
Recycle Strategies to Deal with Metal
Nanomaterials by Using Aquatic Plants
Through Phytoremediation Technique
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Abstract An expanding need for nanotechnology in different enterprises may
cause a vast situation scattering of nanoparticles in the coming years. The most
widely recognized recuperation technique utilized so far includes using magnets to
isolate iron-containing nanoparticles from complex blends, including wastewater.
A few strategies have additionally been produced for the extraction, partition, and
re-utilization of costly gold nanoparticles from various fluids. Pollution of multiple
contaminants similar to metal nanoparticles (MNPs), Cu, Ni, Zn, Cd Ag, Pb, etc.
exists well known to cause toxicity on the aquatic ecosystem. Macrophytes like
Trapa spp., Lemna spp., Eichhornia spp., Vallisneria spp., and Pistia spp., etc., will
be used to remove the MNPs from the contaminated water in an eco-friendly and
cost-effective way. Phytoremediation has been effectively actualized in various
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Chapter 13
Factors Associated with COVID-19 
and Predictive Modelling of Spread Across 
Five Urban Metropolises in the World

Arvind Chandra Pandey, Bikash Ranjan Parida, Shubham Bhattacharjee, 
Tannu Priya Wasim, Munizzah Salim, and Rahul Kashyap

13.1  Introduction

Severe acute respiratory coronavirus 2 (SARS-COV-2) was identified in Wuhan, 
China, in late December 2019 and caused an outbreak of the pandemic from the 
beginning of the year 2020 [1]. The novel coronavirus COVID-19 spread rapidly to 
188 countries in the early months of 2020, and WHO declared Public Health 
Emergency of International Concern (PHEIC) on the 30th of January 2020 [2]. As 
of 5 October 2020, more than 35 million cases and 1.03 million deaths have been 
reported across the world [3]. The most affected countries concerning the number of 
COVID-19 cases were the USA, Brazil, Russia, India, the United Kingdom, Spain, 
Italy, France, and Germany [2]. To control the spread of novel coronavirus, the gov-
ernment has undertaken rigorous containment measures mostly in early and late 
March 2020, and such actions were partial to total lockdowns of economic activities 
and citizen mobility. The break of economic activities has led to a decline in the 
burning of fossil fuels and fumes from sclerotic traffic across the world. These mea-
sures have led to the reduction of atmospheric pollution and at the same time 
improvement of air quality index across the world [4–6]. The lockdown measures 
have led to a decline in the spread of infections over majorly affected countries but 
not to end the epidemic. The whole world is eager to know its end. Thereby, the 
influence of weather variability, built-up city patterns, and population density is of 
major interest on the spread of novel coronavirus across cities.

The outbreak has caused a healthcare crisis globally. The government in many 
countries has adopted various steps to reduce the transmission and to relieve the 
pressure on the healthcare system. According to researches on China and South 
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Optimal Use of Land and Water
Resources of a River Basin: Case Study

Prabeer Kumar Parhi

Abstract Due to quick rise in population and rapid urbanizationmorewater needs to
be diverted for domestic and industrial use thus decreasing the allocation of water for
irrigation in the near future. Therefore it is the need of the hour to optimally allocate
available land and water resources for irrigated agriculture in a river basin so that
maximumbenefits from the available resources are received. In view of the above in a
given agro-climate region, an optimal cropping pattern can be developed such that the
return from the available land resources is maximizedwithminimum consumption of
available water for irrigation. Hence the present study aims at maximizing net return
from the cultivable crops in a command area by satisfying land availability, Irrigation
water requirement, surface, ground as well as total water availability and minimum
and maximum crop area constraints considering the projected population by the year
2051 AD. For the purpose of analysis, the Brahmani Basin in Odisha State has been
considered as a case study. For the purpose of optimization Linear Programming
(LP) model has been used. The Software package Language for Interactive Discrete
Optimizer (LINDO) has been used for solving the LP model. For estimating crop
water requirement, the guidelines of Food and Agricultural Organisation (FAO) have
been considered. The optimal cropping pattern so developed utilizes 3186.95 MCM
water and generates a net profit of Rs 183489.2 lakhs against the existing cropping
pattern which uses 4033.21 MCM of water and generates a net profit of Rs 114930
lakhs.

