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Translocation and Accumulation of Arsenic in
Rice Grains: Role of Transporters in Tolerance
and Its Incorporation in the Food Chain
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ABSTRACT

Arsenic (As), a widespread hazardous metalloid enters rice plants through several
transport routes that are present inside plants for the intake and translocation of
other important minerals. Inside the plants, As induces toxic reactions that hinder
various physiological processes, bringlng down plant growth and graln yleld.
Moreover, the entry of As through the various transport channels into rice grains
also marks its entry into the human food chain and is an undesired phenomenon
because of its wide range of toxic reactions in humans, induding cancer. The
existing mechaniam of As detoxification, Immobdlization, and efflux In rice plants
resuilts i a decrease (n As accumulation and influx into the graing, as well az a
decrease in toxic effects. ﬁdﬂitimn”}', the uptn.kl:_ influx, and d:p-miil:iun af As
inside the rice plant being a genotypically controlled character, there are prospects
of exploring rice germplasm worldwide to generate rice varieties with decreased As
accumulations for cultivatlon In As-contaminated rlce-growing reglons of the world.

Arsenic in Rice: A Global Menace. Garima Awasthi, Sudhakar Shrivastava, and Mahipal Singh
sankhla, (Fds.)
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Summary

Drought is one of the major abiocfic stresses that limit rice productivity worldwide. An in-
depth understanding of the mechanisms involved against drought stress is vital for
determining the process of tolerance. Rice plants undergo various morpho-physiological
changes under drought, but the major factor associated with it is the increase in the level
of reactive oxygen species (ROS), that leads to oxidative stress. To cope with drought-
induced oxidative stress, rice plants have developed various mechanisms of tolerance,
such as osmotic-adjustment or increase in antioxidant activity leading to structural
rearrangements. The mechanisms often vary among species that result in variation of
drought-tolerance capacity. Recent developments of various high-throughput
technologies like RNA-Seq, genome-wide SNP analysis, and different "OMICS”
technologies, such as functional genomics, transcriptomics, metabolomics, have opened
up new ways to identify the mechanisms possessed by tolerant genotypes. The
identification of candidate gene or metabolites against drought tolerance has promoted
the development of drought-tolerant cultivars with increased quality and yield. In this
chapter, we describe the effects and regulatory molecular network associated with
drought-induced oxidative-stress tolerance in rice.
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Summary

Rice (Oryzo sativa L.) possesses incredible genetic diversity, largely consisting of five sub-
species, namely, indica, japonica, javanica, aus, and aromatic groups. Of them, aromatic
rices fetch premium prices in the domestic as well as overseas markets owing to their
unique quality features, especially exquisite aroma. Among aromatic rices, the long grain
basmati and jasmine varieties and the short-grain Northeast India-specific types occupy
a special place in the market. The remarkable features of aromatic varieties have
prompted many researchers worldwide to explore the genetic, biochemical, and
molecular mechanisms involved in aroma. Genetic studies reveal that aroma is controlled
by a single recessive gene (fgr) while molecular studies have uncovered the underlying
candidate gene as betaine aldehyde dehydrogenase (Badh2). Biochemical studies reveal
that the major compound contributing to the aroma is 2-Acetyl pyrraline. The aromatic
rices are found to have originated from the Indian subcontinent by hybridization
between a local and wild population as revealed by the genome-wide diversity analysis.
Here, an attempt has been made to comprehensively review the latest findings
pertaining to aromatic rices.
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Integrated Management Practices
for Controlling Major Cabbage Diseases

Barbi Bhuyan, Subham Saha
Anindita Sarma, Kumananda Tayung

Abstract

Cabbage is being cultivated from ancient times and is a rich source of vitamins
and minerals. Diseases of the vegetable crops cause serious loss in the economy.
Cabbage diseases are chief limiting factors in its profitable commercial
cultivation. The cultivars of cabbage are very much susceptible to pathogen
attack which is a great threat to profitable cultivation. These disease causing
microorganisms are mainly Fungi, Bacteria, Viruses and Nematodes etc.
Sustainable and durable management strategies are required to control these
diseases. Various approaches like controlling of vectors, avoiding the source
of infection, modified cultural practices, using transgenic crop etc. can be
used to suppressing the pathogen to cause the diseases. For applying the
correct method of integrated management practice requires a good knowledge
about the disease epidemiology and hence, this chapter focuses on the major
diseases of cabbage and management practices to control the diseases resulting
in higher production of the crop.

Keywords: Cabbage diseases, Integrated management practices, Disease
control.
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Abstract

About 80% of the world total population residing in developing countries,
pending upon herbal medicines.The main
fficient

especially in rural areas are still de
problem associated with use of plants as medicine is due to insu

production of medicinally active compounds as required to our needs.Medicinal
p.lams are often colonized by endophytic microbes. These microbes produce
bioactive secondary melabolites and sometime similar to their respective host.
Thus, s.tudying endophytic microbes from such plant resources may result into
harvesting of the bioactive metabolites more effectively and sustainable way. This
;‘:e;" }{fah"ghls Fhe endophytic microbes of some medicinal herbaceous plant
ofmi ;c;xmatledl;l:;;r rsvc;condanr metabolites.NE India is one of the great treast}fes
er plants. Many herbaceous plants of this region are used as medicine.

ploring endophytic microbes of these plant speci i It into isolation
of potent endophytic strains with wi p§c1es m{ght. res e

ith wide therapeutic applications.

