











A STUDY OF SMART FARMING FACTORS INFLUENCING AGRICULTURAL PRODUCTIVITY AND DECISION-MAKING

Abstract 
The aim of this study is to explore environment and agricultural parameters, which affect the yield of crops with the machine learning approach. Approximately 19,689 observations were sourced from Indian states between different agriculture seasons to be utilized in the research, with the data available here on Mendeley Data in the form of the Crop Yield Prediction Dataset. Presented are crop types, crop year, crop season, state, acreage, crop production, annual rainfall, use of fertilizers, use of pesticides, and yield. The analysis and creation of predictive models use descriptive statistics, correlation analysis, and machine learning methods such as Linear Regression, Decision Tree, Random Forest and XGBoost. The study object is to obtain the most significant factors causing crop productivity and the ability to predict different machine learning algorithms. The results will offer useful information on agricultural planning, increasing productivity and for decision making based on evidence for the agricultural sector.
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[bookmark: _73x6oau5c69i][bookmark: _Toc231988418]1. Introduction 
[bookmark: _rrdm9h69j95f][bookmark: _Toc231988419]1.1 Background of Crop Yield Prediction
Agriculture vastly continues to be a major contributor towards food security, development and rural livelihoods around the globe. Environmental conditions and management practices in agricultural production play a very important role in India. The crop production and yield is closely related to the following factors: rainfall, cropped area, fertilizer application, use of pesticides and seasonal changes. Time series forecasting of crop yields is becoming important with the growing need of precise crop forecasting in the context of climate variability/stress impacts and resource scarcity in agriculture.Increase in farms' challenges due to climate variability and shrinking resources calls for data-driven prediction for crop yields to support better planning and decision making. With the aid of new developments in data analytics and machine learning, scientists are now able to access vast amounts of agricultural data and generate patterns that can help in more reliable forecasting. The predictive methods help farmers, agricultural entities, and policy makers optimise resource utilisation, production scheduling, and sustainability in agriculture.  
[bookmark: _gx16veall2jj][bookmark: _Toc231988420]1.2 Research Problem and Motivation
The problem of prediction of crops is complex because many interacting environmental and management factors influence the crop productivity. Crops were grown along with different rainfall, fertilizer use, pesticide, and crop types resulting in significant regional and year to year differences in yield production. These complicated relationships may not be well-suited to traditional forecasting techniques. Therefore, there is a great need for data-driven approaches that can analyse agricultural data and make good predictions for yield. Machine learning methods offer robust tools to analyze how various factors affect crop productivity, and also deliver precise predictive modelling that can help guide crop decisions.
[bookmark: _1tzpp7g6iiwq][bookmark: _Toc231988421]1.3 Literature Gap and Research Focus
The impact of climate influencers and fertiliser applications and other practices on agricultural productivity have been the subject of previous studies. But much research is done to explain variation with a few explanatory variables, in a restricted geographic area, or in a single crop. Also, relatively less research involves using larger agroecological data sets to comprehensively check the overall impact of environment and agriculture on crop yield using various machine learning algorithms. This work attempts to fill the gap and examines this carefully by analysing a comprehensive dataset on agricultural activities which includes information on the type of crops grown, sown area, rainfall, use of fertilisers, pesticides, production and yield across various states in India. Key determinants of crop productivity are identified, and predictive models developed that can precisely predict the productivity of a crop.  
[bookmark: _tix772p8mknq][bookmark: _Toc231988422]2. Research Objectives 
[bookmark: _7a0129y3p529][bookmark: _Toc231988423]2.1 Study Aim
The goal of this study is to explore how the surrounding environmental and agricultural conditions affect the yield and agricultural productivity of the plants and crops and to create sophisticated machine learning-based tools to predict the yield of the crops. The study also aims to make a contribution towards food security by exploring the factors that influence agricultural output and providing evidence to help decision making in the context of sustainable agriculture.
