As per UGC guidelines an electronic bar code is provided to secure your paper

b (G
R
Check for i‘u""i

updates ™"

International Journal for Modern Trends in Science and Technology
Volume 12, Issue 03, pages 160-166.

ISSN: 2455-3778 online

Auvailable online at: http://www.ijmtst.com/voll2issue03.html

DOL: https://doi.org/10.5281/zenodo.18897389

Machine Learning-Based Solar-Powered LoRa-IoT
System for Irrigation and Salinity Advisory

M. Saritha Devi!, G. Kusumanjali?, R. Kalyani2?, M. Chandu?, R. Nithin?

Department of ECE, Godavari Global University, Rajamahendravaram, INDIA.
Department of ECE, Godavari Institute of Engineering & Technology (A), Rajamahendravaram, INDIA.

To Cite this Article
M. Saritha Devi, G. Kusumanjali, R. Kalyani, M. Chandu & R. Nithin (2026). Machine Learning-Based Solar-Powered
LoRa-IoT System for Irrigation and Salinity Advisory, 12(03), 160-166. https://doi.org/10.5281/zenodo0.18897389

Article Info
Received: 28 January 2026; Revised: 26 February 2026; Accepted: 02 March 2026.

Copyright © The Authors ; This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work
is properly cited.

KEYWORDS ABSTRACT
Smart irrigation, LoRa, IoT, This paper presents a Machine Learning—based Solar-Powered LoRa-IoT system designed
Machine learning, Solar power, for efficient irrigation management and soil salinity advisory in agriculture. The proposed
Soil salinity, Precision  system integrates soil moisture, salinity, temperature, humidity, and water-level sensors
agriculture. with a low-power microcontroller and LoRa long-range wireless communication. The
complete field unit is powered using a solar panel and battery, ensuring autonomous
operation in remote and off-grid agricultural areas. Sensor data collected from the field is
transmitted through LoRa to a base station, which forwards the data to a cloud server for
storage and analysis. Machine learning algorithms analyse environmental parameters to
predict irrigation requirements and provide actionable advisory to farmers. A mobile
application enables farmers to remotely monitor field conditions and manually control the
irrigation pump when required. The system offers a low-cost, energy-efficient, and
long-range solution that reduces water wastage, improves crop yield, and supports
sustainable, data-driven agriculture.
INTRODUCTION consumption, and reduced crop productivity. With
Agriculture plays a vital role in economic increasing population and shrinking water resources,

development and food security, yet traditional irrigation
practices are still widely followed in rural areas[1]. These
practices rely heavily on manual observation and

experience, often resulting in over-irrigation or

under-irrigation, water wastage, increased energy
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there is a growing need for intelligent irrigation systems
that optimize water usage based on real-time field

conditions.

The Internet of Things (IoT) has enabled continuous

monitoring of agricultural parameters such as soil
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moisture, temperature, humidity, salinity, and water
levels using distributed sensors. However, conventional
wireless technologies such as Wi-Fi, Bluetooth, and
cellular networks are not suitable for large-scale or
remote farms due to limited range, high power
consumption, and dependence on internet connectivity.
LoRa (Long Range) communication addresses these
limitations by providing low-power, long-distance data
transmission without requiring continuous internet

access.

Machine Learning (ML) further enhances smart

irrigation systems by enabling predictive
decision-making based on historical and real-time sensor
data[2]. By IoT LoRa

communication, solar energy, and ML-based prediction,

integrating sensing,
the proposed system delivers a reliable, cost-effective,

and sustainable solution for modern agriculture.

LITERATURE SURVEY:

Recent research in smart agriculture has focused on
wireless sensor networks, loT-based monitoring, and
automated irrigation systems. Early systems employed
Bluetooth and ZigBee technologies for short-range
communication, which limited scalability and field
coverage. ZigBee-based systems provided low power
consumption but were constrained to small areas and
mesh network complexity. Santoshkumar, et al.[4] in
their research, select various sensors and methods for
precision agriculture such as temperature sensor,
humidity (ATMega328)

microcontroller board with the wireless sensor network

Sensor, and  Arduino
system. The role of WSN is to sense the remote data from
the desired location and transmit through the wireless
network which can be viewed by the receiver. M. Dholu,
et al.[5] proposed and designed an IoT for precision
agriculture application. This proposed system consists of
various components like humidity & temperature
sensor, soil moisture sensor, and a microcontroller unit
(MCU) along with the Wi-Fi module, using the Wi-Fi
router uploaded the sensed data on Thingspeak cloud
and finally displayed it on the mobile application.
Researchers highlighted LoRa’s capability to cover
several kilometres with minimal energy consumption.
Recent studies have introduced machine learning into
irrigation systems to improve decision accuracy, but
many remain