Keywords: £ ic mi
4 Endophytic microbes, Herbaceous medicinal plants, Seconda’y

metabolites.
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CHAPTER 1

Antifungal Drugs from Endophytic
Microbes: Present and Future Prospects

RAJREEPA TALUKDAR, SUSHMITA PAUL, and KUMANANDA TAYUNG'

Mycology and Plant Pathology Laboratory, Department of Botany,
Guwahati University, Guwahati 7E1014, Assam, India

‘Corresponding author. E-mail. kumanand@gauhatiac.in

ABSTRACT

Endophyvtes are microbes colomzing inner plant tissues without causing
any discase svmptoms. They have been recogmized as repository of novel
hicactive metabolites. The bioactive secondary metabolites isolated from
endophytic fungi include compounds with antimicrobial, anti-inflammatory,
antiproliferative, or eviotoxic activity toward human cancer cell lines, and
activity against plant pathogens or plant insect pests. The prevalence of
invasive fungal infections has increased significantly among populations
and also duning medical procedures such as organ transplantation, cancer
chemotherapy, and bone marrow transplantation. Moreover, the incidence
of fungal nfection has also increased as phyvtopathogens. Plants have also
started developing newer fungal discases duc to the developing resistant
strains, However, only a limited number of antifungal agents are currently
available for the treatment of life-threatening fungal infections as well as
phytopathogens. In the recent vears, endophytic microbes isolated from
medicinal plants have been reported to produce several interesting and
effective antifungal metabolites. Thus, the exploration of endophvtic
microbes from medicinally important plants could be good candidate for
obtaining antifungal metabolites to solve growing invasive fungal infection.
This assumption becomes more sigmficant considening the mynads of
medicinal plants with antifungal activities, and few of these plants have been
investigated from endophytic microbes so far
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Endophytic Fungi of Wild

and Domesticated Crop Plants and Their
Prospect for Applications in Sustainable
Agriculture

Chiranjib Mili, Subham Roy, and Kumanand Tayung

Abstract

Wild mlatives of domesticated plants am an important genetic resource for
breeding desired plant traits into melated crop cultivars. Many tmditional or
indigenous vegetables and their wild melatives are characterized by a high
mutritional value as compared to domesticated crops. Apart from their commer-
cial, nutritional, medicinal and cultural value, tmditonally used wild plants and
vegetables are also considered important for sustaimable food production as they
mduce the impact of production systems on the environment. Moreover, these
wild relatives have been incressingly valved and exploited for the genes that
provide inoreased biotic resistance, tolemnoe to abiotic stress, yield and quality. It
is believed that such plants may be colonzed by distinct endophytic microbes
which might have given those special tmits for adapmbility and survival in
adverse environmental condtions. There are seveml instances which show that
endophytic microbes wolated from such plants imrodoced as bio-inoculants in
their close cultivars suppress plant pathogens, reduce biotic stress, help crop to
grow successfully in nutrient-deficit soil and provide mesismnce against aphids.
Thus, it has been hypothesized that endophytes that are recoverable from crop
wild relatives would be more compatible with the related crop for both inocula-
tion and colonization purposes. This book chapter will therefore highlight endo-
phytic fungal diversity of wild and domesticated crop plants and applications as
plant growth promaoter and biological control agents.
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Antimicrobial Activity of Endophytic Fungi 6
Isolated from Some Selected
Ethnomedicinal Plants of Assam, India

Rajreepa Talukdar, Sudem Wary, Rashmeeta Hajowary,
Anindita Sarma, and Kumanand Tayung

Abstract

The north-eastern region (NER) has been in spotlight for its high biodiversity and
traditional knowledge, and this region has been a priority for leading conservation
agencies of the world. Among the north-eastern states, Assam is very rich in
medicinal herbs and plants, epiphytic orchids and wild edible leafy vegetables.
The state is also home to a large number of ethnic people or tribes with vast
traditional knowledge on effective herbal medicines for treatment of various
ailments. Some of these plant resources have been used as ethnomedicine by
the tribal communities since time immemorial. In the recent times, there has been
an increasing demand for novel and effective antimicrobial compounds to combat
the emergence of several new diseases and multidrugs-resistant pathogenic
microbes. Recently, endophytic microbes have been identified as important
candidates for discovery of novel and effective bioactive metabolites. Several
bioactive metabolites with wide therapeutic applications have been reported from
endophytic microbes. Currently, there is growing interest to study microbial
endophytes harbouring in medicinal plants as many of them have been reported
to produce bioactive molecules similar to their respective hosts. Therefore, this
book chapter will highlight the endophytic fungi harbouring in some
ethnomedicinal plants of Assam and their potential for applications as antimicro-
bial agents. Some of the metabolites obtained from few endophytic fungi isolated
from selected ethnomedicinal plants of Assam will also be projected and
discussed.
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ABSTRACT

Copper (Cu) is considered as an essential micronutrient that is required in minute
quantity for proper functioning of physiochemical reactions in the body of an
organism. This microelement plays a significant role during growth and
development in plants through different cellular processes. Although, if present in
higher quantities can result in toxic effects. Current study was undertaken to view
the effect of different ppm concentrations of Cu (Il ions upon the growth and
biochemical parameters of Anabaena azoflae. Results have disclosed that
exposure to a high concentration of Cu causes an evidential effect in growth and
biochemical parameters in the test organism.

Keywords: Anabaena azollae; heavy metal: copper; tolerance capacity.
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Cymmbopogon khasianus (Hack.) Stapf ex Bor: Future
Prospects for Commercial Cultivation of a Medicinal Plant

Sukrifi Duotta, Mohan Lal and Nilakzhee Devi

Absiract

Medicinal plants have been playing a major role in human life since
ancient time. Cymbopogon khasianus (Hack.) Stapf. ex Bor. is a medicinal,
aromatic and economuically important grass native to Bhutan Bangladesh
India, Myanmar and Thailand and widely distributed in Northeast India. It
has many ethno medicinal and phammaceutical properties owing a great
importance. It shows anticancer properties against several hminan cancer cell
lines. Due to the presence of phytoconstiments in the essential oil of C.
khasianus make the plant commercially viable. This grass is utilized mainly
in perfumery, confectionary and non-aleoholic beverages also. Till now there
three chemotypes have been identified viz., methyl eugenol-rich, geraniol-
rich and elemicin-rich. Among these, two novel strains of O Khasianus
named as Jor Lab L-9 and Jor Lab L-10 have been released by CSIR-NEIST,
Jorhat, Assam CSIR-CIMAP, Lucknow also released “CIM-SUWARNA" of
C. Fhasianus with high number of tillers and long leaves suitable for rainfed
area. Since, it is a globally accepted medicinal and aromatic plant of wide
range of industrial applications; therefore, mmtation breeding can be
suggested for development of superior plant varieties with high essential oil
yield containing high value of elemicin as well as methyl engencl content.

