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Abstract

The present study aimed to develop a kit to collect data on important parameters for
cultivation in a hydroponic farming environment and send and store these data online.
This Study was carried out between February and August 2022. The area where the
experiment was conducted is fully controlled (coordinates 39.962013 and 32.867491)
and established within Ankara University, Ankara, Turkiye. The kit developed for
indoor use in agriculture consisted of a microcontroller, different sensors, and
hardware components. For all the hardware to be combined and work properly, a
closed box was designed using SolidWorks solid modeling software and fabricated
with a 3D printer. The code developed for the kit to fulfill the desired function was
written in C++ and transferred to the microcontroller via Arduino software using a
personal computer. This kit can measure T (temperature), H (humidity: %), carbon
dioxide (CO,), total volatile organic compounds (TVOC), LUX (luminous intensity:
lux), Ultra-violet (UV) W m?, P (air pressure: pascal), and AQ (air quality: ppm). The
developed kit can transmit and store the data simultaneously on the Internet. lIoT
technologies need further agricultural studies, and more data to be obtained can
contribute to resolving more problems. The kit obtained in the study can be used in
domestic agriculture and various agricultural activities.
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Introduction

The Internet of Things (lIoT) is a concept we hear
frequently and will hear even more about in the
future. The concept of loT, first used in 1999 by
Kevin Ashton in a presentation he prepared for a
company, has reached a broader vision with the
developing technology than the day it emerged. The
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0T is a worldwide network of uniquely addressable
objects that communicate with each other through a
specific protocol. According to research, it is
estimated that 10-11 billion devices are connected to
the Internet, which is expected to increase to 50
billion devices by 2022. According to the same
research, while the ratio of connected devices per
capita globally was 0.08 in 2003, this ratio is
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estimated to be 6.48 in 2022. It is also estimated that
in 2022, the information traffic generated by 20
typical home devices will be more than all the
internet traffic generated in 2008 (Morchid et al.,
2023).

loT mainly collects information such as temperature,
humidity, wind, weather, rainfall, soil moisture,
electrical conductivity, pH, and nitrogen value. Smart
agriculture is the use of different technologies in
agricultural activities. Smart-precision agriculture
applications with loT are technologies that can
reduce workload and increase yield and quality (Reza
etal., 2022).

IoT technologies are extensively used in agriculture
in soil quality, irrigation, fertilizer use, and plant
diseases. Soil quality, soil moisture, and nitrogen
content are determined via lot. lot is also used to
provide water conservation in irrigation, in the
growth of plants, and to prevent unnecessary
fertilizer use in fertilization (Corchado, 2018; Bac et
al., 2017; Villarrubia et al., 2017), and in automatic
spraying machines (Oberti et al., 2016) in disease
detection and pesticide administration.

When access to healthy food is critical today, closed
systems that use water and other inputs most
efficiently while saving space are gaining significant
importance. Indoor farming systems stand out as a
farming technique that allows efficient and healthy
production without being affected by the adverse
conditions of nature. Such systems can be applied in
different methods such as hydroponics, aeroponics,
and aquaponics, and all development conditions
required by the plant, such as water, pH, plant
nutrients, and temperature, can be controlled at the
optimum level (Schnitzler, 2004). The main objective
of such systems is to increase the yield and product
quality without causing physiological stress to plants,
especially in greenhouse conditions. However,
minimizing the risks without depending on soil
properties is crucial. One of the most essential
parameters of indoor agriculture is artificial lighting.
Light is the only energy source for photosynthesis. In
production systems realized in closed environments, it
is possible to increase the yield by controlling plants'
photoperiods with artificial lighting. The studies have
reported that the highest yield values can be achieved
with cold white light and artificial illumination called
full spectrum (Bugbee, 2016; Snowden et al., 2016).
As a result of the use of soilless agriculture techniques
in internal agriculture, it has been determined that less
space and water are needed compared to traditional
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agriculture, and it has been reported that it is possible
to reuse water. Thus, environmental pollution can be
reduced, and energy and labor savings can be
achieved. The yield from the unit area increases, and
year-round production is possible (Rakocy, 2002).

