
 
 

 

 
Prediction of Crops based on Soil Analysis using 

Clustering Methods 
 

Mubeen Ahmed Khan1, Gajendra Singh Rajput2, Sparsh Garg3 and Sushant Sharma4 
1-4Medi-Caps University/ Computer Science and Engineering, Indore, India 

Email: makkhan0786@gmail.com, gajendrasingh.rajput26@gmail.com, gargsparsh287@gmail.com, 
sushantsharmadev@gmail.com 

 
  

Abstract—Soil-based crop prediction involves the integration of various agricultural and 
environmental factors to forecast and optimize crop yields based on soil characteristics. This 
predictive modeling relies on extensive data analysis, including soil composition, moisture 
content, nutrient levels, climate patterns, and historical crop performance. Machine learning 
algorithms and predictive analytics are crucial in analyzing complex datasets from multiple 
dimensions to produce precise predictions. The process typically starts with collecting soil 
samples and analyzing them to determine key values such as pH levels of the sample, nutrient 
content, organic matter, and texture. These soil attributes serve as critical inputs for predictive 
models. Weather data, including temperature, precipitation, humidity, and sunlight, are also 
incorporated to understand environmental conditions affecting crop growth. Machine learning 
algorithms, such as regression, decision trees, neural networks, and ensemble methods, are 
employed to analyze historical data and establish relationships between soil properties, climatic 
variables, and crop yields. These models are trained to predict potential crop outcomes based 
on varying soil compositions and weather scenarios.  
 
Index Terms— Soil Analysis, Crop Prediction, Algorithms. 

I. INTRODUCTION 

The advent of soil-based crop prediction systems marks a pivotal advancement in modern agriculture, merging 
scientific understanding, technological innovation, and data-driven methodologies. These systems represent a 
comprehensive framework designed to optimize crop production by harnessing the intricate relationship between 
soil characteristics, environmental factors, and predictive analytics. 
Soil serves as the bedrock of agricultural productivity, influencing crop growth, nutrient availability, and overall 
plant health. Soil-based crop prediction systems focus on a thorough analysis of soil properties, encompassing 
crucial parameters such as pH levels, nutrient content, organic matter, and texture. By collecting and analyzing 
soil samples, these systems generate a foundational dataset crucial for predictive modeling. 
Understanding the environmental variable impact on crop growth is equally critical. Integration of 
meteorological data—comprising temperature, precipitation, humidity, sunlight, and other climatic factors—
provides a holistic perspective on the conditions influencing crop development. This comprehensive assessment, 
often facilitated by advanced machine learning algorithms, establishes correlations between soil attributes, 
climatic variations, and historical crop performance. 
Machine  learning  algorithms  and predictive analytics form the backbone of soil-based crop prediction systems.  
 
 
Grenze ID: 01.GIJET.11.1.428 
© Grenze Scientific Society, 2025 

 

Grenze International Journal of Engineering and Technology, January Issue 



 
5167 

These algorithms analyze extensive historical data to identify patterns and relationships between soil properties, 
weather conditions, and crop yields. By leveraging these predictive capabilities, the systems generate insights 
into potential crop outcomes under various soil compositions and diverse weather scenarios. Such insights 
empower farmers with data-driven decision-making, guiding them on optimal crop selection, planting times, and 
resource allocation, thereby maximizing yield and minimizing input wastage. 
Furthermore, the integration of state-of-the-art technologies such as remote sensing through satellites and drones 
complements soil-based crop prediction systems. These technologies offer real-time spatial data on crop health, 
growth patterns, and stress factors. They facilitate ongoing monitoring and timely interventions, enabling 
farmers to proactively address issues, optimize resource usage, and improve overall productivity. 
Soil-based crop prediction systems are a groundbreaking innovation in the field of agriculture. They provide 
farmers with invaluable insights into their soil, allowing them to make informed choices for sustainable and 
efficient crop production. By integrating soil science, technology, and predictive analytics, these systems are 
revolutionizing the way we approach farming, leading to a more resilient, productive, and environmentally 
conscious agricultural sector. As technology and data analysis continue to advance, these systems have the 
potential to drive even greater transformation in agricultural practices, promoting sustainability and increasing 
productivity. 

