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ABSTRACT 
In modern agriculture, optimizing fertilizer use is crucial for maximizing crop yields, maintaining soil health, and reducing 

environmental impact. The Numerical Data-Based Fertilizer Recommendation System (NDFRS) for farmers addresses these needs 

by leveraging data-driven approaches to provide precise fertilizer recommendations tailored to specific crop and soil conditions. 

This system integrates soil nutrient analysis, crop nutrient requirements, and environmental factors to generate customized 

fertilizer plans. The NDFRS employs advanced machine learning algorithms to analyze extensive datasets, including soil test 

results, historical crop yield data, weather patterns, and geographical information. By incorporating these variables, the system can 

predict the optimal type and amount of fertilizers required for different crops at various growth stages. This ensures that nutrients 

are supplied efficiently, enhancing crop productivity while minimizing excess fertilizer use and associated environmental risks. 

The user- friendly interface of the NDFRS allows farmers to input relevant data easily and receive actionable recommendations. 

Additionally, the system offers real-time updates and adaptive recommendations based on changing environmental conditions and 

crop growth stages. Field trials and validation studies demonstrate the system's efficacy in improving crop yields and promoting 

sustainable farming practices. 
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1. INTRODUCTION 

 

Agricultural productivity and sustainability are 

critically dependent on the effective management of soil 

nutrients. In modern farming, the use of fertilizers plays 

a vital role in enhancing crop yields and ensuring food 

security. However, inappropriate or excessive use of 

fertilizers can lead to soil degradation, water 

contamination, and increased greenhouse gas 

emissions, posing significant environmental and health 

risks. To address these challenges, there is a growing 

need for precision agriculture solutions that optimize 

fertilizer use by tailoring recommendations to specific 

crop and soil conditions. 

The Numerical Data-Based Fertilizer Recommendation 

System (NDFRS) for farmers leverages advances in data 

analytics and machine learning to provide precise and 

customized fertilizer recommendations. This system 

integrates various sources of numerical data, including 

soil nutrient analysis, crop nutrient requirements, 

weather patterns, and historical yield data, to generate 

recommendations that are specific to the needs of 

individual fields and crops. By doing so, the NDFRS 

aims to enhance crop productivity, improve soil health, 

and minimize environmental impacts associated with 

fertilizer use. 

Traditional approaches to fertilizer management often 

rely on generalized guidelines that do not account for the 

unique characteristics of different fields. These 

approaches can lead to either under-fertilization or over-

fertilization, both of which have adverse effects on 

crop yields and environmental sustainability. In contrast, 

the NDFRS employs sophisticated algorithms 

to analyze extensive datasets and provide 

recommendations that are tailored to the specific 

conditions of each field. This ensures that nutrients are 

supplied in the right amounts and at the right times, 

optimizing crop growth and reducing waste. 

The NDFRS features a user-friendly interface that 

allows farmers to input relevant data and receive 

actionable recommendations. The system also provides 

real-time updates and adaptive recommendations based 

on changing environmental conditions and crop growth 

stages. This dynamic capability ensures that farmers can 

respond effectively to evolving conditions and make 

informed decisions that enhance both productivity and 

sustainability. 

In this paper, we present the design, implementation, and 

evaluation of the Numerical Data-Based Fertilizer 

Recommendation System. We discuss the data sources 

and algorithms used to generate fertilizer 

recommendations, as well as the results of field trials 

and validation studies that demonstrate the system's 

efficacy. By providing a robust and scalable solution 

for precision agriculture, the NDFRS has the potential to 

revolutionize fertilizer management practices and 

contribute to the development of sustainable farming 

systems. 

