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 Increasing need for food resources, State of Indonesia to strive to maximize 

the output of food production. Not only in agriculture but also aquaculture 

results are also trying to be improved. This is also supported by the increase 

of Indonesia’s national fish consumption rate from 50.69 Kg per capita in 

2018 to 55.37 Kg per capita in 2021. Recent aquaculture research only 

explored topics about monitoring the cultivation environment. But there 

have been no studies exploring how bad the impact of weather on the 

process of farming. Hence, this study aims to measure the influence of 

weather on freshwater aquaculture pond water quality and analyze its impact 

on fish growth namely Oreochromis Sp., using pH sensors and dissolved 

oxygen (DO). Then a weather simulation was carried out based on 

Indonesia’s tropical climate, which majorly consists of sunny and rainy 

weather. The experimental results indicate the instability of the pH value 

during the rainy period. DO values tend to decrease at the end of periods of 

sunny weather. Moreover, fish growth analysis showed that there was a 

decrease in food conversion ratio (FCR) by 0.956, specific growth rate 

(SGR) by 2.13% and survival rate (SR) by 5.715% during rainy weather. 
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1. INTRODUCTION 

Indonesia’s population has increased in recent years. In 2023, the central statistics agency recorded a 

population of 278 million people. With such a large population, Indonesia faces the challenge of maintaining 

food availability for its entire population. With the potential of abundant natural resources, strive to utilize 

these resources to produce rice, crops, and other crops. But Indonesia’s greatest potential lies in marine 

natural resources, with biodiversity of fish and other living things that can be used as a source of food. 

Indonesian people also like to consume fish, this is evidenced by the increase in the national fish 

consumption rate from 50.69 kg per capita in 2018 to 55.37 kg per capita in 2021. The increase can also be 

evidence that the demand for fish in Indonesia will increase every year. But unfortunately, these needs are 

not balanced with the current level of fish production and processing capacity [1]. To address this situation, 

research found that there are many factors which may impact fish production output [2]. Therefore, there is a 

need to determine which factors which impact the fish production sector in Indonesia. 

Various studies have attempted to automate the process of fish farming [3]−[7] and examine factors 

which play a significant role in the growth and development of fish [2], [8], [9]. Automation of fish farming 

processes is useful to replace work processes that can be replaced with machines such as providing feed [10]-[12], 

https://creativecommons.org/licenses/by-sa/4.0/
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monitor water quality [5], [13]−[15], some studies even suggest adding water quality control mechanisms [3], 

[7], [10], [16], [17]. Uniquely, most information technologies developed to optimize or automate the 

cultivation process use internet of things (IoT) technology [10], [11], [18], [19]. To take it even further some 

studies integrate deep learning into the systems so it can make decisions based on previously collected data 

[6], [10]. To measure differences between water quality parameters, this research needs to monitor water 

quality parameters in real time. Main water quality parameters which commonly observed in research are pH 

[2], [6], [7], [13], [17], [20] and dissolved oxygen (DO) [2], [7], [17], [21]. Both pH and DO parameters hold 

a critical role in the level of survivability [13], and growth of fish [2], [21] which greatly determines fish 

yield of aquaculture. So, it is in the best interest to monitor both of those parameters. Unfortunately, research 

in the field of aquaculture focuses more on water quality monitors based on the IoT [22]. This is not enough 

because there are other factors that need to be analyzed, even the influence of the amount of feed is also a 

crucial insight to be examined [13]. What’s more, the cultivation process in the field has another factor worth 

considering, namely the weather. Because the weather in aquaculture has an influence on increases the 

likelihood of contracting a disease which affects health of growth and every being who lives inside it [23]. 

However, there have been no studies exploring how bad the impact of weather on the process of cultivating 

freshwater fish other than freshwater shrimp. And based on that insight, the main topic for this research is to 

measure differences in water quality parameters which are affected by weather. Furthermore, this research 

will provide fish growth data to give more perspective into the changes in water quality which impacted 

aquaculture fish yield and compare it to relevant studies which brought the best results which is [21]. 

