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ABSTRACT
This paper describes a community empowerment program by implementing ‘i}
Internet of Things (IoT) Water Quality Monitoring technology to encourage
innovation and increase productivity in shrimp cultivation. Collaboration Chogitor
between Muhammadiyah University of Kendari, Ahmad Dahlan University, and
local farmers has resulted in the latest solution to optimize shrimp pond
management. This empowerment involves several stages, from identifying water KEYWORDS
quality problems to implementing IoT monitoring infrastructure in the field. Community empowerment
First, through intensive discussions, critical issues faced by farmers were Kosabangsa program
identified. The main problem in shrimp cultivation is the limited technology Internet of things
to monitor water quality, which causes shrimp seed mortality to be relatively Shrimp production
high (10%). Based on these findings, the development team from Ahmad Water quality monitoring

Dahlan University designed and implemented a solution in the form of IoT
Water Quality Monitoring. Furthermore, the Muhammadiyah University of
Kendari held intensive training and workshops to increase farmers'
understanding of data interpretation and tool operation. The workshop lasted
for three days, which successfully improved farmers' practical skills and
increased optimism regarding increasing shrimp production. The final stage of
this empowerment involves installing IoT Water Quality Monitoring
infrastructure at identified shrimp farming locations. In conclusion,
implementing this technology significantly positively impacts shrimp
cultivation productivity and farmer welfare. Recommendations for further
development and wider dissemination of information provide a basis for
improving sustainability and efficiency in the local fisheries sector.

This is an open-access article under the CC-BY-SA license

1. Introduction

Indonesia has earned a reputation as one of the world's leading shrimp producers, with shrimp exports
being an essential contributor to the country's foreign exchange earnings [1], [2]. 2023, shtimp production
will reach 1.097 million tons, while an ambitious target is set to reach 2 million tons by 2024 [3]. According
to data, shrimp tops as the leading commodity in Indonesian fisheries exports, recording an export value
of 2.16 billion US dollars in 2023 [4].

The government pays serious attention to the development of shrimp cultivation by implementing
revitalization policies and opening up new land in various regions. To support the success of this
government target, various programs to empower shrimp cultivation farmers are important. Examples of
the success of this approach also occur in several other countries [5]—|7]. Southeast Sulawesi is one of the
provinces that is the main focus for shrimp farming development, especially with Kolaka Regency
designated as an area emphasized in shrimp cultivation. Therefore, efforts to increase shrimp productivity
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in this region significantly support and strengthen the fisheries sector. Collaboration between the
government, farmers, and research institutions can help achieve shrimp production targets to support the
sustainability of the fisheries sector and contribute to the national economy [8]—[10].

With the target of increasing shrimp production, it is essential to pay attention to sustainable cultivation
practices and environmental balance, shrimp health, and farmer welfare. Apart from that, reasonable
management efforts are also needed to overcome potential problems such as shrimp diseases, water
quality, and other environmental impacts [2], [11], [12]. Most shrimp cultivation uses tatpaulin ponds.
From discussions with shrimp cultivation farmers in Kolaka, it is known that the main problem is
maintaining water quality. The main problem in shrimp cultivation is the limited technology to monitor
water quality, which causes shrimp seed mortality to be relatively high (10%). Several times, it was found
that shrimp deaths occurred due to delays in obtaining water quality information from the laboratory.
This condition greatly influences production and business success. Given this problematic situation,
adopting sustainable farming practices, monitoring shrimp health regularly, and maintaining pond water
quality is essential [7], [13].

One technology that can be used to monitor water quality is IoT (Internet of Things), which can
monitor parameters such as pH, salinity, dissolved oxygen, Total Dissolved Solids (TDS), and temperature
[14], [15]. This technology is known as IoT Water Quality Monitoring. IoT technology enables real-time
monitoring of water quality so that shrimp farmers can quickly detect changes in water parameters and
take appropriate action. Real-time data on these parameters helps optimize feeding schedules, reduces the
risk of overfeeding, and increases feed efficiency [14], [16]. Additionally, data collected from IoT systems
can be used for long-term analysis. Farmers can make better decisions to improve shrimp farming overall
by understanding trends and patterns in water quality data. Utilizing IoT Water Quality Monitoring is a
valuable tool in increasing the efficiency and sustainability of shrimp farming by providing accurate and
fast information regarding pond water quality.

