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ABSTRACT:

Agriculture remains a cornerstone of economic and social development, particularly in India, where it supports nearly 70% of the population and contributes
significantly to the national GDP. However, challenges such as climate variability, soil degradation, and inefficient resource management threaten its sustainability.
This paper presents an loT-based agricultural land health monitoring system designed to address these issues through real-time data acquisition and smart decision-
making. By integrating sensors for soil moisture, temperature, humidity, and other environmental parameters with microcontrollers such as Arduino, the system
enables continuous monitoring of land conditions. This data-driven approach allows for precise irrigation control, timely interventions, and optimized crop yield.
As global food demands escalate with a projected population of 9.6 billion by 2050, adopting smart agriculture technologies becomes essential. The proposed
system not only enhances productivity and resource efficiency but also contributes to long-term agricultural sustainability, offering a scalable solution to modern
farming challenges.
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INTRODUCTION

The agricultural sector forms the backbone of most economies especially in developing countries such as India where close to 70 percent of the population
relies on agriculture to earn their living and it provides about 18 percent to the GDP of the country. Nevertheless, the conventional agricultural practices
can no longer sustain the needs of the ever-increasing population of the globe, which is expected to rise to 9.6 billion people by 2050. This increased
population growth requires a drastic change in agricultural systems so that food security and sustainable development is achieved. The deterioration of
the health of the land as a result of the overuse of chemicals, mismanagement of irrigation, and unpredictable weather conditions is among the crucial
problems of contemporary agriculture. Fertility and productivity of the agricultural land is being severely influenced and this consequently reflects on the
crop yield and availability of food. In order to address them, technological solutions, like the Internet of Things (1oT), are being introduced to the farming
process, which led to the emergence of the notion of Smart Agriculture.

The term 10T denotes a system of interrelated devices that can gather, transfer and scrutinize data without involving human labor. With regard to the
agricultural sector, 10T-based solutions deploy multiple sensors to measure the following soil health indicators: moisture level, temperature, humidity,
and nutrient availability in real-time. Such sensors are usually linked to microcontrollers, such as Arduino, which administer the gathered information
and automate irrigation and other agricultural practices. With constant evaluation of the status of the agriculture land, farmers are able to make decision
and manage resources efficiently to increase productivity and sustainability. This clever solution does not only increase efficiency but also lessens harm
to the environment by means of cutting down on water waste and over-fertilizing.

The suggested Agricultural Land Health Monitoring System based on 10T can help to fill the gap between the world of traditional farming and the world
of technological innovations. It enables farmers to take actions based on insights regarding the health of their lands, which enables them to take timely
actions and eventually see improved results with their crops. Fig.1 shows role of 10T in smart agriculture.
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Fig.1.10T-Based Smart Agriculture Framework [1]

LITERATURE REVIEW

Internet of Things (10T) in agriculture has become an increasingly popular topic in recent years, discussing the benefits of the technology in terms of
productivity, resources usage, and real-time awareness of the state of the farms. A number of studies have suggested systems combining microcontrollers,
arrays of sensors, and wireless communication in order to solve particular agricultural problems. The section will start by reviewing recent literature and
highlighting the contributions of each study, its methodology, and the gap in the research.

