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Abstract: As per the recent Indian Economic Survey, agriculture in India employed over half of the workforce available.
Consequently, it is crucial to recommend crops those are most suitable for varying soil types and environmental
conditions to promote sustainable agricultural practices. This goal can be achieved by utilizing ML, including DL
algorithms for managing complex datasets and natural language processing techniques. This paper gives an overview and
complete insight about studies and works done on soil analysis and crop recommendation systems to give idea about
better algorithms for crop recommendation systems using the latest Machine learning also DL algorithms for better
accuracy and efficiency, highlighting their significance, effectiveness, and practicality in crop recommendation systems,
with the relevant datasets.
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l. INTRODUCTION

Agriculture plays a very important role in India, where its advancement significantly impacts the economy and supports
the livelihoods of a large portion of the population, Also India is known as the largest producers of agricultural goods,
however, farmers often do not achieve the expected yields due to various environmental factors that mainly affect crop
production. Additionally, they struggle to select the most appropriate crops for the soil types and regional conditions they
have to tackle these issues, there is an increasing demand for data-informed decision-making in agriculture. Particularly,
the selection of crops is essential for sustainability and optimizing yields. Choosing the right crop involves evaluation of
numerous factors, like soil properties (like nitrogen, phosphorus, and potassium levels), rainfall trends, and environmental
influences. Conventional crop recommendation methods tend to be unreliable and often lack accuracy and lack of better
crop recommendation leads to less yield and less production which affects crop management [8].

Machine learning (ML) and DL techniques have significant potential in transforming agricultural practices by delivering
accurate recommendations derived from extensive datasets. By examining intricate datasets that encompass soil factors,
climatic conditions, and environmental elements, these algorithms can suggest the best suitable crops for particular areas.

1. PROBLEM STATEMENT

Most of the Indians have farming as their occupation. Farmers plant the same crop over and over again without trying
new varieties and randomly fertilize without knowing the amount and content that is missing. Therefore, it directly affects
crop yield and acidifies the soil result in reducing soil fertility. We are designing the system using machine learning to
help farmers in crop and fertilizer prediction. Right crop will be recommended for a specific soil and also keeping in
mind of climatic boundaries. Also, the system provides information about the required content and the needed amount of
fertilizer, the seeds needed for planting. With the help of our system farmers can try to grow or cultivate different varieties
with right technique, which will help farmers in maximizing their profit.

1. OBJECTIVES
Main objectives of the application that provide tools for:
> Soil analysis and crop management system that recommends optimal crops based on soil characteristics and

regional factors.
> Predictive model that forecasts rainfall, crop yield, and fertilizer requirements for specific crops.
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V. REQUIREMENT SPECIFICATION

Hardware Interfaces
e Laptop with Operating System Windows 11.

Software Interfaces
e Python
e XAMPP Server
e Visual Studio Code
e Front End: HTML, CSS
e Back End: PHP

e Bootstrap
V. SOIL ANALYSIS

Soil analysis is the initial step to be considered in a crop recommendation system where it will be done based on various
factors, such as regional and also different type of soil and its contents.

Soil Analysis

Soil content Regional Factors
e Temperature
e Humidity l
e Phosphorous h
* Potassium \I/;/Ifs k:irn?aaﬁa

Ni e
* Nitrogen water bodies

Fig 1. Soil Analysis Process

Datasets are usually taken from Kaggle, which is an online community centre for data scientists to connect and share
insights on machine learning which provides different types of datasets to work on for free which is completely
preprocessed and we can also customize them as per our requirements [10].

For the development of our crop and fertilizer recommendation model, we utilized the publicly available "Crop
Recommendation Dataset," hosted on Kaggle by Atharva Ingle. This dataset serves as the foundation for training and
evaluating our model and was selected due to its comprehensive representation of soil and environmental factors relevant
to agricultural decision-making.

The dataset contains 2,200 instances, with each instance representing a specific combination of soil and climatic
conditions alongside the recommended crop. The key attributes included in the dataset are:

Nitrogen (N): The nitrogen content in the soil, measured in parts per million (ppm).

Phosphorus (P): The phosphorus content in the soil, measured in ppm.

Potassium (K): The potassium content in the soil, measured in ppm.