II. LITERATURE REVIEW 

Crop prediction plays a vital role in ensuring sustainable agricultural practices and optimizing crop yields. In 
recent years, there has been a growing interest in utilizing soil analysis as a means to predict and improve crop 
outcomes. This literature review aims to examine the current state of research on crop prediction based on soil 
analysis. 
One of the key studies in this field was conducted by Smith et al. (2018) [1], who developed a predictive model 
using machine learning algorithms to forecast crop yields based on soil parameters. Their study demonstrated 
that incorporating soil data, such as pH levels, nutrient content, and organic matter, significantly improved the 
accuracy of crop yield predictions. The authors concluded that soil analysis could serve as a asset tool for 
farmers and agricultural planners to make informed decisions regarding crop chosen and management strategies. 
In a similar vein, Johnson and Brown (2019) [2] investigated the connection  between soil characteristics and 
crop performance in a specific region. Their research revealed a strong correlation between soil fertility 
indicators, such as nitrogen, phosphorus, and potassium levels, and crop productivity. By analyzing soil data 
collected from various farms, the authors developed a comprehensive soil-crop model capable of predicting 
precise crop yield measurements. This study highlighted the importance of soil analysis in guiding farmers' 
decisions and improving overall agricultural productivity. 
Furthermore, Li et al. (2020) [3] explored the potential of soil spectroscopy combined with machine learning 
techniques for crop prediction. Their research demonstrated that spectral analysis of soil samples, coupled with 
advanced prediction models, could effectively forecast crop yields. The authors emphasized the advantages of 
this non-destructive, rapid, and cost-effective approach, which could enable large-scale implementation in 
agricultural settings. 
Overall, the reviewed literature indicates a consensus on the significance of soil analysis for crop prediction. By 
leveraging soil parameters and employing advanced analytical techniques, researchers have made significant 
strides in developing accurate models for predicting crop yields. These findings underline the potential of soil 
analysis as an essential tool for optimizing agricultural practices and ensuring sustainable food production. 

A. Objectives 

The objective of this soil-based crop prediction research paper is to enable precision agriculture by accurately 
predicting crop performance based on soil attributes and environmental factors. The primary focus is to enhance 
crop yields and overall productivity, promoting resource efficiency and sustainability in agriculture. 
Additionally, the research aims to mitigate risks associated with crop failure, adverse weather conditions, and 
soil-related challenges, empowering farmers with valuable information and data-driven insights for decision-
making. By fostering the adoption of technological innovations, the application of soil-based crop prediction 
contributes to the advancement of agricultural practices. Furthermore, the research emphasizes continuous 
improvement and adaptability by incorporating new data sources, refining models, and embracing emerging 
technologies to meet evolving agricultural needs and challenges. 
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B. Significance 

The significance of this soil-based crop prediction research paper lies in its ability to optimize resource 
utilization, leading to efficient allocation of water, fertilizers, and pesticides by farmers. Through the use of 
predictive models derived from soil-based crop prediction, it enables the optimization of planting schedules, crop 
selection, and management practices, resulting in increased crop yields and overall productivity. Moreover, these 
applications provide farmers with data-driven insights, empowering them to make informed decisions for their 
agricultural operations. By facilitating proactive planning and predicting potential outcomes under different 
scenarios, soil-based crop prediction applications contribute to risk mitigation and resilience in farming. 
Additionally, they promote sustainable farming practices and environmental conservation by promoting 
precision agriculture and optimizing resource use. Furthermore, the research emphasizes the importance of 
technology adoption and innovation, encouraging the integration of cutting-edge tools like remote sensing, data 
analytics, and machine learning in agriculture. Overall, this research paper highlights the significant role of soil-
based crop prediction in improving agricultural practices, enhancing productivity, and promoting sustainable and 
technologically advanced farming methods. 

III. METHODOLOGY 

The research design of the soil-based crop prediction application entails clear research goals, objectives, and 
scope. The study aims to gather comprehensive data on soil attributes (pH, organic matter, nutrients), weather 
patterns, crop yields, and other relevant variables through data collection and acquisition. The collected data 
undergoes preprocessing and cleaning to address inconsistencies, missing values, and outliers. Feature selection 
and engineering techniques are then employed to identify the most pertinent soil attributes and environmental 
variables for predictive modeling. Suitable predictive models are chosen and developed based on data and 
research goals, such as regression, decision trees, neural networks, or ensemble methods. The dataset is divided 
into training and validation sets to train and evaluate the models using suitable metrics like accuracy, precision, 
recall, and F1 score. Furthermore, a prototype of the soil-based crop prediction application is developed, 
integrating the developed models and user-friendly interfaces for farmers. The prototype is rigorously tested to 
ensure its functionality and usability. Finally, the application is implemented and deployed on a larger scale, 
focusing on scalability and usability. This research design encompasses the entire process from data collection to 
the development and implementation of the soil-based crop prediction application, aligning with the research 
paper's goals and objectives. 

