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Agroecology is a major component of the food system on the earth and has interac-
tion between the living components in many directions. It provides various ecosys-
tem services like combating climate change, carbon sequestration, soil conservation,
and maintaining productivity and yield to fulfil the demand of the ever-increasing
human population. With the rising food demand, the sustainability and management
of the agroecosystems are under threat of degradation. The ecological footprints are
gradually rising day by day with increased resources use by the adoption of
advanced technologies. The food production system is also suffering from the issues
of food crisis, security, and overproduction beyond the biocapacity of the ecosystem.
Therefore, there is an urgent need for proper management of the agroecosystem and
food production system.

This book addresses the critical issue of various forms of footprints associated
with the agroecosystem and its subsequent management. Agriculture is the backbone
for all developing countries across the globe and therefore, its proper management is
the need of the hour. The book covers a comprehensive approach towards effective
management of ecological footprints in the agroecosystem. It covers an introduction
revealing the basic concepts of various forms of footprints associated with the
agroecosystem. Further, the book analyses the critical aspects of energy, carbon,
nitrogen, climate, water, land, mangrove and river ecosystems, corporate sector, and
livestock footprints through methodological and scientific approach leading to their
effective management. The present book has also addressed specific strategies,
planning, and policy formulation towards mitigating the various forms of ecological
footprint based on research and developmental activities within the agroecosystem.
The book can also be a future directive for the international scientific community
regarding the sustainable use of resources aiming towards low footprint economy
and growth.

For today’s world, integration of diverse disciplines such as agriculture, ecology,
forestry, and the environment is the need of the hour. Different textbooks and
separate edited volumes are not available to address the specific issues on “Agro-
ecological Footprints Management for Sustainable Food System”. Further, recent
updates are much important concerning agroecosystem, environment, and ecological
footprints. Therefore, the book has attempted to address this diverse issue along with
its recent developments and holistically bring them under a single umbrella which



Vi Preface

would give diverse academic benefits to its readers. The objectives of this book are:
(1) address the issue of agroecosystem, environment, and ecological footprints,
(2) to generate awareness and concept about the issues, and (3) to know about the
current development and trends in the respective disciplines to plan future research
and developmental strategies.

It will be helpful for teachers, researchers, climate change scientists, capacity
builders and policymakers, undergraduate and graduate students of agriculture,
forestry, ecology, soil science, and environmental science. Highly professional and
internationally renowned researchers have contributed, authoritative, and cutting-
edge scientific information on a broad range of topics covering on agroecosystem,
environment, and ecological footprints and sustainability. All the chapters are well-
illustrated with appropriately placed data, tables, figures, and photographs and
supported with extensive and most recent references. Therefore, this book will
support the government planners, policymakers, researchers, academicians, and
students to develop a vision for sustainable food, environmental, and an economic
system to fulfil the “Sustainable Development Goals”.

Ambikapur, India Arnab Banerjee
Varanasi, India Ram Swaroop Meena
Ambikapur, India Manoj Kumar Jhariya

Ambikapur, India Dhiraj Kumar Yadav
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A. Banerjee et al.

Abstract

Agroecology has many pyramids on the earth, and has interaction between the
living components. It encompasses the key issues such as food system on the
planet and ecological concepts for greener future. Ecological footprint is a holistic
approach which assesses the issue of sustainability both at macro-scale and
micro-scale. In the present era, it has been observed that reduction in agricultural
inputs helps to reduce the ecological footprints and support to the sustainable
food system. However, this is absent due to intensive agricultural practices and
huge use of agrochemical to feed the booming population of human being. The
values of ecological footprints vary site wise. According to global footprint
network food production contributes ~30% of the ecological footprint of the
human civilization. On the basis of hectares per individual the value is 3 ha per
individual globally for the food system. It is very interesting to note that the value
of the developed nation stands to be higher in comparison to the poor economy or
developing economy based on the status of countries. For example, the ecological
footprints value of North America, Oceania and Europe ranges between 5 and
7 global hectares per individual and, on the other hand, the value of Africa, Asia,
Latin American countries ranges between 0 and 3 global hectares per individual.
In the Indian context, it is again much lesser of about 0.77 ha on individual basis.
It has been observed that with intensive agriculture practices for more production
agroecosystem stability reduces. Technological intervention is required for
greener production, move towards low carbon economy, improving the
biocapacity of the land which would help to reduce ecological footprint of the
ecosystem. Hence, proper accounting of the natural resource is required for
overall sustainability of the agroecosystem. Therefore, this book will support
the government planners, policymakers, researchers, academicians and students
to develop a vision to sustainable food, environmental and an economic system to
fulfil the “Sustainable Development Goals”.

Keywords

Agroecosystem - Biocapacity - Ecological footprint - Sustainability

Abbreviations
BC Biocapacity
BD Biocapacity deficit

BR Biocapacity remainder

CF Carbon footprint

CO, Carbon dioxide

COge Equivalent of carbon dioxide
C-stocks  Carbon stocks

EF Ecological footprint

EFA Ecological footprint analysis
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FAO Food and Agriculture Organization
GDP Gross domestic product

Gha Global hectare

GHG Greenhouse gas

SRI System of rice intensification

WF Water footprint

WWF World Wildlife Fund

1.1 Introduction

Agroecological system is a combination of biotic and abiotic systems with a nexus of
natural resources under the anthropogenic control. Main aims of agroecological
sustainability are to provide healthy food and generate social value for all human
being, living and biological organisms. In the previous time agroecosystem was
considered to be an anthropogenic interference in the form of forest fire, cutting trees
for expansion of agricultural areas, Jhum cultivation and pasturing for maintaining
livestock population. In the crunch of more production, people has overexploited the
natural resource in an unprecedented way leading to long-term ecological impacts
such as pest infestation, soil loss and nutrient depletion of soil (Raj et al. 2020;
Banerjee et al. 2020; Jhariya et al. 2019a, b).

Agroecosystem aims towards acting as a production unit considering the envi-
ronmental counterpart along with developing social equity across the globe for
betterment of human civilization (Meena et al. 2020). Therefore, agroecosystem
has a multidimensional approach towards maintaining resource stock, reduce
allochthonous inputs to the system, regulation of pest and disease mechanism and
attaining ecological homeostasis. The concept of sustainable agriculture may be
integrated with agroecosystems through some effective policies such as utilization of
renewable resources, opt for fixing nitrogen biologically, emphasize more use of
naturally occurring substances and proper nutrient recycling (Meena and Lal 2018).
It also aims to reduce the use of toxic hazardous substances which poses significant
threat to man as well preventing occurrence of eutrophication to take place. It also
strives for sustainable use of water resources in the form of micro-irrigation,
sprinkler irrigation, etc. Agroecosystem also helps to maintain the quality and
fertility of soil system. In the present context of bursting human population, it is
very much necessary to maintain the agro-diversity at the genetic level across the
world. Then only we would be able to cope up with the challenges of food security
and crisis in the time to come. Such approaches would promote a better healthy
agroecosystem which would uplift the rural livelihood and boost up the economy of
agroecosystem through sustainable practices. It is estimated that in 2014, the total
output of agroecosystems is up to 3.0 trillion per annum sharing more than 3% global
[gross domestic product (GDP)] (Roy 2015).

Globally agroecosystem tends to produce food up to $1.3 trillion annually. This
food contributes 94 and 99% protein and energy in terms of calories to the humans.
Agroecosystems provide food and it is valued at around $1.3 trillion per year. Such
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production system directly engages up to 1.3 billion people (WRI-EarthTrends
2000).

Agroecosystem plays significant role towards climate change. The prevailing
monoculture system in the agriculture practice tends to make the arable land more
vulnerable in front of the changing climate (Meena et al. 2020a). This issue could be
addressed through agroecological principles in the agroecosystem which would
promote climate resilient agriculture practices. Further agro-biodiversity also
promotes efficient use of energy and therefore reduces the energy and climate
footprint of the agroecosystem. Multi-cropping system is an integrated approach
which helps in weed control, disease outbreak and improvement of soil quality.
Agroecosystems provide potential benefits in terms of increase in the productivity
along with soil fertility enhancement. It also reflects higher carbon sequestering
potential; promotes soil and water conservation as well as increases biodiversity
value of the entire ecosystem (Raj et al. 2018). Assessment of footprint among the
various components of agroecosystem would help to manage this precious ecosys-
tem in a sustainable way for betterment of human civilization. Agroecosystem crop
diversification leads to development of resiliency of crop ecosystem followed by low
input agriculture practice along with sustainable yield. For example, estimation of
carbon footprint (CF) and water footprint (WF) would help to reduce carbon
emission and promote water conservation (Platis et al. 2019; Meena et al. 2020b).

In agroecosystem CF refers to the greenhouse gas emission from a product under
cradle to grave situation. The concept of WF in agroecosystem may be divided into
three forms: (1) The amount of water used by the crops stored in the form of moisture
in the soil from precipitation known as green footprint (2) amount of underground
water utilized for agro production known as blue footprint and (3) amount of water
that becomes contaminated or polluted by the different agro-pollutants during the
agricultural activity referred to as grey footprint (Hoekstra 2017). It was reported that
proper evaluation of CF and WF helps to regulate the inputs in agroecosystem which
reduces the pollution and makes it a more sustainable approach. Proper way of
cultivation often leads to reduction of CF and WF (Platis et al. 2019).

Ecological footprint measurement is an important issue from global
agroecosystem perspective. At micro level it addresses the energy use pattern,
level of GHG emission, energy inputs and outputs through agroecosystem. It also
considers the nutrient budget within the agroecosystem. At macro-scale it reflects the
biocapacity of the food production system for a country. It also provides an insight
on the consumption pattern of a particular country that is putting pressure on the food
production system to reflect unsustainable mode of operation. It also has a severe
importance in relation to the human development index. This also necessitates the
changes in the consumption pattern with an eco-friendly lifestyle. Ecological foot-
print has also wide scale importance at the individual level which can reflect the
individual footprint value depending upon the lifestyle of the concerned individual.
Further at the broad scale it reflects the ecological impact of the human beings on
nature. It also has a significant role in awareness generation in the farming commu-
nity for lesser inputs in the agroecosystem through low input agriculture practices,
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reducing the footprints at the corporate institutions as a part of corporate social
responsibility.

Human beings are the major cause of environmental degradation over earth. They
cumulatively have given rise of mega events such as climate change, global
warming, ozone depletion and mostly pollution (Meena and Lal 2018). The reports
of United Nation also emphasized the problem of resource depletion as well as
various other associated social issues. As a consequence of that human civilization
would be under the grave of extinction (Holden 2004). At present moment consump-
tive life style of humankind has aggravated the problems and issues of resource
depletion, environmental degradation, loss of biodiversity and over all environmen-
tal pollution. This indicates that we are far away from the concept of sustainable
development and sustainability (Wackernagel et al. 1997). Therefore, human’s need
to change their attitude towards nature by compromising with the supportive capac-
ity of nature so that the problem of ecological overshoot does not arise (Wackernagel
and Rees 1996). Hence the concept of ecological footprint (EF) came into existence
to achieve sustainability. Sustainability is such an issue which focuses on optimum
use of resource and takes care about the carrying capacity of the habitat. One should
know about the ecological limits of the nature and to know about such aspects one
needs to go for proper monitoring and trend analysis of human use of nature.

Food system is an important component to maintain the sustainability of human
civilization. It is also necessary to feed the growing population. Therefore, produc-
tion process should be maintained without causing environmental consequences.
According to global footprint network food production contributes 26% of the EF of
the human civilization. Globally, the value of EF is 3 ha per individual for the food
system. It is very interesting to note that the value of the developed nation stands to
be higher in comparison to the poor economy or developing economy based
countries. For example, the value of North America, Oceania and Europe ranges
between 5 and 7 global hectares per individual and, on the other hand, the value of
Africa, Asia, Latin American countries ranges between 0 and 3 global hectares per
individual (NFA 2018).

Equilibrium in ecosystem depends upon the absorptive capacity of the ecosystem
which can be regarded as the assimilative capacity of the ecosystem. The major task
in this aspect is to understand the interaction of man and nature (Silva et al. 2013). As
a consequence of that in early ninety’s the concept of EF came into existence as a
measure of human actions over nature (Wackernagel and Rees 1996). With gradual
progress and development of EF concept it was studied in different form such as CF,
WEF by various workers. Overall the various forms of footprint address the problem
of resource use by mankind (Hoekstra 2017). Later on works of Galli (2015)
reflected different forms of footprint acting as an indicator for sustainable develop-
ment. Table 1.1 represents the values of EF of different countries across the globe.
The values clearly reflect that there is significant level of variation in the EF values
depending upon the human consumption pattern, lifestyle, livelihood maintenance
and resource dependency.

The concept of EF can be observed and visualized in various stages or
components. First step includes identification and inventorization of footprints,
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Table 1.1 Ecological

i ! Name of countries Ecological footprint (ha per capita)
footprint of different : -
. . United Arab Emirates 10
countries (data source: -
Living planet Report 2004) ~_United States 10
Kuwait 10
Haiti <1
Somalia <1
Afghanistan <1
Canada 8.8
Costa Rica 1.95
India 0.77
Identification

Monitoring, footprint

evaluation & assessment t

Footprints

‘ — ’ Current scenario in

developing & developed
nations

Fig. 1.1 Ecological footprint: an introductory framework

followed by measurement in developed and developing countries. Depending upon
the outcome of measurements, planning and strategy formulation is done to reduce
the footprints. Legal framework executes the enactment of footprint reducing
policies. Further, monitoring and assessment is done regarding effectiveness of the
footprint reducing policies (Fig. 1.1).

1.2 Concept of Ecological Footprint

Human beings are very much dependent upon nature to derive their basic human
needs. They depend on nature for food, for water, for air and habitat. In this way they
tend to consume various ecosystem services which need to be evaluated properly in
order to assess their future existence. The carrying capacity of nature can be divided
into assimilative and supportive capacity. Therefore, proper balance needs to be
maintained between these two capacities to overcome the problem of ecological
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Table 1.2 Trend of world population and total ecological footprint

World population (in billions) Total ecological footprint (billion global hectare)
3 Upto 8

4 10

5 12

6 >14

7 >16

overshoot. How much a man consumes would reflect in the form of ecological
impact as a whole (Wackernagel et al. 1997). The major principle of EF lies on
accounting of human use of resources followed by waste conversion to bio produc-
tive areas (Holden 2004). Thus, EF indicates the human use of nature. Table 1.2
represents the population growth along with increasing level of EF values. An
increase in human population up to 4 billion doubles the total EF value across the
world.

The entire calculation of EF is based upon some basic assumptions. This includes
quantification and measurement of the amount of resources consumed by human
beings followed by waste generation by humankind. Secondly, scaling of biologi-
cally productive area and its representation as global hectares of land need to be
done. Thirdly, measurement of the flow of inputs and outputs from agroecosystem in
terms of resource and waste is to be done. Fourthly, finding out the overall demand
of human civilization and representation of the ecological services in the form of
global hectare for calculation of ecological overshoot condition is required
(Oloruntegbe et al. 2013). Accounting of footprint focuses on six different
components of agroecosystem. It includes measurement of cultivable land area,
area of forest land required for sequestering carbon emission from humankind,
area for grazing activity to produce animal commodity, area of sea for fishery
production, area of land use for different human activities (Goldfinger et al. 2014).
Human consumption is a major issue that determines the fate of EF over a particular
area for a particular time. The consumption type includes food material, nature of
shelter and transportation along with economic commodity (Oloruntegbe et al.
2013).

The different footprints are dependent upon the consumption pattern of human
beings. In order to reduce EF one should go for organic farming practices. Signifi-
cant level of awareness in relation to footprint should be gathered. The impact of EF
in human health needs to be explored properly. New eco-friendly technologies
involving lab to land programme should be designed in order to maintain ecosystem
homeostasis. The overall assessment of footprint value would improve the societal
environment of human beings.

As per scientific report the EF of the globe stands to approximately 18 billion
global hectares with global biocapacity (BC) value is more than 10 billion global
hectares as up to 2010. However, 3% decline in EF value was recorded within a year
(2008-2009) due to reduction of demand function of coal oil and natural gas along
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Organic farming &
production

Awareness ]

o /[

[ Societal benefit ]
Consumption &
footprints

/ \
[ Ecosystem ] [ Human health ]
homeostasis

[ Lab to land programme ]

through innovation

Fig. 1.2 Interaction of ecological footprint

with products of forest. However, the ecological overshoot condition has already
taken place across the globe.

The concept of ecosystem footprint in agroecosystem is a holistic approach that
considers all segments in the agroecosystem. The consumption pattern determines
the fate of ecological footprint within the agroecosystem. Increasing footprint leads
to adversely affect the human health and disrupts the ecosystem homeostasis.
Innovative approaches in the agriculture sector in the form of organic farming
through lab to land approach may reduce the footprint of the agroecosystem. Further
it would lead to societal benefit (Fig. 1.2).

Managing EF of the agroecosystem and the food system is the need of the hour as
more the footprint is increasing more there would be degradation of the soil quality,
unsustainable mode of production leading to depletion of natural resource. Reducing
and proper management of footprints requires traditional nature based farming
practices, changes in the human consumption pattern, integrated system of sustain-
able agriculture along with development and implementation of eco-friendly
agrotechnology. Such strategies would work in an integrated manner to reduce the
footprints of the agroecosystem followed by addressing the issue of sustainability.

1.3 Ecological Footprint and Sustainability

The key to sustainability and sustainable development is the appropriate use of
resources. In order to check the resource depletion worldwide conservation is the
main tool to deal with. Various sustainability indicators have been determined across
the globe in order to assess the current trends of sustainability. In this, resource
accounting is a major task which addresses the issue of EF (Van den Bergh and
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Table 1.3 Ecological footprint studies across the globe

Ecological footprint studies
National and global footprint calculation

Utilization of EF calculation for assessment of sustainability of food
systems

Ecological carrying capacity assessment for six crop systems
Comparative studies on assessing environmental impacts for different
farming practices

Role of farming technique in crop land and its impact on EF

EF analysis of agro-products

EF accounting and their rationale

EF based assessment of environmental impact on crop system
Environment economic valuation of farm through EF

References

Wackernagel et al.
(2004)

Van der Werf et al.
(2007)

Moézner et al. (2012)

Passeri et al. (2013)
Shuyan et al. (2014)
Galli (2015)

Blasi et al. (2016)
Blasi et al. (2016)

Verbruggen 1999). Table 1.3 represents various EF studies based on agroecosystem
across the globe.

Often considered a primary focus of sustainable development, is the reduction in
resource use. EF is a simple comparison between various modes of resource use and
evaluation of the balance between resource consumption and waste accumulation by
the humanity in terms of productive land. According to a report of World Wildlife
Fund (WWF) (2002) the global footprint was calculated to be 2.3 global hectares on
individual basis which reflects that such amount of area is required to support each
individual of human beings on this earth surface. Similarly the BC value of earth
stands to be 1.9 on individual basis. Comparison between the two values reflects the
condition of unsustainable pattern of human consumption lifestyle and ecological
overshoot. Hence, the residence time of resources is getting reduced. Therefore,
optimum and equitable distribution of the resource is the need of the hour as well as
sustainable development (Wackernagel and Rees 1996). EF highlights the
sustainability issue of the current situation and explains us what to do or what not
to do (Fig. 1.3).

1.4  Ecological Footprint Analysis

EFA (Ecological footprint analysis) is an indicator which is based upon the area as
well the number of individuals in that area at a particular time and their probability of
resource use and discharge of waste in relation to the capacity of the area to provide
the services (Wackernagel and Rees 1996). Different level of productivity exists
among different ecosystems. Per hectare area of different biological productivity
gets converted into global productivity through their relative weightage of their
productivity in comparison to productivity at global level. Using this conversion
we calculate productivity of some importance factor under different land use cate-
gory and global average productivity, etc., as well as we capture the yield factors and



10 A. Banerjee et al.

Standard

Prevailing conditions Ecological &
environmental

sustainability

Environment/
biosphere/ planet/
earth

Fig. 1.3 Ecological footprint and sustainability

find out the difference between the local and global average productivity. Equiva-
lence factor is the ratio between average and average productivity. The term average
refers to the land type of world and average productivity refers to the average
productivity of any land type at global level which is converted to the global ha
productivity (Norse and Xiaotang 2015). The formula for calculating the equiva-
lence factor includes the following:

EQ = P/T, (1.1)

where P is the individual productivity of a land type and T, refers to the total
productivity of all the different land types.

BC is an integrated term which includes both water and land which is biologically
productive at a certain time interval and area within the geographical boundary of a
country. BC is usually calculated for different land use types in the form of per capita
gha. The values of BC varied on the time frame due to climatic perturbations,
conditions prevailing in ecosystems and soil habitat as well as pattern of farming
system involved. The formula used for calculating the BC includes the following:

Biocapacity = Z(area x equivalence factors x yield factor) (1.2)

BC =3 (A x EQ x YF) (where value of A is the BC of a particular land type, EQ
refers to the equivalence factor for a land type and YF refers to the yield factors).

The difference value between ecological footprint and BC refers to as BR or BD
(Biocapacity Remainder or Biocapacity Deficit). It can be calculated for an
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individual person, a particular region or for a particular country. The formula for
calculating BR or BD is the following (Li et al. 2016):

BD or BR = BC — EF (1.3)

There are two most important aspects of BC which helps to maintain the balance
of agroecosystems and different land uses of the world. One is BD which occurs due
to overshoot of EF over BC of a particular area available for human population. The
other is BR which is just the reverse condition of BD. If BC takes place at regional or
national level, it reveals the import of BC through business activities as well loss of
the assets of the ecosystem. For example, in case of Beijing City of Peoples Republic
of China the BD value appears to be 0.8894 gha (global hectare) on individual basis.
City needs to improve its business activity to meet up the BD of per capita food
consumption. However, BC at global level cannot be adjusted through business
activity resulting into overshoot conditions. Figure 1.4 represents various forms of
footprints that exist in our environment.

