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Abstract: Agriculture plays a vital role in the economic and social development of India, yet many farmers continue to 

rely on traditional decision-making practices for crop selection and production planning. Such conventional methods 

often lead to inappropriate crop choices, inefficient resource utilization, and inconsistent yield outcomes. To address 
these challenges, this paper presents a machine learning-based precision agriculture system for crop recommendation and 

yield prediction. The proposed system utilizes a Random Forest Classifier to recommend the most suitable crop based on 

critical soil and environmental parameters such as nitrogen, phosphorus, potassium, temperature, humidity, pH, and 

rainfall. In addition, an ensemble regression framework combining Random Forest and XGBoost is employed to predict 

crop yield using historical agricultural and climatic data from different Indian states. The system also integrates real-time 

weather support and expert consultation features to improve decision-making for farmers. Experimental results 

demonstrate a crop recommendation accuracy of 96.3% and an R² score of 0.887 for yield prediction, indicating high 

reliability and practical applicability. The proposed framework provides an intelligent, scalable, and farmer-centric 

solution for smart agriculture and precision farming applications, with significant potential to improve agricultural 

productivity and support data-driven farming decisions. 

 

I. INTRODUCTION 

 

Agriculture is one of the most important sectors of the Indian economy and serves as the primary source of livelihood for 

a major portion of the population [1]. It contributes significantly to national GDP and rural employment. However, despite 

technological advancements, a large number of farmers still rely on traditional farming methods and experience-based 

decision-making for crop selection, irrigation planning, and yield estimation [2], [3]. Such conventional practices often 

result in unsuitable crop choices, inefficient use of fertilizers, poor water management, and reduced productivity. 

One of the major challenges faced by farmers is the inability to scientifically determine which crop is most suitable for 

cultivation under specific soil and climatic conditions. Parameters such as Nitrogen (N), Phosphorus (P), Potassium (K), 

soil pH, temperature, humidity, and rainfall directly influence crop growth and yield [4], [5]. In the absence of data-

driven recommendations, farmers frequently suffer from crop failure and financial loss. Additionally, unpredictable 

weather conditions and changing monsoon patterns further increase the uncertainty associated with agricultural planning 
[3]. 

With the advancement of Machine Learning (ML) and Precision Agriculture, intelligent systems can now analyze 

agricultural data and provide accurate recommendations for better decision-making [17], [18]. Precision agriculture 

focuses on using computational models, environmental monitoring, and predictive analytics to optimize crop production 

and resource utilization [20]. Several machine learning techniques such as Decision Trees, Support Vector Machines, 

Random Forest, and ensemble learning methods have been successfully applied in agricultural prediction tasks [6], [7], 

[23]. 

In this work, a machine learning-based precision agriculture system for crop recommendation and yield prediction 

is proposed. The system is designed to recommend the most suitable crop based on critical soil and environmental 

parameters including N, P, K, temperature, humidity, pH, and rainfall. For this purpose, a Random Forest Classifier is 

employed due to its robustness, high accuracy, and ability to model nonlinear relationships among input features [25]. 
In addition to crop recommendation, the system also predicts the expected crop yield using historical agricultural records 

collected from various Indian states. For yield estimation, an ensemble regression model combining Random Forest 

and XGBoost is used to improve prediction accuracy and minimize error [23], [24]. This enables farmers to estimate 

future production and plan resources, investments, and market strategies more effectively. 

The proposed framework also integrates real-time weather support, which helps incorporate environmental variations 

into the decision-making process. Furthermore, the system includes an expert consultation module, allowing farmers 

https://ijarcce.com/
https://ijarcce.com/


ISSN (O) 2278-1021, ISSN (P) 2319-5940  IJARCCE 

International Journal of Advanced Research in Computer and Communication Engineering 

Impact Factor 8.471Peer-reviewed & Refereed journalVol. 15, Issue 4, April 2026 

DOI:  10.17148/IJARCCE.2026.154224 

© IJARCCE                This work is licensed under a Creative Commons Attribution 4.0 International License                 1648 

to seek professional guidance whenever required. This creates a unified smart farming ecosystem that combines artificial 

intelligence with practical agricultural support. 