A. Source of Data 

A variety of data sources contribute to the research on soil-based crop prediction. Soil sampling and laboratory 
analysis play a crucial role, as soil samples collected from agricultural fields undergo comprehensive laboratory 
analysis to determine important soil properties such as pH levels, nutrient content, organic matter, soil texture, 
and moisture content. Weather stations provide meteorological data, including temperature, rainfall, humidity, 
wind speed, solar radiation, and other parameters, offering insights into the climatic influences on crop growth. 
Remote sensing technologies, such as satellite imagery and drone-based data, provide spatial information for 
monitoring crop health, detecting stress factors, and assessing soil variability. Farm management systems and 
IoT devices installed in fields capture real-time data on irrigation schedules, soil moisture levels, and other on-
ground parameters, enabling dynamic monitoring of crop and soil conditions. Additionally, crowdsourced and 
farmer-generated data collected through collaborative platforms or apps can provide valuable information on 
local soil types, crop management practices, and observations. Finally, published scientific literature and 
academic research studies contribute valuable insights into soil-crop relationships, modeling methodologies, and 
advancements in predictive modeling techniques. These diverse data sources collectively contribute to the 
comprehensive understanding and development of soil-based crop prediction models. 

B. Problems with the existing system 

There are a few problems with the existing system, which can be named as follows: 
• Data Accuracy and Availability 
• Complexity and Interpretability 
• Limited Adaptability to local condition 
• Lack of User-Friendly Interface 
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IV. PROPOSED System 

The proposed system for soil-based crop prediction aims to integrate advanced soil testing techniques, remote 
sensing technologies, and machine learning algorithms. It involves comprehensive soil analysis through cost-
effective soil testing services, utilizing IoT sensors for real-time data on soil moisture and weather conditions, 
and employing satellite imagery for large-scale monitoring. This data will be fed into machine learning models 
trained on historical soil data, weather patterns, and crop yields to predict optimal crop choices, fertilizer 
applications, and irrigation schedules. The system will provide actionable insights to farmers, enabling them to 
make informed decisions for improved crop productivity, resource efficiency, and sustainable agriculture 
practices.  

A. Advantages of the Proposed System 

The proposed system offers several advantages that contribute to improved agricultural practices. Firstly, it 
enhances crop yield and resource optimization by utilizing detailed soilanalysis and predictive modeling. By 
providing farmers with informed recommendations regarding crop varieties, planting schedules, irrigation, 
fertilization, and pest control, the app helps optimize resource allocation and improve overall crop productivity. 
Secondly, the system mitigates risks and increases resilience by predicting potential challenges related to soil 
health, weather changes, and crop susceptibilities. This proactive approach enables farmers to manage and 
mitigate risks effectively. Thirdly, the app promotes sustainability and environmental conservation by 
recommending crops that are suitable for local soil conditions, reducing the reliance on excessive fertilizers, 
pesticides, and water usage. This contributes to more sustainable farming practices. The user-friendly interface 
ensures accessibility and ease of use for farmers with varying levels of technical expertise, facilitating 
widespread adoption. Real-time updates on changing weather patterns and soil conditions enable farmers to 
make timely adjustments to their farming strategies. By offering clear and interpretable recommendations, the 
app empowers farmers to make data-driven decisions, enhancing their decision-making capabilities. The 
economic benefits of the system include cost savings through improved crop yield and reduced resource 
wastage. Furthermore, by recommending crops aligned with arket demands, the app supports farmers in 
producing  marketable yields, potentially increasing their profitability. Overall, the proposed system brings 
significant advantages to agricultural operations, enhancing productivity, sustainability, and profitability. 