In this study, cultivation was carried out in 9 different
experimental plots with 9 different artificial lighting
durations in three replications, and the relationships
between yield values obtained after harvest and plant
growth parameters were evaluated. The ftraits
emphasized were nitrogen balance index (NBI), yield
(kg), 331.2 umol s™ artificial lighting intensity, and 9
different artificial lighting periods (8 hours day™, 9
hours day™, 10 hours day™, 11 hours day™, 12 hours
day™, 13 hours day™, 14 hours day™, 15 hours day™, 16
hours day™).

The present study developed an environmental
parameter monitoring kit that can be used in indoor
agriculture by  combining an  open-source
microcontroller and relatively inexpensive hardware
and using the code developed. The kit was designed
using solid modelling software (SolidWorks),
compacted, and tested under laboratory conditions.
The data obtained in a hydroponic cultivation
laboratory were transferred to the Internet. The data
obtained is also stored on a PC, which can be
monitored on line.

The study aimed to develop a kit to collect data on
important parameters for cultivation in a hydroponic
farming environment and send and store these data
online. The Internet can measure temperature,
humidity (%), luminous intensity (lux), carbon dioxide
(CO,), total volatile organic compounds (TVOC),
Ultraviolet UV (W m™), and air quality (ppm). The kit
can transmit and store the data simultaneously on the
Internet. 10T technologies need further agricultural
studies, and more data to be obtained can contribute to
resolving more problems. The kit obtained in the study
can be used in domestic agriculture and various
agricultural activities. The hardware used in the kit's
design is relatively affordable and easy to use. Six
different sensors used in the kit's design facilitate
obtaining eight different data and transferring this data
to the Internet environment completely free of charge.
It was concluded that the kit could operate smoothly
and stably and be employed for data recording and
early warning for various agricultural activities.

Material and Methods

The kit developed for indoor use in agriculture
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consisted of an Arduino Mega microcontroller,
DHT11 sensor, SGP30 air quality and CO, detection
sensor, TSL2561 brightness sensor, GY-8511
ultraviolet sensor, MQ-135 air quality detection
sensor, GY-68 BMP180 digital barometric pressure
sensor, and a 20x4 LCD Display and ESP8266 wi-fi
module. Cables and solder connected the sensors and
modules to the microcontroller. For all the hardware
to be combined and work stably, a closed box was
designed using SolidWorks solid modeling software
and produced with a 3D printer. The Arduino Mega
microcontroller used in the kit is the most
comprehensive  Arduino  model using the
ATmega2560 processor (Arduino, 2023). The code
developed for the kit to fulfill the desired function
was written in C++ and transferred to the
microcontroller via Arduino software using a
personal computer.

Six different sensors were used in the kit to fulfill the
desired functions. The first of these is a temperature
and humidity sensor called DHT11. DHT11 is an
affordable alternative to expensive temperature and
humidity sensors and can be used in many areas. The
sensor provides a maximum sensitivity of £5% in
humidity measurements. Operating with a voltage
between 3-5 volts and a maximum current of 2.5 mA,
the sensor can measure 0°C and 50°C (Sparkfun,
2023). The sensor is connected to the Arduino Mega
microcontroller's digital pin 2 (D2).

Another sensor used is the SGP30 air quality and
CO, detection sensor, which operates with a voltage
of 3.3 volts and a current of 40 mA. The sensor can
measure CO, concentration from 0 to 60,000 ppm
and TVOC concentration from 0 to 60,000 ppb
(Makerfabs, 2023). TVOC generally includes organic
compounds in the vapor or gas phase. Excessive
levels (>2200 ppb) have been reported to irritate the
eyes, nose, and throat, causing headaches, loss of
coordination, nausea, and damage to the liver,
kidneys, and central nervous system (Jia et al., 2019).
TSL2561 brightness sensor was used to determine the
artificial lighting intensity in the environment. The
sensor operates with a voltage of 3.3 V and a current
of 0.6 mA. It has a wide detection range of 0.1 to
40,000 lux (Sparkfun, 2023).

GY-8511 ultraviolet sensor was used to measure the
ultraviolet radiation in W m? The ML8511 UV
sensor can detect light between 280 nm and 390 nm
[16]. UV radiation or ultraviolet is the wavelength of
the electromagnetic spectrum between 10 nm and 400
nm. There are three main types of UV light. These
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are called UV-A, UV-B, and UV-C. Between 315
and 400 nm is classified as UV-A, and 280 and 314
nm as UV-B. Plants need UV rays to develop and
protect against fungal diseases (Loconsole and
Santamaria, 2021).

