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management, soil moisture is crucial fokssistant Professor
maintaining the physicochemicalPepartment of Biotechnology Sapthagiri
biological, agronomical, ecologicalCollege of Engineering
hydrographical, and geomorphic soBangalore, Karnataka, India.
features. The framework for managinghaitrabs@sapthagiri.edu.in
irrigation and making efficient use of
available water resources is provided Wyr.Gouri Mirji
the soil moisture detection system. MRAssistant Professor,
contributes  significantly to PrecisiorDepartment of Biotechnology Sapthagiri
Agriculture (PA) by constant monitoring ofCollege of Engineering
humidity and moisture content data in reaBangalore, Karnataka, India.
time. The high cost, the necessity of sitgourimirji_bt@sapthagiri.edu.in
specific measurement, poor performance,
and small sampling capacity of soiDr.SowmyaC
humidity sensors limit their applicationsAssistant Professor,
The objective is to investigate th®epartment of Biotechnology Sapthagiri
effectiveness of all soil moistureCollege of Engineering
monitoring systems in addition to th&angalore, Karnataka, India.
developments in novel detection method®wmya@sapthagiri.edu.in
and to assess their applicability in
agricultural soil management. Based on
their performance and design, a study of
the benefits and drawbacks of soil moisture
detectors is conducted. The development of
sensor systems has led to an improvement
in detection approaches by utilizing a set of
technologies, including Wireless Sensor
Networks (WSN), Internet of Things (loT)
and Remote Sensing (RS). The diverse RS,
loT, and WSN techniques utilized in
Precision Agriculture are covered in this
overview, along with their effects on the
progress of "smart agriculture.” This paper
conducts a rigorous review of the WSN,
RS, and agricultural 10T research status. To
achieve smart and intelligent agricultural
production, the study also focuses on the
optimization of environmental parameters,
such as soil property monitoring and
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I. INTRODUCTION

Soil is the top-most geological component on taghés crust, which provides water
and nutrients for plant growth. It has a huge digance in the field of agricultural
management. There are various soil parametergiafjguant growth and development, such
as soil- moisture, soil- temperature, and soil pigacarbon sequestration (SOC
sequestratiori}!

Soil- Moisture is the quantity of soil- water, theonstitutes the dampness and
humidity in the soil. It is important in climate mdeling and weather forecasting. It is a
significant aspect in the determination of net ¢jehnd in considering the characteristic
behaviours in the conduct of water content. Fingirgcise soil- water contents is limited due
to the several variants affecting the quality sashsalinity, thermal aspects of soil, the
assembly of soil particles, including saturatiorsoif particles. Soil- Moisture Sensors (SMS)
are chiefly used as the support for cultivatorshiea scheduling of irrigation and freshwater
management.

Efficient water- management is becoming incredsicgucial for farmerd” Water is
a vital tool in the process of cultivation, henappropriate supervision of irrigation acts as a
critical factor in atmospheric changes. The cajghilf agri-business to retain profitability
amidst calamitous events, and to obtain informabanirrigation is remarkably important
with the application of soil- moisture sensors. Titiézation of sensors is intensifying in all
arrays of agricultural activities. The competencal autcome of mounted sensors in
precision agriculture and ecological applicatiores roteworthy?

II. SOIL MOISTURE SENSORS (SMS)

The Soil- Moisture Sensor is an instrument coupldth an irrigation system
regulator that estimates soil moistness in thevaaone of the roots. The estimation of soil
moistness that is given by electric- resistivitygsapreferred by cultivators. It was because of
the ease to attain accurate results with negligéffert!? Consequently, resistivity-based
soil- moisture sensors are also used in a greeehs®igp. Sensors are constantly subjected to
adjustments to increase their performance in assegs™ Soil- moisture detectors provide
a mode to expand production efficacy. Nevertheldssy are still challenging to adopt such
[%]oproaches due to the cost inefficiency and theratgsof soil-specific calibration relations.