B. System Feasibility 

The feasibility of the proposed system can be evaluated from various perspectives. From a technical standpoint, 
it is necessary to assess whether the required technology, resources, and expertise are available or can be 
acquired to develop and maintain the app effectively. This includes evaluating the availability of suitable 
hardware, software, and skilled personnel. Financial feasibility entails estimating the costs associated with 
developing, implementing, and maintaining the app, considering factors such as development expenses, 
infrastructure costs, and ongoing operational expenses. Market feasibility involves analyzing the potential 
demand for the app among its target users, such as farmers, agronomists, and other agricultural stakeholders. 
Understanding the market dynamics, competition, and potential adoption rates is crucial for determining the 
viability and potential success of the system. Operational feasibility focuses on assessing whether the app can be 
seamlessly integrated into existing agricultural practices without causing significant disruption. This includes 
considering compatibility with existing infrastructure, user training requirements, and the ability to 
accommodate different farming systems and practices. Legal and ethical feasibility involves evaluating any 
regulatory or compliance issues related to data privacy, intellectual property rights, and adherence to ethical 
guidelines in agriculture. Ensuring that the app complies with relevant laws, regulations, and ethical standards is 
essential for its long-term viability and acceptance. By considering these various aspects of feasibility, a 
comprehensive assessment of the system's viability and potential challenges can be made. 

C. Functional Requirements 

The functional requirements of the soil-based crop prediction application encompass several key aspects. Firstly, 
the system should be capable of integrating and processing diverse soil data, including soil type, pH levels, 
moisture content, nutrient composition, and organic matter, collected from various sources or sensors. This 
integration allows for a comprehensive analysis of soil attributes. Secondly, the application should implement 
predictive models or algorithms that leverage the soil data, historical crop yield data, weather patterns, and other 
relevant factors to forecast potential crop yields for different crops in a specific area. These predictive models 
serve as the foundation for providing accurate crop yield predictions. Additionally, the system should allow users 
to customize and input specific details such as the area of land, desired crop type, and additional fertilization or 
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soil amendment plans. This customization enables users to refine and personalize the predictions according to 
their specific needs and requirements. Furthermore, the application should incorporate real-time or forecasted 
weather data to enhance the accuracy of predictions. Weather patterns play a significant role in crop growth, and 
integrating this data ensures more precise and reliable forecasts. To ensure accessibility and ease of use, the 
application should be developed with a user-friendly interface that is compatible with both web and mobile 
devices. This mobile compatibility allows farmers and users to access and utilize the application conveniently 
while working in the field. By addressing these functional requirements, the soil-based crop prediction 
application can provide valuable insights and support to farmers in optimizing their crop yields and decision-
making processes. 

D. Non - Functional Requirements 

The non-functional requirements of the soil-based crop prediction application are essential for ensuring its 
overall performance and usability. Firstly, the application should exhibit excellent performance by being 
responsive and minimizing latency in processing soil data, generating predictions, and delivering 
recommendations. Quick response times to user queries enhance user experience and productivity. Scalability is 
another crucial requirement, allowing the application to handle varying workloads and accommodate a growing 
number of users. It should be able to scale resources efficiently to handle increased data volume without 
compromising performance. Reliability is vital to ensure the application operates consistently and reliably under 
different conditions, minimizing downtime and ensuring high availability, especially during critical periods in 
the agricultural calendar. Usability is essential for a wide range of users, including farmers in rural areas, and the 
interface should be intuitive, user-friendly, and accessible across different devices. Strong data security 
measures, including encryption, access controls, and audits, must be implemented to safeguard sensitive data. 
Data integrity should be ensured through validation, error handling, and backups for a reliable and efficient crop 
prediction platform. 

V. IMPLEMENTATION 

This section contains the algorithms that are used by the system. The system makes use of these algorithms in 
order to satisfy the various functional and non-functional requirements of the proposed scheme. 

A. Workflow 

Implementing a soil-based crop prediction app involves amalgamating soil data, weather forecasts, and historical 
crop yields. This integration fuels predictive algorithms, providing tailored crop recommendations based on soil 
composition and local climate. The user-centric interface, accessible across devices, facilitates real-time input, 
alerts, and comprehensive reports. Emphasizing scalability, data security, and reliability ensures accurate 
predictions, empowering informed decision-making for crop selection, soil enrichment, and optimized 
agricultural practices, aiding farmers in maximizing yields and sustainable land management. 

B. Process flow  

 
Fig. 5.1 Process Flow 
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C. Process flow explanation 

a. Enter the required nutrition and atmospheric parameters of the soil sample. 
b. Data transit to the server from the frontend. 
c. Send data values to python model. 
d. Python model does the analysis and produces a result which is shared to python server(script). 
e. This result is then sent to frontend as a output(crop). 

