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Abstract. Perusahaan Daerah Perkebunan (PDP) Kahyangan is a Regional Owned Enterprise
(BUMD) in Jember Regency which was formed in order to manage plantation commodities in 3
Main Plantations and two Subdivision Plantations. PDP's profit contribution to Jember's PAD
(Pendapatan Asli Daerah ) has continued to decline in recent years. With a target of PAD from
plantation products in 2020 of 20 million rupiah, only 20% can be realized (4 million rupiah).
Based on the 2023 PDP Kahyangan Jember Strategic Plan, one of the problems causing the
opinion deficit is external factors. One of them is the suitability between the potential of the
plants planted and the land conditions in a plantation area. Where land suitability, which is the
carrying capacity of the land, has a significant effect on crop production. Based on the problems
that have been presented, it is necessary to design a GIS-based Decision Support System (DSS),
which can provide insight to researchers, practitioners and policy makers regarding the success
of managing GIS data for the land suitability evaluation process so that it can increase
agricultural productivity. Several stages that will be carried out include data collection, data
preparation, and data processing carried out in GIS, then continued with implementation of
Decision Support System. The used of agile methods to the application development process
ensures that the application is built in a shorter time through the use of continuous iteration and
testing thereby ensuring that the DSS implementation on the Web GIS application can run
optimally.

1. Introduction

Indonesia is a country that is able to produce various types of food, horticultural and plantation crop
varieties. The problems that arise depend on the planting location in the area. Land conversion, difficulty
in expanding land, controlling population growth, and prolonged uncertainty of seasons and weather are
some of the problems faced in the agricultural sector [1]. Land suitability analysis is one of the solutions
carried out so that plant management on a land becomes effective. The Kahyangan Regional Plantation
Company (PDP) is a Regional Owned Enterprise (BUMD) in Jember Regency which was formed in
order to manage plantation commodities in 3 Main Plantations and 2 Subdivision Plantations. PDP's
profit contribution to Jember's PAD has continued to decline in recent years with the PAD target from
plantation products in 2020 amounting to 20 million rupiah and the realization only amounting to 20%,
namely 4 million rupiah [2], One of the problems that causes an opinion deficit is external factors, one
of which is the suitability of the potential of the plants planted to the existing land conditions in a
plantation area, where the suitability of the land, which is the carrying capacity of the land, has a
significant effect on crop production. The use of Geographic Information Systems (GIS) can be applied
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as a solution to evaluate the suitability of land for the plants to be planted [3] [4]. The use of Geographic
Information Systems (GIS) is also used to analyze a location for specific uses such as developing water
sources or mapping areas [5] [6] [7].

Software development methods, in this case geographic information systems and software testing,
are two things that cannot be separated. Activities to design, build, implement and maintain software or
called Software Development Life Cycle (SDLC) which consists of several model phases and
methodologies as a framework that controls the entire process [8]. Information systems developments
have complexity in their processes [9] [10], so it must be ensured that the final product has a high level
of integrity and durability, as well as user acceptance, where this process is a hard and tedious job, so
development with a systematic process is important to achieve the characteristics of a successful system.
[4]. Selenium is a software testing tool that is known to be stable and powerful so it can be a solution in
software testing so that good quality is obtained [11] [12] [13]

2. Methodology

This research adopts the agile methodology approach, which has been recognised as a dynamic and
flexible approach to project management, especially in the context of software development and related
fields [14]. The agile process consists of six phases, namely requirements, design, development, testing,
deployment, and review [8] [15]

2.1. Requirements

In the initial phase of the agile methodology, the needs and requirements of the current system at
Perusahaan Daerah Perkebunan (PDP) are ascertained. The present case study entails a comprehensive
examination by the project team of the necessity for a Decision Support System (DSS) application based
on GIS to map the suitability of land for various agricultural varieties. Active participation of multiple
stakeholders, including policymakers, producers, and researchers, will be sought for this analysis in
order to incorporate all pertinent viewpoints. The transmission of information pertaining to the research
topic is facilitated through interviews conducted with relevant stakeholders [16]. The information
gathered from the interview pertained to the growth effects of food commodities and the influence of
soil content, which is determined by a number of variables, including precipitation, temperature, pH,
and elevation.