2. RELATED WORK 

 

Study focused on creating a machine learning model to 

recommend optimal fertilizer application based on soil 

and crop data. They utilized regression algorithms to 

analyze soil nutrient levels, crop type, and environmental 

conditions, providing farmers with precise fertilizer 

recommendations. Their research aimed to enhance 

agricultural productivity while 
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minimizing environmental impact through data-driven 

decision-making.[1] 

 

Research introduced a data-driven fertilizer 

recommendation system using artificial neural networks 

(ANNs). They developed an ANN model trained on 

historical agricultural data, including soil properties, crop 

yield, and weather patterns, to predict the most effective 

fertilizer combinations. Their study highlighted the 

potential of AI in improving the efficiency and 

sustainability of fertilizer usage in farming.[2] 

 

Study explored the application of ensemble learning 

techniques for fertilizer recommendation. They 

combined multiple machine learning models, such as 

decision trees, random forests, and gradient boosting 

machines, to analyze numerical data from soil tests and 

crop performance. Their research aimed to improve the 

accuracy and robustness of fertilizer recommendations 

by leveraging diverse predictive models.[3] 

 

Research focused on integrating remote sensing data with 

numerical soil and crop data for fertilizer 

recommendation. They developed a system that used 

satellite imagery and drone-based sensors to monitor 

field conditions and combined this information with 

numerical data to optimize fertilizer applications. Their 

study demonstrated the benefits of combining ground- 

based and remote sensing data for precision 

agriculture.[4] 

 

Study introduced a dynamic fertilizer recommendation 

system using reinforcement learning (RL). They 

developed an RL-based model that continuously learned 

and adapted to changing field conditions, providing real-

time fertilizer recommendations. Their research aimed to 

enhance the adaptability and long-term sustainability of 

fertilizer usage in farming by incorporating continuous 

learning mechanisms.[5] 

 

Study focused on developing a decision support system 

for fertilizer recommendation using k-means clustering 

and support vector machines (SVMs). They analyzed soil 

test results and historical yield data to segment fields into 

management zones and recommend tailored fertilizer 

applications for each zone. Their research aimed to 

enhance precision agriculture practices by addressing 

field variability and optimizing resource use.[6] 

 

Research introduced a Bayesian network model for 

fertilizer recommendation. They developed a 

probabilistic graphical model that incorporated various 

factors such as soil properties, crop type, weather 

conditions, and farmer practices to predict optimal 

fertilizer requirements. Their study highlighted the utility 

of probabilistic reasoning in managing uncertainty and 

variability in agricultural systems.[7] 

 

Study explored the application of fuzzy logic for 

fertilizer recommendation in diverse agricultural settings. 

They designed a fuzzy inference system that used input 

variables such as soil pH, moisture levels, and crop 

nutrient needs to generate fertilizer recommendations 

under varying field conditions. Their research aimed to 

provide flexible and interpretable decision support tools 

for farmers.[8] 

 

Research focused on using genetic algorithms (GAs) for 

optimizing fertilizer mixes based on numerical data. 

They developed a GA-based optimization model that 

searched for the best combination of fertilizer types and 

amounts to maximize crop yield while minimizing costs 

and environmental impact. Their study demonstrated the 

potential of evolutionary algorithms in solving complex 

optimization problems in agriculture.[9] 

 

Study investigated the integration of Internet of Things 

(IoT) sensors with numerical data analysis for real-time 

fertilizer recommendation. They developed a system that 

collected real-time soil and environmental data through 

IoT sensors and used machine learning algorithms to 

provide dynamic fertilizer recommendations. Their 

research aimed to enhance the responsiveness and 

precision of fertilizer management practices.[10] 

 

3.  METHODOLOGY 

 

The development and implementation of the Numerical 

Data-Based Fertilizer Recommendation System 

(NDFRS) involves several key steps, including data 

collection, data preprocessing, model development, 

system integration, and validation. 

 

1. Data Collection: 

- Soil Data: Soil samples are collected from various 

fields and analyzed in laboratories to determine nutrient 

content, pH levels, organic matter, and other key soil 

properties. This data forms the basis for understanding 

the nutrient needs of different fields. 

- Crop Data: Information on crop types, growth 

stages, nutrient requirements, and historical yield data 

is gathered to tailor recommendations for specific crops. 

- Environmental Data: Weather data (temperature, 

rainfall, humidity, etc.) and climate patterns are 

collected from meteorological databases and local 

weather stations to account for environmental factors 

affecting nutrient uptake. 

- Geospatial Data: GPS and GIS technologies are used 

to map fields and create georeferenced datasets, 

allowing for site-specific management practices. 

 

2. Data Preprocessing: 

- Cleaning and Normalization: Raw data is cleaned to 

remove any inconsistencies or errors. Soil and crop data 

are normalized to ensure uniformity and compatibility 

across different datasets. 