I11.PRECISION AGRICULTURE (PA)

The agricultural farm management method, that da&s and technology to ensure all
necessities of crops and soil, to maintain thetinogm strength and productivity, is called
Precision Agriculture (PA). The key objective oétimethod is the utilization and integration
of various technologies to produce high-yield, paiifle and sustainable crops while
preserving the used resouré&she practice of PA leads to:

1 Maximum crop production

2 Preservation of resources
3 Profitability
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4 Sustainability
5 Environmental protection.

Figure 1: New Paradigm for Precise Agricultufé

IV.EVOLUTION OF SOIL MOISTURE SENSING TECHNIQUES

Smart and Integrated

Classical / Conventional Soil Moisture Sensors
Techniques using RS, IoT & WSN
@ i @ 6]
Modern Techniques
using Sensors

Figure 2: Evolution of Soil Moisture Sensing Techniques
V. CLASSICAL / CONVENTIONAL SOIL- MOISTURE SENSING TECHNIQUES
Conventional soil moisture detection involves temoval of moisture- content from
the soil analyte by either the process of evapamatir a chemical reaction. This class of

techniques includes thermo- gravimetric and calchambide reagent techniquésThere are
various other spectroscopic methods to estimatedhenoistness quantity.
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Figure 3: Classical/ Conventional Soil- Moisture Sensing Teghes

1. Thermo- Gravimetric Technique (Oven-Drying): The thermo- gravimetric technique is
also termed as an oven- drying. It is generally leggal for the measurement of soil
humidity. It is the standard reference in the deteation of soil- water content. In this
method, moist soil is taken as a sample and is s¢pdo oven- drying for 1 day, at
105°C, and the dry mass of the soil sample is subséiyuexcorded.

Figure 1: Thermo-Gravimetric Technique of Soil Measurent@&nt
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water content = ——2 x 100
Wa—Wq
Where,
w, - Weight of empty container
W, - Weight of sample (wet soil + contamner)
Wy - Weight of sample after 24 hours inthe

oven (dry soil + container)

2. Calcium Carbide Technique:

Figure 2: Calcium Carbide Testéy

The calcium carbide reagent method is a rapidrgstiethod that may be used
in the field or in a lab to determine how much mais is present in the soil. The
developed gas pressure determines how much sodtumeiis present in the specific wet
or moist soil. This results from the reaction betwehe chemical reagent of Calcium
Carbide with the soil- water. Acetylene is releaasa gas, that is directly proportional to
the quantity of readily obtainable soil- moistuaed it can be measured inside a sealed
chamber. A pressure gauge device is used to metmiepparent moisture- content. It is
typically calibrated using the gravimetric soil msiire content. This approach does not
yield characteristic findings because a few volumiethe water may be stuck within the
soil clumps, which may not interact with the Cafni€arbide reagent in very plastic clay
soils or other unbreakable soil particles. Additiltyy a 2 g sample takes roughly 2.2 g of
calcium carbide and highly qualified staff are regktb conduct the tests.
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0=W-(a/7w)

e =2 Volumetric soil moisture content
w = Gravimetric soil moisture content
Ya =2 Dry-umt weight of the soil mass
Y = Unit weight of water

VI.ADVANCED SOIL- MOISTURE SENSING TECHNIQUES

Current soil- moisture sensing methods investigia¢esoil's electric properties like
dielectric property, impedance, capacitance, aritl registance. The application of high
electrode potential, the exposure of infrared ragd microwaves and various radioactive
methods like neutron scattering technique, gamnya’ rattenuation, and other optical
methods are also adopted. Unlike the exposureftarad rays, the amount of soil- water can
be determined in both laboratories and in- situiaations using these methoéfb.