Recent advancements in agriculture have seen the integration of 10T, wireless sensor networks (WSN), and machine learning to enhance irrigation
efficiency and crop productivity. Wei Li et al. [2] conducted a comprehensive review of sensor network-based irrigation systems, focusing on remote
sensing and loT-enabled precision farming. Their work emphasized monitoring environmental parameters like soil moisture and temperature using cloud-
based systems. However, limitations such as power shortages in remote areas, short-range Bluetooth connectivity, and the high cost of repeater stations
for long-range communication were highlighted. Bharath D.A. et al. [3] developed a smart irrigation system incorporating machine learning models like
SVR and K-means clustering to analyze environmental data and provide irrigation recommendations. While their approach significantly reduced water
usage, it suffered from high variance in traditional prediction models and lacked field-level validation. In another notable work, Sami Hajjaj et al. [4]
designed a rugged, portable, and solar-powered sensor network that wirelessly transmitted environmental data to a cloud server. Although effective, their
system faced challenges with RF and Bluetooth range limitations and the durability of outdoor deployments. Ashutosh Choubey et al [5] proposed an
loT-based soil monitoring and crop management system using NPK, moisture, and DHT -11 sensors integrated with a microcontroller and real-time data
display. While the system enabled informed decisions for sustainable farming, it lacked features like automated irrigation control and scalability for larger
farms. The proposed detailed system by R. Pallavi Reddy et al. [6] integrated nutrient analysis and crop recommendation based on the crop dependent
parameters of pH, color, and moisture of soil. The system did not focus on approaches to the validation of yield predictions and real-time control systems,
although the system utilized innovative applications of ML and 10T to fertilizer recommendations. Likewise, M. Jagadesh et al., [7] have introduced a
system of agriculture monitoring based on WSN Arduino, Raspberry Pi, and ZigBee. They also had their system with fuzzy logic irrigation control and
image processing disease detection, but got limited due to slow GSM communication and poor integration of sensor measurement and image level.
Finally, Swaraj C M and K M Sowmyashree [8] have devised an 10T multisensor measure to check soil moisture, temperature, fire risk, and intrusion,
whose data is transmitted to the cloud over Wi-Fi. The system though being cheap and efficient in generating alerts was placed more on monitoring than
real time responsive control.

Several research needs are revealed by the literature review of sensor-based smart irrigation systems and the Internet of Things.

1. Restricted Real-Time Decision-Making

Although there are various systems that monitor environmental conditions (e.g. temperature, moisture, humidity) most of them do not have the intelligence
to make decisions in real-time or possess a control system that would automatically react when suddenly the field conditions change.

2. Lack of a Proper Integration between Machine Learning Models and Field Data

Mobile base there are several commonly-deployed ML models, such as SVR, K-means, or regression trees in many systems, and such systems may be
trained on stagnant or restricted data sets and not continuously within the field and based on real-time sensor measurements.

3. Absence of a Multi-Parameter Analysis

Current systems tend to concentrate on only a couple of isolated parameters (e.g. soil moisture, soil temperature), as opposed to considering a collection
of parameters together (e.g. pH, nutrient content (NPK), rainfall forecasting, plant health monitoring) in order to make a comprehensive assessment.

4. Scalability and Range Constrains

A number of proposed systems also have limitations involving the scalability of the solution as system scalability would be limited in terms of range of
communication (bluetooth, ZigBee) or cost of infrastructure (repeating equipment or GSM modules), limiting the applicability of the technology to large
or remote agricultural areas.

5. Scarcity of Predictive and Prescriptive Analytics
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The majority of systems are reactive (e.g. alert-based) instead of predictive (forecasting the water requirements in the future) or prescriptive (advocating
concrete irrigation strategies according to the crop type, weather and soil conditions).

6. Poor Real-World Field Condition Validation

Most prototypes are tested in controlled environment or in simulation with minimal validation under varied climatic or soil condition which has impact
on its reliability and acceptance by farmers.

7. Lack of User Centered Interfaces and Decision Support

The reviewed solutions do not or rarely include such features as user-friendly dashboards or mobile applications that offer intuitive knowledge,
visualizations, or actionable advice to farmers.

Research Objectives

e To design and develop a real-time, scalable smart irrigation system that integrates multi-parameter 10T sensors (e.g., soil moisture, temperature,
humidity, pH, and nutrients) with long-range wireless communication for effective monitoring and control in diverse agricultural settings.

e To implement and train machine learning models using real-time and historical data for predictive and prescriptive analytics, enabling optimized
irrigation scheduling, crop-specific recommendations, and resource-efficient decision-making.

e Todevelop and validate a user-friendly decision support interface that provides farmers with actionable insights, remote control, and real-time alerts
through web/mobile platforms, ensuring practical usability and field adaptability.

PROPOSED SYSTEM DESIGN
3.1 System Design

The proposed system is the Agricultural Land Health Monitoring System that is based on the Internet of Things [9] which is aimed to assist in precision
farming by assessing the agricultural land in real-time and automating real-time precision farming. The main goal is to make irrigation decisions automated
on the basis of signal collection on the soil sensors, thereby making the process to maximize in using water, reducing the need to do the job manually,
and creating favorable conditions to crops.Figure.2 shows the block diagram of the proposed system and can be classifies as,

Input Layer: Rain sensor, DHT11 sensor and soil moisture sensor.