Kevwords: Cymbopogon khasiamus, Nertheast India. chemotype, medicinal
wvalue, varety

Introduction

Enowledge of utilizing herbs in human welfare has been acquinag since
Vedic time (Bown, 1995). The hetbs are the best mift of nature for the
synthesis of medicinal compounds (Mirghani ef al., 2012). Medicinal plants
ocoupy a major rele i hnman Life care system As per the report of World
Health Orgamization, 80% of the rural population m developing Asian and
Afiican counfries utilizes locally available medicinal plants for their primary

Page | 83
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Chapter 8

A Short Review on

Gynocardia odorata R. Br:
A Potent Medicinal Plant of Assam

Dipjyoti Kalita
Department of Botany, Gawhart University, India

Nilakshee Devi
Department of Botany, Gawhal Universiry, India

ABSTRACT

Gynocardia odorata R, Br (Achariaceae) is an important medicinal plane. It is indigenous 1o Indian
subcontinent and grows extensively in the tropical forests of Western Ghats and Hilly regions of North
Eastern India. The plant has long been used in the tradinional system of medicine to treat varions cu-
tanecus and subcutaneous diseases. The chapter deals with the different scieniific studies and reporis
available in different aspects of this plant in the areas like morpho-taxonomy, ethnobotany, phytochem-
istry, and pharmacognosy.

INTRODUCTION

Commonly known as Chaulmoogra, Gynecardia odorata Robert Brown is one of the most important
tree plants under Flacourtiace ae (currently Achariaceae ) (Lemke, 1988; Santos, 2007). The generic name
Gynocardia comes from the ancient Greek words (Gyne means female or woman and Kardia means beart
{directly referring to ovary), indicating the heart shaped ovary (Quattrocchi, 1999; Patil, 2007). In this
context, the meaning of the genus is more or kess heart shaped ovary or heart shaped fruit. The tree is
commonly known under different names in different parts of the world e.g. ma dan gue or ta feng 1Zu
in Chinese (Quattrochi, 1999), Tulkung in Lepcha, Gandare, Keliorl, Bandray or Gantay in Nepali. In
India, this tree is known in a variety of names in different dialects, such as Salmogra, Lemiem or Bon-
sha in Assamese, Gaab, Deshi Gaub or Chawlmegra in Bengali, Chhalmeogra in Hindi, Suranraeil in

DOI: 10401 8/978-1-T998-1226-5.cbD03

Copyright & X010, 1G] Global Copying or distributing in print or e lectromic forms withost writien permission of 1561 Global is prohibied.
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Eri Silkworm Pupae: An Alternative Source of Protein in
Changing Climate

Deepika Borah, Mrigendra Marayan Kumar, Ritima Mishra, Mahananda Chutia & Nabanita Bhattacharyya
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Abstract

Abstract

Climate change affects food security by creating a range of inconveniences including loss of
crop productivity, reduction in the quality of crops, and disruption of the supply chain.
Increasing demand for food with the current trend in population explosion along with
increasing temperature and CO3 concentration are potential threats to ecosystem
sustainability. Degradation in the quantity and quality of protein in conventional foods is also
linked with climate change. Consumption of diets having adequate protein content is
necessary for good health and longevity of people and protein-deficient diets are the main
causes of malnutrition across the globe. However, there are many conflicts of interest
regarding the best choice of the source of protein. Conventionally, people rely on both plant
and animal sources for dietary proteins. Plant-based products are more sustainable sources of
protein as processes for obtaining animal-based products emit more greenhouse gases than
those for plant-based products. Nevertheless, animal-based products are better sources of
essential amino acids and play a significant role in the restoration of human health. Hence a
sustainable protein source is needed to fill the protein gap and combat the climatic change
circumstances. Edible insects, including silkworm pupae, can be an exciting alternative food to
satisfy the nutrient requirements of the ever-growing global population. Eri silkworm pupae,
the by-products of eri silk industry, are considered to be very healthy insect food with high
nutritional as well as therapeutic values that have been consumed traditionally as delicious
food by different communities of the world. Here, we thoroughly discuss the potential and
feasibility of eri silkworm pupae as an alternative protein-rich food to combat malnutrition and

hunger, in the light of the current global food scenario and changing climate.
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Subsistence Agriculture—An Approach Towards Food
Security in Changing Climate
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Abstract

Food systems are affected by climate change in a number of ways, from direct effects on crop
production to changes in markets, food prices, and infrastructure. The major objective of
agriculturists is to meet food demand and guarantee food security for the growing population
of the globe while reducing the production gap of major food grains. Hence, the impact of
climate change on farming is one of the ongoing research areas in agriculture. Subsistence
tarming of climate-resilient crops can be an answer to ensure food security for masses of
underprivileged regions of the globe under changing climate scenarios. In most of the food-
insecure regions of the world these crops can provide options for adaptation and livelihood
when other major food crops face challenges and food supply chains collapse due to future
climate change-related inconveniences. In this chapter, the potential of different climate-
resilient subsistence crops has been discussed, which strategically can be a part of food

security policies in the near future.
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ABSTRACT

Grifola frondosa (commonly known as Maitake) is highly recognized for its nutritional and dramatic health-
promoting potential. In addition to being low in calories, maitake is rich in antioxidants, beta-glucans,
minerals, vitamins, fiber, and amino acids. A number of hioactive polysaccharides, proteins, glycoproteins,
lipids and other small molecules isolated from G. frondosa have shown antitumor, antidiabetic, antimicrobial,
immunomodulatory, and other activities. This chapter summarizes the outlooks and recent advances with
reference to the nutraceutical properties, dietary value and purification, characterization, and
pharmacological evaluation of pharmaceutically active compounds from the mushroom.
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Abstract