[ MODERN SOIL MOISTURE MEASUREMENT TECHNIQUES ]
v -
¥ ¥ -~
IN SITU INVASIVE SOIL MOISTURE SENSORS EMERGING MOBILE AND NON-INVASIVE
SOIL MOISTURE SENSORS
A

¥

1. DIELECTRIC TECHNIQUES

1. HEAT FLUX SENSOR (DUAL FROBE HEAT
PULSE (DPHP))

3. TENSIOMETER

4 IN SITU FIBER OPTIC APPROACHES

5. RADIO FREQUENCY IDENTIFICATION
(RFID)

6. INVASIVE OPEN-ENDED ANTENNA
(RADAR) MICROSCOPE

7. IN SITU PAIRED TRANSCEIVER
APPROACHES

8. SEISMOELECTRIC APFROACHES

9. HYDROGELS

¥

1. COSMIC RAY SENSORS

2. ELECTROMAGNETIC INDUCTION (ENT)

3. PORTABLE OPTICAL APPROACHES (Vis -
NIR & NIR)

4. MICROWAVES AND GROUND
PENETRATING RADAR (GPR)

5. GEOGRAPHICAL POSITIONING SYSTEMS
(GPS- IR, GNSS- IR)

6. GAMMA ATTENUATION TECHNIQUE

7. ELECTRICAL IMPEDANCE SENSOR

8. MICRO- ELECTRO MECHANICAL
SYSTEM (MEMS)

Figure 4: Modern Soil Measurement Sensors
1. In- Situ Invasive Soil Moisture Sensors:

* Didectric Methods of Soil- Moisture Measurement: Time Domain Reflectometry
(TDR), Frequency Domain Reflectometry (FDR), anteotcapacitance techniques
are the most important methods that exploit thdedigc properties to measure
humidity and soil dampness. The principle behind thethod is the huge difference
between the dielectric constant value of soil andepwvater. The TDR along with
FDR provides more precise results in shallow doésause of the minimal effect of
temperature on the estimation of electrical pemititin the soil.

* Time Domain Reflectometry (TDR): TDR calculates the permittivity and dielectric
property in the soil-matter by estimating the dekaye between the incident and the
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reflected electromagnetic waves, that is propagatea parallel waveguide, in the
system of inserted probes and conductors. The waes are comprised of a pair of
stainless- steel rods which is fitted from the acefto a depth of 0.3 to 0.6 meters into
the soil matter. The vast difference between thdest dielectric- constant of soil-
water and that of the other components of thessah as soil particle, soil mass, soil
atmosphere and volumetric water content affects thevel- time of the
electromagnetic pulse. Hence, TDR is advantageauss td its high progressive
resolution, the repeatability of measurements,thadapid speed of about 28 seconds
in the acquisition. The frequency of operationpsga 1 GHz frequency.

Oscilloscope Coaxial cable
ey
Pulse

generator

Figurel: TDR®

» Capacitive Techniques and Frequency Domain Reflectometry (FDR): This
techniqgue embeds a sensing module and an osdllaimcuit into the soil. An
operational frequency is determined by the dielegiroperty of the wet soil. The
method estimates the number of times a capacitargels up using the soil as a
dielectric medium. A capacitor is formed by a ceumf parallel electrodes in
capacitance sensors. Under the operative frequaint9 to 150 MHz, the variations
in the soil moisture content are sensed due tanad circuit of oscillator and
capacitor, working together. The FDR utilizes sweeping frequency to collect the
data over a broad range of frequencies. The consemimparable to the capacitive
technique's basic principle. These methods neduktoalibrated frequently and are
particular to the types of soil. These sensors leavelatively lower initial cost than
TDR.

Read out unit Read out unit / \

Oscillator

Oscillator

PVC access ibe
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Figure2: FDR®
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» Heat Flux Sensor (Dual Probe Heat Pulse Sensor (DPHP): A dual probe heat pulse
sensor (DPHP) is a type of heat flux sensor. Témssr comprises of 2 probes: heater
and thermometer probes, used for the measuremenawhetric soil- water content.
This technique depends on the exposure of an ins&at pulse to an inestimable line
source. The temperature rise is detected at a disbaince from the heat- line source.
It has an inverse relation with the volumetric dudlat capacity and direct relation
with the volumetric soil- moisture content.

