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Modern agriculture requires timely soil health 

information to improve crop productivity and reduce 

resource wastage. This paper presents an IoT-based 

soil health monitoring and crop advisory system 

developed using Java technologies and rule-based 

analytics. The system collects real-time soil 

parameters such as moisture, temperature, pH, and 

nutrient values using embedded sensors. Data is 

transmitted to a Java-based backend server, where 

predefined agricultural rules are applied to analyze 

soil conditions and generate crop and fertilizer 

recommendations. Unlike data-driven learning 

approaches, the proposed system relies on expert- 

defined rules, making it transparent, cost-effective, 

and easy to deploy in rural environments. The system 

improves decision-making for farmers and supports 

sustainable agricultural practices. 
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I. INTRODUCTION 

Soil quality plays a crucial role in determining 

agricultural productivity. Traditional soil testing 

methods are laboratory- based, time-consuming, and 

expensive. With advancements in IoT and software 

engineering, real-time soil monitoring systems can 

provide continuous insights directly to farmers. Most 

existing solutions depend on complex predictive 

models, which require large datasets and high 

computational power. This research proposes a Java-

based rule-driven soil analysis system that eliminates 

dependency on learning algorithms while still 

delivering accurate crop advisory results. With 

advancements in Internet of Things (IoT) technologies 

and software engineering, real-time soil monitoring 

systems have emerged as a promising solution. IoT-

enabled sensors deployed in agricultural fields can 

continuously collect soil data and transmit it to 

centralized systems for analysis. This enables farmers to 

receive timely information and make data-driven 

decisions related to irrigation, fertilization, and crop 

selection. 

RELATED WORK 

Previous studies in the domain of smart agriculture have 

primarily concentrated on the development of IoT-

based soil monitoring systems that utilize sensors to 

collect real-time data on soil moisture, temperature, and 

environmental conditions. These systems have 

demonstrated the potential to improve irrigation 

efficiency and reduce manual intervention by enabling 

remote monitoring of agricultural fields. Several 

research efforts have also explored sensor-driven 

nutrient detection, where specialized sensors are used 

to estimate soil parameters such as pH, nitrogen, 

phosphorus, and potassium levels. The collected data is 

often processed to assess soil fertility and recommend 

suitable fertilizers. While effective, these systems 

typically require frequent calibration and depend on 

costly sensor infrastructure, limiting their scalability in 

rural and low-budget farming scenarios. 

II.  PROPOSED DUAL-MODE FRAMEWORK 

The proposed system follows a rule-driven IoT 

framework designed to provide a reliable, transparent, 

and resource-efficient soil health monitoring and crop 

advisory solution. The framework integrates two tightly 

coupled modules that work in parallel to deliver 

continuous soil analysis and actionable 

recommendations. 

● IoT-Based Soil Health Monitoring Module:- 

This module utilizes a network of IoT sensors deployed 

in agricultural fields to continuously capture critical soil 

and environmental parameters. The monitored attributes 

include soil moisture, temperature, pH level, and 

nutrient concentrations such as nitrogen, 

phosphorus, and potassium (NPK). Sensor data is 

collected at regular intervals and transmitted to a 

centralized system for processing. 
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● Java-Based Rule Analytics and Crop Advisory 

Module:- This module forms the core intelligence of the 

proposed system and is implemented using Java-based 

rule-driven analytics. Instead of relying on machine 

learning or predictive models, the system employs a 

knowledge-based rule engine derived from 

agricultural standards and expert-defined 

thresholds.Objectives 

The primary objective of this research is to design and 

implement a cost-effective, real-time soil health 

monitoring and crop advisory system using IoT 

technologies and Java- based rule-driven analytics. The 

specific objectives are as follows: 

1. To design an IoT-based soil monitoring 

framework capable of continuously measuring critical 

soil parameters such as moisture, temperature, pH, and 

NPK nutrient levels in real time. 

2. To develop a Java-based rule-driven analytics 

engine that evaluates soil sensor data using predefined 

agricultural rules instead of machine learning models, 

ensuring transparency and simplicity in decision-

making. 

3. To provide accurate and explainable crop 

recommendations based on soil health conditions, 

enabling farmers to select suitable crops according to 

current soil status. 

4. To generate real-time advisory alerts for irrigation 

scheduling, nutrient deficiency, and soil health 

abnormalities, helping farmers take timely corrective 

actions. 

5. To eliminate dependency on large datasets and 

high computational resources by avoiding predictive 

learning algorithms, making the system suitable for 

low-resource and rural farming environments. 