1.5 Forms of Footprints

Climate change is a very serious problem and challenging task of the twenty-first
century and most of all developing countries are affected due to this serious problem.
Climate change is mainly caused by anthropogenic perturbations on the global
carbon cycle while it is the developing countries that are suffering most from its
effects. Therefore, both, identifying and maintaining viable sinks for atmospheric
CO; (carbon dioxide) must gain high priority on the political agenda. Carbon trading
is one of the possible instruments in order to decrease GHG (greenhouse gas)
emissions. Another market-based option is the product communication through CF
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as a value-added service of the supply chain. Policies such as use of alternate fuel
sources, avoidance of carbon emission through advance technologies offsetting
carbon balance may tend to reduce the CF of human society (Fig. 1.5). So far, C
credit benefits with regard to land use have not much exceeded the considerations of
(forest) biomass, but agricultural soils can also have a considerable potential in terms
of their C-stocks (carbon stocks). According to the Food and Agriculture Organiza-
tion (FAO), nearly 90% of the climate change mitigation potential of agriculture
could be realized through soil carbon sequestration (Mavrakis 2011).

CF is the most important parameter to measure at the present context of climate
change. It considers the amount of direct or indirect emission of greenhouse gases
due to anthropogenic activity or amount calculated for life cycle of a product. The
calculation of CF is done through the following formula (Li et al. 2016):

CF =) (I x EF) (1.4)

Here I = amount of input of resources; EF = emission factor for a particular
resource

1.5.1 Water Footprint

Water is the life of planet earth and a major component of agroecosystem interlinked
with the issues of food security and crisis. It influences the overall productivity of the
globe ecosystem. Water in nature is regulated through the global water cycle.
Agroecosystem is a complex unit serving the purpose of production for mankind.
The two-third portion (>75%) nature of productivity comes from the plant sources
and other portion comes from animal sources. According to an estimate it is the
worldwide leader in production through consumption of more than 6 trillion m® of
water through irrigation or through precipitation. Gradual growth of human popula-
tion has promoted human beings to go for more food production. As a result,
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unsustainable ways of using water resource is depleting this precious resource of
nature at an unprecedented rate. Such events have given rise to major events of
irregularities in rainfall, change in rainfall pattern and acute water shortage condi-
tion. Under such circumstances accounting of water resource is the need of the hour
so that we can be aware about the availability of water and act accordingly. Thus, the
concept of WF is very much relevant in this context (Ondrasek 2018).

WEF is the amount of water resource usage by an individual person, any commu-
nity and business/industries per day/per year. It can also be defined as the total
volume of water consumption by the local people/individual use, any community
and industry use of water for different purposes for a particular time and place. It can
be quantified as:

WF = WC/Y (1.5)

Here WC = amount of consumption; ¥ = quantity of i resource.

1.5.2 Energy Footprint

The basic definition of energy is the capacity to do a work. From ecological
standpoint Odum defined energy as the amount of work done/amount of available
energy in the production of a good or services.

From footprint perspective the amount of land area required to absorb CO,
emissions is considered as energy footprint. By this approach one may reduce
their emissions in order to reduce the land requirement as corrective measures.
As per the reports of Living Planet the EF was more than 6 billion hectares up to
1999. The total global EF appeared to be 13.65 billion hectares up to 1999.
Therefore, the EF stands for more than 50% of the EF of the earth. A 4.2 billion
hectares increased of EF were observed within a span of 38 years (1961-1999). The
major aspect to reduce EF lies on various afforestation and reforestation activities
through which EF reduction can be achieved. After that switching over to renewable
energy sources such as wind, hydro and solar energy could be a second option for
reducing EF.

1.5.3 Climate Footprint

Climate footprint is a holistic approach that encompasses all the greenhouse gases
under the purview of Kyoto Protocol. It reflects the human impact or activities on the
climate. It is usually calculated as equivalent of CO, through application of global
warming potential values of GHGs for 100 years (Wright et al. 2011). The climate
footprint is intricately related with the CF of the earth surface. In order to reduce the
climate footprint and address sustainability one needs to move forward towards
carbon trading and low carbon economy (Fig. 1.6).
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Fig. 1.6 Climate footprint
1.5.4 Land Footprint

The term land footprint is usually referred to as the usable form of land area for
production purpose (Giljum et al. 2013). It acts as an indicator reflecting the
environmental quality based upon the consumption pattern of the humanity.

1.5.5 Nutrient Footprint

Biogeochemical cycling of the nutrients in agroecosystem is an important aspect in
order to maintain the agricultural productivity. Under the process there is frequent
exchange of carbon, nitrogen and phosphorous between crop and soil ecosystem. It
has been observed that non-judicious use of chemical fertilizer has increased the
concentration of carbon, nitrogen and phosphorous in the soil altering the nature of
the soil. On the other hand, agricultural pollution is leading to major problems such
as GHG emission, conversion of productive land into non-productive one. Thus to
maintain the sustainability in the agroecosystem is the biggest challenge for the
upcoming century. In this context, proper nutrient budgeting is the key for attaining
sustainability. Accounting of the nutrient and its various sources in agroecosystem
demands the calculation of nutrient footprint estimation of agroecosystem. In the
process of nutrient footprinting one needs to understand the mechanism of biomass
synthesis and its subsequent decomposition by microbe community to release the
nutrients. In modern system of agriculture plant breeding maximizes yield with
lesser carbon input to the plant body which may reduce the soil carbon pool (Kell
2011). This may lead to lesser biomass accumulation which in turn would release
lesser nutrients in the soil. However, the entire process would be governed by soil
microbial activity who would govern the processes such as mineralization, decom-
position, nutrient mobilization between crop and soil in agroecosystem (Cotrufo
et al. 2013; Mooshammer et al. 2014). It was observed that soil organic matter is an
important component of soil which helps it to adsorb higher amount of nitrogen
(Kleber et al. 2015). Therefore, amount of soil organic matter governs the fate of soil
nutrient (Richardson et al. 2014). Thus in agroecosystem soil organic matter (SOM)
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development along with stoichiometric dynamics of nutrient coupling-decoupling
mechanism is very much important for soil carbon sequestration and build up of soil
nutrient pool (Kallenbach and Grandy 2011).

1.6 Carbon and Water Footprint in Agroecosystems

Research report reveal that agroecosystem sequesters carbon and thus reduces the
anthropogenic emissions (Lal 2010a) which helps to combat the issue of climate
change. Elevated temperature alters the rate and dynamics of C sequestration both in
soil environment and in biomass. A positive correlation exists between elevated
temperature and carbon emission due to plant physiological processes in
agroecosystem (Arnone III et al. 2008). As soil carbon pool is reduced it hampers
the quality of soil in agroecosystem (Lal 2010b). Therefore the concept of CF and
WEF is very much important for sustainability of agroecosystem. Accounting of the
carbon in terms of CF would help to reduce the overall emission of GHGs which
would reduce the global warming leading to lesser requirement of water for crop
cultivation. CF calculation considers the total GHG emission during the entire
lifecycle of a product. On the other hand, WF in agroecosystem accounts for amount
of water consumption during agricultural productivity. The concept of WF has been
subdivided into various categories such as green, blue and grey footprints. Green
refers to the amount of water consumption in the form of soil moisture due to
atmospheric deposition during crop production. Blue colour expressed to the use
of surface and underground as well as production time and grey colour denotes the
total amount of water pollution during the farming production and practices
(Hoekstra 2017).

The calculation of CF and WF for agricultural system is very much important as
with gradual reduction in the values reduces the GHG emissions as well as promotes
sustainable utilization of water resources in the agricultural sector (Michos et al.
2017; Taxidis et al. 2015). The advantages of such measurements for consumer of
agro-products lie with proper selection of eco-friendly products that would help in
combatting climate change, evaluate the quality of the product in comparison to
other products of the market as well as environmental well-being. Therefore, pur-
chasing agro-products with low carbon and WF values could be an effective strategy
to attain sustainability in agroecosystem (Escribano et al. 2018).

If we compare the CF and WF values in different agroecosystems, we may obtain
different results. Agroforestry system concentration on livestock production
represents higher CF. The tree component of the agroforestry system elevates
more carbon sequestration in comparison to grassland ecosystem. This results into
net increase in the CF value (Eldesouky et al. 2018). It has also been reported that
different livestock production system performs differently depending upon the WF
value. For example, agro-pastoral system reflects higher WF value followed by agro-
silvopastoral system (Eldesouky et al. 2018). Factors such as the climate, local
hydrology should also be incorporated in the measurements of WF studies
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(Naranjo-Merino et al. 2018). Figure 1.7 represents policies regarding combating
climate change as well as reduction of CF.

1.7  Research and Development in Ecological Footprint

The mega events such as the global warming, global climate change are a severe
threat for both mankind and agroecosystem. Modern agriculture has now become too
much expensive, technology oriented, energy intensive and unsustainable form of
application causing all round pollution of the environment. Considering the inputs in
the agriculture sector is creating major problems in terms of GHG emissions (Khan
et al. 2020a, b). The major problem is that we cannot reduce the emissions as they are
the integral part of agricultural activity. The major aim of research in this sector is to
move forward towards zero emissions by 2050. Newer techniques and technologies
are being designed across the globe to develop eco-friendly practices to reduce these
emissions.

In this context restoration, bio-energy is some of the notable examples (Banerjee
et al. 2018; Jhariya et al. 2018a). Therefore, one should go for energy saving farming
practices and tackle the various autochthonous and allochthonous inputs of
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Fig. 1.8 Research and extension activities for ecological footprint

agroecosystem. From agroecosystem perspective carbon sequestration in crop and
soil should be given major emphasis. In doing so, proper accounting of the carbon
from various components of agroecosystem needs to be done properly. Screening of
agro-technologies and agro-products with lesser CF and WF should be done with
immediate effect in order to achieve the zero emission targets till 2050. Therefore,
research and development in the field of footprint should focus on optimizing carbon
sequestration in crop and soil, strategy formulation for proper habitat restoration and
reforestation, developing suitable alternate land use systems, consumption of
eco-friendly material in infrastructure development and development of
eco-friendly agro-technologies such as biofuel, bio-pesticide, biofertilizer, etc. Key
research areas should focus on capacity building along with technological
innovation towards low carbon economy, reducing various forms of footprints
with sustainable approaches (Fig. 1.8).

1.8 Future Roadmap of Ecological Footprint
in Agroecosystems

Agroecosystems are the crucial component for survivability of human beings on
earth surface in the upcoming future. Researches across the globe have revealed that
agroecosystem at present is under the severe stress of water scarcity from its various
sources. It is, therefore, the biggest challenge for the future mankind to combat the
problem of water scarcity followed by negative ecological consequences in terms of
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reduction in yield and productivity. From future perspective, long-term policies need
to be formulated for water conservation, sustainable water use and water intensive
farming. For example, the problem of water logging is further aggravated by global
warming, changing climatic condition, increasing demand due to human population
growth, etc. Therefore future research should focus on upgradation of the existing
technologies such as system of rice intensification (SRI), development of micro-
irrigation or sprinkler irrigation for water conservation, use of precision farming
techniques for optimum application of chemical fertilizer by application of remote
sensing and geographical information systems. The main motto behind such
approaches would be to reduce the CF and WF of an agroecosystem and efficient
use of agroecosystem (Hodgson 2012).

Achieving sustainability in agroecosystem is very much in its initial phase. It
requires a holistic approach such as agro ecology to move towards sustainable
agricultural practices. Another bigger problem that lies with the concept of agricul-
ture is viewed from economic perspective. Awareness regarding ecological perspec-
tive of agroecosystem and utility of various forms of footprint needs to have wide
circulation across the world. People should realize the necessity of these aspects for
upcoming time period. We need to go for an inter-disciplinary approach by assessing
the environmental scenario of agroecosystem followed by various agroecological
interactions in order to maintain the long-term productivity of the ecosystem. After
understanding the ecological perspective of agroecosystem one should add the
socio-economic and political dimensions to it to reveal the complex nature
(Gliessman 2004).

Another bigger issue in calculating EF is diverse in different countries. The
difference is more prominent between the developed and developing countries.
For example, footprint of Canada appears to be 8.8 ha on individual basis, the
value of the same thing is 1.95 ha on individual basis in Costa Rica. In Indian
context, it is again much lesser of about 0.77 ha on individual basis (World Wildlife
Fund 2002). This reflects a diverse lifestyle, human consumption pattern and
demand for resources leading to a condition of ecological overshoot as a whole.
Policies, future research and development need to be addressed on these aspects so
that the value of footprint of the humanity decreases to achieve sustainability
(Wackernagel and Rees 1996). As EF acts as a decision-making tool cost benefit
analysis of the decision along with identification of key factors to achieve
sustainability needs to be done properly. From future perspective EF accounting
should be precisely done through technological modifications, alteration in the trade
policies followed by ecological subsidies for net loss of the capital.

1.9  Policy and Legal Framework for Managing Footprint
in Agroecosystem

Agroecosystem is an integrated component harbouring diverse footprints in terms of
carbon, nitrogen, energy, land and water which is very much important for
maintaining sustainability in agroecosystem. Therefore, reducing footprints and
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managing ecosystem is one of the major tasks ahead in the upcoming century to
move towards sustainable development. In this context, one needs to establish the
intricate relationship between cultivation approaches and the ecosystem services.
The major policy behind this should be farmer friendly so that adoption of suitable
farming techniques can be made possible by the farming community across the globe
(Wunder 2005). Screening of suitable techniques, processes is very important in
order to reduce various forms of footprints present in the agroecosystem. For
conserving biodiversity one may go for bio-pesticide application, maintain proper
crop rotation, diversify agriculture practices, optimum rate of stocking for produc-
tion, promote agroecological principles which could be fruitful. Proper management
of agroecosystem requires comprehensive assessment of agroecosystem health.
Assessing agroecosystem health should be key policy issues for proper management
of agroecosystem.

Government has to play a key role in order to frame scientific ecological
principles for sustainable management of agroecosystem. Government should act
as a key factor for regulating the production process in a sustainable way and
promote conservative approach among the society for better management. From
legal perspective government should frame proper law, acts that promote and
maintain the overall health of agroecosystem. Participatory management is another
bigger aspect as it includes community awareness regarding sustainable
agroecosystem. It also emphasizes the active supervision of the public for effective
implementation of agroecosystem.

From footprint perspective reducing CF, energy footprint, nutrient footprint is the
biggest challenge in order to achieve sustainability in agroecosystem. Specific
farming practices such as cultivation of grain crops, no till cropping, effective
management of the crop residue may tend to reduce the carbon footprint. The
issue of nutrient footprint in terms of nitrogen and phosphorous footprint can be
reduced in terms of application of biofertilizer, compost, green manuring and
leguminous—non-leguminous crop rotation practices (Liu et al. 2016; Jhariya et al.
2018b).

For reducing water footprint optimum use of water, water conservation practices
such as sprinkler irrigation, drip irrigation as well as water intensive farming are the
suitable techniques that can be adopted across the globe.

1.10 Conclusion

EF is a major issue on the present context as it has got a holistic approach for natural
resource accounting. Agroecosystem is becoming critical day by day due to
modernized agricultural practices as well as ever increasing demand of food by the
human beings. Therefore, the gap between resource demand and renewability of
resources is increasing day by day. Unsustainable form of cultivation practices has
increased the ecological footprint of the agroecosystem. It is reflecting its impact in
the form of GHG emission, pollution, depletion of soil quality, decline in the crop
productivity and alteration in the consumption pattern. At a time EF takes into
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account of human consumption pattern of natural resources, demand for land and
water for food production followed by amount of waste that can be assimilated to
keep a balance between assimilative and productive capacity of agroecosystem. As
EF is a holistic approach it addresses the footprint in agroecosystem in different
dimensions. Major aspects include water, soil, land, nutrient, energy footprints.
Addressing these various footprints would bring societal upliftment for the human
civilization in terms of lesser degradation of resources, lesser pollution, sustainable
yield and production. Innovative technologies such as organic farming, green
manuring, low input agriculture practice, lesser mechanized activities should be
implemented at the base level in order to reduce the various forms of footprints in
agroecosystem and move towards greener future.
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Abstract

The global population are approaching to 10 billion by the year 2050, therefore to
encounter the food security of the increasing population it has been anticipated
that production of food must be improved by 70%. Despite more food production
and increasing the poverty level are the foremost difficulties to fulfil the nutrition
and food demand for the emerging world. At the same time, climate change
creates a great barrier to improve agricultural productivity. It has been recognized
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and proved that traditional agricultural practices do not reduce the rural poverty
and degradation of the ecosystem. Food production systems are not always
environmentally friendly and cost-benefit depends on imbalanced use synthetic
fertilizers and pesticides. Therefore, it is indispensable to expand environmentally
friendly technologies for sustaining crop yield. Earlier evidence proved that under
the future changing climate, the food demand for the growing people across the
globe can be only attained through the management of agroecology; since it
emphasizes on resource conservation farming practices, reworking small farm
enterprises, the participation of more farmers, traditional knowledge of the
farming community, improved plant genetic multiplicity, and avoid to use of
imbalanced synthetic pesticides and manures. The chapter focuses on the sustain-
able agroecological based crop production systems without hindering the agro-
ecological environment for the nourishment of the growing population
particularly in emerging nations of South Asia under changing climate.

Keywords

Agriculture - Agroecology - Climate change - Food security - Sustainability

Abbreviations

ALF Agricultural Land Footprint
AWD  Alternate Wetting and Drying
BF Biodiversity footprint

BLF Built-up Land Footprint
BWF  Blue Water Footprint

CA Conservation Agriculture
CF Carbon Footprint

CH,4 Methane

CLF Crop Land Footprint

6(0) Carbon Monoxide

CO, Carbon Dioxide

CT Conventional Tillage

DSR Direct Seeded Rice

ECF Economic Footprints

EF Ecological Footprint

EMF Emission Footprint

ENF Energy Footprint

FF Financial Footprint

FGF Fishing Grounds Footprint
FLF Forest Land Footprint

GDP Gross Domestic Product
GHGs Green House Gases Emission
GLF Grazing Land Footprint
GWP  Global Warming Potential
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HF Human Footprint

HYV High Yielding Crop Variety
IGPs Indo-Gangetic Plains

INM Integrated Nutrient Management
LCA Life Cycle Assessment

LCC Leaf colour chart

LF Land Footprint

MI Maintainable Improvement

N,O Nitrous oxide

NF Nitrogen Footprint

NH; Ammonia

PF Phosphorus Footprint

RCTs  Resource Conservation Technologies
RW Rice—Wheat systems

RWRs Renewable Water Resources

SA South Asia

SD Sustainable Development

SO, Sulphur Dioxide

SOC Soil Organic Matter

SOM  Soil Organic Matter

SPI Sustainable Process Index

SRI System of Rice Intensification
SSNM  Site-Specific Nutrients Management
WF Water Footprint

WPF Water Pollution Footprint

WSF Waste Footprint

ZT Zero-Tillage

2.1 Introduction

The population across the globe are approaching to 10 billion by the year 2050,
therefore to encounter the food security of the increasing population it has been
anticipated that production of food must be improved by 70% (de Schutter 2010;
European Commission 2011; Ojha et al. 2014). Therefore, to satisfy the food and
nutrition in the emerging world, there is an urgent to improve food production. At the
same time, agricultural productivity is going to face the extreme event of the
changing climate (IPCC 2007). Anxieties are increasing for adaptation of agriculture
to the changing climate (Vermeulen et al. 2012), it is due to not only the threat of
climate change to agriculture (Aggarwal 2008) but also link to the livelihoods of
rural poor across the globe (Mew et al. 2003; Rosegrant and Cline 2003; Parry et al.
2004; Mall et al. 2006).

Several studies already evidenced that changing climate already hits South Asia.
(Nelson 2009). For example, Kumar and Parikh (2001) anticipated the damage of
about 8.4% of the overall net-returns of farmers in India as a result of the hostile
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consequences of environment. The people in the region are experiencing the climate
change crisis also reported by Ojha et al. (2014), who conducted a study with
303 farm households across three countries of South Asia (SA) (India,
Bangladesh, and Nepal) and revealed that 78% farmers are approved that summer
day are getting hotter; 66% are approved that winter-time is getting colder and 44%
are approved that precipitation during the rainy season is scared as compared to
earlier. The agroecological condition of South Asian countries is deteriorating day
by day due to traditional agricultural practices. It has been recognized and proved
that traditional agricultural practices could not reduce the rural poverty and degrada-
tion of the ecosystem. The food production systems are not always environmentally
friendly and cost-benefit and depend on imbalanced use synthetic fertilizers and
pesticides (de Schutter 2010; European Commission 2011; Ojha et al. 2014; Meena
et al. 2020a). Therefore, without considering agroecology, it is impossible to
encounter the nutrition safety of the growing people.

Agroecology is the initial frame in the house of worship of the ‘Green Revolu-
tion’, expressed by Dr. José Graziano da Silva, head of the FAO in the closing
ceremony of a two days convention, entitled ‘Agroecology for Food and Nutrition
Security’, which was held on 18-19 September 2014 at FAO’s headquarters in
Rome, Italy. In his new version, Dr. Silva mentioned that agroecology must be
well-thought-out as key attention for the rising global substitutions for resolving
food safety of the increasing population in the modern era of the changing climate
(Gliessman and Tittonell 2015). The benefits of the agroecological farming also
urged by organizations (i.e., the FAO, UNEP, and Biodiversity International)
included in World Food Security-1 in the year 2012 (de Schutter 2010; European
Commission 2011).

Therefore, it is crucial to improve resource conservation, cost-effective, and
environmentally friendly technologies for conserving agricultural outputs. The sus-
tainable nourishment for the growing inhabitants can only be attained through the
management of agroecology; since it emphasizes on resource conservation farming
practices, reworking small farm enterprises, the participation of more farmers’,
traditional knowledge of the farming community, improved plant genetic multiplic-
ity, and escape to over-use of excessive synthetic pesticides and fertilizers.

The chapter focuses on the sustainable agroecological based crop production
systems without hindering the agroecological environment for the nourishment of
the growing population particularly in emerging nations of South Asia under chang-
ing climate.

2.2  Major Components of Agroecology in South Asia

The term agroecology refers to an integrated approach of ecological and social
principles, and their application to design agriculture and allied systems in sustain-
able manners. It aims to optimum use of natural resources and their interaction with
each other to build up a fair and sound farming system. The different components of
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Fig. 2.1 Intra-relationship between the major components of agroecology

the agroecology are intra-related to each other (Fig. 2.1). In this section, we have
discussed the major components and their present status in the South Asian region.

