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Mint plants provide many benefits in everyday life ranging from enhancing aroma and taste in food and beverages, medicine, perfume, cosmetics until as antibacterial, anti-virus and fungal drugs. Mint is an herbal plant that comes from subtropical areas. When it is planted in tropical areas, mint will grow to creep and will not flowering, so it is cultivated in tropical areas such as in Indonesia by using vegetative methods, namely stem cuttings. This raises problems including shoot growth that takes a long time, regular maintenance, and the need for additional nutrients to support the growth of stems and leaf buds. This study aimed to design and build an automatic integrated care control system for mint cultivation. The integrated system that was built includes the provision of nutrition for young coconut water at a dose of 10 milliliters which is flowed on the surface of the mint plant stem cuttings with the frequency of nutrition twice in a day at 8 AM and 4 PM. The second system built was automatic watering carried out on the soil medium of the mint plant as much as 350 milliliters based on soil moisture conditions. After testing, the results show that the detector can work well in reading the activation time of the nutrient pump and sprinkler pump. Testing the delay in providing nutrition there is a time difference of 4 ms, while in the watering test the planting media is in accordance with soil moisture conditions, namely the reading of the analog value of the soil moisture sensor 941-1023, it indicates that the soil is dry so that the watering pump of the planting media is activated. Overall, the tools that have been made are adequate to assist farmers in cultivating the mint plant, starting from the process of watering the stem cuttings to providing nutrients to accelerate and increase the growth of leaf buds.
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I. INTRODUCTION
Indonesia is an agricultural country that is rich in spices and medicinal plants, one of them is the mint plant. Many benefits that can be taken from mint leaves causes this plant should be cultivated. Some of the benefits of mint leaves such as for medicine, flavor, a mixture of perfume, toothpaste, and cosmetics. This encourages the Indonesian people to cultivate mint, however, there are obstacles in cultivating mint in the tropics area, such as it cannot be cultivated by generative means. Cultivation of mint plant in Indonesia is generally vegetative by means of stem cuttings, but this method causes mint leaf buds take a relatively long time to grow, whereas the mint itself are used as part of the leaves. One of the intensification efforts used is the hydroponic cultivation technique [1]
The problems faced by many farmers in cultivating mint plant include regular watering, weeding and also providing nutrition for stem cuttings to support the accelerated growth of mint. Giving nutrition to this mint stem cuttings using young coconut water at a dose of 5 ml with a frequency of twice a day in the morning and evening. An integrated system that can assist farmers in cultivating mint plant is needed, so that it can increase agricultural production. To accommodate this goal, an automatic nutrition and watering system is created that can ease the work of farmers and can carry out the task of providing nutrition and watering simultaneously [6]
In a study conducted by Muhammad Yudhie Octoarie entitled "The Effect of Various Concentrations of Young Coconut Water on the Growth and Yield of Mint Plant Cuttings", it was found that leaf growth on mint stem cuttings experienced the best increase with the provision of nutrients with young coconut water with a concentration of 25%.  In addition, regular watering can also help the growth of plant cuttings [8]. 
Subsequent research conducted by Alfian Wahyu Aji entitled "Automatic Vertical Garden Watering System with WEB-Based Arduino" showed that the use of Arduino microcontroller and soil moisture sensor YL-69 was 100% effective in helping farmers work. The watering system made by Alfian is equipped with a soil moisture sensor that reads the humidity value, if the soil humidity is low, the system will activate the automatic sprinkler pump until the humidity read by the sensor shows a certain value which is considered sufficient[7]. 
From the two studies above, it can be used as the basis that a detector for nutrition and automatic watering to support the growth of mint stem cutting is needed. Therefore, the contribution of this research is the realization of a detector that can control the nutrition and watering of mint that is controlled by a Real-Time Clock (RTC) which reads the time and informs the microcontroller. Furthermore, the microcontroller gives the command to activate the relay connected to the nutrient pump and watering pump according to the time set in the program. The LCD is used to display information to farmers when the nutrition and watering processes have been completed.
In this research, the main modules used are the Real Time Clock (RTC) module and the YL-69 soil moisture sensor module. RTC is composed of an IC which functions to calculate time, starting from the date, hour, minute and second. To store time information, a special power supply in the form of a button clock battery is required. The RTC is equipped with an external crystal oscillator which is used for time accuracy settings. When the microcontroller is connected to the RTC, the time data can be displayed, while when the voltage source is turned off, the time data is still stored, provided that the battery connected to the RTC has not run out.
Meanwhile, the YL-69 soil moisture sensor was used to read the soil moisture of the planting medium used. The way this sensor works is by applying the principle of a resistive sensor in reading the water content in the soil. This sensor consists of two electrodes (probes) that read the water content in the surrounding area. Current is passed to the electrodes in the soil so that the soil resistance value can be measured to determine moisture. The deeper the YL-69 sensor probe is plugged into the ground, the smaller the measured ADC value, the more contact between the ground or water and the two sensor electrodes, the more sensitive the sensor is used. The probe resistance value is about 0.02 ohms. This tool has very little resistance in order that the resistance value measured by the YL-69 sensor is assumed to be the resistance value of the object we are measuring, the YL-69 resistance value is ignored.
This system has several advantages including it makes it easier for farmers to care for mint leaf seeds, farmers do not have to always be in the plantation location because the process of providing nutrients and watering is done automatically by the detector. Another advantage is that farmers do not need to measure the size of the nutrients given to the stem cuttings because the volume of nutrients has been adjusted to the container that provides the nutrition with a measured dose of use. In addition, the soil watering process, the planting media is set based on the moisture reading carried out by the YL-69 soil moisture sensor, supports the availability of water needed by the soil so that there is no drought due to lack of water. All these functions are carried out by one detector which has been integrated with each other and the farmer can see the performance information displayed on the LCD.

