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Soil drying significantly influences agricultural productivity, making 
accurate prediction essential for efficient irrigation planning and 
water management. This research investigates how machine learning 
(ML) models can analyse and forecast soil moisture loss using diverse 
datasets, including weather conditions, soil properties, and remote 
sensing inputs. By leveraging ML, the study aims to offer practical 
solutions for optimising resource use in agriculture while addressing 
the challenges posed by climate change. The findings highlight ML’s 
ability to support sustainable farming practices through improved soil 
moisture predictions.
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Introduction
Effective water management is a cornerstone of sustainable 
agriculture, directly impacting crop productivity, resource 
efficiency, and environmental health. Accurate monitoring 
and prediction of soil moisture levels are critical for deter-
mining irrigation needs. Soil drying, shaped by environmen-
tal conditions, climate patterns, and soil-specific proper-
ties, remains a vital factor in these decisions. Traditional 
methods, such as manual observations or simple physical 
models, often lack scalability and precision, underscoring 
the need for advanced approaches.1

Recent advancements in technology have highlighted the 
transformative role of machine learning (ML) in addressing 
agricultural challenges. ML models analyse diverse datasets, 
including weather data, soil attributes, and satellite imag-
ery, to identify patterns and predict soil drying with high 
accuracy. This capability enables better irrigation planning, 
reducing water usage and improving efficiency in agricultural 
operations.2 This study explores the use of ML techniques 
to model and predict soil drying rates, emphasising their 
potential to revolutionise water management in agriculture.

It evaluates the effectiveness of various algorithms and data 
sources, discussing how integrating ML insights into farming 
systems promotes sustainability and mitigates challenges 
such as water scarcity and climate change.3

Simplifying Machine Learning for Agricultural 
Use
Accessibility of Data Sources

Access to high-quality data is foundational for building 
effective ML models for soil drying predictions. Datasets, 
such as meteorological variables, soil characteristics, and 
satellite data, are readily available through open-source 
platforms like NASA Earth Data and national meteorological 
databases. These resources empower researchers and 
agricultural experts to develop robust predictive models.4

Simplified Integration with Agricultural Systems

Practical ML applications require seamless integration 
into existing farming systems. This is achieved through 
API-based services and user-friendly mobile applications, 
enabling farmers to access forecasts without technical 
expertise. Cloud platforms like Google Earth Engine offer 
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scalable infrastructures for processing large datasets and 

Automated Model Tuning

A key element in simplifying machine learning models for 
users is the automation of model optimisation.  By utilising 
AutoML tools, such as H2O.ai or Auto-Sklearn, the need 
for manual adjustments to model parameters is reduced, 
making it easier for users with limited machine learning 
knowledge to generate accurate predictions.6

Interpretable Predictions for End-Users

Another    important    feature    for    improving usability is 
the interpretability of the model’s predictions. It is crucial 
for farmers and agricultural decision-makers to understand 
the rationale behind the predictions. Visualisation tools 
like heatmaps or temporal trend graphs can help make 
the outputs more comprehensible, allowing users to easily 
identify areas in need of irrigation or further intervention. 
Maintaining the Integrity of the Specifications.7

Role Of Machine Learning In Early Detection 
And Prevention Of Soil Moisture
Machine learning (ML) plays a significant role in the early 
detection and prevention of issues related to soil moisture, 
especially in agricultural and environmental contexts. Soil 
moisture is a crucial factor in determining plant health, crop 
yield, and overall ecosystem balance. Machine learning 
can enhance the monitoring, prediction, and management 
of soil moisture in several ways, contributing to better 
decision-making for farmers, land managers, and envi-
ronmental scientists.8

Predicting Soil Moisture Levels

Machine learning algorithms can be used to predict soil 
moisture levels based on historical data, weather forecasts, 
and environmental variables. These predictions help to 
anticipate water shortages or excess moisture, enabling 
early intervention to prevent crop damage, erosion, or 
drought stress.

Algorithms like linear regression, support vector machines, 
or deep learning models (such as recurrent neural networks) 
can be trained on historical soil moisture data to forecast 
future moisture levels. ML can analyse time-series data 
from soil moisture sensors or weather stations to predict 
future moisture trends, enabling farmers to adjust irrigation 
schedules and water management plans.8

Improved Sensor Data Interpretation

Soil moisture sensors are widely used to monitor soil condi-
tions in real-time, but the data generated can be noisy and 
require sophisticated analysis. Machine learning models 
can process large volumes of sensor data, filter out noise, 
and extract meaningful insights.

