£ IJARSCT

xx International Journal of Advanced Research in Science, Communication and Technology
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 5, Issue 4, May 2025 Impact Factor 7.67
Smart Agriculture System for Efficient Irrigation

and Crop Recommendation

Dr. Kiran YC, Deepashree V, Dhanush B, Harshini GR, Riya S Nadig
Department of Information Science and Engineering
Global Academy of Technology Bengaluru, Karnataka, India

Abstract: A smart agriculture monitoring and control system has been developed using NodeMCU
ESP8266 and the Blynk platform to assist farmers with real-time environmental updates and crop
recommendations. The system integrates multiple sensors including soil moisture, DHT11 (temperature
and humidity), rain sensor, PIR motion detector, and pH sensor. When the soil is detected as dry, the
water pump is activated automatically, whereas rainfall detection halts irrigation to prevent excess
watering. Additionally, the PIR sensor alerts the farmer via the Blynk app when motion is detected near
the field. The pH sensor plays a key role in determining the soil's acidity or alkalinity levels. By
comparing these readings with established agricultural data, the system suggests a list of crops that are
best suited for the current soil condition, helping farmers make informed decisions. This feature not only
improves crop yield but also minimizes the risk of crop failure due to unsuitable soil chemistry. The
integration of an 12C LCD display provides on-site monitoring, while real-time data is also transmitted
to the Blynk mobile application for remote access.

Keywords: Internet of Things, Agriculture, Smart Plant Monitoring, NodeMcu ESP8266, Blynk

I. INTRODUCTION

With the growing need for efficiency and sustainability in agriculture, this project presents a smart farming assistant
that leverages IoT technology using the NodeMCU ESP8266 and the Blynk platform. It integrates sensors for soil
moisture, temperature, humidity, rainfall, soil pH, and motion detection to assist farmers with real-time data and
automation. The system controls a water pump based on soil and weather conditions, conserving water by stopping
irrigation during rain. An 12C LCD displays live data locally, while the Blynk app offers remote monitoring and motion
alerts to enhance farm security. It also recommends crops based on soil pH levels, offering a practical, low-cost solution
for small-scale farmers to improve productivity and decision-making.

II. EMERGING TRENDS IN SMART AGRICULTURE SYSTEM

Recent innovations in smart agriculture aim to enhance farming efficiency, sustainability, and data-driven decision-
making. As climate variability and resource constraints continue to challenge traditional agricultural practices,
emerging technologies such as 10T, artificial intelligence (AI), and machine learning (ML) are reshaping how farms are
monitored and managed.

One of the most significant developments is the integration of IoT devices with sensor networks to enable real-time
monitoring of key environmental parameters like soil moisture, temperature, humidity, pH levels, and rainfall. These
systems allow for more precise control of irrigation, resulting in improved water conservation and healthier crop growth
(Reference: 1). In parallel, Al-powered models are increasingly being used to analyse sensor data and provide
predictive insights for irrigation scheduling, pest detection, and crop disease prevention (Reference: 2). Machine
learning algorithms are now being trained on diverse agricultural datasets to support tasks such as crop
recommendation, yield forecasting, and soil condition analysis. These algorithms can continuously learn from new data,
making them valuable for adapting to changing environmental conditions and improving decision accuracy over time
(Reference: 3). The use of deep learning techniques, especially in image processing for plant health diagnostics and
weed detection, is also gaining ground (Reference: 4). A notable trend is the implementation of LoRaWAN and other
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low-power wide-area network (LPWAN) technologies, which address connectivity issues in rural areas. These
networks support the deployment of scalable, energy-efficient smart farming solutions across large agricultural fields
(Reference: 5). In addition, mobile applications and cloud-based dashboards are enabling farmers to access real-time
data and control their systems remotely, enhancing user convenience and operational flexibility (Reference: 6).

Efforts are also underway to make these systems more intelligent and autonomous. Researchers are combining Al with
robotics for tasks like automated seeding, spraying, and harvesting. Meanwhile, work is being done to incorporate
renewable energy sources such as solar power into smart agriculture setups, making them more suitable for off-grid
rural areas (Reference: 7). Another critical area of focus is data quality and preprocessing. Since sensor data may be
noisy or incomplete, proper filtering and normalization techniques are essential for improving model performance and
decision reliability (Reference: 8). Furthermore, the application of Explainable AI (XAI) is emerging as a way to make
Al-driven decisions in agriculture more transparent and understandable, helping farmers trust the system’s
recommendations and better interpret their results (Reference: 9).

These ongoing advancements show a clear shift toward precision agriculture, where technology supports sustainable
and efficient food production by delivering actionable insights and automating key farm operations.

