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study. This research aims to investigate and compare the growth
of sea lettuce between seawater and scientific saltwater using

loT based on temperature-controlling systems. The loT-enabled

sea lettuce cultivation system can record and display real-time
data using Arduino Nano. The results show that the scientific
saltwater closely approximates the properties of seawater during
the 21-day cultivation period. Sea lettuce cultivated in seawater
exhibited greater growth and weight gain compared to cultivation in
scientific saltwater. The average weight gain per day was 3.27 grams
for seawater cultivation and 2.83 grams for scientific saltwater
cultivation, indicating a difference of 0.44 grams. These
experimental results demonstrate the feasibility of using scientific
saltwater, which exhibits properties resembling seawater.
Cultivating with scientific saltwater facilitates ease of cultivation
and eliminates the need for coastal locations. Additionally, it has

the potential to reduce pollution in marine environments.
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1. Introduction

In today’s era, people place great
importance on health and wellness, leading
to a significant trend toward interest in
healthy foods, which has become a prominent
phenomenon in the food industry. Modern
consumers aspire to maintain their health
by consuming foods that offer benefits to
their bodies, thereby shaping the future
of food trends, also known as future food.
Future foods are typically categorized into
four main groups: organic foods, medical
foods, functional foods, and novel foods
(Boonlertvanit, 2020). In the Asia-Pacific
region, seaweed is predominantly utilized, and
there’s a growing consumer awareness and
preference for seaweed. The value of growing
sea lettuce as a sustainable food supply is
significant because of its health benefits and
environmental advantages, which has led
to a growing interest in commercial farming.
Fisheries department policies in Thailand, which
promote commercial seaweed cultivation and
the production of seaweed for the health food
market, partly influence the trend in seaweed
consumption. Consequently, there has been
a significant increase in seaweed farms, with
products widely available on the market. We
directly consume sea lettuce as food, and
it can also serve as a future food source for
various industries (Tanchaiha et al., 2021). A
study has found that the nutritional value of
sea lettuce becomes a rich source of protein
and beneficial nutrients because 100 grams
of sea lettuce reveal protein content ranging

from 10 to 25 grams and carbohydrate content

between 42 to 47 grams (Somchun, 2023).

Currently, the Khung Kraben Bay Royal
Development Study Center, established as
a result of royal initiatives in Chanthaburi
province, focuses on sea lettuce cultivation,
propagation, and promotion of the processing
of sea lettuce. The community actively
participates in these activities to generate
income (Vinil, 2023). Cultivating sea lettuce
is a straightforward process that yields
successful growth. However, seaweed
cultivation requires clean seawater without
contamination from pollutants. The seawater
must have an appropriate level, be settled, and
be filtered before being used for cultivation.
This imposes constraints on cultivation
experiments that demand close proximity to
or direct availability of the sea. Farmers who
intend to plant sea lettuce, although situated
far from the coast, are forced to deal with
extra expenses for preparing and transporting

seawater to the production site.

As the promotion of sea lettuce
cultivation for commercial purposes increases,
studies on seaweed cultivation in environments
with varying water qualities become increasingly
important, which can be investigated in this
study. Cultivating sea lettuce in seawater and
scientific saltwater presents challenges in
Internet of Things (loT)-based environmental
control, such as maintaining water quality,
preparing cultivation areas, and ensuring
system cleanliness. Therefore, this study aims
to investigate the cultivation of sea lettuce
in habitats with different water characteristics
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based on temperature-controlling systems. By
comparing the growth of sea lettuce cultivated
in natural seawater and scientific saltwater
and utilizing internet-based technology,
researchers have effectively monitored water
quality and controlled the environment of
sea lettuce cultivation to ensure suitability.
Parameters such as temperature, pH, and
lisht intensity are efficiently measured and
controlled (Rukhiran et al., 2023; de Camargo
et al., 2023; Rukhiran & Netinant, 2020). This
study contributes to how cultivators understand
and effectively manage the challenges of sea
lettuce cultivation, facilitating the sustainable
development of the seaweed cultivation
industry domestically and ¢lobally, and advancing
the seaweed cultivation industry through
innovative loT-based environmental control
systems. Accurate and reliable commercial
studies are critical for driving innovation and

advancement in this industry into the future.