D. Graphical User Interface 

The GUI of a soil-based crop prediction app features an intuitive interface displaying soil data, weather 
forecasts, and crop recommendations. It allows users to input land specifics, view real-time alerts, and access 
comprehensive reports. Its user-friendly design enables seamless navigation, aiding farmers in informed 
decision-making for optimal crop selection and soil management. 

 
Fig 5.2 Form for Input the Details 

 

Fig 5.3 Showing Output 

VI. RESULT AND DISCUSSION 

The Soil-based Crop Prediction application developed using Python and MERN Stack (MongoDB, Express.js, 
React, Node.js) stack provides valuable insights for farmers to optimize crop selection and land management 
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practices. The application's backend, built with Python, integrates soil data, weather forecasts, and historical crop 
yields. Utilizing machine learning models, it generates predictions for suitable crops based on soil composition, 
pH levels, moisture content, and local weather patterns. 
Results showcase accurate crop recommendations aligned with specific soil characteristics and climatic 
conditions. The application's predictive algorithms effectively forecast suitable crops, empowering farmers to 
make informed decisions regarding crop rotation, irrigation strategies, and soil amendments. Furthermore, the 
interactive GUI enables users to visualize predictions, fostering better comprehension and aiding decision-
making processes. The application's successful integration of diverse technologies ensures scalability, data 
security, and reliability. It allows for future enhancements, accommodating additional datasets and advanced 
analytics, thereby enhancing the application's predictive accuracy and usability. However, continual evaluation 
and refinement are crucial to improve prediction accuracy and user experience, considering factors such as 
expanding the model's training data and incorporating real-time weather updates. Overall, the Python and 
MERN-based soil-based crop prediction application proves instrumental in assisting farmers, optimizing 
agricultural practices, and ultimately contributing to increased crop yields and sustainable land management. 

 

Figure 6.1 Result 

VII. CONCLUSION 

The soil-based crop prediction application represents a pivotal tool for farmers, facilitating informed decision-
making in crop selection and land management. Utilizing a comprehensive amalgamation of soil data, weather 
forecasts, and historical crop yields, the application's predictive algorithms provide tailored crop 
recommendations aligned with specific soil characteristics and local climate conditions. 
Throughout its development, the application showcased promising results, accurately predicting suitable crops 
based on soil composition, pH levels, moisture content, and historical performance. The intuitive and dynamic 
graphical user interface (GUI) allows farmers to input land details, receive real-time alerts, monitor soil health 
metrics, and access comprehensive reports, enhancing usability and aiding decision-making processes. 
The successful implementation of the soil-based crop prediction application, leveraging Python for backend 
operations and the MERN stack for frontend development, ensures scalability, reliability, and data security. This 
integration allows for future enhancements, including the addition of new datasets and advanced analytics, 
contributing to improved predictive accuracy and application usability. 
Nevertheless, continuous evaluation and refinement remain essential to further enhance prediction accuracy and 
user experience. Future considerations include expanding the model's training data, incorporating real-time 
weather updates, and refining algorithms to accommodate evolving agricultural practices and technological 
advancements. 
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In conclusion, the soil-based crop prediction application serves as a valuable tool, empowering farmers with 
crucial insights for optimized crop selection, irrigation strategies, and soil management practices. Its integration 
of diverse technologies, user-friendly interface, and predictive capabilities contribute to increased crop yields, 
sustainable land management, and a more efficient agricultural ecosystem 

FUTURE SCOPE 

The future of soil-based crop prediction applications holds great promise, with various avenues for development 
and improvement. Advancements in precision agriculture will integrate IoT sensors, drones, and satellite 
imagery for real-time data collection, enabling targeted interventions based on precise soil monitoring. Continual 
enhancements in machine learning and AI algorithms will enhance the accuracy and efficiency of predictive 
models, incorporating sophisticated analysis of soil data, historical crop performance, and weather patterns. 
Integration with emerging technologies like blockchain may ensure data integrity and traceability, fostering 
transparency in the agricultural ecosystem. User experience will be prioritized with simplified data visualization, 
personalized dashboards, and mobile applications optimized for remote agricultural areas. Climate change 
adaptation will be a key focus, incorporating climate models and adaptive strategies to recommend resilient 
crops and mitigate extreme weather impacts. Collaboration and data sharing among stakeholders will lead to 
comprehensive platforms, facilitating innovation and collective insights. Lastly, efforts will be made to enhance 
global accessibility by translating and customizing applications for different regions and supporting diverse 
farming practices, enabling widespread adoption and global impact. 
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