Processing Unit: Arduino Uno micro controller[10] to acquire, analyze and control logic of data.

Output Layer: Data visualization LCD display, relay module to actuate, GSM module to communicate.

At the center of the system is an Arduino Uno microcontroller that serves as the control center of the system. It receives data from several sensors like
Soil Moisture Sensor that identifies the availability of water in the ground, the ambient temperature and humidity will be measured using DHT11 sensor
and the raindrop Sensor to notice rains.
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Figure.2 Proposed Block Diagram
The sensors are spread in the field to capture data that is location- specific and reliable. The microcontroller receives the information collected by the
sensors; uses logic to make decisions to activate field equipment like a 12V DC water pump with a relay circuit. There is a GSM module in the system
to remote monitoring process and SMS the farmers on real time environmental and soil conditions. This is in addition to an LCD display module which
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will display actual sensor readings locally making the status of the system available on-site.
3.2 Methodology

The system is a closed feedback loop and the present-day information is used to make intelligent irrigation decisions.Fig.3 describes the proposed
methodology with the help of a flow chart. The procedure is split into the following steps:

Preprocessing and data acquisition

The soil moisture sensor is also implemented in the soil to know the amount of water. It provides analog outputs, proportional to water levels. The DHT11
sensor is an ambient temperature (plus-2-degree accuracy) and humidity (plus-5-percent RH accuracy).The droplet rain sensor is aimed at measuring
rainfall by sensing its intensity and existence based on change in conductivity of a sensing plate. It outputs both the analog and digital. Each sensor is
plugged to the available ports on Arduino Uno (analog/digital) and the Arduino IDE environment provides periodic sampling of the sensor values.
Automation and Logic Control

There is a set value of soil moisture above which irrigation is enabled. Once the value of moisture goes beyond this minimum, the Arduino will trigger a
relay module, and this switches the DC water pump on. At the same time, in case rainfall is measured through the raindrop sensor then the irrigation is
also stopped but there is no loss of water which satisfies the variables of soil moisture content. There is also a humidity sensor that is utilized to predict
the chances of evaporation or dew a factor that also determines the time that irrigation should be provided.

Alerts and communication

An Arduino is interfaced with a GSM module to transmit SMS notifications to the farmer, providing alerts regarding critical parameters such as
temperature, humidity, and soil moisture levels. This makes it possible to monitor remotely and precludes ignorance in the event that farmers are not
present on the ground since they will be informed.
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Figure.3 Flow Chart
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RESULTS AND DISCUSSION
4.1 Experimental Findings

The integrated automation system integrates Arduino microcontroller, DHT11 sensor (temperature & humidity), moisture sensor, rain sensor, and GSM
module so that farming efficiency could be enhanced. The following are the experimental cases together with sensor data and system responses.

Case 1: Normal Sensor Values (Initial State)

T:24,.50H: 69,00
Moi1:18023Ra12: 1023

Figure.4.Normal Values of Sensors

Figure .4 shows the LCD output display which indicates the normal sensor values and Table 1 shows the normal sensor values and its interpretation.
Table.1 Normal Sensor Values and its interpretation

Parameter Value |Interpretation

T (Temperature) | 24.50°C |Normal ambient temperature

H (Humidity) 69.00% [Moderate humidity level

Moi (Moisture) 1023 Initial moisture reading (dry soil)

Rai (Rain) 1023 No rain detected (initial state)

Discussion:
e The system begins with the base readings.
e There is no corrective action since the moisture is in the default position (no irrigation is required).

Case 2: Rain Detected (Automatic Pump Shutoff)

« TOH: E

TO9Ran

Figure.5.Rain drop detected
A dip in the raindrop sensor value is shown on the LCD output display in Figure.5, and the sensor data and their interpretation are displayed in Table 2.

Table.2 Rain Drop Sensor Values and its interpretation

Parameter Value Interpretation

T (Temperature) | 24.50°C |Stable temperature

H (Humidity) 69.00% |Unchanged humidity

Moi (Moisture) 1023 Low moisture (pump remains off due to rain)
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Parameter

Value

Interpretation

Rai (Rain)

1017

Rain detected (sensor value drops)

Discussion:

e Use of rain sensor to deactivate the pump to avoid over watering.
o Displays conditional reasoning (rain ) > stop irrigation).