III. METHODOLOGY

The proposed smart agriculture system is developed using the NodeMCU ESP8266 microcontroller as the central
control unit. Various sensors are connected to this microcontroller to monitor environmental conditions critical for crop
health. These include a soil moisture sensor, DHT11 sensor for temperature and humidity, a rain sensor, a pH sensor,
and a PIR motion sensor for security. The system begins by continuously collecting data from these sensors. Soil
moisture levels are checked to determine whether irrigation is needed. If the soil is detected as dry and there is no
rainfall, the water pump is activated through a relay module to water the crops. Conversely, if rainfall is detected, the
irrigation process is paused to avoid water wastage. The soil pH sensor collects data used to suggest suitable crops
based on predefined values from agricultural research. This ensures better crop selection aligned with the soil's
chemical condition. In addition, the PIR sensor monitors any movement within the field area. If motion is detected, a
notification alert is sent through the connected mobile platform to inform the user. All sensor readings are displayed on
a 16x2 12C LCD screen for local monitoring. Simultaneously, the Blynk mobile application is used for remote access,
allowing users to view real-time data, receive alerts, and monitor system status from anywhere. This setup helps
automate irrigation, improve resource usage, and support better crop decisions, especially in areas with limited access
to manpower or unpredictable weather patterns.

IV. FINDINGS AND DISCUSSIONS

One of the most notable developments in recent smart agriculture systems is the integration of sensor-based monitoring
with wireless communication platforms, enabling farmers to observe field conditions in real time. Studies like iPlant:
Implementation of an Automatic Plant Watering System Using NodeMCU ESP8266 and Blynk (2023) demonstrate how
microcontrollers and moisture sensors can be used to automate irrigation, reducing manual labor and water waste. The
use of platforms like Blynk makes it easier to remotely monitor moisture levels and control irrigation systems, which is
particularly beneficial for small-scale or remote farms. Several papers highlight the shift toward data-driven decision-
making in agriculture. For example, Smart Irrigation System Using IoT and Machine Learning (2023) shows how
predictive models can be developed using soil moisture and environmental data to schedule irrigation more accurately.
Similarly, loT and Al Based Smart Plant Watering System (2024) presents a model that uses environmental inputs to
adjust irrigation in real time, showing promising results in optimizing water usage and improving plant health. Another
emerging trend is the use of long-range wireless technologies such as LoRaWAN. The study Smart Irrigation System
Using LoRaWAN (2023) emphasizes the benefits of low-power, long-distance communication in agriculture,
particularly for large-scale fields where traditional Wi-Fi or GSM may be unreliable. This enables wider deployment of
smart systems in rural and infrastructure-limited areas.

Crop recommendation based on soil pH is another area gaining traction. By integrating pH sensors with microcontroller

systems, farmers can get suggestions for crop types suited to their land conditions, as demonstrated in various
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experimental implementations. This supports better crop selection, which can lead to higher yield and improved soil
health over time.

Security is also being integrated into smart farming. Systems that include PIR motion sensors, such as the one presented
in your project, provide an added layer of protection against intrusions. Alerts sent via mobile platforms allow farmers
to respond quickly to unusual activities in the field, improving farm security. Despite these advancements, certain
challenges remain. Many systems rely on stable power and internet connectivity, which may not always be available in
rural settings. Papers such as IoT Smart Plant Monitoring, Watering and Security System (2023) suggest using
renewable energy sources like solar panels to improve sustainability and system uptime. Another recurring issue is the
initial cost and complexity of deployment, which may hinder adoption among farmers unfamiliar with digital
technology.

Overall, the findings suggest that IoT-enabled agriculture systems are becoming increasingly robust, with capabilities
extending beyond irrigation to crop selection, environmental analysis, and field security. Continued research is focusing
on making these systems more scalable, user-friendly, and self-sustaining, which is essential for promoting widespread
adoption and long-term success in modern farming.

V. MOST SIGNIFICANT CONTRIBUTIONS

The reviewed literature reveals significant advancements in the development of smart agriculture systems that combine
sensor networks with embedded platforms to automate and optimize farming tasks. A key contribution is the
implementation of automated irrigation systems using soil moisture sensors and microcontrollers, as shown in studies
like iPlant: Implementation of an Automatic Plant Watering System Using NodeMCU ESP8266 and Blynk (2023).
These systems help maintain consistent soil moisture, reducing water wastage and improving crop growth conditions,
particularly in areas with water scarcity. Another major advancement is the use of real-time environmental monitoring,
where parameters such as temperature, humidity, rainfall, and soil pH are continuously tracked. This approach allows
for timely actions in irrigation and crop planning. For instance, the inclusion of a pH sensor supports crop
recommendation features, enabling better crop-soil compatibility and contributing to improved yield and soil
management over time. The integration of motion sensors for field security is another noteworthy feature in modern
smart farming setups. Several studies, including loT Smart Plant Monitoring, Watering and Security System (2023),
showcase how alert systems can notify farmers of movement in the field, helping safeguard crops from animals or
intruders.

Furthermore, the incorporation of low-power communication technologies such as LoRaWAN, as seen in Smart
Irrigation System Using LoRaWAN (2023), is a valuable step toward scalability. These technologies enable broader
coverage and are well-suited for rural areas with limited connectivity. Overall, these contributions mark a shift toward
more efficient, responsive, and data-centric farming, where automation reduces labor dependency, real-time monitoring
improves precision, and tailored recommendations enhance decision-making. Such systems hold promise not only for
large-scale agriculture but also for smallholder farmers seeking affordable and practical solutions to manage their fields
effectively.