Industrial and mining waste dumping is among the most concerning anthropogenic causes of
the formation of stress-laden wastelands, which are characterized by loss of plant cover and
subsequent land degradation. Under the pressure of changing climate, the revival of the
degraded wastelands into productive lands becomes a sustainable option to meet the basic
survival demands of the increasing human population. Restoration of vegetation cover is a
widely accepted eco-friendly approach for remediation of degraded wastelands over physical
or chemical strategies. However, the successful establishment of plants in wastelands is a
difficult process due to the phytotoxic nature of the wasteland soils. Therefore, the use of
naturally growing native plants, which thrive well in the adverse soil properties of degraded
lands with little or no agronomical effort, is an effective option. Some of these plants might
have phytoremediation potential, which is a sustainable technology for the remediation of
contaminants including heavy metals from soil and water by using plants. Documentation of
such stress-tolerant naturally growing plants of various wastelands and studying their
mechanism of tolerance are among the major emerging areas of research in recent times.
Such efforts may help in finding novel plant species that are more stress-tolerant with greater
potential of creating vegetation cover on degraded wastelands. Therefore, for the benefit of
interested researchers and policymakers, an attempt has been made to review and
comprehensively document the discrete information, from available sources, on naturally
growing native plants of various industrial and mining wastelands, their stress management

strategies and phytoremediation prospects in changing climate.
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Chromolaena odorata: A Versatile Weed with Manifold
Prospective

B. Devi and N. Bhattacharyya

Abstract

Chromolaena odorata has been known to be one of the notorious weeds
due to its highly mvasive and allelopathic nature. Though several efforts
have been made for pulling down this plant, it has several beneficial aspects
too which are often ignored due to its infamous impression as one of the
worst weeds of the world. Its contribution in traditional as well as modern
health care system 1s well established. It can serve as an altemative to
synthetic pesticide thus contributing mm pest management. Being a
hyperaccumulator, it is employed in improvement of contaminated soil
through phytoremediation approach. Although there are numerous reports
obtainable on various aspects of the plant in discrete sources, we are making
an attempt to gather all those mformation 1n a single platform in this review.

Keywords: Chromolaena odorata, invasive weed, allelochemicals,
medicine, phytoremediation
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Study on folk remedies using medicinal plants by Karbi tribe of West Karbi
Anglong District, Assam, India
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The present study was conducted to document the indigenous knowledge on folk medicines of the Karbi tribe in three
remote villages of West Karbi Anglong district, Assam. A total of 80 ethnomedicinal plants recorded were used in treatment
of 31 different ailments. Data were collected through restructured questionnaire and quantitative analysis was done.
Herbaceous plants occupied the maximum numbers and leaves were the most used plant part among the other parts. The Fi
value ranged from 0.74-1, and the used value (UV) ranged from 0.02-1.2; Azadirachta indica was found to be have the
highest UV. The study has revealed the pattern of people-plant interactions in the region and the importance of plant
medicines playing a vital role in the health care practices and survival of the forest dwellers. There 15 utmost need of
documenting the ethnomedicinal practices of Karbi tribe as they are passing those knowledge generations after generations
only by means of practical utilizations without proper pharmacopoeta.
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This chapter focuses on the botany and physiology of the horticulturally important fig (Ficus
carica) species. Through understanding of its reproductive complexity and developmental
biology, complete genome sequencing could place the fig as a model plant in horticulture and
evolutionary biology. And, in Mediterranean regions and Western Asia, where both cultivated and
semiwild figs are found, a systematic germplasm collection of the traditional fig cultivars and
wild relatives is imperative for proper germplasm management and conservation.
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Abstract

The declining of crop productions due to various biotic and abiotic factors is evident these
days. Among the various factors, heavy metal stress is one of the major abiotic factors which is
responsible for lower crop productivity that needs to be addressed and resolved. There are a
few ways to overcome heavy metal stress in crop plants, which require appropriate selection
for effective results. Many strains of microbes (bacteria, fungi, algae) have intrinsic properties
to either absorb, uptake, or change the chemical properties of metals available to the plants.
There are several reports that claim the effective use of microbes in mitigation/bioremediation
of heavy metal contamination in soil and water. Being microbial treatment of the heavy metal
contaminated soil is one of the best options available in terms of their cost-effectiveness and
environmental friendliness in overcoming metal stress in crop plants. Therefare, in this chapter,
we have highlighted and discussed the various sources of heavy metal contamination in crop
fields, their toxic effects on crop plants, the various mechanism adopted by plants to resist the
toxic effects of heavy metals, and the microbial potential in bioremediation of heavy metals
that include the heavy metal resistance and uptake mechanism in microbes, their effective use
in bioremediation, and finally, we have discussed the application of advanced technologies
such as genetic engineering and omics technology in the field of microbiology for their

potential use in the bioremediation of heavy metals.
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Abstract

There is a significant decline in crop yield, quality of crops and soil fertility worldwide due to
increased biotic and abiotic stresses that are either induced naturally or due to anthropogenic
factors such as rapid urbanization and industrialization. Interaction of plants with several
beneficiary microbes such as Plant Growth-Promaoting Microbes (PGPM) comprising of
actinomycetes, rhizospheric bacteria, and fungi help the plants to survive during abiotic stress
conditions such as extreme temperatures (very low or very high temperature), flood or
drought conditions, high salinity stress, heavy metal stress, nutrient deficiency and oxidative
damages. Abiotic stresses harm plant growth, cellular morphology and physiclogy through
abstruction in cellular pathways or gene regulation inside the cell. These microbes employ
stress tolerance mechanisms in plants, such as the production of anti-oxidants,
exopolysaccharides (EPS), phytohormones, osmolytes, formation of biofilms and siderophores,
through various biosynthetic pathways. Here, in this chapter, we review recent findings in
successful employment of microbial inoculation that induce abiotic stress tolerance in crop
plants and study the role of bioactive metabolites liberated by microbes in association with
plants which may help design strategies and tools for the development of improved and
efficient microbial inoculant for optimizing plant growth in crop fields under adverse abiotic

stressed conditions.
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Abstract