2.2. Design

The project team will design the user interface and system architecture of a GIS-based Decision Support
System (DSS) at this juncture. The UI/UX elements, technology selection, database structure, and page
layout of this design ensure that the functionality of the Decision Support System (DSS) is seamlessly
integrated with the GIS. The interface of the system to be developed in accordance with the approved
system design will be designed at this stage. When we launch an application for the first time, the map
view of the land village in PDP Kahyangan Jember Regency that is displayed on the homepage (Figures
X and Y) is evident. A comprehensive view of one of the details of the land village in PDP Kahyangan
Jember Regency will be displayed when one of the markers is pressed. Specifics regarding village data
include information regarding the land's suitability, calculation parameters, harvest area, and output, in
addition to the land's productivity.

2.3. Development

In the Development stage, the project team will implement the previously approved design. This process
involves converting the design concept into a fully functional CMS application. The team will utilise
best practices in software development to ensure that the codes produced meet high-quality standards
[17]. In addition, the team will also integrate the CBMS application with a Geographic Information
System (GIS) component to map the suitability of land with the right type of crop. During the
Development stage, the project team will continuously perform unit testing and debugging to ensure
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that every part of the Decision Support System (DSS) application operates correctly and according to
the pre-defined specifications. By utilising software development best practices, the team will ensure
that the Decision Support System (DSS) application meets the needs and expectations of the users
exactly. This process also includes complete and accurate documentation of the source code and
functionality of the application to facilitate maintenance and subsequent development at later stages in
the project lifecycle.

2.4. Testing

During the Testing phase, guaranteeing the performance and precision of the Decision Support System
(DSS) application is the primary objective. Functional, performance, and integration tests are among the
many that the testing team conducts to ensure that the application adheres to the predetermined
requirements. The objective of functional testing is to verify that the Decision Support System (DSS)
application's critical features, such as land suitability, function as intended. This includes interactions
such as completing forms, examining mapping results, and authorising GIS-based decision-making
processes.

Conversely, performance testing is conducted to verify that the Decision Support System (DSS)
application exhibits sufficient responsiveness. The group employs automated tools, including Selenium,
to assess the performance of the application across various scenarios and validate its capacity to
accommaodate the expected volume of users [11] [13]. Integration testing guarantees that all elements of
an application, such as database and GIS modules, are correctly interconnected and operating in concert
to deliver precise outcomes. By harnessing the capabilities of Selenium, testing teams can enhance the
effectiveness of functional testing pertaining to Decision Support System (DSS) applications through
the automation of user interactions, thereby guaranteeing a consistent and comprehensive testing
process. The outcomes of this testing phase are crucial in ensuring that Decision Support System (DSS)
applications function at peak efficiency and adhere to stringent quality requirements prior to deployment
in a production setting.

2.5. Deployment

This phase involves the implementation process of the approved design. The team will build a Decision
Support System (DSS) application by utilising software development best practices and integrating GIS
components to map land suitability. Implementation is done carefully to ensure that the application runs
well in a production environment.

2.6. Review

During the Review stage, the project team will conduct a comprehensive evaluation of the project
results. This evaluation encompasses various critical aspects, ensuring that the Decision Support System
(DSS) application functions optimally and meets the set objectives. Firstly, the team will assess the
performance of the Decision Support System (DSS) application, analysing its ability to handle the
workload and ensuring that response time and overall performance align with the project requirements'
standards. Additionally, user feedback will be taken into account, including inputs, suggestions, or
comments from the user experience, to understand areas that require improvement or enhancement.
Furthermore, the team will verify that the land suitability generated by the application fulfils users'
expectations and needs. The results obtained will be compared with the original project objectives to
ensure that the app provides stakeholders with accurate and valuable information. The outcomes of this
evaluation will serve as the foundation for the next step in the app's development. If improvements or
enhancements are necessary, the team will take corrective action and iterate on the development or
testing stages to ensure that the Decision Support System (DSS) application performs optimally and
meets users' needs. This approach will enable the project to continue moving towards achieving its set
goals.
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3. Results and Discussion
3.1. Design and implementation