Direct Current/Heat source

_‘(" Transducer

Heater probe —{ — Thermocouple

Figure 3: DPHP®!

* Tensiometer: Tensiometers are chiefly used for the measurenferapllary tension
and matric potential of the soil matter. The mapitential is estimated directly using
the tensiometer. The tensiometer comprises a peeldr ceramic- cup that is
completely filled with water and concealed insitle soil, at a required depth from
the soil surface. The ceramic- cup is linked with artight water-contained tube
connected to a vacuum device. After the tensiomencealed inside the soil, water
from the perforated cup interacts with the soil penand attains an equilibrium state
through the perforated ceramic- cup. The loss iteweontent causes a hydrostatic
pressure drop, that is quantified by the vacuumogev

Pressure guage

Air tight tube

Porous ceramic cup

Figure 4: Tensiometel®’
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Radio Frequency ldentification Sensors (RFID): An ultra high frequency radio

frequency identification system (UHF RFID) functsorover a broad range of
frequencies(120 kHz -10 GHz). It identifies to meas the labelled objects
automatically. RFID offers very cheap soil- moistudetecting devices such as
discrete labels/ tags/ sensors. They can be usssivply with no power. They can
interconnect over a range of distances. The pa&fB sensors function by utilizing
the generated energy from the reader. It providesafunique ID and an analog
potential as an output signal, that may be utilimedow-watt microcontrollers or

detectors.

C sensor

Figure5: RFID

2. Evolving, Mobile and Non-Invasive Soil- Moisture Sensors ®: Non- invasive soil-
moisture detectors are used for both mobile- mappimpoint- sourcing and monitoring
of the soil- water content. The mobile and non-giva method has the potential capacity
to overcome problems of inconvenient low- volume amgements, non-movable
detectors, time consumption, and unreasonable &sbimof moisture in larger areas.
They are also operatable in stony soils, wheresiwveasensors offer less interaction with
the soil. Disadvantages of the use of non-invasnathods include limited penetration
depth, varied range of penetration- depth to th# swater content, difficulty in
separation of output signals from different layefshe soil, the survey- time, and the
requirement for a high level of operational skills.

Cosmic Rays Sensors. Cosmic rays sensors are commercial, non- invasivapbile
detectors, that naturally estimate the neutronsated by cosmic rays. A neutron
moisture meter is one of the cosmic ray sensorgoliisists of an inert neutron
detector, that is positioned at a few distance Hisjgabove the soil surface, to
measure the emission of rapid, evaporating neuthams the soil surface, into the
atmosphere. Neutrons are released by the collisiomeutrons with the soil's
hydrogen atoms. It is suitable for stony soils. Sehesensors can measure a wide
ground area of approximately 520m-1200 m in diamétence, they may be suited
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for large-scale cultivation of crops on homogenesnis matter. The application drift
towards precision agriculture and irrigation ragiations are yet to be discovered in
the aspect of these sensors.

] Pressure guage

A

Air tight tube

Soil

Porous ceramic cup

Figure 1: NMM @

» Electro- magnetic Induction (EMI) Sensors. Electro- magnetic induction (EMI)
investigation is regularly performed in farming hagues to plot variability in soil-
moisture for either the different soil types or thak soil. EMI surveys conducted,
are easy, rapid, and non-invasive methods. Theyigeoa high spatial resolution.
Specialized skills or knowledge are not essentigbrocess and interpret data when
compared to the other physio-geological strateflies GPR, etc). EMI sensor is an
indirect approach. It responds to the ions or gaticentration in the soil solution and
is not directly sensitive to soil moisture. Thergased soil moisture content increases
the mobility of ions and further rises its apparetgctrical conductivity in the soil

(ECa).