By paying attention to the problems of shrimp cultivation farmers in Kolaka and the potential of IoT
to help manage water quality, this community empowerment program aims to explain the level of
optimism of shrimp cultivation farmers in using 10T as a tool to help reduce shrimp mortality rates due
to poor water quality. The long-term impact is increasing national shrimp productivity with the use of
technology. Therefore, the primary objective of this research initiative is to revitalize shrimp cultivation
in the Kolaka Regency, Southeast Sulawesi, by implementing IoT Water Quality Monitoring.

2. Conceptual Foundation

The conceptual foundation of the empowerment program is rooted in the belief that the synergy
between technology, community empowerment, and sustainable collaboration can significantly enhance
the productivity and resilience of shrimp farming, laying the groundwork for a more efficient and
sustainable aquaculture industry. The empowerment program was grounded in the fundamental concept
of empowering shrimp farmers through integrating IoT technology for water quality monitoring in
aquaculture. The following conceptual pillars provide the foundation for the program. The primary
concept revolves around integrating cutting-edge IoT technology into the traditional practices [14], [106]
of shrimp farming. This app uses sensors to monitor crucial water quality parameters, such as pH,
temperature, salinity, dissolved oxygen, and TDS [12], [17], [18]. This integration aims to enhance
precision, efficiency, and real-time data accessibility in aquaculture management. The program was built
upon empowering shrimp farmers by providing them with the knowledge, skills, and tools needed to
effectively utilize IoT for water quality monitoring. Capacity-building activities, including training
programs and workshops, ate designed to enhance the farmers' understanding of technology, enabling
them to make informed decisions and optimize their farming practices.

A key concept involves fostering collaboration within the shrimp farming community. The program
acknowledges the importance of creating a network where farmers can share experiences, insights, and
best practices [1], [19], [20]. Establishing online communities facilitates peer-to-peer learning, support,
and the exchange of valuable information, contributing to a collective effort to improve aquaculture
practices. The program recognizes the significance of aligning with governmental and institutional efforts
to promote sustainability [8], [9]. Collaboration with local government, as seen in coordination with
Towua village in the Kolaka Regency, seeks to integrate the empowerment program into existing
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community development initiatives. This alignment ensures financial and infrastructural support for the
sustainability of the implementation of IoT technology.

The commitment to constant improvement and innovation is central to the conceptual foundation.
The program acknowledges that technology evolves, and ongoing efforts are needed to stay current.
Regular updates, feedback mechanisms, and partnerships with external entities, including technology
companies and research institutions, contribute to continuously enhancing the IoT water quality
monitoring system. The conceptual framework emphasizes integrating education and research activities
[6], [7], [19]. By involving universities such as Muhammadiyah University Kendari, the research focuses
on practical applications and contributes to academic knowledge. This integration supports the
development of sustainable practices through student involvement, internships, and community service.

3. Method

3.1. Activity Context

This community empowerment program was implemented as an implementation of the Kosabangsa
program from the Ministry of Education, Culture, Research and Technology of the Indonesian Republic.
Muhammadiyah Kendari University and Ahmad Dahlan University carry out the performance of this
program. The program is implemented in Kolaka Regency, one of the regencies the government
prioritizes. Specifically, this activity was carried out in Towua Village, Kolaka Regency
(https:/ /www.google.co.id/maps/(@-4.148828,121.483511,12zPentry=ttu) in Southeast Sulawesi, where
52.35% of the area is dedicated to shrimp and fish cultivation. The cultivation pond covers an expansive
area of 585.69 hectares, predominantly utilized for cultivating milkfish and shrimp. Issues have been
observed in the Koperasi Serba Usaha (KSU) Tambak Berkah Towua. Fig. 1 shows the community
empowerment implementation team at the partnet's shrimp pond location.