From the requirements phase, the main features that must be provided by the PDP Jember Land
Suitability Selection application are obtained as presented in the following use case diagram on Figure
1. The first feature is to display a dashboard, which aims to display a map of the land managed by PDP
Jember. The second is the user management feature, to manage application user data, and the plant data
management feature. For regional management, from the results of interviews and observations it was
found that the Jember PDP management area was divided into three parts, namely agriculture,
subdivisions and blocks. Each subdivision can consist of several blocks and each farm with the same
type of crop can be located in several blocks. To make these settings easier, there is a feature for
managing agricultural data, a feature for managing afdeling data, and a feature for managing blocks.
Then the features for managing parameters and managing calculation results are needed so that this
application can provide the highest recommendations regarding plants that are suitable for the land in
the desired area. Apart from that, there are login and logout features to limit user access to the available
features.

Login/logout

Manage Farm’s
Show Dashboard

g
=1
o
=
@
c
s
=

Plantation’s Data
Afdeling's Data
Manage Block’s
Data
Calculation’s Data
Parameter’s Data

o
Figure 1. Use case diagram of PDP’s land suitability selection application.

After formulating the main features that must be provided by the system, the next step is a design and
development. Before each module can be developed in parallel, a database needs to be created that will
accommodate the data and information that will be managed by the application. The following is an
image of the database schema created for the system.

The database created consists of 13 tables, of which there are seven (7) master tables and six (6)
transaction tables. Several tables such as the migration table, password reset, personal_access_token and
failed_job function to make it easier to record changes both in the database and in the system, while the
detailed criteria is a table to provide detailed information regarding land and plant criteria. After the
database is created, application modules begin to be developed in the form of a product backlog.
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Figure 2. Primary Product Backlog

As shown in the Figure 2, the primary product backlog is related to master data management, including
user interface and data management. Meanwhile, the secondary product backlog is related to land
suitability calculations that support land selection applications for each plant, shown in the Figure 3.

—
sshow GIS sinsert sinsert sshow

parameter data calculation data recomendation

supdate supdate based on
parameter data calculation data parameters and

esearch esearch calculation
parameter data calculation data

sdelete sdelete

paramter data

calculation data

Figure 3. Secondary Product Backlog

After determining the product backlog (PB), each PB is carried out according to the specified design
sprint. This design sprint shows each PB along with its tasks and it’s task owners. Apart from that, it’s
also explains the implementation duration of each sprint and the scope of work for each product backlog.
An example overview of the design sprint is shown in Table 1.

Table 1. Design sprint

No. | Product Backlog | Task Duration (time estimation)
1 Login Click login 2 days
2. Manage user’s | Add user data 1 days
3. data Edit user data 2 days
4 Search user data 2 days
5 Delete user data 1 days
31 Logout Click logout button 1 days

3.2.  Testing Scenario

The next phase is software testing. Software testing is an important step in software development and is
indispensable for assuring quality, identifying errors, improving security, assuring user satisfaction,
reducing repair costs, meeting regulatory standards and supporting continuous development. In this test,
the black box testing method was used. Black box testing is a software testing method in which testing
is carried out without paying attention to or having knowledge of the internals of the source code or
software implementation logic. Instead, testing is done by focusing on the software input and output. A
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black box testing scenario is a set of situations, conditions, or test cases that are used to test software
from an external point of view, without needing to know the details of how the software works internally.
The targets in this testing include Functional Testing, testing whether the software behaves in
accordance with its functional specifications. It includes testing software features, use cases, and specific
situations, Error Testing, identifying errors, bugs, and anomalies in the software, including functional
issues, user interface appearance, and comparison of results with expectations, and Requirements
Testing, ensuring that the software meets the business or user needs specified in the requirements
specification.

