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Abstract - Food is an essential need for every living
creature. Choosing the wrong food leads to serious
problems e.g. indigestion, obesity, diabetes mellitus, stroke,
including heart disease that causes death. To prevent those
diseases from harming the body, people should be
concerned about food consumption, for example by
consuming organic food. Organic food is obtained by
cultivating plants in a greenhouse to increase production,
minimize risk, prevent disease, and be safer against
environmental risk. However, some obstacles faced by
farmers such as disease or pests, water supply,
temperature, and so on. Based on some previous research,
the problem is dominated by soil moisture since the farmer
has to water all plants manually. It has affected crop yields
directly. If this phenomenon is not handled properly,
farmers are threatened with losses so organic farming
becomes a catastrophe. Therefore, in this research, an IoT
technology is proposed to increase soil moisture in real
time. The proposed system is also equipped with a Web-
based information system to expose the cultivation phase,
and market crops, as well as a tool for buyers as interaction
media through the feedback provided. In the end, the
proposed system is adequate to increase the productivity of
vegetable cultivation grown in a greenhouse. Based on
some experiments that have been done, the proposed
method is capable to work optimally and effectively meet
user needs by 95.55%.

Keywords: Greenhouse, production, vegetables, IoT, soil
moisture.

I. INTRODUCTION

Food is an essential need for every living creature,
especially humans. The body needs food with balanced
nutritional  values such as vitamins, minerals,
carbohydrates, protein, fiber, and water. Those
ingredients are found in various types of food, notably
fruits and vegetabl@} Choosing the wrong food like
convenience or fast food leads to serious problems such
as indigestion, obesity, diabetes mellitus, stroke,
including heart disecase that threatens life and even
causes death [1]-[2].
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The solution to this phenomenon is taking organic
foods consumption. Some research that have been
proven that organic food contains higher of phenolic and
omega-3 fatty acids than conventional products [3]-[4].
Omega-3 is efficient to reduce the risk of cardiovascular
disease, dementia, and boosting heart and mental health.
Meanwhile, phenolic is an antiseptic to treat infections in
the body. There are many other benefits that are
contained and prove how important organic food is.
Those studies convince that healthy food has a big role
in the health of the body.

Organic food is associated with freshness and
naturalness, rich in healthy components, and also lowers
or even absent of pesticides. This product must be
consumed daily, have a significant impact on health, and
have limited or no side effects on fitness [5]6].
Therefore, organic food must be easily obtained without
requiring significant effort. There is some approach to
bringing organic food such as purchasing from the
market or through an online shop, or even farming.

Purchasing is indeed the easiest choice, but the
quality of the ingredients is questionable, such as the
level of freshness, and nutritional content, or even being
wary of contamination with pesticides. Farming is one of
the ideal solutions, but this lack of implementation
especially in an urban environment with a limited field
[7]. To take those phenomena down, a greenhouse is the
proper way to produce fresh, healthy, hygienic, and
guaranteed quality organic vegetables and fruits [8].

Dilemmas arise afjthe time of implementing
greenhouse production such as pests or diseases, water
supply. temperature, and so on. Nonetheless, the most
problem faced by all farmers is encountered is the level
of soil fertility [9]-[11]. In addition, compared to
conventional farming, low yields are other challenges
that Organic Farming farmers have to face [12]-[13]. In
the end, the question emerge, could Organic Farming
produce enough food for the world?[ 14]

For those reasons, in this study, a comprehensive
system to organize the management of Organic Farming,
especially vegetables proposed. The proposed method
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has two sections, firstly utilizes IoT technology to
regulate soil fertility levels during the planting process.
Secondly is the development of a web-based information
system that is used to increase the post-harvest
productivity of farmers. An IoT system utilizes
microcontroller devices and sensors to maintain soil
moisture. By adding a particular electronic driver, the
system collaborates with other devices in order to run
automatically. It aims to support farmers observe
cultivate growth to be more healthy and fertile.
Meanwhile, the information system is web-based
displays organic crop cultivation and harvesting
activities, as well as yields produced from greenhouse
production such as fresh and processed vegetables. The
proposed system will be discussed further in the next
chapter.

II. METHOD

The study is organized into 3 step which are research
environment, system design, and system workflow. Each
section will be further discussed below.