II. SYSTEM CONFIGURATION
The design of the detectors for the nutrition and automatic watering systems in the cultivation of mint leaves is shown in the following system:
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Figure 1. Desain of Fritzing Circuit System
The arrangement of the required circuit components is as follows: 
1. Power Supply 12 V DC

x1
2. Arduino Uno R3    

x1
3. I2C LCD Module


x1
4. RTC Module


x1
5. Relay Module


x2
6. DC Pomp


x2 
7. Soil Moisture Sensor YL-69
x1
The 12V DC power supply is used to supply power to the relay components, Arduino Uno R3, LCD I2C, RTC and the soil moisture sensor as well as a DC pump to activate the nutrition and watering system. This tool has a work limit, when the power goes out, the tool is not active because there is no back up for the source of electrical energy.
Arduino Uno R3 is a microcontroller used in this study as a processor and controller for various components that are integrated to form a nutrition system and watering the mint plant. The RTC module is a component that functions to read the time which will be inputted later on the Arduino to run commands on the LCD and DC pump.
The relay is used as an automatic switch that switches the DC pump on and off. Each relay and DC pump are two, because one is used for the nutrition system and one for the planting media watering system

Soil moisture sensor YL-69 is used to read the value of soil moisture, this information will later be used as the basis for watering the planting media. The information provided is in the form of an analog value that represents dry, humid and wet soil conditions. The groundwater pump will activate when this sensor shows a dry soil analog value.
From the circuit design in Figure 1, it can be seen that the system made consists of two subsystems, namely the provision of nutrition and watering, both of which are controlled by a microcontroller. The initial input value is the time reading made by the Real Time Clock (RTC) component to regulate the automatic nutrition of the stem cuttings of the mint plant. During the nutrition schedule, the microcontroller will activate the relay connected to the nutrient pump. The second system is watering the planting media, namely the soil, this watering is based on soil moisture conditions read by the humidity sensor YL-69, if the soil conditions are dry, the microcontroller will activate the relay connected to the watering pump. After each feeding or watering, the information will be displayed on the LCD
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Figure 2. Flowchart of System
The workings of the system shown in the flowchart in Figure 2 are as follows:

