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Abstrack— Ear fungus (Auricularia spp.) is a cultivated mushroom widely grown in controlled environments using 

substrates such as sawdust or agricultural waste. Maintaining optimal humidity and temperature is essential to ensure 

efficient growth and high productivity. This study proposes the design and implementation of an Internet of Things (IoT)–

based automatic watering system integrated with a Peltier cooling module powered by solar energy to support 

environmentally friendly cultivation. The system utilizes a soil moisture sensor to monitor the humidity level of the 

planting medium and automatically activates a water pump through a relay module when watering is required. 

Environmental data are processed in real time to maintain stable growing conditions, reducing dependence on manual 

monitoring. Additionally, the system provides SMS notifications to inform cultivators of watering activities, enabling 

effective supervision and timely intervention. The proposed solution aims to simplify environmental control, improve 

watering accuracy, and enhance cultivation efficiency. The results indicate that the IoT-based automatic watering system 

can optimize humidity regulation, accelerate mushroom growth, and reduce labor requirements, making it suitable for 

ear fungus farming applications. 
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I. INTRODUCTION 

Wood ear fungus or also called (Auricularia auricula) is a 

species of wood fungus belonging to the heterobasidiomycetes 

class which has high nutritional and economic value [1], [2]. 

The nutrients in wood ear fungus include protein, fat, 

carbohydrates, niacin, Ca, K, P, Na, and Fe. In terms of (taste, 

aroma, and appearance), wood ear fungus is indeed less 

attractive when served as food or main menu ingredients [3]. 

However, this wood ear fungus will be more attractive when 

served as a food supplement and this wood ear fungus is known 

as a food thickener and poison neutralizer [4]. Wood ear mucus 

is thought to be able to neutralize dangerous compounds or also 

called toxins found in food [5]. Wood ear fungus is also useful 

for treating heart disease (coronary heart disease) by reducing 

blood viscosity so that it can prevent blockage of blood vessels, 

especially in the brain [6], [7].  

The Internet of Things is an extraordinary development in 

the fields of electrical engineering, information and 

communication technology [7]. All industrial sectors focus on 

the internet, which is a global network of computers connected 

using a series of standard protocols to serve billions of users 

worldwide [8]. This technology has developed and been 

applied in various aspects of agriculture, IoT utilizes internet 

connectivity to connect several electronic devices such as 

microcontrollers and several supporting sensors [8]. One 

method that has been done is to create an automatic sprayer that 

can be set at certain times for spraying [9]. 

Agrapana Mushroom House located in Kavling Graha 

Tunggul Ametung Block K62-63, Tejosari, Candirenggo, 

Singosari, Malang, is one of the businesses engaged in the 

cultivation of wood ear mushrooms [10]. This Mushroom 

House has an area of 120 square meters with a building length 

of 12 meters and a width of 10 meters, providing enough space 

for cultivating mushrooms in large quantities. In the cultivation 

process, this mushroom house uses 10,000 baglog planting 

media, which is a common media used for planting wood ear 

mushrooms [11], [12]. 

However, despite having quite large potential, Agrapana 

Mushroom House still faces challenges in terms of operational 

efficiency, one of which is the watering method which is still 

done manually [13]. Manual watering certainly requires a lot 

of time and energy, and can affect the quality and quantity of 

mushroom production. This is one of the factors that need to be 

considered in increasing production efficiency and the quality 

of mushroom cultivation at Rumah Jamur Agrapana [14], [15].  
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Based on the explanation above, the development of an 

automatic spraying tool and a sprayed water cooler is carried 

out which is expected to save costs and be environmentally 

friendly because the tool to be used will be powered by sunlight 

(solar panels) [16]. If the development of this tool can be 

realized and commercialized, this will make it easier and more 

efficient in terms of electricity for entrepreneurs in the 

agricultural sector, especially the cultivation of wood ear 

mushrooms [17]. 

II. METHOD  

Overview of research method is depicted in Fig. 1.  

 
Figure 1. Research Methodology Flowchart 

A. Research Design 

1)  Literature Study 

At this stage, a literature search is carried out that is in 

accordance with the research to be developed. The search for 

literature references can be in the form of journals, articles, or 

theses that have been published regarding automatic plant 

watering devices. Researchers can use literature that was 

published a maximum of 5 years ago, this is because 

technology updates continue to exist every year. 

