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ABSTRACT 

The Crop and Fertilizer Recommendation System is a Python Machine Learning project aimed at 

recommending optimal crops to farmers based on various soil and environmental factors. The 

goal is to leverage data-driven insights to suggest the most suitable crops using different 

fertilizers, thereby enhancing agricultural productivity and sustainability. In this project, we will 

develop a model that can analyze soil characteristics (like Nitrogen, Phosphorus, Potassium 

levels), environmental conditions (temperature, humidity), and rainfall patterns and type of 

fertilizer to recommend the most suitable crops for cultivation. The goal is to predict the type of 

crop to be recommended, and the type of fertilizer which falls into distinct categories or classes. 

For instance, the output might include classes such as Wheat, Rice, Maize, etc. along with details 

for fertilizer required based on the soil type.This aligns with the definition of a classification 

problem where the target variable is categorical 

1.INTRODUCTION 

1.1 INTRODUCTION OF THE 

PROJECT 

Agriculture plays a vital role in the 

economic development of many countries, 

particularly in developing nations like India, 

where a large portion of the population 

depends on farming for livelihood. 

However, modern agriculture faces 

numerous challenges such as unpredictable 

climate conditions, soil degradation, 

improper fertilizer usage, and lack of 

awareness among farmers. These issues 

often result in reduced crop yield and 

financial losses. To address these challenges, 

intelligent systems such as crop and 

fertilizer recommendation systems have 

emerged as a promising solution. 
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A crop and fertilizer recommendation 

system is a decision-support system that 

suggests suitable crops and appropriate 

fertilizers based on various parameters such 

as soil type, nutrient content, weather 

conditions, and geographical location. 

Traditionally, farmers rely on experience 

and conventional knowledge to select crops 

and fertilizers. However, such methods are 

often inefficient and may not consider 

dynamic environmental factors. With the 

advancement of technologies like machine 

learning, artificial intelligence, and the 

Internet of Things (IoT), it is now possible 

to develop smart systems that provide 

accurate and data-driven recommendations. 

These systems collect data related to soil 

nutrients (such as nitrogen, phosphorus, and 

potassium), pH levels, temperature, 

humidity, and rainfall. Based on this data, 

machine learning algorithms analyze 

patterns and relationships to predict the most 

suitable crops and fertilizers. This not only 

increases crop productivity but also 

minimizes the excessive use of fertilizers, 

thereby reducing environmental impact. 

According to recent studies, precision 

agriculture techniques help optimize input 

usage and improve yield efficiency 

significantly . 

The integration of IoT devices further 

enhances the capability of these systems by 

enabling real-time monitoring of soil and 

environmental conditions. Sensors installed 

in agricultural fields continuously collect 

data and transmit it to cloud-based platforms 

where it is processed and analyzed. This 

allows farmers to receive timely 

recommendations and make informed 

decisions. Moreover, mobile and web-based 

applications make these systems accessible 

to farmers even in remote areas. 

Another important aspect of crop and 

fertilizer recommendation systems is 

sustainability. Excessive use of chemical 

fertilizers can degrade soil quality and harm 

the environment. Intelligent 

recommendation systems ensure optimal 

fertilizer usage by considering the exact 

nutrient requirements of crops. This 

promotes sustainable farming practices and 

long-term soil health. 

In addition, such systems play a crucial role 

in addressing food security issues. With the 

increasing global population, the demand for 

food is rising rapidly. Efficient agricultural 
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practices supported by smart 

recommendation systems can help meet this 

demand by maximizing productivity. 

Furthermore, these systems reduce the 

dependency on agricultural experts and 

provide farmers with easy access to 

scientific knowledge. 

In conclusion, crop and fertilizer 

recommendation systems represent a 

significant advancement in modern 

agriculture. By leveraging technologies such 

as machine learning, IoT, and data analytics, 

these systems provide accurate, efficient, 

and sustainable solutions to improve 

agricultural productivity. They empower 

farmers with actionable insights, reduce 

risks, and contribute to the overall 

development of the agricultural sector. 

2. LITERATURE SURVEY 

Several researchers have contributed to the 

development of crop and fertilizer 

recommendation systems using advanced 

technologies. 

N.V.S.S. Poornima et al. (2023) developed a 

crop and fertilizer recommendation system 

using multiple machine learning algorithms 

such as Decision Tree, Random Forest, 

Support Vector Machine, AdaBoost, and 

XGBoost. Their study concluded that the 

Decision Tree algorithm provided better 

accuracy compared to other models . 