implementations costly or

161

e
International Journal for Modern Trends in Science and Technology

internet-dependent. These limitations motivate the

development of a solar-powered, LoRa-enabled,
ML-based irrigation and salinity advisory system. D.
Davcey, et al. [6] design an IoT agriculture system based
on LoRaWAN. As discussed, RF technology was
replaced by Bluetooth technology, and Bluetooth was
replaced by ZIGBEE technology, And ZIGBEE has
replaced by LoRa technology. D. Davcey, et al. Y. Kim, et
al. [7] designed remote sensing and control of an
irrigation system using a distributed wireless sensor
network. In this proposed system [7], communication
signals from the sensor network and irrigation controller
to the base station were successfully interfaced using
low-cost Bluetooth wireless radio receiver [7]. A.
et al. [8]

greenhouse monitoring and controlling using an android

Hanggoro, proposed and designed a
mobile application, which was a complete system
designed to monitor and control the humidity inside a
greenhouse. It used an android mobile phone, connected
using Wi-Fi to a central server which connects via serial
communication to a microcontroller and humidity
sensor. According to them, Wi-Fi has been implemented
all over the world, and 802.11g was the third modulation
standard for wireless LANs. P. Gangurde, et al. [9]
designed a novel approach for precision agriculture
using a wireless sensor network. In their research, they
propose different topologies for precision agriculture.
The development and deployment of WSNs have taken
traditional network topologies in new directions [9].
Different WSN topologies are Bus, Star, Ring, and Grid
[9]. According to them, delay in star case was much less

than the delay in a bus, grid, and ring topology [9].

PROPOSED SYSTEM
METHODOLOGY:

The proposed system integrates solar power, IloT

AND WORKING

sensing, LoRa communication, and machine learning to
create a smart irrigation and salinity advisory solution.
The system is divided into two main units: a field station
and a base station.

A) Field Station Unit The field station consists of soil
moisture sensor, salinity (EC/TDS) sensor, temperature
and humidity sensor, and water-level sensor. An
ESP32/Arduino-based microcontroller collects sensor
data and controls a relay connected to a water pump.

The entire unit is powered by a solar panel with battery




backup. Sensor data is transmitted to the base station
using a LoRa (5X1278) module.

B)Base Station Unit The base station uses a
NodeMCU/ESP8266 with a LoRa module to receive data
from the field station. The received data is forwarded to
a cloud server via Wi-Fi for storage and visualization.
The base station also sends control commands back to

the field unit when required.

C) Machine Learning-Based Prediction Machine
learning algorithms analyze historical and real-time
sensor data to predict irrigation requirements.

Parameters such as soil moisture, salinity, temperature,
and humidity are used as input features. The trained
model determines whether irrigation is required and
provides advisory to farmers, improving water
efficiency and crop health.

D) User Interface and Control A mobile application
allows farmers to monitor field conditions in real time

and manually control the water pump based on ML

predictions. Alerts and historical trends support
informed decision-making[10].
E) BLOCK DIAGRAM

The block diagram illustrates the integration of sensors,
microcontroller, LoRa transmitter and receiver, cloud
server, and mobile application. The workflow begins
followed by LoRa

transmission to the base station, cloud processing,

with sensor data acquisition,
ML-based prediction, and pump control through relay

actuation.

Transmitter Section:

S/@"

I oRa

e sxto78

Fig. 1. Block Diagram of Proposed Smart Irrigation
System
Receiver Section:

| Power Supclv sammcs  NodeMcCU <——> LoRa Module ‘I

Fig. 2. Block Diagram Base Station
F) WORKFLOW DIAGRAM

The workflow diagram

illustrates the sequential
execution of the proposed system, beginning with

system initialization followed by continuous monitoring
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of environmental and occupancy conditions. The process
starts once the Raspberry Pi is powered ON[11]. The
sensors are initialized and begin capturing temperature,
humidity and illumination values, while the camera
simultaneously detects human presence within the
room. All acquired parameters are fed into the machine
learning inference module, where they are evaluated in
real time to decide whether appliances need to be
activated or turned OFF.