 

2) System Design 

At this stage, planning is carried out on the system design and 

prototype. At this stage, a simulation is carried out first 

regarding the prototype design that is developed, then system 

planning so that it can be connected to the prototype that will 

be developed. 

3) Tool and System Design 

After planning and simulating the automatic mushroom plant 

watering device, the next stage is product design and 

implementation of this tool. 

4) Tool and System Testing 

At this stage, testing is carried out on the prototype, software 

and connectivity between the two. The parameters that have 

been made are used to test the products made, these parameters 

include accuracy of the watering schedule, charging the solar 

panel to the battery, GSM module connectivity, and the 

suitability of the data that appears. If one of the parameters 

made fails, the researcher repeats the product design stage. 

5) Data Collection, Analysis, and Conclusion 

At this stage, data collection is carried out. Then continued to 

analyze the data that has been obtained. Furthermore, 

conclusions are obtained after the product works according to 

desire. 

6) Report Preparation 

At this stage, a report is prepared containing the overall results 

of the research. 

7) Article Publication 

At this stage, an article is published as one of the outputs of this 

research. 

B. System Design 

 
Figure 2. System Block Diagram 

The block diagram shown in Fig. 2 illustrates the overall 

architecture of the proposed automatic watering and 

monitoring system. The system is powered by a solar panel that 

functions as a battery charger and serves as the primary energy 

source for all system components, including the Arduino Uno, 

soil moisture sensor, DHT11 sensor, 16×2 LCD, relay module, 

water pump, and GSM module. The Arduino Uno acts as the 

central microcontroller or main control unit responsible for 
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executing programmed instructions and coordinating 

communication among all connected components. The soil 

moisture sensor continuously measures the humidity level of 

the planting medium and transmits this data to the Arduino Uno 

for processing. In addition, the DHT11 sensor is used to 

monitor ambient room temperature and humidity conditions. 

The measured values from both sensors are displayed in real 

time on the 16×2 LCD, allowing local monitoring of 

environmental conditions. The relay module functions as an 

electronic switch that controls the operation of the water pump 

based on sensor readings and predefined threshold values. 

Furthermore, the GSM module serves as a remote monitoring 

interface by sending SMS notifications to the mushroom 

cultivator whenever watering activities are initiated or 

completed. 

 
Figure 3. System Workflow Flowchart 

Fig. 3 illustrates the system workflow through a flowchart 

that explains the sequential data processing and control 

mechanisms implemented in the proposed system. The 

workflow begins with the solar panel charging the battery, 

which serves as the primary power supply for the entire system. 

Once sufficient power is available, the battery energizes the 

Arduino Uno, initiating the system startup process. During this 

stage, the Arduino Uno performs an initialization routine to 

ensure that all connected components, including the soil 

moisture sensor, DHT11 sensor, relay module, LCD, and GSM 

module, are properly configured and ready for operation. 

After initialization, the system enters a continuous 

monitoring mode. The soil moisture sensor periodically 

measures the humidity level of the planting medium and 

transmits the data to the Arduino Uno, while the DHT11 sensor 

simultaneously records ambient room temperature conditions. 

The Arduino Uno processes these sensor readings and 

compares them with predefined threshold values that represent 

optimal environmental conditions for ear fungus cultivation. 

When the measured soil moisture level falls below the 

specified threshold, the Arduino Uno activates the relay 

module, which functions as an electronic switch to turn on the 

water pump and initiate the automatic watering process. 

Likewise, when the recorded temperature exceeds the 

allowable limit, the control system can activate the water 

cooling mechanism to help stabilize the growing environment. 

Throughout the watering and cooling processes, the Arduino 

Uno continuously monitors sensor feedback to prevent 

overwatering or excessive cooling. Once the desired moisture 

and temperature levels are achieved, the relay is deactivated to 

stop the water pump or cooling system. At the same time, the 

GSM module is triggered to send SMS notifications to the user, 

providing real-time information on system status, watering 

duration, and operational conditions. This workflow ensures 

efficient resource utilization, autonomous operation, and 

reliable remote monitoring, thereby improving overall system 

effectiveness and cultivation management. 

 
Figure 4. Circuit Diagram Schematic 

The components installed on the client side as shown in Fig. 4 

can be stated as follows: 

• USB step down modul 

• GSM modul 

• Breadboard 

• DHT11 sensor modul 

• Soil moisture sensor 

• Arduino uno 

• LCD I2C 16x2 

• Relay 2 channel 

• Mini breadboard 

• Buck step down module 

In the design of the tool, a framework model of the shape to 

be made will be used. The design made will be a reference for 

the author regarding the layout of the device to be used and can 

be used as a design prototype for the device component box. 