2.2.1 Diversity

Diversity is the key component to agroecology that strengthens ecological and socio-
economic resilience by understanding the way of conserving and increasing the
resource use efficiency. SA comprises of 8 countries and 5 time zones. Hence, a wide
range of agro-climatic diversities, cultures, traditions, food habits, and economics
exist in this region as follows:

2.2.1.1 Diversity in Land Resources

Huge population pressure and no scope for horizontal augmentation of arable land
make it the most crucial resource in SA. Bangladesh uses the maximum land (70%)
under cultivation over the total land area, closely followed by India (60%). However,
Pakistan, Sri Lanka, and Nepal have utilized 30% of their land only for cultivation
purposes (FAOSTAT 2004). Additionally, Bangladesh accounted for the maximum
value in irrigation intensiveness (165%), whereas it was 110% for Pakistan
(Weligamage et al. 2002).

2.2.1.2 Diversity in Water Resources

In SA countries the maximum rainfall happens through S-W monsoon and winter
faces a huge water crisis. Almost 4000 mm precipitation occurs in Bhutan and just
1083 mm is received by India. Pakistan has received only 80 mm of rainfall (Ali
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et al. 2012). In case of renewable water resources (RWRs), India has the highest
RWRs (1911 km?) next to Bangladesh (1200 km?), Pakistan (223 km?®), Bhutan
(78.0 km3), and Sri Lanka (52.8 km3) (FAO 2011). Bhutan is known as the water
surplus country, while Pakistan runs in negative in the context of available water
resources.

2.2.1.3 Diversity in Climate Change

It has been projected that in SA region 0.5—-1.2 °C temperature will rise at the end of
this century and 0.88-3.16 °C by the year 2050, and 1.56-5.44 °C by 2080 (reported
by IPCC 2007). The effect of global warming would be more in low altitude and dry
season in developing countries. Some parts of India such as the west coast, a part of
Gujarat and Kerala would be received 6-8% more rainfall than normal in recent
future (FCCC 2012). The spatial distribution of temperature change indicates that the
central, peninsular, north-east, and west coast India will face the challenge of higher
temperate, while north-west and southern India will observe the cooling trend
(Kavikumar 2010).

2.2.1.4 Crops Diversification

The diversification of crops refers to the accumulation of different types of crops or
systems of cropping into a farming system for getting a higher return. The mono-
cropping system has been gradually diversified by the high-value field crops, fruits,
and vegetables in SA. Introduction of the dwarfing gene in the agricultural system is
a key point for the advancement of diversification in this region. Though the rice—
wheat system is the main cropping system for livelihood support in IGPs of SA, but
recently rice-maize, cotton-wheat, rice-pulses are being popularized. Among the SA
countries, Bangladesh, India, Nepal, and Sri Lanka are most rice intensive countries.
Besides the crop diversification, integrated farming, rice cum fish, livestock rearing
is gaining attention among the farming communities.

2.2.1.5 Land Diversification

Land diversification refers to the modification of crop establishment techniques,
alternate land-use, tillage system, and land management to increase the soil health as
well as productive capacity per unit area. Conservation agriculture (CA) is the most
promising cost-effective and environmentally friendly technique that includes the
least soil-disturbance, soil-cover, and crop diversification. Currently, in SA covers
5 Mha land under conservation agriculture (Friedrich et al. 2012). In India, zero-till
wheat cultivation after harvesting of Kharif (rainy) rice under the presence of crop
residue is most popular conservation agriculture practice in the north-western states.
Another approach of alternate land-use system is agroforestry. The most popular
agroforestry systems in SA are agri-silviculture and agripastoral system. Poplar and
Eucalyptus are major tree species and tea, coffee, black pepper, and cardamoms are
also cultivated with perennials trees. The agroforestry not only properly utilizes the
spatial and temporal resources but also it is considered as a great source (Jhariya
et al. 2015; Singh and Jhariya 2016).
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2.2.2 Establishment and Disseminate of Experiences

The effectiveness of farming innovations realizes better when farmers sharing their
experiences through a common participatory programme. The co-creation of tradi-
tional or indigenous knowledge, practical knowledge blends with scientific knowl-
edge may be very effective to bring the innovation to address the common
challenges in agriculture. In SA, farmers’ participatory programme, front line dem-
onstration, method demonstration, lab to the land programmes are operated for this
aspect (Glendenning et al. 2010).

2.2.3 Government Policies, Institutions, and Public Goods

The effect of Green Revolution in India was realized in 10% of the area with
adequate facilities like irrigation system, availability of HY Vs, electricity, and
nutrient management but most of the area in SA, agriculture systems have been
inhibited by the absence of structure. Most of the govt. policies favour urban areas
and manufacturing sectors rather than agriculture. Decentralization of government
policies and indigenous institutional presentation will be the significant concerns in
the progress of maximum agricultural systems. The increase in participation of
women in agriculture is another advantage of decentralization.

2,24 Synergies

Construction of collaborations in food systems delivers numerous welfares. By
improving natural collaborations, agroecological performance boosts the ecological
utilities, leading to better reserve use effectiveness and flexibility. As a piece of
evidence, incorporation of pulses in the cropping system saves 10 million US
$nitrogenous fertilizer in every year (FAO 2016). Crop-livestock interaction
provides 15% of nitrogen out of total applied N to crops (FAO 2017). In SA,
integrated rice systems in combination with other foodstuffs such as fisheries,
duck raring, and trees plantation maximize the synergies in respect to dietary
multiplicity, produce, control of the weed, soil properties, and productiveness, as
well as providing biodiversity habitation and nuisance control (FAO 2016).

2.2.,5 Resource Use Efficiency

Improved reserve usage efficacy is embryonic stuff of agroecological systems that
judiciously design and accomplish the assortment to create collaborations between
components of diverse systems. As a proof, zero-tillage (ZT) has the potential to
save 75% of fossil fuel consumption, and 40-50 US$ over conventional tillage
(CT) (Malik et al. 2002; Meena et al. 2020a). Furthermore, zero-tillage
(ZT) increases soil C sequestration and converting CO, into O, as well as enriches
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SOC. Bed planting in the rice—wheat system at IGPs saves 18-50% of irrigated
groundwater (Jat et al. 2005). Implementation of SSNM technique improves the crop
yield by 58% and 42% in the rice—wheat system and accounted for 48% more yield
in rainy season rice and 52% in winter rice (PDFSR 2011). Leaf colour chart (LCC)
based N application has curtailed 50% of nitrogenous fertilizer ha~' without altering
the rice productivity as compared to growers’ practice and improved the N usage
effectiveness by 20-35% in both maize and rice (Ramesh et al. 2016). The imple-
mentation of resource conservation yielded 0.5 MT more wheat and hold back
80 million US$ by lowering fuel consumption, tillage practices, and input use.

2.2.6 Recycling

‘Waste” is an anthropological perception—it does not be present in natural
environments. By emulating natural ecology, agroecological accomplishes and
biological procedures that initiate the recycling/reusing of nutrients, biomass and
water within production systems, the natural reserves utilization ability can be
assessed. For example, deep-rooted crops in agroforestry system hold the nutrient
leaching beyond the root zone that enhances the soil available nutrients (Buresh et al.
2004). In SA, recycling of 668 t rice residues has the potential to generate 708.70 lit
of bio-ethanol (Kim and Dale 2004).

2.2.7 Resilience Building

Resilient building in agriculture and ecosystem is the key component for
sustainability. In recent years, climate-resilient is the major focus in all over the
world. SA countries are situated in the diverse agro-climatic region. Hence, location-
specific and cost-effective adaptation and mitigation strategies are essential. Aerobic
rice cultivation and livestock management can help to reduce 9% of total anthropo-
genic CH, emission (Smith et al. 2007; Meena et al. 2018). Location-specific
conservation agriculture enhances C sequestration up to 1.0 t ha~' (Corsi et al.
2012). However, the lower adaptation of CA (4.72 Mha) and awareness are the
major constrain in SA (Friedrich et al. 2012). Furthermore, micro-irrigation such as
sprinkler does not release any CH, (Pathak et al. 2011). They also observed that if
the flooded rice field can be adjusted to mid-season drainage the global warming
potential (GWP) will be reduced to 5.6 MT CO, eq. and would mitigate GWP by
16.7%. LCC based N application has reduced the N,O emission by 16% and CH4 by
11% in rice (Bhatia et al. 2012) in SA. For small holding farmers, adoption of
agroforestry can sequestrate 1.5-3.5 t C/ha per year (Montagnini and Nair 2004).
Other land management practices like contour farming in a hilly area cover cropping
reserved 20—40% more top-soil, agonized fewer destruction, and skilled inferior
monetary losses than conventional farming practices (Holt-Giménez 2002).
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2.2.8 Social and Human Values

Agroecology poses robust importance on human such as self-respect, fairness,
addition, and impartiality to entirely the level of society engaged in the farming
activity for improving livelihood dimension. Agroecology encourages gender equal-
ity to create opportunities for women as they contribute almost half of the agricul-
tural workforce. Agroecology also provides promising sources of income generation
in various ways that are knowledge-intensive, eco-friendly, socially acceptable,
innovative, and economically viable.

2.2.9 Tradition of Culture and Food

Human heritage, culture, and food habits are the considerable component of
location-specific agricultural planning, as the demand for the foods in the market
depends on those aforesaid components. When scientific management practices are
merged with indigenous knowledge and culture, wealth agroecological solutions
become visible. As an example, India is the origin of more than 50,000 indigenous
rice varieties (NBPGR 2013), famous for their taste, nutrient content, disease and
pest-fighting ability, and their adaptableness to a wide assortment of situation.
Cooking strategies and food habits build up based on those properties of indigenous
cultivars. Taking this accrued body of outdated experiences as a controller, agro-
ecology can help to realize the prospective of regions to sustain their peoples.

23 Impacts of Intensive Agriculture and Climate Change on
Agroecology

Agroecology is the foundation of sustainable agriculture. It provides a robust set of
solutions to environmental and economic pressures. Intensive agriculture refers to
involvement of heavy tillage, lots of labour and capital, injudicious application of
water and fertilizer, crop residue, and fossil fuel burning to obtain higher productiv-
ity and profitability without concerning ecological sustainability that degrades
natural agroecological system (Poppy et al. 2014). Thus, resource-rich agriculture
has been shifted towards resource-poor agriculture day by day. Additionally, climate
change poses a predominant threat to humankind. Altering rainfall pattern and
temperature fluctuation changes the activities of agricultural landscapes in over-
whelming and often destructive ways (Rani and Maragatham 2013). The agriculture
sector has been contributed 24% of the total anthropogenic emission (IPCC 2007)
which is consisted of CO,, N,O, and CH,4, the three major greenhouse gases.
Rigorous energy uses in farming activity and land management are the broad
anthropogenic sources of GHGs emission. From the aforesaid, it has accredited
that intensive farming activities to meet the food demand and climatic variability
during the twenty-first century have been affected by the existing agroecology in
several avenues.
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2.3.1 Global Warming and Weather Migration

Climate change, a consequence of the rising GHGs emission, particularly upper level
of CO, emissions will lead to increase the global average temperature by 2—6 °C
within the year 2100, which is almost more than doubled as compared with the
existing temperature, predicted by IPCC (Calzadilla et al. 2013; IPCC 2020). The
average global temperature rising will lead to the shifting of weather patterns
300-500 km away from the equator and towards the poles, thus changes the existing
agroecology, cropping pattern, pest infestation, etc. Higher CO, concentration and
soil temperature lead to a higher C:N ratio, which may reduce the decomposition
rate, and thereby lowers the nutrient mobilization.

2.3.2 Land Value Degradation

Rising ocean temperature, glaciers, and ice sheets melting are attributed as major
reasons for the contemporary sea-level change. It was estimated that at the finishing
of the era, the average sea level would be raised by more 1 m and consequently the
frequency of the cyclonic events and storm surges would likely to be increased
(IPCC 2007). It was evidenced that rice yield has declined by 1.6-2.7%, accounted
for US$ 10.6 billion financial losses from last 45 years (Chen et al. 2012) only due to
the land value degradation.

Major rice exporting countries like Myanmar, Vietnam, and Egypt are expected
to shift as importer countries. Intensive agriculture such as heavy traffic movements
in the crop field, bare soil, and frequent tillage operations makes soil vulnerable to
erosion. In India, an area of 174.2 m ha is hypothetically unprotected to several
degradations such as water (153.2 m ha) and wind (15 m ha) erosion and as a
consequence, the per capita land availability has been declined from 0.32 ha to
0.19 ha from 2001 to 2050 (Table 2.1). Furthermore, soil acidity and alkalinity cause
25 m ha and 3.6 m ha of land degradation in India, respectively. It is estimated that
only 141 m ha land is available for agricultural practices and a very little scope exists

Table 2.1 Available resources and projected resources in future

Per capita availability (ha)

Land resource Total area (Mha) 2001 2025 2050
Total land area 328 0.32 0.23 0.19
Net sown area 150 - 0.11 0.09
Gross cropped area 250 0.19 0.18 0.14
Net irrigated area 87 0.06 0.06 0.05
Gross irrigated area 100 0.08 0.07 0.06
Area under forest 75.5 0.07 0.05 0.04
Total area covering greenness 120 0.12 0.08 0.07
Total area that can produce biomass 270 0.26 0.19 0.15

Data source: State of Indian Agriculture (2009)
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for further increase in agricultural land (Manivannan et al. 2017; Meena and Lal
2018).

2.3.3 Deterioration of Soil Quality

Both intensive farming and climate change affect the soil physical, chemical, and
biological properties. Rapid tillage accelerates soil erosion and hardpan formation. It
was reported that intensive practices lower the soil organic matter (SOM) by 61.7%,
devastation of soil construction 27.0%, and cause soil destruction 4.3% (Kughur and
Audu 2015; Meena et al. 2020b). The most significant impact of climatic variability
is the changes in CO, concentration in the atmosphere and this gaseous component
has acknowledged as the key element of plant photosynthesis. However, the exces-
sive level of CO, concentration supplemented with other climatic anomalies may
deprive the production ecology below the existing level (Khan et al. 2020a, b). Root
surface area is mostly affected by belowground climate change than other factors.
Additionally, studies regarding the influence of soil biological environment due to
climate change have strongly associated with the changing the soil temperature and
CO, concentration. This situation significantly influenced the N mineralization
process and increased the concentration of solution-phase N (Pendall et al. 2004;
Meena et al. 2020c). Nevertheless, it is very problematic to forecast the behaviour of
other macronutrients like K in soil solution as its availability does not considerably
regulate by soil biological environment. The SOM has a vigorous function for
sustaining the fertility of the soil by holding the macro and micronutrients for
plant growth. The SOM also plays a significant role for holding the soil particles
together as stable aggregates, improvement of soil physical possess ions including
water-holding capability, and delivers gaseous interchange and growth of plants root
(Lal 2004; Jat et al. 2018). It is also the food source for soil microorganism and acts
as a balancing agent for toxic materials by sorption of this heavy metal. Currently,
human-made forest firings for horizontal land intensification, clean cultivation, and
continuous mono-cropping and fallow land mainly in the dry season are lowering C
sequestration for the prospect of farmland. When the presence of this organic carbon
in soil increases, the chances of storing to the atmosphere will reduce; as a result, the
potentiality of global warming will be alleviated. It was estimated that for Indian soil
the optimum soil organic carbon (SOC) should be in between 1 and 1.5%, while its
value has come down to 0.3-0.4% (Singh et al. 2014). It was reported that almost
46% of the soil of India has a deficiency of nutrient because of the poor inherent
fertility of soil aggravated by the imbalance fertilizer dose. The tendency of marginal
farmers of SA to use higher amount N in comparison to P, K, and other secondary
and micronutrients creates a nutrient imbalance and widening N:P:K ratio (White
et al. 2012; Shew et al. 2019). Nutrient imbalances, immense deforestation, lower
SOC, least cultivation of soil restorative crops are measured as the chief causes for
the destruction of soil biodiversity.
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2.3.4 Worldwide Water Scarcity

Recent reports regarding the climate change revealed that the weather uncertainty
has mostly affected on global hydrological system. Arnell (2004) reported that more
than 900 million people would be experienced with the severe water shortage in the
2050s. In future, the doubling in CO, concentration may not be a cause for a key
alteration in precipitation patterns but may result in a huge growth in evaporation and
areduction in water restoration. In India, the intensive farming practices lead to over-
extraction of groundwater resources mainly in the agriculturally developed zone,
such as northern and eastern India appeared as major hotspots of groundwater
depletion as more intensive cultivation of wheat and rice, respectively, demarcated
as ‘dark zone’. Climate change in terms of maximization of temperature can affect
the water quality in various ways such as lowering the dissolved oxygen levels,
increasing algal blooming, and most importantly saltwater illustration in the coastal
ecosystem. Pollutants transport through the river also likely to be increased as a
result of higher rainfall intensity. It is projected that global net irrigation
requirements would increase by 3.5-5% by 2025, and 6-8% by 2075 irrespective
of climate change (D61l and Siebert 2001; Fischer et al. 2001). Not only water
scarcity, but water quality has also been affected for injudicious application of
pesticide, fertilizer, and other chemicals to fulfil the aim of intensive agriculture.

2.3.5 Impact on Crop Production and Associative Environment

Crop productivity in agriculture is influenced by climate change either directly, by
affecting the factors such as precipitation, temperature, or CO, level that directly
related with plant growth and development mechanisms or indirectly influenced on
associative factors. In general, increasing CO, concentration may positively be
influenced by photosynthesis rate in C3, while C, type plants show neutral response
in a higher concentration of CO, as they have a higher affinity on CO,
(Pep-carboxylase). At a higher level of CO, concentration, C4 plants survive easily
in less water than C; because of the higher rate of CO, uptake and greater stomatal
resistance to water loss (Sarkar et al. 2016; Brahmachari et al. 2019). Therefore, the
consequence of global warming may not always negatively influence the overall.
Apart from CO,, crop phenology is expressively exaggerated by fluctuations in high
temperature. A 1 °C rise in mean temperature shrinkages the grain yield of C; plants
like rice by 6% and 3-7% in wheat, soybean, mustard, groundnut, and potato
(Saseendran et al. 2000). But the leguminous pulse will be less affected in the
changing climate scenario because it was established that higher CO, level rises
the N, fixation. Moreover, the pulses can be grown under resource scare condition.
The similar impact has followed in oilseed crops. Additionally, the sensitivity of
crops towards climate change has differed with their growth stages such as maize is
extremely thoughtful to night temperature during pollination and to the shortage of
available water.
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Environmental change is considered as a foremost cause of weed flora shifting
from the tropical and sub-tropical zone to temperate climate and enhances the
number of weed species presently limited to the temperate climate of higher altitude
(Sarkar 2015; Silberg et al. 2019). Weeds are highly responsive to a small increase in
temperature in the tropical region and several reports are available for a substantial
increase in weed growth with an increase in temperature. Agricultural intensification
through higher input use to get better yield without concern about sustainability is
considered as a serious threat to building up some obnoxious weeds, as a glaring
example heavy infestation of Phalaris minor in rice—wheat cropping system in SA
countries (Banerjee et al. 2019).

In the perspective of higher temperature, it would also influence the insect pest
population in a complex way under changing climate. Changing the flowering time
in the temperate countries due to global warming leads to the addition of different
insect species and reaching of a pest status by non-pest insects. Host plant and insect
interaction will alter in reaction to the consequence of CO, on nourishing superiority
and secondary metabolites of host plants. Both direct and indirect effect of moisture
stress on field crops make them more susceptible to be damaged by the pest, more
precisely in early stages. Precipitation also influences the insect pest infestation,
i.e. in winter cereals, aphid population rate could lower under the drought stress
condition. However, higher rainfall area may be affected by severe disease pest
infestation because of the presence of more relative humidity. Along with climatic
variability, intensive farming involves the utilization of excess amount of insecticide
without considering the economic threshold level (Saha et al. 2016). Integrated pest
management is also negligible in intensive farming. When these chemicals are used,
they not only destroy their intended target pests and parasites but also kill beneficial
insects which contribute to biodiversity loss.

2.3.6 Occurrence of Extreme Events on Human

Fluctuations in the climatic distribution in the larger area will enhance the frequency
of extreme events like drought, floods, heat waves, torrential downpour, and
cyclonic events. The occurrence of uncertainties like an extreme growth in tempera-
ture (of 6 °C and beyond) is a consequence of higher CO, emission suddenly, due to
a forest fire. However, the causes for occurring of extreme events are closely related
to each other like occurrence flooding mostly depends on heavy rainfall (more
intensified) and glacier melting. Globally, the number of severe flooding is being
doubled during the last decade and among the extreme events, droughts are taken
into consideration as the most detrimental one. The drought is resultant of erratic
rainfall distribution, drastic use of groundwater, lowering moisture storage capacity,
or the combination of all factors. Modern intensive agriculture aims to produce
higher yield per unit area with the adoption of the mechanized farming system. This
makes very hard for traditional farmers to compete. Also, this mechanized intensive
farming does not create a lot of job per unit of food produced which likely to increase
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joblessness and farmers have to migrate from agriculture for searching a better
livelihood.

24 Natural Resources and Footprints in South Asia (SA)

Natural resources of South Asia (SA) comprise mainly of land and water, which
must be used sustainably with advanced resource conservation technologies. Com-
ing over to land resources increased population and urbanization had adverse effects
on the land resources. Further, problems of water logging, soil salinity, alkalinity,
erosion, brick making put an adverse effect on the land resources as they are
shrinking, while on other hand, there is a need to produce more from the less land
as world’s population.

2.4.1 Natural Resources of South Asia

Seven countries of SA including India, Bangladesh, Pakistan, Sri Lanka,
Afghanistan, Nepal, and Bhutan are contributing to 23.7% of the population across
the globe, but they comprise merely about 4.6% of world annual renewable water
resources. At certain locations, conditions become quite serious as in Punjab, India
where more than 114 blocks out of total 142 blocks declared as dark zone which
means that farmers of those block will have to think seriously by adopting resource
conservation technologies. Agricultural contribution continuously decreased in the
gross domestic product (GDP), even because of extensive research and the highest
share of people to this sector for earning their livelihoods (FAO 2016). That might be
because of many sustainability issues, viz. shrinking water resources, the outbreak of
insect pest attack, deteriorating soil vigour, arising micronutrients shortage, etc.
(Bhatt et al. 2016). From the last few decades, water demand in the other competitive
sectors, viz. household, industrial, and hydropower shaping the way the upper
reaches of major river systems in SA. Downstream parts of basins facing severe
pressure because of escalating water demands particularly under environmental
flows and species biodiversity. Shallow water trends showed decreasing trends in
Asia as a whole (Fig. 2.2), where experts of NASA, highlighted the drought in each
week concerning groundwater and soil moisture; which is derived from GRACE-FO
satellite data. In Fig. 2.2, the drought pointers labelled existing wet or dry situations,
articulated as a percentile presentation the possibility of incidence for that specific
locality and period of a year, where inferior standards (warm colour) sense dryer than
regular, and greater standards (blues) sense damper than standard.

