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 The prediction of crop yields is influenced by various factors such as 

weather conditions, agronomic practices, and management strategies. 

Accurately predicting oil palm yield is crucial for sustainable production, as 

it plays a significant role in global food security. Challenges such as climate 

change and nutrient deficiencies have adversely affected yields, highlighting 

the necessity for a specialized web application tailored to the oil palm 

industry. This study presents a machine-learning-based web application that 

utilizes a deep learning model to estimate oil palm yields by integrating key 

parameters, including weather, agronomy, and satellite data. The application 

features a user-friendly interface and a dashboard for comparing predicted 

and actual yields, enhancing user engagement and facilitating collaboration 

among stakeholders. By deploying this tool on the cloud, plantation 

managers can make informed decisions early in the yield prediction process, 

ultimately improving plantation management and profitability. This web 

application is designed to provide valuable insights to stakeholders, 

contributing to effective decision-making in the oil palm sector. 
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1. INTRODUCTION 

Yield prediction in oil palm is crucial in maintaining food security, as it is an important crop for 

producing oil and providing the world with sufficient food. Oil palm, Elaeis guineensis, is the most important 

oil crop, supplying about 40% of all traded vegetable oil [1]. Additionally, it is the most efficient crop as it 

generates an average yield of 3.8 tonnes per hectare, compared to rapeseed, sunflower and soybean oil at 0.8, 

0.7 and 0.5 tonnes of oil per hectare of land respectively [2]. In terms of oil production, oil palm generates 

7.6, 4.75 and 5.43 times more oil than soybean, rapeseed and sunflower, respectively [3]. In recent years, the 

effects of climate change have tremendously reduced the production, resulting in unstable production [4]. 

Nowadays, technological advances such as artificial intelligence and remote sensing play a major role in 

predicting crop yields [5]. Remote sensing can provide vital data on various factors that influence palm 

productivity and growth by using vegetation indices. Artificial intelligence plays a crucial role in predicting 
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oil palm yields by leveraging advanced algorithms and techniques to analyze complex data and identify 

patterns. Therefore, these technologies are significant in detecting the degradation in oil palm yields. 

Regardless of classification and regression purposes, machine learning has proven to be effective 

and is used for prediction across wide range of applications. Digital agriculture has been significantly 

improved by the advanced development of artificial intelligence [6]. Data processing with machine learning 

plays an important role in yield prediction of oil palm. In line with crop yield prediction, several machine 

learning models such as support vector regression, random forest, gradient boosting regression tree, and 

neural networks have been developed [7]. Since the data comes from multiple sources, deep learning 

algorithms are essential for solving the complexity of data. With multiple layers in the neural networks, deep 

learning algorithms can analyze large amounts of data related to various factors such as climate, soil 

conditions, agronomics, satellite imagery, and historical yield records [8]–[10].  

Recent studies have used machine learning techniques to predict oil palm yield. Oil palm yield can 

be influenced by many factors, such as climate change, agronomic factors, and many others. Rapid 

identification of yield status is essential to detect stressed areas with low yield and taking appropriate 

measures. Khan et al. [11] tested various machine learning models such as extra tree, AdaBoost, random 

forest, gradient boosting, decision tree, and others to predict oil palm yield. They used twelve weather and 

three soil moisture parameters and input into the model. Based on the findings of the study, Adaboost and 

extra tree algorithms achieved better performance compared to other tree-based ensemble models. 

Furthermore, [12] used K-nearest neighbor model to estimate oil palm yield with agrometeorological data. 

The accuracy of the study are mean absolute error (MAE)=0.1155, mean squared error (MSE)=0.0216, root 

mean squared error (RMSE)=0.1448, R2=0.7730, root mean squared logarithmic error (RMSLE)=0.0604, 

and mean absolute percentage error (MAPE)=0.0834 in all ten folds of hundred fits in the training process 

and achieved R2 of 0.781 for test data. In another study, oil palm yields were estimated using random forest, 

least absolute shrinkage and selection operators, extreme gradient boosting, recursive portioning, regression 

trees, and neural networks [13]. The model was based on the retrieval of moisture and vegetation indices 

from remote sensing data. The result of the study showed that the neural network achieved the most accurate 

performance for multispecies information. 