1. Start, meaning that all hardware and software preparation processes begin

2. Initialize input-output devices connected to the microcontroller including LCD, RTC, soil moisture sensor and relays

3. The process of reading the time, the microcontroller reads the time by activating the RTC, then the time information is used to process the nutrition
4. Reading the conditions of the timing of nutrition, if the RTC shows the time of nutrition, which is at 08.00 am and 16.00 pm then relay 1 will activate the nutrient pump for 50 milliseconds, while other than that hour the nutrient pump is turned off

5. Readings of watering time conditions, if the humidity sensor shows dry soil moisture conditions (sensor reading analaog value 941-1023) then relay 2 will activate the watering pump for 3 seconds, while other than that hour the watering pump is turned off
6. Finish is that all processes have been completed by the system
III. AUTOMATIC NOURISHING AND WATERING DETECTOR
The results of making automatic detectors for automatic nourishing and watering with the equipment used are as follows:
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Figure 3. Prototype of Automatic Nourishing and Watering Detector
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Figure 4. Implementation of Automatic Nourishing and Watering Detector
TABLE I. SPECIFICATION OF AUTOMATIC NOURISHING AND WATERING DETECTOR
	Name
	Specification

	Power 
	6-9 V DC ( 1 Watt)

	Flow Rate 
	80-120 L/H (1 pump)

	Pump Type
	Water, Nutrition

	Automatic timer
	2 times watering (programmable)

	Dimension 
	15 cm x 15 cm x 8 cm

	Microcontroller
	ATMega 328 (Arduino)


In implementing the system, there is a controller board and processing components that are placed in a closed place and are placed separately from the planting media. This is done considering that the controller board and components are vulnerable to water, while the actuator used serves to drain the liquid. The placement design is made as safe as possible so that the tool is not easily damaged.

The nutrition volume of coconut water filled in the nutrition container is 10 milliliters per day, this amount is consumed by mint plants in two watering times, at 8 AM and 4 PM. In one watering volume of nutrients of 5 milliliters, it takes about 50 milliseconds.

The volume of freshwater filled in a watering can is 700 milliliters per day, this amount is consumed by mint plants in two watering times, at 7 AM and 5 PM. In one watering volume of 350 milliliters of nutrients, it takes about 7 seconds. 

IV. TESTING AND ANALYSIS
A. Real Time Clock (RTC) Testing
The RTC is a component that functions as an electronic clock that can calculate time in real-time. The RTC is equipped with a spare battery for backing up when the main power source is off. Testing on this component is done by connecting the microcontroller with the RTC so that the RTC can be programmed to read the time. This test aimed to ensure that the RTC can function properly and can display the time in real-  time.
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Figure 5. RTC Circuit
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Figure 6. RTC Testing Result

The test results showed that the time contained in the monitor serial is in accordance with the available time shown on the PC screen. From these tests, it can be ascertained that the RTC is working properly. 
B. Soil Moisture Sensor YL – 69 Testing

Soil moisture sensors are used to measure water content in the soil. Neutron humidity meter, takes advantage of the moderating properties of water for the neutrons. The soil water content can be determined by its effect on the dielectric constant at the two electrodes implanted in the soil. Most of the soil moisture is in the form of free water, for example in sandy soils, so the water content is low. The probe is normally excited with a frequency to allow measurement of the dielectric constant. The reading of the probe is not linear with moisture content and is influenced by soil type and temperature.
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Figure 7. Soil Moisture Sensor YL-69

In testing the soil moisture sensor for this study, the YL-69 type sensor was used. Tests were carried out to determine the timing of watering the planting medium and stopping it. The soil medium used in the experiment is humus soil with a little husk on it. From the results of the soil moisture test, the following data were obtained:

TABLE II. SOIL MOISTURE SENSORE YL-69 TESTING RESULT
	Date
	Analog Value
	Soil Conditions

	September 25th, 2020
	941 - 1023
	Dry Soil

	September 26th, 2020
	451 - 940
	Moist Soil

	September 27th, 2020
	200 - 450
	Wet Soil


C. Liquid Crystal Display (LCD) Testing

This component is used to provide information to the user by displaying text on the mint plant nutrient and watering detector. Testing on the LCD is done by running the program on the microcontroller and the LCD is used as an output. If the LCD can display watering time and nutrition information, the LCD is in good condition and ready to use. Checking the LCD is useful for knowing whether the LCD is damaged or not, and whether the LCD can work properly or not. The test image on the LCD component is as follows :
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Figure 8. LCD Circuit

After making the next series of LCD tests, then it creates a program code that is used to control whether the LCD can be used properly, the control is done by creating a simple program to display writing on the Arduino IDE sketch, uploading the program than running on the LCD module.
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Figure 9. LCD Testing Result

LCD test results obtained the appropriate data, LCD can display information as entered in the program. Information that can be displayed includes information on the timing of nutrition and information on the timing of watering the mint plant. The test results showed that LCD can work well.
D. Relay Testing
This test was conducted to determine the ability of the relay to work as an automatic switch. The relay test was done by turning on the led light using the relay as a switch and Arduino microcontroller as a processor. The following circuit was used to perform relay testing consisting of an Arduino microcontroller, a 1 channel relay as an electric switch, and a led light as output.
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Figure 10. Relay Circuit

After making the next relay test circuit, then creating the program code used to control the relay on the Arduino IDE sketch, uploading the program, and then running on the relay module.
[image: image11.png]



Figure 11. Relay Testing Result

The results of the relay connectivity test were used to turn on the led light for 2 seconds, after that the led will turn off for 2 seconds. This test was repeated continuously for three times and showed that the relay can work properly.
E. Microcontroller Testing
The microcontroller is the main component for controlling all components used in this study. Testing the microcontroller is very important because this component is susceptible to damage, such as the indicator light does not turn on due to incorrect installation and the microcontroller is not connected to other components which cause the component to not be able to communicate with the microcontroller. The microcontroller used in this study was the Arduino Uno R3, the test was done by checking the indicator light, whether it was on or not. Furthermore, the microcontroller was given a program from the Arduino IDE by utilizing a led light connected to the Arduino board as an output.
This program testing was carried out to determine the performance of the microcontroller in running a program and the connection of which ports are active. The purpose of all test series was to find out and ensure that the microcontroller was not damaged so that other components connected to the microcontroller can communicate properly.
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Figure 12. Board Arduino Uno R3
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Figure 13. Board Testing Result
Testing port connectivity and program activeness was done by connecting Arduino to a laptop and uploading the serial program. Print or the program displayed the word "test" on the laptop screen using the Arduino uno as the control and the serial monitor on the Arduino IDE software as output. The following is the program and circuit written on the arduino IDE and stored with the name "tes_arduino" to test the Arduino Uno microcontroller. 
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Figure 14. Communication Serial Testing Result
F. Automatic Nourishing  and Watering Testing
Testing of detectors for nutrition and watering of mint plant was carried out to determine whether the system was working properly according to planning and design. Testing was done by turning on all the components that have been integrated. After turned on, the tool will work by the commands in the program that was previously uploaded to the Arduino UNO R3 microcontroller. The table of results of testing for nutrition and automatic watering tools on the mint plant is as follows:
TABLE III. TESTING RESULT OF AUTOMATIC NOURISHING DETECTOR
	No
	Date
	Time
	Nutrition Pump

	1
	August 10th, 2020
	08.00
	On

	2
	August 10th, 2020
	16.00
	On

	3
	August 11th, 2020
	08.00
	On

	4
	August 11th, 2020
	16.00
	On

	5
	August 12th, 2020
	08.00
	On

	6
	August 12th, 2020
	16.00
	On


From table III, it can be seen that the RTC and relay components that are part of the input and output system were running well, so that the nourising system can be active according to the time that has been set in the program. In testing, there was no delay of up to a few minutes between times which reads on the system with real time the process of nutrition and watering.