The information of the satellite data confirmed that the shallow water trends in
Asia are a decreasing trend as a whole. The interactions of climate, topographical,
land-use, and socio-economic factors are responsible for the water availability in the
South-Asian countries per capita water resources abundant in Bangladesh, Bhutan,
and Nepal, whereas rest observed stressed conditions. Total water extractions in SA
signify about one-quarter of the accessible renewable freshwater. Experts already
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GRACE-Based Shallow Groundwater Drought Indicator
April 06, 2020
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Fig. 2.2 NASA highlights the drought in each week concerning groundwater and soil moisture;
which is derived from GRACE-FO satellite data (Source: https://nasagrace.unl.edu/)

predicted that SA is a hot-spot of water-related threats, secretarial for some 40% of
natural calamities documented worldwide predominantly under global warming
including floods, drought, hike in sea-water level, landslides, and land destruction,
specifically in hilly and semi-arid areas. There is a need to predict future climatic
conditions, to reduce their impacts as far as possible.

Besides drought, salinity is an additional difficulty in >60% of the area of the
Indus-irrigation system, while soil erosion is also detrimental to soil quality in the
sub-mountainous tracts where highly intensive rains on the soil with poor organic
matter de-attach soil particles. However, eight SA countries, namely India,
Bangladesh, Pakistan, Sri Lanka, Nepal, Afghanistan, Bhutan, and Maldives are
possessing almost identical land resource and crop types (Fig. 2.3). Different crops
cultivated in the South-Asia depending upon the different factors, viz. soil texture,
climate, underground water status, availability of the better cultivars, etc. During the
recent decades, land productivities of RWCs systems decreased in the IGPs due to
numerous problems such as shrinking underground water, deteriorated soil health,
micronutrients insufficiencies and wide-spread insect pest infestations, and climate
change (Bhatt et al. 2016).
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Fig. 2.3 Geographical distribution of these crops in South Asia

2.4.2 Different Footprints

Different footprints (Fig. 2.4) have been recognized and discussed in the following
sub-heading:

2.4.2.1 Carbon Footprint

Carbon footprint (CF) from the last few years represents one of the most important
environmental protection indicators (Lam et al. 2010; Galli et al. 2012) which deals
with CO, quantities and other GHGs, viz. CHy, N,O, etc. released during a particular
procedure or produce (UK POST 2006; BSI 2008). The global warming potential
(GWP) (European Commission 2011) used as a pointer for quantifying the CF which
is directly linked with climate change leads to global warming (Hggevold 2003). As
per another definition shared by European Commission (2011) , CF is because of
‘Life-Cycle-Thinking’ is linked to global warming. Further, based on land area
utilization, CF might be represented by the area prerequisite to confiscate released
CO, by fossil-fuels through afforestation from the atmosphere (De Benedetto and
Klemes 2009). However, CF related to the estimation of direct and indirect
emissions of CO; in an action/over the lifespan of a product and delineated in
units mass (Wiedmann and Minx 2008).
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Fig. 2.4 Different footprints which are linked to the agroecology

2.4.2.2 Water Footprints

Water footprints (WFs) represent the total volume (direct and indirect) of freshwater
used, consumed, or polluted and are closely linked to the concept of virtual water
(Hoekstra and Chapagain 2006; Galli et al. 2011, 2012). Further, WF consists of
green, blue, and grey water footprints (comprises of surface and underground water,
rainfall consumption, water volume required to dilute polluted water to standards)
(Mekonnen and Hoekstra 2010; Klemes et al. 2009).

2.4.2.3 Energy Footprint

Energy footprint (ENF) may be well-defined as the total amount of lands utilized to
afford non-food and non-feed energy; for example, the sum of the land including
land for fuel crops, forest land, C uptake land, and hydropower land (European
Commission 2011). Further, ENF may be delineated as the total land required for
sequestering CO, produced for energy usage (Palmer 1998; De Benedetto and
Klemes 2009), without the fraction involved by the oceans, and the part employed
by hydroelectric barriers and lakes for hydraulic-power (WWF 2002). ENF also
includes fossil (Stoeglehner and Narodoslawsky 2009), wind (Santhanam 2011)
nuclear (Stoeglehner et al. 2005), solar (Brown 2009), and renewable ENF (Chen
and Lin 2008), as its sub-footprints.

2.4.2.4 Emission Footprint

Emission footprint (EMF) might be termed as product or service quantity-wise
responsible for creating emissions, viz. SO,, CO, CO,, water (e.g., nitrogen and
phosphorus, demand for chemical oxygen), and soil (through emission in the soil) in
the atmosphere. Normally, calculations of EMF were done, based on per unit of land
required. Lower land intakes’ emanations may be degenerate without disrespectful
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the standard that anthropogenic mass movements must not change the potentials of
indigenous sections (De De Benedetto and Klemes 2009).

2.4.2.5 Nitrogen Footprint

The nitrogen footprint (NF) is an indicator for the measurement of the quantity
of volatile compound, which is freed into the environment as a consequence of
anthropogenic actions. It is articulated in entire units of Nr (Nr express all types of
nitrogen species excluding N,) (N-Print Team 2011; Leach et al. 2012). The NF
symbolizes the disturbance of the provincial to universal N succession and its
penalties. NF mainly covers the following Nr emissions: NOx, N,O, NO;, and
NH; which are inter-exchangeable since one Nr form to a different (Galloway
et al. 2003). Lack of data and its uncertainty is the major weakness of the NF
(Leach et al. 2012).

2.4.2.6 Land Footprint

The land footprint (LF) comprises sub-footprints, including forest (WWF 2002),
agricultural land (Kissinger and Gottlieb 2010), the built-up land (Chambers et al.
2004), the grazing land (WWF Japan and GFN 2010), and the crop-LF (Van Rooyen
2005).

2.4.2.7 Biodiversity Footprint

Biodiversity losses such as the result of the land renovation, land convention
fluctuations, the unjustifiable usage of carbon-based possessions, the over-misuse
of oceanic ecological capitals, and the invasion of unfamiliar living organisms are
being measured by biodiversity footprint (BF) (Oteng-Yeboah 2009; Burrows
2011).

2.4.2.8 Economic Footprint

Economic footprints might be conferred by financial footprints (FFs) and economic
footprints (ECFs). Clear definitions of both till now not available. Further, FF
represents the expenditures made by a human, while ECF represents over-all straight
and incidental economic influences of particular procedures, produces, or actions, an
area or a whole nation. The FF emphasizes withdrawal, reserves, assurance, duty,
and plantations (BMFG 2008) and is well-defined in terms of the financial
components solely, business, nation, or period, while ECF signifies the extent.

2.4.2.9 Composite Footprint

Composite footprint is dealing with composite evidence in a particular index and
permitting establishments or nations to be categorized in terms of their overall
sustainability. These basic assessments are mass-media sociable and are utilized
rather likewise to an educational score (OECD 2008). The complex footprints are
discussed details in the following sub-sections:
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Ecological Footprint

The EF is a compound pointer associated with numerous footprints (Toderoiu 2010;
Galli et al. 2012). Humankind’s anxieties on surroundings nature, viz. land and water
bodies determined by EF (Wackernagel and Rees 1996) which further used to
measure environmental sustainability. EF also compares resource consumption
behaviour of humans with waste absorption with the environmental capability to
rejuvenate (GFN 2010). EF delivers an amassed valuation of numerous anthropo-
genic forces (Wackernagel et al. 2006; Galli et al. 2012).

Sustainable Process Index

The defensible economy solely depends on solar-radiation as the natural revenue.
This solar-radiation is the basic assumption of the Sustainable Process Index (SPI),
which is associated with the EF (Kettl et al. 2011) and dealings the over-all region
indispensable to implant human actions sustainably within the environment. The
whole area is divided by the system units known as a specific area which measures
sustainability. Lower the SPI, lesser is the effect of given properties or facilities on
the ecosphere (Sandholzer and Narodoslawsky 2007). Further, SPI and EF have the
same limitations. Limited data, unsurely of data, time intensiveness related to SPI
when results of suitable provincial/regional data achieve a comprehensive intention
(Hall 2008).

Despite above footprints, there are also some important footprints recognized and
discussed by several researchers including phosphorus footprint, which is dealing
with the unevenness of phosphorus in relation with growing crops (Lott et al. 2009);
the footprint of fishing-grounds, which linked to catching the various fish species
(WWF Japan and GFN 2010), also explained the sea area essential to harvest
appropriate fish and sea-food for human beings (Van Rooyen 2005); the footprint
of human, which deals the quantity of energy, properties, and harvests inspired by
human being throughout the lifespan (National Geographic Channel 2011); the
footprint of waste, which deals with the quantity of waste formed by obtaining
constituents and ingredients, industrial and processing, and carriage (United Soy-
bean Board e Thinking Ahead 2011).

2,5 Management of Footprints for Sustainability

Footprints management is an advanced concept and its proper management is
particularly important for environmental sustainability. The foregoing overview of
environmental footprint indicates that they are not yet consistent. Environmental
footprints definition often varies, as per their measurement units. From the definition
point of view, Hoekstra (2008) delineated that a ‘footprint’ is a measurable quantity
that labelling the assumption of natural assets through human beings. He also
endorsed how human actions execute diverse categories of problems and effects
on inclusive sustainability. Life Cycle Assessment (LCA) used to outline the envi-
ronmental influences which highlight the 100% utilization of all kinds of left-over
materials (Zaman 2013). Normally, LCA 1is linked to ecological impressions
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(Von Blottnitz and Curran 2007) , while maintainable improvement (MI), also taking
care of financial and communal apparatuses. [lskog and Kjellstrom (2008) reported
five-dimensional design which comprises practical, financial, social, ecological, and
organizational sustainability. Further, as per Ilskog and Kjellstrom (2008), MI goal is
to come out with a balanced approach among all the objectives, viz. socially
equitable, social multiplicity respect, environmentally comprehensive, frugally con-
ceivable, science-based, technologically suitable and intended to authorize and
extend capacity and potential of human beings. Sustainability valuation considered
into three major groupings, viz. pointers, assessments connected to products, and
cohesive valuation implements. Over recent years, tools have emerged known as
footprints or individual contribution which further used for appraisal of
sustainability along with its components. The present section entitled, ‘footprints
management for sustainability’ covering with footprint definitions, measurement
units, and management of various footprints, which are described details in the
following sub-heading:

2.,5.1 Management of Carbon Footprints

For reducing/managing the C-footprints from individuals, assessment of CF
from individual contribution i.e. a farmer, industrialist, politician or even a student
is very important. Pre-industrial Revolution near to about 1750, the CO, and other
greenhouse gas concentrations were 270 ppm to 280 ppm which further increased to
405 ppm in 2017. Not only GHGs concentrations but annual growth dynamics are
also escalating. Further, as per Bartoli et al. (2011), today’s CO, concentration is
highest than the last 2.1 million years. Fossil fuel burning worldwide is the largest
source of GHGs generation, which increased from 6.8 PgC in 2001 to 9.8 PgC in
2015 (National Oceanic and Atmospheric Administration 2017). Further, deforesta-
tion, urbanization, and natural fires are responsible for 1/5th of global emissions
(Smith et al. 1993). Oceans are the biggest sink for the C as absorbed 1.8 PgC year ™'
t0 2.9 PgC year '. Thus, 4 PgC to 6 PgC of emissions stay behind in the atmosphere
each year. The research conducted by Gifford (1994) shows that non-deforested
terrestrial ecosystems store 2.5 GtC year ' + 2.7 GtC year '. Already many
recommendations there, viz. agroforestry, afforestation, minimum tillage, changing
of dietary habits from non-vegetarian to vegetarians, use of gypsum with fertilizers,
usage leisurely of relief manures, viz. neam-coated or poly-coated urea, intermittent
irrigations instead of continuous flooding, DSR, incorporation of crop residues as
mulch materials or biochar on the soil-surface, green manuring, use of short duration
cultivars, etc. will resolve the determination. Subsequent are discussed other
practices for management of CF, though C management is a significant concern
for alleviating the adverse effects of global warming.
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2.5.2 Crop Residues as Mulch

For the management of the CF, crop residues after crop harvesting must be
integrated into the soil or spread on the soil-surface as mulch. Crop residue hinders
hot sun-rays to penetrate the bare soil-surface which further lessens the soil-surface
temperatures, vapour-pressure gradient, wind speediness and ultimately reduces the
soil moisture evaporation. Application of crop residue mulching is indirectly helped
to reduce the diesel or electricity consumption by lessening the irrigation demand by
the crops. Thus, an efficient crop residue mulching practices are not only helpful to
reduce the CF but also beneficial for managing water footprint. (Bhatt and Khera
20006; Arora et al. 2008; Busari et al. 2015; Bhatt and Kukal 2017).

2,5.3 Tillage Modifications

Earlier, tillage rather intensive tillage is done to prepare seed-beds and to get ride-off
from the weed seed bank. But later, scientists revealed that conventional intensive
tillage as intensive tillage breaks the aggregates and thus makes the organic matter
once protected available to the soil micro-organisms, which oxidizes it to CO,,
which is not good for carbon footprints. Therefore scientists across the globe
recommended ZT as an important resource conservation technology (Bhatt 2017;
Bhatt et al. 2017), but its performance too decreased if all the mulch loads of the
previous crops removed from the soil (Bhatt and Kukal 2015a, b).

2.5.4 Need to Change Dietary Habits

In the current era, there is a significant change in nutritional lifestyles as from
vegetarian nourishment to a non-vegetarian diet. Further, attention on animal stuff
is possibly going to jump to >70% globally between 2005 and 2050. In animals,
enteric ageing is an abdominal connected process in herbivorous living being, viz.
cow, wild oxen, goat, and sheep have a rumen, a huge four-compartment stomach
with a multifaceted microbial population which procedures compound sugars with a
final product as CHy. The discharges decrease potential in Brazil, India, the USA.
Additionally, the EU solely increases up to 350 Mt CO, per annual. There are several
recommendations, viz. enlightening the nature of scrounges, fixing feedstuffs to
recover absorbability, and adding grain-based essences to domestic animals,
enrichments and addition of substances which could shrinkage CH,4 emissions and
manage CF.

2.5.5 Reduces Wastage of Food

Globally, if nourishment production target is reduced anyhow, then the pressure on
the food producers will be significantly decreased and that is possible through
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decreasing the wastage of food which is a vital, but typically un-attended concern.
Harvest more by using minimum agricultural lands, pressure anyhow decreased and
thereby implementations of different approaches of conservation agriculture seem to
be practical which further reduces the emissions of the GHGs. As per FAO
measures, about 33% of all human utilization diets is projected to lose. The C
imprint of nutrition surplus is measured at 3.3 Gt CO,. Cereals comprise the greatest
share of hardships by calorie and ejections (individually 53 and 34%), whereas
green-vegetables comprise the top percentage of hardships by weightiness (44%). In
the UK alone, 64% of nourishment wastage is ‘avoidable’ (Parfitt et al. 2020).
Therefore, reducing food wastage will help a lot in managing the C-footprints.

2.5.6 Reducing Methane Emissions from Rice Cultivation

Certainly, there is a role of paddy cultivation particularly conventional paddy
cultivation conditions, viz. under puddle standing water conditions (Matthews
et al. 1991; Gaihre et al. 2013). Around 55% of the yearly CH, emission comes
from the paddy growing areas from July to October (Matthews et al. 1991). The
average CH, discharges varied from 0.65 to 1.12mg m~>h ™' (Mitra et al. 1999) and
>90% of which to the atmosphere is through rice plants (Banker et al. 1995).
Around 100 g of CH, is discharged for producing 1 kg of rice grains. The defaulting
CH, zero-emission factor is 1.3 kg CH4 ha~' day™', in non-stop flooding rice
cultivation (IPCC 2006). The decay of fertilizers and crop residues in inundated
rice farming mainly responsible for CH, emissions (Aulakh et al. 2001). Therefore,
preventions submerged conditions by DSR or through alternate wetting and drying
or using tensiometers helped in the management of the C-footprints.

Further, in general, WHO (2008) also recommended some practices for daily life
as prefer walking, cycling, car-pooling, public transport. On average, every litre of
fuel burnt in a car produces >2.5 kg of CO,. Drive slowly as driving quicker
>120 km h™' escalations of fuel in gestation by 30% compared with driving at
80 km h™'. Upper gears (4th, 5th, and 6th) are the greatest cost-effective in the
relation of fuel ingestion. Further, reduce, reuse, recycle environmental and health
benefits also serve the purpose. Waste is a vital donor to C discharges. The dropping
waste can lead to huge emission reserves which help in the management of the
C-footprints.

2.5.7 Management of Water Footprints

In the South-Asian countries, except for Bhutan and Nepal water resources are
limited and shrinking because of overloads of population pressure. Agriculture
sector consumed around 90% of all water available for South-Asia, whereas the
rest world used 70% for irrigation. Further, out of these total requirements, around
60% depends on the surface water, while the rest 40% explored from below the
ground using submersible pumps. Moreover, paddy cultivation adds to it as around
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4000 1 of irrigation water used for producing 1 kg of rice. As water is declining
throughout the SA and that particularly true where rice-based cropping systems
being practiced. Hence, researchers recommended certain resource conservation
technologies for the better utilization of the water resources for enlightening the
water utilization and hence water use efficiency in the South-Asia. Amongst them,
the short lifespan of crop cultivars, timely replacement of rice seedling, use of laser
land levelling, judicious application irrigation on the based on tensiometer and adop-
tion of inproved crop production techniques like DSR, mechanical transplanting,
crop residue mulching, raised beds, double ZT, etc. are improving water as well land
productivity. But, there need to rethink as these RCTs are not universal and are in
reality are site and situation-specific. As in the case of DSR, under light-textured
soils, it is a great failure. Light-textured farmers often seen to till their DSR crop
because of the severe Fe insufficiency and considerably greater weed-pressure,
though it is a success under heavy textured soils. Even there is lack of location
specific recommendations of the RCTs depending upon the texturally divergent soils
and divergent agro-climatic conditions (Bhatt and Kukal 2017). Rapidly declining
groundwater quality causing severe health issues needs to be identified, e.g., south-
western parts of Punjab, where special rivers diverted for providing irrigation water
and people used only filtered water for drinking.

2.6 Natural Resources Intensification for Agroecology
Sustainability

The term ‘sustainable intensification’ is used to define the forthcoming path of
development of crop cultivation, to meet the requirement of ever-growing food
demand vis-a-vis maintaining the food security and combating the adverse effect
of global warming (Pearce et al. 2015). Despite this magnificent progress in the
agriculture sector during the last few decades, we cannot ignore the forbidding-side
of the story as well. The SA countries occupy miserably a low place in respect of
yield in contrast with other countries. Organizers, policy-maker, scientists, and
economists are seriously concerned about the sluggish development rate of the
crop production in current years. The population has been escalating at an alarming
level, while the average growth level of total food grain production is not at all
satisfactory. So, there is no other option except to produce more and more (Ghosh
et al. 2017; Meena and Lal 2018). There is, therefore, an urgent need for massive
well-planned action programme for improving input use effectiveness and output to
sustain the tempo of agricultural growth in this region. Increasing productivity with a
decrease in production cost for the advantage of the agricultural community as a
whole and maintenance of soil health are newly emerging challenges for the
agricultural scientists (Ray et al. 2020). Modern agriculture practice is highly
inputted intensive agriculture. This input-intensive agriculture uses a considerably
higher amount of agricultural input such as plant nutrients, seeds of high yielding
crops variety (HYV), plant protection chemicals, irrigation, etc.
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On the other hand, with the increasing cost of cultivation in the modern input-
intensive agricultural practices and no appreciable additional benefits in income, the
growers in overall and small and marginal in specific are finding it extremely
difficult to earn their livelihood and a large number of them are below the poverty
line. Thus, it must be kept in mind that at this juncture we should not emphasize on
our production need alone; we must have to consider the ecological health as well to
keep the sustainability of our production unaffected.

As sustainable ecological intensification and production maximization are
directly related to the efficient utilization of the precious natural resource, thus
there is essential to reflect ecological conservation such as the maintenance and
regeneration of natural assets and the possible output of the ecosystem services
(Lampkin et al. 2015; Raj et al. 2020; Banerjee et al. 2020; Jhariya et al. 2019a, b).
Agroecology, an approach for sustainable farming, creates the best use of natural
resource to meet the present demand without hampering the future need (AGF
2020). The farmers maintaining agroecological sustainability not only improve
food yields for balanced nutrition but also maintain soil and environmental health
vis-a-vis healthy ecosystems. Natural resources can be intensified for agroecology
sustainability in different ways. Scientist used number of agroecological indicators
(Lampkin et al. 2015). We also identified such five agroecological indicators as
suggested by (Lampkin et al. 2015; Pearce et al. 2015) (Fig. 2.5).

In Table 2.2, we have summarized the different practices that are directly related
(synergistically antagonistically) to agroecological sustainability. Integration of
input-intensive agriculture with organic and natural low input-intensive agriculture
practices is the most efficient and eco-friendly natural resource management
techniques for agroecological sustainability. This system can supply enough plant
nutrients in the available form to crops and recover the quality of the agricultural
products.

