PHYSIOLOGY OF

PERCEPTION, SIGNALLING, OMICS
AND TOLERANCE MECHANISM

Edited By

Pratibha Singh = Madhulika 5ingh
Rajiv Kumar Singh ' Sheo Mohan Prasad

WILEY



Table of Contents

Cover

Title Page
Copyright Page
List of Contributors
Preface

1 An Introduction to Salt Stress Perception and Toxicity
Level: Worldwide Report at a Glance

1.1 Soil Salinity: An Introduction

1.2 Salt Stress Perception and Current Scenario
1.3 Types of Salt Stress

1.4 Origin of Problems

1.5 Salt Toxicity Level: A Worldwide Report

1.6 Effect of Salt Stress on Flora and Fauna of the
Ecosystem

1.7 Role in Sustainable Agriculture

1.8 Unintended Effects of Salt-Containing
Substance Application in Agricultural Land

1.9 Role of Salt Toxicity in the Operation of Green
Revolution

1.10 Reaching the Current Status and Conclusion
Acknowledgments

References

2 Effects of Salt Stress on Physiology of Crop Plants: At
Cellular Level

2.1 Soil Salinity and Plants

2.2 Crop Loss Due to Salt Toxicity - An Estimation
Worldwide



file:///tmp/calibre_5.42.0_tmp_aw6e7oy3/lw4ifs6x_pdf_out/OPS/cover.xhtml

2.3 Effect of Salt Stress on Target and Nontarget
Plants and Microorganisms

2.4 Effect of Salt Stress on Physiology of Crop
Plants

2.6 Halophytes in Agriculture and IL.and
Management

2.7 Conclusion and Future Perspectives
References

3 Effects of Salt Stress on Biochemistry of Crop Plants
3.1 Introduction
3.2 Effects of Salt Stress on Lipid Metabolism

3.3 Effects of Salt Stress on the Amino Acids
Synthesis and Nitrogen Metabolism

3.4 Effects of Salt Stress on Protein Biosynthesis

3.5 Effect of Salt Stress on the Oxidation of
Membrane Proteins

3.6 Effect of ROS on the Nucleic Acid Formation
3.7 DNA-Protein Cross-links

3.8 Effect of Salt Stress on Dephosphorylation of
RNA and DNA

3.9 Future Advances and Conclusion
References
4 Salt Ion Transporters in Crop Plants at Cellular Level

4.1 Introduction

4.2 Absorption of Na* from Soil and Its
Compartmentalization in Plant Cell

4.3 Salt Tons Regulation in Plant Cells and Tissues

4.4 Role of Ion Channels and Salt Ion Transporter
in Crop Plants at Cellular Level



4.5 Transport of Na* Through SOS Signal
Transduction Pathway: At Cellular Level

4.6 Role of Salt Tolerance Responsive Genes in
Transport of Na* and Cl= Ions

4.7 Role of Ions in Salt Stress Tolerance
4.8 Reaching the Current Status and Conclusion

References

5 Salt Ion and Nutrient Interactions in Crop Plants:
Prospective Signaling

5.1 Introduction
5.2 Effects of Salt Stress on Nutrient Absorption

5.3 Effects of Salt Stress on Nutrient Cycling_in
Crop Plants

5.4 Salt Ion and Nutrient Interactions in Crop
Plants

5.5 Effect of Salt Stress on Nutrient Transporters

5.6 Role of Nutrient Interactions: Prospective
Signaling

5.7 Future Prospective and Conclusion
References

6 Effects of Salt Stress on the Morphology,_Anatomy,
and Gene Expression of Crop Plants

6.1 Introduction
6.2 Salt Stress and Effects on Morphology of Plants

6.3 Photosynthetic Pigments and Osmolytes
Accumulation

6.4 Effect of Saline Stress on Floral Organs

6.5 Anatomical Features and Salt Stress

6.6 Yield and Related Traits

6.7 Salt Stress and its Effect on Gene Expression



6.8 Conclusion
References

7 Effect of Salt Stress on Soil Chemistry and Plant-
Atmosphere Continuum (SPAC)

7.1 Introduction
7.2 Effect of Salt Stress on Soil Component

7.3 Soil Chemistry Affecting Factors in Agricultural
Land

7.4 Soil Salinity Effect on Crop Plants

7.5 An Introduction to Soil, Plant-Atmosphere
Continuum (SPAC)

7.6 Salt Absorption by Root Tissues and Their
Effect on Plant-Atmosphere Continuum

7.7 Translocation of Salt Ions in the Vascular
System of Crop Plants

7.8 Current Status and Conclusion
Acknowledgements
References

8 Effects of Salt Stress on Nutrient Cycle and Uptakeof
Crop Plants

8.1 Introduction

8.2 Limitation of Nutrient Cycle and Uptake of
Nutrients

8.3 Nutrient Cycle or Biogeochemical Cycle
8.4 Effect of Salt Stress on Carbon Cycle
8.5 Effect of Salt Stress on Oxygen and Water Cycle