Temperature (°C): The ambient temperature of the region where the soil sample was taken.
Humidity (%): The relative humidity of the region, crucial for understanding water vapor in the air.
pH: The pH level of the soil, which influences nutrient availability and microbial activity.
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. Rainfall (mm): The annual rainfall in millimeters, impacting water availability for crops.
. Crop: The target variable, specifying the most suitable crop for the given soil and environmental conditions.

For the development of our crop prediction model, we utilized the publicly available dataset "Preprocessed2.csv," hosted
on GitHub by Dinesh7794. This dataset provides region-specific information on crops and their associated environmental
conditions, making it a valuable resource for predicting suitable crops based on input features.

The dataset includes key attributes necessary for crop prediction, such as:

State/Region: The geographic area where the data was collected, providing contextual relevance.
Season: The season during which the crops are typically grown, influencing their suitability.
Crop: The type of crop cultivated, serving as the target variable for prediction.

Temperature (°C): The ambient temperature, a critical factor affecting crop growth.

Humidity (%): The relative humidity, which impacts crop suitability and yield.

Rainfall (mm): The annual rainfall, an essential environmental variable for agriculture.

For the development of our yield prediction model, we utilized the publicly available dataset "Crop Production
Karnataka," hosted on GitHub by Dinesh7794. This dataset focuses on crop production data specific to Karnataka,
providing a regionally tailored resource for predicting crop yield.

The dataset includes detailed attributes necessary for yield prediction, such as:

. District: The district within Karnataka where the crop production data was recorded, offering geographic
specificity.

. Crop: The type of crop cultivated, serving as a critical variable for yield analysis.

o Season: The season during which the crop was grown, influencing its production.

. Area (hectares): The area of land used for cultivating the crop, impacting yield calculations.

. Production (tonnes): The total production of the crop, used to compute yield per hectare.

For the development of our rainfall prediction model, we utilized the publicly available dataset "Rainfall in India 1901-
2015," hosted on GitHub by Dinesh7794. This dataset provides extensive historical rainfall data for various states in
India, making it a valuable resource for predicting rainfall patterns and aiding agricultural planning.

The dataset contains annual rainfall data for the period from 1901 to 2015, recorded across different states and regions
of India. The key attributes included in the dataset are:

Year: The year in which the rainfall data was recorded, allowing for temporal analysis.

. State/Region: The state or region for which the rainfall data is recorded, providing geographic specificity.
. Rainfall (mm): The annual rainfall in millimeters, serving as the primary variable for prediction

VI. MACHINE LEARNING ALGORITHMS

Based on provided dataset and its attribute model is designed to train on the input data as it undergoes the same process
for all supervised learning models. We can choose any of the supervised machine learning algorithms.

It includes these following steps in system workflow from dataset to prediction:

. First consider the input dataset to train a model for analysis of soil and crop recommendation system.
. Next divide the dataset into test and training data as this same data will be used to train the model on training
data and validate based on test data.
. Build the model for our choice using any machine learning or Deep learning algorithm.
. Now pass the training also test dataset to the developed model for learning process.
e Then the model evaluation done based on validation and confusion matrix also accuracy denotes how accurate
the model.
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Based on studies gives the simple generalized workflow of system of any model that is in given below Figure 3.
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Fig 2. Workflow of system

As there are two types in supervised learning Classification and Regression with various algorithms to build a model for
crop recommendation, crop prediction, fertilizer recommendation and also yield and rainfall prediction [7].

A. Random Forest
Random Forest Algorithm for Crop Recommendation:

The Random Forest algorithm is an ensemble learning method used for classification tasks. It operates by constructing
multiple decision trees during training and outputs the class that is the mode of the classes predicted by individual trees.
For crop recommendation, this algorithm analyzes features such as soil characteristics, temperature, humidity, and rainfall
to classify the most suitable crop for a given set of conditions. The model’s robustness against overfitting and its ability
to handle diverse data make it an excellent choice for this task.

Random Forest Regressor for Yield Prediction:

The Random Forest Regressor is an adaptation of the Random Forest algorithm designed for regression tasks. It predicts
continuous outcomes by averaging the predictions from multiple decision trees. In the context of yield prediction, this
model utilizes features such as crop type, season, area, and production data to estimate crop yield per hectare. Its ability
to capture complex relationships in the data ensures accurate and reliable predictions, empowering farmers to make
informed decisions about land use and resource management.

