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FOREWARD

The study of environmental stress factors (such as, biotic and abiotic) has become a subject
of ecosystem health and sustainable development in the era of climate change. Oxidative stress
is a central factor in a number of biotic and abiotic stress phenomena, when there is a serious
imbalance in any plant cell compartment between the production of reactive oxygen species
(ROS) and antioxidant defense, leading to physiological imbalance. The presence of high
concentration of ROS in cells causes oxidative damage to photosynthetic pigments, bio-molecules
such as lipids, proteins and nucleic acids, leakage of electrolytes via lipid peroxidation resulting
in the disruption of cellular metabolism. Recent investigation based on photo-oxidative damage
to plants showed that O2

- is the main ROS responsible for oxidative damage in plants tissues
.To counteract this damage, cells are equipped with a large set of enzymatic and non-enzymatic
defense mechanisms.  Some of which are constitutive and others that are only activated when
a stress-specific signal is perceived. Enzymatic scavenger of ROS includes superoxide dismutase,
catalase, guaicol peroxidase, ascorbate peroxidase and glutathione reductase. Non-enzymatic
antioxidants include glutathione, ascorbic acid, á-tocopherol, flavonoids and carotenoids. Some
metabolites like poly phenols, polysugars, proline, glycinebetaine and trehalose (probably) have
been found to accumulated during stress conditions Abiotic stresses may also induce the emission
of multiple biogenic volatile organic compounds (BVOCs) such as terpenes, oxylipins, methanol,
ethanol, formaldehyde, and acetaldehyde etc. Many of the emitted compounds are synthesized
from the degradation of cellular structures. Excessive amounts of stresses trigger a wide range
of cellular responses, synthesis of metal-detoxifying peptides and induce a cascade pathway
against ROS generation. Recent investigations have confirmed major roles of MAPK (mitogen-
activated protein kinase) cascades via the regulation of development, growth, programmed cell
death in both biotic and abiotic stress signal transduction of plants. MAPK pathways transfer
information from sensors to cellular responses and represent an evolutionary conserved signaling
mechanism in eukaryotes.

Although there has been rapid progress in recent years in the major theme of the present
book, but there are still many uncertainties and gaps in our understanding of sources and
mechanism of ROS generation and oxidative stress, the major consequences of oxidative stress,
and the potential strategies to enhance oxidative stress-tolerance in plants. I understand that the
current edited volume will elucidate recent advances in the most of these facts in detail through
significant contributions from over the globe to the book.

M.N.V. Prasad
Professor

Department of Plant Sciences, University of Hyderabad
Prof. C.R. Rao Road

Gachhibowli, Central University P.O. Hyderabad 500 046, India
e-mail: prasad_mnv@yahoo.com, mnvsl@uohyd.ernet.in





PREFACE

Plant growth, development and productivity are affected by different adverse environments.
The majority of adverse environments cause multifarious undesirable effects in plants. Of them,
production of reactive oxygen species (ROS) is a common phenomenon. These ROS are highly
reactive because they can interact with a number of cellular molecules and metabolites thereby
leading to a number of destructive processes causing cellular damage. Plants possess to a
variable extent antioxidant metabolites, enzymes and non-enzymes that have the ability to detoxify
ROS thus, to protect the photosynthetic- and cellular functions against ROS-accrued oxidative
stress and to maintain optimum growth, development and productivity under changing
environment.

In the present volume, the emphasis of discussion has been on understanding the causes
of oxidative stress, its consequences and the biological significance of various antioxidant
molecules in plants. In particular, the role of different antioxidants as potential selection criteria
for improving plant tolerance to oxidative stress has been critically discussed at length in
different chapters contributed by eminent researchers and scientists from over the globe. However,
occasional overlaps of information between chapters could not be avoided; moreover, they
reflect the central and multiple aspects of the causes, consequences of oxidative stress and
strategies for enhancing tolerance to oxidative stress in detail in the light of the advances in
molecular biology.