But sole adoption of such organic natural resources intensification strategy alone
cannot meet the high nutritional requirement of the crops. For this reason, in the
recent past, it has been a convention of applying different sources of nutrients,
e.g. chemical fertilizers, organic manures, green manures, crop residue,
bio-fertilizers, different soil amendments, etc. in combination to the similar crop in
the similar piece of land; that means in an approach of INM (Kesavan and
Swaminathan 2008; Balasubramanian et al. 2017). Besides this practices, adoption
of integrated pest management, biological pest control, the introduction of legume-
based diverse cropping system, livestock-based integrated farming system, and
agroforestry system has a direct positive impact by optimizing the use of natural
resources intensification for agroecology sustainability and environmentally
friendly.
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Productivity

Carbon sequestration,
greenhouse gas emissions

Biodiversity and related
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Agroecological
indicators
for Suatainable
intensification

Energy Utilization Soil and water resources

Profitability

Fig. 2.5 Indicators of performance relevant to sustainable intensification

2.7 Agroecology for Food Security

The demand for food is continuously rising with growing population and farmers are
adopting conventional farming practices for augmenting the food production by using
higher amount of agro-chemicals as a form of fertilizers and pesticides. However,
due to repeated intensive farming practices and higher application of external inputs,
the production system showing its limit as the ecosystems have reached saturation
and degradation level (Lecomte 2012). The reducing food production capability of
the agricultural lands results in a risk to food safety. For most of the major crops, the
average yields have improved over the past 50 years (Tilman et al. 2011); nonethe-
less, the improvement is not equal across the world. The productivity is lower than
its need in the poorest provinces of the world particularly in developing countries
(Vijikumar 2010) due to insufficient agricultural development models in addition to
higher population densities that led to dreadful condition of the natural resource base
in SA. Besides, climate change and its consequences have also affected food
production and made it difficult to eliminate the food insecurity in this region
(European Commissions 2011; Wickramasinghe 2014). In agroecology, simple
farming techniques such as traditional practices of the agricultural system linking
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Table 2.2 Involvement of diverse agroecological performs and methods to distinct and viable crop
diversification. Source: Lampkin et al. (2015) and Pearce et al. (2015)

Non-

renewable Biodiversity | Soil and

energy use and related water

and GHG ecosystem resource
Practice Productivity | emissions services protection | Profitability
Improve soil + + + ++ —
fertility through
the inclusion of
legumes
Carbon-based + + ++ + 0
soil
improvements
Zero-tillage + + + + +
Fewer usage of —— + ++ ++ __
synthetic
fertilizers and
pesticides
Rotations + 0/+ + + +/—
Poly-cultures ++ 0/+ + + +—
Variety- + 0/+ + 0 0/—
mixtures
Field margin +/— 0/+ +/++ 0/+ +/—
and other refugia
IPM + 0/+ + 0 +
Various + 0/+ + + 0/+
grasslands
Diversified + 0/+ + + +—
crops and
livestock
Mixed livestock | + 0/+ + 0 +/—
species
Integrated crop/ |0 + + + 0/+
farm
management
Organic farming —— + ++ ++ 0
Agroforestry + ++ ++ ++ +/—

— = worse than conventional, 0 = similar to conventional, + = better than conventional

with biodiversity are adopted to increase the crop yield and to promote natural
interactions among crops, soil, nutrients, pollinators, and livestock (Tittonell
2014). Additionally, these techniques and practices are less costly and improve the
soil health and fertility which reduces the dependency of farmers on external inputs
and state subsidies; therefore, that will help to alleviate poverty and will contribute to
food security. However, for effective transformation to the agroecological farming
active participation of farmers with their own experiences as well as initial
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investment by governments for rural infrastructure and expanding existing projects
are very crucial (European Commissions 2011).

Agroecological practices reintegrate the food production system with the natural
growing course of plants and manage the nutrient cycling in soil with dead plant
parts of the same ecological unit persistently. Besides this, it increases carbon
sequestration, conservation of soil as well as water and its efficiency, thus restore
the agricultural biodiversity and reduce biotic and abiotic stresses on crops
(Vijikumar 2010; Sharma and Hansen-Kuhn 2019). Therefore, different approaches
to sustain agricultural diversity include crop rotations, intercropping, cover crops,
polyculture, mixed and/or integrated farming, ZT technology, agroforestry systems,
organic farming, green manuring, and composting, integrated nutrient and pest
management, and so on and these have several common and positive influences on
agroecosystems and food production (Carrol et al. 1990; Tolentino and Tolentino
2019). Regeneration of the natural ecosystem through these agroecological practices
is the sustainable way to long-term food security because it will satisfy several needs
of farmers as well as society at large.

In SA, most arable and permanent croplands are lowlands situated at arid- and
semi-arid zones and these have higher potentiality for increasing agricultural pro-
ductivity (Devendra 2012; Tolentino and Tolentino 2019). Though intensive mono-
crop cultivation particularly rice is more prevalent in lowlands, integrated cropping
systems and different mixed farming approaches should be adopted by the farmers to
improve the biodiversity (Viczianya and Plahe 2017) and to maintain agroecology
which ultimately increases food production as well as whole resource efficiencies.
Now it is established that if rice is grown along with Alzola, fish, duck, and/or other
boarder plants in a complex agroecosystem, it will reduce the application of external
inputs but augment the production of rice and other components of the system and
the farmers’ income along with the empowerment of farming family (Xie et al. 2011;
Khumairoh et al. 2012; Liang et al. 2012; Long et al. 2013).

Food sovereignty is also a vital context to directly improve the food safety and its
sustainability and it can be attained by considering food sovereignty strategies such
as localization of food production by allowing the involvement of the producers in
innovations because they know the micro-environment in which the crops are
grown, avoidance of dependency on international market and trades and improve-
ment of immunity of populations (Lecomte 2012; Viczianya and Plahe 2017).
Hence, agroecology is an approach to maintain diversified agroecosystems and
this is the vital time to choose the suitable strategy for ecological resource manage-
ment of SA for sustainable agricultural productivity which results in long-term
benefits and food security to the poor populations.

2.8 Adaptive Measures for Soil Ecology

Soil is the unique essential natural assets for agriculture and can improve livelihoods
of agricultural communities when it is managed effectively as it is the main regu-
latory centre of natural as well as managed ecosystem processes (Barrios 2007,
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Bukari 2013). It also acts as a prime reservoir of carbon along with different plant
nutrients, buffering medium of precipitation extremes and habitats for several living
organisms (Montanarella 2015; Coyle et al. 2016); hence, soil health is very crucial
for sustainable agriculture. However, in spite of the continuous application of
different agricultural inputs, soil health is gradually deteriorated and the agricultural
productivity is being affected after intensive use of it during several years. Due to
intensive cultivation reduced soil fertility, soil compaction, erosion, and salinization
are also being prominent which result in unstable soil ecology and depreciation of
the environmental sustainability and food security (Lal et al. 2011). In SA, crop
straws are commonly used as fodder and fuel, not as a basis of carbon-based
substance; hence, soil organic carbon is continuously decreasing (FAO and ITPS
2015). Now, higher chemical fertilizer application although does not show higher
yield but it is also destroying organic matter and population of organisms in the soil;
therefore, it is very important to take measures for maintaining soil ecology for the
long run and this is possible only through adopting agroecological practices
(Lecomte 2012).

During selection and adaptation of agroecological approach, characteristics of the
practice and the target environment should be considered and then the suitable
management practices for carbon sequestration, nutrient cycling from the deep soil
profile, maintenance of soil structure, and biological population should be allowed to
impose along with desired crop species and inputs (Barrios et al. 2012; Wade 2014).
The C repossession is the imprisonment and storing long term of atmospheric CO, in
soil (Jain et al. 2012). Generally, the atmospheric CO, is converted into different
inorganic carbon compounds by chemical reactions in soil and the quantity of C
deposited in soil shows the equilibrium between the mechanisms of C fixation in soil
and release from soil (Benbi and Senapati 2009). The soil C sequestration directly
depends on climate, vegetation, soil parent material, soil water content, and land
management methods of the particular location (Jimenez et al. 2007; Lal et al. 2007,
Ontl and Schulte 2012; Abdullahi et al. 2014).

Higher C sequestration improves and maintains the soil physicochemical
properties and soil quality and also increases microbial growth and activity
(Hu et al. 2001; Chakraborty et al. 2014) which outcomes in enhanced soil structure,
the water-holding capacity of soil, infiltration and reduction in soil erosion, and
leaching loss of nutrients (Ontl and Schulte 2012). Mainly conservation agricultural
practices along with different agroecological strategies can raise the C stock in soil
and induce soil stability. Hence, different agricultural technologies such as ZT, crop
rotation, mixed cropping, cover crops, crop residue management, mulching, agro-
forestry system, ley farming, contour farming, grazing management, organic farm-
ing, green manuring, integrated nutrient management, etc. have the efficiency to
effectively increase the soil C sequestration (Benbi and Senapati 2009; Gami et al.
2009; Nayak et al. 2012; Ontl and Schulte 2012; Sapkota et al. 2017). Therefore, the
aforementioned strategies also directly influence the nutrient cycling in soil, plant
nutrition, organic matter decomposition, soil aggregate formation, soil erosion, and
nutrient loss (Bhojvaid and Timmer 1998; Kaur et al. 2000; Mishra et al. 2003;
Nosetto et al. 2007; Jarvie et al. 2017) by increasing the microbial activity due to
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higher C content in soil (Hu et al. 2001). This microbial biomass mineralizes the soil
nutrients for plants and maintains the nutrient cycle (de Deyn and Van Der Putten
2005); besides, it neutralizes toxins, maintains gas and water flow in the soil around
the plant roots, and stimulates soil aggregation (Reynolds and Skipper 2005;
Kibblewhite et al. 2008) as the soil organisms like bacteria can produce cementing
agents among the clay particles and fungal hyphae and its metabolites enmesh the
soil aggregates (Reynolds and Skipper 2005; Kibblewhite et al. 2008; Totsche et al.
2018). Additionally, the addition of pulses in cropping system has several positive
impacts on soil ecology such as it fixes atmospheric nitrogen, increases the soil
phosphorus mobilization, acts as a cover crop and reduces soil erosion, uptakes
nutrients from the deeper layer of soil due to its deep root system which results in
less leaching loss (Wade 2014).

About 52 Mha areas in SA are salt-affected (Sharma and Singh 2015) and in
coastal areas of India and Bangladesh, salinity along with inundation is inherited
problem (Burman et al. 2013). Therefore, utilizing these areas for food production
after reclamation sustainable food security can be enhanced and in this situation,
different land shaping practices can be useful. It was found that crop yield and soil
nutrient status have enhanced as compared to non-land shaping situation due to
rainwater harvesting, improved soil drainage, salinity reduction, less leaching loss of
nutrients, and cultivation of several plantation crops as well as fish (Burman et al.
2013). Besides this, phytoremediation can also be adopted for salinity situations as it
is environment friendly and cheaper than chemical reclamation procedures (Sharma
and Singh 2015). Eucalyptus tereticornis, Populus deltoides, and Tectona grandis in
saline soils; Acacia nilotica, Casuarina equisetifolia, Leptochloa fusca, Prosopis
juliflora, and Tamarix articulata in sodic soils; Acacia farnesiana, A. nilotica,
A. tortilis, Casuarina glauca, Parkinsonia aculeata, Prosopis juliflora, and Tamarix
articulata in waterlogged saline soils can be planted in agroforestry based cropping
system for phytoremediation and for increasing the land productivity (Singh et al.
1994; Dagar and Tomar 2002; Qadir et al. 2007).

29 Adaptive Measures for Crop Ecology Under Changing
Climate

At present, the changing climate is the primary intention for biodiversity loss which
leads to insecurity in food production (Raza et al. 2019). In SA, the crop production
system is very sensitive to periodic weather inconsistency, mainly in rainfall and
temperature dissimilarities (Aggarwal et al. 2009; Knox et al. 2012; Pitesky et al.
2014; Ali and Erenstei 2017; Khatri-Chhetri and Aggarwal 2017) because 70% of
total production directly depends on monsoon rains (Wickramasinghe 2014). Due to
climate change, most of the rice and other cereal varieties can lose up to 15-30% of
its yield potential across the SA (IFAD 2008) and by the end of twenty-first century,
the total cereal production will face around 4-10% reduction (Khatun and Hossain
2012). Therefore, different adaptive measures at farm level are very crucial for
sustained crop production system by alleviating the consequences climate change
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and it depends on the adaptive capability of a particular farming community
(Rosenzweig and Parry 1994; Mendelsohn and Dinar 1999; Smit and Skinner
2002; Gbetibouo 2009). Furthermore, combined strategies of adaptation along
with mitigation have more impact in declining climate change vulnerability. Some
useful crop adaption strategies which can be taken against global warming at the
farm level are as follows:

29.1 Adjustment in Sowing Time and Method

Altering the sowing as well as harvesting time of crop, detrimental impacts of
changing climate can be alleviated (Challinor et al. 2014; Ali and Erenstei 2017,
Raza et al. 2019). This approach saves the crop from unpredictable climate before
sowing and after harvesting as well as during crop growth. In this state, contingency
crop planning according to stress can also be very beneficial for crop adaptability.
SA shares the highest methane emission in Asia and yearly emission of methane
only from rice cultivation takes third position globally (IRRI 2018; Aryal et al.
2020). But simultaneously, the rice production needs to be augmented for the
increasing population of SA. Therefore, replacing the conventional flood rice
method with DSR, the system of rice intensification (SRI), and other alternative
wetting and drying (AWD) approaches of rice cultivation where puddling is not
needed can be adopted. These alternative rice cultivation methods not only reduce
greenhouse gas emissions and crop duration but also increase input use efficiency,
yield and make rice cultivation possible in water scarcity condition (Siopongco et al.
2013; Sapkota et al. 2015; Aryal et al. 2020).

2.9.2 Stress Tolerant Cultivars

In addition to alteration in sowing time, selection of suitable crop species and
cultivar scan also decrease the influences of changing the global climate in crop
ecology. Under different climatic stress, drought-tolerant crops like millets instead of
other cereals, short duration and/or early maturing crops, salinity tolerant crops, and
their varieties can be grown (Raza et al. 2019). This approach is very useful to
diminish the impacts of climatic erraticism on the crops (Aggarwal and Mall 2002;
Smit and Skinner 2002; Howden et al. 2007; Ali and Erenstei 2017).

2.9.3 Cropping System

Mono-cropping is very popular in SA and this conventional cropping system is very
sensitive to climate variability. Therefore, the adaptation of crop rotation, mixed
cropping, intercropping, cover cropping, the addition of pulses in the cropping
system, etc. is essential to reduce the crop loss and increase the production and
farmers’ income (Kassam et al. 2009; Ali and Erenstei 2017; Duku et al. 2018).
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These adaptive practices also reduce the crop loss due to pest-attack which is also
exaggerated due to the changing global change and improve the soil health (Bradley
et al. 2010).

294 Conservation Tillage

Climate change can also reduce the production of food capacity of soil through
erosion and declining soil productivity and fertility (Lal et al. 2011); hence, conser-
vation measures should be adopted to minimize these threats (Pitesky et al. 2014).
Implementation of conservation tillage such as ZT along with residue management
rises the SOM content which improves the soil aggregation and its water-holding
capacity and reduces the soil erosion (Sapkota 2012; Pitesky et al. 2014). Besides
this, ZT improves soil quality and nutrient status which ultimately increase crop
production and decrease the influences of global warming on crops (Lal 2004;
Gathala et al. 2011).

2.9.5 Nutrient Management

Application fertilizer is very critical for food production next to the selection of crop
varieties (Aryal et al. 2020) but in SA, fertilizer use efficiency is very low (30—40%)
(Farnworth et al. 2017; Tewatia et al. 2017). Additionally, intensified use of syn-
thetic fertilizers significantly affects the environment and only crop production
system contributes over 60% to nitrogen pollution (Sapkota et al. 2016). Thus, the
rational use of fertilizers is very important for reducing pollution and improvement
of crops’ adaptability to climate variations (Challinor et al. 2014; Raza et al. 2019).
Besides, the optimum application maintains soil as well as food quality (Aggarwal
and Mall 2002; Raza et al. 2019). In this context, possible adaptation actions such as
integrated nutrient management involving both organic and inorganic nutrient
sources and/or SSNM potentially can diminish the effects of changing climate
which results in increased fertilizer use efficacy, crop yield, and growers’ income
(Majumdar et al. 2000; Pitesky et al. 2014; Aryal et al. 2020).

29.6 Water Management

Under the changing climatic situation, water management is one of the further most
indispensable adaptive practices in the agricultural production system (Smit and
Skinner 2002; Challinor et al. 2014; Ali and Erenstei 2017) as numerous crops are
very subtle to drought during their certain growth stages. Hence, water management
practices are crucial techniques to handle the special effects of changing climate on
crop ecology. Several adaptive practices of water management are harvesting of
water, watershed management, lifesaving irrigation, on-farm water storage, soil
water conservation through crop residue management, micro-irrigations,
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groundwater recharging, contour farming, land levelling, etc. (Aggarwal and Mall
2002; Howden et al. 2007; Gleick et al. 2011; Aryal et al. 2020). Moreover, effective
transportation of water to drought-prone areas and management of water erosion and
water logging at heavy rainfall areas are also essential for regulating crop ecology
(Howden et al. 2007).

However, these adaptation strategies are highly confined to specific locations or
crops, i.e. all practices may not be directly adaptable in all regions and/or agricultural
fields (Tiwari et al. 2008; Porter et al. 2014; Ali and Erenstei 2017). But, selection
and adaptation of suitable practices that enhance crop yield yet deal with climate
variability will potentially mitigate the negative effects of global warming as a
consequence of the changing climate and sustain the crop ecology (Howden et al.
2007).

2.10 Conclusion

From the discussion of the present study, it is well-noted that food production and
increasing the poverty level are the major difficulties to meet the food and nourishing
safety of the developing world. At the same time, climate change also creates a great
barrier to improve farming productivity. Traditional agricultural technologies are not
environmentally friendly and cost-benefit where farmers use imbalanced synthetic
fertilizers and pesticides. Hence, it is crucial to improve ecologically friendly
technologies for preserving crop productivity. The sustainable food production can
be achieved through management of agroecology; since agroecological based agri-
cultural production system generally emphasizes on RCTs, reworking small farm
enterprises, consider the participation of more farmers’ and their traditional knowl-
edge, include improved plant genetic multiplicity, and avoid to over-use of imbal-
anced synthetic fertilizers and pesticides.
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Abstract

Farming is widely acknowledged as a significant driver of climate alternation, as
well as being forced to respond to its consequences. The main issue of agricultural
system is the rising of different footprints related to different components of
agrosystems; it may be carbon footprint (CF), or it may be resource footprint (soil,
water, and land). The energy utilized to generate nutrition that has been lost or
discarded is around 9.5% of the overall energy intake in the planet, whereas the
footprint of food waste is equal to about 4 gigaton (Gt) of greenhouse gas
emissions (GHGs) per annum. Agroecological activities greatly lead to farms’
CF close to 365% related to land cover region and close to 580% related to food
volume, indicating a substantial sequestration of GHGs at farm size. The principal
contributors of GHG on farm scale seemed to be surface nitrous oxide (about
26%), rice firm-generated methane (about 25%), animal waste (about 25%), and
bacterial fermentation (about 24%). By 2030, agricultural GHG emissions are
projected to be approximately 60% greater in comparison to 1990. The estimated
dynamics in Indian agriculture’s GHG emissions would rise up to 18% by 2030
as opposed to 2010 emissions. Agroecological strategies include implementing
combined ecological, economic, and environmental concepts in order to turn
smallholder agricultural structures into more sustainable ones. Agroecology is
indeed the implementation of ecological principles and conceptual development
to boost and control soil quality and efficiency in agriculture on a long-term basis.
This offers a plan for increasing the diversification of agroecosystems. It therefore
benefits the impact of the integration of flora and fauna biodiversity, resource
recycling, the production and development of biomass by the utilization of
natural input depend on legumes, plants, and livestock establishment. These
together form the rationale for sustainable farming and strive to boost the food
supply and the sustainability of society. Agroecology encourages the cultivation
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of a variety of quality food, fabric, and medicinal plants. Sustainable farming
practices must address biodiversity conservation, enriched ecological processes,
social sensitivity, self-reliance, equality, better quality of life, and crop and
livestock economic productivity. This chapter seeks to provide a summary
about the status of footprint in agriculture framework and potentiality of agro-
ecology towards reducing footprint, sustainable farming and also try to highlight
the drawback in Indian farming system towards the journey of agroecology. This
chapter also discusses about the optimal conditions for best farming practices and
the effects of agroecology towards sustainable agriculture and food production in
India.
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SRI System of Rice Intensification

ZBNF Zero budget natural farming

3.1 Introduction

Farming is highlighted among the most important human behaviors correlated with
depletion of the habitats. The vast volume of resource used in terms of water use and
soil depletion is a significant driver of environmental damage from farming. About
70% of the total water available is used in irrigation, and 24% of the ground surface
is protected by agricultural systems as per the Millennium Ecosystem Assessment
(Millennium Ecosystem Assessment 2005). In addition, even in the previous
100 years, farming has changed dramatically from a resource-based livelihood
operation to a highly technical and resource-intensive market-based process. This
accelerated industrialization of production creates waste that surpasses the assimila-
tive capabilities of habitats and contributes to shifts in the global environment and
the emergence of ecological footprint in various resource bases (Raj et al. 2020;
Banerjee et al. 2020; Jhariya et al. 2019a, b). Furthermore, contemporary farming
and irrigation methods lead to high footprint and create pollution (Yannopoulos et al.
2015). Agrarian growth has increased substantially in the past 50 years and is
expected to rise by yet extra 50% or higher during the twenty-first century, with
global populace edging beyond about 10 billion and increasing incomes pushing per
capita consumption (Alexandratos and Bruinsma 2012). Two-thirds of global food
requirement is projected to emerge from Africa (sub-Saharan) and Asia (South)
(U.S. Environmental Protection Agency 2012). Specific farmland emissions are
projected to rise as quickly as possible in sub-Saharan Africa (~29.5% around
2030). Emissions are projected to rise between 20 and 25% during the same
timeframe in America (except for Brazil) and Asia (Southeast). Over this time,
China and India would both have significant levels of growth in emissions (about
15% each). In contrast, emissions are projected to increase slowly in the European
Union (EU) (about 3%) and about 7% in Brazil (U.S. Environmental Protection
Agency 2012). Typically speaking, GHG emissions are forecasted to rise due to
higher food demand as populations expand and communities in developed countries
become prosperous and meat intake grows. By 2030, agricultural GHG emissions
are projected to be approximately 60% greater in comparison to 1990 (Pathak et al.
2014). The estimated trends in GHG emissions from Indian farming have shown that
emissions would rise by about 17% in the industry-as-usual scenario by 2030
compared to 2010 (Pathak et al. 2014; Meena et al. 2020). South Asia releases
approximately 4900 gigagrams (Gg) of methane (CH,) every year from rice farming
alone, which would be the third largest amount of CH, through rice farming
worldwide (IRRI 2018). The main issue of agricultural system is the rising of
different footprints related to different components of agrosystems; it may be CF,
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or it may be resource footprint (soil, water, and land). The amount of energy utilized
to generate food that is discarded is around 10% of the overall energy intake in the
planet (FAO 2014). The footprint of wasted food is equals to 4 gigatons (Gt) carbon
dioxide (CO,) of GHG emissions annually (FAO 2014). Consequently, in science,
emphasis should be granted to determine the feasibility of agricultural practices to
maintain a healthy food supply.