Based on previous research, to observe water quality parameters, the system will need the correct 

sensors to measure its intended parameter. pH is measured using pH meter, specifically SEN0161 or 

pH4502C [6], [13]. In the other case, DO is measured using SEN0237 [17]. But on the other hand, to 

determine if the measured value from the sensors is tuned according to suitable environment for tilapia, 

Research suggests maintaining pH values in the range of 6.4-8.2, and DO values above 5 mg/L [2]. Majority 

of all studies with monitoring water quality topics utilize microcontrollers like Node MCU or microprocessor 

such as Raspberry Pi [4], [12]. Microprocessor Raspberry Pi is utilized when the system needs to handle 

complex algorithms or processes like machine learning. But for less complex processes such as reading data 

from sensors and control actuators it is more optimal to use microcontrollers. In addition to water quality 

parameters, fish growth and development can also be analyzed as a benchmark for the success of a 

cultivation process. This growth and development can be measured using the weight of fish biomass in the 

pond. However, there are other metrics to measure the rate of fish growth and development in more detailed 

manner [2], [21]. There are three metrics employed to analyze fish yield and growth, namely: food 

conversion ratio (FCR), specific growth rate (SGR), and survival rate (SR). To further justify the results of 

aquaculture, it could provide clarity in regards of weather’s impact on aquaculture. 

There are studies that have similar topics, in search of the influence of weather in aquaculture.  

The information found suggests that weather can even influence the behavior patterns of fish [24]. Moreover, 

several studies indicate the influence of weather on water quality parameters [25]. Moreover, other studies 

shows that weather and climate change impact fish behavior such as Orechromis niloticus [24]. However, 

details about changes in water quality parameters, and its impact on fish growth have not been explored 

further. Hence, this study aims to measure the influence of weather on freshwater aquaculture pond water 

quality, analyze its impact on fish growth, and determine which weather favors the most optimal fish growth. 

To do it, this research is comprised of three main focuses, design an IoTs system to monitor fishpond’s water 

quality, record water quality parameters influenced by Indonesian weather, analyze fish growth inside the 

pond which is being monitored by the IoTs. Water quality parameter record can be visualized so the 

fluctuations in pH and DO values each day. It is possible to use that information to determine which type of 

weather is negatively impacting the pond’s water quality. Furthermore, fish growth data can be used to 

determine which weather conditions are optimal for fish growth. 

To provide perspective, this study will conduct trials on freshwater fish species, namely nile tilapia 

(Oreochromis sp.) in seeding growth stage, with a fish length of 3-5 cm and stocking density of 200 fish/m3. 

This is because tilapia has an important role for the food needs for Indonesian with production in 2020 

reaching 41,767.25-tons based on the 2020 fisheries company statistics. Moreover, there is a lot of research 

on water quality parameter standards that can support the growth of tilapia [2]. These quality parameters can 

be a baseline to consider the influence of weather on the water quality parameters of aquaculture ponds.  

The fish will be observed in an artificial pond made of tarpaulin that has been installed sensors and actuators 

of the IoT system. This study will only examine the influence of weather in the context of Indonesia’s 

tropical climate, which is dominated by rainy and sunny weather, so the weather which is being tested to the 

pond is rainy and sunny.  

This study is organized as follows: section 2 specifies proposed model and research methods.  

In section 3 presents and analyzes the results of research based on the proposed method. And section 4 distils 

insights and information from presented results. 
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2. METHOD 

This section describes the proposed IoT model, how weather simulation will be conducted, and 

which methods utilized to evaluate the results of this research. The proposed IoT model contains narrative 

description of the circuit schematics, including considerations of what components to use. Weather 

simulations section will describe each step of how to simulate weathers based on Indonesia’s climate. Lastly, 

evaluation methods will describe each method which is being utilized to analyze and evaluate collected data. 