Ashima Kukkar et al. (2024) proposed an 

integrated system called AgroAdvisor that 

combines crop yield prediction, crop 

recommendation, and fertilizer 

recommendation using Random Forest, 

Gradient Boosting, and DeepFM models. 

Their system demonstrated improved 

accuracy in predicting suitable crops and 

fertilizers based on environmental factors . 

M. Sunandini et al. (2023) introduced an 

IoT-based crop and fertilizer 

recommendation system that uses sensors to 

monitor soil parameters such as moisture, 

temperature, and nutrient levels. The 

collected data is analyzed using machine 

learning algorithms to provide real-time 

recommendations . 

Amit Bhola and Prabhat Kumar (2024) 

developed a unified framework for crop 

selection and fertilizer recommendation 

using artificial neural networks (ANN) and 

XGBoost algorithms. Their model achieved 

high accuracy and demonstrated the 

effectiveness of machine learning in 

agricultural decision-making . 
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Madhu Sudharshanan et al. (2023) proposed 

an integrated system combining crop 

recommendation, fertilizer suggestion, and 

plant disease detection using IoT and AI 

technologies. Their approach provides a 

comprehensive solution for modern 

agriculture . 

B.N. Divya et al. (2024) developed a system 

using K-means clustering and MapReduce 

techniques to analyze agricultural data and 

recommend suitable crops and fertilizers. 

Their system also includes a graphical user 

interface for better usability . 

Pushparaj Naik et al. (2024) highlighted the 

importance of machine learning in analyzing 

soil and weather data to improve crop yield 

and reduce excessive fertilizer usage . 

Keerthi Ketheneni et al. (2023) proposed an 

ensemble-based recommendation system 

using machine learning and convolutional 

neural networks for crop, fertilizer, and 

pesticide recommendation . 

Krupa Patel and Hiren Patel (2023) 

developed a multi-criteria decision-making 

system that considers various environmental 

and economic factors for crop and fertilizer 

prediction . 

Prakash Upadhyaya (2023) proposed a 

fertilizer recommendation system using 

machine learning algorithms to optimize 

nutrient usage and improve soil fertility  

3. METHODOLOGY 

The methodology of a crop and fertilizer 

recommendation system involves several 

stages, including data collection, 

preprocessing, model development, and 

recommendation generation. 

Initially, data is collected from various 

sources such as soil testing laboratories, 

weather stations, and IoT sensors. The data 

includes parameters like soil type, pH value, 

nitrogen (N), phosphorus (P), potassium (K), 

temperature, humidity, and rainfall. This 

data forms the basis for analysis and 

prediction. 

Next, the collected data undergoes 

preprocessing. This step involves handling 

missing values, removing noise, and 

normalizing the data to ensure consistency. 

Feature selection techniques are also applied 

to identify the most relevant parameters that 

influence crop growth and fertilizer 

requirements. 
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After preprocessing, machine learning 

models are trained using the prepared 

dataset. Commonly used algorithms include 

Decision Tree, Random Forest, Support 

Vector Machine, K-Nearest Neighbors, and 

Artificial Neural Networks. These models 

learn patterns from historical data and 

establish relationships between input 

parameters and output recommendations. 

The trained models are then evaluated using 

performance metrics such as accuracy, 

precision, recall, and F1-score. The best-

performing model is selected for 

deployment. 

In the recommendation phase, the system 

takes input parameters from the user or 

sensors and processes them through the 

trained model. Based on the analysis, the 

system suggests the most suitable crop and 

the optimal type and quantity of fertilizer 

required. 

Finally, the system is implemented as a user-

friendly application, such as a mobile or 

web-based platform. Farmers can input their 

field data and receive recommendations 

instantly. Integration with IoT devices 

allows real-time monitoring and dynamic 

recommendations. 

4. EXISTING METHODS 

Traditional methods of crop and fertilizer 

selection rely heavily on farmer experience 

and expert advice. Farmers typically choose 

crops based on past practices and local 

knowledge. Similarly, fertilizers are applied 

based on general recommendations without 

considering specific soil conditions. 

One common method is soil testing, where 

samples are collected and analyzed in 

laboratories to determine nutrient content. 

Based on the results, agricultural experts 

provide fertilizer recommendations. While 

this method is accurate, it is time-consuming 

and not easily accessible to all farmers. 