The ecological footprint (EF) is basically used as an indicator focused on
consumption of natural resources and is widely used as indicators for the
sustainability in using biophysical resources. Wackernagel and Rees (1996)
introduced the method as a predictor of environmental sustainability that evaluates
human load on nature by determining how often biologically viable area is required
to preserve a community with a specific consumption level at a given point in time.
The EF approach provided a modern form of assessing impacts of the human being
on climate by evaluating the consequences of food intake and food production
networks (Ropke 2005). If the EF exceeds the available biocapacity, then this
indicates a so-called ecological deficit which is an important measurement of the
extent to which a population exceeds sustainable limits. The reverse condition
indicates “ecological surplus” suggesting a more sustainable state of human habita-
tion. Agroecology has emerged as a discipline that provides the basic ecological
principles for how to study, design, and manage agroecosystems that are both
productive and promote natural resource conservation (Altieri 1995; Meena et al.
2020a). The connection between climate and agroecology is two-way—agroecolog-
ical systems have the potential to contribute to reduce greenhouse gas emissions and
offer management practices to adapt to climate change (FAO 2018). The function of
agricultural sector in Indian financial system can be considered through its
contributions to gross domestic product (GDP) and employment. This sector also
contributes significantly to sustainable economic development of the country. Any
nation’s sustainable progress in agriculture depends on a prudent combination of
their available natural resource. In this way, if farming turns out badly, it will be
actually awful for the economy as the falling of agricultural boom influences not
only employment but also GDP too. The bigger target for improving the agricultural
sector can be reached by rapid agricultural development, which relies on rising the
zone of production, crop depth, and productivity. Putting that aside, increasing
productivity is a greater priority for a country like India than the rest of the two.
This is essentially a natural consequence of the expansion of population growth,
industrialization, and the nation’s limited land size. Productivity could be
accelerated through two methods. The primary approach is to recognize and move
from productivity to sustainability. However due to increasing population, this
technique cannot provide an everlasting answer. Therefore, we can move for the
second approach, which can also lead to environmental degradation inside the
financial system and have an effect on its sustainability. Therefore, it is important
to tackle the issues associated with the creation of a sustainable agriculture.

Agroecology is a rising ecological idea and precept for designing and the control
of agricultural features even as supplying a methodological framework to correctly
execute this venture. It applies less to farming and their administration practices and
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progressively about environmental frameworks and their supportability notwith-
standing abuse (Oteros-Rozas et al. 2019; Meena et al. 2020b). Throughout the
world, small farm holding families support agroecological cultivating framework. It
can remodel the food framework, pass on pay to farmers and healthy nourishment to
clients, and decrease environmental changes. The urgency of the sustainable agri-
culture to satisfy the developing interest of food has been acknowledged by India
and numerous other developing nations. The Indian government integrated sustain-
able agriculture into the corporate sector for profitable business activity in late.
Sustainability of agriculture could be kept up through two key factors: the dimin-
ished costs and expanded soil ripeness. Agroecology is rising as a potential choice to
assess longevity, since it does not require the customary cultivating rehearses, rather
is a steady procedure to step by step advance the cultivating methods in a more astute
manner with improving livelihood. Apparently the agroecological activities are also
environmentally friendly. Farms are progressively adaptable to environmental
change and stuns, for example, tropical storms, dry spells, food, or raising the
price of compost. In India, developments for sustainable farming have been driven
generally by the non-governmental organization (NGO) segment and urban white-
collar class activists (Brown 2018). Hence, fruitful cases in economical farming and
their significant accomplishments are remained as an island of progress and have not
arrived at a mass scale (Gregory et al. 2017).

The intent of this article is to highlight the prospects and status of agroecology
towards sustainable agriculture and food production while mitigating footprint in
agrosystems. Likewise, it seeks to assess the sustainable agriculture method through-
out the biological, financial, and social sustainability scale with the long-established
system.

3.2  Agricultural Issues

World agricultural sector faces the first and ongoing challenge of producing suffi-
cient food to nourish growing global population. The second issue facing world
farming is the creation of innovations, institutional arrangements which contribute
towards igniting the best extent of agriculture as a growth driver. Farmers would
need exposure to both domestic and global markets to face this task. In this new
century, the third challenge for farming is to establish a range of innovations,
opportunities, and policies that promote smallholder farmers to be cautious about
the long-term governance of the natural capital they operate. New research on the
status of the world’s food safety and health is soothing. Food security circumstance
has exacerbated particularly in some of the parts of sub-Saharan Africa and Asia.
Such declines have arisen more notably in conventional situations and are
aggravated by shifts in the climate, a condition that is expected to cause exile
movements. Several reports highlight an indication that understanding the need for
a world to devoid of desire and ailing health by 2030—as the Sustainable Develop-
ment Goals (SDGs) portray—will be challenging. The main issues that need to be
addressed are tireless undernourishment and lack of healthy sustenance but others
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are corpulent and overweight, natural corruption and contamination that compromise
the asset base that agribusiness is reliant on the reduction of biodiversity that is basic
to encourage sustainability, great quantity of ozone depleting substance discharges
add to atmospheric change, imbalances in access to nourishment; and arrangements
and laws that minimize little ranchers, their habitual, authority and learning
frameworks (Smith et al. 2014). However, the prevailing industrial food and farming
framework may be exemplified desirably by input-concentrated and traditional
monocultures, has empowered expanded yields and nourishment generation, leads
to incredible expense to the earth and human wellbeing, but performs very little to
highlight the underlying drivers of neediness or to manage inborn vulnerabilities
towards environmental change (IPES-Food 2016). Agriculture bears a substantial
share in affecting the climate alternation situation with a higher CF. From the
research, it is evident that both pre-farm and post-farm practices in different
components of agrosystems contribute to various types of footprint. Asia has a
large share of gross agriculture pollution of about 44%, led by America and Africa
(FAOSTAT 2019; FAO 2014). Fossil fuel energy used in livestock adds supremely
to GHG pollution (Yadav et al. 2018). Pre-farm methods including the
manufacturing of fertilizers, pesticides, diesel, and electric power for cotton cultiva-
tion in Australia made a significant contribution of about 25%, while post-farm
procedures like liquid petroleum gas (LPG) cotton drying, electric cotton ginning
machinery, and transportation account for about 26% (Hedayati et al. 2019).

3.2.1 Indian Perspective

India is a global agricultural powerhouse. The Indian agriculture has transformed
significantly over the last few decades (Goyal et al. 2016). Several factors, such as
average income development, food processing acceleration, and the rise in agricul-
tural exports, have encouraged development in this sector (Table 3.1), but the
agricultural sector in India is not in decent shape. There are several questions for
those explicitly or indirectly associated with the growth and advancement of agri-
cultural sector in India. Agriculture contributes a huge role in the economic devel-
opment of India. However, this role would be to be re-oriented in the light of
changing climate and requirements and to meet the new challenges and also to
harness new opportunities (Goyal et al. 2016). The main challenges are:

Tal?le 3.1 Growthratesin  pejoqg Growth rate of GDP (%)
agriculture (Source: GOI

2017; Kumar 2019) 1960-1969 1.04
1988-1996 224
1968-1976 247
1975-1989 276
1995-2005 2.8
2004-2015 372

2014-2018 2.55
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* Approximately three-fourths of India’s families rely on agricultural production.

* The bulk of the people in India stay in remote regions.

* India’s food safety relies on the growth of cereal crops and on increasing its fruit
production and vegetable and milk supply to satisfy the needs of the growing
population.

* Low yield is one of the main challenges confronting India’s agricultural sector.
India’s farm yield is 30-50% lower than developing nations (Goyal et al. 2016).

* Farming is hugely dependent upon rainfall, particularly the summer’s monsoon in
the larger regions of the world. Summer monsoon’s activity is sadly extremely
unpredictable.

¢ In India, farming is a labor-based industry where most farming activities, such as
slogging, levelling, seeding, sorting, watering, slathering, planting, and threshing,
are primarily carried out by human.

* Inequality and the ranchers’ obligation.

 Insufficient farming research and literacy, training, instruction, and expansion.

* Average farm capacity, weak facilities, limited utilization of farming technology
and best farming strategies, decreased soil quality attributable to overfertilization,
and persistent usage of pesticides contribute to weak agricultural output.

Additionally, microscale surveys have clear proof of young people not engaging
in research linked to agriculture (Jha and Rodgers 2016). Agricultural production is
necessary to increase the incomes of farm-dependent citizens. There are important
correlations between the agricultural and non-agricultural sectors.

3.2.2 Worlds’ Perspectives

* The higher-input, commodity-intensive farming processes resulting in significant
forest degradation, water shortage, soil degradation, and GHG emissions will not
produce nutritious food and sustainable agricultural output (FAO 2017).

¢ The world food network even has a significant impact on the climate. In addition,
agriculture consumes almost 40% of the surface of the planet, much more than
any other human occupation. Additionally, farm field irrigation accounts for 70%
of global water consumption, and cultivation leads directly to about 11% of total
GHG emissions (Brooks et al. 2019).

¢ Combating severe poverty and guaranteeing that poor people leaving in depriva-
tion will not slip back into it need measures to limit inequality (FAO 2017).

* Poor food systems and governance (FAO 2017).

* Lack of interdependency among the nations (FAO 2017).

» Higher agricultural footprint and emissions.

e Specific farmland emissions are projected to rise as quickly as possible in
sub-Saharan Africa (about 29.5% around 2030). Emissions are projected to rise
between 20 and 25% during the same timeframe in South America (except for
Brazil), the United States, and Southeast Asia (U.S. Environmental Protection
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Agency 2012). Yousefi et al. (2017) documented about 79% CF output from
electricity. Electrical power used for rice irrigation in China accounted for about
4% of overall carbon emissions, while wheat and maize added about 37% and
19%, respectively (Zhang et al. 2017). In Thailand’s soybean oil production, 6%
of the overall CF was due to electricity (Patthanaissaranukool and Polprasert
2016).

3.3 The Paradigm Shift Needed

The 2030 schedule regarding sustainable improvement identified that the intense and
transformative advances are critically expected to move the world onto a sustainable
and versatile way. For this to fulfill the SDG of minimizing hunger, accomplishing
nourishment safeguard, enhanced sustenance, and advancing reasonable horticul-
ture, a change of our agricultural and food structures is wanted. Agroecology applies
scientific ecological standards to the agroecosystem management. Its developments
expand farms and cultivating landscapes, enrich biodiversity, support soil biodiver-
sity, upgrade recycling, increase environmental benefits, and animate collaborations
between various species to such an extent that the farmer can accommodate their
own issue (Gliessman 2014).

The structure of agroecological cultivating frameworks depends on the utilization
of the accompanying standards (TWN and SCOLA 2015).

* Improve reuse of biomass, maximize the supply of nutrients, and regulate the flow
of nutrients.

e Secure optimum soil quality for vegetation growth, particularly through the
management of organic matter and the improvement of soil biotic activity.

* Minimize losses from solar radiation, air, and water flows through microclimate
control, water extraction, and management of soil through expanded soil
coverage.

3.4  What Is Sustainable Agriculture?

By 2050, the need of nourishment, fuel, and fiber for the necessities of 9 billion
individuals will be increased, while simultaneously managing the impacts and
difficulties presented by environmental change will also be a serious challenge
(WBCSD 2020). The progressive climate alternation observed throughout the
world overspeaks to a tremendous risk to profitability, agrarian worth chains, and
the welfare of billions of individuals who rely upon them. Simultaneously, agrarian
creation contributes straightforwardly to almost one-fourth of the worldwide ozone
depletion (WBCSD 2020). The fundamental test for sustainable agriculture is to
utilize accessible biophysical and human resource. This should be possible by
limiting the utilization of outside contributions, by streamlining the utilization of
interior assets, or by mixes of both. This guarantees the proficient and successful
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utilization of what is accessible and guarantees that any upgrades will persevere, as
conditions on outer frameworks are kept to a sensible least. Sustainable agriculture
looks for the incorporated utilization of a wide variety of supplement, agroforestry,
advanced soil, and water management techniques (Jhariya et al. 2015; Singh and
Jhariya 2016). By-products or squanders from one component or venture become
contributions to another. As normal procedures progressively substitute for outer
information sources, the effect on nature is diminished. Extensive sustainable agri-
culture seeks:

e An intensive incorporation of natural procedures, for example, supplement
cycling, nitrogen fixation, and nuisance predator relationships

* Toreduce utilization of external and non-sustainable resources that harm the earth
or mischief the soundness of harmers and purchasers

» Cooperation of farmers and rural people in all procedures of problem investiga-
tion, innovation improvement, adaptation, monitoring, and evaluation

* More equal access and incentives to productive resources

* Better use of local knowledge, traditions, and tools

* Integrating a diversity of herbal assets and businesses inside farms and a boom in
self-reliance among farmers and rural communities

3.5 What Is Sustainable Food Production?

It relates non-polluting technologies and methods, conserving non-renewable natural
assets, being economically efficient and healthy for ecosystems and customers, and
not sacrificing the needs of successive generations (Foresight 2011). A major
challenge is to maintain a sustainable food provision for the growing demand of
the world. Production of food is among the crucial areas of policy, in addition to food
intake and food safety. The total population of world is likely to arrive at 9.1 billion
by 2050 (34 million higher than today) (FAO and WHO 2017). In order to feed these
growing populations, food production would have to increase by 70% (FAO 2009).
It will be required to produce enough food using less space. Water and power will
also become restricting variable. The quest is that food items will have to be
nutritious for maintaining and promoting good health.

3.6 Sustainable Intensification

In basic terms, intensification can be characterized as delivering more units of yield
per units, everything being equal and through new mixes of sources of information
and related advancements. Expectedly, intensification has planned to raise yields as
well as profit per unit of land, through more prominent speculation of work and
higher utilization of information sources, for example, manure or pesticides (The
Montpellier Panel 2013).
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Sustainable intensification provides a down-to-earth pathway towards the objec-
tive of delivering more nourishment with less effect on the earth, heightening
nourishment creation while guaranteeing the characteristic asset base on which
farming depends, and in reality for people in the future (The Montpellier Panel
2013). Sustainable intensification has also been utilized to describe the strategic
course of food production development for resolving the challenges of increasing
globalization, food stability, environmental issues, and resource sustainability.
While others view about sustainable intensification as increasing production, with
more productive yet possibly expanded use of inputs and technology, environmental
protection needs to be considered, along with the preservation and renovation of
natural assets and the development of ecological facilities. It involves addressing
consumption problems, waste, habitat preservation, and resource utilization while
guaranteeing that overall production rates are sufficient to satisfy people’s needs.
Scientists recently surveyed sustainable intensification efforts globally and reported
that 29% of all farms implement any sort of revamped sustainable intensification
systems on 9% of the world’s farming land (Pretty et al. 2018). They predicted that
the implementation of sustainable technologies will quickly reach a turning point for
change globally.

3.7  Footprints in Agroecosystem

Agriculture is the prime economic activity which is directly related with the supply
of food (FAO 2011). Rapid growth of the world increases the disparity between food
demand and food supply. By 2050, to feed about 2.3 billion, the global food demand
will need to grow by 70%, and simultaneously agricultural methods could decrease
the carrying capacity of agricultural land (Bennett 2000). Therefore, the assessment
of sustainability of agricultural activities should be given priority in research to back
sustainable supply of food.

The ecological footprint (EF) is a measure of natural resource use, and this is one
of the most commonly used measures of sustainability by utilizing biophysical tools.
The methodology was created by Wackernagel and Rees (1996) as a pointer of
ecological sustainability that quantifies the human burden on nature by surveying
how much naturally beneficial territory is expected to keep up a given populace with
a given utilization framework at a given point of time. The EF approach has
developed a modern way to the assessment of human influence on the environment
by quantifying the consequences of food intake and food supply processes (Ropke
2005). If the EF exceeds the available biocapacity, then this indicates a so-called
ecological deficit which is an important measurement of the extent to which a
population exceeds sustainable limits. The reverse condition indicates “ecological
surplus” suggesting more sustainable state of human habitation.

Ecological footprint analysis (EFA) relates the EF to the bio-capability available.
It measures the biological potential utilized on a sustainable basis to what is
accessible. It is necessary to differentiate between EFA and footprint. The footprint
itself teaches us nothing regarding asset utilization; it’s only a metric that increments
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or diminishes as our natural requests increment or lessen without asking us whether
such prerequisites are sustainable. Conversely, EFA is intended to reflect
sustainability. As stated by Wackernagel et al. (2002), EFA offers a means of
balancing the use of sustainable natural capital with the biologically efficient capa-
bility of nature. The main issue of agricultural system is the rising of different
footprints related to different components of agrosystems; it may be CF, or it may
be resource footprint (soil, water, and land). The resources used to generate food that
is wasted or discarded are around 10% of the overall energy intake in the planet
(FAO 2014), while the footprint generated from food waste equals about 4 Gt CO, of
GHG emissions annually (FAO 2014).

The CF definition originally refers to the word “EF” provided by Rees (1992).
The biologically productive area needed to sustain a given human population is
known as an EF, expressed in terms of global hectare (ha). In the same way,
Wiedmann and Minx (2008) clarified CF as a certain volume of gaseous pollution
related to climate change and connected to human development or consuming
operation. Therefore, CF emanates GHGs from all outlets and procedures, from
production to dumping, relating to a specific product or personal or framework. Only
CO, was historically known for CF calculation, but all big GHGs released, such as
CO,, CHy, and nitrous oxide (N,O), are now taken into account in terms of CO,
equivalent (CO,-e) (IPCC 2014).

Carbon footprint is a part of life-cycle assessment (LCA) which calculates GHGs.
According to the FAOSTAT (2019) report, total emissions from the agricultural
sector have risen (Roy and Sahoo 2020). One-fourth of gross anthropogenic GHG
emissions come from livestock and land use transition (IPCC 2014). With global
population growth of about 36%, farm land has risen by 43% from 1990 to 2014, and
livestock, forestry, and land use pollution have risen by 1.2% (FAO 2015). In India,
the growth in population and cultivated region was about 46% and 51%, respec-
tively, with a rise in pollution from livestock, forestry, and land usage of about 12%
(FAO 2015). Livestock carbon emission is almost twice that from livestock. GHGs
are emitted by the livestock sector mostly through enteric fermentation, feed
manufacturing, transport, and implementation of manure. Livestock energy use
added about 21% of the overall pollution (Gerber et al. 2013). Pre-farm methods
including the manufacturing of fertilizers, pesticides, diesel, and electric power for
cotton cultivation in Australia made a significant contribution of about 25%, while
post-farm procedures like LPG cotton drying, electric gin machinery, gin waste
treatment, and transportation account for about 26% (Hedayati et al. 2019). Rest was
emitted by 48.4% during on-farm processes. Electric power used in farming has
made a significant contribution the most to CF (Yousefi et al. 2017). Electric power
used for rice irrigation in China accounted for about 4% of overall carbon emissions,
while wheat and maize added about 36% and 19% separately (Zhang et al. 2017).
About 3% of India’s electricity use emissions for the 2000-2010 time span (Sah and
Devakumar 2018).

The CF of rainfed cultivation is smaller than the arable fields, because the
agricultural emissions are minimized and the regions are smaller, meaning that the
activities are performed manually (Devakumar et al. 2018). For increasing
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population requirement, machinery usage is rising, and the power supplied to
machines is met by fossil fuel that is accounted for GHG emissions. Rice’s contri-
bution to total CF was stated to be about 13% due to fossil fuel utilization in China
(Zhang et al. 2017). Approximately 25% and 21% fuel emissions from machinery
are used in wheat and maize cultivation, respectively, in China (Zhang et al. 2017).
Hedayati et al. (2019) measured the CF of machinery for cotton processing in
Australia and reported that it accounted for approximately 7% of overall CF across
pre-farm, on-farm, and post-farm operations. Between the three systems, machinery
contributed about 16% of on-farm pollution. Production, transportation, and imple-
mentation of fertilizers add considerably to overall GHG emissions (Rao et al. 2019).
In overall agricultural GHG emissions, chemical fertilizer is responsible for about
13% (FAO 2014). CF of various crops differed as per fertilizer requirement and
fertilizer conservation activities. Farm emissions generally rely on how much fertil-
izer is being used (Gan et al. 2011).

Rice is thought to be the principal contributor to the most GHG production (Rao
et al. 2019). Rice had the largest CF of about 1.61 kg CO,-e per unit production
owing to CH, pollution contributing about 45% of overall CF (Zhang et al. 2017).
The research reported by Rao et al. (2019), Zhang et al. (2017), and Benbi (2018) in
various regions have shown that rice produce the largest CF owing to large-scale
production of CH,. The Comparative assessment of CF value of various crops
(wheat, millet, soybean, and maize) in all Indian states indicates that rice crops
have a greater energy demand, particularly for irrigation purposes (Rao et al. 2019).

