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Abstract:

Agriculture is an important sector for food production and economic development, and the
efficient use of fertilizers is essential for achieving better crop growth and productivity.
Conventional fertilizer distribution methods largely depend on manual application, which can lead
to uneven distribution, excessive fertilizer usage, increased labor requirements, and wastage of
agricultural resources. The development of automation and Internet of Things (IoT) technologies
has provided new opportunities for improving fertilizer distribution and management in
agricultural fields. This review paper presents a comprehensive study of Smart Fertilizer
Distribution Systems, focusing on the technologies, control methods, communication techniques,
and approaches reported in existing research. Various systems using microcontrollers, IoT devices,
wireless communication, web-based platforms, sensors, motor or pump control, driver circuits, and
solenoid valves are reviewed. The working principles of automated fertilizer distribution systems
and their role in controlling fertilizer flow and reducing manual intervention are discussed.
Different communication technologies, including Wi-Fi and other wireless methods, are compared
based on their applicability, cost, operating range, reliability, and control capability. The review
also examines the major advantages and limitations of existing systems, such as automation,
remote operation, improved fertilizer management, reduced labor, network dependency, power
requirements, sensor accuracy, and system complexity. A comparative analysis of selected
research works is presented to identify the techniques used, their contributions, and the limitations
that remain to be addressed. The review further identifies research gaps and discusses future
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developments such as automatic fertilizer scheduling, multi-zone fertilizer distribution, real-time
monitoring, cloud-based data storage, artificial intelligence, machine learning, and integration with
renewable energy sources. The study concludes that smart fertilizer distribution can improve the
efficiency, accuracy, and sustainability of fertilizer application and has significant potential for
future precision agriculture applications.

Keywords: Smart Fertilizer Distribution, Internet of Things (IoT), Precision Agriculture,
Automated Fertilizer Application, Fertilizer Management, Wireless Communication, Agricultural
Automation, Remote Monitoring, Smart Agriculture, Fertilizer Flow Control.

1. INTRODUCTION

Agriculture is one of the most important sectors for food production, employment, and economic
development. The increasing population and growing demand for food require efficient utilization
of agricultural resources. Among these resources, fertilizers play an important role in providing
essential nutrients to crops and improving crop growth and productivity. However, improper
fertilizer application can result in nutrient loss, increased production costs, soil degradation, and
environmental pollution. Therefore, proper control and distribution of fertilizers are important for
sustainable agricultural development.

Traditional fertilizer distribution mainly depends on manual methods, in which farmers apply
fertilizers according to their experience and field conditions. These methods require considerable
human effort and may not provide uniform or controlled fertilizer distribution. The development of
automation, Internet of Things (IoT), wireless communication, and electronic control systems has
created new possibilities for improving fertilizer management in agriculture.

Smart fertilizer distribution systems combine electronic control and communication technologies
to automate or remotely control fertilizer flow. Different research works have investigated the use
of microcontrollers, IoT modules, sensors, pumps, driver circuits, solenoid valves, and web- or
mobile-based interfaces for agricultural applications. Such systems can reduce manual intervention
and provide better control over fertilizer application. Depending on the system design, fertilizer
distribution can be monitored or controlled remotely through wireless networks.

This review paper focuses on the existing technologies and methodologies used in Smart Fertilizer
Distribution Systems. It reviews different hardware and software approaches, communication
technologies, control techniques, and monitoring methods used in previous studies. The
advantages and limitations of these systems are also analyzed with respect to cost, accuracy,
reliability, automation, scalability, and ease of operation. Furthermore, a comparative study of
existing research is presented to identify the major research gaps and challenges.

2. LITERATURE SURVEY

Smart fertilizer distribution systems have become an important area of research in precision
agriculture. Various studies have explored the use of GPS, sensors, microcontrollers, 10T, and
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wireless communication technologies to improve fertilizer management and reduce manual
intervention.

Kim et al. (2008) presented a GPS-based Variable Rate Technology (VRT) system for site-specific
fertilizer application. The study showed that location-based fertilizer distribution improved
application accuracy and reduced fertilizer wastage. However, the high implementation cost and
complex setup limited its adoption among small-scale farmers.

Zhang et al. (2010) proposed a variable-rate fertilization system incorporating GPS technology,
sensors, and microcontrollers. The system enabled real-time adjustment of fertilizer application
according to soil nutrient conditions. Although the approach improved efficiency, the use of
advanced sensors increased system complexity and cost.

Ramesh et al. (2016) presented an IoT-based automated fertilizer distribution system integrating
soil moisture sensors with an Arduino controller. The system supported remote monitoring and
controlled fertilizer dispensing, reducing manual effort. However, its dependence on internet
connectivity created challenges in areas with poor network coverage.