Another air quality detection sensor, the MQ-135 air
quality detection sensor, was added to the kit to
detect gases such as sulfur, benzene, water vapor,
smoke, etc., in ppm. This sensor performs less
accurate measurements than the SGP30 sensor and
provides data on the concentration of gases such as
NOx, Benzene, NHj; smoke, and CO,. The
measurement range of the air quality sensor ranges
from 10 ppm to 1,000 ppm and operates with a
voltage of 5 V (Sparkfun, 2023).

The GY-68 BMP180 digital barometric pressure
sensor can measure the pressure in the environment.
This sensor is a small sensor that measures air
pressure. It has a digital output. Operating with 3.3V,
this sensor also provides height information with an
accuracy of up to 0.25 m. It can measure pressure
values between 300 and 1100 hPa. It provides
altitude information between 500 m and 9,000 m
(Sparkfun, 2023).

Figure-1. Visualization of the ambient parameters
monitoring kit, 1- LCD screen, 2- Top cover, 3-
Bottom cover, 4- Arduino Mega microcontroller,
5- 12-Volt supply input, 6- ESP8266 wi-fi module,
7- mini-board

After the code developed for the kit was transferred
to the microcontroller using a computer, the hardware
and the box design obtained from the three-
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dimensional printer were assembled. The Kit is
powered by an external 12 V - 3 A adapter.

The connection of hardware connected to the
microcontroller is as follows. DHT11 temperature and
humidity sensor is connected to the digital 2 (D2) pin,
SGP30 air quality and CO, detection sensor, TSL2561
brightness sensor, and a GY-68 BMP180 digital
barometric pressure sensor are connected to the serial
data ports (SCL and SDA). The GY-8511 ultraviolet
sensor uses the microcontroller's analog 0 (AO) and
analog 1 (Al) pins. The MQ-135 air quality detection
sensor operates connected to the analog 3 (A3) pin.

The data obtained was instantly transferred to
ThingSpeak, a free website developed for loT
applications. The ESP8266 wireless network module
was used to transfer the data. This is an easy-to-use
module powered by a 3.3-V adapter (Sparkfun, 2023).
Figures 1 and 2 show the Kit's design with SolidWorks.
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Figure-2. Visualization of the ambient parameters
monitoring kit, 8) GY-8511, 9) TSL2561, 10)
SGP30, 11) DHT11, 12) MQ-135, 13) GY-68
BMP180

The study used a handheld sensor to obtain NBI

Leaf
section
under UV

values representing the chlorophyll/flavonol ratio, a
measure of plant growth. This sensor, named Dualex,
takes measurements from the leaf. The polyphenols it
measures are considered indicators of the nitrogen
utilization status of the plant. For example, under
optimal conditions, a plant synthesizes chlorophyll
and synthesizes proteins containing few flavonols.
However, in the case of nitrogen deficiency,
increased production of flavonols by the plant has
been observed (Cerovic et al., 2012; Mattila et al.,
2018; Overbeck et al., 2018). The parsley plant
(Petroselinum crispum) was grown indoors in this
study. The Parsley plant is produced to utilize its
roots and leaves. It is rich in vitamin E and is an
indispensable vegetable for meals and salads. It is
essential in economic income by providing
continuous income to producers throughout the year.
Roots go 70-80 cm deep. There are many fringe roots
around the root. Parsley makes a few side branches,
and the number and size of leaves on the stem
decreases from bottom to top. Parsley is not selective
regarding soil requirements, so it is one of the
preferred plants for soilless agriculture. pH values
between 5.0 and 8.0 are suitable values. The most
critical maintenance work to be done in parsley
production is weed removal and irrigation, so
maintenance work can be done in full and in the best
way since there is no need for weed control in
soilless agriculture, and irrigation can be provided by
automation (Bayraktaroglu et al., 2018). After the
parsley plants were 15-20 cm, the first harvest was
done by mowing 2 cm above the ground. Since the
parsley plant requires a habitat of 60 to 100 plants per
1 m? approximately 1080 plants were grown. The
working principle of the Dualex sensor used in the
study is given in Figure 3.