A. Research Environment

The Proposed System is implemented in a production
greenhouse with dimensions of 4x6m? based on limited
environmental conditions. The land has 3 plots is planted
with various vegetables that can be consumed daily, or
even as a major need. The cultivated vegetables include
Kale, Spring Onions, Mint Leaves, Kai-lan, Bok Choi,
Mustard Greens, Beets, and Celery. It is crucial to fully
consider the environment where the system is
implemented in order to utilize the IOT devices as much
as possible.

B. System Design

As a presence, loT had a huge impact since the
capability to be applied in various fields such as
manufacturing, traffic and education, and even in the
health field [15]-[19]. Based on the fruitfulness of
previous research, in this study, an 10T Technology is
implemented for a number of advantages such as
convenient implementation, collaboration with other
devices, and affordable prices.

[oT stands for Internet of Things describes how
various machines interact with their surroundings and
vice versa. The interaction starts from simple to complex
things such as monitoring devices to sensing devices.
The machines are microprocessors, microcontrollers,
sensor devices, monitoring devices, and other electronic
devices (Fig. 1 and 2). IoT also involves the connectivity

of each things and ensures that the connection is
constantly maintained [20].

In this research, the IoT technology will be used in
agriculture field to organize soil moisture levels in
vegetable crops. Plants will be produced in a greenhouse
with a limited area. The system is designed to irrigate soil
automatically in real-time based on the plant needs
appropriately.

Fig. | shows a schematic diagram of the IoT devices
in greenhouse production of the proposed method. The
IoT devices consist of Arduino Uno R3, Soil Moisture
Sensor, Liquid Crystal Display (LCD) 16x2 with 12C
Converter, 12V Water Pump, Relay DC 12V, Resistor,
Transistor BC548, and AC to DC Converter connected
to the power supply. All those things are the minimum
specifications of IoT Concepts implemented in
agriculture field[21],[22].

Arduino Uno R3 was picked since it has more in/out
pins than the others in order to be more efficient for
further development. Mostly, Soil Moisture sensors have
2 types, which are Resistive and Capacitive. Resistive
works by sending a current through both probes to
measure the volumetric water of the resistance value.
This sensor is prone to corrosion since it is directly
installed to the ground. Meanwhile, Capacitive measures
soil moisture by capacitive sensing, anti-corrosion, and
has a longer service life than Resistive. Therefore, this
research recommended utilizing a capacitive soil
moisture sensor. LCD 1602 12C is employed as an
interface for farmers to recognize real-time moisture
levels. The data is displayed in percentage of soil
conditions which are consist of poor, medium, or
moisture. The 12V Water Pump was chosen since the
capability to distribute more water than the lower type. It
is efficient for farmers to irrigate crops on several fields
simultaneously.

Fig. 2 illustrates a mockup of the Weh-based
Information System of current research. The system has
4 elements consisting of the Home page, Product page,
Activities page, and About Us page. The Home page
displays general information regarding the product's
yield such as various types of vegetables, contact
persons, and even the location of the greenhouse. This
page also features customer reviews of vegetables in
response to their purchase. The Product page provides
various kinds of products, such as fresh and processed
vegetables. The Activities Page shows occupation during
the process of planting to harvesting. Meanwhile, the
About Us Page contains a brief description of the
establishment of a greenhouse towards the importance of
organic vegetables to support a healthy life.
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C. System Workflow

There are 4 phases of the greenhouse production
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system consists of Identifying, Moisturizing, Validating,
and Harvesting as shown in Fig.3.
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Fig. 2 Mockup of web-based information system: (a) home page; (b) activity page; (¢) product page
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Fig. 3 Workflow of the greenhouse production system
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One of the things in the IoT concept is a sensor such
as a temperature, humidity, vibration, or even light
sensor. Those kinds of devices must interact with the
surroundings to seize or measure phenomena in real
conditions. In some previous studies, the sensor has a
significant role to collect data in many ways and then
deliver actions based on the knowledge that has been
captured. According to that, Identifying was chosen as
the initial phase of the current research. After that, the
proposed system has to provide a kind of action as a
response to the surrounding in this case Moisturizing the
soil of greenhouse production. All actions need to be
verified to ensure that the proposed system solves a
problem within the study. That’s why Validating is
selected as the third step.

Lastly, in earlier studies, some researches end with an
action as an answer by the system to the environment
such as adjusting the valve or turning on the water pump
[21]-{23]. However, in this study. the proposed system
provides a further response. Not only reply with watering
plants but also consider the distribution of a post-harvest
product. Therefore, Harvesting was elected as an
alternative way to commerce greenhouse products to
gain post-harvest profit for farmers.

