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Abstract— The 10T (Internet of Things) based
agricultural convergence technology is a technology to
create a high value such as improvement of production
efficiency, quality increase of agricultural products in
the whole process of agricultural production. The
growing demand for food in terms of quality and
guantity has increased the need for industrialization and
intensification in the agriculture field. Internet of Things
(1oT) is a highly promising technology that is offering
many innovative solutions to modernize the agriculture
sector. Research institutions and scientific groups are
continuously working to deliver solutions and products
using loT to address different domains of agriculture.
This paper presents a systematic literature review (SLR)
by conducting a survey of 10T technologies and their
current utilization in different application domains of
the agriculture sector.
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. INTRODUCTION

Internet of Things (loT) is promising to provide the same
benefit through its innovative technologies and giving a way
to enhance the user’s perception and ability by modifying the
working environment. loT offers multiple solutions in
different domains such as healthcare, retail, traffic, security,
smart homes, smart cities, and agriculture. 1oT deployment
in agriculture is considered the ideal solution because in this
area there is a need for continuous monitoring and
controlling. In the field of agriculture, 10T is used at different
levels in the agriculture industrial production chain[1]. The
main applications of loT in agriculture are Precision
Farming, Livestock, and Greenhouses, which are grouped
into different monitoring domains. All these applications are
monitored with the help of different loT-based
sensors/devices by using wireless devices that helps the
farmers collect relevant data through sensing devices. Some
loT-based setups analyze and process the remote data by
applying cloud services, which helps the researchers and
agriculturists make better decisions[2]. Moreover, 10T-based
agricultural monitoring solutions have been identified based
on the sub-domains to which they belong. The identified
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sub-domains are soil monitoring, air monitoring, temperature
monitoring, water monitoring, disease monitoring, location
monitoring, environmental conditions monitoring, pest
monitoring, and fertilization monitoring [3]. data collected
about different agriculture parameters is transmitted to the
user by trigger alerts or sending recommendations to
authorities via messages.

Therefore, it is important to collect, summarize, analyze, and
classify the state-of-the-art research in this area. The purpose
of this research is to present a comprehensive systematic
literature review in the field of 10T agriculture

. BACK GROUND

Researchers have proposed different 1oT-based technologies
in the agriculture field that are increasing the production
with less workforce effort. Researchers have also worked on
different loT-based agriculture projects to improve the
quality and increase agricultural productivity. loT-based
agricultural techniques have been identified from the
literature, which have been summarized in this section.

A real-time rice crop monitoring system has been designed
to increase the productivity [4]. The crop monitoring system
has been presented in [5], which collects the information of
rainfall and temperature and analyzes it to mitigate the risk
of crop loss and enhance crop productivity. A low-cost
Bluetooth-based system has been proposed in [6] for
monitoring  various agricultural variables such as
temperature by using a microcontroller that works as a
weather station. The proposed system is best for monitoring
real-time field data. A smart sensing platform based on
ZigBee has developed by [7] for monitoring different
environmental conditions such as humidity, temperature,
sunlight, and pressure.

M. AGRICULTURE APPLICATIONS

IOT agriculture solution consist of multiple monitoring
,controlling, and tracking applications that measure several
type of variables such as air monitoring, soil monitoring,
water monitoring, Disease Monitoring, Environmental
Condition Monitoring, Crop and Plant Growth Monitoring,
Temperature Monitoring, Humidity Monitoring, Monitoring
Gases in Greenhouse, Fertilization and Pest Control,
Greenhouse Illumination Control, Location Tracking
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Air Monitoring

The aim of this sub-domain is to evaluate and determine the
air condition in order to prevent from damaging effects. In
[8]an loT-based agricultural air, humidity, and temperature
monitoring system has been proposed. This system offers a
real-time microclimate monitoring solution that is based on
WSNSs. The system consists of a temperature and humidity
sensor that is supported by a communication technology
called ZigBee and powered by solar panels.

