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Sustainability is the crux that balances the environmental, sociological, and economical concerns for 
improving the standard of living. Broadly speaking, sustainable development can be defined as an 
advancement that meets the current needs without endangering future generations ability to meet 
their own requirement. This book delves into the developmental advancements that meet the current 
requirement without compromising the ability of future generations.

Soil forms the outermost layer on Earth and comprises of a diverse range of organic and inorganic 
components in different stages of development and organization. It also serves as an excellent habitat 
for a wide variety of microorganisms which differ greatly in their physical and physiological 
requirements. Study of the nature of microorganisms living in soil, their functions, and their role in 
influencing soil properties are covered in soil microbiology.

Medicinal plants have an important role in preventing and curing human ailments due to the presence 
of a plethora of bioactive secondary metabolites. These therapeutic plants play a vital role in improving 
the healthcare system of a large number of countries including India, China, Indonesia, Myanmar and 
others. The medicinally important plants are being depleted at an alarming rate due to overexploitation 
and uncontrolled harvesting. It is indispensable to conserve the medicinal plants, which are 
traditionally used in herbal medicines as well as the pioneer of many new drugs and allied products, for 
the treatment of the ailing people.

Pteridophytes are very fascinating group of non-flowering plants. Pteridophytes like ferns and their 
allies have been known to mankind for about 2000 years. They grow exuberantly in humid and 
temperate tropical forests in different ecological and geographical regions of the world. Although 
limited number of reports is available regarding the pharmacological activities of this group of plants 
compared to medicinally important angiosperms, recent research suggests large number of 
pteridophytes to be suitable for use in alternative medicine complying with its familiarity in traditional 
therapies.

Cross pollination is said to be the foundation of pollination ecology. Explosive pollination is one of the 
most interesting events observed among different types of pollination noted in plants. This type of 
pollination is noted in different plants belonging to families Lamiaceae, Papilionaceae, Loranthaceae, 
Rhizophoraceae and Onagraceae. Hyptis is a large genus belonging to the family Lamiaceae under 
the order Lamiales, with about 300 species and occurs as an herb or shrub growing in the warmer 
tropical regions. Many species of Hyptis, belonging to the family Lamiaceae, exhibits the floral 
morphology of having stamens concealed in an articulate corolla lip in a compressed state of tension. 
The violent movement of anthers or stamens and style alone or together with restraining petals is the 
key to the success of explosive or parallel mechanism of pollination in flowering plants. Explosive 
mechanism is variously designed by different plant species and triggered by different species of 
insects, birds, and wind. 

One of the critical problems in modern decade is the problem of energy source. Reserves of the 
conventional energy sources including fuel is decreasing alarmingly. The most common methods for 
synthesis of biofuels, their applications in different aspects and the future scope of biofuels are 
discussed comprehensively. The fossil fuels are non-renewable that causes environmental hazards 
and are mainly responsible for the increasing greenhouse effect. On the other hand biofuels are 
renewable, extracted from plants and animal wastes, clean fuel that are environmentally sustainable.

Graphene oxide (GO) an important descendant of graphene, is a popular topic for a wide range of 
researchers globally. Several innovative properties of GO have been invented today which includes 
higher tensile strength and hardness. Moreover, GO can also become electrical and thermal 
conductor after reduction.

The covalent organic frameworks (COFs) are an emerging class of crystalline porous organic material 
which provided the regular arrangements of organic monomers into wholesale structures with periodic 
skeletons. These are with highly tenable pore environments which are well-organized and are crucial 
characteristic for catalysis.
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Use of pesticides has gradually become one of the most imminent parts of modern-day agriculture. 
However, higher dosage of these chemicals has also inevitably led to many environmental and health 
hazards. Against this backdrop, modern nanotechnology has led to development of nano pesticides, 
where the chemicals contain the carrier molecule, so called active ingredients in nano size. Nano 
pesticides address an appealing mechanical headway from the point of view of expanded viability and 
assurance of the climate and human wellbeing.

Olive Ridley sea turtle (Lepidochelys olivacea) was reported in India since1974 at gahirmatha rookery 
for arribadas (mass nesting), which is close to the Brahmani-Baitarani (Dhamra) River. A greater 
number of dwellers were laid in the middle of Markundi and Bahuda River mouth than Gopalpur to 
Markundi. Several efforts are underway across the world to save the inhabitants of the olive Ridley Sea 
Turtle.