 

2.1.  IoT system design 

The proposed IoT model consists of two microcontrollers, two sensors, and two actuators. The two 

microcontrollers used are Arduino UNO and ESP8266/Node MCU. This is due to the need for analog pins to 

be able to read data from pH sensors and DO which needs two analog pins. In addition, to be able to store 

data on the internet, microcontrollers need Wi-Fi modules and flash memory large enough to store internet 

connection configuration program code. Both are difficult to find in a single microcontroller product, even 

study done by Tolentino et al. [7] requires a microprocessor, namely Raspberry Pi, so that the Arduino Mega 

microcontroller circuit can send data received from sensors to the internet. Microprocessors have great 

computing capabilities, but it requires a lot of power to work, so it is very wasteful to use the microprocessor 

only as a connecting component of the internet. There is another solution to overcome this, which is to use a 

combination of Arduino UNO and ESP8266/Node MCU. Microcontroller ESP8266 is equipped with a Wi-Fi 

module and has enough flash memory to be able to store internet connection configurations [15], 

unfortunately ESP8266 only has 1 analog pin. While Arduino UNO does not have a Wi-Fi module but has  

5 analog pins. The 5-pin analog Arduino UNO is very suitable to be a tool that holds data obtained from pH 

sensors and DO, and ESP88266 will be the main component to upload sensor captured data onto the internet.  

Arduino UNO will be connected to two main parts, the first is the sensor part containing the pH 

sensor and DO, and the second is the actuator part containing solenoid pump which control dolomite solution 

and relay which connected to the aeration pump. These two parts are interrelated because they function with 

each other to maintain the balance of water quality in the cultivation pond. Those sensors read the state of the 

environment and the actuator normalizes the state of the environment when there is a change. The entire 

schematic of the electronic circuit of the IoT can be seen in Figure 1. 
 

 

 
 

Figure 1. Electronical circuit schematic 
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The pool will be built using tarp material because the tarp is considered durable and waterproof. But 

unfortunately, this material is not sturdy so it must be supported by a fairly strong frame, such as the frame of 

a PVC pipe. The design of the frame arrangement of polyvinyl chloride (PVC) pipes so that they can support 

tarpaulin pools can be seen in the Figure 2. Figures 2(a) aquaculture pond size, and 2(b) sensor and actuator 

layout position. The pipe was chosen as the frame material because it is easy to assemble, and removed again 

and remains sturdy even though it bears heavy loads. 
 
 

  
(a) (b) 

 

Figure 2. Aquaculture pond design and layout (a) aquaculture pond size and (b) sensor and actuator 

layout position 
 

 

Further observation on Figure 2 presents detailed specifications of the pond design. Figure 2(a) 

presents the size of the observation pond. It will have a length of 100 cm, a width of 50 cm, and a height of 

25 cm so that the total volume of water that can be accommodated by the artificial pond is 125,000 cm3 or 

125 liters. But for this study the pond will only be filled with four-fifths of the total capacity, which is 100 

liters, this is based on 2 reasons. The first is to leave enough space for rainwater entry so that the influence of 

incoming rainwater on water quality parameters can be observed. Figure 2(b) presents the configuration of 

the sensor and actuator location will be adjusted to the direction of use of each. The pH and DO sensors will 

be placed close to the surface of the water. But the sensor tip or probe part of both sensors, as shown in 

Figure 3, must be submerged with water in the observation pool. In the actuator section, a dolomite 

(CaMg(CO3)2) solution solenoid pump will be placed above the water surface so that the dolomite solution 

can flow into the pond. 
 