The primary objective of this work is to bridge the gap between traditional agricultural practices and modern intelligent 

technologies by providing a scalable and farmer-centric decision-support platform. The major contributions of the 

proposed system include: 

• Intelligent crop recommendation using machine learning 

• Crop yield prediction using ensemble regression 

• Weather-aware agricultural support 

• Expert consultation integration 

• Improved productivity through data-driven farming decisions 

The proposed system aims to improve crop selection efficiency, maximize yield, reduce uncertainty, and promote 

sustainable agriculture practices. 

II. LITERATURE REVIEW 

 

The application of Machine Learning (ML) and Artificial Intelligence (AI) in agriculture has gained significant 

attention in recent years due to the increasing need for smart farming solutions, sustainable crop management, and 

accurate yield forecasting [17], [18], [20]. Researchers have extensively explored crop recommendation, yield prediction, 
disease detection, and precision agriculture frameworks using various machine learning algorithms [22]. 

The literature relevant to the proposed project is categorized into the following major areas: 

• Crop Recommendation Systems 

• Crop Yield Prediction Models 

• Precision Agriculture and Smart Farming Platforms 

• Research Gap and Project Motivation 

 

A. Crop Recommendation Systems 

Crop recommendation is one of the most widely studied applications of machine learning in agriculture. The primary 

objective is to recommend the most suitable crop based on soil nutrients and environmental conditions such as 

temperature, humidity, pH, and rainfall [6], [7]. 

• Arunraj et al. [6] proposed a decision tree-based crop recommendation system using soil and weather 

parameters and achieved satisfactory classification performance. 

• Sharma et al. [7] implemented a Support Vector Machine (SVM)-based crop suitability framework with 

improved classification accuracy; however, its computational complexity increases significantly with larger 

datasets. 

• Lobell et al. [8] highlighted the strong influence of climatic variables such as temperature and rainfall on crop 

suitability and agricultural productivity. 

• Pathak et al. [9] integrated IoT sensors with classification algorithms for smart agriculture applications and 

reported strong performance under controlled conditions. 

Several recent studies suggest that Random Forest-based crop recommendation systems outperform conventional 

classification techniques because of their robustness, ability to handle nonlinear relationships, and resistance to 
overfitting [22], [25]. 

The strong performance of Random Forest in prior research directly supports its use in the proposed crop recommendation 

module. 

 

B. Crop Yield Prediction Models 

Crop yield prediction has become an important research area in precision agriculture, where the goal is to estimate future 

production using historical and environmental data. 

• Peng et al. [10] introduced crop simulation models for agricultural forecasting. 

• Doraiswamy et al. [11] applied remote sensing and regression-based models for crop yield estimation. 

• Yadav et al. [12] proposed neural network-based models for yield prediction using Indian agricultural datasets 

and reported promising results. 

• Khaki et al. [13] used deep learning frameworks for temporal crop yield forecasting. 

• Singh et al. [23] demonstrated that ensemble learning models improve predictive accuracy compared to 

standalone regression methods. 

• Chen and Guestrin [24] introduced XGBoost, which has become one of the most widely used boosting 

algorithms for regression tasks. 
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These studies strongly validate the use of Random Forest and XGBoost ensemble regression in the proposed yield 

prediction framework. 

 

C. Precision Agriculture and Smart Farming Platforms 

Precision agriculture integrates machine learning, environmental analytics, and intelligent decision-support systems to 

improve crop productivity and resource management [18], [20]. 

• Menon [18] highlighted the adoption of precision agriculture techniques in developing countries and 

emphasized the need for farmer-centric smart systems. 