India is rich in its biodiversity among one of the 17 mega-diverse countries. However, due to lack of 
awareness regarding profits of its preservation, biodiversity is in steady decline. Economic activities 
like fisheries, agricultural, forestry, health, nutrition, energy, water supply, trade, industry, transport, 
and tourism depend on biodiversity and comprise the main concern of the country.

A wetland is a particular biological system that is flooded by water, either forever or occasionally. It is 
recognized by its interesting hydric soil and presence of trademark vegetation around it. Wetlands are 
regions where water coverts to the soil. Wetlands offer numerous types of assistance, including water 
system, home grown water supply, freshwater fisheries and water for amusement.

The global climate change is the change in long-term weather that mark the world's regions. Human 
activity, especially the combustion of fossil fuels that pump carbon dioxide (CO�), methane, and other 
greenhouse gases into the atmosphere, is responsible for the progressive warming of the Earth's 
surface, oceans, and atmosphere. As a result of global warming noticeable impact is observed on 
Earth.

In a broader scientific sense, sustainability is synonymous with continuity, or the ability to continue on a 
path without stopping. As a result, sustainability is compatible with the existence of the universe, and it 
is defined as the ability to preserve a predictable and steady outcome.

The Editors would like to thank all the Authors for their contribution in such varied topics that will help to 
create awareness in various aspect of life. They are also thankful to the Principal, Surendranath 
College, Kolkata, India, and the Management of Lincoln University College, Malaysia along with 
Lincoln Research Publishing Limited, Australia for giving us the necessary permission to publish this 
book. We are also thankful to Department of Biotechnology, Government of India for providing the 
financial assistance. This book provides a valuable window on information assurance and covers the 
necessary areas that humanity is facing in the present situation. As is evident from the articles, the 
information present is both forthright and motivating. Therefore, this book would be useful to those 
working on successful implementation of sustainable development practices and will also help 
countries to protect the ecosystem and preserve natural resources for future generations.

Gaurav Gupta
Dipasree Roychowdhury
Harisadhan Ghosh
Sandeep Poddar
Amiya Bhaumik
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FOREWORD

It is my great pleasure to introduce this book titled as "Sustainable Development: A Way Forward," a 
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advances in various areas of sustainable development, under able mentorship of their faculty 
members as mentors.
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existing literature on different areas of sustainable development. It explores the scope of future 
developement in various related emerging fields and analyses the challenges in doing so. I extend 
special thanks and underline my deepest appreciation to the publisher for publishing this issue, 
Department of Biotechnology, Government of India for providing the financial assistance and all the 
editors of this book for their real hard work and sincere effort in bringing out this wonderful volume. 

While I hope this collection will have particular appeal to all the new young readers in this field, I am 
confident that the volume will raise interest among our regular readership of scholars and practitioners 
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Happy reading to all!
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Economic Importance of Soil Microorganisms

ABSTRACT

Soil forms the outermost layer of the earth comprising of a diverse range of organic and inorganic 
components which are in different stages of development and organization. It serves as an excellent 
habitat for a wide variety of microorganisms which differ greatly in their physical and physiological 
requirements. They do so by establishing microenvironments tailored to their own specific 
preferences. Although soil bacteria have been studied for more than a century, most of the diversity of 
soil bacteria remains undescribed. And along with that the ecological and beneficial role of these most 
abundant and diverse group of organisms on Earth is still unexplored to a large extent. This review 
highlights some of the major beneficial microorganisms isolated from soil and their economic 
applications.  

Keywords: Microbial Diversity; Bioremediation; Biofertilizers; Biopesticides

INTRODUCTION

Study of the nature of microorganisms living in soil, their functions and their role in influencing soil 
properties are all included in soil microbiology. The first microorganism to appear on earth about four 
billion years ago was an ancient bacterium which originated in an ocean and was capable of fixing 
atmospheric nitrogen. These microorganisms along with other types released oxygen into the 
atmosphere which brought about the evolution of other more advanced organisms. All categories of 
soil microorganisms (bacteria, actinomycetes, fungi, algae, protozoa) have their specific 
characteristics and functions. Each of them affects and influence soil in a typical way altering soil 
properties like structure and fertility.  For example, the rhizosphere of a single plant may comprise 
thousands of different species of bacteria and one gram of soil may also have up to 10 billion bacterial 
cells. Although, the composition of bacterial communities may change according to the 
microenvironments established in different locations. 

