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Abstract

The SRI (system of rice intensification) rice cultivation system can save water use and increase
production. Besides, a controlled environment for monitoring such matters isimportant to be recorded
to be able to investigate deeply the phenomena that occur. Therefore, a preliminary test to analyze
the performance of the irrigation tank monitoring system and its environment was developed to
monitor the effectiveness of rice cultivation watering at the research stage. A 400 mm x 700 mm bed
planting fruit will be planted with water from two tanks with a 0.03 m? capacity. A bed planting and
tank were designed for two conditions, namely automatic and manual bed planting and tank. The
control box of the monitoring system is placed in the water tank by monitoring water level, ambient
temperature and humidity, water temperature, and illuminance from light. The performance test
results of the monitoring system show that the device can function within normal limits. Sensors
integrated with the ESP8266 NodeMCU development kit can be to record environmental conditions.
The measurement data is then sent to the cloud via the internet and stored as a database. This
database can be easily downloaded for further analysis if needed.
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INTRODUCTION planting media must always be flooded from land

Rice is the main food crop in Asia, so its production
is still being investigated to be improved (Paudel
etal, 2019; Padhi, 2019; Pattnaik et al., 2020). On the
one hand, the rice system in the fields requires a lot
of water in cultivation (Carracelas et al., 2019). Rice

preparation, planting to harvest. On the other hand,
the availability of water is increasingly limited due
to various things. Therefore, researchers continue
to look for ways to be able to conserve water used
for lowland rice cultivation.
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Many methods have been explored to be able
to conserve water use in lowland rice cultivation.
Singh et al (2016) and Thakur et al (2018)
conducted research by developing rice varieties
that consumed little water but remained high
in productivity. This solution is the long-term
sustainability of rice cultivation, which is still being
sought to be found. At the stage of land preparation,
Cebro and Sitorus (2019) study demonstrated the
improvement of equipment in tillage so that it can
streamline time and ultimately save water use at the
stage of land preparation. At the stage of cultivation,
the development of a method of providing water
following the stage of the growth of rice plants as
carried out by Boonjung and Fukai (1996) and
Zhang et al. (2019). The results of his research report
that this method of administration can save water
use and can increase rice production produced.
However, this has not been confirmed again by
knowing other effects such as environmental
conditions, soil, and the type of variety used.

Information on the environmental conditions of
rice cultivation is crucial to be able to answer the
research challenges above. Physical environmental
conditions such as temperature, relative humidity,
water temperature, and illuminance from sunlight
play a role in the photosynthesis process, which
should also be monitored in the study. These
efforts are often constrained by expensive scientific
measurement instrumentation so that researchers
often ignore the recording process. A system that can
monitor the irrigation tank and the environment
was developed to be able to monitor the condition
of the environment. Therefore, this paper presents
results of the functional performance of the tank
monitoring system and its environment for the
effectiveness of rice irrigation.

MATERIALS AND METHODS

Description of Irrigation Tank

The irrigation tank that can be monitored in
environmental conditions is a container to be able
to hold a certain amount of water. The water is
collected to facilitate the delivery of water to bed
planting. The monitoring system aims to be able to
monitor the condition of the irrigation water tank
and the surrounding environment before it is given
to the plants. As needed, the volume of the designed
irrigation water tank has a capacity of 0.03 m?.
The water tank is placed 500 mm from the ground.
The water tank is equipped with a lid and valve
system so that the fluid can freely flow and not be
contaminated directly with the environment.

Description of the System Monitoring

The irrigation tank monitoring system and its
environment are equipped with several sensors
and a microcontroller (Fig. 1). Digital DHT22 sensor
is used to measure temperature and humidity

around irrigation water tanks. The DHT22 sensor
is a capacitive sensor type. The working voltage
ranges from 3.3V to 6 V with direct current models.
The sensing element is made of polymer capacitors
with operating humidity ranges from 0% to 100%
and temperatures from -40 °C to 80 °C. The accuracy
of DHT22 for humidity and temperature are + 2% to
+5%, +0.5 °C, respectively. Resolution or sensitivity
for humidity and temperature are 0.1%, 0.1°C,
respectively. The repeatability for humidity and
temperature is 0.1%, 0.2 °C, respectively. Humidity
hysteresis is + 0.3% with Long-term Stability is + 0.5%
per year. The sensing period is an average of two
seconds. Characterization of DHT22 has relative
humidity strongly depends on temperature; that is
why temperature compensation technology to ensure
accurate measurement of RH (DFRobot, China).

The one of temperature sensor used is Dallas
digital thermometer also known as DS18B20.
The DS18B20 digital thermometer provides 9-bit
to 12-bit Celsius temperature measurements. Its
communicates over a 1-Wire bus that by definition
requires only one data line for communication with
a microcontroller. Besides that, it can derive power
directly from the data line and eliminate the need
for an external power supply. The supply voltage
is between +3.0 and +5.5V. It operates between
-55°C to 125 °C. It has typical accuracies of +0.5°C
accuracy from -10 °C to +85 °C.