2. Literature Review

2.1 Sea Lettuce Definition

Sea lettuce, classified under the green
algae family Ulvaceae, is commonly known
as Sea Lettuce (Ulva Rigida) or green laver in
Japan, referred to as Ao-Nori (Mouritsen et al.,
2018). Sea lettuce is characterized by thin,
flat blades with a holdfast at the base. Newly
sprouted plants have cells arranged in a single
row before branching out into multiple rows
with two layers of cells that remain attached,
as shown in Figure. 1. Growth occurs through

cell division both horizontally and vertically,

resulting in flat sheets with frills along the
edges. Sea lettuce is typically observed in a
state of buoyancy close to shorelines or af-
fixed to rocks and other types of sea lettuce.
The environmental and nutritional factors
suitable for sea lettuce cultivation include

as follows:

Salinity: 25 - 30 parts per thousand
(Tolerant within 15 - 40 parts per
thousand)

Light intensity: 5,000 — 10,000 lux.
Water temperature: 25 — 30 °C

Total nitrogen content: 0.5 - 1.0
milligrams N/liter and phosphate
0.01 milligrams P/liter

pH level: between 8 - 9.

2.2 Seaweed Cultivation and
Monitoring through loT

Many studies exploring the potential
of loT in seaweed cultivation and monitoring
(Iskandar et al., 2021) focus on a buoy-based
system. The loT-based monitoring system is
being developed to measure environmental

parameters in a seaweed farm using sensors

Figure 1. Samples of sea lettuce
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placed on a buoy. The result of this study
is the dynamic parameter values that are
continuously showcased on the dashboard,
accessible through a web browser. On a
low-power underwater sensor device, the
unique small low-power NFC-enabled data
collection system was created to monitor
seaweed growth parameters in an agricultural
environment (Peres et al., 2021). The device
records temperature, light intensity, depth,
and motion, and the information can be
messaged or downloaded to facilitate informed
decision-making for farmers. These systems can
potentially improve productivity and reduce
costs in seaweed cultivation. Jahanbakht et al.
(2021) offered a comprehensive survey of the
Internet of Underwater Things (loUT) and Big
Marine Data (BMD) analytics, highlighting the
potential for these technologies in seaweed

cultivation and monitoring.

Therefore, this study addresses a
research gap in seaweed farming by
examining the cultivation of sea lettuce in both
seawater and scientifically prepared saltwater.
The study utilizes loT technology, which is
not commonly used in existing research on
this topic. An innovative loT-based system
has been designed to monitor environmental

factors in sea lettuce farms in real time.

3. Research Methodology

This practical study aims to compare
the growth of sea lettuce in different types of
water, namely natural seawater and scientific
saltwater. The research methodology consists

of:

Studying the growth characteristics
and maintenance of sea lettuce
involves joint research with the
Ao Kung Kraben Development
Study Center, initiated by royal

initiatives in Chanthaburi province.

Designing and developing an
architectural system for the
loT-based sea lettuce cultivation
system by focusing on temperature
control as a primary factor. The
system that has been created is
capable of receiving data from
a range of sensors, including
those that measure pH, salinity,
light, room temperature, and
water temperature. If the water
temperature exceeds 30 °C, the
system will activate a relay in
order to provide electricity to the
pump for the purpose of spraying
water. Ascend to the water’s
surface in order to decrease the
temperature. In addition, the data
is collected using cloud comput-

ing using Wi-Fi.

During the experiment, sea
lettuce cultivation is conducted
under controlled conditions in
natural seawater and scientific
saltwater [Please show, in the
Table, ingredients of scientific
saltwater] without replenishing
additional water in the containers.
Sea lettuce cultivation examples
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are controlled based on the
weight of the sea lettuce with
very minor differences allowed
in the experiments. The water
temperature is maintained within
the appropriate range of 25-30 °C
throughout the 21-day duration
to match the growth conditions

of the sea lettuce.

Evaluating the growth performance
of sea lettuce under two different
water conditions over the

specified period.

Reporting the comparison results
of two different water conditions

among a salinity level, pH,

ADG =

where:

temperature, and weight of sea
lettuce. To calculate the Average
Daily Gain (ADG) of seaweed
growth over a period of 21 days
using the formula for weight gain
per day, in Equation (1)

FinalWeight—InitialWeight
"NumberofDays"

(1

ADG is the weight gained per day.

Final Weight is the total weight of the

sea lettuce
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Figure 2. Overview system architecture of loT-based sea lettuce cultivation system
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Figure 3. Prototype of loT-based sea lettuce cultivation system

Initial Weight is the weight of the sea

lettuce

Number of Days is the duration of the
growth period, which is 21 days in this case.