Photosyrthesis

IOV, it

Heat 220%

Transmittance

Figure-3. Working principle of the Force-A Dualex Scientific hand sensor (Force-A Dualex Scientific,

2023)
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Results

The developed kit was tested in the Soilless
Agriculture Application and Automation Laboratory
established within Ankara University, Faculty of
Agriculture, Agricultural Machinery and
Technologies Engineering. The experiment was
carried out between January and April 2023. The
area where the experiment was conducted is fully

controlled (coordinates 39.962013 and 32.867491).
The system functioned stably and transferred data to
the Internet environment. The ten-day average of the
data obtained from the kit for 30 days is given in
Table 1. The pictures of the ThingSpeak web page
and the internet environment of the data were
obtained by the kit and sent and saved via the
Internet (Figure 4).
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Figure-4. The ThingSpeak website where the data obtained from the kit is transferred and visuals of temperature
(a) (°C), humidity (b) (%) , CO, (c) (ppm), TVOC (d) (ppb), LUX (e) (Lux), UV (f) (W m™), pressure (g) (Pa), and

Table-1. Ambient temperature (T), humidity (H), carbon dioxide CO2, total volatile organic compounds (TVOC), light
intensity (L), UV amount (UV), pressure (P), and air quality (AQ) values obtained from the developed kit for 30 days

Ort T(°C) H (%) | CO,(ppm) | TVOC (ppb) L(Lux) | UV (Wm?) | P(Pa) | AQ (ppm)
1-10 days 22 39 411 22 10805 25 91602 223
11-20 days 22 39 414 23 10803 25 91603 225
21-30 days 22 39 416 24 10802 25 91601 226

Average values obtained; T (°C): 22 °C between 1 and
10 days, 22 °C between 11 and 20 days, and 22 °C
between 21 and 30 days. The average H (%) values
were 39%, CO, content was 411 ppm for the first ten
days, 414 ppm between 11 and 20 days, and 416 ppm
between 21 and 30 days. TVOC values were 22 ppb
for the first ten days, 23 ppb between 11 and 20 days,
and 24 ppb between 21 and 30 days. The ambient
lighting intensity was 10805 Lux for the first ten days,
10803 Lux between 11 and 20 days, and 10802 Lux
between 21 and 30 days. UV measurement results
were stable and averaged 2.5 W m™. Ambient pressure
was 91602 Pa for the first ten days, 91603 Pa between
11 and 20 days, and 91601 Pa for the last ten days. AQ
values were 223 ppm for the first ten days, 225 ppm
between 11 and 20 days, and 226 ppm for the last ten

{ L} . . .
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days.

Data was also collected with professional test devices
from the beginning to the end of the study. These data
were compared with the data obtained by the
developed kit, and positive results were found. The
statistical method is based on the intraclass correlation
coefficient (ICC), usually between 0 and 1. It is a
statistical tool applied in medical, psychological,
biological, genetic, and agricultural research. The aim
is to determine the margin of error of the device to be
developed by determining the relationship between the
values obtained from the device to be developed and
the values obtained from the reference device.

Linear relationships were found between the values
obtained from the professional test devices and the
values obtained from the kit; also, the results obtained
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are given in Figure 5.

A strong linear relationship was found between the
values obtained with professional test equipment and
the values obtained from the developed kit with
R?=0.9021 between T values, R°=0.889 between H
values, R°=0.8931 between CO, values, R’=0.8931
between CO, values, R?=0.8001 between TVOC
values, R?=0.882 between Lux values, 0.8783 between
UV values, 0.8526 between P values and R*=0.9505
between AQ values. Parsley plants grow and reach

harvest maturity in approximately 90 days.
a)
.,%A — - '
¢ b
¢)

e)

2)

Chlorophyll and flavanol values obtained every 10
days are given below. These values are given in
Figures 7 to 15. All yield NBI and vyield values
obtained are given in Table 2. The highest yield value
was 156.91 grams, with 12 hours on day . The lowest
yield value was determined to be 69.32 grams with 8
hours day®. In addition, Figure 6 shows the
relationship (R2 = 0.9161) between the NBI values
obtained in the last harvest period and the yield values
obtained.