•	 Data Fusion: ML models can combine data from differ-
ent sources such as satellite imagery, ground- based 
sensors, and weather stations to generate more ac-
curate soil moisture estimates.

•	 Anomaly Detection: ML techniques like clustering (e.g., 
K-means) or outlier detection can identify abnormal 

such as irrigation failure, drainage issues, or potential 
flooding.

Optimizing Irrigation Systems

By predicting soil moisture levels and recognising patterns in 
soil water usage, machine learning can help design smarter 
irrigation systems. ML can enable precision irrigation 
systems that adjust water application based on real-time 
soil moisture data, weather conditions, and crop needs. 
This ensures that crops receive adequate water without 
over-irrigating or wasting resources. ML can optimise 
irrigation scheduling to minimise water wastage, preventing 
overwatering or underwatering, which can cause plant 
stress, soil degradation, and water shortages.8

Early Detection of Drought or Flooding

Machine learning can detect early signs of drought or 
flooding by analysing real-time and historical data. Early 
detection is crucial for mitigating the adverse effects on 
agriculture and ecosystems.9

•	 Drought Prediction: By analysing soil moisture trends, 
weather patterns, and historical drought data, ML 
algorithms can forecast impending drought conditions, 
allowing for better planning of water resources and 
crop management.

•	 Machine learning models can use soil moisture data 
combined with weather and topographical information 
to predict flood risks. This can guide early warnings 
and appropriate flood prevention measures in areas 
prone to excessive rainfall or waterlogging.

Advantages Of Ml In Soil Drying In Agricultu

ML algorithms can process large datasets and identify com-
plex patterns that humans might miss. By using techniques 
like regression models or deep learning, ML can predict 
future soil moisture levels with high precision, enabling 
farmers to prepare for periods of drought or dryness. This 
early warning allows for proactive water management 
strategies, such as adjusting irrigation schedules or mod-
ifying crop selection, to prevent damage caused by soil 
drying.10,11 Machine learning enables the development of 
precision irrigation systems that use real-time soil moisture 
data, weather forecasts, and plant water requirements to 
optimise water usage.10,11 ML ensures that crops receive 
the exact amount of water needed to thrive, without 
over-irrigation.10,11

moisture patterns, which could indicate problems

22

delivering localised predictions.5



Salian N N & Chaurasiya G R
J. Adv. Res. Alt. Energ. Env. Eco. 2025; 12(1)

ISSN: 2455-3093 

Prediction of Soil Moisture Levels

One of the primary roles of ML in soil drying is predicting soil 
moisture levels based on historical data, weather patterns, 
and other environmental variables. By training models on 
large datasets, including soil sensor readings, tempera-
ture, humidity, and precipitation data, ML algorithms can 
forecast future soil moisture conditions. These predictions 
enable farmers and land managers to anticipate soil dry-
ing events, such as droughts, before they occur, allowing 
them to take preemptive measures like adjusting irrigation 
schedules or implementing water-saving strategies12,13

Automation and Real-Time Monitoring

Machine learning facilitates real-time monitoring and auto-
matic adjustment of irrigation systems, making it possible 
for farmers to continuously optimise water usage without 
manual intervention. By automating the decision-making 
process, ML ensures that irrigation is applied precisely 
when and where it’s needed, helping to prevent soil from 
drying out while also conserving water resources.12

ML-powered automated irrigation systems can monitor 
soil moisture in multiple locations across a farm and ad-
just irrigation schedules dynamically based on changing 
moisture conditions, weather forecasts, and soil types.