Keywords Cropping pattern · Optimization technique · Linear programming ·
Brahmani Basin
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Quarkonium dissociation properties at finite chemical

potential in relativistic heavy ion collisions
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Abstract. Using the quasi-particle Debye mass we have mapped the quarkonium properties at

finite baryonic chemical potential which is obtained by approximated medium modified potential

at T = 0 through the dielectric function. We study the dissociation temperature and baryonic

chemical potential dependence of binding energy of heavy quarkonia states for full QCD case

and estimated the ground state patterns of the J/ states.

1. Introduction
The study of quarkonium properties in relativistic heavy ion collisions is useful for varifying the

existance of a Quark-Gluon Plasma (QGP) [1]. As we know that bound state of quarkonia via

J/ or ⌥ mesons have larger life time comparatively to the medium produced in nucleus-nucleus

collision. The potential models are used to calculate the binding energy using Schrodinger

equation in which a potential is modified by the fourier transformation,which is medium

dependent at finite temperature and baryonic chemical potential [2, 3]. In strongly interacting

QGP [4],we can considers all possible hadronic particles even at T > Tc and explain non-ideal

behavior of QGP near Tc. It is assumed that once the charmonium dissociates the light quarks

combining with the heavy quarks by hadronization,if the charmonium states are dissociates [5].

Therefore 60% of the observed J/ ’s particles comes from in a hadronic collisions and the

remaining coming from the decays of �c and the  0
,excited charmonium states. Since each cc̄

bound state dissociates at a di↵erent temperature with the point of reproducing the charmonium

suppression pattern in the heavy ion collision [6, 7, 8, 9]. At finite temperature there are two

speculative lines of studies to determine the quarkonium spectral functions which are potential

models [10] and lattice QCD [11]. In this present work,we have studied quarkonia dissociation

properties at finite chemical potential using quasiparticle debye mass [12]. For this we have

studied both perturbative and non-perturbative term in cornell potential to get the heavy

quark chemical potential through dielectric function at finite temperature and baryonic chemical

potential. To describe these bound states of quarkonia we need exact potential obtained from

lattice QCD,like the cornell potential at T = 0,has been derived from perturbative non-quantum

chromodynamics from the zeroth order metching co�cient. Because of various di�culties arises

in the a↵ective field theories at the finite temperature extension, the lattice base potential

becomes important. Till it is an open Question,which energy that is free energy or internal energy

taken as potential which describe the bound state of quarkonia. We have studied quarkonium

dissociation in the quark matter of high baryon density and minimum temperature by using

quasiparticle Debye mass,for that purpose we have using the heavy quark chemical potential













A Study on the Vertical Pullout Capacity
of Suction Caisson Foundation in Sandy
and Clayey Soils

Suchit Kumar Patel and Baleshwar Singh

1 Introduction

Suction caisson foundation is an adequate alternative foundation for offshore struc-
tures including offshore wind turbine and offshore oil and gas platform. Its simple
installation procedures and overall economymakes it a dependable foundation option
compared to the conventional pile foundation especially in the higher water depth
[1]. Suction caissons are concrete or steel cylindrical structure with larger diam-
eter, open at bottom and closed at the top. Installation of suction caisson initially
starts with self-weight penetration where caisson is permitted to enter the seabed
under own weight. The self-weight penetration is followed by suction assisted pene-
tration up to the required depth in seabed. In suction assisted penetration, suction
pressure is generated inside the cylindrical chamber by pumping out the water from
within the caisson chamber. This generates a differential pressure across sealed top,
causing a downward hydrostatic force, which acts on the caisson top and pushes it to
desired depth. The overall installation process takes a relatively short time and is not
weather dependent. Larger diameter of suction caisson makes it to attain significant
horizontal holding capacity. Suction caissons have been used for various offshore
structures including single buoy moorings [2], tension leg platforms [3], jackets [4],
deepwater subsea structures [5] and for anchoring some deep water submersible
platforms [6].