Soil Monitoring

In this sub-domain [9] proposed solutions for soil moisture
and temperature monitoring in the fields using WSN. Soil
monitoring sensors allow farmers to collect data about
moisture, temperature, and other metrics over time to track
trends and predict irrigation needs.

Water Monitoring

The studies that have been categorized in this sub-domain
intend to monitor water quality or water pollution by
sensing PH, temperature, and chemicals, which can change
the normal conditions of water. In [10], an loT-based
solution has been presented to monitor the water quality by
measuring temperature, conductivity, and turbidity. This
solution based on WSN combines sensing devices and
monitors the multiple parameters of water in urban areas. A
web-based decision support system has been proposed in
[11] that use sensors to measure temperature, solar
radiations, humidity, and rainfall for irrigation monitoring in
olive fields

Disease Monitoring

The LOFAR-agro Project is the best example for crop or
plant monitoring [12]. This project protects the potato crop
by monitoring different climate conditions such as
temperature and humidity through WSN. The proposed
system protects the crop by analyzing the collected data
from fungal diseases.

Environmental Condition Monitoring

An environmental condition monitoring system is proposed
in [13] that measure the spatial sampling of humidity
sensors using WSN. To determine the behavior of 2D
correlation, a historical database is being used in the
proposed system.

Crop and Plant Growth Monitoring

In this sub-domain, farmlands have been analyzed by using
the mobile sensors presented in [14].The essential purpose
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of this proposed system is to monitor the growth of grapes
and control plans for viticulture activities.

Temperature Monitoring

Soil temperature plays a vital role in crop productivity. In
[15], a system has been proposed to monitor the amount of
nutrients between surface and ground water. To measure the
quantity of nutrients in soil, electrochemical impedance was
applied. Soil test results are monitored through an
inductance (L), capacitance (C), and resistance (R) (LCR)
meter, and the results are calculated via standard library
measurements.

Humidity Monitoring
The humidity level is measured in air by using multiple
humidity sensors. An inappropriate amount of humidity

leaves a negative impact on plants regarding cell growth
[16].

Monitoring Gases in Greenhouse

Agriculture and greenhouse gases are related to each other.
The excessive amount of gases in a greenhouse increases the
temperature, which directly impacts the agriculture
productivity. To monitor the greenhouse gases and CH4, a
WSN and solar powered Unmanned Aerial Vehicle (UAV)
system has been presented [17].

Fertilization and Pest Control

In this domain, an loT solution provides conservation
approaches to improve the quality of the crops and amount
of nutrients usage. An online climate monitoring system has
been presented for greenhouses to monitor pests, irrigation,
fertilization, and climate [18]..

Greenhouse Illumination Control

An automated agriculture system is developed to monitor
the growth of cabbages and melons in greenhouses [19].
The designed system monitors the crop growing process and
controls the greenhouse environmental conditions such as
temperature, ambient light, and humidity

Location Tracking

This sub-domain referred to the tracking and tracing of
animal locations and any unwanted movement all over the
field. Different monitoring devices and sensors have been
deployed in the field to save the crop from theft and wild
attacks. For agriculture, an intrusion detection solution is
presented in [20] that generates an alarm and sends a text
message to the farmer’s mobile when an unwanted
movement happens in the crop field.
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V. SENSOR ANDS ITS OPERATIONS

Infirmity Devices Operations

Sensor

PH Sensor To monitor the exact amount of nutrients
in soil, PH sensors are used, which is
efficient for the healthy growth of plants
and crops .

Gas Sensor Through the observation of infrared
radiations this sensor measures the exact
amount of toxic gases in livestock and
greenhouses

Motion The sensor is used to track/trace the

Detector location of animals and field, moreover it

Sensor also detect the motion of an unwanted
object in the field or farm and generate
alerts to farmer for timely action and
preventing crop loss

Ultra  Violet | An ultra violet sensor monitors the UV

Sensor & | rays for the effective growth of crops.