6. To ensure system scalability and flexibility by 

allowing easy modification and extension of 

agricultural rules based on regional soil characteristics 

and seasonal requirements. 

7. To integrate IoT hardware and software 

seamlessly using Java for data processing, rule 

evaluation, and system coordination, ensuring platform 

independence and reliability. 

 

Hypothesis of the Study 

 

The study is based on the hypothesis that an IoT-

based soil health monitoring system integrated with 

a Java- based rule-driven analytics engine can 

provide accurate, real-time, and explainable crop 

advisory recommendations without relying on 

complex machine learning or predictive models. 

1. Real-time soil parameter monitoring using 

IoT sensors (moisture, pH, temperature, and NPK 

levels) can effectively reflect actual soil health 

conditions and support timely agricultural decision-

making. 

2. Rule-based analytics implemented in Java 

can generate reliable crop and irrigation 

recommendations comparable to data-driven predictive 

systems while significantly reducing computational 

complexity. 

3. Eliminating dependency on large datasets 

and model training will improve system usability and 

feasibility in low-resource and rural farming 

environments. 

4. Explainable decision logic provided by rule-

based systems will increase farmer trust and adoption 

compared to black-box machine learning approaches. 

5. Timely soil health alerts and advisories will 

lead to improved resource utilization, reduced input 

costs, and enhanced crop productivity. 

Significance of the Study 

 

This study is significant as it addresses critical 

challenges In modern agriculture by proposing a 

simple, transparent, And resource-efficient 

approach to soil health monitoring and Crop advisory 

systems. Unlike existing solutions that rely on complex 

machine learning models, the proposed system 

leverages IoT-based real-time data collection 

combined with Java-based rule-driven analytics, 

making it practical for widespread adoption, especially 

in low-resource environments. 

The use of rule-based analytics ensures that all 

recommendations generated by the system are 

explainable and recommendations generated by the 

system are explainable and transparent. Farmers and 

agricultural experts can understand how each advisory 

is derived, fostering trust and usability. 

Additionally, the rule-driven approach eliminates the 

need for large datasets, model training, and high 

computational resources, significantly lowering system 

complexity and operational costs. 

From a technological perspective, implementing the 

system in Java enhances platform independence, 

scalability, and ease of integration with IoT hardware 

and user interfaces. The modular 

architecture allows agricultural rules to be easily 

modified or extended, making the system adaptable to 

regional soil conditions, seasonal variations, and 

evolving farming practices. 
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Literature Review 

Recent advancements in smart agriculture have led to 

the widespread adoption of IoT-based soil health 

monitoring systems aimed at improving crop 

productivity and resource management. Several studies 

have demonstrated the management. Several studies 

have demonstrated the effectiveness of deploying soil 

sensors to measure effectiveness of deploying soil 

sensors to measure parameters such as moisture content, 

temperature, pH value, and nutrient levels in real time. 

These systems reduce dependency on manual soil 

testing and enable farmers to monitor field conditions 

remotely. 

Many researchers have proposed sensor-based soil 

nutrient analysis frameworks, where nitrogen, 

phosphorus, and potassium (NPK) levels are monitored 

to assess soil fertility. These systems often 

microcontrollers and wireless communication 

technologies to transmit sensor data for further analysis. 

While effective in capturing soil conditions, such 

solutions typically focus on data acquisition and lack 

robust decision-making mechanisms for crop advisory. 

Adoption of IoT-Based Soil Health Monitoring 

Before Intelligent Agriculture 

Before the widespread adoption of intelligent and data- 

driven agriculture, soil health assessment was primarily 

conducted using traditional manual and laboratory-

based testing methods. Farmers relied on periodic soil 

sampling and expert consultation to determine soil 

fertility and crop suitability. Although these methods 

provided accurate results, they were time-consuming, 

costly, and unsuitable for continuous monitoring. 

Early adoption of technology in agriculture focused 

mainly on basic sensor-based irrigation systems and 

standalone moisture monitoring devices. These systems 

offered limited functionality and lacked integrated 

decision-support mechanisms. Soil nutrient analysis and 

crop advisory decisions were still largely dependent on 

human expertise rather than automated systems. 

 

Research Methodology Research Design 

 

The research adopts a system-oriented and 

experimental research design focused on the 

development, implementation, and evaluation of an 

IoT-Based Soil Health Monitoring and Crop 

Advisory System using Java and Rule-Based 

Analytics. The study emphasizes practical system 

design rather than theoretical modeling, aiming to 

deliver a lightweight, explainable, and resource- 

efficient agricultural decision-support solution. 