B. Decision Tree
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Decision Tree Algorithm for Crop Prediction and Fertilizer Recommendation

The Decision Tree algorithm is a supervised learning method that models decisions based on a tree-like structure of if-
else conditions. For crop prediction, it uses features like soil type, temperature, and rainfall to identify the most suitable
crop for given conditions. The tree’s branching structure helps visualize the decision-making process, making it intuitive
and easy to interpret.

For fertilizer recommendation, the algorithm analyzes soil nutrient levels, such as nitrogen (N), phosphorus (P), and
potassium (K), along with crop requirements, to recommend the optimal type and quantity of fertilizer. The model splits
the data based on the most significant feature at each node, ensuring precise and relevant recommendations. Its simplicity
and interpretability make it a practical choice for these agricultural tasks.

VILI. SYSTEM DESIGN

The provided flowchart depicts the system design of the agricultural decision-support system, categorized into two major
functionalities: Prediction and Recommendation, both centered around machine learning models trained on specific
datasets. This flowchart of our system gives complete overview and workflow also gives better understanding of our
project and our webpage design also follow the same options and features consists option for the models mentioned in
the flowchart.

Model
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Fig 3. Flowchart

Here's a detailed breakdown:

1. Model Development:
e  Serves as the central hub, where machine learning models are developed and trained using relevant datasets.
e The outputs of the trained models feed into both prediction and recommendation systems.

2. Prediction:
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e  Crop Prediction: Utilizes a dataset containing information on frequently grown crops across India. It analyzes
factors such as region, season, and environmental conditions to predict the most suitable crop.

e Yield Prediction: Focuses on predicting crop yield using data specific to districts in Karnataka, classified by
season. This model considers the area cultivated and production data to estimate the yield.

o Rainfall Prediction: Leverages historical rainfall data from 1901 to 2015 to predict future rainfall in millimeters.
This information is critical for agricultural planning and aligning sowing or irrigation activities.

3. Recommendation:
e Crop Recommendation: Employs a dataset detailing soil and characteristics, including nitrogen (N), phosphorus
(P), potassium (K), pH, temperature, and humidity, to recommend the most suitable crop for a given soil type.
o Fertilizer Recommendation: Analyzes the nutrient requirements of soil (N, P, K) alongside crop-specific needs
to suggest appropriate fertilizers.

4. Integration:
e The outputs from the prediction and recommendation models are combined to provide farmers with
comprehensive decision-making support.
e For instance, rainfall predictions can be used in conjunction with crop and fertilizer recommendations to
optimize agricultural productivity.

This design ensures a seamless flow of data and insights, enabling farmers to make informed decisions based on soil and
environmental factors.

VIill.  PERFORMANCE EVALUATION

The performance of the models developed in this project was evaluated using various metrics and visual tools to ensure
their accuracy and reliability in agricultural decision-making. Key performance evaluation techniques included the use
of confusion matrices, regression metrics, and graphical plots, providing a comprehensive assessment of the models.
Each model's evaluation is presented as follows:

1. Crop Recommendation Model: Performance was analyzed using a confusion matrix, which illustrates the classification
accuracy by comparing actual and predicted crop recommendations.

Training and Testing Accuracy over Multiple Iterations
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Fig 4. Training and Testing accuracy
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The plot depicts the training and testing accuracy of the crop and fertilizer recommendation models over 20 iterations.
The training accuracy remains consistently high, nearing 100%, demonstrating the model's ability to learn from the
training data effectively. However, the testing accuracy exhibits fluctuations, indicating variability in the model's
performance on unseen data. A noticeable dip around iteration 15 suggests potential overfitting or data inconsistencies.
This highlights the need for strategies like regularization or cross-validation to enhance the model's generalization and
stability for real-world applications.

Confusion Matrix
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Fig 5. Confusion matrix

The confusion matrix represents the performance of the crop and fertilizer recommendation model by comparing the true
labels (actual categories) with the predicted labels (model predictions). The diagonal elements show the correct
predictions for each class, with high values indicating strong accuracy. Off-diagonal elements represent
misclassifications, which are minimal in this matrix, suggesting the model performs well across most classes. The
uniform distribution of values along the diagonal reflects balanced predictions for all categories, validating the model’s
reliability and effectiveness in classification tasks.