Patil et al. (2017) introduced a smart irrigation and fertigation system based on microcontroller
automation. The system effectively minimized fertilizer wastage and improved resource
utilization. Nevertheless, limitations related to scalability restricted its application in large
agricultural fields.

Li et al. (2019) presented an automatic fertilizer applicator using embedded systems and motor-
controlled dispensing mechanisms. The system ensured controlled fertilizer delivery at predefined
intervals. However, the absence of real-time soil condition monitoring reduced its adaptability and
efficiency.

Shamshiri et al. (2020) reviewed the application of IoT, cloud computing, sensors, and
automation technologies in smart farming. The study highlighted the advantages of integrating
multiple technologies for agricultural automation. Despite these benefits, high system cost, data
management challenges, and technical expertise requirements remained significant concerns.

Ali et al. (2021) presented a wireless sensor network-based fertilizer management system that
collected field data from multiple sensor nodes. The system enhanced monitoring and decision-
making capabilities. However, issues related to network reliability and power consumption
affected long-term performance.

Singh et al. (2021) proposed a sensor-based automatic fertilizer dispensing system using Arduino
and soil nutrient sensors. The system provided real-time monitoring and precise fertilizer
application. However, sensor accuracy was influenced by variations in soil characteristics,
resulting in occasional measurement inconsistencies.
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Kumar et al. (2022) presented an automated fertigation system integrating drip irrigation with
fertilizer control mechanisms. The system ensured efficient nutrient delivery and reduced manual
intervention. However, the initial installation and maintenance costs were relatively high.

Table 1 Comparative review of Smart fertilizer dispensing system

Authors(S Title Technology/ Key finding | Limitations Relevance to
) method present project
& year used finding
1 Kim, Y. et | Site-Specific | GPS-based Variable Improved High cost Shows
al., 2008 Variable Rate Technology fertilizer and complex importance of
Rate (VRT) efficiency setup precise fertilizer
Fertilizer and crop control
o ield usin,
Application ylocation—g
based
application
2 Zhang, N. | Development Microcontroller + Real-time Requires Supports sensor
et al., of Variable Sensors + GPS soil nutrient- advanced based automated
2010 Rate based Sensors dispensing
Fertilization fertilizer
System adjustment
3 Ramesh, Automated IoT, Soil moisture Remote Internet Demonstrates IoT
M. et al., Fertilizer sensor, Arduino monitoring dependency integration for
2016 Distribution and smart farming
System Cont}rglled
’ fertilizer
Using IoT supply
4 Patil, V. et Smart Microcontroller Reduced Limited Relevant for
al., 2017 Irrigation and based fertigation fertilizer scalability combining
Fertigation wastage and irrigation +
System improved fertilizer
water
efficiency
5 Li, J. et al,, Design of Embedded system Automated Not Basis for motor
2019 Automatic Motor control timing and | soilcondition controlled
controlled dispensing
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Fertilizer dispensing adaptive mechanism
Applicator
6 Shamshiri | IoT-based IoT sensors and data | Real-time System Supports IoT-
et al. sensor data fusion sensing complexity based real-time
(2020) fusion for improves increases monitoring.
greenhouse crop with multiple
production monitoring Sensors.
and
automation.
7 Pawase et | Variable-rate Sensors, GPS, Sensors can | Cost and Supports sensor-
al. (2023) fertilizer microcontroller and | control Sensor based variable-
application actuators fertilizer calibration rate fertilizer
application are application.
according to | challenges
crop needs
8 Pawase et | Variable-rate GreenSeeker, Achieved Requires Provides a model
al. (2024) | liquid microcontroller, 24.30% specialized for automatic
fertilizer pump and solenoid | fertilizer sensors and fertilizer control.
application valve saving control
systems.
9 Pawase et | Sensor-based | GreenSeeker, Reduced Requires Directly supports
al. (2025) | variable-rate microcontroller and | nitrogen proper the proposed
fertilizer PWM motor driver | fertilizer calibration sensor-based
applicator for uses by and control fertilizer
maize 19.18% algorithms. applicator.
without
significant
yield loss

3. PROPOSED METHODOLOGY

The proposed methodology for the Smart Fertilizer Distribution System focuses on the use of
electronic control and wireless communication to automate fertilizer distribution in agricultural
fields. The system is designed to allow the user to control the fertilizer flow remotely through a
web-based

Interface.
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The system consists of an ESP8266 Wi-Fi module, web page, driver module, solenoid valve,
fertilizer tank, and agricultural field. The ESP8266 acts as the main control and communication
unit. It connects to a Wi-Fi network and provides an IP address through which the user can access
the control web page. The user can send an ON or OFF command from the web page according to
the fertilizer distribution requirement.