The exact identification of bacterial communities inhabiting a specific soil site is a very difficult task as 
soils are complex and dynamic biological systems. Present methods of identification and detection of 
microbial communities by estimation of the rates of certain important metabolic processes or 
enzymatic assays of those enzymes involved in important biochemical reactions do not provide 
sufficient information for correct determination of the bacterial species. Proper identification and 
characterization of soil microbial communities requires analysis of extracted DNA and RNA from soil. 
And these studies have to be carried out along with other sophisticated methodologies which would be 
able to detect most (if not all) of the microbial colonies residing in that particular soil habitat, so that the 
correct relationship between genetic diversity and community structure of microorganisms can be 
established.  

Knowledge about the composition of microbial community structure of soil is important for 
quantification of nutrient dynamics in soil. Determination of the system of nutrient pools and estimating 
the fluxes linking them is the most efficient method to understand nutrient cycling carried out by the soil 
microorganisms. Carbon, Nitrogen, Phosphorus and Sulfur content of soils can be measured by 
fumigation as well as by sophisticated molecular techniques.

LITERATURE REVIEW 

Economic importance of bacteria isolated from soil

1. Bioremediation of hydrocarbons, dyes, heavy metals:

a. Hydrocarbons – Bioremediation studies were carried out in laboratories and field experiments were

doi:10.31674/book.2021.sdwf
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performed with soils contaminated by different types of oils (fuel and motor) (Brubaker & Exner, 1988, 
Hoeppel, Hinchee & Arthur, 1991). Selected strains of bacteria were applied in these experiments for 
bioventing (Brown,1987). Oil content and microbial cell concentration in the soil was measured and it 
was seen that amount of oil decreased and microbial cell activity increased considerably in the treated 
soil (Gruiz & Kriston, 1995) Presence of high amount of CO�  in the evacuated gas shows the elevated 
level of oil degradation initially and the rate declines gradually. Significant changes in oil composition 
were detected by chromatographic oil analysis. Some studies have also focused on bacteria isolated 
from soils contaminated with oil and they have shown to be highly capable of degrading low-density 
polyethylene (Kavitha, Mohanan, & Bhuvaneswari, 2014).

b.Dyes – It has been reported that some bacteria like Bacillus sp. can aerobically decolorize azo dyes, 
for example, Acid red 2 and Acid orange 7. These strains have been found in soils contaminated with 
textile dyes. Bacillus sp. decolorized 90% of Acid red 2 (100mg/L) at pH 6 at 370°C within 72 hours and 
99% Acid range 7 (100mg/L and pH 6-8) at 300°C within 48 hours under shaking condition (Jaiswal, 
Gomashe & Agrawal, 2014). These strains of Bacillus sp. can be of significant importance in removal of 
dyes from wastewater.

c.Heavy metals – Microorganisms such as Flavobacterium, Pseudomonas, Bacillus, Arthrobacter, 
Corynebacterium, Methosinus,Rhodococcus, Mycobacterium, Stereum hirsutum,Nocardia, 
Methanogens, Aspergilus niger, Pleurotusostreatus, Rhizopus arrhizus, Azotobacter, Alcaligenes, 
Phormidium valderium, Ganoderma applantus carry out heavy metal bioremediation (Verma & Kuila,. 
2019). Microorganisms and plants possess inherent biological mechanisms that enable them to survive 
under heavy metal stress and remove the metals from the environment. These microbes use various 
processes such as precipitaton, biosorption, enzymatic transformation of metals, complexation and 
phytoremedation techniques of which phytoextraction and phytostabilization have been very effective. 
The microbial strains can be easily genetically modified and thus help in remediation of several types of 
polycyclichydrocarbons (PAHs). Microorganisms which help in remediation of heavy metals can do so 
by different mechanisms and serve as an important tool for reduction as well as retrieval of heavy metals 
(Gruiz & Kriston, 1995). For example, lead resistant bacteria are used to biomineralize this metal and are 
used for Lead bioremediation effectively (Kang et al., 2015). Also, some bacteria may accumulate and 
transform certain heavy metals making them suitable candidates for commercial utilization as agents for 
bioremediation of soil and effluents produced by various industrial processes (Banerjee et al., 2011)