[bookmark: _32obtafjzbud][bookmark: _Toc231988424]2.2 Specific Objectives
· [bookmark: _c1rdipwvhuzf][bookmark: _Toc231988425]To examine the correlation between annual rainfall and crop production for supporting sustainable agriculture production and food security.
· To measure the effect of fertilizer and pesticides use in agriculture production and food security.
· To establish the most important environmental and agricultural conditions influencing crop production for various crops and seasons and across states.
· Develop and study which advanced machine learning model is better for predicting crop yield.
· To deliver academic based advocacy recommendations towards promoting agricultural productivity, resource utilization and food security.
2.3 Expected Contributions
The study adds to agricultural desktop analytics and precision agriculture by providing agricultural and environmental factors that impact crop yield representation. The study builds upon the current existing research because of the use of sophisticated machine learning algorithms such as XGBoost, LightGBM, and CatBoost for predicting crop yields and comparing their predictive ability. The results will aid in food security, sustainable agriculture and in informed decision making within the agricultural sector.
[bookmark: _5jng3578x9u][bookmark: _Toc231988426]3. Significance of the Study 
[bookmark: _x25f0e69x0vy][bookmark: _Toc231988427]3.1 Academic Significance
[bookmark: _88p3tuvsryxu][bookmark: _Toc231988428]The present study helps to increase knowledge in the domain of agricultural analytics, prediction of crop yield and machine learning applications in agriculture. The relationship among the environmental factors, agricultural inputs and crop productivity is discussed which throws light on the cause-and-effect of crop yield. The results will contribute to future predictive agriculture and data-driven agricultural practices.
3.2 Practical Significance
This study could help farmers, agricultural planners, policy makers, and agribusinesses to make sound choices on crop production and resource allocation. The knowledge on the impact of rainfall, fertilizer application, pesticide application and cultivated land can enable better productivity and maximisation of agricultural management practices.
[bookmark: _imt7buazc12][bookmark: _Toc231988429]3.3 Societal Significance
Increasing crop productivity is a critical need to guaranteeing food security and sustainable agricultural development. The results from this research can help to achieve better resource resource usage, higher agricultural production and better planning of agricultural activities (Koswara, 2025). In addition, this study showcases the potential of data analytics and machine learning in tackling farming problems and optimizing food output. 
[bookmark: _ynt1d5xj3e03][bookmark: _Toc231988430]4. Literature Review 
[bookmark: _hsc6swc5y0ia][bookmark: _Toc231988431]4.1 Crop Yield Prediction in Agriculture
Predicting crop yields is an important component of agricultural research that plays a pivotal role in production planning along with ensuring food security and managing resources. Yield forecasting accuracy allows stakeholders to determine the productivity of the upcoming harvest, manage risks associated with agriculture, and make optimised decisions (Guldal, Sanli and Turker, 2025). In the past, yield estimates were based on past averages and common sense; however, with the advent of agricultural data and sophisticated analysis, estimates have become much more accurate (Karakulov et al. 2025). With the advent of machine learning techniques, these relationships between environmental and agricultural variables affecting the productivity of the crop have become more complex and attractive to be identified with these techniques. 
[bookmark: _h7r616usl7d7][bookmark: _Toc231988432]4.2 Environmental and Agricultural Factors Affecting Crop Yield
The productivity in agriculture, as well as of individual plants or parts of an enterprise, is affected by the environment and by farming management. One of the most significant environmental influences on plants that grow and produce crops is rainfall amount. Proper rainfalls are essential for normal crop growth and too much or not enough rainfall have a detrimental impact on crop production  (Majuva, Hella and Seluhinga, 2025). Productivity is also heavily affected by the use of inputs in the production such as fertilizers and pesticides in agriculture.Applying agricultural inputs like fertilizer and pesticide also has an impact on the productivity (Karbo et al. 2025). Fertilizers provide nutrients for greater soil nutrient availability and plant growth, while pesticides provide protection against crop loss due to pest and diseases (Adnan, Rehman and Alam, 2025). Yields vary within regions and over years, due to a variety of factors including cultivated area, crop type, growing conditions and yield. 