b)

d)

h)

Figure-5. The relationship between the developed kit of T (a), H (b), CO, (c), TVOC (d), LUX (e), UV (f),
P (g), and AQ (h) data and the values obtained from the professional test device
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Table-2. NBI and yield values obtained according to daily artificial lighting duration

Duration of artificial lighting per day (hours) NBI values Yield (gr)
12 31.53 156.91
11 30.71 135.27
16 30.65 120.65
15 30.36 119.71
14 29.60 103.54
13 30.16 94.45
10 29.32 87.07
9 29.32 75.78
8 29.02 69.32
180.00
160.00 ,_{_|
140.00 + ,
120.00 >—H—<
® 100.00
@ 80.00 ?I i ,
-
60.00
40.00 y =33.41x-897.87
0.00
2850  29.00 2950  30.00 3050 3100 3150  32.00
NBI

Figure-6. The relationship between NBI values obtained in the last harvest period and vyield values

obtained
32.21
1000 11 2501 25.92 26.88 2777 2864 29.55 30.42 31.30
30.00 :
S 20.00
10.00 1.06 107 111 116 117 127 124 120 116 1.11
0.00
1 2 3 4 5 6 7 8 9 10
Measurement

o= (Ch]| e===TFlav

Figure-7. Chlorophyll and flavonol values obtained as a result of 8 hours day™ artificial lighting period
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1000 2988 30.79 31.60 32.55
26.22 27.14 28.04 28.94
3000 2440 2532
S 20.00
10.00 106 1.06 110 114 115 122 120 119 114 1.11
0.00

1 2 3 4 5 6 7 8 9 10
Measurement

e Ch] e Flav

Figure-8. Chlorophyll and flavonol values obtained as a result of 9 hours day™ artificial lighting period

4000 2569 2651 27.41 2836 29.22 3014 31.04 31.98 32.84
3000 “*

< 20.00
1000 1.03 1.06 109 114 119 126 125 122 114 112
0.00

1 2 3 4 5 6 7 8 9 10
Measurement
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Figure-9. Chlorophyll and flavonol values obtained as a result of 10 hours day™ artificial lighting period
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#0.00 2595 26.83 27.79 28.67 29.54 3043 31.31 32.20 33.15
30.00

S 20.00
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1 2 3 4 5 6 7 8 9 10
Measurement

e Ch] e Flav

Figure-10. Chlorophyll and flavonol values obtained as a result of 11 hours day™ artificial lighting period

40.00 26.23 27.14 28.06 28.98 29.82 30.76 31.63 32.56 33.44 34.37
30.00

S 20.00
10.00 1.01 1.02 110 113 114 122 121 123 114 1.09
0.00

1 2 3 4 5 6 7 8 9 10
Measurement

e Ch] e—Flav

Figure-11. Chlorophyll and flavonol values obtained as a result of 12 hours day™ artificial lighting period
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Figure-12. Chlorophyll and flavonol values obtained as a result of 13 hours day™ artificial lighting period
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Figure-13. Chlorophyll and flavonol values obtained as a result of 14 hours day™ artificial lighting period
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S 20.00
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Figure-14. Chlorophyll and flavonol values obtained as a result of 15 hours day™ artificial lighting period

88 33.71
+0.00 2566 2657 27.44 2834 2921 30.12 31.04 31.99 32.88
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S 20.00
1000 1.02 106 111 115 116 124 120 121 116 1.10
0.00

1 2 3 4 5 6 7 8 9 10
Measurement

s ()] e F]av

Figure-15. Chlorophyll and flavonol values obtained as a result of 16 hours day™ artificial lighting period
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Discussion

An advanced irrigation management system uses
real-time weather forecast data to control water in
today's agricultural activities. Water use can also be
managed through data from humidity sensors placed
in agricultural areas with wi-fi connectivity, leading
to water conservation. This approach was also
adopted in the present study, allowing the user/farmer
to control the control process anywhere in the world
remotely. Controlled use of pesticides and fertilizers
facilitates improving crop quality and minimizing the
cost of agriculture. For controlled use, the possibility
of damage to the product can be predicted by
collecting the necessary data with loT infrastructure.
Also, since greenhouse gases increase the climate
temperature, they can directly affect agricultural
areas. Thus, product quality can be improved by
monitoring greenhouse gases (Ray, 2017).