Under severe environmental conditions, the acting tensile pullout load on suction
caisson develops a passive suction pressure in pore water of soil beneath the caisson,
providing the resistance against the pullout. Due to prolonged pullout loading, the
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Experimental Analysis of Ignition Delay
in Dual Fuel Diesel Engine
with Secondary Fuel

Chandra Bhushan Kumar, D. B. Lata, and Dhaneshwar Mahto

Abstract In the present researchwork, experimentswere conducted on four cylinder
water-cooled DI compression ignition diesel engine with diesel as base fuel, LPG
and hydrogen gas as substitute fuel. For the experimental work, diesel engine was
modified to run on base fuel diesel and secondary fuel gas. The experiments were
conducted to measure the variation of pressure, ID period at varied conditions of load
and different substitution of diesel with LPG and hydrogen fuel with and without
EGR at rated speed. For the comparative study, the experimental result of ID was
compared and contrasted with Hadenberge-Hase equation for the diesel engine and
DFD diesel.

Keywords Dual fuel · Dual fuel compression ignition diesel engine · Alternative
fuel · Ignition delay · Exhaust gas recirculation

Nomenclature

DFD Dual fuel diesel
DF Duel fuel
ID Ignition delay
CNG Compressed natural gas
NG Natural gas
NGL Natural gas liquid
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a b s t r a c t

The spray forming technique is one of the emerging technologies that exhibit the near net shape forming
capability of materials with improved mechanical and tribological properties, which enhance the perfor-
mance of the material. This technique has the relatively high rate of deposition and solidification, which
provides the fine size particles and their minimum segregation. Economically benefited, single step spray
forming technique is a flexible and wide range of materials can be produced that are not feasible by any
other techniques. This review paper provides the overview of spray forming technique to produce alu-
minium matrix materials. The major focus has been given to (a) microstructural features, (b) influence
of process parameters, (c) porosity formation and its control and (d) evolution of mechanical and tribo-
logical properties. This review will be conclude the further recommendation for new research and direc-
tion to produce aluminium matrix materials for different applications.
! 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Materials, Processing & Characterization.

1. Introduction

Aluminium is a silvery-white metal produced from alumina. It
is one of the lightest metals in the world, which is almost three
times lighter than iron. Aluminium and its alloys are most econom-
ical, versatile and attractive metallic materials due to its unique
combination of properties [1]. However, aluminium alone is infe-
rior for a diversity of engineering applications, thus various alloy-
ing elements like copper (Cu), Zinc (Zn), silicon (Si), magnesium
(Mg), manganese (Mn) have been introduced to enhance the
mechanical as well as the other properties [2-5]. Aluminium with
other elements exhibits the good mechanical properties, anti-
corrosive & wear properties, high thermal and electrical properties
[6-11].

Aluminium alloys are generally preferred as matrix materials in
the composites, while the second phase is being used as reinforce-
ment having the different morphology such as fibers, whiskers and
particulates. Generally, oxides (ZrO2, SiO2, Al2O3), carbides (SiC,
B4C, TiC), nitrides (AlN, BN), boron, TiB2, AlB2, carbon (coconut
ashes and graphite) are majorly used reinforcement in aluminium
metal matrix composites (AMMCs) in the recent decades [12-15].

Many researchers have been employed diverse routes for manufac-
turing and processing of these composites [16-21].

Aluminium matrix composites/materials fabricated by conven-
tional casting processes possess inferior mechanical properties due
to the weak bonding between the reinforcement and matrix as
well as dendritic structure. Such issues limit the applications of
these materials in different industries. Number of fabrication tech-
niques has been evolved to enhance the mechanical properties as
well as other properties of the aluminium matrix materials, which
has been done with a target to increase the overall performance for
the engineering applications. Although, various researchers have
been used various route to fabricate aluminium matrix materials
such as stir casting [22], stir casting followed by die casting [23],
powder metallurgy [24-26] etc. Conventional casting along with
other casting process (stir casting, compo-casting) is slow solidifi-
cation process, which extend the time of contact between rein-
forcement particles and matrix phase that generate potentially
detrimental reaction products at the interface. On the other hand,
spray forming is the fast solidification technique, which prevents
the interfacial reactions [19]. Uniform distribution of secondary
phase particles and fine microstructure of matrix in the aluminium
matrix materials can be produced through the spray forming tech-
nique, which contributes to improve the good mechanical, physical
and tribological properties [27]. Such spray formed aluminium
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Combustion Characteristics
of Conventional Diesel Engine and Low
Heat Rejection Diesel Engine
with Biodiesel Blends