Accessibility of the model is important to ensure the machine learning model can be accessible to 

the industry for oil palm yield prediction. The difficulty with prediction is that the plantation manager utilizes 

the tool on a private basis. Prediction tasks are usually implemented in unfriendly, too complicated web 

application that only developers understand how to run since they are not publicized [14]. To enhance 

accessibility for the oil palm industry, it is imperative to ensure that the prediction application is openly 

accessible and equipped with a user-friendly interface. Nevertheless, there is still a lack of studies on the 

development of a machine learning-based web application for implementing yield prediction in oil palm. 

Machine learning-supported web applications have been built for prediction in a variety of disciplines such as 

healthcare, civil engineering and agriculture [15]–[18]. With the advancement of digital agriculture solution, 

a machine-learning web-based application has been used in agricultural management such as yield prediction, 

crop identification, livestock health monitoring and many others [19]–[21]. The web application allows the 

user to enter parameters into the interface to receive the outcome of the predictions. Additionally, the trained 

model was chosen based on the most accurate machine learning model that includes key aspects, which 

influence the prediction of yield in oil palm. Therefore, it is vital to develop a machine-learning-based web 

tool for estimating oil palm yields utilizing key factors in order to assist plantation managers in computing 

the yield budget. The objective of this study is to develop the web application for the prediction of oil palm 

yield. Therefore, the yield prediction model should be deployed and substantially integrated into a cloud-

based web application. 

 

 

2. RESEARCH METHOD 

2.1.  The development of a web application for yield prediction 

Developing a web application involves three main parts: creating a dashboard to visualize the yield 

outputs, designing the graphical user interface for front-end web development, and developing the web 

application for yield prediction. Finally, the application is published to a cloud platform. The Streamlit,  

an open-source Python framework for building web apps for machine learning and data science, was used to 

create the web application framework. The advantage of using Streamlit is that it reduces the front-end 

development by using built-in CSS [22]. An overview of the overall development process for a web 

application for yield prediction can be found in Figure 1. 
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Figure 1. Overview of the development of web application used for predicting oil palm yield 
 

 

2.1.1. Creating the dashboard for visualizing yield prediction trend 

The yield prediction results generated from the best yield prediction model were published as a 

dashboard to visualize the yield prediction trend. The yield dataset from 2021 was used to compare the 

patterns between the actual yield and predicted yield. The yield dataset was then published in the dashboard 

application. Line graph was created to plot the actual yield. Multiselect option was then added to provide 

users with options for comparing actual and predicted yield through the display of line graph. 
 

2.1.2. Designing the graphical user interface for the frond-end web development 

The first page of the web application contains a brief introduction that describe the structure of the 

application. To add a background image to the web, markdown presentation was combined with CSS. In this 

case, controlling the layout and style of a webpage written in a markup language such as HTML or XML 

required a basic understanding of HTML and CSS. Elements such as color, font, text size, and the layout of 

elements are designed in accordance with the oil palm-related background image. To create multipage 

applications, the dashboard application was then designated as the main page, followed by prediction 

application. In order to facilitate the end-user in making the prediction, a set of values as inputs for all the 

parameters were designed. To increase interactivity, text input and sliders widgets were developed in order to 

increase interactivity by allowing users to enter parameter values and select values based on multiple 

selections. 
 

2.1.3. Developing the web application and publishing the app to a cloud platform 

Applying the best yield prediction model to predict is the vital stage in production. The yield 

prediction model was exported and loaded to use the model into the program. We deployed deep neural 

network (DNN) that achieved the highest accuracy as the best prediction model. A more detailed explanation 

of how the model was constructed can be found in [23]. First, web application was firstly launched in local 

host in order to ensure the program is properly run. Then, web application was published in the Streamlit 

cloud for the general public to access. Figure 2 shows how the developed machine learning-based web 

application works in predicting oil palm yields. First, the process starts from the user inputting the parameters 

that currently affects yields. Then, the system will process the data to be ready for the prediction process, 

which is done by the deployed yield prediction model. The user of the application can access the application 

using a browser, in a mobile phone, desktop, or any device. 
 