2.Biofertilizer – PGPRs or plant growth promoting rhizobacteria (endophytic bacteria also) may 
promote plant growth (Alam et al., 2001) by several mechanisms like biological nitrogen fixation 
(Albrecht et al., 1981), synthesis of phytohormones (Akiyoshi, Regier & Gordon, 1987), inhibition of 
plant ethylene synthesis (Abeles, Morgan & Saltveit Jr, 1992), degradation of organic-P compounds, 
phenazine-related  mineral solubilization, and synthesis of lumichrome. These growth promoting 
activities of microorganisms have been studied immensely in the last few years and there are reports 
citing a significant enhancement in crop yield which are of great interest to the agricultural 
microbiologists. The increased growth in plants is actually a reflection of the sum total of the effects of 
different ecological associations of the plant bacteria interactions (Fuentes-Ramirez & Caballero-
Mellado, 2005). While selecting PGPR species as biofertilizers, utmost care is needed for the 
screening process. Selection of strains and the pathogenecity of the selected strains should be 
considered as well as the number of bacterial cells needed for inoculation, the typical characteristics of 
the cultures of those species also needs to be studied (Alami et al., 2000). The biofertilizers produced 
should be perfectly safe for usage.

3.Biopesticide – These are pesticides of microbial (biological) origin, these may be some biochemicals 
derived from microbes or genetic material of these organisms may be incorporated in the crop plants 
which then become protected from some specific pests. One of the most commonly used microbial 
pesticide is Bacillus thuringiensis, it’s very effective against insects and safe to use (Roh et al., 2007). 
Other bacteria and fungi with similar potentialities have also been effectively used against numerous 
pests. These microorganisms may grow competitively with the pests thus eliminating them, or they 
may employ other strategies also to remove the pests from the vicinity of crop plants (Sudakin, 2003). 

Importance of Soil Microorganisms
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More studies and research are being carried out to specifically assess the risks which may be 
concerned with human exposure to these genetically modified foods and microorganisms and also 
their associated gene products.

DISCUSSION

This review highlighted the importance of study of soil microbiology. Several thousands of 
microorganisms may be found in only a single gram of soil and they establish microhabitats and niches 
within soil according to their own preferences (Roh et al., 2007). They are also crucial for nutrient 
cycling and are immensely important for maintaining ecological balance and stability in the 
environment. Several studies have stressed on the importance of exploring the microbial diversity of 
the different soils around the world (Cavicchioli et al., 2019). But the estimation of microbial diversity of 
soil is extremely difficult and the results obtained from several studies show considerable variation, as 
the composition of soil microbial communities depend mostly on the chemical composition of soil of a 
particular area (Gattinger, Palojärvi & Schloter, 2008). Thus, it can be safely concluded that more 
studies need to be done in this field of microbiological research. Nevertheless, numerous studies have 
shown the presence of a diverse array of microorganisms in soil which may be of considerable 
economic importance. 

CONCLUSION 

This study has highlighted some economical usages of bacteria which have already been reported 
from soil. But a huge number of soil microorganisms, still remain unexplored in the various types of 
soils found throughout the world, and more importantly their economic and ecological potentialities 
need to be discovered and reported.
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ABSTRACT

Medicinal plants show an important role in preventing and curing human ailments due to the presence 
of some important active constituents. Medicinal plants play a vital role in improving the healthcare 
system of our country as well as in foreign countries. The traditional medicinal plant management is an 
issue of great importance now a days. Medicinal plants are potential renewable natural resources.  
Since the beginning of human civilization medicinal plants have been enormously used for curing 
human diseases. The biodiversity of India is enriched with various types of medicinal plants which are 
used as source of medicine. However, this biodiversity is seriously endangered by human activities 
such as destructive harvesting, loss of habitat, degradation in its quality and overexploitation by 
pharmaceutical companies. Medicinal plants are on depletion at a very serious rate. It is indispensable 
to conserve the medicinal plants which are the pioneer of many new drugs and allied products for the 
treatment of the ailing people. Thus, the traditional medicinal plant diversity should be used 
sustainably for the benefit of the mankind.  