 

 
 

Figure 3. System workflow 
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The overall working process of the system is illustrated in Figure 3. pH and DO parameters were 

chosen based on research conducted by Mengistu et al. [2] concluded that the water quality parameters that 

have the greatest influence and correlation to fish growth, especially tilapia. Moreover, other water quality 

parameters were often employed to determine pollution [26], it will not be utilized because it is not 

compatible with this study purposes. In order to keep pH and DO stable, it is necessary to control the two 

water quality parameters by adding actuators that can increase or decrease the parameter values. Based on 

research Jubaedah et al. [20], the pH value can be lowered by using lime such as calcite (CaCO3) or dolomite 

(CaMg(CO3)2) solutions, while the DO value can be increased by using an aeration pump. 

 

2.2.  Sunny and rainy weather simulation 

This study conducted data collection using two scenarios. Both scenarios are based on test 

conditions, namely rain and sunny. This is based on Indonesia’s climate which includes a tropical climate, so 

it only has two seasons, namely the rainy season and the dry season. Based on data from the Indonesian 

Meteorology, Climatology, and Geophysics Agency (BMKG), the rainy season is dominated by rainy 

weather, while the dry season is dominated by sunny weather. So, it can be assumed that these two weathers 

have major influence on natural conditions in Indonesia. 

The rain scenario is based on the publication of the Indonesia’s central statistics agency on the 

number of rainfall and number of rainy days at the BMKG observation station, 2011-2015. Rainy days are 

the number of days of rain in a certain time, and quoting from the BMKG page, rainfall is a unit of the 

amount of rainwater that falls per one square meter. It was noted that the average number of rainy days in 

2015 amounted to 144 days per year, 12 days per-month, so it can be assumed that there were 4 rainy days 

per week. For the average rainfall in 2015 has a value of 1871  mm per-year 156 mm per month so it can be 

assumed in one has rainfall of 5.20 mm or (0.52 cm×100 cm×100 cm) 5.2 liters of water. The number of days 

and rainfall serves to estimate the amount and rainfall in a period of one week. Because of the theoretical 

basis, this study will simulate rain on an observation pond with a frequency of rain 4 days a week and every 

rainy day will be added 5.2 liters of water using a sprinkler so that it is similar to rain conditions. The pond 

will be placed in an open space but will simulate rain with a frequency of 4 rainy days in a period of 7 days 

and every rainy day will be added 5.2 liters of water using a sprinkler. Even if there is natural rain during the 

observation period, the simulation will still be run by moving the simulation of a rainy day to the next day 

with the same amount of rainfall. Natural rain periods that occur during the observation period will be 

recorded and will be analyzed as additional data. 

To achieve similar rainwater composition, the first is to prepare water with a composition 

resembling rainwater, and the second is the method of simulating the splashing of rainwater. In Hasan et al. 

[27] it is stated that the highest average content of material in rainwater or precipitation weight mean (PWM) 

is sulfate content with a range of 41.91 μEq/L to 79.71 μEq/L, then followed by ammonium with a PWM 

range of 30.21 μEq/L to 33.98 μEq/L. PWM in this case is a unit of weight that calculates the influence of 

gravity and molecular density of a solution, this quantity has a unit of milliequivalent/liter (mEq/L). So, it can 

be calculated that the two acid contents are SO4 (sulfate) respectively has a content range between 2.01 mg/L 

to 3.82 mg/L; and NH4 (ammonium) has a content range between 0.54 mg/L to 0.61 mg/L. To be able to 

achieve conditions that resemble the rainwater content, Letardi et al. [28], use a substance (NH4)2SO4 

(ammonium sulfate) with a density of 1.50 mg/L. So that for one rain simulation with rainfall of 5.4 liters,  

8.1 mg or 0.0081 grams of ammonium sulfate are needed. 

The sunny scenario will be done by exposing the pool to direct sunlight. The observation pool will 

be placed in an open space so that the pool is exposed to outdoor air temperature and direct sunlight.  