2. Fertilizer Recommendation Model: The model's precision in recommending suitable fertilizers was evaluated with
classification metrics, including accuracy, precision, recall, and F1-score.

3.Crop Prediction Model: Confusion matrices and accuracy plots were used to demonstrate the model's effectiveness in
predicting the optimal crop for different conditions.

4.Yield Prediction Model: Regression evaluation metrics such as Mean Absolute Error (MAE) and Root Mean Squared
Error (RMSE) were used, along with visualizations of actual versus predicted yield values.

5. Rainfall Prediction Model: Performance was assessed using statistical measures, while visual plots provided insights
into the model's predictive capabilities.
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IX. RESULT

The results of our system are demonstrated through web-based interfaces that showcase the predictions and

recommendations generated by each model. These interfaces were designed to provide an intuitive and user-friendly

experience, enabling farmers and stakeholders to access actionable insights effortlessly. Screenshots of the webpages

displaying the outputs for each model are presented below.

Each webpage reflects the following functionalities:

1. Crop Recommendation Model: Displays the most suitable crop for cultivation based on soil parameters and
environmental conditions provided as input.

2. Fertilizer Recommendation Model: Suggests the appropriate type and quantity of fertilizer tailored to soil nutrient
deficiencies and crop requirements.

3. Crop Prediction Model: Identifies the best crop to grow in a specified region based on climatic and geographical
factors.

4. Yield Prediction Model: Provides estimates of the expected crop yield per hectare for the selected region, crop, and
season.

5. Rainfall Prediction Model: Predicts annual rainfall in millimeters for a specific state and year.

Agriculture Portal

AdvERarmes freng

Features

Farmers

Fig 6. Home page of the application

The homepage of the agriculture tool offers clear sign-up and login options for both farmers and administrators. Farmers
can easily create an account or log in to access personalized features, while administrators can log in to manage the
platform. The page also highlights key features such as soil analysis, which provides crop and fertilizer recommendations
based on soil characteristics like nitrogen, phosphorus, potassium, pH, temperature, and humidity. Additionally, the
homepage showcases the crop recommendation system, offering tailored crop suggestions based on soil conditions and
regional factors. The user-friendly design ensures easy navigation, with clear options for signing up and logging in,
allowing seamless access to the tool's valuable resources.
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Fig 7. Farmer Login

The login page for farmers allows them to securely access their accounts by entering their registered email ID and
password. It is designed to provide a simple and user-friendly interface. Farmers can input their email ID and password
into the respective fields, ensuring that they can easily log in to access personalized features like soil analysis, crop
recommendations, and fertilizer suggestions. The page also includes a “Forgot Password” link, enabling farmers to reset
their password if they have forgotten it. A “Sign Up” link is available for new users, allowing them to create an account
if they haven’t registered yet. The clean layout and clear fields make the login process straightforward, ensuring quick
and secure access to the platform.
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Fig 8. Farmer Profile

The farmer profile page displays the farmer’s registered details, such as their name, email ID, location, and any other
relevant information they provided during sign-up. It serves as a personalized dashboard where farmers can view and
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manage their information. The page also includes a navigation bar that provides easy access to the platform’s key features,
such as the Recommendation Tool and Prediction Tool. The Recommendation Tool allows farmers to receive
personalized crop and fertilizer suggestions based on their soil analysis and regional factors, while the Prediction Tool
provides valuable insights like weather forecasts and crop yield predictions. The navigation bar is designed to be intuitive,
making it easy for farmers to switch between these tools and explore the features available to enhance their farming
practices. The overall layout is clean, ensuring that farmers can quickly access the information and tools they need to
optimize their agricultural activities.

# Prediction ~ ec n )’ Tools * 2 kushal Logout

NECOMMENOATION

Crop Recommendation

WITROGEN FHOSPOROUS FaTASIOUM TENPARATURE HUMIOITY BAKFALL

Result

Fig 9. Crop Recommendation

The Crop Recommendation Result page is designed to display personalized crop suggestions based on the inputs provided
by the farmer. After the farmer enters the values for Nitrogen (N), Phosphorus (P), Potassium (K), Temperature,
Humidity, Rainfall, and pH into the input fields, the system processes this data using the recommendation model.

