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ABSTRACT

Traditional prediction methods are imprecise frequently due to their reliance
on environmental & manual agricultural measurements. Accurate estima-
tion of crop yield acts an essential role in modern agriculture by allow-
ing optimized resource use, productive planning and improved decision-
making. This study offers a machine learning-based crop yield prediction
system using a Decision Tree Regressor trained on key agricultural and en-
vironmental parameters containing soil pH, temperature, rainfall and past
yield data. The decision tree regressor model shows high performance of
prediction with a mean absolute error (13.65), an accuracy (99.62%) &
a root mean square error (1.15) suggesting a near-zero deviation & high
consistency between actual values and predicted values. The system al-
lows/shows real-time yield forecasting and provides an effortless interface
for experts of agriculture, farmers & also policymakers. The proposed sys-
tem highlights the potential of integrating machine learning and AI with
lightweight web technologies to deliver highly accurate yield predictions,
supporting sustainable agricultural planning and enhancing productivity
through data-driven insights. To enable application the model is incorpo-
rated into a convenient web application (Streamlit) employing secure ac-
cess control, modifiable input options and system-controlled data storage of
estimation results.
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1 Introduction
Accurate or valid crop-yield prediction system is essential for security of food, management to attain precision farming and
planning of supply-chain particularly under increasing climatic variability and resource constraints [1, 2]. Recent advances
show that machine learning (ML) models - especially tree-based methods and ensemble learners can capture complex, nonlin-
ear relationships among agro-environmental variables (soil properties, local weather, and historical yields) and thereby provide
reliable plot- to regional-scale yield estimates [3, 4, 5]. Parallel work demonstrates that pairing ground measurements with
remote sensing (satellite/UAV) and time-series indices substantially improves spatial generalization and seasonal forecasting,
although at the cost of heavier preprocessing and domain-specific feature extraction [6, 7, 8].

Systematic reviews indicate two dominant trends: (i) tree-based and ensemble regressors (Random Forest, Gradient Boost-
ing, Decision Trees) often achieve competitive accuracy with tabular ground features, and (ii) deep-learning approaches
using multispectral/time-series remote sensing excel when large, labeled spatial datasets are available [2, 9, 10]. Region-
specific studies confirm that compact ML pipelines based on readily-available field parameters (soil pH, rainfall, temperature,
past yield) can deliver high accuracy for operational decision support in low-resource settings, making them attractive for
lightweight web deployment [11, 12, 13]. At the same time, hybrid and transfer-learning strategies are emerging to mitigate
domain shift between regions and to fuse multi-source data for improved robustness [14, 15].

Considering these advancements as well as known aspects of evaluation (such as overfitting, unbalanced datasets, and the
necessity of reporting both accuracy and error metrics), the implementation of a Decision Tree Regressor to a small, auditable
Streamlit application is a reasonable compromise between flexibility and performance for users in the field that is interpretable,
real-time, and predictive [16, 17, 18]. This study adhered to this design choice and reported the model accuracy as 99.62%
and the error metrics as MAE 13.65 and RMSE 1.15 positioning this study within the scope of recent studies focused on crop
yield modeling and its deployment [19, 20].

Recent work has further advanced the field by emphasizing transfer learning, explainable AI (XAI), and practical deploy-
ment strategies to bridge research–practice gaps. Transfer-learning approaches enable models trained in data-rich regions
to be adapted to data-scarce target areas, improving generalization and reducing labeling costs [21]. Concurrently, the rise
of XAI methods (SHAP, LIME, and model-specific explanations) addresses trust and interpretability concerns, making ML
recommendations more actionable for farmers and extension agents [22]. Deep-transfer strategies that combine sequence
models with fine-tuning have shown promise for improving temporal generalization in yield forecasting [23]. Reviews and
applied studies also highlight the value of integrating XAI with lightweight deployment (web apps and dashboards) to ensure
transparency and accessibility in operational settings [24]. Finally, advances in efficient deep-learning and dimensionality-
reduction pipelines continue to push accuracy for region-specific tasks while suggesting hybrid paths where compact tree-
based models serve immediate on-field needs and deep models are used for spatial scaling [25].

2 Proposed Method

2.1 Machine Learning Model: Design and Implementation
The workflow as shown in figure 1. of the proposed crop-yield prediction system follows a well-structured machine-learning
algorithm. Initially, essential parameters of agriculture used - Soil Quality, Temperature, Rainfall, Past Yield are gathered
to form the dataset. The data is then preprocessed by handling missing values, normalization of numerical features and
splitting/dividing it into training & testing subsets. Relevant features are selected for modeling with Crop Yield defined as
(target variable).
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Figure 1: Workflow of the proposed Machine Learning based Crop Yield Prediction System

Once the data is gathered or collected, data undergo preprocessing step to ensure reliability, authenticity and uniformity
in large sense. Preprocessing stage also addresses missing values, removes inconsistencies, scaling of numerical attributes &
also divides the dataset into training and testing subsets during Machine Learning Algorithm execution. Proper preprocessing
obtains that tree model learns meaningful patterns/outputs without being affected by noise or discomfort. Continue to this,
feature as well as target selection is performed based on domain knowledge & correlation analysis. Soil Quality, Temperature,
Rainfall, & Past Yield are selected as one of most influential predictors while Crop Yield is defined as output target variable.
Optimal features choosen increases model accuracy & minimizes unneeded computational overhead.