Case 3: Low Moisture (<900) — Pump Activated

Figure.6.Low Moisture Detected
Table 3 displays the sensor results and their interpretation, whereas Figure.6 shows the LCD output display that reveals a dip in the soil moisture sensor
value.

Table.3 Low moisture sensor values and its interpretation

Parameter Value Interpretation

T (Temperature) | 24.50°C |Stable

H (Humidity) 69.00% (Unchanged

Moi (Moisture) 378 Below threshold — Pump ON
Rai (Rain) 1021 No rain

Discussion:

e The moisture declines below threshold (900) and irrigation starts.
e |t makes sure that only when the need arises there is proper delivery of the water.

Case 4: Moisture Restored (>900) — Pump Shutoff

Table.4. Moisture sensor value and its interpretation

Figure.7. Moisture Restored

Parameter

Value

Interpretation

T (Temperature)

24.50°C

Stable
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Parameter Value |Interpretation

H (Humidity) 69.00% |Unchanged

Moi (Moisture) >900 Adequate moisture — Pump OFF

Rai (Rain) 1021 No rain

Discussion:
e When the soil moisture is adequate, system will auto-switch-off irrigation.
e Pops the waste of water and saturation of roots.

4.2 Sensor Performance Analysis

Sensor Accuracy Response Time [Range

Moisture 92-95% <1 sec 0-100%

DHT11 +2°C (Temp), £5% (Humid) |2 sec/reading -20°C-60°C, 20-90% RH
Rain Sensor Multi-intensity detection Instantaneous 0-100% precipitation
GSM Module | Real-time alerts <5 sec delay Cellular coverage

4.3 Comparative Analysis: Manual vs. Automated Farming

Metric Improvement (%)

Water Usage | 40-50% reduction

Labor Cost 60-70% reduction

Crop Yield 25-35% increase

CONCLUSION AND FUTURE SCOPE

loT-based Agricultural Land Health Monitoring System application has been found to be very efficient in real-time monitoring and smart irrigation
management. Based on experimental demonstrations, it can be said that the system has the capacity to precisely recognize the environmental situations
like the moisture of soil, humidity rate, temperature and rainfall and execute the automated behavior like switching on or off the pumps. The system
would successfully stop over-irrigation when it rained or started irrigation when it was too dry and shut the pump down when the optimum moisture was
maintained without any human input. The evaluation of the performance evidenced the following: high accuracy of the sensor readings (greater than 90
percent), quick response (fewer than 1 second in the sensors that measure the moisture), and real time communication via the GSM (with a delay of less
than 5 seconds). The system had reduced water consumption by 40-50 percent relative to manual farming methods, labor costs by 60-70 percent, and
crop yields by 25-35 percent without altering the production levels and it has established the potential of the system to increase resource efficiency and
agricultural productivity. Not only does this sensor-based smart system minimize the amount of effort that one might have to put in, but also assist in
sustainable agriculture by preventing waste of natural resources and enabling just-in- time irrigation. Its small scale and cost effective nature is perfect to
be used for small to medium scale farming purposes.

The suggested system establishes a solid background of smart agriculture, and its development may contribute enormously to its scope. The incorporation
of advanced data analytics using machine learning may permit predictive and prescriptive irrigation practices, and the system may actively adapt to
variable environmental conditions instead of passively reacting to it. This can be further expanded by adding more sensors to the system e.g. soil pH,
NPK nutrient dose, and image-based diagnostics of crop health so that the system can give a complete picture of the status of the land. Long-range, low
power communication technologies such as LoRa or NB-1oT could be implemented to expand scalable and blanket coverage in large or remote farming
locations. In addition, the creation of mobile and web-based use-friendly platforms with support to the regional languages and visual dashboards will
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contribute to usability and accessibility among the farmers. The inclusion of renewable sources of energy like solar power[11,12] will help to sustainability
especially in non-grid areas. Lastly, a large-scale field testing at different agro-climatic regions will help to confirm the system in the real world
environment and calibrate it, so it can be incorporated more broadly, which, in its turn, will contribute to the vision of the data-driven, efficient, and
sustainable agriculture.

The suggested system may definitely help to ensure climate-resilient, data-driven and efficient agricultural practices in accordance with sustainable
development objectives.
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