Initialize and power up 1
OT components using Solar’
Panel at Field Node

Check soil moisture,
salinity, temperature,
water level

Control irregion (ON"")
‘OFF) at Field Node

to Cloud Server

Transmit sensor data
using LoRa

Display the predicted data to
ML prediction Engine

Store the predicted and
historical data

Fig. 3. Workflow Diagram of Smart Irrigation System

RESULT:

The implemented prototype successfully monitored
real-time field parameters and transmitted data over
long distances using LoRa. The solar-powered system
Machine

learning predictions enabled timely irrigation, reducing

operated reliably in off-grid conditions.
water wastage[12]. Remote monitoring and control
through the mobile application reduced manual effort
and improved irrigation efficiency.
A. HARDWARE RESULT-PROTOTYPE
IMPLEMENTATION OF LORA-IOT IRRIGATION
SYSTEM

The complete hardware prototype of the proposed
Machine

irrigation

Learning-Based Solar-Powered LoRa-lIoT
system was successfully designed and
implemented. The field station consists of soil moisture
sensor, soil salinity (TDS/EC) sensor, temperature and
humidity sensor, and water level sensor interfaced with
an Arduino UNO microcontroller[13]. A LoRa (SX1278)
transceiver module is connected to the microcontroller to
enable long-range, low-power  wireless data
transmission.

A relay module is integrated to control the irrigation

water pump, allowing ON/OFF operation based on user




commands and advisory outputs. The entire field unit is
powered using a solar panel with battery backup,
ensuring uninterrupted operation in remote agricultural
locations without grid power[14].

The base station consists of a NodeMCU (ESP8266)
which

successfully receives sensor data packets from the field

integrated with a LoRa receiver module,

node and uploads them to the cloud server through
Wi-Fi connectivity. Stable power supply, reliable sensor
LoRa
confirmed the robustness of the implemented prototype.

readings, and continuous communication

Field station
Fig. 4. Prototype setup with ESP32, sensors, relay

module and pump

Base station unit
Fig. 5. Prototype setup with NodeMCU, LoRa module

B.PRACTICAL WORKING OUTPUT -
IRRIGATION PUMP CONTROL

The practical operation of the system was validated by

LIVE

controlling a real irrigation water pump connected
through a relay module [15]. Based on sensor readings
and user commands received from the mobile/web
application, the pump was switched ON and OFF in real
time.

During dry soil conditions, the system recommended
irrigation, and the pump was activated remotely via the
application interface[16]. When sufficient soil moisture
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was detected, the pump was switched OFF, preventing
over-irrigation. This confirms that the LoRa-based
communication and control mechanism works reliably
over long distances with minimal latency.

The successful live control of the irrigation pump
demonstrates the feasibility of remote farm
management, reducing manual effort and enabling

timely irrigation decisions.

Fig. 6. LIVE PUMP IRRIGATION CONTROL
C.REAL-TIME MONITORING AND PREDICTION
DISPLAY

A real-time monitoring dashboard was developed to
visualize sensor parameters such as soil moisture,
salinity, temperature, humidity, and water level[17]. The
dashboard

irrigation  prediction

also displays machine learning-based

results, indicating whether
irrigation is required or not.

Sensor data received through the LoRa gateway is
continuously updated on the screen, enabling farmers to
monitor field conditions from anywhere. The prediction
output dynamically changes with sensor variations,
providing instant feedback and decision support[18].
This real-time display enhances transparency and
improves farmer confidence in adopting smart irrigation

practices.

2025-12-07 05:05:49

payload: 0,57,28.0,98.0,0

Fig. 7. UI output -Motor 1—Motor ON.
D. MACHINE LEARNING-BASED
AND SALINITY ANALYSIS

Machine learning techniques were applied to analyze

IRRIGATION

the collected environmental data and predict irrigation

requirements[19]. Historical sensor data containing soil




moisture, salinity, temperature, and humidity values
were used to train the prediction model.

The trained model successfully classified irrigation
needs under varying field conditions. During real-time
operation, the model accurately identified dry soil
conditions and recommended irrigation, while avoiding
unnecessary watering during adequate moisture levels.

Salinity data analysis also helped in identifying high
salt concentration conditions, supporting better soil
health management[20]. The results demonstrate that
machine learning enhances the intelligence of the system
by enabling data-driven irrigation decisions rather than
fixed threshold-based control.

E.IRRIGATION AND SALINITY ADVISORY SYSTEM
RESULTS

Based on machine learning predictions and real-time
sensor inputs, the system generates irrigation and
salinity advisories for farmers[21]. The advisory
messages indicate irrigation status such as “Irrigation
Required” or “No Irrigation Needed”, along with
salinity condition alerts.

These advisories help farmers optimize water usage,
reduce salinity stress on crops, and improve overall crop
productivity[22]. The advisory mechanism transforms
raw sensor data into meaningful and actionable
information, making the system farmer-friendly and
practical for real-world deployment.

