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Abstract

Nowadays, the Wireless Sensors Network (WSN) and the Internet of Things (IOT) are widely used in providing decision
support systems which solve many problems in the real-world. This paper presents IoT as the best way to solve the
agricultural problems, related to seedbed resources optimization, decision making support and seed breeding monitoring.
This case study provides real-time information about the seedbed that will help agriculturists make the right decisions
during the seed breeding procedure. Using the basic principles of Internet and WSN technology, precision agriculture
systems based on the Internet of Things (IoT) technology are explained in detail, especially in network architecture,
hardware architecture and software process control of the precision seed breeding monitoring system. The implemented
automation system monitors data from the sensors in a feedback loop which activates the control devices based on threshold
value. The implementation of WSN in seedbed monitoring (SM) will optimize the control of air temperature and humidity,
soil humidity, air capacity, luminance while it will minimize the time of seed breeding and it will also maximize the number
of seeds which become plants ready for transplantation.
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1. Introduction

The Wireless Sensor Network (WSN) is one of the best
solutions in order to provide effective and economic solutions
to a variety of applications ranging from agriculture and
health monitoring, to military operations. Moreover, it is a
modern technology that combines knowledge of sensors,
automation control, digital communication, storage and
information processing12.

The agriculture based in precision information and
technology agricultural system, is designed to improve the
agricultural processes by precisely monitoring each step to
ensure maximum agricultural production with minimized
environmental impact. The beginning of an agricultural
process is the seeding where the seeds are becoming plants.
This step involves the adjustment of sowing parameters, the
modulation of air temperature, air humidity and soil
humidity234.

This study has focused on transforming the traditional
seedbed into an automated monitoring seed breeding system
that contributes to the economic growth and sustainability of
the national agriculture.

The automated monitoring seed breeding system has the
benefit of providing real-time feedback on a number of
different factors that affect the seed breeding process. The
monitoring of different variables and data collection, allows
for higher yields and lower cost. Each sensor receives only
what is required for its particular space, and at the appropriate
time and duration456.
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In this paper, a practical, low-cost and environmental
friendly monitored seedbed is designed based on WSN and
IoT technology. In this particular application, it is used to
monitor key environmental parameters such as temperature,
air humidity, soil humidity and luminance. In Section 2 (IoT
in Agricultural & Environmental Factors - Seed Breeding),
there is an overview of IoT in agricultural, as well as the
features of the environmental factors and seed breeding are
explained. In Section 3 the monitored seedbed construction
automation and development is presented. Furthermore, in
Section 4 the test analysis and results are covered and finally
in Section 5 (Conclusions) the conclusions and future
directions are shared.

2. Methodology

2.1 IoT in Agricultural

The IoT (Internet of Things) based agricultural convergence
technology is a technology that aids in creating a high value
such as improvement of production efficiency, quality
increase of agricultural products in the whole process of
agricultural production 127. In addition, implementing
precision agriculture, which is an alternative to the future
agriculture, through the convergence technology allows
prediction of supply and demand, real-time management and
quality maintenance during the entire life cycle of agricultural
products 8910.

Methods of harvest forecasting have become increasingly
elaborate. Highly refined statistical techniques in agriculture
are now being used to extract information from past data and
to project prediction values of economic variables456. To a
large extent, these advances in the science of harvest
forecasting have been made possible by the progress in IT
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technology. On the contrary, solitary statistical techniques do
not provide perfect future situation. Therefore, it is necessary
to analyze correlating monitoring crop environments with
statistical information about harvesting. It is expected that
from IoT-based decision support system, this information on
statistical pattern of crop can be obtained. The purpose of this
study is to improve the agriculture by using a seedbed
monitored by an IoT system. To this end, it will be needed to
manage IoT devices and gather information from them more
appropriately.

2.2 Environmental Factors & Seed Breeding1213

The seed development dependents on the conditions of the
environment in which are grown. The environment consists
of many factors mainly soil temperature, soil humidity, air
humidity, light, ambient and air temperature131415. These
climate factors play an important role in the quality and
productivity of seed breeding, are interrelated and cannot be
considered singly without regarding to the effect on others. A
good knowledge of these factors and of their relationships will
help an agriculturalist, or any other user of the monitored
seedbed to be more aware of potential problems.
Temperaturel415, influences most seed development
process such as photosynthesis and flowering. Each species
of seeds has a different temperature range in which they can
grow. Above or below this range, enzymes become inactive
and processes may be terminated unexpectedly. Therefore,
temperature should be maintained at optimum level which
depends on the seed that is used.

Humidity1415, controls the humidity loss from the seeds
causing the water and oxygen to leave from them and absorb
more CO,. On the other hand, high humidity can cause the
spreading of fungal diseases and thus decrease the process of
transpiration.

Light1415, is another important factor for the seed breeding
process. Seeds and plants get their energy from sun light
through photosynthesis. Light also reacts on the growth of
several parts of a plant.

Soil humidity1415, is another essential factor that determines
when to supply and in what amount of water. The percentage
of water loss is determined by the soil condition, the air flow,
the relative humidity in air and the temperature of the
environment. In case that the soil is over humidity, the roots
are never going to grow, because they cannot extract water
and nutrients from soil.

