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Abstract. Agriculture is a critical industry that ensures food security and eco- 

nomic development. Farmers, however, usually face challenges in choosing the 

appropriate crops and yield estimation because of differences in soil characteris- 

tics and land availability. This project proposes a Crop Recommender System 

based on Machine Learning to assist farmers in making informed decisions about 

crop choice and yield estimation. The system, through analyzing past agricultural 

statistics like soil condition, area cultivated, location, and type of crop, predicts 

the correct yields and recommends crops with high yield without the need for 

GPS parameters. Machine learning techniques are employed to analyze past 

trends, identify patterns, and generate accurate predictions. The system consists 

of two key components: a service provider module to train and validate machine 

learning models, and a remote user module where farmers input their soil and 

land information to receive crop suggestions and yield estimations. The web 

server and database components facilitate efficient data processing and storage. 

By integrating data-driven insights, this system aims to enhance agricultural 

productivity, optimize land use, and support farmers in making more efficient 

cultivation decisions. 

Keywords: Crop recommendation, yield prediction, machine learning, agricul- 

ture ,soil type, area under cultivation, crop selection . 

1 Introduction 

Agriculture is an important support pillar of the world economy, being a 

source of food security, employment, and basic raw materials for different industries. 

It is also the main source of livelihood for millions of people, especially in developing 

nations, with a large majority of the population relying on agriculture for their liveli-

hood [1]. Nevertheless, contemporary agricultural practices encounter many challenges 

such as uncertain climatic patterns, soil erosion, pest attacks, and market fluctuations 

[2]. Farmers tend to make decisions on which crops to grow based on traditional 

knowledge and previous experiences, but these practices are not always guaranteed be-

cause of shifting environmental factors and new agricultural trends. 

With technological advancements, data-driven methods like machine learning (ML) 

have become popular in the agricultural industry  [3]. Machine learning models can 

scan large amounts of agricultural data, identify patterns, and suggest appropriate ad-

vice with high accuracy, enabling farmers to make informed decisions. ML-based sys-
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tems have been found to substantially enhance yield prediction and crop selection ac-

curacy using important factors like soil properties, climatic data, and past yield infor-

mation [5]. With the integration of these parameters, ML-based solutions allows farm-

ers make accurate decisions, avoid crop loss, and maximize agricultural productivity. 

This paper introduces a Crop Recommender System that incorporates different machine 

learning algorithms such like Decision Tree Classifier, k-Nearest Neighbors (k-NN), 

Support Vector Machine (SVM), Random Forest, Gradient Boosting, Logistic Regres-

sion, and Naïve Bayes. The system is implemented to examine significant agricultural 

parameters like soil type, nutrient content, temperature, rainfall, and humidity to pro-

vide accurate crop recommendations specific to certain conditions [6]. By combining 

these ML models, the system proposed herein seeks to promote farming efficiency, 

boost agricultural output, and decrease uncertainty in choosing crops. 

2      Literature Review 

The application of machine learning (ML) in agriculture has gained significant momen-

tum in recent years, particularly in the domains of crop recommendation and yield pre-

diction. Various studies have demonstrated the potential of ML algorithms to transform 

traditional agricultural practices by making data-driven decisions. 

In [1], the authors utilized the K-Nearest Neighbors (KNN) algorithm to recommend 

suitable crops based on parameters like soil pH, temperature, and rainfall. Their model 

demonstrated high accuracy, reinforcing the reliability of ML techniques in agronomic 

decisions. However, the study was limited by its narrow dataset and lack of regional 

adaptability. 

Another significant contribution is by Sharma and Singh [3], who developed a hybrid 

recommendation model that integrates Support Vector Machines (SVM) and Naïve 

Bayes classifiers. Their model provided region-specific crop suggestions with an accu-

racy of 89%. Nevertheless, the system was not extended to predict yield outcomes. 

Research conducted by the Indian Agricultural Research Institute [4] emphasized the 

integration of historical yield data with real-time soil and climate information to opti-

mize crop recommendations. Their findings supported the idea that combining both 

recommendation and prediction systems could lead to more holistic agricultural support 

tools. 

3      Proposed System 

The proposed system aims to assist farmers in making informed agricultural decisions 

by recommending suitable crops and predicting expected crop yield based on specific 

inputs such as state name, soil type, crop name, and area of cultivation. Unlike tradi-

tional agricultural advisory systems that offer generic recommendations, this system 
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uses a data-driven machine learning approach to provide precise and region-specific 

suggestions tailored to the user’s conditions. 

The system is divided into two main modules: crop recommendation and yield predic-

tion. The crop recommendation module functions as a classification model that suggests 

the most suitable crop for cultivation based on inputs like state, soil type, and land area. 

The yield prediction module works as a regression model that estimates the expected 

yield (in quintals per acre) for a given crop using the same inputs along with the selected 

crop name. Both modules are trained on historical agricultural data using supervised 

learning algorithms, with the Random Forest Classifier and Random Forest Regressor 

demonstrating the best performance in terms of accuracy and prediction reliability. 

 

 
Fig .1. Data Flow 

 

To enhance accessibility and usability, the system is deployed as a web application. 

The user interface is developed using HTML, CSS, and JavaScript, enabling users to 

input their data easily. The backend, implemented in Python, processes the inputs 

through trained machine learning models and displays the results in real time. By inte-

grating both crop recommendation and yield prediction functionalities into a single plat-

form, the proposed system provides comprehensive support to farmers, agricultural 

planners, and researchers, ultimately contributing to more efficient and productive 

farming practices. 
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4       Methodology 

4.1 The Dataset 

The dataset used for building the crop recommender system is sourced from publicly 

available agricultural datasets, including information such as nitrogen (N), phosphorus 

(P), potassium (K), temperature, humidity, pH level, and rainfall. These attributes form 

the basis for determining the best-suited crop. The dataset is in CSV format and is pre-

processed using Python and Pandas libraries to ensure consistency and quality for train-

ing. 