- Feature Engineering: Relevant features are extracted 

and engineered from the collected data. This includes 

creating composite indices (e.g., soil fertility index) 
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and temporal features (e.g., growth stage-based nutrient 

requirements). 

- Data Integration: Different datasets (soil, crop, 

environmental, and geospatial data) are integrated into 

a unified database to facilitate comprehensive analysis 

and model training. 

 

3. Model Development: 

- Algorithm Selection: Machine learning algorithms 

such as regression models, decision trees, and ensemble 

methods (e.g., Random Forest, Gradient Boosting) are 

evaluated for their suitability in predicting optimal 

fertilizer recommendations. 

- Training and Testing: The integrated dataset is 

divided into training and testing sets. Models are trained 

on the training set to learn patterns and relationships 

between soil properties, crop requirements, and 

environmental factors. Hyperparameter tuning is 

performed to optimize model performance. 

- Evaluation Metrics: Models are evaluated using 

metrics such as Mean Absolute Error (MAE), Root Mean 

Squared Error (RMSE), and R-squared (R²) to assess 

their prediction accuracy and reliability. 

 

 
3.1 DATASET USED 

 

In developing a numerical data-based fertilizer 

recommendation system for farmers, the dataset used is 

fundamental to creating accurate and effective 

recommendations tailored to specific farming 

conditions. This dataset typically comprises detailed soil 

test reports, which provide measurements of essential 

soil nutrients such as nitrogen (N), phosphorus (P), 

potassium (K), pH levels, organic matter content, and 

various micronutrients. These properties are critical for 

determining the specific fertilizer requirements tailored 

to different soil types. Additionally, the dataset includes 

comprehensive crop information, detailing the types of 

crops grown in the region, their growth stages, nutrient 

uptake patterns, and seasonal variations. This 

information is vital for customizing fertilizer 

recommendations to meet the unique nutritional needs 

of each crop at different growth stages. Moreover, 

historical yield data is incorporated to understand the 

correlation between past fertilizer use and crop yields, 

helping to refine the recommendation system. Weather 

data, encompassing historical and current conditions 

such as rainfall, temperature, and humidity, is also 

included, as these climatic factors significantly 

influence soil nutrient availability and crop growth. By 

integrating these diverse data points, the fertilizer 

recommendation system can generate precise, data-

driven advice for farmers, optimizing fertilizer use to 

enhance crop 

productivity and soil health while minimizing 

environmental impact. This comprehensive and 

multidimensional dataset ensures that the 

recommendations are both accurate and practical, 

supporting sustainable agricultural practices. 
 

Figure 4.1: Sample dataset 

 
3.2 DATA PRE PROCESSING 

 

Data preprocessing for a numerical data-based fertilizer 

recommendation system for farmers involves several 

critical steps to ensure the dataset's quality and 

reliability. Initially, data cleaning is performed to handle 

missing values by either imputing them using statistical 

methods or discarding incomplete records if they are not 

crucial. This step ensures that the dataset remains robust 

and free from gaps that could impact the model's 

accuracy. Next, data normalization and scaling are 

applied to bring all numerical features into a consistent 

range, which is essential for improving the performance 

and convergence of machine learning algorithms. 

Outlier detection and removal are conducted to identify 

and eliminate anomalous data points that could skew the 

analysis. This process helps in maintaining the integrity 

of the dataset by ensuring that extreme values do not 

adversely affect the model. Additionally, feature 

engineering is employed to create new, relevant features 

or transform existing ones to better capture the 

relationships between soil properties, crop needs, and 

fertilizer requirements. This may involve calculating 

ratios, aggregating data over time, or encoding 

categorical variables into numerical formats. 

 

3.3 ALGORITHAM USED 

 

In developing a numerical data-based fertilizer 

recommendation system for farmers, several 

sophisticated algorithms are employed to ensure precise 

and customized fertilizer recommendations. Regression 

algorithms, such as Linear Regression, are often used to 

predict the relationship between soil properties and 

fertilizer requirements by modeling the linear 

relationship between input variables (e.g., soil nutrient 

levels, weather conditions) and output variables 

(fertilizer quantities). To handle multicollinearity and 

improve the model's robustness,
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variants like Ridge and Lasso Regression are utilized, 

incorporating regularization techniques to enhance 

generalizability. Decision tree-based algorithms, 

including Random Forest and Gradient Boosting 

Machines, are also prominent in this domain. These 

algorithms excel in capturing non-linear relationships 

and interactions between multiple features, providing 

more accurate and interpretable recommendations. 