The research design follows a modular architecture, 

where IoT-based data acquisition and Java-based rule-

driven analytics operate as interconnected components. 

This approach enables continuous soil parameter 

monitoring and real-time advisory generation without 

relying on machine learning or predictive algorithms. 

 

 

The methodology involves the following key phases: 

1. System Requirement Analysis 

Identification of essential soil parameters (moisture, 

temperature, pH, and NPK levels) and determination of 

suitable sensor technologies. Agricultural standards and 

expert guidelines are reviewed to define threshold 

values and decision rules. 

2. IoT Hardware Design and Data Collection 

Deployment of soil sensors in the agricultural field to 

collect real-time data. The sensor nodes transmit data to 

a central processing unit using wireless communication 

protocols. The collected data serves as the primary input 

for soil health evaluation. 

3. Rule-Based Analytics Development Using 

Java A Java-based rule engine is designed to analyze 

incoming sensor data using predefined conditional 

rules. Each rule evaluates soil health status and triggers 

corresponding crop advisory, irrigation guidance, or 

nutrient management recommendations. 

4. System Integration and Implementation 

Integration of the IoT sensing layer with the Java-based 

processing layer to ensure seamless data flow and real- 

time analysis. The system is designed to be platform- 

independent and scalable. 

5. Testing and Validation The system is tested 

using different soil conditions and parameter values to 

evaluate accuracy, responsiveness, and reliability of the 

generated recommendations. Outputs are validated 

against standard agricultural guidelines. 

Challenges Faced in Post-Adoption of IoT-Based 

Soil Health Monitoring Systems 

Despite the growing adoption of IoT-based soil health 

monitoring and crop advisory systems, several 

challenges continue to affect their effective 

implementation, particularly in rural and resource-

constrained agricultural environments. 

One of the major challenges is the high dependency on 

advanced computational techniques, such as machine 

learning and predictive analytics, in many existing 

smart agriculture solutions. These approaches require 

large datasets, high processing power, and continuous 

model training, making them unsuitable for low-
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resource settings. 

Hardware and infrastructure limitations also pose 

significant challenges. IoT sensors require regular 

calibration, maintenance, and reliable power sources. 

Inconsistent network connectivity in rural areas affects 

real-time data transmission and system responsiveness, 

limiting the effectiveness of cloud-dependent 

agricultural platforms. 

Another key challenge is the lack of explainability and 

transparency in AI-driven advisory systems. Farmers 

often find it difficult to understand how 

recommendations are generated, leading to low trust 

and reduced adoption. Complex interfaces and technical 

terminology further widen the usability gap. 

Cost constraints remain a critical issue, especially for 

small and marginal farmers. Expenses related to sensor 

deployment, cloud services, and system maintenance 

can be prohibitive, restricting large-scale 

implementation. 

Additionally, regional variability in soil 

characteristics and farming practices makes it 

difficult for generalized models to perform accurately 

across different locations. Systems that lack adaptability 

and customization fail to address local agricultural 

needs effectively. 

These challenges highlight the need for a simple, rule- 

based, and locally adaptable IoT soil health 

monitoring system that minimizes complexity, 

enhances transparency, and operates efficiently under 

limited computational and infrastructural conditions—

forming the core motivation for the proposed study. 

Another challenge lies in regional and seasonal 

variability. Soil properties, crop suitability, and 

farming techniques vary widely across regions. Systems 

that rely on generalized models struggle to adapt to local 

conditions, leading to inaccurate recommendations and 

reduced effectiveness. 

Additionally, technical literacy and usability issues 

hinder adoption. Many farmers are not familiar with 

advanced 

digital interfaces or technical terminology. Systems that 

lack cost. intuitive design and local-language support fail 

to reach their 

intended users. 

These challenges collectively emphasize the need for a 

lightweight, transparent, and rule-based IoT soil 

health monitoring system. By utilizing Java-based 

rule-driven analytics, the proposed approach minimizes 

computational complexity, enhances explainability, 

reduces cost, and improves adaptability to local 

agricultural conditions— making it more suitable for 

practical deployment in low- resource environments. 

 

Results and Discussion 

The proposed IoT-Based Soil Health Monitoring and 

Crop Advisory System using Java and Rule-Based 

Analytics was implemented and evaluated under 

controlled and simulated agricultural conditions to 

assess its effectiveness, reliability, and practicality. The 

system was tested using real-time soil sensor inputs 

representing different soil health scenarios. 