Water quality can be monitored with loT-based
devices that provide wireless communication. In the
research on this subject, water quality can be
monitored in real-time using l0T. Thus, physical and
chemical parameters such as temperature, pH,
turbidity, conductivity, and dissolved oxygen can be
measured (Paventhan et al., 2012).

Precision agriculture is based on intensive monitoring
of environmental conditions, sensing the necessary
data, deciding on the final action, and computerizing
the data obtained to control agricultural machinery
(Nabi and Jamwal, 2017). In this context, wireless
networks are an ideal method for monitoring
environmental conditions that affect agricultural
practices. Precision agriculture-based system design
principles have been increasingly used in commercial
projects that provide solutions for monitored crops,
water supply for irrigation, fertilizer management,
pest control, and automatic harvesting. Such systems
can reduce costs through automation and cost savings
(Dong et al., 2013).

Traditional irrigation methods and practices cause
inefficient use of freshwater resources. As a result of
these practices, the salinity level in the soil increases
excessively and results in yield loss. It has been
reported that loT-smart agricultural technologies
should be used and integrated into agricultural
enterprises to irrigate efficiently (Karasekreter,
2011).

In Germany, studies have been conducted on
dynamic networks that can share data on precision
agriculture, 10T, and forage crop production. A 2013
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study developed a system that can control agricultural
irrigation  applications using an ARM-based
processor, GSM modem, and text messages (Blank et
al., 2013).

In 2014, a study conducted in Finland developed a
system that can increase efficiency in agricultural
production. This system can perform tasks such as
data collection, machine control, data storage,
weather, and disease forecasting (Pesonen et al.,
2014).

Much work was done in 2015 in the name of loT
technologies. One is using 10T, big data, and cloud
technologies in India. Another study focuses on
integrating 10T  technologies into irrigation,
fertilization, and air conditioning systems for more
efficient greenhouse production. At the same time,
studies on wireless sensor network technologies have
been carried out to monitor vegetable production and
environmental ~ factors in  the  greenhouse
environment. A cost-effective monitoring system has
been designed to track temperature, humidity, and
light (Guo and Zhong, 2015; Srbinovska et al., 2015).
Vijayakumar and Ramy conducted a study on the
quality and safety of drinking water. They developed
and tested a system using loT technologies to
improve drinking water quality. It was reported that
the system developed using Raspberry Pi works
efficiently. In studies conducted in 2015 and 2016, it
was stated that the monitoring and detection of plant
diseases can be realized with IoT technologies and
that temperature changes in closed cultivation
systems can be measured and transferred to the
Internet Internet, and a prototype was developed for
this purpose (Vijayakumar and Ramy, 2015;
Zaceping and Kviess, 2015; Tirker et al., 2016)

Paul et al. developed hardware for farmers using the
hydroponic farming method using an Arduino
microcontroller to obtain pH, light, temperature, and
humidity values and transmit this data to the user.
The developed hardware was tested, and the data was
accurately transferred to the user (Paul et al., 2018).
Pate and Hofstetter developed a device that can
measure the CO, gas concentration in the air and
provide information to the user, considering both
animal and human health, especially for animal
production enterprises. The researchers used an
Arduino microcontroller to develop this device and
determined that the values obtained were successfully
transmitted to the user (Pate and Hofstetter, 2020).
Hofstetter et al. developed a data collection and
control system for animal health in animal production

11/15



Ugur Yegiil

farms. The system can detect and record carbon
dioxide, ammonia gas concentrations, air
temperature, and humidity (Hofstetter et al., 2022).

Ji et al. developed hardware to evaluate the ammonia
and carbon dioxide concentrations of agricultural
enterprises and the indoor air quality of the
enterprise. The accuracy of the obtained data was
tested and confirmed (Ji et al., 2014).