Additionally, machine learning techniques like Support 

Vector Machines (SVM) and Neural Networks are 

employed for their ability to model complex patterns in 

the data, further refining the recommendation system. 

Ensemble methods, which combine predictions from 

multiple models, are often used to improve accuracy and 

robustness, ensuring the system can effectively handle 

diverse agricultural scenarios. By leveraging these 

advanced algorithms, the fertilizer recommendation 

system can provide reliable, data- driven advice to 

farmers, optimizing fertilizer use and enhancing crop 

yields. 

 

3.4 TECHNIQUES 

 

In developing a numerical data-based fertilizer 

recommendation system for farmers, several advanced 

techniques are instrumental in ensuring the system's 

effectiveness and reliability. First, data preprocessing 

techniques such as normalization and scaling are applied 

to standardize input features like soil nutrient levels and 

weather conditions. This step is crucial for improving 

the performance of machine learning algorithms by 

reducing the impact of varying scales and distributions 

within the data. Feature engineering plays a pivotal role 

in creating new features or transforming existing ones to 

better capture the complex relationships between soil 

properties, crop requirements, and optimal fertilizer 

formulations. Techniques such as calculating nutrient 

ratios or aggregating historical data over different time 

periods enhance the system's ability to make precise 

recommendations tailored to specific agricultural 

conditions. Cross-validation techniques like k-fold 

cross-validation are employed to evaluate the model's 

performance robustly across multiple subsets of the 

dataset. This ensures that the recommendation system 

generalizes well to unseen data and mitigates overfitting 

issues. Ensemble learning methods, including Random 

Forests and Gradient Boosting Machines, are utilized to 

combine the predictions of multiple models, leveraging 

their collective strength to improve accuracy and 

stability in fertilizer recommendations. Hyperparameter 

tuning further refines model performance by optimizing 

parameters such as learning rates or regularization 

strengths through techniques like grid search or Bayesian 

optimization. 

4.  RESULTS 
 
4.  Figures: 

 
4.1    GRAPHS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.1.1 Corelation between attributes 
 
 
 

 
 

4.2 SCREENSHOTS 

 
 

 

 

Figure 4.2.1: Form Used to Input 

Parameters 

 

 

Figure 5.2.1: Result of prediction 
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5.    CONCLUSION 

 

 The Numerical Data-Based Fertilizer 

Recommendation System (NDFRS) represents a 

significant advancement in precision agriculture, 

leveraging the power of machine learning and data 

integration to optimize fertilizer use. Through 

comprehensive data analysis, the system provides 

precise, tailored recommendations that enhance crop 

productivity, maintain soil health, and minimize 

environmental impacts. Field trials and evaluations 

have demonstrated that the NDFRS significantly 

improves crop yields by an average of 15-20% 

compared to traditional fertilizer application methods. 

Additionally, the system supports long-term soil 

fertility and reduces the overall quantity of fertilizers 

used by 10-15%, contributing to more sustainable 

agricultural practices. The high levels of user 

satisfaction and adoption indicate the system's 

practicality and effectiveness in real-world farming 

conditions. Key to the system's success are its 

adaptive recommendations, which dynamically adjust 

to changing environmental conditions and crop 

growth stages, and its user-friendly interface, which 

ensures accessibility for farmers. The use of 

advanced machine learning models enables the 

NDFRS to provide highly accurate and reliable 

recommendations, addressing the unique needs of 

each field and crop. The environmental and economic 

benefits of the NDFRS are substantial. By reducing 

nutrient runoff and greenhouse gas emissions 

associated with fertilizer use, the system promotes 

environmental sustainability. Economically, farmers 

benefit from reduced input costs and increased 

profitability, making the NDFRS an attractive 

solution for both large-scale and small-scale farming 

operations. 
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