3.8 Concepts and Principles of Agroecology

Bensin (1930) first used the term “agroecology” in two scientific publications and
perhaps most recently in Gliessman (2014) and Warner (2007) books. Agroecology
is a trend, a science, and a practice. It is based on knowledge of science and tradition.
This is a science that bridges the socioeconomic and environmental aspects. It can
operate at different levels—farming, group, national, regional, etc. (Fig. 3.1).
Agroecology is a systematic analysis that includes all of the ecological and
human components that focus on the structure, fundamentals, and processes of
their intra- and interrelationships. It could also be described in the view of ecological
strategy to agriculture that considers agrarian regions as biological systems and the
natural impact of cultivating rehearses (Fig. 3.2). Agroecology offers a broader
scientific knowledge of agriculture since it integrates ecological concepts to food
production systems, considering the connections between the various components of
the agroecosystem, along with the human community. It instructs us to be in
harmony with nature while making a variety of healthy, nutritious, and delightful
foods, using natural sources (FAO 2017). Agroecology, generally, is the way of
thinking of savoring all edibles that nature produces and, simultaneously, of
supporting nature to permit it bloom with its biodiversity (FAO 2017). Agroecology
additionally conveys the social advantages related with neediness decrease and
network strengthening, on the one hand where it lessens the probability of natural
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Fig. 3.1 Diversified form of agroecology (FAO 2018)

debasement and on the other hand where it is equipped for conveying the ecological
advantages through effective use of resources and decreased natural effects. It
additionally helps to ensure biodiversity and improves the flexibility against the
stuns related with quickening environmental change. Agroecology is the developing
logical worldview dependent on the acknowledgment of the environmental
principles when applied to agrarian frameworks. Few of these ecological values
are applied in traditional farming, and some of them came through recent findings in
ecological studies like biodiversity and soil food web (FAO 2017). Agroecology is
dependable and demonstrated customary method for cultivating that was developed
by farmers fitting to their assorted agro-climatic conditions. The experience of
farmers around the globe utilizing agroecological strategies has given enough
proof of its financial, social, and ecological advantages (Meena and Lal 2018).
Agroecological methodologies have conveyed expanded food generation and
improved profit for farmers and upgraded food security and sustenance for the
networks they feed. The information expenses go down with time, and farmers
decrease the expense of development as well as build the yield. Agroecology is
inescapable to give adjusted situations, continued yields, organically intervened soil
richness, and characteristic pest regulation guideline through the structure of
enhanced agro-biological system and the utilization of low-input advancements
(FAO/INRA 2018). Agroecology gives us the ability to understand the
agroecosystems and also to design and manage for food production in a holistic
way. Since decades, farmers have protected, conserved, and increased natural
resources like woodlands, grasslands, forest biodiversity/agro-biodiversity,
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Fig. 3.2 Basic concept of agroecology (FAO 2018)
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livestock, soil, water resources, and overall agricultural crops by introducing the
concept of agroecology.

Agroecology allows us in a holistic way to explain and sustain critical resource
cycles, natural phenomena, energy transitions, and socioeconomic relations. Agri-
cultural strategies based on agroecological principles examine regional geological
and socioeconomic particularities and ecological and cultural peculiarities and abide
the rituals of people, such as dietary habits, celebrations, and their moral and esthetic
principles (Singh et al. 2014; Meena et al. 2018). Agroecology is a heterogeneous
and multidimensional idea which encourages space for transdisciplinary and multi-
on-screen character exchanges. Asymmetries in agri-nutrition systems have been
considered to affect the way agroecology is translated into processes and strategies
(Oteros-Rozas et al. 2019).

3.8.1 Principles

Several articles have outlined agroecological concepts in various forms, simplified
by Nicholls et al. (2016) and late by the Food and Agriculture Organization (FAO)
and by the International Cooperation for Development and Solidarity (Nicholls et al.
2016). These principles spread agricultural and environmental administration of
agri-nourishment frameworks, just as some more extensive extending financial,
social, and political rules that have developed as of late from the action of social
developments. Agroecology is a discipline that combines economic, biological, and
agricultural disciplines with traditional knowledge of farmers. This inevitably leads
to fundamental principles that eventuate in different forms of technology. The
possibility that an agroecosystem ought to mirror the functioning of local ecosystems
is at the heart of the agroecology strategy, thereby displaying stiff nutrient cycling,
complex system, and increased biodiversity. The underlying assumption is as such
agricultural imitates can be profitable, pest-resistant, and nutrient-conservative, the
same as their biological model (FAO 2018). The overall ecological performance and
protection of the environment are thus enhanced. The main agroecological technique
is to reincorporate assorted variety into the agricultural fields and encompass
biological systems in the development of sustainable agriculture. Throughout
diversified agroecosystems, emerging ecological properties evolve, allowing the
system to operate throughout ways that sustain soil health, production of crops,
and pest management. Agroecology has its origins in ecology, implementing natural
ecosystem knowledge and contrasting it with armored agroecosystems. There are six
principles of ecology (FAO 2018):

* Networks: Nature is a web of biological processes that are interconnected within
other living systems.

* Cycles: Continuous material cycles through the ecological system, so habitats do
not produce waste.

» Solar energy: This is the basic energy source that powers all the cycles of the
world.
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Table 3.2 Scientific database about agroecological principles

Year | Scientific resources

2020 | Anderson et al. (2020)

2019 | HLPE (2019)

2018 | HLPE (2018), FAO (2018)

2017 | FAO (2017)

2016 | Brym and Reeve (2016), Nicholls et al. (2016), Hatt et al. (2016), Dumont et al. (2016)
2015 | Snipstal (2015), Colin et al. (2015), Pimbert (2015)
2014 | SOCLA (2014), Parmentier (2014)

2013 | Rosset and Martinez-Torres (2013)

2012 | Stassart et al. (2012)

2011 | De Schutter (2011)

1995 | Altieri (1995a, b)

* Partership: Energy and resource exchange in the environment are maintained by
widespread cooperation and not by rivalry.

e Diversity: By the richness of diversity, all ecosystems derive stability and
resilience.

* Dynamic balance: An ecosystem is indeed a changing, versatile network.

Agricultural frameworks are planned based on the following five ideas:

¢ Increase biomass reuse, increase the supply of nutrients, and regulate the distri-
bution of nutrients.

* Ensure favorable soil conditions for growing plants, especially by manipulating
organic material and boosting biotic soil behavior.

* Reduce losses from solar, air, and water flows through microclimate administra-
tion, water collecting, and soil management by means of improved soil spread.

* Spatiotemporal diversification at species and genetic level in the field.

* Improve good organic cooperations and collaborations between components of
agro-biodiversity, in this way advancing key biological cycles and
administrations.

To establish this collection of concepts, we attempted to formalize and synthesize
the practice from various perspectives inside the agroecological community
(Table 3.2).

3.9 Elements of Agroecology?

The following ten elements come from national agroecology workshops, coordi-
nated by the Food and Agriculture Organization (FAO) in steering nations to mutate
their agrarian and food systems and to achieve zero hunger and many other SDGs
(FAO 2017, 2018; Altieri 1995a, b; Gliessman 2014). The ten agroecology
components are interconnected and interdependent.
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3.9.1 Diversity

Diversification is essential for agroecological shifts in order to make food safety and
nourishment while also preserving, safeguarding, and improving natural resources.
Agroecological applications maximize species diversity and biological resources in
multiple ways. Rotations of crops, often with legumes, boost temporary diversity
(FAO 2011). When the biodiversity is increased, it leads to lots of benefits in terms
of environmental, socioeconomic aspect and productivity. Agroecological strategies
increase the delivery of ecosystem services that rely on agricultural production, such
as pollination and soil quality. Diversification may improve productivity and pro-
ductivity in the utilization of energy by maximizing the production of biomass and
water. Agroecological diversification further reinforces socioeconomic and environ-
mental sustainability, including through generating new market opportunities. For
instance, the threat of disappointment even with environmental change is minimized
by plant and animal diversity (FAO 2018).

3.9.2 Synergies

Synergy development strengthens essential functions around agricultural systems
and promotes output and various ecosystem services. If biological synergies are
increased, agroecological strategies improve ecological functions, resulting in
increased effectiveness and resilience in the use of resources. Integrated rice systems
in Asia incorporate rice growing with many other commodities such as birds, ducks,
and plants. Integrated rice frameworks dramatically increase nutritional variety,
weed management, soil profile, biodiversity protection, and pesticide management
by improving synergies (FAO 2018).

3.9.3 Efficiency

Creative agroecological rehearses produce more. Agroecological frameworks
improve the utilization of natural assets, particularly those that are inexhaustible.
Eventually, decreasing reliance on external assets engages makers by expanding
their self-rule and strength to normal or financial stuns (FAO 2018).

3.9.4 Resilience

Diverse agroecological processes are much more robust, more capable of recovering
from abnormalities, along with extreme weather conditions like drought, floods, and
resisting disease attacks. Agroecological activities preserve the biological nature of
farming processes and encourage the required population of species to auto-regulate
pest outbreaks (Perfecto and Vandermeer 2010). Agroecological methods may boost
socioeconomic stability in the same way.
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3.9.5 Recycling

Further recycling means reduced economic and environmental costs of crop produc-
tion. Agroecological methods promote biological processes which push nutrient,
biomass, and water recycling, thus further enhancing the use resource effectively and
lessening damage to the environment. Recycling may occur both on the farm and in
the countryside, by diversifying and constructing synergies between various
elements and practices. Recycling offers many advantages through shutting down
nutrient chains and eliminating waste, resulting in less reliance on foreign input,
raising the flexibility of farmers, eliminating their vulnerability to financial sector
and environmental disturbances. Recycling of organic products provides great
opportunity for agroecological developments (FAO 2018).

3.9.6 Co-creation and Sharing of Knowledge

Once co-created via collaborative procedures, agricultural technologies react better
to regional difficulties. Co-creation and information exchange play an important role
to develop and apply agroecological technologies to tackle problems through food
systems, particularly climate alternation mitigation. Agroecology combines conven-
tional and native understanding, practical idea of producers and traders via the
co-creation framework (FAO 2018).

3.9.7 Human and Social Values

It is crucial for food production and agricultural systems in a sustainable way to
protect and improve rural living standards, equality, and cultural wellbeing. Agro-
ecology puts great importance on human and cultural values like integrity, equity,
incorporation, and fairness, all of which contribute to the SDGs’ aspect of improved
livelihoods. By generating employment opportunities, agroecology aims to solve
gender inequalities. Globally, women represent roughly half of the population in
farming. They are also crucial in food safety, in nutritional variety and wellbeing,
and also in biodiversity conservation and sustainable use. Nevertheless, women are
truly socially disadvantaged and exposed to abuses of their freedoms, although their
efforts are often overlooked (FAO and Asian Development Bank 2013). In commu-
nity agriculture, agroecology may help rural women to develop greater levels of
independence through awareness development and marketing opportunities. Agro-
ecology can create opportunity for elder female to be more independent, for exam-
ple, via engagement in groups of producers. Women’s cooperation in agroecology is
extremely important, and women often lead agroecology projects. As a model of
sustainable rural development from the ground up, agroecology encourages
individuals to be their own innovators.
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3.9.8 Culture and Food Traditions

Through promoting nutritious, diverse, and ethnically suitable food, agroecology
adds to food safety and nutrition through preserving ecosystem health. Agroecology
is crucial in reshaping traditional and current farming practices, assembling in a
cohesive fashion that helps to promote food production and consumption. In this
manner, agroecology tries to foster a healthy human-food partnership. When humans
and environments grow cooperatively, conventional and aboriginal expertise
provides a great deal of real-life experience that could really motivate to adopt
agroecological alternatives. India, for instance, has an approximately 50,000 native
rice variants—grown over decades for their particular flavor, nutritional and pest
tolerance characteristics, and ability to adapt to a variety of ailments (NBPGR 2013).

3.9.9 Responsible Governance

Sustainable food production and farming needs processes of accountable and good
governance at various levels—from regional to international. Effective, accessible,
and integrated monitoring frameworks are required to establish a supporting atmo-
sphere that encourages producers of agroecological principles and practices to
change their processes. Prominent examples involve programs for school nourish-
ment and public logistics, economic regulations that permit distinguished agroeco-
logical products to be branded, and ecosystem service incentives and inducements
(FAO 2018).

3.9.10 Circular and Solidarity Economy

Agroecology strives to link consumers and producers by building positive loops via
circular and stable ecosystem that organizes neighborhood markets and encourages
local economic growth. Agroecological strategies are promoting reasonable
alternatives based on local requirements, assets, and capacity, producing fairer and
much more sustainable markets. Improving short food channels can increase
producers’ earnings whereas keeping reasonable rate for the consumers. This
would include new innovative economies in addition to much more conventional
regional markets, in which majority of smallholders sell their goods (FAO/INRA
2016, 2018).

3.10 Need of Agroecology

It is commonly acknowledged that farming is considered as a significant factor of
environmental changes. Agroecological methods include the use of incorporated
biological, monetary, and social standards to the progress of smallholder cultivating
frameworks which brings more versatility (Sinclair et al. 2019). Agroecology
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includes transdisciplinary science, supportable horticultural practices, and social
developments that are encouraging far-reaching conduct change. Agroecological
standards map near the principles of adjustment with the outstanding special case
that while they frequently display versatility benefits, these are accidental as opposed
to speaking to an unequivocal reaction to atmospheric signals (Sinclair et al. 2019).
Agroecology techniques, developments, and methods have repeatedly proven reli-
able of sustainably increased productivity, restoring soil quality and maintaining
yields over period, and ensuring stable livelihoods, particularly for small-scale
farmers. It can also assist with a number of diets to ensure proper nutrition.
Considering the uncertainties of climate change for agriculture and associated
technologies, developments and rehearses are especially significant as they expand
species farms and ecosystems, create essential ecosystem services, ensure better soil
profile, and boost water retention which allows ranchers with a way to distribute
threats and adapt to climatic alternation.

The technology, inventions, and rehearses are data escalated as opposed to
capital-concentrated and are focused on strategies which are not applied top-down
but built based on the knowledge and experiments of farmers and collaborative
strategies of farmers and researchers. Technologies, developments, and practices in
agroecology are capable of meeting key criteria for assessing technology. These are
in fact practical, economical, accessible, publicly acceptable, locally compatible, and
eco-friendly. Agroecology can make a significant contribution to fulfilling the SDGs
in an inclusive, systematic, and comprehensive way that might directly concern and
support those aiming at uplifting the 2030 Agenda. It also has a robust potential to
meet the specific objectives of SDG like terminating hunger and lack of healthy
sustenance, doubling agricultural output and small-scale farmers’ income,
guaranteeing supportable nourishment generation frameworks and executing flexi-
ble cultivating rehearses, and keeping up the hereditary decent variety of seeds,
developed plants, and cultivated and trained domesticated animals (FAO 2018).

3.11 Traditional vs. Agroecological Approaches

In comparison to industrial agriculture’s external input-driven approach, agroecol-
ogy is information-intensive, ability-based, and regional commodity-driven,
incorporating minimum-cost technologies which use local knowledge and
innovation from farmers as a basis. The efficient and long-term understanding of
agroecological approaches has meant that they obtain little assistance from agricul-
ture and wide-scale planners who are often interested in quick, quick-return
remedies. Most financing to be spent in the war against hunger goes to support for
agrochemicals and vast-scale projects which in the end excludes small farmers
(Vidal 2014). On the other side, agroecological systems are built to provide farmers’
minor and major autonomy from the use of expensive externalities and make both
the communities and ecosystems long-term resilient, self-sufficient, and safe
(Table 3.3).
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Table 3.3 Traditional vs. agroecological approaches (TWN and SOCLA 2015)

Current approach Agroecological approach
Segregation Integration

Reductive perspective Systemic perspective
Short-term perspective Long-term perspective
More external and artificial inputs More local and natural inputs
Declining biodiversity Promoting biodiversity
Degeneration Regeneration

Input intensive Knowledge intensive
Measures single crop yield Measures whole farm yield
Mono-cropped Multi-cropped

Low resource use efficiency High resource use efficiency

3.12 Agricultural Production in India

Agriculture is one of the Indian economy’s most influential industries. Agriculture
provides livelihood for nearly two-thirds of the rural population. India’s farming
sector accounts for approximately 15.9% of the nation’s $2.7 trillion economy and
49% of overall employment (2018-2019). A recent international economic opinion
for the 2019-2020 financial year projected India’s gross domestic product (GDP)
rise at 6.6% (Report on Policies and Action Plan for a Secure and Sustainable
Agriculture 2019). Even today, however, most Indians are dependent on agriculture
directly (farming) or indirectly (business with agricultural goods). In India, agricul-
tural output is lower than its capacity due to restricted use of recent farming
techniques, climate instability, inadequate farm services and support, and a lack of
economy-oriented output. Even natural factors are also a part of agricultural distress
in India. It thus becomes a daunting challenge to feed a rising population and ensure
food security in the forthcoming days, particularly with regard to rapid climate
change (Report on Policies and Action Plan for a Secure and Sustainable Agriculture
2019).

Agriculture is a key area which requires re-looking and re-inventing. It is the
exact moment for India to move towards a millennium agrarian metamorphosis,
moving from conventional (employment-intensive) agricultural practices to modern
agribusiness processes. Recently, the Government of India has put an adventurous
benchmark of doubling farmers’ incomes by 2022-2023, which correlates to aimed
yearly agrarian prosperity of over 14% per year (Report on Policies and Action Plan
for a Secure and Sustainable Agriculture 2019).

3.12.1 Agroecological Zones in India

The agroecological zone is indeed the unit of land created from the agro-climate
zone that is imprinted on the soil and functions as a climate change and the duration
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of the growth period. The categorized agroecological zones are going to be very
effective in supporting sustainable agriculture, improving the economic system, and
retaining food safety. The nation has been clustered into 20 agro-eco-regions (AER)
and 60 agro-eco-sub-regions (AESR) (Table 3.4), based on the soil and bioclimatic
variation and physiographical conditions. That agroecological sub-region has been
further categorized as district-level agroecological units to establish long-term land

management approaches.

Table 3.4 Brief description of the agroecological zones in India (Source: Ahmad et al. 2017)

AEZ
No. Agroecological region
Cold arid eco-region
2 Hot arid eco-region
3 Hot arid eco-sub-region
Hot semiarid eco-region
5 Gujarat plains and Kathiawar
Peninsula eco-region
6 Hot semiarid eco-region
Hot semiarid eco-region
8 Hot semiarid eco-region
9 Hot sub-humid (dry) eco-region
10 Hot sub-humid (dry) eco-region
11 Hot moist/dry sub-humid eco-region
12 Hot sub-humid eco-region
13 Hot sub-humid (moist) eco-region
14 ‘Warm sub-humid (to humid with
per-humid) eco-region
15 Hot sub-humid to humid eco-region
16 Warm per-humid eco-region
17 Warm per-humid eco-region
18 Hot sub-humid to semiarid
eco-region
19 Humid-per-humid eco-region
20 Hot humid to per-humid island

eco-region

Physiography
Western Himalayas

Western Plain, Kachchh, and part of Kathiawar
Peninsula

Deccan Plateau

Northern Plain (and Central Highlands)
including Aravallis

Central (Malwa) Highlands

Deccan Plateau

Deccan Plateau (Telangana) and Eastern Ghats
Eastern Ghats and Tamil Nadu Uplands and
Deccan (Karnataka) Plateau

Northern Plain

Central Highlands (Malwa and Bundelkhand
Chhattisgarh/Mahanadi Basin agro-eco-region

Eastern Plateau (Chhota Nagpur) and Eastern
Ghats

Eastern Plain
Western Himalayas

Assam and Bengal Plain
Eastern Himalayas
North-eastern Hills (Purvachal)
Eastern Coastal Plain

Western Ghats and Coastal Plain, Hot
Islands of Andaman-Nicobar and Lakshadweep
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3.12.2 Agroecology for Sustainable Agriculture and Food System in
India

India is overwhelmingly focused on the agro-economy, with 70-75% dependent on
agriculture (Mandal and Ghosh 2000). Nonetheless, the advantages of farming are
not completely bridled in Indian situation, and a large number of individuals have no
entrance to food consistently because of the accompanying two most obvious
reasons: lack of utilization of current logical strategies, instruments, and actualities
combined with restricted rural land assets and quickly expanding population.

As a result, despite launching a green revolution (GR) in major regions of the
country, a large population is suffering from malnutrition. Public policies for the use
of pesticides to increase crop yields were implemented in the 1960s, but negative
effects and adverse environmental and environmental impacts were recognized
much later. While the GR has improved productivity, it also has detrimental
consequences on the ecosystem (Tripathi and Singh 2007, 2009, 2013). Therefore,
the implementation of technological advances was rendered with special emphasis.

In the context of degradation, it is less about farms and their administration
rehearses; it is all about ecosystems and their sustainability. The decreased profit-
ability could be substituted or recovered using the method agroecology which helps
to improve productivity. It can improve the food system, provide farmers with
income and consumers with healthy food, and minimize climate change. India and
many other developing nations have recognized the need for sustainable farming to
fulfill the expanding need for nourishment. The government recently includes
sustainable agriculture in the private sector for successful business activity.

3.13 Agroecology Improves Production

Shifting away from a structure of highly intensive and inequitable chemical farming
are whether alternative solutions that can yield enough and sustain them should be
evaluated very carefully. Evidence to date has shown that agroecological strategies
not only can achieve the same outputs as conventional approaches but in many
instances improve them significantly over a period of several years, surpass tradi-
tional methods, and provide the environment and community with various added
advantages (Hine et al. 2008).

3.13.1 Achievement in India

In India, there are a developing number of agroecology examples of overcoming
adversity at different scales, every one of which show the potential for agroecologi-
cal practices to support or improve yields, yet to give a large number of extra natural
and social advantages. There are various examples where the take-up of agroecolog-
ical practices has had an especially clear effect on continuing or improving yields.
Using the Finger Millet Intensification System, yields boosted to 3—4 t/ha from



3 Agroecology for Sustainable Food System and Footprint Mitigation 93

750 kg to 1 t/ha. Production costs per kilo have also been dropped by up to 60%,
contributing in a rise in farm revenue from Rs. 5628/acre to Rs. 8110/acre (SRI-Rice
2014; Bhalla 2010). The Rice Intensification System (RIS), which shattered global
records for rice yields in Bihar and Tamil Nadu in 2012 (Vidal 2013), is yet another
example of how to increase the productive capacity of irrigated rice through natu-
rally improving the root system’s wealth. Despite the fact that at first the Rice
Intensification System did not get so many acknowledgements, the System of Rice
Intensification (SRI) has created sensational rice yield increments in India. A farmer
from Bihar reaped a record breaking 22.4 ton of paddy rice/ha in 2012 utilizing SRI
strategies, while a farmer in Tamil Nadu gathered another record yield of almost
24 tons of paddy rice/ha utilizing these techniques (Vidal 2013). As per the Bihar
government, over the millions of ha in which rice is now grown using SRI, average
rice yields are at least 40% higher than traditional rice cultivation. SRI’s advantages
have now been demonstrated in over 50 countries. SRI International Network and
Resources Center (SRI-Rice) mentioned increased yields of 20-100% or greater, a
reduction of up to 90% in seed demands, and water savings of up to 50% (SRI-RICE
2014). This method can also be implemented to a wide variety of crops, and while it
is not limited to natural or synthetic-free systems, the use of chemical inputs is often
minimal in action (Vidal 2014). Bio-villages are established in every block in West
Bengal (Ganguli 2009). Due to the presence of pesticides, samples of Darjeeling tea
have been refused by Germany and some other European countries far beyond the
allowable limit (Mohanty 2003). Afterwards tea growers transformed organic and
arranged several workshops by institutions such as Organic Ekta that support small
tea farmers to switch over to organic farming. An NGO, Vikramshila, too is trying to
put attempts into this path and assisted Bigha, a village in the district of Bardhaman,
attain a pesticide-free kharif crop (Mukherji 2015). These instances serve to advise
us that plant hereditary qualities have just one impact in deciding yields and, at last,
food security. The manner by which harvests are developed is basic. Agroecological
cultivating strategies that feed soil, safeguard water, and limit outer information
sources guarantee not just that there is sufficient nourishment for the ebb and flow
populace but also that the land remains gainful for who and what is to come.