3. Monitored Seedbed Construction Automation and
Development

One of the most important sensors for the monitored seedbed
is the soil humidity sensor. Soil humidity is the water held in
the spaces between soil particles. Also, it is the main factor
that defines the amount of water that is going to be supplied
to the seed. Precision irrigation requires the exact and definite
application of water in order to meet the specific requirements
of each seed. Soil and air temperature play an important role
in irrigation. Generally, the temperature near the seed is less,
due to irrigation process. Currently, there are two main
categories of soil humidity measurements: contact-based and
contact-free methods. Contact-based methods require direct
contact with the soil. This kind of method includes
capacitance sensors, heat pulse sensors or fiber optic
sensors141617. The second category consists of contact free
measurement techniques and includes passive microwave,
synthetic aperture radars, and thermal methods181920 . In our

case, we are using contact-based sensors (Picture 4) that can
measure, air temperature and air humidity (DHT 22) and soil
temperature and soil humidity (SHT10). All these measures
are being compared with an extra space temperature sensor
(TMP 100) in order to get accuracy in our measurements. The
whole automation and the measurements are controlled by an
Arduino UNO which control the heat (Picture 2) from the heat
seals. The Arduino UNO has been chosen instead the other
commercial platforms (Raspberry or Netduino) due to the fact
that consumes less power (Arduino consumes less than 0,5 W
— Netduino consumes 1,8 W — Raspberry consumes 2,3 W)
that the other two2122.

We have used 49 tomatoes seeds inside the monitored
seedbed and 49 tomatoes seeds using a seedbed in indoor
conditions in order to compare the breeding process. The
tomato seeds need an environment with air temperature
between 24 °C and 27 °C and air humidity between 60% to
70%. We have found that the breeding of the tomato seeds that
were in the monitored seedbed was faster by 7 days than the
tomato seeds that were in the indoor conditions seedbed. The
flow chart below (Picture 1) explains the procedure of
controlling the air temperature soil humidity and air humidity.
The program at the beginning reads the values from
temperature and humidity and if those values are the desired
it waits until there is a change. In case that the temperature is
low it turns on the heat seal and if the humidity is high it starts
the fan circuit.

The breeding procedure of the tomato seeds in the
monitored seedbed and of those in the indoor conditions
seedbed is showed at Pictures 6 to 8.

Read Sensors

Temp, Humid

YES

Start Heating Circuit

YES

Start Fan Circuit

Humid>H high

Pic. 1:.Flow Chart of the automation software

4. Materials and Methods

Photo 2 shows the places that the heat seal is installed inside
the monitored seedbed. They have been installed at the
distance of 10 cm far from the seeds, in order not to cause
overheating and eventually stop the procedure. At the
following photos (3-4) there is a depiction of humidity,
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temperature and soil humidity sensors inside the monitored  seedbed. The arrows show the exact position of all sensors.
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Pic. 2. Construction with heating seals (12V-35 Watt)

Pic. 4. On this picture presents the locations of Humidity-Temperature Air Sensor (DHT 22) & SHT10 Temperature/Humidity Sensor (Soil) inside the
seedbed. The data from those two sensors are evaluated from the Arduino UNO in order to act provide stable humid and temperature.
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Pic. 7. Tomato seeds inside the monitored seedbed (left side) and tomato seeds in an indoor conditions seedbed (right side) (Day 6)
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Pic. 8. Tomato seeds inside the monitored seedbed (right side) and tomato seeds in an indoor conditions seedbed (left side) (Day 9)

5. Results

Diagram A shows the tomato seeds that are brought up inside
a monitored seedbed in contrast to the tomato seeds that are
brought up in an indoor conditions seedbed. After the ninth
day the plants are ready for transplantation. On the other hand,
it was noticed that the majority of the tomato seeds that were
left in an indoor conditions seedbed (Picture 8) didn’t grow at
all and the rest of them were 7 days behind in height, in
contrast with those that were raised in the monitored seedbed
with controlled temperature, air humidity and soil humidity.

Diagrams B and C show that the stability of the
temperature and humidity conditions along with the
appropriate soil humidity that were provided by the monitored
seedbed to the tomato seeds proved to be a convenient climate
for a faster breeding. Diagrams B and C also show that indoor
climate conditions were less suitable for the tomato seeds to
grow up when compared with the monitored seedbed
conditions.

Seed Breeding Process
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Diagram A. It shows how the seeds are breeding inside the monitored

seedbed and in an indoor conditions seedbed
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Diagram B: It shows the stability of the temperature inside the

monitored seedbed and the temperature in an indoor conditions seedbed
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Diagram C: It shows the humidity that is sustained inside the
monitored seedbed and the humidity that exists in an indoor conditions
seedbed

6. Conclusions

In the presented case study, real-time information is provided
about the inner conditions of the monitored seedbed, that are
going to help the agriculturalists to make the proper decisions
during the seed breeding procedure. The implemented
automation system monitors data from the sensors in a
feedback loop which activates the control devices based on
threshold value. The implementation of WSN in seedbed
monitoring (SM) is going to optimize the control of air
temperature and humidity, soil humidity, and also it is going
to maximize the number of seeds that become plats ready for
transplantation. The measurements showed how the humidity
and the temperature in a monitored conditions environment
affect the seeds breeding faster than seeds that have been left
in an indoor conditions environment.

Future work in this case study can include a fan system
with filtered system, that will create turbulent air flow and
provide by this way better air humidity among plants. Another
improvement that can be implemented, is a controlled
luminance system that will work in appropriate frequency and
emulate the photosynthesis procedure. An automated
photosynthesis procedure can enhance the breeding procedure.
Adding flexible solar panel that will cover the whole
monitored seedbed is another amelioration to the system and
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will provide the extra power to the electronic systems. Finally
adding a camera inside the seedbed, together with an alert
system via email, can insure that the seed breeding procedure
will be constantly monitored by the owner avoiding any fail
such as a plant disease that may occur or any other unfortunate
event.

The article is a result from a M.Sc. Thesis of Master in

Innovation

in Technology <& Entrepreneurship from

Eastern Macedonia and Thrace Institute of Technology,
Kavala, Greece.
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