Key words: Endangered; Biodiversity; Traditional Medicinal Plant; India

INTRODUCTION

India is endowed with rich biodiversity and has innumerable medicinal plants. The traditional medicinal 
plants contain large number of secondary metabolites and essential oils which has an important 
therapeutic role. The crude drugs are isolated from the whole plant body and also from other parts like 
root, stem leaf, flowers, fruits, inflorescence and barks. Almost all tribes in India has some species of 
medicinal plants which are essential for their wellbeing. Medicinal plants synthesize some secondary 
metabolites like alkaloids, sterols, cyanogenics, tannins, resins and volatile oils, etc. which have both 
therapeutic and prophylactic use. Traditional medicine has been popularly utilized by the tribals and 
rural people. Plants and their valuable products are exploited by drug companies for the development 
of new herbal drugs.  They play a drastic role in the development of primary health care in India, China, 
Argentina and other countries of the world.  Our country India on this planet is blessed with various 
types of medicinal plants from Himalayas in the north to Kanyakumari in the south. But unfortunately, 
these important life forms have become endangered due to man's multifarious activities and different 
climatic changes. The forests account for 90% of India's total medicinal plants diversity and rest of the 
known medicinal plants are restricted to non-forest habitats. There is reliable data for the number of 
medicinal plants on Earth, and numbers for species used medicinally include: 35,000 - 70,000 or 
53,000 worldwide; China includes 10,000 -11,250; India includes 7500; Mexico includes 2237 and 
North American Indians traditionally includes 2572. According to World Health Organization (2006), 
80% of the population in developing countries depend on traditional medicines. (Mukherjee, 2009; 
Sharma & Thokchom, 2014 and Jose, Sivaraman & Singh, 2001)

LITERATURE REVIEW 

Some medicinal plants of India and their status

In terms of biodiversity India occupies a good position in the world as it has 12 agroclimatic zones. India 
has rich number of flora and fauna including our life saving medicinal plants. The medicinal plants are 
used since times immemorial for human survival and this tradition is even found today in our country. 
Traditional medicine has been widely used and forms an integral part of primary health care not only in 
India but also in foreign countries.  Plants and plant products are being extensively used by traditional 
medical practitioners and various pharmaceutical companies for the preparation of herbal medicine. 
But gradually these medicinal plants are disappearing due to the impact of climatic changes, global 
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SL. 
NO 

PLANTS SPECIES FAMILY NAME  STATUS 

1 Aegles marmelos Rutaceae Endangered 

2 Tribulus rajasthanensis  Zygophyllaceae Critically Endangered 

3 Commiphora wightii Burseraceae Endangered 

4 Valeriana leschenanultia Caprifoliaceae Endangered 

5 Saussurea lappa Asteraceae Endangered 

6 Acorus calamus Araceae Endangered 

7 Celastrus paniculatus Celastraceae Rare and endangered 

8 Peganum harmala Nitrariaceae Endangered 

9 Saussurea costus Asteraceae Threatened 

10 Gymnocladus assamicus Leguminoseae Vulnerable 

11 Prosopis cineraria Fabaceae Endangered 

12 Simmondsia chinensis Simmondsiaceae Endangered 

13 Aconitum chasmanthum Ranunculaceae Critically Endangered 

14 Chlorophytum borivilianum Asparagaceae Major threatened 

15 Gentiana kurroo Gentianaceae Threatened 

16 Lilium polyphyllum Liliaceae Critically Endangered 

17 Swertia chirata Gentianceae Endangered 

18 Tylophora indica Apocyanaceae Endangered 

19 Ginkgo biloba Ginkgoaceae Endangered 

20 Rauwolfia serpentina Apocyanaceae Likely to be threatened 

21 Aconitum deinorrhizum Ranunculaceae Almost extinct 

22 Aconitum heterophyllum Ranunculaceae Greatly threatened 

23 Angelica glauca Apiaceae Threatened 

24 Bacopa monneiri Scrophulariaceae Greatly threatened 

25 Mucuna pruriens Fabaceae Endangered 

26 Persea glaucescens Lauraceae Critically endangered 

27 Berberis aristata Berberidaceae Vulnerable 

28 Gynocardia odorata Achariaceae Endangered 

29 Desmodium motorium Fabaceae Vulnerable 

30 Podophyllum hexandrum Berberidaceae Critically endangered 
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