System Performance and Data Processing 

The IoT sensors successfully captured soil parameters 

such as moisture content, temperature, pH value, and 

NPK nutrient levels at regular intervals. The collected 

data was transmitted to the Java-based processing 

module without significant delay. The rule-driven 

analytics engine efficiently processed incoming data 

and generated soil health assessments in real time. Due 

to the lightweight nature of rule evaluation, system 

response time remained low even on modest hardware 

configurations. 

Accuracy of Soil Health Evaluation 

The rule-based analytics accurately classified soil 

conditions into categories such as optimal, deficient, or 

excessive based on predefined agricultural thresholds. 

For instance, deviations in soil moisture levels triggered 

irrigation advisories, while abnormal pH and nutrient 

values resulted in fertilizer and soil treatment 

recommendations. The generated outputs were 

consistent with standard agricultural guidelines, 

indicating the reliability of the rule-driven approach. 

Crop Advisory and Recommendation Outcomes 

Based on soil health evaluation, the system provided 

crop suitability recommendations tailored to the current 

soil conditions. The advisories were clear, interpretable, 

and directly linked to specific rule conditions, 

enhancing transparency. Unlike machine learning-

based systems, the decision logic was easily traceable, 

allowing users to  System Efficiency and Resource 

Utilization 

One of the significant findings of the study is the 

system’s low computational overhead. The Java-

based rule engine required minimal Processing power 

and memory making it suitable for deployment in low-

resource environments. 

The absence of model training and large data storage 

reduced both operational complexity and 
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Future Scope and Limitations 

Limitations of the Proposed System 

While the IoT-Based Soil Health Monitoring and 

Crop Advisory System using 

Java and Rule-Based Analytics demonstrates 

effective performance and practical usability, certain 

limitations exist that should be acknowledged. 

The system relies heavily on predefined rules and 

threshold values, which are derived from agricultural 

standards and expert knowledge. Although this ensures 

transparency, it limits the system’s ability to 

automatically it limits the system’s ability to 

automatically adapt to unexpected soil behavior 

or complex interactions between parameters without 

manual rule updates. 

 

Future Scope of IoT-Based Soil Health Monitoring 

and Crop Advisory Systems 

The future of IoT-based soil health monitoring and crop 

advisory systems is promising, as advancements in 

digital agriculture continue to transform traditional 

farming practices. 

The proposed Java-based rule-driven system Provides a 

strong foundation that can be Expanded and enhanced 

in multiple directions. One significant area of future 

development is the integration of additional 

environmental parameters, such as rainfall, humidity, 

solar radiation, and weather forecasts. Incorporating 

climatic data Incorporating climatic data can improve 

the accuracy of irrigation scheduling and crop selection 

recommendations. 

The system can be further enhanced by developing a 

hybrid decision-making framework, where rule-

based analytics are combined with lightweight machine 

learning techniques. This approach would retain 

transparency while enabling adaptive learning from 

historical soil data. 

Future implementations may focus on mobile and 

multilingual platforms, allowing farmers to receive 

real-time alerts and recommendations in local languages 

through smartphones 

or SMS-based services, improving and adoption  

 

LIMITATIONS OF THE STUDY 

Despite the effectiveness of the proposed IoT-Based 

Soil Health Monitoring and Crop Advisory System 

using Java and Rule-Based Analytics, certain 

limitations are inherent in the current study. 

The system primarily depends on predefined rules and 

threshold values derived from agricultural standards 

and expert knowledge. While this ensures transparency 

and 

simplicity, it limits the system’s ability to automatically 

adapt to complex or unforeseen soil conditions without 

manual rule updates. 

The accuracy of the system is directly influenced by 

sensor reliability and calibration. Inaccurate or 

degraded sensor readings may lead to incorrect soil 

health assessment and advisory outputs. Regular sensor 

maintenance is required to maintain system 

performance. 

The study focuses mainly on soil parameters such as 

moisture, temperature, pH, and NPK levels. Other 

influential factors like weather conditions, pest 

infestation, crop diseases, and market dynamics are not 

considered, which may affect the completeness of the 

recommendations. 

The proposed system provides rule-based 

recommendations rather than predictive insights. As 

a result, it does not support long-term yield forecasting 

or trend-based analysis that advanced data-driven 

models can offer. 