Fig. 1.Kosabangsa Program Implementation Team in Shrimp Farms

3.2. Empowerment Stages

Community empowerment programs are carried out in certain stages to ensure successful achievement
of goals [8], [19]. The following are the stages of empowering shrimp farming farmers in utilizing IoT
Water Quality Monitoring:

e Identification of Problems of Shrimp Cultivation Farmers: Identify the problems shrimp cultivation
farmers face related to pond water quality. It includes such issues as shrimp disease, water

temperature fluctuations, unstable salinity, or other water parameters that can affect shrimp growth
and health.

e JoT Technology Development: Design and develop an IoT Water Quality Monitoring system that
suits the needs of farmers and environmental conditions in shrimp ponds. This technology must be
able to measure and convey real-time data related to water parameters such as pH, salinity, dissolved
oxygen, Total Dissolved Solids (TDS), and temperature.
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e Training and Workshops Implementation: Conducting training and workshops for shrimp
cultivation farmers to understand the use and benefits of IoT Water Quality Monitoring technology.
It includes an understanding of data interpretation, IoT device operation, and actions that can be
taken based on monitoring results.

e Hstablishment of Monitoring Infrastructure: Install IoT monitoring infrastructure at identified
shrimp farming locations. This infrastructure includes installing sensors, IoT devices, and monitoring
devices connected to a central system. Make sure this infrastructure can convey data in real time and
can be easily accessed by farmers.

3.3. Tools and Instruments

IoT technology was developed in accordance with the characteristics of water quality parameters in
shrimp cultivation ponds. Fig. 2 presents the schematic diagram of the loT-based Smart Water Quality
application. The chart shows the four sensors and their respective probes connected to the Arduino board.

Controller Module

—

|

/' | | ) | \

pH Sensor
Turbidity Sensor Dissolved Oxygen
Sensor

Fig. 2. Schematic of loT-based Smart Water Quality Monitoring

IoT specifications contain sensors encompassing conductivity, pH, oxygen level, turbidity, and water
temperature; contactor relays; 1 HP, 750W, 9A capacity aeration; an Android-based smartphone, Android
application, and Arduino Uno processor.

4, Results and Discussion

4.1. Identifying Problems of Shrimp Cultivation Farmers

Shrimp farming farmers often face serious challenges related to water quality in their ponds. Problem
identification includes critical issues, such as shrimp diseases that can spread quickly, uncontrolled water
temperature fluctuations, salinity instability, and other water parameters that significantly impact shrimp
growth and health.

Mr. ZKR, a farmer, expressed his experience, stating that he once faced a situation where shrimp
suddenly died and floated. To overcome this problem, the pond water was taken to a laboratory for
analysis, but the results took two days. It causes many shrimp to die before the laboratory results are
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received. Another farmer, Mr. WAN, added his perspective by stating that farmers often need more
adequate tools to monitor water quality directly. Therefore, they can only rely on guesses regarding the
water quality in the pond. In tarpaulin ponds, monitoring salinity and temperature is crucial, and the need
for tools that can provide information quickly and accurately is increasingly urgent. Intensive discussions
between shrimp cultivation experts from the Muhammadiyah University of Kendari and shrimp farmers
resulted in an in-depth understanding of water quality parameters crucial to controlling shrimp cultivation.
Some main parameters agreed to be the main focus include dissolved oxygen, temperature, pH (acidity
level), and Total Dissolved Solids (TDS).

The emphasis on these parameters is based on the understanding that dissolved oxygen plays an
essential role in shrimp respiration and optimal growth. Stable water temperature is the key to preventing
fluctuations that can cause stress to shrimp. pH balance is needed to support biochemical processes in
the shrimp body, and TDS reflects the amount of dissolved solids that can affect water conditions. The
results of this discussion are also clearly conveyed to farmers as concrete and implementable solutions.
Providing a better understanding of controlling and monitoring these parameters has helped farmers
optimize water conditions in their shrimp ponds. Alignment between experts and farmers in determining
these critical parameters is the basis for providing more effective and targeted solutions [7], [8] to increase
the success of shrimp cultivation.

4.2. IoT Technology Development

The next step after discussions with shrimp cultivation farmers was the development of IoT Water
Quality Monitoring by a team from Ahmad Dahlan University (See Fig. 3). This product was designed
based on specifications obtained from these discussions. The sensors used in this tool are selected from
industrial quality to ensure accuracy and robustness in diverse fishing environments. To ensure the quality
and accuracy of the equipment, the team involved a testing institution, namely PT. ADI Multi Calibration
(http://lku.uad.ac.id/ tentang-pt-amk) [7], in catrying out calibration tests. The aim was to ensute that the
sensors installed in the tool provide accurate and consistent measurement results.