The component used in this research shown in Fig. 5; it consist 

of solar panel 50wp, solar charge controller, battery 12v 12Ah. 
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Figure 5. Electrical Diagram Schematic 

III. RESULTS AND DISCUSSION 

A. Result of The Implementation of Automatic Springklers 

 

 
Figure 6. Automatic Watering 

 
Figure 7. Left of View 

 
Figure 8. Right of View 

 
Figure 9. Top of View 

Fig. 6 - Fig. 9, show hardware implementation in this 

research. In this system there is a box measuring 14.5mm x 

21.5mm x 8.5mm which is used as an automatic watering 

control device in the Agrapana Mushroom House. On the 

left side of the box there is a hole that functions as a cable 

path as a power source for this device. On the right side 

there is a hole that functions as a circuit breaker from the 

water pump and water cooler to the 2 channel relay. Inside 

the box there is an Arduino Uno microcontroller that plays 

a role in controlling the entire system, the soil moisture 

sensor plays a role in providing humidity data to the 

Arduino Uno so that it can provide a trigger to relay 1 to 

turn the water pump on or off, the dht11 sensor plays a role 

in providing temperature data to the Arduino to display on 

lcd 16x2, the i2c 16x2 lcd plays a role in displaying data 

taken by the sensor, the 2 channel relay plays a role in 

disconnecting and connecting the electric current to the 

water pump and water cooler, the GSM Sim 800L module 

functions as a notification sender in the form of SMS to the 

destination number which will provide notification 

regarding the watering status. The specifications of the 

automatic sprinkler design results are as follows: 

• Tool box measuring 21.5cm x 14.5cm x 8.5cm 

• Arduino uno ATMega 328 
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• Soil moisture sensor 

• DHT11 sensor 

• I2C 16x2 LCD 

• GSM Sim800L module 

• 5V 2 Channel Relay 

• USB Step Down 5V 3A 

• Adjustable Buck Step Down Module 

B. Device testing 

a. Solar Panel Testing 

 
Figure 10. Solar Panel Testing 

The battery charging test with solar panels aims to 

determine how long it takes to charge a 144-watt battery 

capacity which shon in Fig. 10. The test was carried out 5 

times in 5 days of testing with hot weather conditions. The 

test results can be seen in Table 1. 

 
TABLE I 

SOLAR PANEL TEST RESULT 

 

Known : 

Battery capacity 12V 12Ah = 12V x 12Ah = 144Watt 

Total device load 3,2283Watt 

Solar panels 50WP 

Question : 

1.  How long does it take to fully charge the battery? 

2.  How long can the battery last to power all the device 

components? 

Answer : 

1. Battery 12V 12Ah = 144Watt 

Solar panels 50WP 

144/50 = 2,88hour 

So the battery charging time with a capacity of 144 

watts takes 2.88 hours until the battery is fully 

charged. 

2. Battery 12V 12Ah = 144Watt 

Device power = 3,2283Watt 

144/3,2283 = 44,6hour 

So a battery with a capacity of 144 watts will run out 

in 44,6 hours by providing power to all devices that 

require 3,2283 watts of power. 

b. Soil Moisture Testing 

 

Figure 11. Soil Moisture Test 

 

Figure 12. Soil Moisture Test (Relay Off) 

 

Figure 13. Soil Moisture Test (Relay On) 

Soil moisture sensor testing was carried out by taking a 

comparison of the humidity data of the planting media with 

dry conditions and humid conditions. The proof of 

experimental result is shown in Fig. 10-Fig. 13. Test results 

obtained a humidity level in dry planting media conditions 

of 55% and in humid planting media 78%. The test results 

can be seen in Table 2. 