» Portable and Optical Approachesin Soil- Moisture Detection (VisNIR & NIR):
Portable and optical methods involve the use of MR, and vis-NIR, which are
used to estimate a wide array of soil propertiesargely preferred approach for the
measurement of soil- moisture is Vis-NIR in the ganof 400-1000nm. Optical
approaches are generally recommended, becauseeiofctist efficiency, portable
accessibility, and amplified tolerance for the gtelpreparation. The basic principle
is that the changes in the absorption spectrumtrigem the accumulation of water-
films in clay capillaries and on the surface of siod.

* Microwaves- based Ground Penetrating Radar (GPR): GPR transmits and reflects
the high frequency of 1 MHz up to 1 GHz, electrom&tgc microwaves within the
layers of the soil. The estimations of GPR proviiga regarding the dielectric-
property of the subsurfade soil layers. It calculates the travel- time bétground
waves, that propagates from the source of the aatemthe receiver. This calculation
is directly related to the dielectric- constantuealof the soil analyte. It is a non-
invasive approach of measurement with the higtesstlution. It is also utilized for the
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measurement of the variations in the propertiesle€trical permittivity over large
surface areas of the ground. The application of G&#Rimited, because of the
requirement of high intellectual knowledge and tlmm-suitable range of electrical
conductivity in saline soils.

1X I

Object

Figure2: GPR™

» Geographical Positioning Systems (GPS- IR): The two major strategies used in
Remote Sensing as sensors are Global NavigatioglligaiSystem interferometric
reflectometry (GNSS-IR) and Geographical PositigniBystem interferometric
reflectometry (GPS-IR). The receptors utilize tlziations between the incident and
the reflected L- band microwaves (1- 2 GHz freqyearad 15-30 cm wavelength), to
measure the dielectric constant related to soiktnoe. The rise in soil- water content
reduces the frequency by increasing the noise @malsof the reflected waves. The
effectiveness of the calibration is highly affecteg the wavelength. The L- band
microwave can only enter a few millimetres into Wt soil, and up to around 0.05 m
in dry soil, and the diameter of the calibrated sanges from about 100 m for an
antenna fixed at 1-meter height to 660 m for aerama fixed at 20-meter height. The
GPS signals are far, wide, and they measure thle waiter content with the
commercially accessible, manually operated receptith a modifiable antenna
height.

Copyright © 2024 Authors Page | 144



Futuristic Trends in Biotechnology
e-ISBN:978-93-6252-067-8
IIP Series, Volume 3, Book 11, Part 6, Chapter 1
EVOLUTION AND APPLICATION OF SMART SOIL MOISTURE SHSING TECHNOLOGIES IN
PRECISION AGRICULTURE

Figure 3: GPS-IR®

VII.WIRELESS SENSOR NETWORKS (WSNs) IN SOIL- MOISTURE
MEASUREMENT

A wireless sensor network (WSN) is a network tetbgy that is comprised of
several sensors- nodes, that help in detectintgatmlg and calibrating agricultural data. The
data is obtained from the environments where tins@e are deployed and is subsequently
transmitted to the use¥s.

1. General Process of WSN:

« Collection of the soil information

- Survey of the farmland for cultivational improvemen
« Measurement of the water requirement for the crops.
« The frequent determination of the irrigation foos.

Llsers”
Deskiop.Laptop
Lell Pone

Basc

Station

Sensor Nodes

wreless Link

Figure 1: Overview of WSNs"!
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Sensor Mades ,.____@* *

Figure 2: Overview of WSNSs in Precision Agricultuf@

VIII.CLASSIFICATION OF WSN

1. Categoriesof WSN:

Structured WSN: This type of WSN is set up in a specific area aadanfigured
easily whenever there is a problem with the sensades.

Unstructured WSN: This type of WSN is set up in bulk without any semsietwork
architecture. It is mainly located in areas whdreytare out of humans-reach to
collect agricultural data.