The applications of vermicompost in agricultural and horticultural sectors have attracted
worldwide attention as it is environmentally friendly and contains plant growth-
promoting substances/microbes and does not cause any negative effects in the soil.
However, prior to use in agriculture and horticulture, proper characterization of the
vermicomposting end product is necessary as immature vermicompost may lead to
severe damage in crop/plant productivity. Traditionally, several methods have been in use
for understanding the maturity of vermicomposted products. However, in many cases, a
traditional method that includes physical, chemical, and biologic characterization of the
vermicomposting end products shows several limitations. In this context, proper
characterization techniques and methods are required to evaluate the maturity of
vermicompost and its quality before field applications. Recently, instrument
characterization has been receiving interest in assessing the maturity and stability of
finished vermicompost. Instrumentation techniques like Fourier transform infrared
spectroscopy, thermogravimetry, scanning electron microscopy, and ultraviolet—visible
spectroscopy can be used to determine the changes in texture and structure of mature

vermicompost. Moreover, sophisticated instruments like atomic absorption spectroscopy,

£as chromatography-mass spectrometry, and liquid chromatography-mass spectrometry
may be employed to evaluate mature vermicompost quality. Besides, advancements in
technology have strengthened the instruments to produce rapid and reliable results.
Hence, the determination of mature vermicompost using instrumental techniques is
crucial to track the organic waste degradation and fertilizing potential of the end
product.
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Abstract

Paenibacillus are rod shaped, Gram-positive, motile, facultative anaerobic or strictly
aerobic bacteria which mostly show optimum growth at neutral pH within the
temperature range of 28-40°C. The members of Paenibacillus initially included under
Bacillus; however, latter developments of 165 rRNA sequencing technology have provided
a tool for placing morphologically similar entities in different groups and thus
Paenibacillus was separated as a new genus. Several species of Paenibacillus has been
reclassified as equivalent immediately after discovery of the genus.

Soil-beneficial microorganisms play an important role in determining the fate of plant
growth and development. In the rhizosphere region, several species of Paenibacillus have
been reported to involve in atmospheric nitrogen fixation, phosphate and potassium
solubilization, production of phytohormones and antimicrobial metabolites, and plant's
micronutrients uptake. Besides, several species of Paenibacillus isolated from various
environments are also reported to possess potentiality for bioremediation of xenobiotics
in adverse environmental condition. This chapter provides knowledge about the origin of
Paenibacillus, its isolation, and identification. It elaborates the application of Paenibacillus
in agroecology comprising its role in plant growth promotion, phytohormone production,
as biocontrol agents, rehabilitation of soil properties, and fortification of nutrients for

optimum plant growth.
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Abstract

Plant biomass refers to dry matter generated by plants utilizing atmospheric carbon
dioxide and water in the presence of sunlight through the process of photosynthesis.
Structurally, biomass is made up of a complex matrix, composed of cellulose wrapped
around by a dense structure consisting of other polymers like hemicellulose, lignin,
pectin, proteins, glycerides, etc. The lignocellulosic wastes mainly include residues
generated by agricultural, industrial, and forest sectors. An approximate 140 Gt of
biomass wastes are generated annually throughout the world. However, only a small

amount of this biomass is valorized as feedstock for industrial applications and energy
generation (in developed countries). In developing countries, however, a significant
portion of this resource is not utilized but left to decompose or are burnt. Nonetheless,
because of its abundance, renewability, and cost-effective characteristics, the
lignocellulosic biomass is recognized as an effective alternative substrate for the
production of fuels and industrially important products. Structural complexity of the
lignocellulose makes it inaccessible for processing and thus, the release of fermentable
sugars is difficult. Innovative valorization of the naturally abundant and renewable
biomass is of great importance in the pursuit of a biobased economy and sustainable
goals. The biodegradation of lignocellulose is a characteristic of many aerobic,
facultatively anaerobic, and obligately anaerobic bacteria and fungi. These organisms can
be utilized for developing promising alternative enzyme-based techniques for biomass
conversion into industrially important biochemicals owing to their higher efficacy and
discerning chemistry. This chapter reviews recent developments in microbe-mediated
production of several value-added products, that is, fuels (such as biodiesel, bioalcohol,
and biogas) and chemicals like enzymes, amino acids, organic acids, compounds of
pharmaceutical importance, etc.
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Abstract

Nitrogen is one of the most common limiting nutrients in both natural soil ecosystems
and agriculture. Nitrification is the biological oxidation of ammonia to nitrite followed by
the oxidation of nitrite to nitrate which comprises an important step in the soil nitrogen
cycle. Nitrification rates in soils can be considered as an important indicator for
sustainable use and soil ecosystem functioning, playing important role in controlling
losses of soil nitrogen through leaching and denitrification. Ammonium derived from
ammonia is of high importance as the base product of this process for plant nutrition and
biomass formation. Ammonia-oxidizing bacteria (AOB) are the key drivers responsible for
the conversion of nitrogen into plant usable forms. Due to the importance of ammonia
oxidizers (AOs), factors affecting their abundance and activity have been a major research
focus over the years. The reason for this strong focus on ammonia oxidation is mainly
related to several studies from the last century where the oxidation of ammeonia has been
considered as rate limiting for the whole process of nitrification. The present chapter
focuses on the diversity and functions of ammonia-oxidizing bacteria in the soil.
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Abstract