Water Conservation and Efficiency

ML models can analyse historical water usage patterns and 
make recommendations on irrigation frequency, reducing 
the total amount of water used while ensuring crops remain 
hydrated.13

ML minimises water wastage, which is especially critical 
in regions facing water scarcity. In addition to optimising 
water usage for irrigation, ML can also help in designing 
water-conserving soil management.13

Case Studies And Applications In India

In India, where agriculture is highly dependent on seasonal 
monsoons, soil drying and water scarcity are significant 
challenges. With the increasing variability in rainfall

patterns due to climate change, managing soil moisture 
efficiently has become crucial for sustaining crop productiv-
ity. Machine learning (ML) and other modern technologies 
are increasingly being applied to tackle soil drying issues 
in Indian agriculture. Below are some notable case studies 
and applications in India that showcase the role of ML in 
managing soil moisture and addressing soil drying: -

Smart Farming in Tamil Nadu:AI & ML for Soil 
Moisture Management

Smart farming practices that integrate artificial intelligence 
(AI), machine learning, and the Internet of Things (IoT) are 
being used in Tamil Nadu to address soil drying. Farmers 
use real-time soil moisture sensors combined with weather 

prediction models powered by machine learning to monitor 
and manage water resources efficiently.14

Case Study: In Tamil Nadu, a project called “AI for Agricul-
ture” was implemented, where machine learning algorithms 
analysed soil moisture data from IoT-enabled sensors, 
weather forecasts, and crop data. These systems used re-
al-time information to predict moisture levels and optimise 
irrigation schedules. Farmers received recommendations 
through a mobile app, adjusting their irrigation methods 
to prevent soil drying and water wastage.15

Impact:

•	 Enhanced decision-making regarding irrigation.
•	 Prevention of soil drying and better crop management 

during water-scarce months.
•	 Increased farmer income due to optimized water use 

and higher crop productivity.

AI-Powered Soil Moisture Monitoring in Karnataka

•	 Application: Karnataka, another drought-prone state in 
India, is leveraging AI and machine learning to monitor 
and manage soil moisture levels for crops. This initiative 
uses real-time data from soil sensors combined with 
weather forecasting models to automate irrigation 
decisions.14

•	 Case Study: A partnership between the Indian Insti-
tute of Science (IISc), Bengaluru, and local farming 
communities led to the development of a system for 
monitoring soil moisture and automating irrigation 
based on ML algorithms.

The system uses sensors embedded in the soil to monitor 
moisture levels continuously, and machine learning mod-
els predict soil moisture depletion over time. The system 
can automatically trigger irrigation systems when needed, 
reducing soil drying and increasing water use efficiency.15

Impact:

•	 Reduction in soil drying and water wastage.
•	 Improved crop yields in water-scarce areas.
•	 Farmers’ enhanced ability to respond to changing 

moisture conditions.

Precision Irrigation in Maharashtra

Application: Precision irrigation systems powered by ma-
chine learning and sensor data have been implemented 
in Maharashtra, a state often affected by droughts. These 
systems use soil moisture sensors, weather forecasts, and 
satellite data to optimise water usage for crops, preventing 
both under-irrigation and over-irrigation.14

Case Study: In collaboration with the National Centre for 
Sustainable Agriculture (NCSA), precision irrigation projects 
were launched in Maharashtra. By using machine learning 
algorithms to analyse weather patterns, soil moisture 
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levels, and crop water requirements, the system predicts 
the exact amount of irrigation needed at any given time. 
The technology has reduced water wastage and increased 
crop yield by ensuring that soil moisture is maintained at 
an optimal level.15

Impact:

•	 Significant water savings (up to 30% reduction in water 
usage).

•	 Improved crop yields, especially during dry periods.
•	 Reduced reliance on manual irrigation decisions.

Conclusion

The integration of machine learning (ML) into agricultural 
water management represents a transformative approach 
to addressing soil drying challenges. By leveraging diverse 
datasets such as weather patterns, soil properties, and 
real-time sensor data, ML offers precise and actionable 
predictions for soil moisture management. The ability of 
ML models to process large volumes of data, optimise irri-
gation schedules, and automate decision-making enhances 
water-use efficiency and

contributes to sustainable farming practices. Through 
case studies in regions like Tamil Nadu, Karnataka, and 
Maharashtra, this research demonstrates the real-world 
impact of ML-powered solutions, including increased crop 
productivity, reduced water wastage, and better pre-
paredness for climate variability. These advancements 
underline the potential of ML in not only addressing soil 
drying issues but also mitigating broader challenges like 
water scarcity and climate change. As agriculture continues 
to face environmental and resource-related challenges, 
adopting ML solutions provides a pathway to resilience 
and sustainability. Future efforts should focus on scaling 
these technologies, improving accessibility for smallholder 
farmers, and fostering interdisciplinary collaborations to 
further enhance the benefits of ML in agriculture.
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