2.1.4. Usability testing 

The usability test was conducted and used questionnaire with 9 subjects. This number has exceeded 

the threshold of five subjects that can correctly identify 80% of software application problems, which is 

considered to minimize the cost and benefit ratio of evaluation [24], [25]. Most of the subjects were 

researchers and academicians. In this part, the classic Likert scale was selected for the questionnaire. Table 1 

shows questionnaire questions and their scales. The questions were set to determine the satisfaction behaviors 

of users on specific features of web application. 
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Figure 2. The process of predicting oil palm yield using a machine learning-based web application 

 

 

Table 1. Questionnaire sorted in five-point Likert scale 
ID Questions Scale 

Q1 The way the user interface is designed is easy to understand 5 4 3 2 1 

Q2 Multiselect options enable me to show the trend of predicted and actual yields on the graphs. 5 4 3 2 1 
Q3 This application for predictions is easy to use with the slider and input values. 5 4 3 2 1 

Q4 The application would be useful to me in my daily routine job if I needed to know the yield 

status of mature oil palm trees 

5 4 3 2 1 

 

 

3. RESULTS AND DISCUSSION 

3.1.  The pages of web application 

Web application comprises two main pages: dashboard and yield prediction. For the first page, 

dashboard is created using the panel yield data and the trend. On the following page, yield prediction consists 

of graphical user interfaces for the key variables used to perform the prediction. 

 

3.2.  The dashboard for yield prediction pattern 

Figure 3 shows the panel data and yield prediction output, as shown on the dashboard. In order to 

visualize the panel data and yield prediction output, the user can display panel data obtained in 2021 across 

blocks by using multi-selection options. As an outcome of the selection, the line graph showed the patterns 

between the prediction and actual yield in the Figure 4. 
 

 

 
 

Figure 3. The dashboard shows the comparison of predicted and observed yield and the predicted trend 
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Figure 4. The trend comparison between predicted yield and the actual yield 

 

 

3.3.  Web app 

The most accurate yield prediction model is selected for the development of the web application. 

The DNN model has highest accuracy to the model evaluation and can be used as a systematic framework for 

yield prediction by end users. The DNN model was used and integrated into a user-friendly interface where 

users can input values and receive predictions. To allow end-users to interact with the model efficiently, 

Streamlit is used to integrate the machine learning model into a web interface for oil palm yield prediction. 

Figure 5 shows the web interface for the key parameters used to predict yields. 

 

 

 
 

Figure 5. Web application implementation for input parameters 
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The inputs were provided to include all the parameters that influence the yield of oil palm in the web 

interface, as shown in Figure 6. The input parameters used for the prediction are age, rainfall, temperature 

and vegetation indices (EVI, GCVI, GNDVI, MSAVI, NDVI, and SAVI) and nitrogen content. The program 

query machine learning analysis by collecting the user’s request, include the input values. The model uses the 

input data to predict the yield through computation. The outcome is subsequently retrieved by the server and 

send back to the user. The outcome for the yield prediction is shown in Figure 5. 
 
 

 
 

Figure 6. The output generated from the web application 
 

 

3.4.  Usability testing 

In overall, the web application obtained average score for the first question (Question 1, mean 3.66) 

although two of the participants could not agree with the understandability of the web application. This means 

that the web application attained a very good understanding of how the web application of yield prediction is 

performed. Most of them agreed that the application can be adopted to the daily routine job (Question 4, mean 

3.555), while three of them stand neural. Similarly, most of the subjects believe that the interfaces of the 

designed slider and input values are easily used for the user (Question 3, mean 3.444). Despite the lower score 

in average for (Question 2, mean 3.22), there is dissatisfactory of the multiselect options shown for showing the 

trend of prediction. Hence, there is still a room of improvement regarding this outcome. 