Another method involves agricultural 

extension services, where experts visit farms 

and provide guidance. However, this 

approach is limited by the availability of 

experts and may not cover all regions. 

Rule-based systems were later introduced to 

automate recommendations. These systems 

use predefined rules and thresholds to 

suggest crops and fertilizers. However, they 

lack flexibility and cannot adapt to changing 

environmental conditions. 
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Statistical methods and basic data analysis 

techniques have also been used to study the 

relationship between soil parameters and 

crop yield. However, these methods are 

limited in handling large and complex 

datasets. 

Recent advancements include machine 

learning-based systems that analyze large 

volumes of agricultural data. These systems 

provide more accurate and personalized 

recommendations. However, some existing 

systems still face challenges such as limited 

datasets, lack of real-time data, and high 

implementation costs. 

 

5. PROPOSED SYSTEM 

The proposed system is an advanced crop 

and fertilizer recommendation system that 

leverages machine learning and IoT 

technologies to provide accurate and real-

time recommendations. 

The system consists of three main 

components: data acquisition, data 

processing, and recommendation engine. In 

the data acquisition phase, IoT sensors are 

used to collect real-time data from 

agricultural fields, including soil moisture, 

temperature, humidity, and nutrient levels. 

Additionally, historical data from 

agricultural databases is incorporated to 

improve model accuracy. 

In the data processing phase, the collected 

data is preprocessed and analyzed using 

advanced machine learning algorithms such 

as Random Forest and XGBoost. These 

algorithms are chosen for their high 

accuracy and ability to handle complex 

datasets. 

The recommendation engine uses the trained 

model to generate personalized 

recommendations for farmers. It suggests 

the most suitable crop based on 

environmental conditions and provides 

detailed fertilizer recommendations, 

including type and quantity. 

The system also includes a user-friendly 

interface that allows farmers to input data 

manually or receive automatic updates from 

sensors. The interface provides 

recommendations in a simple and 

understandable format. 

Furthermore, the proposed system integrates 

weather forecasting data to enhance 

prediction accuracy. This helps farmers 
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make better decisions regarding crop 

selection and fertilizer application. 

Overall, the proposed system aims to 

improve agricultural productivity, reduce 

costs, and promote sustainable farming 

practices. 

6. SCREEN SHOTS 

OUTPUT SCREENS: 

 

Fig 6.1  

 

 

Fig 6.2  

7. CONCLUSION  

Crop and fertilizer recommendation systems 

have become an essential tool in modern 

agriculture. These systems utilize advanced 

technologies such as machine learning and 

IoT to provide accurate and efficient 

recommendations. By analyzing soil and 

environmental data, they help farmers select 

suitable crops and apply optimal fertilizers, 

leading to increased productivity and 

reduced environmental impact. 

The review of existing literature shows that 

significant progress has been made in this 

field, with various models achieving high 

accuracy. However, there is still scope for 

improvement in terms of real-time data 

integration and scalability. 

In conclusion, the adoption of intelligent 

recommendation systems can revolutionize 

agriculture by enhancing decision-making, 

improving yield, and ensuring sustainability. 

 8. FUTURE SCOPE 

The future of crop and fertilizer 

recommendation systems lies in the 

integration of advanced technologies such as 

deep learning, big data analytics, and remote 

sensing. The use of satellite imagery and 

drone technology can provide detailed 

insights into crop health and soil conditions. 



International Journal of Data Science and IoT Management System IJDIM, 2026, 5 (1), 817-827 | 824 

 International Journal of 

               DATA SCIENCE AND IOT MANAGEMENT SYSTEM 
Peer Reviewed, Referred & Indexed Journal 

                                      ISSN: 3068-272X                                          www.ijdim.com                                    Original Research Paper 

 

  

In addition, the development of mobile-

based applications with multilingual support 

can increase accessibility for farmers in rural 

areas. Integration with government 

agricultural databases can further enhance 

the accuracy of recommendations. 

Another promising area is the use of 

reinforcement learning to optimize fertilizer 

usage and crop management strategies. 

Real-time decision-making systems powered 

by AI can help farmers respond quickly to 

changing environmental conditions. 

Furthermore, incorporating blockchain 

technology can improve data transparency 

and trust in agricultural systems. Overall, 

continuous research and innovation will lead 

to more efficient, scalable, and user-friendly 

recommendation systems. 
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