In the first phase, the system will identify moisture
using a Soil Moisture Sensor. This process initiates as the
sensor sends data to Arduino Uno. Arduino will convert
the value in order to easily measure using (1).

x =100 - ((—“““‘"fn';zm‘(“’) . 100) (1)
a denotes the pin of the Arduino that connected with the
Soil Moisture Sensor. analogRead states the input
reading from the Soil Moisture Sensor connected to pin
A0 on Arduino. All devices connected to the pin
preceded by A must be read as analog. The output value
comes from 0 to 1023. If converted to a voltage rate, then
0 indicates OV while 1023 states as 5V. Therefore, the
analog input divide with 71023. Afterward, the division
result (x) will be multiplied by 700 to be easily
monitored by percentage values and calculated in logic
algorithm as well.

Secondly, the system irrigates the greenhouse fields
for a certain time. This stage occurs in the moisturizing
phase. The duration of watering depends on the data
obtained by the sensor in real-time. If the [oT system
indicates the soil is moist, then the irrigation process will
discontinue. Conversely, if the land is consistently dry,
the system will re-irrigate the ground until reaches more
than 70% of soil moisture.

The next stage is to ensure that the plants have
received appropriate humidity during the irrigation. This

process occurs in the Validating phase and involves
farmers in order to gain vegetables with optimal
maturity. Farmers will monitor the plants which will be
collected in particular containers in case they mature.
After that, the crops will be in the packaging process in
the Harvesting phase. At the Validating stage, the
difference between ripe and raw vegetables among 1-2
weeks.

Finally, the Harvesting phase consists of selecting,
packaging, and uploading vegetables to the web-based
information system. Uploading data includes names,
types, prices, and photos along with a brief description
of the vegetables. Farmers capable to display the
cultivation phase during the planting process to convince
buyers about the quality of yields. If needed, farmers
could market vegetables on the e-commerce site.
However, this idea is not recommended since there are
opportunities for farmers to sell non-organic vegetables.

1. RESULT AND DISCUSSION

At this stage will discuss the implementation, testing,
and analysis of the proposed system. It aims to measure
the functionality of the system when assembled in
several cases and experiments.

A. Implementation

Fig. 4 shows implementation of the IoT device inside
greenhouse production. In Fig. 4(a) the IoT packaged
with special box to prevent direct contact with unknown
objects such as insects, dusts, branch or even water. The
system implements in Berkah Farm Greenhouse
Production located in the Kaliurang Area, Jember
Regency. The greenhouse produces organic vegetables
such as Kale, Spring Onions, Mint Leaves, Kai-lan, Bok
Choi, Mustard Greens, Beets, and Celery that planted in
34 plots. Each of plot has dimension of 1x6m’ and fitted
several dripper emitter connected to a water pump via a
hose of a certain length.

According to the system workflow, the proposed
system consists of 4 processes: Identifying,
Moisturizing, and Validating. In the identifying phase,
the IoT is installed close to the land within 1 meter and
covered with a special box. It is intended that the sensor
capable to work optimally by reducing resistance caused
by a long cable. The drippers are spread along the land
within 1 meter of one another. The moisture sensor is
installed between the two adjacent drippers. Figure 4(b)
shows the installation of drippers and soil sensors on
greenhouse land. This installation is aimed to recognize
moisture directly and transmit a signal to the Arduino
immediately.
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The moisturizing stage is a step for irrigating
greenhouse land using a water pump for such a period of
time. This process involves 12 V Water Pumps, Relays,
and Arduino, as well as hoses and drippers to water the
land. The soil will be analyzed by the sensor if it is
recognized as dry conditions, then Arduino will pass on
the water continuously until the soil level reach 70% of
wetness. Figure 4(c) shows the water reservoir and [oT
box along with the water pump in the greenhouse area.
In certain condition, water can be added with organic
liquid fertilizer to increase soil fertility.

The validating stage discusses the analysis of soil
moisture levels. If the sensor recognizes that the soil has
a wetness level above 70%, the system will halt the
irrigation process. Conversely, if the system recognizes
that it is still below 70%, then the watering process will

proceed. During the analysis activity, the soil moisture
level is displayed in real-time via a 16x2 LCD that is
attached to the IOT Box lid.