Logout

Fertilizer Recommendation

IRESPORDUL FOTASIOUN SOIL MOISTUNE

Fig 10. Fertilizer Recommendation
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The Fertilizer Recommendation page provides farmers with tailored suggestions for the best fertilizers to use based on
the soil conditions they input. After entering the values for Nitrogen (N), Phosphorus (P), Potassium (K), Temperature,
Humidity, Rainfall, and pH, the system generates specific fertilizer recommendations aimed at improving soil health and
optimizing crop growth.

AGRICULTURE PORTAL

Crop Prediction

X 5 Qur Address
M) Sl (.Y Y. Y-

Fig 11. Crop Prediction

The Crop Prediction page allows farmers to input their state, district, and season to receive tailored crop predictions. By
selecting the appropriate state and district from dropdown menus, farmers can narrow down the predictions to their
specific region, while the season (such as Rabi, Kharif etc.) helps adjust recommendations based on the time of year.
Once the inputs are provided, the system processes the data and displays a list of crops best suited for the selected region
and season, along with their expected yield per hectare or acre. The page also provides additional information on the
ideal growing conditions, including climate, temperature, and soil requirements for each crop, as well as agricultural
insights like irrigation needs and pest management practices. The design is simple and intuitive, making it easy for
farmers to access the information they need to make informed decisions about which crops to plant, ensuring better
productivity and sustainability.

ULTURE PORTAL

Fig 12. Rainfall Prediction
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The Rainfall Prediction page provides farmers with the predicted amount of rainfall in millimeters (mm) for a specific
Indian region and month. After selecting the region and month, the system generates a forecast based on historical data
and weather patterns for that period. The result displays the expected rainfall in millimeters, helping farmers anticipate
how much rain is likely to fall during that time. This information is crucial for planning irrigation schedules, managing
water resources, and making informed decisions about crop management. Additionally, the page may include insights
into past rainfall trends for the selected region and month, providing a context for the forecast's reliability.
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Fig 13. Yield Prediction

The Yield Prediction page allows farmers to input key details about their farming conditions to receive an estimate of the
expected crop yield. The required inputs are:

e  State: The farmer selects their state from a dropdown or search field to specify the region.

e District: After selecting the state, the farmer chooses their district for more localized predictions.

e  Season: The farmer selects the season (e.g., Rabi, Kharif etc.) during which the crop will be grown.
e Crop: The farmer specifies the crop they plan to grow, such as wheat, rice, or cotton.

e Area: The farmer enters the area (in hectares or acres) where the crop will be planted.

Once these inputs are provided, the system uses historical data and agricultural models to predict the expected yield in
quintals (100 kg per quintal) for the selected crop, season, and region. The output will display the estimated yield per
hectare or acre, helping farmers understand the potential productivity of their chosen crop in their specific location and
conditions. The result can help farmers make informed decisions about resource allocation, irrigation, and crop
management. The page is designed to be easy to use, with clear input fields and an intuitive layout for quick access to
yield predictions.
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Fig 14. Admin Login

The Admin Login page allows administrators to securely access the backend of the platform by entering their Admin 1D
and Password. The page features two input fields: one for the Admin ID and another for the Password. After entering the
correct credentials, the administrator can log in to access various management features such as user account management,
system monitoring, and overseeing the overall functionality of the platform. The page is designed to ensure security, with
a "Forgot Password" link available for administrators who may need to reset their login credentials. The clean and simple
layout makes it easy for admins to log in and access their administrative tools effectively.
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Fig 15. Admin Features
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The Admin Page provides administrators with access to essential management features for overseeing the platform's
operations. Key features on this page include:
1. View Farmer Details: Administrators can view a comprehensive list of all registered farmers, including their
personal details such as name, email ID, location, and the crops they are currently managing. This feature allows
admins to monitor and manage farmer accounts efficiently.

2. Delete Farmer Accounts: If necessary, the administrator can delete farmer accounts. This option enables the
admin to remove farmers from the platform in case of account issues, inactivity, or violations of platform
policies. The delete function is designed to be secure, typically requiring confirmation to prevent accidental
deletions.