The sensor used to detect water level and volume
of the tank is an ultrasonic sensor HC-SR04 type.
This sensor requires +5V DC with quiescent
current <2mA. Ranging distance of this sensor
is 204000 mm with a resolution of 3mm. There
is a single control pin (trig pin). The trig pin is
responsible for sending the ultrasonic burst. This
pin should be set to high for ten us, at which point
the HC-SR04 will send out an eight-cycle sonic burst
at 40kHz. After a sonic burst has been sent, the
echo pin will go hight (Morgan, 2014).

A board based on the ESP8266 NodeMcu was
used. The board is in all respects equivalent and
compatible with the Arduino board designed. The
5V, 16 MHz version was employed. It has 16 digital
input/output pins, 1 analog inputs, a 10-bit
analog-to-digital converter (ADC), an on-board
resonator and a voltage regulator. The function
of the microcontroller is to request and receive
the measurements made by sensor, momentarily
power and read its position (which translates to the
humidistat set point), and based on this give a signal
to the relay to switch an external device on or off.

The light dependent resistor (LDR) sensor module
is used for measuring illuminance. The relationship
between light intensity and resistance using LDR is
presented in Equation (1). Sensors LDR connected to
3.3V through a 3.3 KQ resistor; the output voltage of
the LDR is shown in Equation (2). From Equation (1)
and (2) we obtain light intensity presented in
Equation (3).
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R ... resistance LDR (KQ),
|7/ output voltage of the LDR (V),
L. Huminance (lux).

Performance Monitoring System Monitoring

A preliminary test of system performance is
carried out for five days with measurement data
sent to the cloud. The process of recording data is
done every two seconds. An access point with the
internet network is used to send all measurement
data. A database that has been equipped with a GUI
display is prepared so that the database can be
easily accessed for monitoring. An AC power supply
is prepared along with its power supply converter
to be a power source for this monitoring system.

RESULTS AND DISCUSSION

The mechanism of the irrigation water tank and
bed planting is presented in Fig. 2. Two sets of
bed planting measuring 400 mm x 700 mm will be
planted with rice from water from two containers
with a capacity of 30 liters. A bed planting and the
tank will be designed using the automatic control
method, and one more is done manually. The
control box of the monitoring system is placed in
the water tank by monitoring water level, ambient
temperature and humidity, water temperature, and

Two control box units were prepared to be
able to compare the quality of rice cultivation in
a controlled manner manually and with a controlled
irrigation system designed as an experiment. The
recorded data is in the form of environmental
data (temperature, RH, sun intensity), and water
consumption from aquaculture is monitored online.
The monitoring system GUI on the irrigation tank is
presented in Fig. 3, which can be accessed online
through the website link “http://ttgotomasi.id/ats/
PDPDST/GULphp”.

Relationship Between Water Level
and Tank Volume

The volume of the irrigation tank will be
monitored to be able to find out the water
consumption of the rice planting bed (Fig. 4). The
sensor with the principle of ultrasonic waves is
used to be able to measure the height of the water
level inside the irrigation tank. From the height of
the water level is then converted using Equation 4,
which is found through experimentation into the
volume of the irrigation tank. The relationship

illuminance from light. 2: Installation of an irrigation tank
monitoring system
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3: GUI irrigation tank monitoring system

between high water level and irrigation tank
volume correlates with 99.51%. This shows that the
two variables have a close relationship so that it can
be used to show the other variables when one of
the variables is known.

V,=0.0691 x LVL,, “

where:
|7 tank volume (ml),
LVL,,..hight of water level (mm).

Water Tank Testing

Automatic Watering System

The results of data recording from the irrigation
tank monitoring system for automatic bed planting
are presented in Fig. 5 and Fig. 6. Fig. 5 shows the
record of ambient temperature, environmental
humidity, and water temperature for five days.
Preliminary test results indicate that the DHT22
digital thermometer and humidity sensor and
DS18B20 digital thermometer have been able
to work to record temperature and humidity
accurately. It is in line with the results of several
studies that use these sensors and get the quality
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4: Relationship between water level and tank volume

of measurement results that are still within normal
limits (Hao and Sha, 2012; Vojcinak et al, 2013;
Jiaxing et al., 2018; Muangprathub et al,, 2019).

This preliminary test showed that the environment
around the irrigation tank and bed planting had
the highest daily temperature and humidity of
36.86+2.06°C, 86.94+445%, respectively. The
lowest daily temperature and humidity are
22.54+1.59°C, 34.64 £ 4.02%, respectively. In general,
the highest daily ambient temperature occurs at
12.31pm to 345pm, and the lowest temperature
occurs at 11.58 pm to 5.59 am. The most moderate
daily environmental humidity occurs from 12.11 pm
to 3.40pm, and the highest humidity occurs from
11.07 pm to 5.57 pm. The average water temperature
in the tank has a difference with the ambient
temperature of 0.05 °C during the test.