10T SMART WATER MONITORING

. @ ;t bangsa
»

Fig. 3.loT-based Smart Water Quality Monitoring

The tool that has been successfully developed allows farmers to monitor water quality parameters in
real time. The information obtained can be accessed easily via the site http://www.watermonitor.iotmu.id,
which can be accessed via smartphone (See Fig. 4 for the display). Thus, farmers have direct access to
critical data parameters, enabling them to take quick and appropriate action in managing their shrimp
farms. This technology has similarities to similar IoT developed by other researchers [14], [15]. It's just
that this product is focused on being able to monitor water quality in shrimp ponds which has threshold
values for each specific parameter. In addition, this site also provides the option to download data in
Excel format and allows farmers to carry out time series analysis. With this feature, farmers can track
changes in water quality parameters over time, helping them make better decisions to improve their
shrimp farming conditions.
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Fig. 4. Display of water quality parameter information on the web

4.3. Training and Workshop Implementation

Increasing the skills and knowledge of shrimp cultivation farmers is an important key to the success
and sustainability of community empowerment. This issue is relevant to other studies in various
community ones [1], [8], [9]. With IoT Water Quality Monitoring having been developed, the team from
Muhammadiyah Kendari University and Ahmad Dahlan University continued with training and workshop
activities for shrimp pond management partners. This activity was carried out over three days, from 10 to
12 December 2023. The workshop was designed to increase farmers' understanding of data interpretation,
operation of IoT devices, and actions that can be taken based on monitoring results. During this training
activity, farmers gain in-depth knowledge about reading and interpreting data produced by IoT Water
Quality Monitoring. They also had the operational skills necessary to use these 1oT devices effectively.
Additionally, training includes an understanding of steps that can be taken to address potential problems
identified through monitoring. Fig. 5 shows the training and workshop situation for using IoT Water
quality monitoring at a location with 12 participants.

Fig. 5. Training and workshop atmosphere for using loT

The results of this training and workshop were very positive. Shrimp farmers have improved their
practical skills in using technology and feel more confident about increasing shrimp production. This
training provides a strong foundation for implementing more innovative and more effective farming
practices, which can help optimize shrimp pond conditions and reduce risks related to water quality. By
increasing understanding and skills, the shrimp farming industry in the region can grow more sustainably.

Statements from Mr. ZKR, Mr. WAN, and Mr. BUD reflect the positive impact that has been felt and
the optimism that has grown after implementing IoT Water Quality Monitoring. Mr. ZKR admitted that
this tool was very helpful in increasing the productivity of shrimp ponds. He highlighted the importance
of water quality in shrimp cultivation and believes that the successful implementation of this technology
can attract the interest of other shrimp farmers. Mr. WAN emphasized that with this tool, farmers no
longer need to worty about regulating water quality. This finding shows that this technology provides
confidence and comfort for farmers in managing their shrimp ponds. Mr. BUD, while showing optimism
regarding the effectiveness of the equipment, also asked whether similar technology could be applied to
cultivating milkfish ponds in his family. Such demand reflects the potential for further development of
this technology for application in producing various fisheries.
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Overall, the positive responses from these farmers indicate that IoT Water Quality Monitoring is not
only an effective technological tool but can also be a catalyst for increasing sustainability and efficiency in
shrimp farming and has potential applications in other aquaculture.

4.4. Establishment of Monitoring Infrastructure

The final stage of this community empowerment activity involves installing the equipment and
ensuring optimal functionality. The team installed IoT monitoring infrastructure at previously identified
shrimp farming locations (See Fig. 0).

3 &

Fig. 6. Installation of loT-based Smart Water Quality Monitoring in shrimp ponds

This process includes the installation of sensors, IoT devices, and monitoring devices connected to a
central system. This infrastructure was designed to provide real-time monitoring of water quality
parameters in shrimp farms. Installing sensors and IoT devices aims to collect accurate and up-to-date
data while monitoring devices ensure that farmers can easily access this information. The success of this
stage is highly dependent on the reliability and effectiveness of the infrastructure implemented. Ensure all
components function as they should and can transmit data efficiently to the central system. Ease of access
for farmers is also an essential factor, ensuring that they can utilize the information provided by IoT Water
Quality Monitoring in the day-to-day management of their shrimp farms. This activity has been carried
out successfully, and farmers can monitor all water quality parameters. The success of equipment
installation and subsequent use also depends on farmers' acceptance of the technology. In many cases,
the level of technology acceptance is an important variable in the successful implementation of technology
[20]-|22] including IoT Water Quality Monitoring.