Opportunities in IoT-Based Soil Health Monitoring 

and Crop Advisory Systems 

The rapid advancement of digital technologies presents 

significant opportunities for the growth and 

enhancement of IoT-based soil health monitoring and 

crop advisory systems. These systems have the potential 

to transform traditional farming into a more data-driven, 

efficient, and sustainable practice. 

One major opportunity lies in the widespread adoption 

of precision agriculture. Real-time soil monitoring 

enables farmers to apply water and fertilizers more 

efficiently, reducing resource wastage and improving 

crop yield. The proposed rule-based approach offers a 

practical entry point for farmers who may not have 

access to advanced infrastructure. 

The use of Java-based rule-driven analytics creates 

opportunities for developing transparent and 

explainable decision-support systems. Agricultural 

experts can easily define, update, and customize rules 

based on regional soil conditions and crop requirements, 

making the system adaptable to diverse agricultural 

settings. 

There is also significant potential for integration with 

government and agricultural extension services. The 

system can support policy implementation, soil health 

card initiatives, and advisory programs by providing 

consistent and standardized recommendations at scale. 

https://ijsrem.com/


          
        International Journal of Scientific Research in Engineering and Management (IJSREM) 

                       Volume: 10 Issue: 01 | Jan - 2026                               SJIF Rating: 8.586                                      ISSN: 2582-3930                                                                                                                      

  

© 2026, IJSREM      | https://ijsrem.com                                                                                                                                        |        Page 6 
 

The growing penetration of mobile devices and internet 

connectivity in rural areas opens opportunities for 

delivering real-time soil health alerts and crop 

advisories through mobile applications, SMS, or 

multilingual interfaces, increasing accessibility 

and user engagement. 

From a technological perspective, the system offers 

opportunities for scalability and modular expansion. 

Additional modules such as weather integration, 

fertilizer optimization, pest alerts, fertilizer 

optimization, pest alerts, metrics can be incorporated 

without altering the core architecture. 

Furthermore, the system supports environmentally 

sustainable farming practices by promoting optimized 

input usage and soil conservation. 

This aligns with global initiatives for climate-smart 

agriculture and sustainable 

development. 

 

Conclusion 

This study presented the design and implementation of 

an IoT-Based Soil Health Monitoring and Crop 

Advisory System using Java and Rule-Based Analytics, 

aimed 

at addressing the limitations of traditional soil testing 

and complex AI-driven agricultural systems. By 

integrating real-time IoT sensor data with a Transparent 

rule-based decision framework, the proposed system 

provides timely, the accurate, and explainable soil 

health assessments and crop recommendations. 

The use of rule-driven analytics eliminates 

dependency on large datasets, model training, and high 

computational resources, making the system 

particularly suitable for low-resource and rural farming 

environments. The Java based implementation ensures 

platform independence, scalability, and ease of 

integration with IoT hardware, enhancing system 

reliability and maintainability. 

Experimental evaluation demonstrated that the system 

effectively monitors key soil parameters such as 

moisture, pH, temperature, and NPK levels, and 

generates actionable advisories related to crop selection 

irrigation scheduling, and nutrient management. The 

explainable nature of the recommendations improves 

farmer trust and supports informed decision-making. 

Although the system has certain limitations, including 

reliance on predefined rules and sensor accuracy, it 

establishes a solid foundation for practical and scalable 

smart agriculture solutions.With future enhancements 

such as weather integration, expanded rule sets, and 

mobile-based delivery, the system has the potential 

to evolve into a comprehensive agricultural decision- 

support platform. 

 

Overall, this research confirms that IoT-enabled, rule-

based analytics can serve as an effective and sustainable 

alternative to complex predictive models, contributing 

to improved agricultural productivity, resource 

efficiency, and the adoption of precision farming 

practices. 

While the current implementation focuses on soil health 

monitoring and basic crop advisory, it establishes a 

strong foundation for future enhancements such as 

weather data integration, mobile-based advisory 

delivery, and hybrid analytics approaches. Addressing 

these aspects can further improve decision accuracy and 

system robustness. 

In conclusion, the study validates that an IoT-enabled, 

rule- based agricultural advisory framework 

implemented using Java offers a practical, cost-

effective, and sustainable alternative to data-intensive 

smart farming systems. The proposed solution 

contributes meaningfully to the advancement of 

precision agriculture by bridging the gap between 

technological innovation and real-world agricultural 

needs, ultimately supporting improved crop 

productivity and resource efficiency. 
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