act as the
main control unit. The processed parameters will be displayed on an LCD and will be transmitted
through Wi-Fi to the Blynk IoT platform, allowing the user to monitor the readings remotely.
Based on the real-time NPK values, the user will determine the fertilizer requirement. Two motors
will be connected to separate fertilizer containers, and when fertilizer application is required, the
user will manually operate the appropriate motor to supply fertilizer through the respective pipe.
After fertilizer application, the system will continue monitoring the soil and environmental
parameters, allowing the user to observe changes in real time and make further fertigation
decisions when required.

5. CONCLUSION:

The reviewed Renewable Energy-Based Smart Fertigation approach will provide a promising
solution for sustainable and precision agriculture. The system will monitor soil NPK levels, soil
moisture, temperature, and humidity in real time using suitable sensors and an ESP32
microcontroller. The collected information will be displayed on an LCD and transmitted through
Wi-Fi to the Blynk IoT platform, which will enable remote monitoring and support fertilizer-
management decisions. The integration of NPK sensing will help the user identify fertilizer
requirements based on real-time soil conditions, while the fertilizer-supply motors will support
user-controlled fertilizer applications. Solar energy, together with a charge controller and
rechargeable battery, will reduce dependence on conventional electricity and will support
sustainable operation. Overall, the proposed approach will be expected to reduce fertilizer wastage,
improve resource utilization, minimize manual monitoring effort, and support sustainable
precision agriculture. The combination of IoT monitoring, NPK sensing, fertigation, and
renewable energy will therefore provide an effective foundation for future smart agricultural
systems.
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