[bookmark: _fm95q0ux5vca][bookmark: _Toc231988433]4.3 Research Gap and Conceptual Foundation
[bookmark: _ilgokeqho33k]There are a lot of studies that examine agricultural performance and crop productivity, but a lot of them examine one aspect of a crop's productivity or performance on its own, such as rainfall, fertilizer application or cropped area. Few studies have looked at the impact of several environmental and agricultural factors together in large-scale datasets and with sophisticated machine learning tools  (Manono et al. 2026). Moreover, the comparison of various machine learning algorithms for crop yield forecasting are still limited in crop research (Upadhyay et al. 2026). To overcome these challenges, this study demonstrates the integration of various agricultural and environmental parameters in a single analytical framework and analyzes the efficiency of multiple machine learning models in the prediction of the crops production yields. 
[bookmark: _Toc231988434]4.4 Machine Learning Models for Crop Yield Prediction
[bookmark: _Toc231988435]4.4.1 Random Forest Regressor
Random Forest is an ensemble learning technique that is comprised of multiple decision trees, and which helps to build an accurate model and also helps prevent overfitting. It is a tool that is popular in Agricultural Analytics for its capacities to deal with complex and nonlinear associations.
[bookmark: _Toc231988436]4.4.2 XGBoost Regressor
The Extreme Gradient Boosting (XGBoost) is an upgraded version of the gradation speeding technique of ensemble learning, which constructs predictive models sequentially with the least possible prediction error. It has features of high accuracy, efficiency and robustness along with handling structured datasets.
[bookmark: _Toc231988437]4.4.3 LightGBM Regressor
Light Gradient Boosting Machine (LightGBM) is another Gradient Boosting Machine that aims at training speed and low memory cost. It is suitable for large-scale agricultural datasets, and it can give better prediction accuracy.
4.4.4 LightGBM Regressor
CatBoost is a gradient boosting algorithm that can cope with categorical variables and minimizes prediction bias. It has been found to be predictive and without much data pre-processing.
4.4.5 Extra Trees Regressor
Extra Trees Regressor is an ensemble learning technique where more randomness is included in the construction of trees, which provide better generalisation performance with smaller model variance.
[bookmark: _Toc231988438]5. Research Questions
1. [bookmark: _Toc231988439]What are some of the important environmental and agricultural parameters that affects the yield of crops?
2. How does variation in annual rainfall influence crop yield and agricultural productivity?
3. How do the application of fertilizers and pesticides affect the yield?
4. What are the key variables that play the largest role in predicting crop yields?
5. Which machine learning model has the biggest predictive accuracy to predict the yields of crops?
6. Research Hypotheses
[bookmark: _Toc231988440]H1: Annual rainfall is important in determining crop yield.
H2: Use of fertilizers positively affects the productivity of agriculture.
H3: The use of pesticides is significantly linked to the production yield.
H4: Area under cultivation and production volume are significant predictors of crop yield.
H5: Machine learning models can accurately predict crop yield using environmental and agricultural variables.
7. Research Methodology 
[bookmark: _g3st5tw64taw][bookmark: _Toc231988441]7.1 Research Design and Data Collection
The type of the research of this study is secondary research, quantitative. The sources of data presented in this research are the Crop Yield Prediction Dataset at Mendeley Data, supported by relevant peer reviewed literature from Google Scholar. A total of about 19689 observations were recorded across various states in India, over the various dates of production in the agricultural seasons. The variables in the data set are: Crop, Crop_Year, Season, State, Area, Production, Annual_Rainfall, Fertilizer, and Pesticide. The following variables are provided information on farming levels, environmental conditions and the management of farm holdings. This research is based on the systematic process, which includes data collecting, data preprocessing, exploratory data analysis, statistical analysis, model development and performance evaluation. The dependent variable is yield and the independent variables are Crop, Crop_Year, Season, State, Area, Production, Annual_Rainfall, Fertilizer and Pesticide.