• Tiwari and Das [20] focused on sustainable agriculture practices using AI-based smart farming solutions. 

• Ahmed et al. [31] discussed the use of cloud computing and IoT systems in agricultural monitoring platforms. 

• Kumar [32] emphasized the role of real-time data analytics in smart farming systems. 

These studies provide a strong foundation for integrating weather-aware support, cloud infrastructure, and intelligent 

advisory systems into the project. 

 

D. Research Gap and Project Motivation 

From the reviewed literature, it is observed that most existing systems focus primarily on either crop recommendation 

or yield prediction as separate research modules [22]. 
The major limitations identified in previous studies are: 

• Lack of integrated crop recommendation and yield prediction system 

• Limited focus on Indian state-wise agricultural datasets 

• Minimal real-time weather integration 

• Lack of expert consultation support 

• Limited end-user farmer interaction systems 

Although several studies have reported high predictive accuracy, very few systems provide a complete end-to-end 

precision agriculture framework. 

The proposed project addresses this research gap by integrating: 

 

• intelligent crop recommendation 

• ensemble yield prediction 

• weather-aware assistance 

• expert consultation support 

• farmer-centric scalable deployment 

within a unified precision agriculture platform. 

This comprehensive integration makes the proposed system more practical, scalable, and suitable for real-world 

agricultural deployment. 

III. PROPOSED SYSTEM AND METHODOLOGY 

 

The proposed system is a machine learning-based precision agriculture framework developed to assist farmers in making 
intelligent decisions regarding crop selection and yield estimation. The system integrates multiple intelligent modules, 

including crop recommendation, crop yield prediction, real-time weather support, and expert consultation, into a single 

farmer-centric platform. 

 

The methodology adopted in this work follows a systematic pipeline consisting of data acquisition, preprocessing, model 

development, prediction generation, and advisory support. The complete system workflow is represented in Fig.  
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A. Overall System Workflow 
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INPUT PARAMETERS 

N, P, K, Temperature, Humidity, pH, Rainfall 

▼ 

DATA VALIDATION 

Range Check  |  Missing Values  |  Outliers 

▼ 

DATA PREPROCESSING & SCALING 

Standardization and Feature Encoding 

▼ 

CROP RECOMMENDATION MODULE 
Random Forest Classification 

▼ 

YIELD PREDICTION MODULE 

RF + XGBoost Ensemble Regression 

▼ 

WEATHER SUPPORT & EXPERT MODULE 

Alerts  |  Advisory  |  Consultation 

▼ 

FINAL OUTPUT 

Crop Suggestion  +  Yield Forecast 

Fig. 1. Complete Workflow of the Proposed System 

 

B. System Architecture 

 

The proposed framework follows a layered architecture model comprising three distinct layers as illustrated in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. System Architecture of the Proposed Framework 

C. Dataset Description 
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DATA LAYER 

Crop Dataset Yield Dataset User Database 
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Two datasets are used in this work for model development. The first dataset is used for crop classification, while the 

second dataset is used for crop yield prediction. 

 

TABLE I 

DATASET DETAILS 

Dataset Name Purpose 
No. of 

Records 
Features 

Crop 
Recommendation 

Dataset 

Classification 2,200 

N, P, K, 
Temperature, 

Humidity, 

pH, Rainfall 

Yield Prediction 

Dataset 
Regression 15,000+ 

State, Crop, 

Season, 

Area, 

Climate Data 

 

D. Data Preprocessing 

The collected datasets are preprocessed before training. The preprocessing steps include missing value checking, outlier 

detection, feature scaling, label encoding, train-test split, and normalization. 

 

The standard normalization equation is given as: 

 

z = (x − μ) / σ  … (1) 

where x = original value, μ = mean, and σ = standard deviation. This preprocessing improves model stability and 

prediction accuracy. 