After preprocessing step and also feature selection criteria, the dataset is used to train the machine-learning model &
algorithm. In this study, a Decision Tree Regressor is also used due to its ability to interpret, acquisition of robustness and
also ability to obtain nonlinear relationships without extensive hyperparameter tuning. The trained model is then used to
generate/obtain future predictions on unseen test data to evaluate its generalization capability instantly. Model evaluation is
done using performance/evaluation metrics such as accuracy, Mean Absolute Error (MAE) & also Root Mean Square Error
(RMSE). The proposed decision tree model achieved an accuracy of 99.62% which indicates strong performance of prediction
and highly reliable.

Data visualization is performed to compare between actual & predicted crop yield values which provides competitive
insights of model behavior, deviations & also consistency. After satisfactory performance is achieved by system, the trained
model is saved as a .pkl file using pickle to ensure reuse without requirement of retraining again. In the final stage of the
system, the model is deployed through a Streamlit-based web application that helps users to input field parameters & also to
have instantly crop yield predictions. Hosting on the Streamlit Community Cloud provides accessibility & reuse numerable
times through a shareable URL, effectively converting the machine-learning model (decision tree regressor) into a more
practical and user-friendly decision-support obtaining tool for farmers and policy makers to a large extent.

Figure 2: (a) Sample Records from the Crop Yield Dataset Showing Key Input Features (b) Descriptive Statistics of the Crop
Yield Dataset
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Figure 2(a) depicts a sample of the raw records from the Crop Yield Dataset with input features. Each record includes
four key features of Soil Quality (pH), Temperature (°C), Rainfall (mm) and also Past Yield (kg/ha). These features of dataset
representing agricultural & environmental factors that nothing but directly influence future crop productivity. The sample
rows demonstrate the typical structure, variability and also numerical range of values used for model training (decision tree
regressor).

Figure 2(b) describes the statistics of the entire dataset, summarizes the distribution of each feature of dataset and also
the target variable - Crop Yield. Evaluation Metrics such as mean, minimum, maximum and quartile value offers insight into
the central tendency and also spread dataset. Soil Quality ranges between approximately 5.02 and 8.95 whereas Crop Yield
varies from 1881.71 to 2938.57 kg/ha. Such statistics help to evaluate the consistency of dataset, detect potential outliers and
also guide preprocessing with that of model selection. Figures 2(a) and 2(b) together provides an overview for the structure of
dataset with statistical characteristics which forms the foundation for effective & efficient machine-learning based crop yield
prediction system using Decision Tree Regressor.

2.2 Deployment of Crop Yield Prediction using Streamlit Cloud & GitHub Repository
This work (as shown in figure 3.) includes the development and deployment of a web-based Crop Yield Prediction System
designed to offer accessible, real-time agricultural decision support. The system is implemented using Python (programming
language) and Streamlit which integrates with a pre-trained machine learning model and also deployed through Streamlit
Community Cloud with the help of project repository maintained on GitHub for version control with continuous updates. The
web-application incorporates custom CSS-based UI (User Interface) enhancements to provide a creative yet visually appealing
& interactive interface. A simple user-authentication mechanism make sure that only authorized users can access the system
as a functioning user, improving data privacy (storage capacity) and also of controlled usage. After successful login, users can
navigate between functional modules through a sidebar menu.

The prediction module loads a pre-trained Decision Tree Regression model and accepts user inputs such as soil pH,
temperature, rainfall, and past yield. Default values are prefilled to guide user interaction, though values may be modified
as required. Upon execution, the model predicts crop yield and the result is displayed instantly. Each prediction instance is
automatically logged into a CSV file, enabling users to maintain a historical record for comparative analysis.

The data storage module allows users to view all stored predictions and provides an option to clear the dataset. This
enhances the system’s practicality for repeated decision-making and data tracking. Finally, deployment through Streamlit
Community Cloud ensures open accessibility, browser-based execution, and seamless updates through the linked GitHub
repository.

Figure 3: System Flowchart of the Crop Yield Prediction Web Application
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3 Results and Discussions
In this section, it is explained the results of research and at the same time is given its comprehensive discussion.

3.1 Evaluation Metrics & Graph
Table 1. illustrates a quick comparison of multiple or numerous machine-learning models which is evaluated for crop-yield
prediction system using three key performance metrics i.e R² Score, Root Mean Square Error (RMSE) & also Mean Absolute
Error (MAE). These metrics measures the goodness of the fit, predicted accuracy and also average error. A higher R² score &
lower RMSE/MAE values indicate/show great predictive performance of the model.