8.6 Effect of Salt Stress on Nitrogen Fixing
Bacteria and Biogeochemical Cycle of Nitrogen

8.7 Effect of Salt Stress on Phosphorous Bacteria
and Biogeochemical Cycle of Phosphorus




8.8 Effect of Salt Stress on Sulfur Bacteria and
Biogeochemical Cycle of Sulfur

8.9 Future Prospective and Conclusion
References
9 Salt-Induced Effects on Crop Plants and Counteract

9.1 Introduction

9.2 Formation of Salt-Induced Indirect Products
(Oxidative Biomarkers) in Crops

9.3 Effect of Salt Stress on Crop Plants

9.4 Consequences Effect of Oxidative Biomarkers in
Crop Plants

9.5 Generation of Self-defense Mitigating Strategy
in Crop Plants

9.6 Conclusion and Future Prospective
References
10 Effects of Salt Stress on Osmolyte Metabolism of

10.1 Introduction

10.2 Groups and Biosynthetic Pathways of
Osmolytes in Crop Plant

10.3 Effect of Salt Stress on Osmolyte Production
and Work Action

10.4 The Osmotic and Ionic Adjustment Under Salt
Stress Tolerance Mechanism

10.5 Conclusion
References
11 Salt Stress Toxicity Amelioration by Phytohormones,

Synthetic Product, and Nutrient Amendment Practices
11.1 Introduction



11.2 Structure and Mechanism of Action of
Phytohormones Under Salt Stress

11.3 Structural, Physiological,_ and Biochemical

Nature of Phytohormones Under Salt Stress

11.4 Salt Stress Toxicity Amelioration by
Exogenous/Endogenous Phytohormones

11.5 Salt Toxicity Amelioration by Exogenous
Synthetic Products

11.6 Salt Toxicity Amelioration by Exogenous
Nutrient Amendment Practices

11.7 Future Prospective and Conclusion

References

12 Crop Plants Develop Extracellular Signaling
Products Against Salt Stress

12.1 Introduction

12.2 Site of Synthesis of Extracellular Signaling
Products

12.3 Release of Extracellular Products by Cells of

Stress: Antioxidants, Enzymes, and Proteins

12.4 Release of Extracellular Products by Cells of
Cyanobacteria Algae and Crop Plants Under Salt
Stress: Amino Acids, Osmolytes, Nitrogen Nitric
Oxide Ammonia

12.5 Release of Extracellular Products by Cells of
Cyanobacteria and Crop Plants Under Salt Stress:

12.6 Release of Extracellular Products by Cells of
Cyanobacteria and Crop Plants Under Salt Stress:



12.7 Uncovering_Potential and Applications of
Extracellular Signaling Products in Biology,
Agriculture, and Medicine Current Status and
Future Prospects

12.8 Current Status and Future Prospective
References

Index

End User License Agreement

List of Tables

Chapter 1

Table 1.1 Soil salinity/sodicity scenario in worst-
affected partsof India.

Chapter 8

Table 8.1 Pathways, mechanisms, and timescales of
P limitation to primary p...

Table 8.2 Pathways, mechanisms, and timescales of
nitrogen limitation to pr...

Chapter 9

Table 9.1 Different levels of salinity and their
effects on crops.

Chapter 11

Table 11.1 Structure and function of different
phytohormones.

Chapter 12

Table 12.1 Detailed information about the role of
several metabolites induc...



List of lllustrations

Chapter 1
Figure 1.1 Worst-affected nations vs. salinity share.

Figure 1.2 Salinity index and prediction for India
since the Green Revolutio...

Chapter 2

Figure 2.1 Schematic illustration shows comparison
of ion homeostasis and ph...

Chapter 4

Figure 4.1 Schematic diagram of salt ions
regulation and their transport und...