Sharad P. Jagtap, Anand N. Pawar, Subhash Lahane, and D. B. Lata

1 Introduction

There is overwhelming evidence that enhanced greenhouse effect from human acti-
vates is changing the global climate. To protect the environment, energy efficiency
needs to be adopted and alternative to petroleum/fossil fuel for sustainable develop-
ment is to be developed. Biodiesel is one of the options for motivating renewable
and lower pollution making fuel for internal combustion engine. Hence, it is studied
worldwide by long ago as a fuel for compression ignition engines. Biodiesel can
substitute or blended with diesel fuel and can be used with some or no changes in CE
operation. It is non-toxic, biodegradable and sulfur, aromatics is almost negligible
[1]. Oil derived by crushing of oil seeds is not suitable as engine fuel. It has lower
heating value, high viscosity, and low volatility. Transesterification is mostly used
to reduce viscosity and improve other properties [2, 3]. The engine performance
and combustion characteristics can be improved by applying thermal barrier coating
(TBC) on engine cylinder head, piston crown, and both valves that causes low heat
rejection passing through engine surfaces into jacket cooling water. A wide range of
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Quarkonium dissociation properties at finite chemical

potential in relativistic heavy ion collisions
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Abstract. Using the quasi-particle Debye mass we have mapped the quarkonium properties at

finite baryonic chemical potential which is obtained by approximated medium modified potential

at T = 0 through the dielectric function. We study the dissociation temperature and baryonic

chemical potential dependence of binding energy of heavy quarkonia states for full QCD case

and estimated the ground state patterns of the J/ states.

1. Introduction
The study of quarkonium properties in relativistic heavy ion collisions is useful for varifying the

existance of a Quark-Gluon Plasma (QGP) [1]. As we know that bound state of quarkonia via

J/ or ⌥ mesons have larger life time comparatively to the medium produced in nucleus-nucleus

collision. The potential models are used to calculate the binding energy using Schrodinger

equation in which a potential is modified by the fourier transformation,which is medium

dependent at finite temperature and baryonic chemical potential [2, 3]. In strongly interacting

QGP [4],we can considers all possible hadronic particles even at T > Tc and explain non-ideal

behavior of QGP near Tc. It is assumed that once the charmonium dissociates the light quarks

combining with the heavy quarks by hadronization,if the charmonium states are dissociates [5].

Therefore 60% of the observed J/ ’s particles comes from in a hadronic collisions and the

remaining coming from the decays of �c and the  0
,excited charmonium states. Since each cc̄

bound state dissociates at a di↵erent temperature with the point of reproducing the charmonium

suppression pattern in the heavy ion collision [6, 7, 8, 9]. At finite temperature there are two

speculative lines of studies to determine the quarkonium spectral functions which are potential

models [10] and lattice QCD [11]. In this present work,we have studied quarkonia dissociation

properties at finite chemical potential using quasiparticle debye mass [12]. For this we have

studied both perturbative and non-perturbative term in cornell potential to get the heavy

quark chemical potential through dielectric function at finite temperature and baryonic chemical

potential. To describe these bound states of quarkonia we need exact potential obtained from

lattice QCD,like the cornell potential at T = 0,has been derived from perturbative non-quantum

chromodynamics from the zeroth order metching co�cient. Because of various di�culties arises

in the a↵ective field theories at the finite temperature extension, the lattice base potential

becomes important. Till it is an open Question,which energy that is free energy or internal energy

taken as potential which describe the bound state of quarkonia. We have studied quarkonium

dissociation in the quark matter of high baryon density and minimum temperature by using

quasiparticle Debye mass,for that purpose we have using the heavy quark chemical potential













A Study on the Vertical Pullout Capacity
of Suction Caisson Foundation in Sandy
and Clayey Soils