4. Proposed loT-Based Sea lettuce
Cultivation System

4.1 System Architecture Design

The design and development of an
loT-based sea lettuce cultivation system to
support, inspect, and control the environment
suitable for sea lettuce seaweed cultivation.
The hardware components consist of an
Arduino Nano, which is used as a microcontroller
for controlling operations. ESP32 receives
data through a Wi-Fi connection and sends

recorded data to cloud computing. A pH

sensor for measuring acidity. A salinity meter
is used for calculating the salinity of water.
A temperature regulation system with
lighting and irrigation capabilities can
effectively maintain water temperatures
within 25 to 30 °C. The light-control system
is an 18W LED through a relay module with
4 channels (5V 10A). An irrigation system is
utilized to automatically manage the water
spray to decrease the temperature within the
culture tank. This control is achieved by a relay
as well. The system architecture overview of
the loT-based sea lettuce cultivation system
is illustrated in Figure 2. The final prototype
of the proposed system is shown in Figure 3.

Table 1 presents a comprehensive
overview of the loT-enabled hardware used

in developing a system-defined criteria.
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Table 1.  Hardware components of this
study
Devices Images

Arduino Nano 3.0
Mini USB

ESP32 NodeMCU
ESP-WROOM-32 Wi-Fi
and Bluetooth Module

pH Meter: E-201-C

Waterproof Tempera-
ture Sensor: Sensor
DS18B20

Digital Temperature
and Humidity Sensor:
DHT11

Salinity Meter
0-2500ppm: LYg-300

Relay Module 12V
4 Channel Isolation
Low Trigger 250V/10A

Switching Power
Supply 12V 3A

LCD with Backlight
of LCD Screen 24x4

4.2 Conditions Design of Sea
Lettuce Cultivation

In the conditional design for controlling
factors in the cultivation process of sea
lettuce, the sampling was established for
cultivation using seawater: The weight of all
sea lettuce specimens was recorded as 10.17
grams, with a total of 13 pieces. The average
size was measured to be approximately
7.96 x 8.85 cm. These specimens were then
tested for cultivation in a 10-liter cultivation
tank filled with seawater, as shown in Figure
4, and Figure 5. shows the cultivation using
the scientific saline solution: The weight of all
sea lettuce specimens was recorded at 10.16
grams, for a total of 13 pieces. The average
size was measured to be approximately 7.27
x 10.05 cm. These samples were then tested
for cultivation in a 10-liter cultivation tank
filled with scientific saltwater, as illustrated

in Figure 6.

Figure 4. Weight collection process

of seawater
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Figure 5. Weight collection process

of scientific saltwater

Toinstall a trial set for sea lettuce, we
utilized two LED lights with a power output of
18 watts. These lights had a length of 60 cm.
These bulbs have been designed specifically
for plant growth. The light will be scheduled
to automatically turn on and off every day
for a duration of 13 hours (from 5:00 a.m. to
6:00 p.m. on and from 6:01 p.m. to 4:59 a.m.
off) at a brightness level of 10,030 Lux. using
Internet of Things technology. The experiment
consisted of four planting phases on the 4th,
8th, 12th, and 16th days. Each experimental
plot received a bio-extract nutrient solution
at a ratio of 1 ml per plot during each phase.

The harvesting occurred on the 21st day.

5. Results

5.1 Parameters Report

This study involved collecting data

on various parameters from different sensors

Figure 6. Inspection during the cultivation

of sea lettuce

over a period of 21 days to compare the
results between the growth of sea lettuce in
seawater and scientific saltwater. The collected
data included salinity levels, pH levels, and
water temperature both in the water and in
the room environment, along with the weight

measurements of the seaweed harvest.

The experimental results of the initial
salinity level in the test were 29 ppt (parts per
thousand), and there was no water exchange
during the experiment. It was observed that
the salinity level of the seawater increased to
49 ppt after the experiment, while the salinity
level of the scientific saltwater was measured
at 47 ppt. This indicated a difference of 2 ppt
between the salinity levels of the two types
of water. Despite this difference, the results
demonstrated similar salinity characteristics
between seawater and scientific-grade

saltwater, as depicted in Figure 7.
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Figure 7. Comparison results of salinity levels
between seawater and scientific sea salt
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Figure 9 Comparison results of temperature
among seawater, scientific sea salt, and
laboratory

In Figure 8, the comparison of the pH
values that controlled pH levels within the
range of 8-9 is reported. The average pH of
seawater was 8.65, while the average pH of
scientific saltwater was 8.79. The difference
in pH between the two averaged 0.14. Figure
9. demonstrates the temperature control
system successfully maintaining the water
temperature within the range of 25 to 30 °C.
The average temperature of seawater and
scientific saltwater was 24.35 °C and 24.50
°C, respectively., while the room temperature
averaged 26.59 °C.