The location of the sunny scenario will be carried out in West Jakarta which based on Indonesia’s BMKG has 

air temperatures in the range of 20.1°C-28.6°C with an average temperature of 27.8. During the observation 

period, rain will not be simulated or add clean water to the pool, so for 15 days it will simulate sunny weather 

by exposing the pool water to outside air temperature and direct day sunlight. If there is natural rain, the pool 

will be covered with a tarp so that water will not enter the pool. 

The total observation time for both rainy and sunny weather is 30 days. So, each scenario will be 

implemented for 15 days. One scenario has 3 stages, namely: 

− Preparatory stages. At this stage, the observation pool will be prepared to reach ideal conditions first, 

namely pH between the range of 6.4-8.2 and DO > 5 mg/L. Then measure the number of fish and their 

weight at the beginning of the observation period. This aims to get a control value so that the changes that 

occur in the observation period can be compared with the conditions at the beginning of the observation. 

− Stages of observation. At this stage, the pool will be observed for seven days per observation scenario. 

Data from pH and DO sensors will be recorded every single minute a day; The data is then stored into the 

firebase over an internet connection. At this stage, rain simulations will also be carried out when the rain 
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scenario is running. The rain simulation will be conducted once a day with the simulation time being 

carried out at 12:00. This aims to make it easier to compare weather scenarios. 

− Stages of analysis. At this stage, the number and weight of fish will be measured first, then the sensor 

data that has been obtained from the observation stage will be analyzed by comparing it with the ideal 

conditions at the beginning of observation. After one scenario has been lived for up to 15 days, it will 

proceed to the next scenario. Furthermore, when both scenarios have been completed, the FCR, SGR, and 

SR of the fish will be calculated based on the weight data and the number of fish that are still alive. 

The data recorded in the observation period are fish weight data at the beginning of the observation 

period, fish weight data at the end of the observation period, number of fish at the beginning of the 

observation period, number of fish at the end of the observation period, total amount of feed weight that has 

been given at the end of the observation period, pH value, DO value, rain simulation time begins, rain 

simulation time is completed, and if there is natural rain, the data of the natural rain time from start to finish 

will be recorded as well. pH and DO value will be stored in the firebase database via ESP8266, so that in 

later stages can be easily visualized and analyzed. pH and DO data will be collected and cleaned first to make 

it easier to observe. Only then, the data will be visualized using Tableau. Tableau transforms the data into 

graphs so that patterns of pH and DO value fluctuations can be seen. Then, data such as fish weight, fish 

count, and feed weight will be utilized to measure fish growth and determine which weather has negative 

impact on it. 

 

2.3.  Fish weights data analysis 

In addition to analyzing the influence of weather on water quality parameters, the data that has been 

collected will then be observed and analyzed to see if the impact of weather also affects the growth and 

development of fish in the pond. There are three multiple analytical methods that can measure fish growth 

and development [29], namely FCR, SR, SGR, nitrogen retention, protein efficiency ratio (PER), and much 

more. Nevertheless, the methodologies utilized in this study are the FCR, SGR, and SR since the study 

compares the effectiveness and efficiency of fish growth. Additionally, this approach is frequently employed 

in research of a similar nature [21]. 
 

𝐹𝐶𝑅 =
𝐹

∆𝑊
 (1) 

 

FCR is a method to measure how much feed a fish needs to grow per gram, the calculation of FCR 

can be seen in (1). FCR is calculated by dividing the amount of feed given during the observation period (F) 

by the difference between the weight of the fish at the end and beginning of the observation period (∆W). 

The value of the FCR has a range starting from the best which is close to 0 then gets worse the larger it gets. 
 

𝑆𝐺𝑅 =
(ln 𝑊𝑒𝑛𝑑− ln 𝑊𝑠𝑡𝑎𝑟𝑡)

𝑡
 × 100% (2) 

 

SGR is a method to measure the presentation of fish growth per day during the observation period, 

the calculation of SGR can be seen in (2). SGR is obtained by calculating the difference between the natural 

logarithm of fish weights at the end of the observation period (ln Wakhir) with the results of the natural 

logarithm of fish weights at the beginning of the observation period (ln Wawal). The result of the reduction is 

then divided by the number of days of observation made (t) after which it is multiplied by 100%. The SGR 

value has a range starting from the worst 0 to reach 100%. 
 