Suchit Kumar Patel and Baleshwar Singh

1 Introduction

Suction caisson foundation is an adequate alternative foundation for offshore struc-
tures including offshore wind turbine and offshore oil and gas platform. Its simple
installation procedures and overall economymakes it a dependable foundation option
compared to the conventional pile foundation especially in the higher water depth
[1]. Suction caissons are concrete or steel cylindrical structure with larger diam-
eter, open at bottom and closed at the top. Installation of suction caisson initially
starts with self-weight penetration where caisson is permitted to enter the seabed
under own weight. The self-weight penetration is followed by suction assisted pene-
tration up to the required depth in seabed. In suction assisted penetration, suction
pressure is generated inside the cylindrical chamber by pumping out the water from
within the caisson chamber. This generates a differential pressure across sealed top,
causing a downward hydrostatic force, which acts on the caisson top and pushes it to
desired depth. The overall installation process takes a relatively short time and is not
weather dependent. Larger diameter of suction caisson makes it to attain significant
horizontal holding capacity. Suction caissons have been used for various offshore
structures including single buoy moorings [2], tension leg platforms [3], jackets [4],
deepwater subsea structures [5] and for anchoring some deep water submersible
platforms [6].

Under severe environmental conditions, the acting tensile pullout load on suction
caisson develops a passive suction pressure in pore water of soil beneath the caisson,
providing the resistance against the pullout. Due to prolonged pullout loading, the
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Experimental Analysis of Ignition Delay
in Dual Fuel Diesel Engine
with Secondary Fuel

Chandra Bhushan Kumar, D. B. Lata, and Dhaneshwar Mahto

Abstract In the present researchwork, experimentswere conducted on four cylinder
water-cooled DI compression ignition diesel engine with diesel as base fuel, LPG
and hydrogen gas as substitute fuel. For the experimental work, diesel engine was
modified to run on base fuel diesel and secondary fuel gas. The experiments were
conducted to measure the variation of pressure, ID period at varied conditions of load
and different substitution of diesel with LPG and hydrogen fuel with and without
EGR at rated speed. For the comparative study, the experimental result of ID was
compared and contrasted with Hadenberge-Hase equation for the diesel engine and
DFD diesel.

Keywords Dual fuel · Dual fuel compression ignition diesel engine · Alternative
fuel · Ignition delay · Exhaust gas recirculation

Nomenclature

DFD Dual fuel diesel
DF Duel fuel
ID Ignition delay
CNG Compressed natural gas
NG Natural gas
NGL Natural gas liquid
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a b s t r a c t

The spray forming technique is one of the emerging technologies that exhibit the near net shape forming
capability of materials with improved mechanical and tribological properties, which enhance the perfor-
mance of the material. This technique has the relatively high rate of deposition and solidification, which
provides the fine size particles and their minimum segregation. Economically benefited, single step spray
forming technique is a flexible and wide range of materials can be produced that are not feasible by any
other techniques. This review paper provides the overview of spray forming technique to produce alu-
minium matrix materials. The major focus has been given to (a) microstructural features, (b) influence
of process parameters, (c) porosity formation and its control and (d) evolution of mechanical and tribo-
logical properties. This review will be conclude the further recommendation for new research and direc-
tion to produce aluminium matrix materials for different applications.
! 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Materials, Processing & Characterization.

1. Introduction

Aluminium is a silvery-white metal produced from alumina. It
is one of the lightest metals in the world, which is almost three
times lighter than iron. Aluminium and its alloys are most econom-
ical, versatile and attractive metallic materials due to its unique
combination of properties [1]. However, aluminium alone is infe-
rior for a diversity of engineering applications, thus various alloy-
ing elements like copper (Cu), Zinc (Zn), silicon (Si), magnesium
(Mg), manganese (Mn) have been introduced to enhance the
mechanical as well as the other properties [2-5]. Aluminium with
other elements exhibits the good mechanical properties, anti-
corrosive & wear properties, high thermal and electrical properties
[6-11].

Aluminium alloys are generally preferred as matrix materials in
the composites, while the second phase is being used as reinforce-
ment having the different morphology such as fibers, whiskers and
particulates. Generally, oxides (ZrO2, SiO2, Al2O3), carbides (SiC,
B4C, TiC), nitrides (AlN, BN), boron, TiB2, AlB2, carbon (coconut
ashes and graphite) are majorly used reinforcement in aluminium
metal matrix composites (AMMCs) in the recent decades [12-15].

Many researchers have been employed diverse routes for manufac-
turing and processing of these composites [16-21].