In general, the feedback received in the usability test shows that the web application has been 

moderately received by the subjects and that it needs further improvement as there were plenty of subjects 

who felt less comfortable using the web application. There were moderate in overall regarding the 

presentation and usability of the application. Subject critically commented that the web application is 

difficult to interpret by plantation management since it requires the knowledge of remote sensing and the skill 

of processing the satellite data in order to acquire the input values for each vegetation indices. In order to 

encounter this problem, further improvement will focus on providing the references for vegetation indices 

that can guide the user to understand better the terms and the implementation. Apart from this, some subjects 

also commented on the background and the font and the placement of the labels that is quite difficult to be 

seen by the user. Furthermore, the subject suggests to put a map of plantation that can be used to show 

predicted and actual yield for each block for improved data visualization. Based on the responses to the web-

specific questionnaires, we found that the subjects appreciated the web application that was built for oil palm 

yield predictions with parameters. Nevertheless, further improvements will be made based on the feedback 

provided by the subjects. 
 

3.5.  Advantages of using web application for predicting oil palm yields 

We proposed low-code web solution using Streamlit, which can effortlessly deploy machine 

learning models into interactive data driven web apps. The advantages of using this solution for predicting oil 

palm yields is embracing python scripting, treating widgets as variables, and instantly deploying apps with 

Streamlit cloud [26]. This solution works upon growing Streamlit app line by line instead of starting with a 

predefined layout [27], [28]. Using fewer codes generated by the open-source Python-based framework and 

adopting a small amount of the HTML/CSS languages to build a web application may not require a large 

amount of effort on the front-end web development. 

An effort was made to bridge the knowledge and experience of experts in order to create a web 

application that supports the yield prediction process on an equal footing. It is important for the plantation 

management responsible to make an early yield prediction to accurately determine the problems that affect 

the yield based on the given factors. The development of the web application has the advantage of facilitating 

communication between researchers and stakeholders. With the development of a web application, 

stakeholder and plantation managers can interact with the graphical user interface to display the updated 

prediction output and input the required parameters for the prediction. Therefore, the stakeholders and 

plantation managers can know the current status of yield in particular areas within plantations and make a 

prediction based on the input parameters. From the perspective of optimizing agricultural economic 

resources, the most crucial aspect for stakeholders to consider when preparing the profit and loss yield budget 

is the estimated oil palm yield, which is influenced by external factors or the practices implemented 

throughout the year. This information is of great of interest for planning and executing the next round of 

schedule for plantation management. 
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4. CONCLUSION 

In this study, a low-code web framework was proposed and developed to construct machine-

learning-based web applications that display trends of oil palm yields and facilitate the prediction of oil palm 

yields. The dashboard was displayed to show the current prediction that can be used to compare with the 

actual yield. This will facilitate the interactions between the researchers and stakeholders during the 

presentation. Furthermore, the online dashboard can be timely updated depending on the demands and the 

requirements in the particular area. A web application for oil palm yield prediction was built from the 

published deep learning model with key parameters. The web application allows user to input the values of 

parameters and estimate yield for next cycle. Additionally, a usability test was run to determine the web 

application’s usability. According to this usability test, users have a moderate level of acceptance for the 

product, but there is still room for development. It was suggested by a number of subjects that the web 

background and font-end can be changed to one with greater visibility. Furthermore, some individuals stated 

that the building of the web application may be unknown to the plantation administration because most of the 

elements was established with geospatial domain. As for web-specific questions, they have been very 

optimistic and test subjects generally found the web application to be useful. Therefore, as a future 

development, a clear explanation and guide will be included to assist plantations in better understanding the 

structure of the prediction. Future studies will also include more important aspects that can affect the yield 

closely and are in line with the actual situation in plantations. Plantation map will be added into the web 

application as a map reference in future studies. Future studies will also consider the established cloud 

services such as Amazon web service, AZURE and Google Cloud for large-scale yield forecasting. With the 

adoption of machine-learning-based web application, the plantation management is able to conduct accurate 

yield prediction and make informed decisions regarding the root cause indicating a decline in yield given the 

available parameters for effective plantation management and planning. 
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