𝑆𝑅 =
𝑁𝑒𝑛𝑑

𝑁𝑠𝑡𝑎𝑟𝑡
 × 100% (3) 

 

SR is a method to measure fish mortality during the observation period, the calculation of SR can be 

seen in (3). SR is obtained by dividing the number of fish that survived at the end of the observation period 

(𝑁𝑒𝑛𝑑) by the number of fish at the beginning of observation (𝑁𝑠𝑡𝑎𝑟𝑡) then multiplying it by 100%. The SR 

value ranges from the worst 0 to close to 100%. After the FCR, SGR, and SR values have been obtained.  

It will be compared with the benchmark journal published by Wang et al. [21], which has a FCR value of 

1.04, specific GR of 1.4%, and SR of 100%. Only then will it be considered that the proposed method is 

better than the existing method. 

 

 

3. RESULTS AND DISCUSSION 

Experiment will be conducted using design which is described in section 2. Figure 4 demonstrate the 

application of the design which is previously shown in Figure 2, Figure 4(a) shows the applied fishpond 

design and Figure 4(b) shows the applied IoT system which monitor the fishpond. System will collect pH and 
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DO value then store it to firebase to be analyzed further. Data analysis will be divided into two, which is: 

Water quality parameters data analysis, and fish growth analysis. Water quality parameter data will details 

the weather influece on culctivation environment, and fish growth data will show weather influence on 

cultivation process. These two analyses will answer the formulation of this research problem regarding the 

influence of Indonesian weather on water quality parameters and fish growth and development. Analysis of 

ph and DO data was carried out using the Tableau application to produce graphics that display the movement 

patterns of pH and DO values during the observation period. 

 

 

  
(a) (b) 

 

Figure 4. Applied experiment setup (a) fishpond and (b) IoT system 

 

 

Comparison of recorded pH and DO values during observation period of both sunny and rainy 

weather simulations can be seen in Figure 5. The first experiment was to test the pool with simulated sunny 

weather. This simulation is carried out for 15 days starting from November 16th, 2023, to December 2nd, 

2023. Water quality parameter data in the form of pH and DO record in firebase is shown in Figure 5(a).  

On it, there is some information that can be drawn. First, the pH value reached its peak of 8.372 on December 

2nd and its lowest of 6.158 on November 25th; on the other hand, DO had the highest value of 5,151 mg/L on 

November 23rd and a lowest value of 0.077 mg/L on December 2nd. The second experiment was to test the 

pond with simulated rainy weather. This simulation is carried out for 15 days starting from December 3rd, 

2023, to December 20th, 2023. Figure 5(b) shows the fluctuation of water quality parameter values from rain 

simulations. The recorded water quality parameter data in the form of pH and DO can be described as 

follows: the average daily pH had the highest value of 9,507 on December 4th and a lowest value of 6,756 on 

December 17th; while DO values had the highest value of 4,761 mg/L on December 4th and a lowest value of 

0.863 mg/L on December 16th. 

 

 

  
(a) (b) 

 

Figure 5. Recorded pH (blue) and DO (orange) in diferent weather (a) sunny weather and (b) rainy weather 
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Table 1 presents fish growth data during both observation period. Fish growth observed in sunny 

weather with the following details: The weight of fish biomass at the beginning of the observation period was 