ADROUIC SIPPSS Signaficantly aftects the producivicy of almost ail crop plans including rice,
rhus, understanding the metabolomics is 1 challenge K7 improving the imporant crops
in order for them o be able 1 cope With various abiotic siresses. Metabokomics provides
a biochemical snapshor of  phenotype that iegrares [RARsTipional, post-
ITANSCriprEonal, iranskaional, posi-translacional, and MlosStersc regulatory processes and,
rhus, can offer ritical insights ineo the biological mechanisns of op plants aginst
abeotic stress. However, very litke is known abour the genome-scale metabolice profiles
rhar coneribuee o rmlerance Jgainst abe0ic SIress in rice. Therefore, the comparative
metabokomics approach will be 3 boon o understand the chemical Variations in rice
against different absotic stresses. Here, an effon has been made 10 UNcOver COMparative
metabolic features ciearty associated with abiotic siress vderance in rice, which could
SEIWE 45 Markers in metabolite-assisted breeding vo develop abiotic siress-iolerant rice
Warieties.
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Abstract

Rice is the staple food crap for India as well as enfire Asia Pacific region. But this crop has been
constantly exposed to various biotic and abiofic stresses effecting the yield pattem. The prominent
among the abiotic stress is water stress. This paper fries to evaluate the effect of drought stress on
the various physiological parameters taken under consideration during the study. The results has
baen validated using methods to understand the impact of the drought sustaining characters on the
(3enetic Variability, Coefficient of Variance, Heritability and Genetic Advance.
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Abstract

Tubercubosis is the disease which is caused due to the infection of Mycobocterium tubsrculosis.
The multidrug resistance Mycobactenum fubarculosis is the main problem in the trestment of
this worldwide health threats. So there is an urgent need for the development of new drug for
tuberculosis. Pantothenate synthase (PR) i & valid target for rational drug designing against
Mpoobactenium fubercwosis 3s it is abs2nt in animal system. Neem [Azodirochio indica) has
b2en usad as traditional Indian medicing since the ancient era. Preparations of this plat or the
whaole extract of the same are widely reported to put forth, pesticidal, insecticidal, and
agrochemical properties. In this study, we have modelad binding modes of s2lected known
anti-tubercular compounds and different compounds of Neem plant aganst pantothanats
synthase (P5) using advanced docking program AutoDock Vina. From that result, we have
identified a few potential compounds from Meem plant having affinity toward pantothenate
synthase (P5). The selected compounds or dervatives of the compounds could be of biclogical
significance in inhibition of growth of Mycobocieriue fuberculosis in human system. This study

can result in the developmeant of novel natural origin anti-tubercular drugs.
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Aromatic Rices: Evolution, Genetics and Improvement through
Conventional Breeding and Biotechnological Methods

Lokshxminarayana R, Vemweddy’, Bhoben Tanti’, Lipikr Lohkar and Zing M.
Shanditye’
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Aromatic Rices: Background

Theoughout the workd rice {Ovyzu sativa L) IS one of the cddest staple crops, endowed with
phenomenal genetic resources. During the course of evolution, rice’s genetic resources dave
diverged oo & handful of sub-grosps, with specific tealts, which e largely cultivated and
nurtured by the different ethnic groups in specific regioas. The aromalic o scented o fra-
grast rice varietics are & spocial group, which carved out lis niche owing o ther unsque
aroma and other cooking guality traits. The first refescnce to the existence of sromatic rice
ity b traced 10 the documents of Susrurha (<. 400 BC), the great Indian ploneer in medicine
nd surgery (Saddig et ol 2012) The scented rice genotypes are Surgely groupad into three
caegories: (e hasmagl jsmine, snd ofer scented rice group. The Basesatl types of rice
cultivars orginmed in India sod Pakistan and are charscuerized by exquisiie aroma and
extra-long elosgation aftercooking (Siddig c1al 2012). Jasmine rice has o sightly barger ker-
el lergth than hasmati snd orgined in Thadlund Oullane and Villarreal 1993) Jasmine
hoe, aleo Known as “Thal Hom Mali Rice.”™ was collected froms Chachoesgsun, & central
province of Thailand, and afier pure-line selection wis officially named Khao Dewk Mali
105, (KDMLIOS ). Because of is super® lagrance and cooking quadity, KDM L105 his been
& mode] vasiety for studyieg genes contrelling grain quadity and aroma. In addition » these
two Rrge arcanatic groups, many more small aromatic groups can be found that are spe-
C¢ 10 partacudar regions in the world including Sadrs from [ran and Della from the United
Sttes, 10 same a few (Tadle 15.1).

The arcmatic rices occupy a special place amorg the diverse sulspecies of rice owing
1o their exquisite aroma. Arcmatic fioe inclodes bucmatl feom India and Fakistan. jasmine
froee Thailand and sadr from lean (Figuse 18.1). Aromasic rices feich 2 pecmium peice in
the domeatic & well a8 overseia surkets dos % Shelr unique special quality characters.
tics and their being & rich source of satrients. The bassati varsetics, ofien descrded as the
“prince of rice™ are reported 10 have low glycemic index and be 4 rich source of Fe and Za.

Nelmukar Sreading for Ricr Abseekc Sorewm Toloromer ond Navtdosed Qastiy: Tirne Idnion
Bdited by Mobarzssod Arwar Hosals, Lutl ISsan. Khasdace M4 Iekdamnddauta,
Arvind Kuszar and Robers Moy
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29 Endophytes: The Immune
System Modulators of Rice Plants
Under Abiotic Stresses

Deepanwita Deka'*, Jnandabhiram Chutia® and Bhaben Tanti®
'Department of Botany, S.B. Deorah College, Gauhati University, Guwahati, Assam,
India; **Department of Botany, Gauhati University, Guwahati, Assam, India

Abstract

Endophytes are the microorganisms, including bacteria and fungl, that reside within healthy plant tissues and
promote plant growth under lavorable as well as unfavorable conditions. Endophytes are present in all the plant
spechkes examined o dale. They can enhance growih of o plant, stimulote defense responses agalnst dilerent
pathogens and can act as immune system modulators for plants in abiotic stresses. Rice plants (Ovyza glaberrima
[or African rice] and (1 sidiva [or Asian clee]) are one of ihe major cereal grsins (hat 5 the mosi widely consumed
staple food for a large human population throughout the world. Therelore. it is very important to increase the
production by controlling diseases, incrensing growth in ablotic stresses, ete, of rce in order to feed the growing
population worldwide, especially Asian and Alrican people. This chapter focuses on the potential of endophytic
microbes that induce ablotlc stress tolerance In rice crops by Improving the Immune system of the plant. This
chapter also discusses how endophytic microbes can be used for biotechnological applications in rice crop growth
promaion il improvemeni wnder abiolic stress conditions,