Chapter 6

Figure 6.1 Negative effects of salt stress on plants
(Above and under the so...

Figure 6.2 Primary and secondary stress under
salinity and tolerance strateg...

Chapter 7

in plants.

Figure 7.2 Relationship between rate of
germination and time duration after ...

Figure 7.3 Overview of the two-phase growth
response to salt stress for plan...

Figure 7.4 Diagrammatic representation of the
SPAC (soil, plant-atmosphere c...

Figure 7.5 Pictorial representation of Na* entering
the cell via channels su...

Chapter 8




Figure 8.1 Adverse effect of salinity on plant
growth.

Figure 8.2 Terrestrial water cycle and its
components.

Figure 8.3 Illustration of global carbon cycle.

Figure 8.6 Processes and different stages of
phosphorus cycle.

Figure 8.7 The diagram is indicative of the
oxidation and reduction that bri...

Figure 8.8 Illustration of cyclic calcium cycle in
terrestrial ecosystem.

Chapter 9

Figure 9.1 Reactive oxygen species (ROS)_formed
under high salt concentratio...

Figure 9.2 Flow diagram showing_major antioxidant
system (enzymatic and none...

Figure 9.3 Flow diagram showing_SOS pathway for
mitigation of high salt conc...

Chapter 10

Figure 10.1 Schematic representation of
biosynthesis of osmolytes in plants ...

Figure 10.2 Schematic representation of toxicity
and tolerance response unde...

Figure 10.3 A pictorial presentation of osmolyte
synthesis and mediated resp...

Chapter 11




Figure 11.1 Pictorial representation of the types of
salinity stress and its...

Chapter 12

Figure 12.1 Schematic diagram representing_the
functional strategy of plant/...

Figure 12.2 Diagrammatic representation of the
role of several extracellular...




Physiology of Salt Stress
in Plants

Perception, Signalling, Omics and
Tolerance Mechanism

Edited by

Pratibha Singh

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, Uttar Pradesh, India

Madhulika Singh

Centre of Advanced Studies in Botany
Banaras Hindu University

Varanasi, Uttar Pradesh, India

Rajiv Kumar Singh
Horticultural Scientist

Krishi Vigyan Kendra, Sohaon
Ballia, Uttar Pradesh, India

Sheo Mohan Prasad

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, Uttar Pradesh, India



WILEY



This edition first published 2022
© 2022 John Wiley & Sons Ltd

All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, except as permitted by law.
Advice on how to obtain permission to reuse material from this title is available
at http://www.wiley.com/go/permissions.

The right of Pratibha Singh, Madhulika Singh, Rajiv Kumar Singh, and Sheo
Mohan Prasad to be identified as the author(s) of the editorial material in this
work has been asserted in accordance with law.

Registered Office(s)

John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA

John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex,
PO19 8SQ, UK

Editorial Office
The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

For details of our global editorial offices, customer services and more
information about Wiley products, visit us at www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print-on-
demand. Some content that appears in standard print versions of this book may
not be available in other formats.

Limit of Liability/Disclaimer of Warranty

The contents of this work are intended to further general scientific research,
understanding and discussion only and are not intended and should not be
relied upon as recommending or promoting scientific method, diagnosis or
treatment by physicians for any particular patient. In view of ongoing research,
equipment modifications, changes in governmental regulations and the
constant flow of information relating to the use of medicines, equipment and
devices, the reader is urged to review and evaluate the information provided in
the package insert or instructions for each medicine, equipment or device for,
among other things, any changes in the instructions or indication of usage and
for added warnings and precautions. While the publisher and authors have
used their best efforts in preparing this work, they make no representations or
warranties with respect to the accuracy or completeness of the contents of this
work and specifically disclaim all warranties, including without limitation any
implied warranties of merchantability or fitness for a particular purpose. No
warranty may be created or extended by sales representatives, written sales
materials or promotional statements for this work. The fact that an
organization, website or product is referred to in this work as a citation and/or
potential source of further information does not mean that the publisher and
authors endorse the information or services the organization, website or
product may provide or recommendations it may make. This work is sold with
the understanding that the publisher is not engaged in rendering professional
services. The advice and strategies contained herein may not be suitable for


http://www.wiley.com/go/permissions
http://www.wiley.com/

your situation. You should consult with a specialist where appropriate. Further,
readers should be aware that websites listed in this work may have changed or
disappeared between when this work was written and when it is read. Neither
the publisher nor authors shall be liable for any loss of profit or any other
commercial damages, including but not limited to special, incidental,
consequential or other damages.