719 grams, and the weight of fish biomass at the end of the observation period was 1,165 grams. The number 

of fish at the beginning of the observation period was 35 fish and the number of fish at the end of the 

observation period was 35 fish. The amount of feed weight given during the observation period was 330 

grams. Fish growth data observed in rainy weather simulation was recorded with the following details:  

the weight of fish biomass at the beginning of the observation period was 1,165 grams, and the weight of fish 

biomass at the end of the observation period was 1,293 grams. The number of fish at the beginning of the 

observation period was 35 fish, but the number of fish at the end of the observation period decreased to 33 

fish. The amount of feed weight given during the observation period was 330 grams. Comparison between 

sunny and rainy weather fish growth shows a significant difference in fish growth. Even though given the 

same amount of food, fish in sunny weather grow 446 grams and all fish survive until the end of the 

observation period. However, fish in rainy weather only grow 128 grams and 2 fish died. These results 

provide evidence that sunny weather promotes fish growth than rainy weather. 

 

 

Table 1. Fish counts, fish weights, and given food weights observations results 
Observation Starting weight (grams) End weight (grams) Starting fish counts End fish counts Feed given (grams) 

Sunny 719 1,165 35 35 330 
Rainy 1,165 1,293 35 33 330 

 

 

Based on the results of fish growth analysis, results can be displayed into a table that can be seen in 

Table 2. In these results, there are differences in the results of analysis from observations of sunny and rainy 

weather. The results of the FCR analysis of sunny weather are superior with a yield difference of 0.956 from 

rainy weather, this shows that sunny weather is more supportive of fish to change feed into fish weight 

optimally. This decrease in FCR levels is also associated with an increase in pH values [2]. The results of the 

SGR analysis also showed that the observation of sunny weather was superior to rainy weather with a 

difference in value of 2.13%, this shows that fish can grow faster every day in sunny weather than rainy 

weather. Moreover, the SR analysis shows that the sunny weather is superior with a 100% SR which means 

that fish can survive all while in rainy weather the SR only reaches a value of 94.285%, this shows that the 

sunny weather is more likely for fish to survive than in rainy weather and could represents the best result of 

this research. 

 

 

Table 2. Comparison of sunny and rainy weather fish growth analysis 
Description FCR SGR SR 

Sunny weather 0,74 3,217% 100% 
Rainy weather 1,696 1,087% 94,285% 

 

 

Previous study indicates that weather influence water quality parameters [23], [25], but no further 

details on how bad the impact on water quality and which weather is best suited for fish cultivation had been 

mentioned. To prove it, with simulated weather experiments are done and analyzed based on the proposed 

model in section 2. Based on the movement pattern of pH values on the Figure 5(a) shows that there is a 

decrease in pH value at the beginning to middle of the observation period, then followed by an increase in pH 

levels until the end of the observation period. On the other hand, the value of DO is seen to experience a 

pattern of increasing DO from begining into the half of the observation period. Then followed by a decline in 

value to the end of observation period. So that information can be drawn that the movement of pH values and 

DO in sunny weather is normal to happen in the cultivation environment studied. Figure 5(b) shows the 

change in pH and DO values during the rainy weather observation period. Both pH and DO parameters value 

fluctuates daily. Fluctuation in pH values in rainy weather experiments show instability of environmental 

conditions in the water. Moreover, the highest average daily pH value was at 9,507 and the lowest at 6,756. 

The pH value far exceeds the reasonable limit of tilapia aquaculture water quality, which is 6.4-8.2 with a 

difference of 1,307. An excessively high pH level may be detrimental to fish survival. Different results were 

obtained from sunny weather experiments, the highest average pH value was at 8,372 and the lowest value 

was 6,158. The range of values has a difference of 0.172 higher and 0.242 lower than the reasonable limit of 

tilapia aquaculture water quality, sunny weather’s pH level doesn’t fluctuate too much to significantly affect 

fish growth [2]. From collected pH and DO values from both sunny and rainy weather experiments, it can be 

concluded that sunny weather is more able to support the optimal growth of nile tilapia. 
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There are observable pH patterns which indicate a trend that tends to move downward. Downward 

movement of the DO value can occur due to rainy weather causing the probe’s membrane of the DO sensor 