[bookmark: _Toc231988442]7.1.1 Dataset Description
The data set Coverage of Crop Yield Prediction is used in this study from Mendeley Data. The dataset consists of some 19,689 observations from various states across India over multiple years and agriculture seasons. Fertilizer, Pesticide, Yield, Area, Production, State, Season, Crop_Year and Crop are the variables in the data set. These are variables that affect agricultural production, environmental conditions and practices on a farm which affects the productivity of the crop. Yield is the dependent variable and the independent variables in this study are Crop, Crop_Year, Season, State, Area, Production, Annual_Rainfall, Fertilizer and Pesticide. The number of features included in the dataset is adequate for conducting statistical analysis, exploratory data analysis, and crop yield prediction using machine learning.
[bookmark: _Toc231988443]7.1.2 Data Preprocessing
Pre-processing operations of data will be done prior to applying Machine Learning models. Missing values and duplicates will be found and dealt with accordingly. Extreme values in the data will be identified and addressed. Also, categorical variables like Crop, Season and State will be converted using Label Encoding techniques. Normalization of numerical variables might also be needed. Last but not least, the data will be divided into training and testing set in 80:20 ratio.
7.1.3 Exploratory Data Analysis
The characteristics of the data and potential patterns will be explored using Exploratory Data Analysis (EDA). Descriptive data, equality and distribution analysis and heatmaps of correlations, box-plot, feature distribution visualisations, outlier detection will be part of the analysis. Crop yield comparison will also be done on State wise and season wise basis to find the variation in agricultural productivity within region and through the season.
[bookmark: _2oupv6hqta7k][bookmark: _Toc231988444]7.2 Data Sources and Analytical Tools
[bookmark: _biooz043licq]In this study, Secondary data refers to data collected from the ‘Crop Yield Prediction Dataset' that was gathered via the Mendeley Data point and literature derived from the Google Scholar search engine. All the data preprocessing, visualisation and analysis are done in Python on Google Colab. The characteristics of the data are summarised using descriptive statistics. Relationships between environmental variables, farming practices and the production of the crop are examined by means of correlation analysis and multiple regression analysis. Utilization of Machine Learning (ML) algorithms and basic statistical features like Decision Tree and Random Forest are applied to forecast agricultural outcomes and their most important variables that impact the productivity (Pal et al. 2026). Appropriate performance metrics are used to assess results for interpretation of findings, and for this to be reliable. 
[bookmark: _Toc231988445]7.2.1 Data Sources and Analytical Tools
	Model
	Purpose

	Random Forest
	Baseline ensemble prediction

	XGBoost
	High-accuracy gradient boosting prediction

	LightGBM
	Efficient large-scale prediction

	CatBoost
	Categorical-feature-based prediction

	Extra Trees Regressor
	Robust ensemble prediction



Table 1: Machine Learning Models
[bookmark: _Toc231988446]7.2.2 Data Sources and Analytical Tools
The performance of the machine learning algorithms will be based on three measures namely R² score, Mean Absolute Error (MAE), and Root Mean Squared Error (RMSE). The above measures will help in comparing the performance of models and choosing the best approach for predicting crop yield.
7.2.2 Feature Importance Analysis
The feature importance analysis will be done by "Random Forest", "XGBoost" and "LightGBM" models to find most informative features relevant to the crop yield. The results will inform how much of the productivity of agriculture can be attributed to the use of fertilizer, how much can be attributed to pesticide usage, and how much can be attributed to rainfall and/or various forms of maintenance and betterment of the fields.
[bookmark: _Toc231988447]7.3 Ethical Considerations
The study is based on publicly available data sets and publicly published academic literature, lessening concerns about subject privacy. All information gleaned from Kaggle and Google Scholar is being referenced and cited correctly. The study is conducting itself properly and reporting the facts and data as they are and not as they are interpreted. During the study, all collected data is being used solely to educate students and investigate the project.
