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Abstract

The development of an Internet of Things (IoT)-based Coconut Tree Monitoring and
Alert System (CTMAS) designed to continuously track critical agricultural parameters
including soil moisture, soil temperature, water levels, irrigation pump status, and water
quality. The system aims to empower coconut farmers with real-time data to make
informed decisions, optimize resource usage, and enhance crop yield. Despite the
potential benefits of 10T in agriculture, challenges such as limited technology adoption,
connectivity constraints, data management issues, and the financial limitations of small-
scale farmers especially in rural areas slow down widespread implementation.
Additionally, the high cost and technical complexity of smart irrigation and machine
learning-based predictive models further hinder accessibility. CTMAS addresses these
challenges by providing a scalable, cost-effective solution tailored to the unique needs of
coconut cultivation, including monitoring soil conditions at varying depths and water
salinity sensitivity. By enabling remote monitoring and predictive insights, the system
seeks to improve productivity and sustainability in coconut farming, ultimately
contributing to precision agriculture advancements in resource-constrained

environments.
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1. Introduction

Coconut cultivation is a vital agricultural activity in many tropical regions, providing
significant economic and nutritional benefits to millions of small-scale farmers.
However, optimizing coconut yield requires continuous monitoring of environmental and
soil conditions, which traditionally relies on manual methods that are labor-intensive,
time-consuming, and often inaccurate. The advent of Internet of Things (IoT)
technologies offers an opportunity to revolutionize agricultural practices by enabling

real-time monitoring and data-driven decision-making.

The Internet of Things allows integration of multiple sensors to capture essential
parameters such as soil moisture, temperature, water levels, and water quality, which are
critical to the health and productivity of coconut trees. These sensors, when connected
through wireless communication networks to cloud-based platforms, provide farmers

with actionable insights and automated alerts that facilitate precision agriculture.

Despite these advantages, loT adoption in agriculture, particularly among
smallholder coconut farmers, faces several challenges. These include limited access to
affordable and reliable technology, connectivity issues in rural areas, and the complexity
of managing and interpreting large volumes of sensor data. Moreover, implementing
machine learning-based predictive models for smart irrigation and crop management can
be cost-prohibitive and technically demanding. This paper addresses these barriers by

developing a scalable and cost-effective Coconut Tree Monitoring and Alert System
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system incorporates sensors capable of monitoring soil moisture at various depths,
temperature, irrigation pump status, and water quality parameters such as salinity, which
is especially important for coconut palms. By facilitating remote monitoring and
predictive analytics, CTMAS aims to improve water management, reduce resource
wastage, and ultimately enhance coconut yield and sustainability in resource-limited

settings.

Through this initiative, envision empowering coconut farmers with the tools needed
for informed agricultural practices, fostering greater adoption of precision agriculture

technologies, and contributing to the modernization of traditional farming systems.

2. Review of Literature

The integration of IoT technologies in agriculture has gained significant attention
over the past decade, promising enhanced productivity through real-time monitoring and
automation. Several studies have demonstrated the effectiveness of IoT systems in
monitoring soil parameters, water usage, and environmental conditions to optimize

irrigation and fertilization schedules, thereby reducing waste and improving crop yields.

Many research works emphasize the critical role of soil moisture sensors in precision
irrigation. Kim et al. (2017) and Ahmad et al. (2019) have shown how soil moisture
sensors combined with weather data can optimize irrigation timing, leading to water
savings and healthier crops. Similarly, monitoring soil temperature has been found
essential for assessing root zone health and nutrient availability, which directly impact

crop productivity.
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sensitive to salinity stress, like coconut palms. Research by Singh and Singh (2018)
illustrates the detrimental effects of saline water on coconut yield and highlights the need
for continuous water quality monitoring in irrigation systems. loT-based water quality
sensors integrated with irrigation control systems enable timely interventions to prevent

crop stress.

Challenges in IoT Adoption for Small-Scale Farmers technological advancements,
adoption barriers remain significant for smallholder farmers, especially in developing
countries. According to Muthoni and Wanyoike (2019), factors such as high initial
investment, lack of technical expertise, and poor rural connectivity limit the practical
implementation of IoT agriculture solutions. Efforts to develop low-cost sensor nodes
and use low-power wide-area networks (LPWAN) have been proposed to mitigate some

of these challenges.