Aluminium matrix composites/materials fabricated by conven-
tional casting processes possess inferior mechanical properties due
to the weak bonding between the reinforcement and matrix as
well as dendritic structure. Such issues limit the applications of
these materials in different industries. Number of fabrication tech-
niques has been evolved to enhance the mechanical properties as
well as other properties of the aluminium matrix materials, which
has been done with a target to increase the overall performance for
the engineering applications. Although, various researchers have
been used various route to fabricate aluminium matrix materials
such as stir casting [22], stir casting followed by die casting [23],
powder metallurgy [24-26] etc. Conventional casting along with
other casting process (stir casting, compo-casting) is slow solidifi-
cation process, which extend the time of contact between rein-
forcement particles and matrix phase that generate potentially
detrimental reaction products at the interface. On the other hand,
spray forming is the fast solidification technique, which prevents
the interfacial reactions [19]. Uniform distribution of secondary
phase particles and fine microstructure of matrix in the aluminium
matrix materials can be produced through the spray forming tech-
nique, which contributes to improve the good mechanical, physical
and tribological properties [27]. Such spray formed aluminium
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Combustion Characteristics
of Conventional Diesel Engine and Low
Heat Rejection Diesel Engine
with Biodiesel Blends

Sharad P. Jagtap, Anand N. Pawar, Subhash Lahane, and D. B. Lata

1 Introduction

There is overwhelming evidence that enhanced greenhouse effect from human acti-
vates is changing the global climate. To protect the environment, energy efficiency
needs to be adopted and alternative to petroleum/fossil fuel for sustainable develop-
ment is to be developed. Biodiesel is one of the options for motivating renewable
and lower pollution making fuel for internal combustion engine. Hence, it is studied
worldwide by long ago as a fuel for compression ignition engines. Biodiesel can
substitute or blended with diesel fuel and can be used with some or no changes in CE
operation. It is non-toxic, biodegradable and sulfur, aromatics is almost negligible
[1]. Oil derived by crushing of oil seeds is not suitable as engine fuel. It has lower
heating value, high viscosity, and low volatility. Transesterification is mostly used
to reduce viscosity and improve other properties [2, 3]. The engine performance
and combustion characteristics can be improved by applying thermal barrier coating
(TBC) on engine cylinder head, piston crown, and both valves that causes low heat
rejection passing through engine surfaces into jacket cooling water. A wide range of
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Sustainable Forest Management (SFM) contributes to human well-being by meeting
people's socioeconomic, ecological, cultural, and spiritual needs at local, national, and
global levels. Integrated SFM enhances forests’ carbon value, and maintains or improves
other important local or global ecosystem services to support local livelihoods.
Enhancing the carbon stock of forests has the potential to make a large contribution to
carbon sequestration for climate change mitigation. Forests also aid in the preservation
of groundwater aquifers that contribute signi�cantly to overall agricultural productivity.
The geospatial techniques provide a systematic, consistent picture of earth at regular
intervals that help in detecting land cover changes and revealing biodiversity dimensions.
With the availability of high-resolution satellite data, remote sensing has aided in the
detection and recovery of forest disturbances. Adoption of a landscape-based approach
to comprehensive land use planning, with a focus on forest ecosystem services and their
long-term usage to support local livelihoods may contribute to SFM. Forest management
should be guided by broad environmental and socioeconomic objectives that lead to
ecosystem-based approaches (EbAs) to manage the entire ecological system in a holistic
and integrated manner. The current chapter lays forth a comprehensive approach for
supporting long-term forest management, with a focus on India.
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Abstract

Natural environment are being contaminated by various anthropogenic activities and

developing industrialization. This demands appropriate technologies to remediate

polluted sites. Because of the site-specificity most of the traditional remediation

methods are not economical. Traditional phytoremediation is among the safest and most

effective tools for remediation. However, it is time consuming and could be efficient for

one contaminant but inefficient for another. Limitation of phytoremediating plants such

as incomplete degradation and metabolism of some xenobiotics led to the concepts of

modifying plants and microbes to enhance the conventional phytoremediation process.