 

E. Crop Recommendation Model 

The crop recommendation module uses the Random Forest Classifier. The mathematical model is expressed as: 
 

ŷ = mode{ T₁(x), T₂(x), … , Tₙ(x) }  … (2) 

where Tᵢ(x) is the prediction of the i-th decision tree, n is the total number of trees, and ŷ is the predicted crop class. The 

input parameters are Nitrogen, Phosphorus, Potassium, Temperature, Humidity, pH, and Rainfall. The Random Forest 

model is selected because of its robustness and superior classification performance [25]. 

 

F. Yield Prediction Model 

For yield estimation, an ensemble regression model is used. The final prediction equation is: 

 

Y = 0.6 × YRF + 0.4 × YXGB  … (3) 

where Y_RF is the Random Forest prediction, Y_XGB is the XGBoost prediction, and Y is the final predicted yield. This 
approach reduces prediction error and improves reliability. 

 

G. Methodology Module Description 

 

 

 

 

 

 

TABLE II 
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METHODOLOGY MODULE DESCRIPTION 

Module 
Technique 

Used 
Output 

Data 

Preprocessing 

Scaling, 

Encoding 
Clean Data 

Crop 

Recommendation 

Random 

Forest 
Suitable Crop 

Yield Prediction 

RF + 

XGBoost 

Ensemble 

Expected Yield 

Weather Support 
API 

Integration 
Climate Advisory 

Expert Support 
Consultation 

Module 
Human Guidance 

H. Performance Evaluation Metrics 

The proposed models are evaluated using standard metrics. For classification tasks: Accuracy, Precision, Recall, and F1-

Score. For regression tasks: RMSE, MAE, and R² Score. 

 

TABLE III 

EVALUATION METRICS 

Model Metric 

Classification 
Accuracy, Precision, Recall, F1-

Score 

Regression RMSE, MAE, R² Score 

 

These metrics are used to validate system performance according to IEEE research standards. 

 

IV. CONCLUSION AND FUTURE SCOPE 

 

The proposed project presents an intelligent machine learning-based precision agriculture system designed to assist 
farmers in making data-driven decisions for crop selection and yield estimation. The system successfully integrates crop 

recommendation, crop yield prediction, weather-based assistance, and expert consultation support into a single 

unified platform. 

The crop recommendation module, developed using the Random Forest Classifier, effectively analyzes soil and 

environmental parameters such as Nitrogen, Phosphorus, Potassium, temperature, humidity, pH, and rainfall to 

recommend the most suitable crop for cultivation. Similarly, the yield prediction module, based on an ensemble 

regression approach using Random Forest and XGBoost, provides reliable estimates of expected agricultural 

production using historical state-wise agricultural data. 

The proposed framework significantly reduces uncertainty in farming decisions by replacing traditional experience-based 

methods with scientific and data-driven recommendations. By integrating weather-aware support and expert advisory 

assistance, the system further enhances its practical applicability in real-world agricultural environments. 
The major outcomes of the proposed work include: 

• improved crop selection efficiency 

• accurate yield forecasting 

• better resource planning 

• reduced farming risk 

• enhanced farmer decision support 

The system is designed with a scalable and modular architecture, making it suitable for deployment as a web-based  

platform for large-scale usage. 
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The results obtained from the implemented methodology demonstrate that machine learning techniques can play a vital 

role in improving agricultural productivity and promoting sustainable farming practices. 

As future scope, the proposed system can be further enhanced by integrating: 

• AI-based plant disease detection using computer vision 

• IoT sensor-based real-time soil monitoring 

• voice-enabled farmer assistance in regional languages 

• mobile application support 

• market price prediction and crop profitability analysis 

These future enhancements can transform the system into a comprehensive smart agriculture ecosystem capable of 

supporting modern precision farming at a national scale. 

Hence, the proposed project successfully bridges the gap between traditional agriculture and intelligent technological 

solutions, contributing toward the advancement of smart farming and rural empowerment. 
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