29.1 Introduction agricultural sectors for its successful production.

Different types of chemical fertilizers and pesti-

Rice is the seed of a plant species Oryza glaberrima  cides are being utilized (Wang et al. 2019),
(Alrican rice) or Oryza sativa (Asian rice) be-  However. the use of chemical growth stimulants
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22 The Story of Rama in the Critical-Intellectual
Imagination of Indira Goswami

Dhurjjati Sarma

DOI: 10.4324/9781003147015-29

Introduction

Ramkatha, or the story of Rama, has been an important component of creative and critical writings
within the larger domain of Indian literature, particularly the continuing practice of retelling or
refashioning the Sanskrit epic narrative in the vernacular languages of the country. The scope
and expanse of the Rama story has astonishingly extended beyond the boundaries of India to
encompass regions in South and Southeast Asia over the past 2500 years or so. A.K. Ramanujan
made note of a wide variety of languages, namely, Annamese, Balinese, Bengali, Cambodian,
Chinese, Gujarati, Javanese, Kannada, Kashmiri, Khotanese, Laotian, Malaysian, Marathi, Oriya,
Prakrit, Sanskrit, Santali, Sinhalese, Tamil, Telugu, Thai and Tibetan (1994:24). Most of these
languages contained more than one version of the Rama story manifested through various
narrative genres like the vernacular epic, Kavya, or the Purana. Apart from the textual tradition,
the narrative of Ramayana is also represented through the oral and performative genres belonging
to both classical and folk traditions of India. The Bhakti Movement, beginning in South India and
later extending all over the northern plains of the country, provided a fertile ground for the
refashioning of the prime protagonists of the epics into characters that fitted into the didactic
paradigm representative of the whole devotional discourse propagated by it. However, more
importantly, the various retellings of the epic narrative in various Indian languages gave primacy
to the expressive resources of the local imagination in the vernacular refashioning of the Sanskrit
narratives,

As far as Assamese is concerned, the first retelling/refashioning of the Rama story happened as
early as in the 14th century when Madhav Kandali, a Brahmin scholar, composed the Saptakanda
Ramayana (Ramayana in Seven Cantos) under the patronage of Mahamanikya, the Kachari king of
Jayantapura, The Brahmaputra Valley of Assam, as the space that connected East and Southeast
Asia with South Asia, was the hub of diverse literary and cultural activities since the beginning of
the 2nd millennium AD, among which the indigenised retellings of Ramayana and Mahabharata
acquired great significance so far as the development of the Assamese language was concerned.
Madhav Kandali's Saptakanda Ramayana happens to be the earliest translation of the Rama story
into a vernacular language of North India. However, it is a matter of great pity and concern that
Kandali's work has not yet been able to attain the acclaim and popularity as enjoyed by the similar
vernacular retellings in Awadhi (Tulsidas) and Bengali (Krittivas). It is within this contextual
position of Ramkatha studies in Assamese vis-a-vis the pan-Indian situation that the present
chapter shall critically examine the role played by Indira Goswami not only in carrying out one of
the earliest research works on Kandali's Ramayana but also, in the process, juxtaposing the
narrative with its Awadhi and Bengali counterparts. Her research and subsequent interventions
in the study of Ramkatha are also significant from the critical perspectives of comparative Indian
literature.
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Bankim Chandra Chatterjee’s Rajmohan’s
Wife: India’s First English Novel

Dr. Dhurjjati Sarma
dhurjjati.sarma@gmail.com

The body of writings collectively referred to as the “Indian
English Fiction” is part of a larger history of Indian Writings in
English that traces its origin to the last decade of the eighteenth
century. As Vinay Dharwadker notes, the first ever text in English
written by an Indian author was entitled The Travels of Dean Ma-
homet, A Native of Patna in Bengal, Through Several Parts of In-
dia, While in the Service of The Honourable The East India Com-
pany, Written by Himself, In a Series of Letters to a Friend and
published in two volumes from Ireland in 1794 (199). The author
Din Muhammad had left India a decade earlier and was settled in
Ireland after having converted to Protestant Christianity and marry-
ing an Anglo-Irish woman. The earliest Indian speakers of the Eng-
lish language from India were the dubhasis who emerged in the
small Europeans trading towns in the seventeenth and eighteenth
centuries. Some of them worked as multilingual interpreters be-
‘tween the English tradet and the Indians, while there were others
- who served a Company official as a manager or a personal agent. It
must be kept in mind that these dubhasis were in existence at a time
when English education had not yet begun in the country.

After Din Muhammad, we witness the emergence of two writ-
ers who carried forth the legacy of early Indian practitioners of the
English language. They were, namely, Cavelli Venkata Boriah
(aroupd the first decade of the nineteenth century) and Rammohun
Roy (1772-1833) (Dharwadker 218). With respect to their use of
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A ‘Home’ away from Home: The Enduring
pPresence of Calcutta in Asamiya Writings

Dhurjjati Sarma

he colonial subjugation of India and the consequent dawning

of a new modern sensibility had, as its prime hotspot, the
city of Calcutta (now Kolkata) from about the fourth quarter of
the eighteenth century and extending throughout the nineteenth
century till the beginning of the twentieth century. This was the
time when Calcutta was the capital of British India and commanded
attention from all other major centres of social-political and
intellectual operations across the country, namely, Delhi, Bombay
(now Mumbai), and Madras (now Chennai). More specifically, the
allure and sense of wonder that Calcutta evoked was evident in
the manner in which writers from other parts of the country—from
both metropolitan and mofussil regions—made the city a subject
of creative-intellectual discourse within their respective vernacular
literary cultures. The responses ranged from pure admiration
to critical examination of various aspects related to the history
and culture of Calcutta, and were conveyed through a variety of
forms like the autobiography, essay, travelogue, and also poetry.
Proximity was also a determining factor in the formation of multiple
discourses on and around the city. For some languages like Marathi
and Tamil, Calcutta and the Bengali literary culture that developed
“flthin it provided a comparative vision for the writers to introspect
and analyse vis-a-vis their own spatial-temporal locations. However,
fo; literary cultures like Asamiya and Odia, the city of Calcutta
Provided the gateway towards the experience and internalisation
of colonia] modernity, as was evident from the actual testimonies
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S From revolt to rustication