Power Supply
(Battery/DC)

1 1 1

Web page Communication ESP&266

Driver

(input) module 7| (controller) Module

(Wi-Fi)

‘

Solenoid
Valve

v

Fertilizer
Tank

!

Fertilizer

Distribution
(output)

Figure 4.1 Block Diagram

When the user gives an ON command, the ESP8266 receives and processes the command. Since
the ESP8266 cannot directly drive the solenoid valve, a driver module is used as an interface
between the controller and the valve. The driver receives the control signal from the ESP8266 and
switches the required power to the solenoid valve. The valve then opens, allowing liquid fertilizer
to flow from the fertilizer tank toward the agricultural field. When the user sends an OFF
command, the ESP8266 changes the control signal, the driver switches OFF, and the solenoid
valve closes, stopping the fertilizer flow.

The overall methodology therefore follows the sequence:

User > Web Page » Wi-Fi Communication — ESP8266 — Driver Module — Solenoid Valve —
Fertilizer Distribution

The proposed system emphasizes remote electronic control, wireless communication, switching,
and controlled fertilizer flow rather than manual operation. Since the system is operated through an
IP address, the user can control the fertilizer distribution without directly operating the valve. This
approach can reduce manual effort and provide better control over fertilizer application.
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4. RESULT

The developed prototype of the Smart Fertilizer Distribution System demonstrates the practical
implementation of automated fertilizer-flow control using wireless communication and electronic
switching. As shown in the prototype, the system consists of an ESP8266 development board,
driver/relay module, fertilizer container, power supply, and associated wiring. The fertilizer
container is designed to store and distribute the fertilizer solution, while the electronic control
section manages the operation of the fertilizer-distribution mechanism.

The ESP8266 acts as the main control and Wi-Fi communication unit. It enables the system to
receive control commands through a web-based interface using its IP address. The driver module
provides the required interface between the ESP8266 and the higher-power switching/load section.
Based on the received command, the switching circuit controls the fertilizer-flow mechanism,
allowing the distribution process to be started or stopped remotely.

Figure 5.1 Hardware Output

The prototype successfully demonstrates the basic concept of remote fertilizer distribution without
continuous manual operation. The system provides a simple interface between the user and the
agricultural application, while the electronic control section performs the required switching
operation. This arrangement can help reduce manual effort and provide better control over
fertilizer application.
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Figure 5.2 Software Output

The figure shows the software output of the Smart Fertilizer Distribution System. The system
provides a web-based control interface that can be accessed through the ESP8266's local IP address
(192.168.4.1). The interface allows the user to remotely control the fertilizer dispenser and its
movement mechanism using simple control buttons.

The Forward, Backward, Left, and Right buttons are used to control the movement of the
dispenser, while the Stop button immediately stops the movement. The Open and Close buttons
control the fertilizer dispensing mechanism. The interface also provides a Time (sec) input field
and an Auto Dispense option, allowing fertilizer dispensing to be performed for a specified
duration.

The message “Connect to CAR_WIFI - Open 192.168.4.1” indicates that the user needs to connect
to the Wi-Fi network created by the ESP8266 and then access the displayed IP address through a
web browser. This provides a simple local wireless communication link between the user and the
hardware.
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5. CONCLUSION

The review of Smart Fertilizer Distribution Systems shows that automation, IoT, wireless
communication, and electronic control technologies can significantly improve the efficiency and
convenience of fertilizer application in agriculture. Traditional manual methods require more
human effort and may result in inconsistent fertilizer distribution. Smart systems provide an
alternative by enabling controlled and, in many cases, remote operation of fertilizer-distribution
mechanisms.

The reviewed approaches demonstrate the use of technologies such as ESP8266/microcontrollers,
Wi-Fi communication, web-based interfaces, driver circuits, motors, pumps, and solenoid valves
for controlling fertilizer distribution. The analyzed prototype further demonstrates the feasibility of
using an ESP8266-based local web interface to control dispenser movement and fertilizer
dispensing through an IP address. Time-based automatic dispensing can also improve operational
convenience and reduce continuous manual intervention.

However, existing systems still have limitations related to network connectivity, power
consumption, sensor dependence, dispensing accuracy, system scalability, and operating
conditions. Since the basic system can operate according to user commands without field sensors,
it does not automatically determine the actual fertilizer requirement of crops or soil.

Therefore, future smart fertilizer distribution systems should focus on real-time monitoring,
precise quantity control, automatic scheduling, multi-zone distribution, sensor integration, cloud
connectivity, and intelligent decision-making. Integration of artificial intelligence and machine
learning can further support crop-specific fertilizer recommendations. Overall, smart fertilizer
distribution technology has considerable potential to reduce fertilizer wastage, minimize manual
effort, improve application control, and support sustainable precision agriculture.
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