Next is the process of testing the volume of water against the time of watering, this has been done to test whether the time setting in the program matches the time for removing nutrients and water for watering. The time it takes for the nutrition provider at the setting of 50 milliseconds to flow 10 milliliters of nutrients. Here are the test results:
TABLE IV. TIME DELAY TESTING OF NOURISHING PROCESS
	No
	Tanggal
	Nutrition Volume
	Time on RTC
	Real Time
	delay

	1
	August 10th, 2020
	10 ml
	50 milliseconds
	52 milliseconds
	2 milliseconds

	2
	August 10th, 2020
	10 ml
	50 milliseconds
	53 milliseconds
	3 milliseconds

	3
	August 11th, 2020
	10 ml
	50 milliseconds
	52 milliseconds
	2 milliseconds

	4
	August 11th, 2020
	10 ml
	50 milliseconds
	51 milliseconds
	1 milliseconds

	5
	August 11th, 2020
	10 ml
	50 milliseconds
	53 milliseconds
	3 milliseconds

	6
	August 11th, 2020
	10 ml
	50 milliseconds
	54 milliseconds
	4 milliseconds


Based on the test results, there was a difference between the time read by the RTC and the real time matched using a stopwatch of 1 to 4 milliseconds in six tests carried out over 3 days. This time difference was still considered reasonable because the percentage of deviation was not more than 8% on the sixth trial.
Next is the test of watering the mint plant media. The test is carried out by starting with the reading of the soil moisture value by the YL-69 humidity sensor. Activation of the watering pump is carried out for 3 seconds (the volume of water is 350 ml ) if the soil conditions are dry, whereas if the soil conditions are moist or wet, then watering the soil media is not done. The following are the results of the test of watering the soil media on mint plants:
TABLE V. TESTING RESULT OF AUTOMATIC WATERING DETECTOR
	No
	Date
	Time
	Analog Value
	Watering Pump

	1
	September 25th, 2020
	08.00
	780
	Off

	2
	September 25th, 2020
	13.00
	952
	On

	3
	September 26th, 2020
	11.00
	955
	On

	4
	September 26th, 2020
	15.00
	961
	On

	5
	September 27th, 2020
	09.00
	754
	Off

	6
	September 27th, 2020
	16.00
	945
	On


In the watering test, the planting media was recorded at random and different times every day. The test was carried out for three days and obtained varying results, sometimes in a day watering is done more than once if the weather conditions are hot, and if the weather conditions are cloudy, even though during the day there is no watering. Watering is done purely by looking at soil moisture conditions only.
V. CONCLUSION
After testing the nutrient provision and automatic watering detector on the cultivation of mint seeds, it can be concluded that the detector can work well in terms of reading the activation time of the nutrient pump. In testing the delay in nutrition, there is a time difference of 4 milliseconds from the time set by the RTC, the percentage deviation is 8%. Whereas in testing the watering system on the planting media does not pay attention to a certain time, the sprinkler pump activation is carried out based on the reading of the soil moisture value carried out by the YL 69 sensor.If the soil moisture analog value reads from 941-1023 then the sprinkler pump will be activated for 3 seconds with an estimated volume the water flowed was 350 ml. Each testing process carried out was six times tested over three days.
In conclusion, the tools made were adequate to assist farmers in cultivating mint plant, starting from the watering process of stem cuttings until providing nutrients to accelerate and increase leaf buds growth.
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