Sensor Values Status / Advisory

Salinity: 5 dS/m

Toggle Advisory

Level:

Meaning: Solil is saline. Major impact on crop growth.

Irrigation Advisory: DO NOT irrigate with high-salinity water. Provide heavy
leaching irrigation (every 1015 days) if freshwater is available. Switch to Salinity
Protection Mode.

Crop Advisory: Grow only highly salt-tolerant crops: date palm, coconut, barley,
sugar beet, quinoa, spinach, mustard. Avoid sensitive crops.

Soil Treatment Advisory: Apply gypsum based on requirement, improve drainage
(deep ploughing, subsurface drains, raised beds), add organic matter and mulch.

Sensor & Monitoring Advisory: Continuously monitor salinity (hourly). ML should
trigger immediate ALERT: High Salinity - Risk to Crop.

Salinity: 0 dS/m

Toggle Advisory

Fig. 8. HIGH— high salinity indication— gives advisory.
F.WEB APPLICATION (HTML/CSS) AND SECURE
HTTPS RESULT SUMMARY

A web-based application was developed using HTML
and CSS to display real-time sensor data, prediction

results, and irrigation status[23]. The application is
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hosted on a secure HTTPS platform, ensuring data
privacy and secure remote access.

The webpage provides a summarized view of field
conditions, including moisture levels, salinity values,
pump status, and machine learning recommendations.
This centralized monitoring platform allows farmers to
manage irrigation efficiently without physically visiting

the field[24].

myiot.co.n/agcl/dat

Sensor Dashboard — Salinity Status

Fig. 9. Web Application.
G. SUMMARY OF RESULTS

The experimental evaluation of the proposed system
confirmed reliable performance across all functional
modules. The hardware prototype operated stably under
solar power, and all sensors provided consistent and
LoRa

communication successfully transmitted sensor data

accurate real-time measurements|[25].
over long distances with minimal packet loss and low
power consumption.

The live irrigation pump control was executed
effectively through relay actuation, validating the
practical applicability of remote farm management[26].
The real-time monitoring interface displayed sensor
values and prediction outcomes without noticeable
delay, ensuring continuous visibility of field conditions.

The machine learning model demonstrated accurate
irrigation prediction under varying soil moisture and
environmental conditions,

reducing  unnecessary

irrigation cycles and promoting efficient water

usage[27].  Salinity =~ monitoring  and
further enhanced

capability. The secure HTTPS-based web application

advisory
functionality soil management
provided centralized access to all system outputs,
offering a user-friendly and reliable platform for
decision support[28].

Collectively, these results validate the technical
feasibility and functional reliability of the proposed
LoRa-loT-based smart irrigation and salinity advisory

system.




CONCLUSION:
The successful design and implementation of the
Machine

System for Irrigation and Salinity Advisory demonstrate

Learning-Based = Solar-Powered LoRa-IoT

the effectiveness of integrating IoT sensing, long-range

wireless communication, renewable energy, and
machine learning for modern agricultural applications.
The developed system addresses the limitations of
traditional irrigation practices by providing real-time
field monitoring, intelligent irrigation prediction, and
remote-control  capabilities in a single unified
framework[29].

The deployment of multiple environmental sensors
enabled continuous monitoring of critical agricultural
parameters such as soil moisture, soil salinity,
temperature, humidity, and water level. The use of LoRa
communication ensured reliable, low-power, long-range
data transmission from the field station to the base
station, making the system suitable for remote and rural
agricultural environments where internet connectivity is
limited or unavailable[30]. Solar-powered operation
further enhanced system sustainability by enabling
uninterrupted functioning without dependence on grid
electricity.

The incorporation of machine learning significantly
improved decision-making by analyzing historical and
real-time sensor data to predict irrigation requirements
Unlike threshold-based

irrigation systems, the proposed model adapts to

accurately. conventional

changing environmental conditions and reduces
unnecessary water usage[31]. The salinity advisory
component provides additional value by helping
farmers identify and manage high salinity conditions
that could adversely affect soil health and crop
productivity.

The web-based monitoring platform and mobile
interface enabled farmers to remotely visualize field
conditions, receive actionable advisories, and control
irrigation equipment from any location. This reduced
manual labour, improved operational efficiency, and
supported timely irrigation decisions[32]. Overall, the
system successfully demonstrates a cost-effective,
energy-efficient, scalable, and intelligent smart irrigation
solution that supports sustainable agriculture and

data-driven farming practices.
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