4.2 Feature Selection 

The most relevant features for crop prediction are identified using correlation analysis 

and feature importance scores from tree-based models. These features directly influence 

crop suitability. Feature selection reduces noise, improves accuracy, and enhances the 

overall performance of the machine learning model. 

. 

4.3 Data Preprocessing  

Data preprocessing includes cleaning, handling missing values, normalization, and la-

bel encoding: 

Normalization: All numerical features are scaled between 0 and 1 to standardize input 

and accelerate convergence during model training. 

Label Encoding: Categorical crop names are encoded into numeric labels. 

Data Balancing: If the dataset is skewed toward a few crops, techniques like SMOTE 

are applied to balance the classes. 

4.4 Machine Learning Model 

Random Forest is chosen as the core model for crop prediction due to its high accuracy 

and robustness against overfitting. The model is trained to learn the mapping between 

environmental factors and the most suitable crop. 

Model Training Pipeline: 

Split the data into training and testing sets (typically 80:20 ratio). 

Train the Random Forest model using the training data. 
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Validate and tune the model using k-fold cross-validation.. 

4.5 Model Architecture 

The architecture of the proposed system is divided into two core modules: the Crop 

Recommendation Moduleand the Yield Prediction Module, both powered by machine 

learning algorithms. In the recommendation module, the model takes user inputs such 

as state name, soil type, and area of land and classifies them into the most suitable crop 

category. A Random Forest Classifier was selected for this module due to its high ac-

curacy and robustness against overfitting. This model works by constructing multiple 

decision trees during training and outputting the mode of the classes (crop names) as 

the prediction. Its ensemble nature ensures that regional variability and complex non-

linear relationships between features are well captured, making it ideal for agricultural 

datasets. 

 

 
Fig .2. System Architecture 

The yield prediction module operates using a regression-based model, specifically a 

Random Forest Regressor, which uses the same input parameters along with the se-

lected crop to predict the expected yield in quintals per acre. This regression model also 

follows an ensemble of decision trees to output a mean prediction based on the leaf 

nodes of each tree. The model's performance was optimized using hyperparam-eter tun-

ing and validated with metrics such as R² score and Mean Ab-solute Error (MAE). Both 

modules are integrated into a web-based interface where the frontend is designed for 

user interaction and the backend connects the input data to the trained models, returning 
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accu-rate and real-time outputs. This modular and scalable architecture en-sures both 

flexibility and efficiency in agricultural advisory support. 

5      RESULTS AND DISCUSSIONS 

The proposed Crop Recommender System was evaluated using an agricultural dataset 

comprising data from various Indian states. It included features such as soil type, crop, 
area of cultivation, and historical yield records. After preprocessing, the data was di-

vided into training and testing sets using an 80:20 split. Several machine learning al-

gorithms were implemented and compared, including Decision Tree, Random Forest, 

and Support Vector Machine (SVM), to determine the most effective model for both 

crop recommendation and yield prediction. 

For the crop recommendation task, the system accepted user inputs such as state, soil 

type, and area, and recommended the most suitable crop for the given conditions. 

Among the models tested, the Random Forest Classifier delivered the highest accuracy 

at 92.3%, outperforming the Decision Tree (88.7%) and SVM (85.1%) classifiers. The 

model demonstrated strong performance in identifying appropriate crops for specific 
regions—for example, recommending paddy for Andhra Pradesh and wheat for Pun-

jab—highlighting its capability to incorporate geographical and soil-based variations 

in decision-making. 

In the case of crop yield prediction, a regression model was developed using the same 

features along with the crop name. The Random Forest Regressor achieved a mean 

absolute error (MAE) of 1.8 quintals per acre and an R² score of 0.91, indicating high 

predictive accuracy. The model generalized well across different crop types and states, 

confirming its robustness and reliability. 

 

Fig.3 .Crop Recommendation  
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6 Conclusion and Future Scope 

The proposed crop recommender system is a data-driven approach designed to support 

farmers in making informed decisions about crop selection and prediction of yield. By 

applying machine learning techniques, the system analyzes critical factors such as type 

of soil, cultivation area, crop name, alongside location to predict crop yield accurately. 

Additionally, it suggests high-yielding crops based up on soil and conditions of envi-

ronment, helping farmers enhance their practices and maximize production. The inte-

gration of a fertilizer advisory module further enhances efficiency by providing guid-

ance regarding the appropriate time for application of fertilizer, reducing wastage of the 

resources and improving sustainability. 

With the implementation of a mobile application, the system ensures accessibility and 

ease of use for farmers, enabling them to make decisions with full confidence. The 

machine learning models employed, particularly Random Forest, have demonstrated 

high accuracy in yield prediction, reinforcing the system’s reliability. By offering pre-

cise crop recommendations and yield estimations, this system not only increases agri-

cultural output but also enhances economic stability and food security.  

The crop recommender system has significant potential for future enhancements that 

can further improve its accuracy, usability, and impact on agricultural productivity. One 

key area for development is the integration of real-time weather forecasting and soil 

health monitoring using IoT sensors. This would allow farmers to receive more dy-

namic and up-to-date recommendations based on current environmental conditions. 

Moreover, expanding the dataset to include a wide range of geographical regions and 

crops will improve the system's adaptability and reliability across diverse agricultural 

landscapes  
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