The results of implementing smart water monitoring align with the findings of previous research
conducted by Ref. [23], who developed a similar device focusing on pH and temperature sensors. This
research indicated that using only these two types of sensors could enhance the results of freshwater fish
farming. This alignhment establishes a foundation to validate the effectiveness of the smart water
monitoring concept in aquaculture. Another study by Ref. [17], focusing on shrimp cultivation using
salinity and temperature sensors, also demonstrated increased shrimp productivity. By combining the
outcomes of both studies and implementing smart water monitoring technology equipped with a more
comprehensive set of sensors, it is anticipated that shrimp farming productivity can experience a more
significant improvement. The integration of additional sensors, such as dissolved oxygen and TDS, from
the findings of this research can provide a more holistic understanding of water conditions, enabling
farmers to take more precise and effective actions in shrimp pond management. Thus, this technology
has the potential to be a comprehensive solution for enhancing productivity and efficiency in shrimp
farming.

4.5. Program Sustainability

Several steps and strategies can be implemented to ensure the empowerment program's sustainability
and that shrimp farmers continue to use IoT in water quality monitoring. In the initial implementation of
this empowerment program, Muhammadiyah University Kendari has coordinated with the Towua village
government in the Kolaka Regency to incorporate ongoing training for shrimp cultivators into the village
fund program. The Secretary of the Village Head conveyed the commitment from the village government
during the mentoring program. Continuing education and training for shrimp farmers may include
updates on the latest technology, maintenance of IoT devices, and optimal strategies for utilizing the tools.
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Furthermore, online monitoring of pond water quality data allows all members of the shrimp farming
community to learn from each other by sharing data and information online. The high level of information
technology proficiency, especially with smartphones, among pond managers facilitates the formation of
an online community (e.g., WhatsApp Group) where farmers can share experiences, ask questions, and
provide solutions related to IoT use. Through continuous communication, they can continue to receive
support and inspiration from fellow farmers. The current community has also received guidance in feed
management from a national feed company. Existing relationships with the pond community allow for
collaboration with other external entities such as technology companies, research institutions, or non-
profit organizations that can provide technical support, maintenance assistance, or additional resources
to ensure the sustainability and development of technology.

Muhammadiyah University Kendari has supported the sustainability of this partnership by
incorporating pond manager mentoring activities into student internship programs and sustainable
community service managed by the Research and Community Service Institution. By implementing these
strategies, it is expected that this empowerment program will evolve into a sustainable initiative that
supports the sustainability of shrimp farming and the utilization of IoT technology in water quality
monitoring.

4, Conclusion

Community empowerment activities through developing and implementing IoT Water Quality
Monitoring in shrimp cultivation have had a significant positive impact. Shrimp farmers now have better
access to water quality information on their farms, enabling them to make more timely and effective
decisions. With the results of training and wotkshops, farmers' skills in using this technology have also
increased significantly. In addition, the collaborative approach between Muhammadiyah Kendari
University, Ahmad Dahlan University, and farmers has brought innovative solutions that suit the real
needs of the fisheries sector. Implementing IoT Water Quality Monitoring increases the productivity of
shrimp cultivation and creates the potential for further development in other aquaculture contexts.
However, this community empowerment program has several limitations. Industrial-scale quality
equipment still needs to be lowered. This condition will be an obstacle for farmers. The duration of the
program has yet to effectively reach the successful application of technology. The results achieved are
only at the level of technology acceptance. Some recommendations for program sustainability are as
follows: 1) The University of Muhammadiyah Kendari needs to follow up on the commitment from the
local village government by establishing a collaborative initiative program. The village fund can integrate
a two-month internship program involving marine aquaculture students into the village development
program. 2) The village government can advocate for the shrimp farming community regarding shrimp
cultivation governance through collaboration with shrimp feed entrepreneurs who participate in
community service responsibility programs. 3) Best practices gained from this community empowerment
program can be expanded with the support of the local marine affairs office. The University of
Muhammadiyah Kendari needs to initiate communication of these results with the department to support
broader marine productivity.
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