Urdu and the Indian national
imagination (1857-1947)

Dhurjjati Sarma

Introduction

Perhaps no other Indian language has attracted so much interest and apathy
as seen in the case ol Urdu, the perpetual héte naire to the proponents ol
linguistic nationalism. For a language that was born and brought up in undi-
vided India, the increasing tendency towards the “foreignisation™ of Urdu
15 the culmination ol a protracted series of events that had its genesis around
1800 with the establishment of the Fort William College in Caleutia. While it
is seen as erroncous to entirely pul the onus of executing a split between Hindi
and Urdu on the Fort William College, the early decades of the nineteenth
century were nevertheless marked by the beginning of efforts to erystallise
specific linguistic identities along communal lines ( Dalmia 1997; Farugi 2001;
Rair 2001; Orsimi 2009; Safadi 2012). The gradual expansion of the printing
press also aided the process of ascertaining the standard seript for a par-
ticular language. Despile significant overlaps, Devanagari and Perso-Arabic
scripts came to be used for Hindi and Urdu, respectively; a process that was
later significantly boosted by the establishment of the Nagari Pracharini
Sabha in 1893 (Orsini 2009). However, the essentially social-political nature
of the events that took place across the nineteenth century led to Urdu being
increasingly defamiliarised and estranged from the very linguistic-cultural
geography of its growth and sustenance. A language that had once belonged
to the whole of India soon seemed to belong nowhere.” The two significant
social-political events that actually perpetuated and also stood wilness Lo the
changed fortunes of Urdu were, namely, the revolt of 1857 and the Partition
of 1947. Occurring almost a 100 years apart, cach of these events signified a
crucial moment in the history of Urdu literary culture. particularly evident
from the life and writings of Mirza Ghalib (1797-1869) and Saadat Hasan
Manto (1912-55), who stood at either ends of the period and witnessed at
first hand the horrors and disenchantment accompanying the unfolding of
the these events (Sarma 2020),

This chapter attempts to locate, map and understand the journey of Urdu
from 1857 to 1947, from being the widely preferred language of communica-
tion across north India in the years following the revolt to being branded as

DOL: 10.4324/9781003181408-5
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Reimagining ‘Kamarupa” as a Literary-
Cultural Geography in Modern Assam

Dr. Dhurjjati Sarma

At the outset of this study, I would like to explain the particular
context within which I am dealing with the terms, namely, ‘Kamarupa’,
‘literary-cultural geography’, and ‘modern Assam’. By ‘Kamarupa’ here,
I am referring not exactly to the mythical or the historical landscape that
came subsequently to be known as ‘Assam’ in the present context; but,
more precisely, to the existence of the idea or the concept that determined
its imaginative reconstruction towards the close of the nineteenth and the
initial decades of the twentieth century. The proponents of this concept
were the colonial officers and the emergent Assamese intelligentsia alike
who were, mostly under government supervision, tirelessly digging out
(literally!) stone and copper-plate inscriptions over a thousand years old
along with hunting down remnants of textual evidence in the nook and
corner of Assam. For these enthusiasts of ‘Kamarupa’, the very imagination
of the place was akin to recreating a lost civilisation, one that provided
testimony to the region’s age-old connection with the Aryavrata. | am
using the term ‘literary-cultural geography’ as a conceptual description
with respect to this reconstruction of ‘Kamarupa’ in twentieth-century
Assam under the three-fold impulses of colonial modernity, nationality,
and regional identities. It goes without saying that this was a momentous
project of socio-cultural refashioning that was taking place simultaneously
with the frequent realignments of internal political boundaries, particularly
between Assam and Bengal, at the turn of the century. For my study here,
I shall be focussing on those aspects of language and literary history that
had to be addressed in the process of consolidating one’s identity with
respect to both the ‘nation” and the ‘region’ at the same time.
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Aping in Colonial Assam: A Reading of
Bezbaroa’s ‘Mullock Gwyn-Gwyn’ and

‘Bhokendra Borogh’

Dr. Pranjal Sharma Bashishtha

Lakshminath Bezbaroa (1864-1938), the father of Assamese
short stories, had sixty-four stories to his credit. Many of these
stories used the nineteenth-century Assamese society as their
backdrop. A few of them, such as ‘Dhowakhowa), ‘Bapiram,
and ‘Mr. Fipson’, included criticism of the British and the
British administration. A few others like ‘Mullock Gwyn-
Gwyn’, ‘Bhokendra Boroah’, and ‘Jagara Mandalar Premabhinay’
criticized that section of the newly established middle class which,
with their English education and/or power and regular income
‘ensured by their jobs under the British administration, aped the
- Bntish lifestyle to the extent of forgetting their language, culture,
and family background. The present chapter reads Bezbaroas
ullock Gwyn-Gwyn’ and ‘Bhokendra Boroah' to see ho-w
baroa ridiculed the native imitators of the British colonizer? in
teenth century with his subtle artistry of characterizano?
e use. While doing so, insights from Homi K. Bhabhas
nimicry’ will be used when necessary.

Bezbaroa (1864-1938), the doyen of Romantic
(1889-1938), is worthily known in Assam as
joteer of Literature”) as he drove Assamese
of progress into different arcas. Thcsac
many, the short story, novel, draﬂsl;
tobiography, poetry, and cartoon. He Wﬂr )
including the short story- In the wo
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