Library of Congress Cataloging-in-Publication Data

Names: Singh, Pratibha (Plant physiology), editor.

Title: Physiology of salt stress in plants : perception, signalling, omics and
tolerance mechanism / edited by Pratibha Singh, Ranjan Plant Physiology and
Biochemistry Laboratory, Department of Botany, University of Allahabad,
Prayagraj, Uttar Pradesh, INDIA, Madhulika Singh, Centre of Advanced Studies
in Botany, Banaras Hindu University, Varanasi, Uttar Pradesh, INDIA, Rajiv
Kumar Singh, Scientist Horticulture, Krishi Vigyan Kendra, Sohaon, Ballia
277504, Uttar Pradesh, INDIA, Sheo Mohan Prasad, Ranjan Plant Physiology
and Biochemistry Laboratory, Department of Botany, University of Allahabad,
Prayagraj, Uttar Pradesh, INDIA.

Description: First edition. | Hoboken, NJ : Wiley, 2022. | Includes
bibliographical references and index.

Identifiers: LCCN 2021043242 (print) | LCCN 2021043243 (ebook) | ISBN
9781119700470 (cloth) | ISBN 9781119700487 (adobe pdf) | ISBN
9781119700494 (epub)

Subjects: LCSH: Crops-Effect of salt on. | Plants-Effect of salt on. | Crops-
Effect of stress on. | Plants-Effect of stress on. | Soils, Salts in.

Classification: LCC QK753.S3 .P49 2022 (print) | LCC QK753.S3 (ebook) | DDC
581.7/88-dc23

LC record available at https://Ilccn.loc.gov/2021043242

LC ebook record available at https://lccn.loc.gov/2021043243

Cover Design by Wiley
Cover Images: © LutsenkoLarissa/Shutterstock, Oleksandr Yuchynskyi/
Shutterstock, JHK2303/Shutterstock



https://lccn.loc.gov/2021043242
https://lccn.loc.gov/2021043243

List of Contributors

Harish Chandra

Department of Botany and Microbiology
Gurukula Kangri Vishwavidayalaya
Haridwar, India

Atun Roy Choudhury

Department of Research and Development
Ramky Enviro Engineers Limited
Hyderabad, India

and

Department of Biological Sciences

Birla Institute of Technology and Science
Hyderabad, India

Anurag Dubey

Mycology and Plant pathology Laboratory, School of
Biological Sciences

Dr. Hari Singh Gour Central University

Sagar, India

Gunjan Dubey
Department of Botany
University of Rajasthan
Jaipur, Rajasthan, India

Abreeq Fatima

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany,

University of Allahabad

Prayagraj, India

Sankar Ganesh Palani
Department of Biological Sciences Birla Institute of
Technology and Science Hyderabad, India



Gunjan Goyal
Department of Botany
University of Rajasthan
Jaipur, Rajasthan, India

Ankush Gupta

Department of Biochemistry Institute of Science Banaras
Hindu University Varanasi, Uttar Pradesh

India

Arvind Gupta

Department of Biotechnology

Hemvati Nandan Bahuguna Garhwal (Central) University
Srinagar

Uttarakhand, India

Ayushi Guplta

Institute of Environment and Sustainable Development,
Banaras Hindu University

Varanasi, India

Divya Gupta

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, India

Shivam Gupta

Ganga River Ecology Research Laboratory, Environmental
Sciences Division,

Centre of Advanced study in Botany, Institute of Sciences,
Banaras Hindu University

Varanasi, India

Prateek Jain
Department of Biology

University of North Carolina at Chapel Hill
Chapel Hill, NCUSA



Durgesh Kumar Jaiswal

Institute of Environment and Sustainable Development,
Banaras Hindu University

Varanasi, India

Lav Kumar Jaiswal

Department of Biochemistry

Institute of Science, Banaras Hindu University
Varanasi,

Uttar Pradesh, India

Aruba Khan
CSIR-National Botanical Research Institute
Lucknow, India

Ria Khare

CSIR-National Botanical Research Institute

Lucknow, India

and

Academy of Scientific and Innovative Research (AcSIR)
New Delhi, India

Abhay Kumar

Department of Biotechnology, ICAR-National Research
Centre on Litchi

Muzaffarpur,

Bihar, India

Indrajeet Kumar
Department of Botany
Banaras Hindu University
Varanasi, India

Umesh Kumar
Department of Botany
Banaras Hindu University
Varanasi,

Uttar Pradesh, India



Pragati Kumari

Scientist Hostel-S-02, Chauras Campus, Srinagar Garhwal,
Uttarakhand

India

Neha Naaz

Ganga River Ecology Research Laboratory, Environmental
Sciences Division

Centre of Advanced study in Botany, Institute of Sciences,
Banaras Hindu University