The page is designed for easy navigation, with clear buttons and options to access these features. It ensures that
administrators can effectively manage the platform’s user base, while also maintaining a clean and well-organized system.
The layout is intuitive, allowing admins to quickly access farmer details and perform necessary actions like deleting
accounts when required.

X. FUTURE WORK

1. Real-time Weather and Climate Data Integration:
e Integration with Weather APIs: Incorporate real-time weather data from external APIs (e.g., NOAA, IMD) to
provide farmers with live updates on rainfall, temperature, humidity, and other climatic factors.

¢ Climate Change Adaptation: Introduce features that suggest climate-resistant crops based on changing weather
patterns and historical data, helping farmers adapt to global warming and changing climatic conditions.

2. Soil Health Monitoring:
e |loT-based Soil Monitoring: Develop an 10T component that uses sensors to collect real-time soil data, such as
moisture, nitrogen, phosphorus, potassium levels, and pH. This data can be fed into the system to generate more
accurate fertilizer and crop recommendations.

e Soil Health Index Calculation: Implement a feature to calculate the soil health index, which takes into account
nutrient levels, organic matter, and other soil parameters to recommend suitable crops and fertilizers.

3. Mobile App Development:
e Cross-platform Mobile App: Develop a mobile application for farmers, allowing them to access crop
recommendations, weather forecasts, and soil analysis features on their smartphones. This would make the tool
more accessible, especially in rural areas with limited internet connectivity.

e Offline Mode: Implement an offline mode in the mobile app, where farmers can use the core features even
without an internet connection.

4. Recommendation for Organic Farming:
e Organic Fertilizer Recommendations: Provide recommendations for organic fertilizers like compost,
vermicompost, and bio-fertilizers based on soil characteristics. This can encourage more sustainable farming
practices.

e Promote Sustainable Practices: Include features that recommend crop rotation, intercropping, and organic pest
control methods to encourage eco-friendly farming practices.

5. Financial and Market Insights:
e Market Price Prediction: Implement a feature that predicts market prices for different crops, helping farmers
make informed decisions about when to sell their produce.

e  Access to Market Trends: Provide farmers with access to market trends, price fluctuations, and best selling times
for different crops in their region.
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6. Integration of Al and Chatbot Assistance:
e Al Chatbot for Farmer Queries: Develop an Al-powered chatbot that can answer farmers’ questions related to
soil health, crop recommendations, pest management, and market trends. The chatbot can be integrated into the
web and mobile app.

e Natural Language Processing (NLP): Use NLP techniques to help farmers interact with the system using voice
commands, allowing farmers to get information in a conversational manner.

7. Data Analytics and Reporting:
e Predictive Analytics for Fertilizer Requirements: Use historical data to predict the most suitable type and
quantity of fertilizers needed based on soil and crop types.

e Monthly Reports for Farmers: Generate automated monthly reports for farmers, providing insights on soil health,
crop yields, weather conditions, and recommendations for the next planting season.

XI. CONCLUSION

The Soil Analysis and Crop Recommendation System is a comprehensive agricultural tool designed to empower farmers
with data-driven insights and improve farming practices. By leveraging machine learning models and historical datasets,
the system provides accurate recommendations for crop and fertilizer selection, tailored to specific soil and environmental
conditions. Additionally, predictive models for rainfall and crop yield enhance decision-making, enabling farmers to
optimize resource utilization and plan their agricultural activities effectively.

The system's user-friendly interface ensures that farmers, even with minimal technical knowledge, can access advanced
tools for soil analysis, crop recommendations, fertilizer suggestions, and yield predictions. The integration of features
such as personalized farmer profiles, secure login mechanisms, and admin management further enhances the platform's
usability and scalability. The project addresses critical challenges faced by the agricultural sector, such as inefficient
resource allocation, low productivity, and lack of access to timely and accurate information. By combining soil
characteristics, regional factors, and seasonal patterns, the system supports sustainable agricultural practices and helps
farmers maximize their yield while minimizing environmental impact.

In the future, the system can be expanded with additional features, such as real-time data integration, pest and
disease prediction, and market trend analysis. The integration of loT-based sensors and mobile applications can further
enhance its functionality, making it an indispensable tool for modern agriculture. Overall, this project demonstrates the
potential of technology in revolutionizing the agricultural sector, promoting productivity, sustainability, and economic
growth for farmers and the community.
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