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Foreword

The disastrous effects of climate change on agricultural crop productivity and livestock
call for an urgent attention and serious efforts towards developingmethods and tools to
investigate their vulnerability to climatic stresses. The climatic changes, since time
immemorial, are known to affect the agricultural systems, but the methods to measure
these effects have been developed in recent times only. The senior author, Dr. Uprety,
has been systematically following the climate change impacts on crops since 1992 at
Indian Agricultural Research Institute, NewDelhi. Therefore, he has a long experience
of studying the responses of crop plants to various attributes of climate change. He was
successful in developingfirst SouthAsian facilities such as FACE andOTC to study the
responses of crop plants to the rising atmospheric carbon dioxide. Further, the methods
and technologies for conducting experiments to analyse the responses of crop plants to
climate change stresses are credited to him along with Dr. P. Saxena of Hindu College,
Delhi University. The data generated using these methods and technologies would help
in developing mathematical models and identifying plant types to meet the challenges
of climatic stresses. The technologies included in this book are relevant primarily to the
crops, livestock and forestry sector, and particularly focus on themost vulnerable group
of stakeholders, the small landholders and producers of crop plants. Further, the book
describes various technologies and methods that include simulation of future climate
changes to study the responses of crop plants to climatic stresses and their physiological
and biochemical characterization. The research-based outcomes, following the
technologies described in this book, are likely to indicate the policies that influence
the ability of farmers to adapt to climate change and also to identify the vulnerable
areas. Both the authors, Dr. Uprety and Dr. Saxena, have long experience of publishing
state-of-the-art books and research papers in peer-reviewed impact factor journals. I am
confident that this book will have a landmark value for diverse range of stakeholders,
including scientists, students, farmers, researchers and policy people, so as to meet the
challenges of climatic stresses on agriculture systems. The authors deserve appreciation
for bringing out this timely publication.

G.B. Plant National Institute
of Himalayan Environment (NIHE)
Almora, Uttarakhand, India
December 01, 2020

R. S. Rawal
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Preface

This book is in continuation of our previous books on climate change and agricul-
ture, wherein it was considered that literature on the methodology for climate change
research related to agriculture is reported in a fabricated manner and there is an
urgent need to have a consolidated account in the form of a book on technologies,
methods, adaptation strategies and climatic stress mitigation options. The accurate
measurements and reporting of environmental parameters in agricultural research
determine the quality assurance for farmers, researchers and policymakers because
the fate of farmers depends on the crop’s productivity through which policymakers
support the farmers by releasing the inputs to sustain the food security of countries.
The outcome of the studies related to the impact assessment analysis of climate
change stresses, using the technologies described in this book, can have significant
effect, when subsequent experiments to investigate plants and animals at a molecu-
lar, biochemical or genetic level are considered. This book is written in a simple
understandable language without any ambiguity. Our objective in this book is to
make young researchers to collect realistic biological information on crops and
livestock using various methods of simulating the future climate changes. This
book will not only be useful for teachers and research scholars but also be of great
value to farmers and policymakers in understanding the adverse effects of climatic
stresses and their mitigation through soil amendments, selection of crops/cultivars,
alteration of food habits and protection of the livestock.

New Delhi, Delhi, India Dinesh Chandra Uprety
Pallavi Saxena
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Introduction 1

1.1 General Introduction

The climate is a weather condition prevailing in a place over many years and is
influenced by various complex systems consisting of atmosphere, land, snow and
ice, water bodies including oceans, living plants and animals. Earth’s climate has
changed many times during the history of the planet. Historically, natural factors
such as volcanic eruptions, changes in earth’s orbit and energy released from the sun
contributed significantly to the changes in earth’s climate. However, human
activities have been immensely contributing to the climate change since the indus-
trial revolution. The major components of climate change, which affect the agricul-
ture, are (1) changes in land use and land cover, (2) changes in the atmospheric
concentration of greenhouse gases, (3) decline in the biodiversity and (4) changes in
the climate.