[bookmark: _v163dwsuwc8g][bookmark: _Toc231988448]8. Expected Outcomes 
[bookmark: _pp24r8hdlia1][bookmark: _Toc231988449]8.1 Adoption Drivers and Barriers
This research should well determine different significant relationships between yield and the annual rainfall amount, amount of fertilizers used, amount of pesticides used, catchment area and production volumes (Mnukwa, Mdoda and Mudhara, 2025). It is expected that the statistical analysis will show what are the most significant contributing factors to productivity differences across various crops, seasons and states. 
[bookmark: _hrgrh2f5c9sk][bookmark: _Toc231988450]8.2 Farmer Decision-Making Insights
[bookmark: _33vb3h4kgtw1][bookmark: _Toc231988451]The machine learning models built during this paper utilize are anticipated to demonstrate the feasibility of precise prediction of crop produce from farm and environmental factors. With this, the use of Random Forest and XGBoost models is expected to offer better predicting results than traditional regression models with regard to the fact that they can model complex non-linear relationships.
8.3 Practical Recommendations
The results are anticipated to aid in agricultural planning, productivity efforts and resource allocation (Bang and Han, 2025). Predictive analytics can be used to inform the recommendations for optimising the use of fertilisers, better management of resources and better production planning of crops.  
[bookmark: _6zflwszcetld][bookmark: _Toc231988452]9. Research Limitations 
[bookmark: _3awe5l62en4m][bookmark: _Toc231988453]9.1 Sample and Geographic Constraints
[bookmark: _6bjpfk2qawd4]The study is conducted on the agricultural information available in India in the secondary data form. This means the results might not be applicable to agricultural systems in other countries or regions that have different climatic and cultivation environments. The overall application of results may be affected by these differences in agriculture and environment.  
[bookmark: _Toc231988454]9.2 Methodological Limitations
The research is based on historical ground data which is based on the quality, completeness and accuracy of the data. Some variables are not available in the data set, including soil parameters, temperature, humidity and behaviour of farmers, that could also affect productivity of crops (Raj and Prahadeeswaran, 2025). Machine learning models are identifying relationships between variables that predict a variable but not one that creates the variable. 
[bookmark: _ir1r2flseemt][bookmark: _Toc231988455]9.3 Generalisability of Findings
The study offers insights for making good forecasts of crop yields, but is restricted to the variables used in the data and the chosen machine learning models (Dutta et al. 2025). Further investigation could consider other environmental, economic and geographical aspects to improve the prediction ability and applicability in other farming situations.
[bookmark: _2lc24kt2gy6q][bookmark: _Toc231988456]10. Timeline 
[image: ]
Figure 1:Project Gantt Chart for Smart Farming Adoption Research
The project will run in a timeline of 2 weeks, starting from Literature Collection to Identification of Data Sets. Data from Kaggle is being gathered, and scholarly literature from Google Scholar is being retrieved for smart farming. The second phase will be data organisation, and thematic analysis will be done in Google Colab and Excel. 
[bookmark: _9ej5yfu5xjg][bookmark: _Toc231988457]11. Conclusion 
[bookmark: _vnfg6oxfwnez]Using machine learning techniques, this study explores the impact of the agricultural conditions and the environment on the yield of the crops grown. The research aims to analyze this, using the vital statistics of a large dataset on agriculture covering the factors of crop type, its area, production, rainfall, fertilizer use, pest spray, and yield, with a view to determining the most important factors contributing to agricultural productivity. Various analysis methods like the statistical analysis, machine learning models – Linear Regression, Decision Tree, Random Forest and XGBoost – are used to assess the predictive performance and provide deep insights through data analytics. The results will be used to guide agricultural planning, increase productivity and for better managing sustainable resources. Additionally, tailored applications of machine learning techniques can be used in evidence-based decision making and other ways to improve agricultural productivity through accurate crop yield prediction, as shown in this study. 
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