Dinesh Chandra Uprety - V.R Reddy

\ Crop
Responses

to Global
Warming

@ Spring

er



Crop Responses to Global Warming






Dinesh Chandra Uprety ¢ V.R. Reddy

Crop Responses to Global
Warming

@ Springer



Dinesh Chandra Uprety V.R. Reddy

Plant Physiology Division Change Laboratory (CSGCL)
Indian Agricultural Research Institute Crop Systems and Global Change
New Delhi, India Laboratory (CSGCL)

Beltsville, MD, USA

ISBN 978-981-10-2003-2 ISBN 978-981-10-2004-9  (eBook)
DOI 10.1007/978-981-10-2004-9

Library of Congress Control Number: 2016945745

© Springer Science+Business Media Singapore 2016

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation,
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, express or implied, with respect to the material contained herein or for any
errors or omissions that may have been made.

Printed on acid-free paper

This Springer imprint is published by Springer Nature
The registered company is Springer Science+Business Media Singapore Pte Ltd.



Global warming is the change in atmospheric temperature of the earth due to
exponential rise of CO, and other greenhouse gases caused by anthropogenic and
other activities. Rising temperatures are influencing various systems on the earth,
including agriculture. In fact, global warming has a direct bearing on crops, food
chains and production cycles in terms of marked changes on growth and yield
processes of crops, insect and pest incidences, epidemics and increasing demands
for irrigation resources. The impact assessment analysis of global warming has
attracted the attention of the international scientific community. Recently India has
set ambitious targets under its Intended National Determined Contributions (INDC)
to the United Nations Framework Convention on Climate Change (UNFCCC) by
extending its significant role in building additional carbon sinks. As evident in the
context of India where an agro-based economy prevails, the direct impact of climate
change jeopardizes the national food security. Global warming is taking a toll on
our rich and diverse food systems. Reports indicate that the steep rise in temperature
since 1980 has led to reduction in yields of staple crops offsetting gains even from
improved farm practices, which has several implications for agriculture, crop yields
and patterns in the long run. Therefore, futuristic research studies in these directions
are needed. A comprehensive predictive model is yet to be established — a model that
can improve and strengthen a plant’s resilience to the stresses caused by increase in
temperature.

The authors of the book Drs. Uprety and Reddy have given a comprehensive
account of the historical rise of earth’s temperature, its sources and sinks and
more importantly the impacts on the production of various crop plants. They
have also given illustrative descriptions of the impact of rise in temperature on
the growth and various physiological processes to explain the response of crop
plants to the change in temperature. The most interesting section of the book
is the compilation of case studies on different crops such as wheat, rice, maize,
soybean, cotton and brassica. The authors have made their best efforts to explain the
impact of temperature changes on growth, yield and biochemical, physiological,
morphological and agronomic systems of each species. In addition, mitigation
technologies and future thrust sections for each crop have added value to this book
at high stack. The book is timely and will help readers understand the complex
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issues of climate change implications for crops and, subsequently, food security.
I wish them great success in every sphere of life and appreciate for taking us on this
enlightening journey.

Nt
Director, G.B. Pant Institute of Himalayan

Environment and Development Dr. P.P. Dhyani
Kosi-Katarmal, Almora, Uttarakhand, India



The monograph entitled “Crop Responses to Global Warming” describes the normal
historical shifts in the earth’s atmospheric temperature and weighs the evidence
concerning anthropogenic induced changes in the level of temperature. There is
not much study to explain the shift in temperature since the ice age, whereas the
subsequent unprecedented increase in the earth’s temperature after the preindustrial
period has been possibly related to the anthropogenic activities. This rise in
temperature has become a great threat to the productivity of crop plants. The
increase in temperature has affected the crop calendar of tropical and temperate
regions of the world by reducing the length of the effective growing season of
crops. This monograph has given an overview of the global as well as Indian
crop productivity in relation to the rise in the earth’s surface temperature. The
variability of past temperature changes and that of after the Industrial Revolution
has been discussed in relation to the crop productivity and food security of the
region. A chapter of this monograph is on the technologies to study the responses
of crop plants to the elevated temperature. The innovative approaches have been
described for the long-term experiments to investigate the lifetime responses of
crop plants to the rise in temperature. Phytotrones, temperature gradient chambers,
temperature gradient greenhouses (TGG), soil-plant-atmosphere research (SPAR)
system, temperature-free air CO, enrichment technology (T-FACE), infrared warm-
ing technology (IRWT), free air temperature enrichment technologies (FATE),
and soil warming systems (SWS) to simulate anthropogenic climate warming are
described in this chapter.

The impact assessment analysis of rising temperature on crops such as wheat,
rice, maize, soybean, cotton, and brassica are described, reviewed, and discussed
in separate chapters as case studies. The responses of physiological processes and
biochemical reactions to the elevated temperature in crop plants are described crop-
wise. The effect of elevated temperature on the growth and development of crop
plants has been discussed in relation to their phenological stages. The monograph
also includes the impact of elevating temperature on crop/weed interaction, pest and
diseases, and soil dynamics for each crop species independently. The mitigation
technologies to counter the adverse effect of high-temperature stress are described
for each crop according to their cultivation and climatic conditions. The future
research strategies for each crop to meet the threat of elevating temperature on crop

productivity and food security are described and discussed.
vii
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The monograph will assist in obtaining the detailed account on the historical
analysis of the exponential rise in the temperature of the earth to the writers of
climate change. The agricultural and environmental scientists will get the explana-
tions of the phenological changes caused by rising atmospheric temperature and the
physiological and biochemical characterization of these changes. The description
of temperature enrichment technologies will help researchers and scientists to study
the responses of biological materials to rising temperature. The monograph has first-
hand knowledge on the mitigation technologies for ameliorating the global warming
effects in crop plants. The detail description and suggestions on future strategies for
each crop will be useful to the policy makers to change the farming policies to meet
the challenges of global warming on crop plants. The monograph also describes the
modification of crops and management systems to cope with changed temperatures
which demonstrated the possibility of adoptions to high-temperature stress. The
monograph will be the main text for teaching climate change, global warming, and
environmental botany as no such book is currently available relating to the rising
atmospheric temperature on crop plants. Therefore, the monograph will be highly
useful for students of global climate change, environmental botany, and agricultural
sciences, scientists, researchers, farmers, and policy makers.

New Delhi, India Dinesh Chandra Uprety
Beltsville, MD, USA V.R. Reddy
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