This chapter highlights microbe-assisted phytoremediation and developments of new

plant-microbe association for enhancing remediation of harmful compounds, and

discusses the role of transgenic microbes associated with plants which play role in the

process of phytoremediation and decontamination of polluted ecosystems.
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Abstract

A variety of appealing remediation techniques have been used to remove the

contaminants. For this, significant management strategies have been applied to

remediate the polluted soil using soil microbiological processes. This chapter aims to

explore the advantages of microbial augmented phytoremediation for the enhancement

of soil quality that ensure adequate supply of essential nutrients for surplus growth of

agricultural crops with other improved ecosystem services. The microbial augmentation

stimulates the nutrient storage, regulation of plant hormones and enhancement of the

antioxidants. Application of microbes to the soil ecosystem improves nutrient

bioavailability through nitrogen fixation and mobilizing essential elements to the plants

while improving soil structure and decontamination efficiency. This chapter elaborates

and explains abiotic and biotic stress-tolerant soil microbes and their mechanisms of

action in order to improve environmental sustainability.
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Abstract

Intensive mining activities across the globe produce huge amounts of mine waste which

is polluting the soil, air, and water. Acid mine drainage is contaminating soil and water

resources with toxic heavy metals (HMs) along with other potential contaminants.

Through soil, HMs enter the food chain via plant roots uptake and deteriorate the entire

ecosystem. Phytoremediation is an efficient, sustainable and environment-friendly

technology in which plant is used for cleaning up the HMs and other toxic contaminants.

With advancements in sequencing techniques, studies were conducted to assess the

feasibility of microbial communities in assisting the phytoremediation of the

contaminated sites. It is found that microorganisms accelerate the phytoremediation of

the abandoned mine sites significantly. Microorganisms can precipitate toxic metals

inside soils and can promote plant growth on polluted mined soils and tailings. In this

chapter, mine spoiled soil and its management with special emphasis on the role of

microorganisms in assisting phytoremediation of mine spoiled soil has been discussed.

Some case studies where microorganisms facilitated the phytoremediation of

contaminated soil are also reviewed.
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Abstract

Various anthropological activities in developing countries have magnified the heavy

metals (HMs) pollution in the soil and turned it to be a matter of serious concern for the

environment. The accumulation of these noxious compounds in the surroundings has

forewarned the advancement and health of living creatures through its mutagenic and

carcinogenic nature. Arbuscular mycorrhizal fungi (AMF) associated with

phytoremediation is an appealing approach for plant-based clean-up of the environment

amongst the remediation approaches used for the restoration of polluted soil. Arbuscular

mycorrhizal establishes symbiotic relationship with the plants which are significant in

the renovation of tarnished ecosystems. AMF are not only utilized for facilitating

vegetation establishment and sustenance in HMs polluted soil by defending but also

boosted the process of bioremediation of soil by posturing telluric activity of microbes

and refining soil composition. This phytotechnology is yet in its infancy and small-scale

research has been conducted on matured polluted soils though its in-situ efficiency still

remains unestablished. This chapter presents information about the impacts of HMs

pollution on the ecosystem, the effectiveness of AMF symbiotic association and its part in

the phytoremediation of HMs polluted soil.
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14.1 INTRODUCTION 

Over the recent decades, the changing climate has been among the most crucial topics 
worldwide. The increased concentrations of greenhouse gases (GHGs), aerosol loads in the 
atmosphere, and changes in land use and land cover (LULC) patterns are leading to global 
warming trends (Solomon et al., 2007; Shukla et a., 2019). The most important factor for 
climatic studies in a region is its variability in temperature (Dimri and Chevuturi, 2014). One 
of the major indicators of climate change and variability is change in terrestrial vegetation. 
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This paper presents a simpli�ed data acquisition system for the photovoltaic (PV)
module. The proposed work deals with the measurement of PV module electrical
parameters under real-time outdoor conditions. The developed prototype is based on
open-source software and hardware, which makes it cost-e�ective. It uses Arduino Uno
and Python for data acquisition and post-processing under real-time working condition.
The developed data acquisition system displays the current-voltage and power-voltage
curve in real-time condition. It also computes module parameters such as short-circuit
current, open-circuit, �ll factor, and maximum power from the acquired data. An
electronic load using N-Channel Power MOSFET hasbeen realized, which has been
controlled by suitable gate-source voltage. The developed prototype is tested under
uniform illumination and partial shading condition. The accuracy of the data obtained by
the proposed prototype is validated by comparing experimental outcomes with digital
storage oscilloscope data. This study will be helpful for the performance evaluation of PV
module at real-time outdoor condition.
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