Chapter 1 introduces the concept of oxidative stress in plants and the role of important
antioxidants in plant tolerance. Chapters 2 and 3 discuss various environmental factors affecting
different components of ascorbate-glutathinone pathway and the regulatory role of components
of the pathway in plant tolerance to oxidative stress in detail. Chapters 4 to 13 describe the
insights of the significance of enzymatic and non-enzymatic antioxidants including ascorbate
and glutathione in the protection of plant growth and metabolism against various stress factors
including heavy metals-, salinity- and UV-B-accrued oxidative stress. Chapter 14 deals with the
role of different secondary metabolites as non-enzymatic plant protectors against oxidative stress
in plants. Chapter 15 is concerned with the role of ascorbate in the growth and development
of cells during the formation of annual rings in coniferous trees. Chapter 16 deals mainly with
the modulation of glutathione, its redox couple and related major enzymes in plants under
abiotic stress conditions whereas the last Chapter 17 summarizes major heavy metals in plants
and soil and their effects on important components of plant antioxidant defense system.

Like all creative works, completing a book in any discipline is really a hard work to
accomplish. We are thankful to contributors for their significant manuscripts and for their full
faith and cooperation that eventually made the present volume possible.

We offer our sincere thanks to Mr. HS Poplai, the Publishing Manager and his team at IK
International Publishing House, New Delhi, INDIA for their efficient and friendly cooperation
which made our efforts successful in bringing out the present treatise.
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Thanks are also due to all the well-wishers, teachers, seniors, research students and family.
Without their unending support, motivation and encouragement the present grueling task would
have never been completed.

We are also thankful to the Foundation for Science & Technology (FCT), PORTUGAL
(SFRH/BPD/64690/2009), Council of Scientific & Industrial Research (CSIR), New Delhi, INDIA
[(9/112(0401)2K8-EMR-I (312208/2K7/1)], Agricultural Biotechnology Research Center (ABRC),
Academia Sinica, TAIWAN, the Department of Science and Technology (DST), New Delhi,
INDIA, Potash Research Institute of India (PRII), Gurgaon, INDIA and International Potash
Institute (IPI), SWITZERLAND for providing financial assistance to our research work.

Last but not least, we bow in reverence to Allah, Who blessed us with an innumerable
favour of the academic work.

Editors
Naser A. Anjum

Shahid Umar
Altaf Ahmad

Preface



CONTENTS

1. An Introduction to Oxidative Stress in Plants and the Role of
Non-Enzymatic Antioxidants
1. Oxidative Stress and ROS Production in Plants 2

1.1 Specific Biochemical Properties of ROS in Plants 2
1.2 Sites and Sources of ROS in Plants 4
1.3 Environmental Stress and ROS in Plants 5
1.4 Damages of ROS in Plants 12

2. Scavenging of ROS in Plants 14
2.1 Avoidance 14
2.2 Scavenging by Antioxidant Enzymes 15

3. Non-enzymatic antioxidants in plants 16
3.1 L-Ascorbic Acid (vitamin C) 16
3.2 Reduced Glutathione (GSH) 19
3.3 a-Tocopherol (vitamin E) 21
3.4 Carotenoids 23
3.5 Flavonoids 25
3.6 Other Low Molecular Weight Compounds 27

4. Conclusions and Perspectives 28
References 29

2. Environmental Factors Affecting Components of Ascorbate-Glutathione
Pathway in Crop Plants
1. Introduction 52
2. Synthesis of ascorbate and glutathione in plant cells 53

2.1 Ascorbate Biosynthesis 53
2.2 Glutathione Biosynthesis 53

3. Changes in the size of the ascorbate and glutathione pools under
abiotic stress conditions 54
3.1 Temperature Stresses 54
3.2 Osmotic Stress 59
3.3 Environmental Pollutants, Flooding 61

4. Crosstalking of glutathione-mediated stress responses with other
signalling pathways 65
4.1 Participation of Glutathione in Redox Signalling 65
4.2 Interaction of Glutathione with Hormonal Systems 66
Conclusion 69
References 70



Oxidative Stress in Plants Causes,
Consequences and Tolerance

Publisher : IK International ISBN : 9789381141021
Author : Shahid Umar,
Naser A Anjum And Altaf
Ahmed

Type the URL : http://www.kopykitab.com/product/7130

 Get this eBook

25%
OFF

http://www.kopykitab.com/Oxidative-Stress-in-Plants-Causes-Consequences-and-Tolerance-by-Shahid-Umar-Naser-A-Anjum-And-Altaf-Ahmed

	Oxidative Stress in Plants Causes, Consequences and Tolerance