Recent studies have explored the use of machine learning models for predicting
soil moisture, irrigation needs, and crop health. For instance, the work of Patel et al.
(2020) demonstrated that LSTM-based time series models could accurately forecast soil
moisture, enabling automated irrigation scheduling. However, these approaches often
require extensive data and computational resources, which may not be feasible in

resource-constrained farming environments.

Specific research focusing on coconut farming remains limited, though some
studies like that of Kumar and Reddy (2018) underline the potential benefits of loT
systems for coconut palms, given their unique water and soil requirements. The emphasis

is placed on multi-depth soil moisture sensing and salinity monitoring due to the deep
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root system and salt sensitivity of coconut trees.

While IoT and machine learning techniques hold promise for transforming
agricultural practices, the literature underscores the necessity of tailored, affordable, and
user-friendly systems that address the specific needs of small-scale coconut farmers. This
project builds upon existing research by developing a Coconut Tree Monitoring and
Alert System (CTMAS) that integrates these insights to provide an accessible, scalable

solution for precision coconut farming.

3. Problem Statement

Coconut farmers face several challenges in maintaining optimal crop health and
productivity due to manual monitoring practices, inefficient irrigation, lack of real-
time data, and unpredictable environmental conditions. Existing smart farming
solutions are often expensive, technically complex, and inaccessible to small-scale or
rural farmers. Consequently, farmers experience resource wastage, reduced yields, and
limited adoption of modern agricultural practices. There is a need for an affordable,
user-friendly, and scalable IoT-based system that can provide real-time monitoring,
automate irrigation, and offer actionable insights tailored specifically for coconut
farming. CTMAS is designed to fill this gap by providing cost-effective precision

farming solutions that are practical and sustainable for resource-limited environments.

4. Research Methodology

The CTMAS system is designed to provide continuous, real-time monitoring of
essential agricultural parameters to optimize coconut tree cultivation. The system
architecture consists of three primary layers: Sensing Layer of a network sensors

deployed in the coconut plantation collects critical data on soil moisture, soil
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pH). Soil moisture sensors are placed at multiple depths (such as 15 cm, 30 cm, and 60
cm) to monitor root zone moisture variability, crucial for coconut palms with deep roots.
Communication Layer is used to collect data from the sensors is gathered by a
microcontroller unit (e.g., ESP32 or Raspberry Pi) equipped with wireless
communication modules. Depending on network availability, communication protocols
such as LoRaWAN, NB-IoT, or GSM/4G are used to transmit data to cloud servers,
ensuring connectivity in rural environments. Application Layer used for cloud servers to
receive and store the data, perform preprocessing, and run machine learning models for
predictive analysis. A user-friendly dashboard and alert system notify farmers through

mobile apps or SMS, enabling timely interventions.

Soil Moisture and Temperature Sensors provide volumetric water content and
temperature readings at varying soil depths, essential for understanding water availability

and root environment conditions.

Figure 1: Soil Moisture and Temperature Sensors Figure 2: Water Level

Sensor

Water Level Sensor measures water availability in irrigation tanks or wells,
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conductivity (EC) to assess water salinity levels, important for coconut health.

(2) Water Delivery Pipe

Sensor Module

(B) Overhead Water Tank

n
Suction Pipe

SIGNAL INPUT | —

= | =
(4) Sensor Cable = |” yﬁ c?n’ni"c'{?ﬂ..

) (A) Water Pump

~.

Figure 3: Water Quality Sensors Figure 4: Pump Status Sensor

Pump Status Sensor tracks operational status and usage duration of irrigation pumps,
assisting in maintenance and operational efficiency. Sensors are configured to take
readings at fixed intervals (e.g., every 15-30 minutes) and transmit data to the

microcontroller.

Collected sensor data is transmitted wirelessly to cloud storage solutions such as
AWS IoT, Azure 10T, or Google Cloud IoT. The system uses secure communication
protocols (e.g., MQTT with TLS encryption) to ensure data integrity and privacy. In case
of connectivity loss, the local controller buffers data and uploads it once the connection
is restored. Raw sensor data undergoes cleaning to handle missing values, noise, and
anomalies. Key features are extracted, including: Average soil moisture per depth, Rate

of change in moisture and temperature, Water salinity trends, Pump usage patterns.
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accuracy.