Varanasi, India

Tanamyee Nayak

Department of Biochemistry

Institute of Science, Banaras Hindu University
Varanasi,

Uttar Pradesh, India

Jitendra Pandey

Ganga River Ecology Research Laboratory, Environmental
Sciences Division

Centre of Advanced study in Botany, Institute of Sciences,
Banaras Hindu University

Varanasi, India

Anuradha Patel

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, India

Dilip Kumar Prajapati

Ganga River Ecology Research Laboratory, Environmental
Sciences Division

Centre of Advanced study in Botany, Institute of Sciences,
Banaras Hindu University

Varanasi, India



Sheo Mohan Prasad

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, India

Gurpreet Sandhu

CSIR-National Botanical Research Institute

Lucknow, India

and

Academy of Scientific and Innovative Research (AcSIR)
New Delhi, India

Rajesh Kumar Sharma
Department of Botany
Banaras Hindu University
Varanasi, India

Garima Singh

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, India

Madhulika Singh

Ganga River Ecology Research Laboratory,

Environmental Sciences Division Centre of Advanced study
in Botany,

Institute of Sciences, Banaras Hindu University

Varanasi, India

Neha Singh

Department of Research and Development
Ramky Enviro Engineers Limited
Hyderabad, India

Prabhakar Singh
Center of Advanced Study, Department of Botany



Institute of Science, Banaras Hindu University
Varanasi, India

Pratibha Singh

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, India

Pratibha Singh

Department of Botany, School of Life Sciences
Mahatma Gandhi Central University

Motihari,

Bihar, India

Prince Kumar Singh
Department of Botany
Banaras Hindu University
Varanasi,

Uttar Pradesh, India

Rakesh Kumar Singh
Department of Biochemistry
Institute of Science

Banaras Hindu University
Varanasi, India

Shikha Singh

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, India

Sanjesh Tiwari

Ranjan Plant Physiology and Biochemistry Laboratory
Department of Botany

University of Allahabad

Prayagraj, India



Santwana Tiwari

Ranjan Plant Physiology and Biochemistry Laboratory
Department of Botany

University of Allahabad,

Prayagraj, India

Vivekanand Tiwari

Department of Fruit Tree Sciences, Institute of Plant
Sciences,

Agricultural Research Organization (ARO)-Volcani Center
Rishon LeZion, Israel

Yashoda Nandan Tripathi

Center of Advance Study Department of Botany Institute of
Science Banaras Hindu University

Varanasi, Uttar Pradesh, India

Ram Sanmukh Upadhyay

Center of Advance Study Department of Botany Institute of
Science Banaras Hindu University

Varanasi, Uttar Pradesh, India

Nidhi Verma

Ranjan Plant Physiology and Biochemistry Laboratory,
Department of Botany

University of Allahabad

Prayagraj, India

Aruna Yadav
Department of Botany
University of Rajasthan
Jaipur,

Rajasthan, India

Poonam Yadav

Institute of Environment and Sustainable Development,
Banaras Hindu University

Varanasi, India



Saurabh Yadav

Department of Biotechnology

Hemvati Nandan Bahuguna Garhwal (Central) University
Srinagar,

Uttarakhand, India



Preface

This edited book entitled Physiology of Salt Stress in
Plants: Perception, Signalling, Omics and Tolerance
Mechanism is an important contribution to Plant Science
containing information related to salt stress and its
mitigation strategy by experimental techniques based on
theoretical concepts. The salt-stress-related problems are
rising in the soil and water due to natural and
anthropogenic activities. Anthropogenic activities include
repeated irrigation through canal system and heavy crop
production practices which has led to enhanced salt level in
crop/agricultural field, hence substantially declining the
crop productivity. Therefore, study on salt toxicity is
continued as an area of scientific interest in direction to
understand their whole mechanism of its toxicity and their
entry into crop plants.