Accumulation of greenhouse gases (GHGs), like carbon dioxide (CO2), water
vapour (H2O), methane (CH4), nitrous oxide (N2O) and ozone (O3) in the atmo-
sphere, which absorb and emit heat radiations by increasing and decreasing their
atmospheric concentrations, either holds or releases more of the heat from the sun. If
we define climate as C, the climate change can be defined as climate’s time rate of
change, i.e. ΔC/Δt. Similarly climate dynamics explains the causes of climate
change, i.e. Δ2C/Δt2. Scientists study all the three terms to explain the climate
change. However, social scientists define science as S and science chronology as
ΔS/Δt and the science dynamics attempts to explain the underlying causes of
change, i.e. Δ2S/Δt2 (Uprety et al. 2019). Climate change is the outcome of all
these changes including climate dynamics and science dynamics. Climate has
changed only modestly during pre-industrial period but it changed dramatically
after industrial revolution. This is because climate dynamics now has a new element
in the form of anthropogenic inputs. Science has also advanced significantly during
last several years; similarly science dynamics including intellectual, social and
technical factors have also expanded enormously. Therefore, climate ideas and the

# The Author(s), under exclusive license to Springer Nature Singapore Pte
Ltd. 2021
D. C. Uprety, P. Saxena, Technologies for Greenhouse Gas Assessment in Crop
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practice of climate science are both changing faster than climate. Greenhouses are
important tools for scientists and engineers, studying the effect of climate change
parameters on the growth and development of a large number of crop plants.

Food security of the large growing population of the world depends on various
agricultural crops. The cultivation of these crops involves growing of cultivars using
a sizable amount of fertilizers and pesticides. Application of these ingredients
depletes the soil and pollutes the water causing reduction in nutrients and decrease
in the biodiversity contributing significantly to the climate change. Agricultural
emissions of GHG’s (CO2, CH4 and N2O) particularly linked to the conversion of
forest lands to agricultural fields for crops and livestock production amounting to
25% of the global greenhouse gas emissions. The sustainability of crop production
becomes difficult due to its vulnerability to such climate change effects. Thus, it is
the need of the hour that next-generation crops and plants must be water- and
nutrient-use efficient and must have sustainable yield over a wider range of environ-
mental conditions. Pastor et al. (2019) suggested that to cater the need of 9.8 billion
population by 2050, plant biology needs to change to meet the challenges of climate
change. Favourable genes and alleles are required to be alienated to produce such
plants (Nutan et al. 2020) which are newer with changed physiological and molecu-
lar architecture and could sustain its productivity under climatic stresses. Zafar et al.
(2020) suggested that the CRISPR/Cas 9 genes provide greater production of
improved crop varieties with better sustainability of yield and resilience to climate
change.

1.2 Importance of Technologies in Climate Change Research
on Agriculture

Global carbon emissions hit an all-time high in 2019 breaking the previous record
set in 2018. Emissions from industrial activities and burning of fossil fuels have
added 36.8 billion metric tons of CO2 in the atmosphere. The total carbon emissions
from all human activities including agriculture and land use have been calculated as
43.1 billion tons. The emissions from coal, oil and natural gas increased by 2%
globally in 2018. The fossil fuel emissions increased 0.6%. Canadell et al. (2019)
attributed this slow increase to the 10% decline in the use of coal in USA. The global
carbon emissions were static between 2014 and 2016 and emissions began to rise
again in 2017. According to ‘Climate Wire’ (28th Nov, 2019), UNEP has warned
that to keep the rise in earth’s temperature within 2 �C, CO2 emissions must fall by
25%. However, WMO data showed that the drastic cut in CO2 output will not be able
to prevent warming by 3 �C. It is also presumed that coal use will decline by 0.9%;
however, emissions from oil consumption will grow by 0.9% and emissions from
natural gas may grow by 2.6% in the following year. This fast increase in emissions
may be attributed to the expansions of cheaper natural gas. The continuous increase
in the coal consumption much in Asia, particularly China and India, has remained a
primary challenge to global climate action.

2 1 Introduction