Last but not least is the Harvesting phase which
covers by Web-based Information System shown by Fig.
5. The website is capable to display all information
during the planting process including maintenance,
displacement to the planting medium, and harvesting. It
can be seen in Fig.5(a). In addition, the system is
adequate to show fresh and processed products, location,
a brief history of the company, and even customer
testimony. Furthermore, the system developed to fit with
various types of user devices shown by Fig.5(b) and (c).
It is necessary in order to work responsively and
adaptively.

Fig. 4 The implementation of IoT devices inside greenhouse production: (a) the IoT box; (b) soil moisture sensor
placement; (c) water reservoir and pump placement
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Fig. 5 The web-based information system: (a) home page; (b) customer testimony page; (c) location of the greenhouse
production
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B. Testing and Analysis

The system was tested utilize Blackbox Testing
Method. It was necessary to ensure the system works
properly. Blackbox Testing is one of testing method to
measure system functionality based on suitability in
completing task of requirements. The proposed system is
tested in 3-4 days based on the previous research [21].

Table I shows the functional requirements of the
proposed system along with the test results. Based on
some experiments that have been done the system works
effectively and optimally.

Mareover, the web-based also tested employs User
Acceptance Test (UAT) to verity whether the proposed
system is proven to fulfill customer needs.

Table II illustrates questions of Likert Scale that
consist of 5 answer which are Strongly Agree, Agree,

Neutral, Disagree, and Strongly Disagree. Each answer
has own point, start with Strongly Agree has 5, Agree has
4, Neutral has 3, Disagree has 2, and the last Strongly
Disagree has 1 point respectively.

The UAT distributed to customers who have
purchased greenhouse products and interact directly
during the cultivation process. The result obtained is 43
out of 45 points. Furthermore, the percentage points are
calculated using (2). The a denotes obtained point offthe
UAT, whereas b is total point of the questionnaire. The
results show that the accuracy of the proposed system is
05.55%. It is proves that the proposed method is
adequate to meet people's needs regarding the access to
organic vegetables effectively.

y :E" 100% (2

TABLE 1
FUNCTIONAL REQUIREMENTS OF PROPOSED SYSTEM
No. System Requirements Date of Testing Status
1 System capable to capture soil moisture 17-20 September 2022 Valid
2 System capable to expose soil condition in 17-20 September 2022 Valid
real-time
3 System capable to irrigate vegetables 17-20 September 2022 Valid
properly
4 System capable to display vegetables name, 17-20 September 2022 Valid
price and description in a website clearly
5  System capable to show users feedback 17-20 September 2022 Valid

TABLE I
LIST OF QUESTIONS IN LIKERT SCALE OF USER
ACCEPTANCE TEST
No. Questions
1 The website shows the home page attractively.
2 The website shows all products of greenhouse
in an interesting way.
3 The website displays a brief history of

company clearly.

4 The website displays detail activities of
cultivation phase.

5  The website lists greenhouse production
contact information clearly.

6 The website allows users to write reviews
easily.

7 The website put social media link that is
interesting to follow.

8§ The website publishes articles related to
vegetable cultivation regularly.

9  The website is user friendly interface over all.

122

IV. CONCLUSION

Drip irrigation system utilizing the IoT technology
and website development to market crops are strongly
influential in the fruitfulness of cultivating plants
especially vegetables which are become essential needs.
It is because the proposed system capable to irrigate
lands automatically and effectively through some
experiment that have been carry out. All the things have
important role particularly soil moisture sensor in
recognizing process within the ground in real-time.
Farmer also capable to monitor land condition through
LCD attached to the box that enclose the IoT device. It
is used to ensure whether the system works effectively
according to the actual soil moisture level. The proposed
system does not employ a complex method such as
Fuzzy Inference System, Machine Learning and many
more due to delays during the analysis of moisture level
such as in previous research. Soil Moisture Sensor is the
sensing device that implement in this regrch since soil
fertility is main focus in this research. Based on some
experiment that have been done, the proposed capable to
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work effectively. It can be seen from some requirements
that have been completed and User Acceptance Test
(UAT) which reached 95.55%. Meanwhile, crops are
widely marketed through the website that developed
particularly. Buyers could observe the quality of
vegetables online since it published start from planting
to harvest phase. It was inattention in some previous
studies which only discussed the cultivation process. In
fact, even though the vields are satisfactory and superior
if they are not trade properly then crops will be spoil
quickly and of course harm farmers in following day.
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