After creating a test scenario, the next step is to choose an appropriate test method. In this research, to
support agile development methods, we use black box testing methods with automated testing using
selenium. Selenium is an open source automated testing tool. This tool is used for automation testing
carried out on web applications in various different browsers and platforms. Selenium has four (4) main
components, namely WebDriver, Selenium IDE, Selenium Grid, and Selenium Remote Control (RC).
Following is an image of an automated test using selenium.

Project: pdp*
ErrerException

Executing
Undefined variable $farm

V Menambahkan data tanaman

urintie Foundation\ Botsirzp HandoEscapions:t3. [
handlagrrer

5 farms | farm.blade.php 63 elass="wl-1 text-sn font-medium text-gray-700 hover: text

Figure 4. Automated testing using Figure 5. Automated testing using selenium on
selenium on plant management page. searching farm page.

Complete test results are presented in the following Table 1.

Table 2. Complete test result by Selenium

No. | Feature Goals Result
1. Login Enter main page or back to login page Success
2. Manage user’s data Showing add user page and add user form | Success
3. Showing edit user data and edit user form | Success
4, Displaying tables contain user data Success
5. Deleting selected user data Success
6. Manage plant’s data | Enter main page or back to login page Success
7. Showing add plant’s page and add plant’s | Success
form
8. Showing edit plant’s data and edit plant’s | Success
form
9. Displaying tables contain plant’s data Success
10. | Manage farm’s data | Enter main page or back to login page Success
11. Showing add farm’s page and add farm’s | Success
form
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12. Showing edit farm’s data and edit farm’s | Error-undefined variable
form $farm

13. Displaying tables contain farm’s data Success

14. | Manage  afdeling’s | Enter main page or back to login page Success

15. | data Showing add afdeling’s page and add | Success
afdeling’s form

16. Showing edit afdeling’s data and edit | Error-undefined variable
afdeling’s form $afdeling

17. Displaying tables contain afdeling’s data Success

18. | Manage block’s data | Enter main page or back to login page Success

19. Showing add block’s page and add block’s | Success
form

20. Showing edit block’s data and edit block’s | Error-undefined variable
form $block

21. Displaying tables contain block’s data Success

22. | Manage parameter’s | Enter main page or back to login page Success

23. | data Showing add parameter’s page and add | Success
parameter’s form

24, Showing edit parameter’s data and edit | Success
parameter’s form

25. Displaying tables contain parameter’s data | Success

26. | Manage calculation’s | Enter main page or back to login page Success

27. | data Showing add calculation’s page and add | Success
calculation’s form

28. Showing edit calculation’s data and edit | Success
calculation’s form

29. Displaying tables contain calculation’s data | Success

30. | Dashboard Displaying dashboard page and online maps | Success

31. | Logout Logout form system Success

Based on the 31 test scenarios that have been carried out, there are three (3) features that still do
not provide appropriate output. The error message shown is that there are variables that are used, but
have not been previously declared. This usually happens due to errors in writing variables or inconsistent
names between PHP variables and names in fields in HTML. However, if we look at the total of 28
cases that succeeded in providing appropriate output, or around 90%, it can be said that the system
created has succeeded in solving the problems that have been formulated.

This also shows that the Agile method used in software development has been successfully
implemented. By dividing work into smaller modules, applications can be built faster. This is because
it is possible for several different modules to be worked on simultaneously by different people, so that
the overall application process is faster. Using Selenium as automated testing software also helps testing
more quickly and efficiently. All test logs are recorded automatically, including the cause of the error
that occurred. The next step in developing the land suitability selection application is to correct errors
that occur and prepare the application for the deployment process.

4. Conclusion

By using agile methods in developing software, especially the Scrum method, PDP's land suitability
calculation application can run well. This is because the Scrum method has a requirements stage which
allows us to determine exactly what the application needs are. Apart from that, by dividing the project
into several product backlogs that can be worked on in parallel, the processing time is shorter, thereby
improving the evaluation stage. Apart from that, by utilizing automated software testing Selenium, the
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application testing process is less time consumer and well documented, so that the deployment sphase
can run smoothly.
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