Based on the data recorded after

the seaweed cultivation experiment using

PH levels

pH values

1 2 3 & 5 6 7

$ 9 10 1 12 13 14 15 16 17 18 19 20 21
Days

——Seawater - - Scientific Sea Salt

Figure 8 Comparison results of pH levels
between seawater and scientific sea salt

Weight of Sea Lettuce (g.)

Weight of Sea Lettuce (g.)
g

1 2 3 4 5 6 71

$ 9 10 11 12 13 14 15 16 17 18 19 20 21

Days

——Seawater - - Scientific Sea Salt

Figure 10 Comparison results of weight
among seawater and scientific sea salt
Acknowledgment

seawater and scientific saltwater, it was found
that cultivation using seawater resulted in
greater growth and weight gain compared
to cultivation using scientific saltwater. The
weight gain per day from seawater cultivation
was 3.27 grams, while from scientific saltwater
cultivation, it was 2.83 grams. The difference
between them was 0.44 grams, as shown
in Figure 10. Additionally, the average size
increase per day from seawater cultivation was
0.16 x 0.37 cm, while from scientific saltwater
cultivation, it was 0.19 x 0.22 cm. The
difference between them was 0.04 x 0.15 cm,
as illustrated in Figure 11(a) and (b).
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Figure 11 The size of the seaweed after
cultivation: (a) In seawater (b) In scientific
saltwater

6. Discussion and Conclusion

This study compares sea lettuce
cultivation using natural seawater and scientific
saltwater. The real-time data and monitoring
and recording were accomplished through loT
technology developed from Arduino Nano and
ESP32, utilizing Google Sheets. The findings of
this study focus on the potential of seaweed
cultivation, particularly sea lettuce, in
different water environments, namely natural
seawater and scientific saltwater. This study
offers valuable information on the growth
performance of sea lettuce under varying
water conditions through various real-time
data collection and analysis techniques
facilitated by loT technology. In the context of
temperature control in sea lettuce cultivation,
thresholds play a crucial role in maintaining
optimal growing conditions, similarly to Iskandar
et al. (2021) and Siddiqui, Zaidi, & Abdullah
(2019). Thresholds are predefined limits or
boundaries set for certain parameters, such

as temperature, that trigeer specific actions

or adjustments in the cultivation environ-
ment, as found in Rukhiran et al. (2023) and
Purnamawati (2021). The authors determine
the temperature control system using light
and watering sprays related to the studies
of Bachtiar, Hidayat, & Anantama (2022), and
Liang et al. (2022).

In addition, the pH levels and water
temperatures were effectively controlled within
the desired ranges throughout the cultivation
period (Liang et al., 2022; Nguyen et al., 2022).
The comparison of growth performance over
a 21-day period showed that the properties of
scientific saltwater resemble those of natural
seawater. The pH levels in both seawater and
scientific saltwater fell within the optimal
range of 8-9, demonstrating the suitability of
both water types for sea lettuce cultivation.
Moreover, the temperature control system
successfully maintained water temperatures
within the range of 25 to 30 °C, conducive to

sea lettuce growth.

The results indicate that sea lettuce
cultivated in seawater exhibited greater growth
and weight gain compared to cultivation in
scientific saltwater. The average weight gain
per day was 3.27 erams for seawater cultivation
and 2.83 grams for scientific saltwater
cultivation, indicating a difference of 0.44
grams. This study delivers a possible method
of seaweed cultivation in environments
where access to clean seawater is limited.
Moreover, the proposed loT-based
environmental control system provides a

valuable tool for monitoring and managing
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sea lettuce cultivation, contributing to the
sustainable development of the seaweed
cultivation industry domestically and globally.
By suggesting further research, additional factors
can be explored influencing seaweed growth
and expanding the application of loT-based
environmental control systems to enhance

cultivation efficiency and sustainability.
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