to often be covered by dirt or other deposits inside the pool. When rain occurs, the dirt deposits at the bottom 

of the pool will rise again and cause the pool to become cloudy. After some time, the dirt will settle back to 

the bottom of the pool, but some will stick to the tip of the DO and pH sensor probe. The dirt will block the 

process of exchanging oxygen that enters the sensor through the membrane probe, thereby reducing the 

performance of the DO sensor. Therefore, it is necessary to clean the sensor probe regularly if the probe is 

required to record data continuously. However, the impact of these dirt deposits on the performance of the 

pH sensor does not greatly change the performance of the sensor, but it should be noted that the pH sensor 

probe will read the environmental conditions adjacent to the sensor probe, so ideally the pH sensor probe also 

needs to be cleaned regularly. 

When compared to other studies with similar fish weight analysis methods, the proposed system 

supports fish weight growth better than existing studies, this can be seen in Table 3. The data analysis of the 

model proposed by this research resulted in a better FCR with a difference of 0.65 from Wang et al.; the SGR 

of this study also resulted in better scores with a difference of 0.597% from Wang et al. [21]; and the SR of 

this study also produced better value with 100% survivability. 

This study aims to measure the influence of weather on freshwater aquaculture pond water quality, 

analyze its impact on fish growth, and determine which weather favors the most optimal fish growth. 

Findings will provide insight into the best season to cultivate in order to maximize the growth and 

development of the fish. Based on research findings, results show that sunny weather is more suitable in fish 

cultivation due to more stable pH and did not overly exceed the safe limits of the parameters proposed by 

previous studies. Moreover, results on fish growth analysis showed significant body development, food 

efficiency, and survivability in sunny conditions. 

 

 

Table 3. Comparison of studies with fish growth analysis 
Model FCR SGR SR 

Proposed model 0.74 3.217% 100% 

Wang et al. [21] 1.39 2.62% 95.73% 

 

 

4. CONCLUSION 

This study examines the issue of how far the impact of weather affects water quality parameters in 

freshwater fish farming environments using the IoT approach. This research will use the basis of weather in 

tropical climates, which have only two weathers: sunny and rainy weathers. The water quality parameters 

studied are pH and DO, to read the two water quality parameters, a pH sensor and DO are used, while to 

control these parameters, a solenoid pump actuator and aerator are used. Moreover, previous research also 

focused on the growth and development of farmed fish, therefore FCR, SGR, and SR analysis were also used. 

The three methods of fish growth and development analysis are used to see if there are differences in fish 

growth and development in different weather. 

The results of this study show that there is a trend pattern of movement of pH and DO values in 

sunny weather is more stable than during rainy weather caused by the content of substances in rainwater. pH 

in sunny weather is more likely to rise which means it is alkaline while pH in rainy weather is more likely to 

drop which means it is more acidic over time. DO in sunny and rainy weather has a tendency to fall, this is 

caused by deposits covering the membrane of the DO sensor probe which causes sensor performance to 

decrease, which can also be underlined is that this tends to occur faster during rainy weather. Fish growth and 

development are much better during sunny weather, this can be proven by the difference in results of the 

sunny and rainy weather FCR by 0.956, SGR by 2.13%, and SR by 5.715% during rainy weather. Based on 

the results of the best analysis, sunny weather showed better results when compared to previous studies. 

Namely having a difference of 0.65 from the best FCR score; 0.597% from the best SGR; produce better 

value from the best SR value with 100% survivability. These findings should make it easier to determine 

which weather has the best conditions for growing fish, thereby increasing fish production. With the 

limitations of this study, many topics can be explored further. The author suggests research at different stages 

of fish growth. Other research can also be done by focusing the sensor installation position on larger pond 

media and with different shapes. Another focus that can be considered is to increase the number of 

observation days that can be done on the pool. Moreover, research on the impact of weather can be explored 

further using other climate bases such as: sub-tropical climate. dry climate, or even cold climate. 
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