The light illuminance parameter is needed to
determine the solar intensity as an environmental
parameter that affects plant photosynthesis. The
results of recording environmental temperature
with solar intensity for automatic plant beds
are presented in Fig. 6. It can be seen that light
luminance is in line with environmental
temperature conditions (Li and Lou, 2018). It shows
that the illuminance of light dramatically affects the
environmental temperature conditions around the
irrigation tank. Light illuminations in the highest
and lowest daily mV units are 485.41mV, 2.22mV,
respectively.

Manual Irrigation System

The results of recording data from the monitoring
system of irrigation tanks for manual plant beds
are presented in Fig. 7 and Fig. 8. Fig. 7 shows the
recording of ambient temperature, environmental
humidity, and water temperature for five
days. Preliminary test results indicate that the
temperature sensors DHT22 and Dallas have been
able to work to record temperature and humidity
correctly. It is in line with the results of several
studies that use these sensors and get the quality
of measurement results that are still within normal
limits (Hao and Sha, 2012; Vojcinak et al, 2013;
Jiaxing et al., 2018; Muangprathub et al., 2019).
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L. Statistical evaluation of monitoring system parameters

Parameter of monitoring system Condition Mean Sig. Levene statistics Sig. ANOVA

MIWT" 29.47 +2.86

T-amb. (°C) 0.002 0.823
ATWT™ 29.04+2.98
MIWT" 61.01 +4.09

Relative humidity (%) 0.759 0.82
AIWT™ 62.49+4.77
MIWT* 29.64+2.62

T-Water (°C) 0.014 0.727
AIWT™ 28.99+2.98
MIWT* 254.95+98.79

Muminance (mV) 0.726 0.056
AIWT™ 138.51£61.98

*MIWT: manual irrigation water tanks
**AIWT: automatic irrigation water tanksw

In this preliminary test showed that the environment
around the irrigation tank and bed planting had
the highest daily temperature and humidity were
36.36+1.95°C, 84.86+4.10%, respectively. The lowest
daily temperature and humidity are 23.38+2.13°C,
3544+4.5%, respectively. In general, the highest
daily ambient temperature occurs at 11.57 am to 345
pm, and the lowest temperature occurs at 11.32pm
to 6.00am. The most moderate daily environmental
humidity occurs from 11.58am to 3.40pm, and the
highest humidity occurs from 11.06 pm to 5.12 am. The
average water temperature in the tank is different from
the ambient temperature of 0.12 °C during the test.

The light illuminance parameter is needed to
determine the solar intensity as an environmental
parameter that affects plant photosynthesis. The
results of recording ambient temperature with
solar intensity for manual plant beds are presented
in Fig. 8. It can be seen that light illuminance is in
line with environmental temperature conditions (Li
and Lou, 2018). This shows that the illuminance of
light greatly affects the environmental temperature
conditions around the irrigation tank. Light
illuminations in the highest and lowest daily mV
units are 711.26 mV, 2.22 mV, respectively.

Statistical Evaluation of the Monitoring System

The statistical evaluation parameters of the
water tank irrigation monitoring system are
presented in Tab. I. The highest average ambient
temperature found in manual irrigation water tanks
is 29.47°C. The results of the uniformity test of the

environmental temperature data using the Levene
statistical method were 0.002, which indicates that
the ambient temperature of the two irrigation water
tanks was homogeneity. ANOVA test results show
that the average ambient temperature of the two
irrigation water tank conditions is not different. The
highest average relative humidity found in automatic
irrigation water tanks is 62.49%. The results of the
uniformity test of the relative humidity data using the
Levene statistical method were 0.759, which indicated
that the relative humidity of the two irrigation water
tanks was homogeneous. The ANOVA test results
show that the average relative humidity of the two
irrigation water tank conditions is not different.

Other parameters such as the highest average
water temperature found in automatic irrigation
water tanks are 29.99°C. The result of the
uniformity test of water temperature data using the
Levene statistical method is 0.014, which indicates
that the water temperature in the two irrigation
water tanks is homogeneous. ANOVA test results
showed that the average water temperature of
the two irrigation water tank conditions was not
different. The highest average illuminance found in
manual irrigation water tanks was 254.95mV. The
result of the uniformity test of the illuminance data
using the Levene statistic method was 0.726, which
indicates that the illuminance of the two irrigation
water tanks was homogeneous. ANOVA test results
showed that the average illuminance of the two
irrigation water tank conditions was not different.

CONCLUSION

A test of the irrigation tank monitoring system and its environment has been carried out. The
system has been able to record the conditions of temperature and humidity environment, irrigation
water temperature, and light illuminance. Sensor measurement data shows that the device can
function within normal limits. Any data from the measurement results can already be recorded
and sent to the cloud so that it can be monitored online. The database of measurement results can
be easily downloaded on the website link that has been prepared. The next work of this research is
conducting rice cultivation in bed planting by implementing an irrigation monitoring system that
has been designed so that environmental conditions throughout the rice cultivation can be recorded
for further analysis to produce a comprehensive conclusion.
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