From all the evaluated Machine Learning models, the Linear Regressor one demonstrates weakest performance which
achieves an R² score of 82.44% with high error values (RMSE: 92.88, MAE: 74.87) in comparison which ultimately indi-
cates model’s inability to acquire non-linear relationships present in agricultural datasets. The Gradient Boosting Regressor
model gives moderate level performance along with R² score of 87.32% also model’s error metrics/value remained higher as
compared to ensemble models relatively.

Ensemble methods like Random Forest Regressor & XGBoost Regressor performs better result simultaneously which
achieves R² scores of 99.30% & 99.33%. Their low/less RMSE (Root Mean Square Error) and MAE (Mean Absolute Error)
values suggest or gives strong/highest capability of generalization and robustness in handling feature interactions that too
complex.

The Decision Tree Regressor model emerged as the best-performing model with an R² score (99.62%), RMSE (Root
Mean Square Error)-13.65 and MAE (Mean Absolute Error)-1.15 hence, indicates exceptional/ precise predictive accuracy
along with minimal error demonstrates that Decision Tree Regressor Model captures both linear and non-linear dependencies
efficiently within dataset. Its simplicity, interpretability and strong performance effectively & efficiently make it most suitable
for real-time crop-yield prediction applications/system which could be use in future.

Table 1: Comparison of various ML Models for Crop Yield Prediction

ML Models R2 Score MSE MAE

Linear Regressor 82.44% 92.88 74.87
Random Forest Regressor 99.30% 18.54 8.05

Gradient Boosting Regressor 87.32% 78.92 64.69
XGBoost Regressor 99.33% 18.10 10.91

Decision Tree Regressor 99.62% 13.65 1.15

Figure 4: Actual vs. Predicted Crop Yield using the Proposed Model

Figure 4. describes comparison between the actual crop-yield values & the predicted crop-yield values generated/obtained
by the proposed Decision Tree Regressor model. The data points on the graph closely follow/show the diagonal reference
line which indicates a strong correlation between actual & predicted crop yields. The tight clustering of points around the
reference line demonstrates high prediction accuracy & minimal deviation indirectly confirms that the tree regressor model
effectively captures underlying patterns in the agricultural dataset used while performing algorithm.
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3.2 Multi-Page Web Application - Output

Figure 5: User Authentication Page

Figure 5. depicts User Authentication Page of the multi-page web application. This interface provides a secure login mecha-
nism, allowing only authorized users to access the system. The page includes two input fields: one for entering the username
and another for the password, along with a visibility toggle icon for the password field. After entering valid credentials, the
user can click the Login button to proceed. This authentication step ensures controlled access to the crop yield prediction
system and protects user-specific data.

Figure 6: Crop Yield Prediction Page

Figure 6. illustrates the Crop Yield Prediction Interface of the web application. This page allows users to input various
agricultural parameters required for yield estimation, such as soil pH, temperature, rainfall, and past crop yield. Default values
are pre-filled to guide the user, and each parameter can be adjusted using increment or decrement controls. After entering or
modifying the values, the user can click the Predict Crop Yield button, upon which the system processes the input data using
the trained machine learning model.

The predicted yield is then displayed below the button in a highlighted result box. This interface enables farmers and
researchers to conveniently estimate crop yield with customizable and user-friendly input controls.

Rutuja Saharkar, Gaurav Saharkar (2025). Accessible Crop Yield Prediction Using Decision Trees: A Farmer-Oriented
Web-Based AI Application, Issue 4(4), 25-32.



ISSN: 2583-5343 Int. J. of IT, Res. & App, Vol. 4 No. 4: Dec 2025 Page 31

Figure 7: Data Storage Page for Crop Yield Predictions

Figure 7. shows the Data Storage Page of the application, where previously generated crop yield predictions are stored
and displayed in a structured tabular format. The table includes key parameters such as soil quality, temperature, rainfall, past
yield, and the corresponding predicted yield. This interface allows users to review their historical prediction records, making
it easier to compare, analyze, and track past outputs. Additionally, a Delete All Data button is provided to clear the stored
dataset when needed. This module enhances the usability of the system by maintaining a persistent record of user predictions.

3.3 Code Availability Section
The implementation code, dataset & other source files of the proposed Crop Yield Prediction System is available on Github
repository using the link: Crop Yield Predictor

4 CONCLUSION
This study successfully developed a machine learning–based crop yield prediction model using a Decision Tree Regressor,
achieving a high accuracy of 99.62% with minimal error values. The model demonstrated strong capability in learning
complex, nonlinear relationships between key agricultural parameters and crop yield, making it a reliable tool for data-driven
decision-making. The results indicate that integrating machine learning into agriculture can significantly enhance planning,
resource allocation, and risk management for farmers.

The system’s ability to generate accurate yield forecasts supports precision agriculture practices and provides a foundation
for future enhancements such as real-time data integration, addition of satellite imagery, and deployment through mobile or
web applications. Overall, the developed model contributes meaningfully to modern agricultural analytics and has strong
potential for practical adoption.
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