In this book, the authors explain a number of approaches to
ease the negative impact of salt stress in crop plants. These
approaches include nutrients, antioxidants, osmolytes,
phytohormones and extra cellular compounds, etc. They
are endo as well as exogenous in nature. In this book, the
adverse impact of salt ion toxicity on plants and implication
of advance approaches in alleviating salt toxicity have
briefly been reviewed. This work enables the scientific
world to design strategies for reducing NaCl-mediated loss
to crop by the application of different endo and exogenous
substances in the farm soils. The governments and other
organizations may design a holistic approach to reduce
NaCl and other salt toxicity by different types of practices.
Agriculturalists may be enlightened with several awareness
programmers by the government and non-government
actions wherein the content of this book may be used. It is



widely useful for all post-graduate courses in the biological
sciences. The idea of this work has a wide-ranging
scientific and socio-economic utility.

All the editors thankfully acknowledge the contributions
from all the scholars working across the Indian
subcontinent and across the world. An authoritative book
written by an individual that remains relevant over the
coming years is rather cumbersome and instead requires
the concerted effort of a team of expert scientists. All
editors also gratefully acknowledge the team at John Wiley
& Sons Limited which made possible the proposed book in
its present form.

Editors

Pratibha Singh
Madhulika Singh
Rajiv Kumar Singh
Sheo Mohan Prasad



1
An Introduction to Salt Stress
Perception and Toxicity Level:

Worldwide Report at a Glance
Atun Roy Choudhury!-?, Neha Singh!, Ayushi Gupta?,
and Sankar Ganesh Palani?
I Department of Research and Development, Ramky
Enviro Engineers Limited, Hyderabad, India
2 Department of Biological Sciences, Birla Institute of
Technology and Science, Hyderabad, India
3 Institute of Environment and Sustainable
Development, Banaras Hindu University, Varanasi, India

1.1 Soil Salinity: An Introduction

The threat of global warming is not limited only to the
earthen atmosphere but slowly progressing toward the
lithosphere. Attenuation of vegetative health due to the
assimilation of brine substances is referred to as saline
toxicity. The destruction caused solely due to the elevated
level of sodium chloride (NaCl) is characterized as sodicity
and is rather attainable to reclaim. Contrarily, the assorted
salt stress enforces salinity, which makes land barren(Gul
et al. 2015). Since the Green Revolution, the salinity
footprint is engulfing the terrestrial territory quite
rampantly. Presently, around one-tenth of the earth's crust
accounting nearly 46 M ha has turned non-fertile (Hossain
2019). Excessive groundwater abstraction in the high zones
may lead to premature desertification. The Indian Council
of Agricultural Research (ICAR) predicted in a geospatial
study that the coastal districts will be left with no aquifer
water by 2050 without any technical interference (ICAR



2015). This further booms the inland intrusion of saline
water. Figures are even more agitating, precisely in coastal
regions. The rising sea levels often cause waterlogging in
different parts of the world, precisely places located at
lower elevations (EL-Raey et al. 1995). India, with a
coastline length of approximately 7516 km, is presently
under immense risk of temporary submergence. Saline
water logging abnormally elevates the sodicity and thereby
turns the lands nonproductive or unfertile.

The other reason that may trigger the soil sodicity is
extreme groundwater abstraction. The negative aquifer
pressure in the coastal regions causes brackish water
intrusion and vertical rise by capillary action (Dillon et al.
2009). Whereas, the increase in soil salinity is a complex
phenomenon. Studies showcased the discharge of
industrial effluents into the water bodies successively
raising the dissolved salt content resulting in increased
salinity while utilized in irrigation. The other foremost
reason for soil salinity involves drying out. Overutilization
has already caused drying of a significant chunk of sweet
water resources. In the absence of the desired water
quality, farmers are moving toward alternate sources with
high saline concentration, leading to the salinity of
agricultural lands (Staniforth and Davies 2018).

The impact of salt stress is found to be most severe on
agricultural crops. The primary issues involve the non-
germination of seeds, reduced leaf surface area, retarded
plant growth, strength, hampered yield, etc. Elevated soil
salinity hampers the plants in various ways such as osmotic
stress (OS), ionic toxicity, retarded cell division, reduced
photosynthesis, to name a few. The inclusive impact of all
the above factors boosts the mortality rate (Lauchli and
Grattan 1970).