Passive PIR sensor, a motion detector is fixed that

Infrared (PIR) | traces the range of a person’s movement

Sensors in the field. The sensor also has a light
detection property: while tracking an
object, it changes the rising temperature
into voltage for analyzing crop growth

Soil Moisture | The soil sensor measures the quantity of

Sensor water and level of moisture all over the
field

Temperature Changes in the soil temperature affect the

Sensor absorption soil nutrients & moisture .it’s
also monitor the temperature

Humidity To sense the level of humidity in air, this

Sensor sensor directly measures the temperature
and moisture content in the air

I0T COMMUNICATIONS PROTOCOLS

information and identify the object location, an RFID tag has

A large number of 10T communication technologies are
being utilized within 10T applications due to their low cost,
wide coverage range, and low energy requirements as
compared to other long-range communication technologies.

Message Queue Telemetry Transport protocol (MQTT)

MQTT used to send and receive sensor information. In [21],
a MQTT protocol has been used to solve the irrigation
problem that controls the water pump action and transmits
the status of water pump and soil moisture conditions to a
user’s mobile application and web page.

Radio Frequency Identification (RFID)

RFID records information by assigning a unique number to
each object individually and tracking their location. This
protocol identifies environmental conditions such as
moisture level and temperature conditions. To track crop
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been used [22].

Zig Bee

One of the top IEEE 802 standards developed by the ZigBee
alliance has a long-range battery life. This technology fulfills
the demand for quick throughput by offering high-speed data
transfer for applications such as agriculture [23].

WiFi

WiFi is a standard part of a wireless local area network
(WLAN) that is used to exchange information over the
internet wirelessly The communication range of WiFi is 20—
100 m and the data transmission range is 2-54 mbs. In the
field of agriculture over an ad hoc network, WiFi broadens
the utilization of heterogeneous architectures connecting
different types of devices [24].
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Bluetooth

Bluetooth is a low-cost, low-power technology that is based
on IEEE 802.15.1 standard and used for communication over
short ranges i.e., 8-10 m. This technology is suitable for
multi-tier agricultural applications due to its ubiquitous
nature [25].

Worldwide Interoperability for Microwave Access (Wi
MAX)

It is a wireless communication that is based on an IEEE
802.16 standard whose transmission range is 50 km and the
data rate is 0.4-1 Gbps (IEEE Standard for Local and
metropolitan area networks, 2011). WiMAX is suitable for
monitoring and controlling different agricultural applications
such as monitoring farming systems, crop area border
monitoring, and controlling gates, lights, water pumps, and
the remote diagnosis of the farming systems. The Ministry of
Food and Agriculture, Ghana (MOFA) has utilized WiIMAX
and WiFi technologies so that user has choice of selecting
WiFi or WiMAX to establish network connections [26].

V1. IOT PLATFORMS
10T Real Data Cloud | Data | Develope
Platforms | time Visuali | service | analy | rcost
data zation type tics
captur
e
Ubodots Yes Yes Public | Yes Free
(http://ubid
0s
.com/)
Thing Yes Yes Public | Yes Free
Speak (MatLa
(https://thin b)
gs
peak.com/)
ThingWorx | Yes Yes Private | Yes Pay  per
(www:thing (laasS) Use
wo
rx.com/)
Plotly Yes Yes Public | Yes Free
(https:/iplot (MatLa
ly b)
/)
Adafruit 10 | Yes Yes Public | Yes Free
(https://io.a
dafruit.com
)
Nimbits Yes Yes Hybrid | Yes Free
(Www.nimb (MatLa | e
its. b)
com/)
Connecterr | Yes Yes Private | Yes Pay  per
a (laaS) Use
(www.Con
nect
erra.io/)
Axeda Yes Yes Private | Yes Pay  per
(www.axed (1aaS) Use
a.c
om)
Xively Yes Yes Public | No Free
(https://xive (loTaa
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