2. Typesof WSNs:

Terrestrial WSN - It is installed on the surface of the ground topew the
geological aspects of the land.

Underground WSN - It is installed inside mines, caves, or under theugd to
monitor the soil and moisture conditions.

Underwater WSN - It is installed inside the regions of the ocearriger for the
surveillance of underwater conditions.

Multi-Media WSN - It is installed to collect, access and process imaliia
information such as video, audio or image data.

Moaobile WSN - The sensor- nodes of the mobile WSN can be mowad tne place
to another. It is installed for monitoring the lagwdd underwater conditions.

.APPLICATION OF WSN IN PRECISION AGRICULTURE

Monitoring of Crops: El-kader illustrated a precision agricultural sulteece model for
potato crop€! Soil testing was done using sensor nodes to chéekher the land is
suited for agriculture or not. It also provided moyed facilities for irrigation and
fertilizers.

Irrigation Management: Gutierrez proposed an automated WSN- based imigati
system for the optimization of the water utility fime farm field® It was comprised of
dispersed wireless networks of soil- moisture a@mperature sensors. The system was
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feasible and cost- effective to minimize the amafnwater required for each crop.

3. Environmental Management: Parrilla proposed an Electro- magnetic Inductioseola
soil electric conductivity measuring system forveligroves'® Both the conditions of
moist and dry soil were considered. The efficiemfy48 soil analytes was discussed
based on the water content and the texture ofdihe s

4. WSNs Technologies In Soil Moisture M easurement:

Communication technologiesin WSN: ZigBee, Bluetooth, Wi-Fi, GPRS, WIMAX.
Soil Moisture Sensors: EC-10HS, EC-5, ECHO-EC 20, FDS100, MTS400, 5TM
sensor, TDC220 sensor, VH400 sensor, MPS-1, CS2N;13322.

Crops grown with the application of WSN: Broccoli crop, Orchid greenhouse,
Vineyard, Potato crop, Wheat, Olive orchard.

Operating System for sensor nodes: Tiny OS, Tiny OS 2.0.

Platform for integration of different componentsin WSNs. Arduino platform.
Irrigation model: Automatic Irrigation Model.

X.INTERNET OF THINGS (1oT) IN SOIL- MOISTURE MEASUREMENT

Internet of Things (IoT) is a technology, thatlessigned in combination with sensors,

to monitor the conditions of the crop-field and canaite the irrigation system. The field
conditions are detected and monitored from any epldt consists of sensors and other
software- technologies that collect and transmiiadaver the internet. This data can be
accessed in other computer systems. Therefore, Inte¥net of Things is gradually

transforming into the Internet of Plants in thereat years'™

Figure 1: Overview of 0T
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Figure 2: Architecture of Agricultural 10T
X1.IMPORTANT TECHNOLOGIESIN AGRICULTURAL loT 12

There are various key technologies within the cadtural 10T, that assist in the
detection of soil- water content. They are Sensercgption technology, Information
transmission technology, Information processindgitetogy, Radio frequency identification
and 3S technology. The information is transmittétiee by node location technology or
wireless communication technology. The 3S technplofgagricultural 10T consists of RS,
GNSS and GIS techniques. These act as chief temffieslin the detection of soil- moisture.

XI11.SURVEILLANCE OF SOIL- MOISTURE USING CLOUD loT COMBINED
WITHANDROID SYSTEM

The agricultural 10T process is illustrated with BC-28 soil- moisture sensor with
the Launchpad- CC3200, connected to the Wi-Fi rdiife The process includes the
following steps:

1 The hardware is developed by connecting the semsbwith the Launchpad- CC3200 to
the Wi-Fi router.

2 The soil- water content is estimated by the sensGr28 and M2X.

3 The values are stored in an Excel sheet.

4 The device is connected to a public device and mmoilsture data can be accessed on
another system.

5 The soil- moisture data can be monitored by usilygiBApp on Android mobile phones.
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Figure 1: Process of Agricultural 10!
XIIT1.REMOTE SENSING (RS) IN SOIL- MOISTURE MEASUREMENT

Remote sensing (RS) is an innovative technology Frecision Agriculture
management, that gathers data to assist in enveotaih management. RS utilizes the
electro- magnetic radiation concept to evaluateptioperties of targeted soil parameters like
soil moisture and texture, from a distant pldt®.It is proved advantageous because of its
cheap cost, speed, comparatively high spatial uésal extensiveness, non- invasiveness,
timeliness, and flexibility. Great developments arade in the application of RS technology
for the on-field determination of soil propertfé3.