VI. UNRESOLVED ISSUES AND FUTURE RESEARCH DIRECTIONS
Despite the notable progress in developing smart agriculture systems, several challenges continue to limit their full-
scale adoption and long-term reliability. One of the key issues is scalability. While systems like those described in
Smart Irrigation System Using loT and Machine Learning (2023) and loT Smart Plant Monitoring, Watering and
Security System (2023) demonstrate strong performance in controlled environments, applying these solutions across
larger, more diverse farming areas remains complex. Factors such as varying soil types, weather patterns, and crop
requirements demand more adaptable and flexible solutions. Another challenge lies in system compatibility and
infrastructure limitations. Many smart agriculture systems rely on consistent internet connectivity, which may not be
available in remote or rural locations. Although technologies like LoRaWAN offer a potential solution for long-range
data transmission, there is still a need to improve integration across different sensor types, communication protocols,

and control platforms to ensure smoother operation and easier deployment. Energy dependency is also a concern,
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especially for systems deployed in off-grid areas. Maintaining continuous sensor operation, especially during poor
weather conditions, can be difficult without reliable power sources. While some studies propose the use of solar panels,
more robust and efficient power management strategies are required to ensure uninterrupted functionality. Data privacy
and reliability also need attention. As these systems gather continuous environmental data, questions arise regarding
how this data is stored, transmitted, and used. Ensuring data integrity and protecting farmers’ information from
unauthorized access are critical for building trust and encouraging broader adoption. Moreover, current systems often
provide recommendations based on predefined thresholds or basic sensor readings. Future research should explore the
use of context-aware systems that take into account multiple environmental and historical variables for more accurate
decision-making. Enhancing crop recommendation features with long-term soil and weather data could lead to more
dynamic and intelligent planning.

Lastly, user training and accessibility remain areas for improvement. Many farmers, especially in rural settings, may not
be familiar with digital tools and may face challenges in setting up and maintaining these systems. Future efforts should
include the development of user-friendly interfaces and localized training programs to ensure that the benefits of smart
agriculture can be extended to all farming communities.

Table: Related Work

Survey Paper Year Objective Method Achieved
A Survey on  Smart | 2020 Explore applications of | IoT, Wireless Sensor | Identified trends in
Agriculture Using IoT IoT in agriculture Networks (WSN) precision farming
Smart Agriculture System | 2021 Automate irrigation and | Sensors, NodeMCU, | Enabled automation
Using [oT environmental Cloud Integration and real-time data
monitoring access
IoT Based Smart Farming | 2022 Review IoT solutions | IoT, Cloud, | Summarized IoT
System: A Review for farm monitoring Actuators architectures and
benefits
Smart Agriculture Using | 2021 Evaluate use of sensors | pH, Moisture, Temp | Showcased hardware-
10T, a Review for smart farming Sensors software integration
IoT-Based Smart Farming: | 2023 Automate  traditional | NodeMCU, Mobile | Improved irrigation
Towards Agriculture farming tasks Interface control and alerts
Automation
Review of IoT in Precision | 2020 Identify gaps in IoT use | IoT Devices, Data | Highlighted benefits
Agriculture in agriculture Analysis and future scope
Application of IoT in Smart | 2021 Improve decision- | Microcontroller, Enhanced remote
Agriculture making via sensor data | GSM, Blynk App farm monitoring
IoT-Based Crop | 2023 Recommend crops | Al pH Sensor Data Accurate crop
Recommendation Systems based on soil conditions prediction achieved

Key Challenges and Future Outlook

Implementing an IoT-based smart agriculture system with NodeMCU ESP8266 and the Blynk platform brings modern
solutions to traditional farming, but a few challenges still exist. One major issue is ensuring accurate and stable sensor
data. Inconsistent readings from sensors like soil moisture or rain can affect the water pump's behavior, leading to over-
or under-irrigation. Connectivity issues in rural areas can also delay real-time updates on the Blynk app, affecting
timely decision-making. Sensor maintenance is another concern. Outdoor exposure may lead to dirt accumulation or
damage, requiring regular checks. Power supply can be unstable in remote areas, highlighting the need for solar or
battery backups.

While the pH sensor helps recommend crops, the current system uses a static crop database from research papers. This
may limit recommendations for different regions or soil types.
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In the future, the system can be enhanced by expanding the crop database, adding mobile analytics, and possibly
including Al-based recommendations. Working closely with agricultural experts will also ensure practical and reliable
performance in real-world farming.

VII. CONCLUSION

The Smart Agriculture System offers a cost-effective IoT solution that transforms traditional farming by integrating
environmental sensors to monitor real-time data such as soil moisture, temperature, and humidity. Its automated
irrigation system intelligently controls water usage, reducing manual labour and improving efficiency. The use of the
Blynk platform enables remote monitoring and timely decision-making through a mobile app, empowering farmers to
act quickly. Additionally, pH analysis provides crop recommendations, helping farmers choose suitable crops and
improve yield. While sensor maintenance is required, the system is adaptable to farms of all sizes and supports
sustainable, resource-efficient agriculture, especially for small and medium-scale farmers.
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