No Time Temp 

(°C) 

Humidity 

(%) 

Voltage 

(V) 

1 3 hours  

2 minutes 

34 49 14,2 

2 2 hours 

7 minutes 

36 39 14,4 

3 2 hours 

9 minutes 

35 57 14,3 

4 2 hours 

8 minutes 

36 55 14,4 

5 3 hours 

3 minutes 

35 58 14,3 
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TABLE II 

SOIL MOISTURE TEST RESULT 

 

The test results conducted with 5 trials obtained results 

with an average temperature in the range of 25°-27°C. The 

humidity level in the test obtained an average result in the 

range of 85%-94% and the water pump successfully turned 

on at a humidity level below 60% and the pump would turn 

off if the humidity condition reached above 78%. 

c. DHT11 Sensor Testing 

 
Figure 14. Sensor DHT11 Test 

 
Figure 15. Sensor DHT11 Test (Relay Off) 

 
Figure 16. Sensor DHT11 Test (Relay On) 

Fig. 14 to Fig. 16 present the results of DHT11 sensor 

testing conducted in the planting room of the Agrapana 

Mushroom House to evaluate its performance in monitoring 

ambient room temperature. During testing, the DHT11 

sensor measured temperature data in real time, which were 

processed by the Arduino Uno and displayed on the 16×2 

LCD to provide users with direct information regarding 

environmental conditions in the cultivation area. Fig. 14 

shows the initial testing condition in which the sensor 

successfully detected and displayed room temperature 

under normal conditions. Fig. 15 illustrates the system state 

when the relay is OFF, indicating that the measured 

temperature remains within the predefined optimal 

threshold and no control action is required. In contrast, Fig. 

16 shows the relay in the ON state, which occurs when the 

detected temperature exceeds the specified limit, triggering 

the Arduino Uno to activate the relay and initiate the 

appropriate control action, such as operating the water 

cooling system. Overall, the results demonstrate that the 

DHT11 sensor operates reliably, accurately detects 

temperature variations, and effectively supports the 

automatic control mechanism needed to maintain stable 

environmental conditions for ear fungus cultivation. 

 
TABLE III 

DHT11 SENSOR TEST RESULT 

 

 

 

 

 

 

 

The results in Table 3 obtained from 5 tests obtained 

fairly accurate sensor readings related to the data displayed 

on the 16x2 LCD screen to provide information to the user. 

d. SMS Notification Testing 

This test was conducted to determine the level of success 

and accuracy of this watering tool in sending notifications 

related to watering status in the form of SMS to land 

owners. The test results can be seen in Fig. 17 and detailed 

in Table 4. 

No Temp 

(°C) 

Hum 

(%) 

Soil 

(%) 

Pump 

1 26,80 85 55 On 

2 26,80 85 78 Off 

3 27,10 94 55 On 

4 25,40 81 79 Off 

5 26,20 92 56 On 

No Temp (°C) Hum (%) Soil (%) 

1 28,10 85 56 

2 31,20 85 56 

3 27,10 94 55 

4 29,40 81 79 

5 26,20 92 56 
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Figure 17. SMS Notification Testing 

  
TABLE 1 

SMS NOTIFICATION TEST RESULT 

Watering  Status 

Relay 

Delay 

(ms) 

Notification 

SMS 

1 On 1-3 Penyiraman sedang 

berlangsung… 

2 On 1-3 Penyiraman sedang 

berlangsung… 

3 On 1-3 Penyiraman sedang 

berlangsung… 

4 On 1-3 Penyiraman sedang 

berlangsung… 

5 On 1-3 Penyiraman sedang 

berlangsung… 

6 On 1-3 Penyiraman sedang 

berlangsung… 

7 On 1-3 Penyiraman sedang 

berlangsung… 

8 On 1-3 Penyiraman sedang 

berlangsung… 

9 On 1-3 Penyiraman sedang 

berlangsung… 

Watering  Status 

Relay 

Delay 

(ms) 

Notification 

SMS 

10 On 1-3 Penyiraman sedang 

berlangsung… 

11 On 1-3 Penyiraman sedang 

berlangsung… 

12 On 1-3 Penyiraman sedang 

berlangsung… 

13 On 1-3 Penyiraman sedang 

berlangsung… 

 

IV. CONCLUSION 

Design and design this tool by providing hardware such 

as Arduino Uno, Soil Moisture Sensor, DHT11 Sensor, I2C 

16x2 LCD, 2 Channel Relay, GSM Sim800L Module, Step 

Down Module. The use of solar panels for charging gets 

maximum results at 14.4 volts (in full condition) with an 

average time required of 3.2 hours at an outdoor 

temperature of 35 degrees Celsius. The use of soil moisture 

sensors in watering gets good accuracy results according to 

the soil moisture threshold that has been adjusted for the ear 

mushroom planting medium. The use of the dht11 sensor to 

provide data in the form of temperature to provide 

information data to users regarding room temperature in the 

Agrapana Mushroom House. The use of the GSM Sim 

800L module can provide notifications in the form of SMS 

messages regarding watering status. 
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