GPRS

0
WSN node ()

Figure 1: Overviewof RS in PA*!
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X1V.SOURCES OF REMOTE SENSING DATA®!

1. Space- Borne Remotely Sensed Image: Space- borne remotely sensed imaging is an
empowering tool, with a high potential to genertdie spatial mapping of the top-most
soil layer. It evaluates the properties based ersthl- specific background interlinkages,
chemical bonds and electromagnetic properties.

2. Air- Borne Hyperspectral Image: Air- borne hyperspectral imaging is the most precis
tool, to map the spatial soil parameters, withia digricultural- fields. The obtained data
has a large area- coverage from a mission of siitighg, with a suitable flight period. It
can also differentiate the data into the site- sagmbased on the soil properties and its
heterogeneity. This imaging assists in digital-segpping.

3. Unmanned Aerial System (UAS): UAS is the latest advancement in remote sensing
technology. The progress in sensors’ developmetit advancements in dimension and
spectral resolution has led to the minimal costboth cameras and platforms. It is
extensively used because of its combined featurskant revisit time of space- borne and
the high spatial resolution of air- borne systembis resolution covers the diverse
agricultural landscapes.

XV. PROCESSOF RSIN PA

The agricultural data gathering system is a charatic agri-environmental
information surveillance system. This system omsrdtased on the ZigBee communication
technology. This system not only resolves the ati@nal problems efficiently with the soil-
moisture data using WSN sensors- nodes and seeuordlogy but also plays a vital role in
the conservation of water and improvement in peréorce efficiency. In this system, the
sensor node compatible with the 2.4 GHz IEEE 802.i5considered along with a wireless
transceiver chip, CC2430, designed by the TI Cmp€ompany. The base station selected is
the 16/32 RISC- embedded microcontroller along wite S3C2410 chip and ARM920T
kernel. The soil- water content is detected usiigB£e technology and GPRS software and
recorded in the data report. This process is hifgdgible and reliable for the collected soill
data.
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Figure 1: Process of RA in PA®

XVI.APPLICATIONS OF SMART SOIL- MOISTURE SENSORS IN PRECISION
AGRICULTURE

Smart sensors are used for evaluation of soiltteaid optimized plant growtf.
These sensors regulate and automate the irrigatianagement system, thus producing
maximal agricultural production. These sensors, lmoed with advanced technologies,
provide for profitability and sustainability®’. Other applications include catchment
hydrology, flood forecasting, landslide predicticggosystem services and environmental
protection’.

XVII.CONCLUSION

Integrated soil- moisture detection systems aileed in Precision Agriculture for
maintenance of soil- water composition and managémef irrigation. The
classical/conventional techniques of soil- moistiggection included the thermo- gravimetric
technique, the calcium carbide chemical technicare other spectroscopic techniques.
Gradually, sensors started taking the limelight tire field of testing environmental
parameters. Various invasive and non-invasive serm@ used such as TDR, FDR, DPHP,
RFID, Tensiometer, GPR, GPS-IR, GNSS-IR, NMM, an&MSB. WSN, loT, and RS are
various advanced technologies used in combinatitims@il moisture sensors for monitoring
crops, irrigation management, and environmentalagament. The network of sensors with
either WSN, 1oT or RS in Precision agriculture pd®s high yield, profitable and sustainable
crops, thereby preserving the used resources.
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