@ ‘_,__:;;::::(Z:?:Z:::::;- (@)<_____f:_'? ______ |T-Ef;§‘|

=g ~alote Wi-Fi loT cloud __————“Z. NB-IOT (LPWAN)

Irrigation management [®) m
i)

Microcontroller

Relay

Figure 5: Coconut Irrigation Management

Predictive Irrigation Scheduling used for historical sensor data, an LSTM (Long
Short-Term Memory) recurrent neural network model forecasts soil moisture trends,
enabling proactive irrigation decisions tailored to coconut tree water needs. Anomaly
Detection algorithms such as Isolation Forest or Auto encoders detect abnormal sensor
readings indicative of pump failures, sensor malfunctions, or sudden changes in water
quality. The models are retrained periodically with new data to adapt to seasonal

variations and environmental changes.

Based on predictive insights and anomaly detection, the system triggers alerts to
farmers via SMS, mobile notifications, or email. Alerts include: Low soil moisture
thresholds requiring irrigation, Pump malfunction or unexpected downtime, High salinity
levels in irrigation water. Farmers can access a mobile/web dashboard displaying real-

time sensor data, historical trends, and irrigation recommendations.
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plantations by adding more sensor nodes. Solar-powered sensor units with battery
backups ensure sustainable and autonomous operation in remote areas with unreliable

electricity.

5. Result and Discussion

The implementation of the Internet of Things (IoT)-based Coconut Tree Monitoring
and Alert System (CTMAS) has yielded promising outcomes in enhancing coconut farm
management. This section presents the key findings and discusses their implications.
Real-Time Monitoring and Data Accessibility of the CTMAS facilitated continuous
monitoring of critical parameters such as soil moisture, temperature, water levels,
irrigation pump status, and water quality. The integration of sensors with the Blynk
application enabled farmers to access real-time data remotely, empowering them to make

informed decisions promptly.

Optimized Resource Utilization by automating irrigation based on soil moisture
levels, the system reduced water wastage and ensured that coconut trees received
adequate hydration. This approach not only conserved water resources but also
contributed to cost savings for farmers. Improved Crop Yield and Health system's
ability to monitor environmental conditions and provide alerts for anomalies allowed for
timely interventions, leading to healthier coconut trees and improved crop yields. Early
detection of issues such as water stress or pumps mal-functions enabled corrective

actions before significant damage occurred.
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Figure 6: Coconut Tree Monitoring and Alert System (CTMAS) Output

Challenges Encountered the system's advantages, several challenges were
encountered during its implementation. Connectivity issues in remote areas affected the
reliability of data transmission. Additionally, the initial setup costs and the need for
technical expertise posed barriers to adoption among small-scale farmers. To address
these challenges, future iterations of the CTMAS could incorporate edge computing to
process data locally, reducing reliance on internet connectivity. Additionally, simplifying
the user interface and providing training for farmers could enhance system adoption and

utilization.

6. Conclusion

The development and implementation of the IoT-based Coconut Tree
Monitoring and Alert System (CTMAS) have demonstrated significant potential in

transforming coconut farm management. By integrating real-time monitoring of

Vol 86 No 2, July - December 2025 741

(UGC-CARE List Group I)



Madhya Bharti He3 YNl

qARAF vd waartaeE @ Zardt sira-atEeer

ISSN: 0974-0066
critical parameters such as soil moisture, temperature, water levels, irrigation

Humanities and Social Sciences

pump status, and water quality, CTMAS empowers farmers with actionable
insights to make informed decisions, optimize resource usage, and enhance crop

yield. Enhanced Resource Management, Improved Crop Health, Cost Savings.

The implementation of CTMAS faced challenges, particularly in rural areas.
Connectivity issues, limited technical expertise, and financial constraints hindered the
widespread adoption of the system. Additionally, the complexity of integrating advanced
technologies posed barriers for small-scale farmers. To overcome these challenges and
further enhance the system's effectiveness, future developments could focus on:
Simplifying User Interfaces, Improving Connectivity Solutions, and Cost Reduction

Strategies.

In conclusion, CTMAS represents a significant step towards modernizing coconut
farm management through the application of IoT technologies. By addressing the
existing challenges and focusing on user-centric improvements, the system has the
potential to revolutionize coconut farming, making it more sustainable, efficient, and
profitable for farmers worldwide. The CTMAS has demonstrated the potential of [oT in
transforming coconut farm management by providing real-time monitoring, optimizing
resource use, and improving crop health. Overcoming the identified challenges and
implementing the proposed enhancements could further solidify the system's role in

advancing sustainable agriculture practices.
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