Drechsler et al. developed hardware to determine the
development level and stress status of tomato plants
grown in the field and measure variables such as
wind speed, air temperature, relative humidity, and
ultraviolet light. The developed hardware can transfer
the data obtained using an image processing method
to the Internet environment and can operate in an
integrated manner with the irrigation system. The
accuracy of the data obtained was tested, and it was
determined that the hardware functioned correctly so
that the plants could be grown in a healthy process
(Drechsler et al., 2017)

Wu et al. developed an environment and pest
monitoring system to increase crop production and
guality in a greenhouse environment. Various sensors
were used in the system, and the system had a stable
Bluetooth connection and thus could operate
continuously for approximately three months through
an independent power supply (Wu et al., 2022).

Li et al. developed a device that can be used in
agricultural facilities to detect parameters such as
temperature, humidity, light intensity, and CO,
concentration in the environment. Arduino and
various sensors were used in the device's design, and
the accuracy of the data obtained was tested (L.i et al.,
2017).

The Parsley plant was cultivated for the research
because there is not enough data on the parsley plant
in the literature, and it is a preferred plant in
hydroponic systems because it is a plant with green
parts. It has been reported that the most commonly
grown plant species in hydroponic systems are basil,
parsley, mint, dill, watercress, lettuce, and arugula
(Rakocy et al., 2006). It is reported that the
Photosynthetically Active Radiation (PAR) level
should be between 50-350 pmol.m-2.5-1 in
commercial greenhouses (Bugbee, 2016) . Therefore,
a PAR level of 331.2 umol.m-2.s-1 was preferred in
this study. As a result of the studies, it was reported
that the amount of dissolved oxygen in closed
systems should be between 3 mg L-1 and 10 mg L™
(Rakocy, 2002; Rakocy et al., 2006). In this study,
the preferred dissolved oxygen value in the growing
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medium was 6 mg L™ In addition, it was reported
that the electrical conductivity value should be
between 1 and 1.8 mS cm™ (Prince, 2023; Blackman,
2015). In this study, the electrical conductivity value
of the liquid in the system was chosen as 1.55 mS
cm™. In studies on pH values, it has been reported
that the pH value of the plant growing medium
should be between 6.5 and 7 and that plants with
abundant green parts generally thrive at 20-24 °C
(Rakocy, 2002; Rakocy et al., 2006). Considering
these studies, the pH value was set to 6.6, and the
temperature of the liquid in the system was set to 22
°C.

In a study conducted to evaluate the effect of green
light-emitting LED lamps with different wavelengths
and light intensities on the growth and photosynthesis
of plants with green parts, as a result of the
illumination values applied at 100, 200, and 300
umol m? s respectively, the growth of lettuce
plants illuminated with 100 pmol m? s™ decreased
compared to white fluorescent lamps. However, the
root growth of plants illuminated with PPFD 200 m™
st increased, and the highest increase was observed
at PPF 300 m? s'. These results suggest high-
intensity LED light effectively promotes plant growth
(Johkan et al., 2010). This study preferred a lighting
intensity close to or higher than 300 pmol m-2 s-1.
Another study investigated the effect of artificial
lighting quality on plant biomass and chlorophyll
accumulation. Artificial illumination with fluorescent
light was performed in the growth chamber for 20
days. Full-spectrum white light was reported to be
effective on plant growth and yield parameters (Lin
etal., 2013).

In another study, according to the data obtained, the
effects of different artificial lighting durations and
intensities were investigated in order to increase leaf
number, leaf length, leaf area, and yield values, and it
was determined that 300 pmol m™ s and 12 h day™
application doses increased these parameters (Chang
and Chang, 2014).

Conclusion

The average values obtained from the developed kit
are as follows: temperature 22°C, humidity 39%,
CO2 414 ppm, TVOC 23 ppb, light intensity 10803
Lux, UV 2.5 W/m? pressure 91602 Pa, and air
quality 224 ppm. It was understood that loT
technologies need further agricultural studies and that
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more data to be obtained can contribute to resolving
more problems. The kit obtained in the study can be
used in domestic agriculture and all kinds of
agricultural activities. The hardware used in the kit's
design is relatively affordable and easy to use. Six
different sensors used in the Kkit's design facilitate
obtaining eight different data and transferring this
data to the Internet environment completely free of
charge. It was concluded that the kit could operate
smoothly and stably and be employed for data
recording and early warning for various agricultural
activities.
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