Immediate exposure to higher saline medium primarily
increases the OS, causing reduced leaf surface area (i.e.
due to repressed cell division and growth). Whereas,
prolonged exposure imparts ionic stress leading to stomatal
closure, immature senescence of mature leaves, chlorosis,
necrosis, etc. The reduced biomass negatively affects
photosynthesis and plant growth (Darko et al. 2019). In
contrast, exposure to elevated sodicity, especially
NaCl,affects the enzymatic system and augments cell
swelling. The mutual impact leads to suppressed energy
synthesis. Furthermore, excess exposure hinders all the
growth-oriented processes like metabolism and protein
synthesis (Acosta-Motos et al. 2017).

Therefore, prolonged exposure provoked the development
of a defense mechanism in some species against salt stress
and toxicity either by excluding through cells or by
enhancing the salt tolerance. Additionally, synthetic species
with transgenic properties are also synthesized by genetic
engineering by altering the levels of gene expression
(Carillo et al. 2011).

1.2 Salt Stress Perception and
Current Scenario

Accumulation of excessive salt content in the soil causing
direct and indirect adverse effects on flora and fauna is
termed as salt stress (Shrivastava and Kumar 2015). The
above situation can inhibit plant growth, and prolonged
exposure may lead to a decrease. Higher saline level
impacts the plants in various ways such as genotoxicity,
alteration of metabolic processes, oxidative stress, water
stress, ion toxicity, nutritional disorders, reduction of cell
division and expansion, and membrane disorganization
(Hasegawa et al. 2000; Munns 2002). The preliminary
exposure to salt stress causes leaf surface area reduction.




The immediate impacts include suppressed cell expansion
and cell division and closure of stomata due to osmotic
influence (Munns 2002; Flowers 2004). Furthermore,
prolonged exposure imparts ionic stress leading to early
senescence of mature leaves and thereby reducing the leaf
surface area responsible for photosynthesis and plant
growth.

The severity of salt stress is most predominant in the case
of agricultural crops from a food security perspective;
impacts include retarded seed germination, reduced
biomass, and small yield. Higher abscisic acid (ABA)
concentration results in the formation of specific genes
through the plant defense mechanism which leads to
counteracting its generation cause (Godoy et al. 1990;
Lodeyro and Carrillo 2015). Generally, the acute level of
salt toxicity causes instantaneous death in various species,
whereas, in selected species, limited stress influences
defense mechanisms mimicking halophytes. For instance,
conversion of C; to CAM, amendment in epidermal bladder

cell to withhold excessive NaCl enabling better
survivability over the saline condition. Significant parts of
the coastal irrigated areas face salination issues majorly
due to the seawater intrusion. More than 45 M ha of
cultivable land distributed among hundreds of countries
covering more than 10% of the global land surface area
have already been sacrificed due to saline irrigation.
Additionally, approximately 1.5 M ha of fertile land
becomes nonproductive every annum due to soil salinity
(Munns and Tester 2008). Presently, about 1150 M ha of
productive land are under induced stress, while80 M ha are
only affected due to the anthropogenic activities (Rasool et
al. 2013; Hossain 2019).

1.3 Types of Salt Stress



Based on the origin and root cause, there are two different
categories of salinity, namely, primary and secondary.
Primary salinity is a natural phenomenon and mostly occurs
due to the former presence of salt lakes, slat clads, tidal
swamp, etc., at a particular location. It is majorly a kind of
sodicity. At the same time, secondary salinity is imposed
due to man-made activities such as urbanization, saline
irrigation, etc. (Shahid and Rahman 2011). Detailed
reasons are delineated below.

Primary salinity:

i. Spreading from the saline artesian well.
ii. Capillary rise from saline groundwater.
1ii. Seawater intrusion.

iv. Canopy formation due to the movement of fine sea sand
by the sea breeze.

v. Waterlogging.
Secondary salinity:

i. Irrigation with impeded drainage

ii. Effluent discharge

iii. Excess fertilizer dosing

iv. Deforestation

v. Saline irrigation
Furthermore, based on the predominance of the type of
anions present and the pH value, salt-affected soils are
categorized as saline soil and sodic soil. Sodic soil typically
comprises sodium carbonate and or bicarbonate ions with a

pH value beyond 8.5, but contrarily, saline soil majorly
incorporates chloride and sulphate ions with pH value