3.14 Agroecology Boosts Living Standards

Agroecology boosts local communities’ living standards, including increased eco-
nomic feasibility and employment, nutrition welfare, and empowerment at social and
political scale, thus producing more reliable and adequate outputs (Chappell and
Bernhart 2018). Simultaneously, the reliance on yield as a key indicator of agricul-
tural success could blind critics to the full cost of agroecological approaches. Besides
amazing outputs per unit area, when it comes to much more detailed conservation,
sustainability, and ecological services, agroecology stands out dramatically (Altieri
2009). Agroecological activities are therefore aimed at achieving optimum sustain-
able outcomes instead of optimizing production (Parrott and Marsden 2002).
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3.14.1 Achievement in India

In addition to the introduction of organic markets, the implementation of agroeco-
logical practices such as zero budget natural farming (ZBNF), community managed
sustainable agriculture (CMSA), and sorted out duck rice cultivating was already
revealed to get a beneficial impact on family income in India across a range of
geographic scales. ZBNF is both a collection of agricultural practices and a revolu-
tionary farmer campaign raised in Karnataka, India. It is projected that 100,000
families in the area in Karnataka, and thousands of families throughout the nation,
use ZNBF practices. In 2015 Andhra Pradesh’s government declared its goal of
touching 500,000 peasants with ZBNF by 2020 (Khadse et al. 2018; Saldanha
2018).

Zero budget, which implies not being dependent on loans, and not purchasing
materials, aims to end tremendous debt by dramatically rising cost of output. Natural
cultivation involves cultivating with nature and even without the artificial products
obtained. ZBNF approaches involve mulching, guided irrigation, contour bonds,
usage of native earthworm organisms and fermented bacterial livestock, mixed cow
dung, and soil therapy. At the regional level, ZBNF works predominantly by
volunteers, representatives of farmers’ groups, and local leaders, inspired by the
movement’s founder, Subhash Palekar, an agricultural researcher who has published
various ZNBF process publications. By using as many on-farm options as possible,
farmers are reducing the need for monetary loans needed to modernize agriculture,
thus the zero budget. According to La Via Campesina (LVC), numerous farmer
families across India recently followed this trend, shifting away from monoculture
cash crop cultivation to locally resourced practices of agroecological farming
(Rosset and Martinez-Torres 2012).

In Andhra, CMSA models have been especially successful among local farming
groups and have been implemented by an approximate 500,000 farmers on a large
scale over 3,500,000 acres as of 2011. Farmers are instructed over a time span of four
seasons in anti-pesticide monitoring and sustainable farming strategies. Public
control and procurement ensures the performance and reliability of goods for
customers, instead of formal validation. The CMSA model was created and
implemented by the Centre for Sustainable Agriculture, while the state government’s
financial support is thought to have significantly accelerated the scope of such
endeavors. Pest threats have reduced dramatically, and soil quality has recovered
to its normal higher levels. Whereas relevant agricultural productions have not
increased, the lower production costs achieved by adopting these practices have
enabled several farmers to grow paddy twice per year, increasing the overall
productive capacity of the land and its subsequent earnings (Kumar et al. 2009).

In the southern part of India, substantial numbers of farmers have implemented a
special agroecological technique known as “Aigamo process.” While it was first
introduced as a pest control tool in Japan, it concurrently doubled the quantity of
protein content in farmers’ diets and adding to their family income (Wijeratna 2012).
The incorporation of ducks and fish onto rice paddies was found by smallholder
farmers to provide an effective strategy of insect control. The ducks consume grass,
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seeds, bugs, and other pests and do the weeding work, while the duck and fish feces
provide valuable plant nutrients (De Schutter 2010). The farmers consume the ducks
and fish, which boost their intake of protein. As a consequence of these initiatives,
the International Rice Research Institute reported 20% greater crop production and
also 80% increment of net profit (Khan et al. 2005). A 2-year comprehensive
analysis of 120 cotton farms in Madhya Pradesh demonstrates that organically
grown areas incurred conventionally grown Bt cotton yields, whereas nutrient and
other production costs have been lowered by 50%. The market related to organic
food market in India is developing quickly (India Organic Food Market Forecast and
Opportunities 2019). This market could be targeted and supported by many Indian
farmers while rising sustainability on the farm.

3.15 Agroecology Develops Resilience to the Ecosystem

Agroecological practices alleviate the risks involved with ecological seasonality by
increasing the resilience of farmland to extreme weather conditions, pest invasions,
as well as other ecological shocks. This is especially relevant at a period when
changing climate is causing ever-more strange weather trends worldwide (IPCC
2014). Certainly, the agriculture industries would have to face any degree of climate
change in all nations, rendering mitigation essential (Howden et al. 2017). Securing
ranchers and their families to deal with both the danger of climate instability and the
threats that climate change may bring to the potential livelihood prospects is a very
vital prospect. There are various agroecological methods listed in Tables 3.5 and 3.6
which may be implemented to minimize climatic vulnerabilities. The first main
phase is the comprehension of the agroecological characteristics of conventional
and other agroecological farming technologies that have been studied (DeWalt
1994). The second option is to distribute with greater intensity the concepts and
strategies of resilience extracted from active farmers and also the findings of research
studies documenting the efficacy of agroecological approaches that boost the resil-
ience of agroecosystems to severe climate events (Stigter et al. 2005).

Table 3.5 Role of agroecology to enhance ecological resiliency (Modified from Altieri et al. 2015)

Agroecological services Methodology

Biodiversity restoration Polyculture, crop rotation

Biodiversity and natural resource Riparian buffers, vegetated ditches, hedgerows

conservation

Ecosystem services Water and soil conservation, plant health and
productivity

Ecosystem function Pollination, nutrient cycling, erosion control, and

biological control
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Table 3.6 Agroecological criteria for establishing robust agricultural practices (Modified from
Altieri et al. 2015)

Agroecological principles in
actions Working framework

Enhance the recycling of biomass | By enhancing the breakdown of organic substances and the
nutrient rotation over period

Offer the best suitable soil By enhancing the biotic interaction in the soil

conditions for crop growth

Reduce the resource loss By enhancing conservation and regeneration of different
natural resources

Strengthen immunity of By improving effective biotic diversity and introducing

agricultural production biological enemies, antagonists, etc.

Enhance advantageous biotic By synergizing with various elements of agro-biodiversity

interactions

3.15.1 Achievement in India

India seems to be a global plant diversity hub. Millions of Indian farmers today can
use these resources to establish ecologically sustainable farming systems and also as
a strategy to mitigate climatic alternations (NBPGR 2007). A few of the increasing
handful of examples that occur throughout the nation are discussed below.

An agroecological campaign began in the 1970s in the Zaheerabad area of the
Medak district, which now comprises more than 5000 female farmers. After the
Great Drought of the 1970s compelled thousands of small farmers to starve because
of the failure of certain modern crop varieties, farmers in the area began to adopt
agroecological techniques to improve ecological resilience with the help of the
Deccan Development Society. Such strategies included seeding and preserving a
range of land-based food crops, agroforestry, soil preservation, organic farming, and
the development of local independent-made biopesticide remedies, as well as
rejuvenating local markets. The outcome is that thousands of farmers today grow
robust farming technologies that improve their seed and food safety (Satheesh 2010).

Farmers led by the Tamil Nadu Organic Farmers’ Movement (TOFarM) used
agroecological practices in Nagapattinam and neighboring coastal districts in Tamil
Nadu to revive devastated farmland after the 2004 tsunami. Traditional technologi-
cal assessment teams estimated that cultivating on salt-soaked soils could require up
to 10 years. Farmers using organic as well as other agroecological methods, how-
ever, succeeded in crop growth after only 2 years, by intelligently desalinizing the
soil with particular plant species and restoring the soil microbiology previously
wiped out (Samuel 2015).
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3.16 Agroecology Enhances the Reliability of Smaller Farms

Economists have long argued that, in order to boost agricultural output, one should
increase the size of the farm in order to obtain economy of scale. This is expressed in
Giampietro’s (1997) seminal study, “Socio-economic Constraints on Biodiversity
Agriculture,” when he noted that contemporary farms are being built with huge
capital expenditures in equipment, chemical inputs, irrigation, and land expansion,
which must be justified on an on-farm basis by increasing profits generated by
monoculture production (Giampietro 1997). There is growing evidence that the
future food security of the planet is in the possession of small-scale ranchers, as
they are more profitable and delivering more food/ha (Altieri 2009). Such results are
particularly relevant for India. About 83% of farmers in India are classified marginal
with less than 2 ha of land each and 42% of India’s operational area (Chand et al.
2011). These small ranchers carry about 41% of India’s total grain and cover more
than a quarter of India’s vegetables and fruits (Agarwal 2010, 2018; Agrawal et al.
2010).

Sustainable intensification, advocated as a remedy for small-scale producers in
industrialized nations, is viewed as a significant transformation in terms of crop
production. Combining sustainable farming with intensive farming leads to environ-
mentally sound agricultural methods and better productivity (Collins and
Chandrasekaran 2012). Several other regional evaluations affirm agroecological
farming’s ability to raise yields, as illustrated in Table 3.7.

Table 3.7 Selected assessment supporting the ability of agroecology to enhance the reliability of
smaller farms (Modified from De Schutter 2010; Altieri et al. 2012)

Selected assessments Main reported yields or food security outcomes

Pretty et al. (2003) Rising in the productivity in the area of 29 m ha, with about
10 million families gaining from improved food system and
protection

Badgley et al. (2007) In advanced countries, organic agriculture systems produced

80% more than traditional farming
IAASTD (2009a, b) The study presents and relates to an increasing variety of
indications that investment in agroecological solutions can be
relatively successful in enhancing productivity and food safety
The Government Office for Food production from agroecology through the use of modern
Science (2011) and enhanced strains was important as agricultural production
grew by 2.13-fold on average
The majority of households dramatically increased food quality
and food stability in the home
Bachmann et al. (2009) For organic ranchers, food quality was significantly higher. The
study showed that on-farm diversity was substantially higher for
complete organic farmers, increasing an average of 50% more
crops than traditional farming
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3.17 Role of Agroecology Towards Reducing Ecological
Footprint

Agroecology includes scientific foundation for manufacturing through a biodiverse
agroecosystem that can support its own structure and function. In seeking to enhance
agricultural productivity, most researchers have ignored a crucial factor in creating
an independent and productive farming methods, a thorough knowledge of the
essence of agrosystems and the concepts for action. Agroecology has developed as
a methodology that lays out the fundamental ecological concepts for the research,
layout, and management of both efficient and natural resource protection
agroecosystems (Altieri 1995a, b). Rather than concentrating on one single feature
of the agrosystem, agroecology stresses the interrelationship among all agrosystem
elements and the diverse nature of ecosystem cycles (Vandermeer 1995). Further-
more, agroecology gains from natural cycles and positive experiences on-farm to the
usage of off-farm products and increases the performance of farming processes
(Reinjtes et al. 1992). Agroecology includes various technologies which are likely
to promote the responsive biodiversity of agrosystems and the preservation of
established on-farm assets. The innovations which may serve as an environmentally
sustainable by enabling and influencing agroecosystem process, such as:

1. Biomass recycling, resource distribution, and supply management.

2. Providing optimal fertile requirements for the growth of plants by increased
organic substances and biotic development.

3. Reducing food, water, and resource losses by microclimate protection, soil
conservation, and water recycling.

4. Spatiotemporal enhancement of different species and biological diversification.

5. Improve advantageous biological relationships and synergies among elements of
agro-biodiversity, promoting key biological functions and facilities.

Agroecological systems use natural resources more sustainably and efficiently
and reduce the release of chemicals to air, water, and soil. Through the enhanced
proximity between producers and consumers, agroecology helps raise awareness and
reduce food waste, e.g., by redistribution of un-usable crops (Beausang et al. 2017)
or by repurposing urban organic waste as fertilizer (Sonkin 2017). Agroecology puts
an emphasis on maintaining soil fertility and ecological processes, which can
improve agricultural efficiency over the long term. Studies have shown that through
diverse and heterogeneous agroecological approaches, it is possible to preserve and
increase wild and domesticated biodiversity by up to 30% (FAO 2018). The connec-
tion between climate action and agroecology is two-way—agroecological systems
may lead to GHG reduction and offer management practices to adapt to climatic
alternations (FAO 2018).

The academic studies and paradigm review paper offer evidence of the hypothesis
that agroecological strategies would boost efficiency, thus reducing the CF, deliver-
ing useful ecological resources, improving social sustainability, and enhancing the
economic and ecological resiliency of the farmers. The flow-on effects lead to the
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regional food allocations and regional development and eventually boost the
wellbeing of the munities (Pretty et al. 2011). Many results, though, are already
regional, mostly owing to a lack of suitable policy climates. Agriculture was
identified as one of the most important human activities linked to environmental
degradation. The vast volume of capital used in terms of water use and land erosion
is a significant cause of environmental impacts from farming. Agroecological
concepts are very useful in developing sustainable farming systems to enhance
relationships among different plant species, livestock, and humans and the ecosys-
tem sustainability.

The goal of agroecology is to implement ecological concepts to plan and maintain
agroecosystems in a much more sustainable manner. With fewer from the earth,
there’s a need to create more for the world. Even so, we need to have a set of best
practices, coordinated approaches, strategies, and innovations to reduce the EF of
farming. In particular, agroecology is often used as a science and empirical tool
which actually explains the long-term profitability and local environment effects of
different practices. Agroecological and other creative solutions will help farmers
address increasing environmental problems, like climatic change, water supplies,
and biodiversity depletion. It is necessary to consider the need for enhancing the
fundamental research on all sustainable agricultural strategies centered on science
and facts. This involves designing benchmarks to quantify outcomes at the agricul-
tural production and establishing suitable measures and promoting the capacity of
countries to monitor their enforcement, instruments, and protocols to determine the
contribution of such activities to sustainable agri-based agriculture (Oteros-Rozas
et al. 2019). Agroecology is interesting in that it provides both supply-side and
demand-side reduction incentives. Sustainable escalation, reduction of pollution
from enteric fermentation, reduction of CH, emissions from rice cultivation, and
enhancement of the use of fertilizer constitute the supply-side prospects. The
demand-side prospects are emission mitigation in farming processes and food
waste reduction. The following mitigation strategies were established by the [PCC
(2014) via agroecology: usage of specific varieties or organisms, improvement of
agro-biodiversity, modern crop development activities, plant control (increased
selection, recycling, nutrient control), water management, land usage reform, and
biochar implementation. The research by Rakotovao et al. (2016) emphasizes that
the introduction of agroecological activities on a pasture scale provides substantial
GHG reduction and sequestration of carbon in the sense of Malagasy, thereby
offering an option to combating climate change. Improving development perfor-
mance by implementing sustainable farming methods not just reduces GHGs from
agrosystems but also helps to reduce pollution levels (Sapkota et al. 2017a, b, 2019).
Organic farming reduces total CF by sequestrating carbon into soil (Hedayati et al.
2019; Skinner et al. 2019). For organic cultivation, the production of N,O may be
decreased by about 50% and the output of CH4 by about 70% (Skinner et al. 2019).
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3.18 Challenges of India’s Agroecology Scheme

Agroecology has enormous potential to improve Indian agriculture to provide
sustainable food security, poverty reduction, rapid economic expansion, and resto-
ration of the ecosystem (Banerjee et al. 2018; Jhariya et al. 2018a, b). The agricul-
tural sector has the most challenging sector economically, environmentally, and
socially. The Indian agricultural sector faced various traditional as well as new
global challenges, such as the preservation and upgradation of biological
establishments for economical agribusiness, including land, water, biotic diversity,
and natural assets. The urban development and the utilization of non-agricultural
land should be evaluated critically before agribusiness (Kamble and Chavan 2018;
Khan et al. 2020a, b). The 80% ranchers in India have little size of land. They are not
financially solid, and there is absence of market connection. The overall gain from
agribusiness of little and negligible rancher is very low, or sometimes it becomes
negative due to huge expenses in farming segment (Kamble and Chavan 2018). The
agribusiness profitability is low and hampers profit of the ranchers. The per unit
region efficiency is likewise low if there should be an occurrence of significant
harvest creating in nations. The fall in the groundwater level produces more weight
on other water system offices and makes jumps in the method for farming improve-
ment in India. Absence of seriousness in Indian ranchers is another obstacle ascend-
ing in the middle of agribusiness advancement. The ranchers are less hazard bearing
and incompetent which antagonistically sway on their pay from agribusiness. The
farming protection plans are wasteful to beat different hazard in agricultural sector
(Kamble and Chavan 2018). Low gainfulness is a primary driver behind the
ranchers’ obligation, and suicide issue existed in much territory of India over the
most recent couple of years. The spending on farming sponsorship has expanded step
by step; however, the issue stays the same and constantly grows up (Kamble and
Chavan 2018).

3.18.1 Policy Environment

In terms of subsidies, research and development (R&D) priorities, innovation drive,
and farmers’ aid structures and organizations, the current policy environment tends
to favor proven chemical alternatives to agricultural production.

Subsidies are linked to production and facilitate the agrochemical sector in many
cases (through well-organized business promotion as well as many other accepted
avenues of communication), for instance, food and fertilizer subsidy quantity over
Rs. 2 lakh crore which is nearly tenfold of public agricultural expenditure (Gulati
and Saini 2015).

Priorities for R&D are primarily focused on traditional intensive farming, which
encourages the utilization of external inputs and chemicals and focuses on certain
chosen crops (e.g., corn, wheat, mango, and banana). This takes place at the behest
of many other crops like coarse cereals and conventional indigenous legume, fruit,
and vegetable varieties.
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In rural areas, agrochemical industry and seed suppliers are marketing their
products extensively, occasionally gaining from associated policy aid. Low-input,
minimal-cost agroecological practices and services are being promoted on a small
scale (Wibbelmann et al. 2013).

A significant reassessment of the excessive policy emphasis (by providing pro-
duction aid, incentives, facilities, and investment) onto the GR areas is required.
Most of India’s states have been gaining (or are proximate to acquiring) self-
sufficiency in contexts of the production of food grain for their own population.
The distances transported by food grains via the public distribution system (PDS),
predominantly from the northern states, to satisfy food safety require enormous
transportation and environmental costs. Rather, it might make better sense to
encourage neighboring states to allocate their excess, improve the agricultural
markets of these poorer states and their inhabitants, reduce the gap between
consumers and producers, and endorse a much more socially acceptable food
system. In such a situation, India’s road to agricultural affluence could then shift
away from the inefficient cereal-based cropping processes that are presently
destroying their social and ecological health, a big segment of Punjab or Haryana’s
agriculture.

The PDS method which intends to supply food grains to some of India’s poorest
people while at the same time providing guaranteed markets to farmers has been
under dispute in terms of performance, distribution, usefulness, and targeting.
Approximately a quarter of the subsidized food distribution is not entering target
audiences because of limited visibility of the program, administration, and facilities
(Purohit 2011). Research and development focuses on a few grains and some other
products (e.g., rice and wheat) with few introduction of coarse cereals, like bajra and
millet, which are sometimes more nutritious, but often part of many societies’
regional food package (Devakumar and Chhonkar 2013). As mentioned above, it
is highly integrated with close to 80% of transactions historically clustered in
Punjab, Haryana, and Uttar Pradesh; however, there has been notable shifting
towards increased purchases of these crops in non-green revolutionized areas
through the PDS. Because most of India’s poorest end users are mostly part of the
production system, much can be done to improve direct interoperability here
between the two.

Public organizations, like cooperatives and regional NGO, are sometimes poorly
resourced, restricting their vital role in recognizing, studying, educating, promoting,
and linking with agricultural communities (Wibbelmann et al. 2013). There seems to
be limited recognition of the function that forest, native, and uncultivated crops can
perform in establishing food security and subsistence for rural and especially poor
tribal communities in India.

There seems to be weak gender auditing in agriculture (Wibbelmann et al. 2013).
Females account for 43% of the world’s farming workforce and provide up to 70%
of total agricultural labor in India along with their regional practices, as per some
reports (Rao et al. 2019). Yet, they are frequently marginalized (FAO 2011; Dev
2012).
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Pricing externalities leads to neglect agroecological activities. As reported by De
Schutter and Vanloqueren (2011), failure to completely incorporate external costs
into agri-food price mechanisms has allowed industrial farming to grow despite
significant economic and social consequences and has prevented a rigorous assess-
ment of the advantages of agroecology. The thriving of huge populations is inferable
from the reality that food prices do not portray the actual societal costs arising from
their activities (De Schutter and Vanloqueren 2011).

3.18.2 Market Structure

As the price of external inputs including fertilizer, pesticide, and seed rises, the
extremely important aspect for farmers is to find out the ways to secure greater net
profits from their goods. This raises the value of farmers’ exposure to equal and
competitive markets that can help them achieve a higher net income (Chand et al.
2011). In general, smallholders are faced with the following competitive challenges.

Low accessibility to resources and appliances: seeds, fertilizers, and facilities that
are essential to boosting output (especially in the absence of agroecological inputs)
are in so many instances expensive, of inferior or questionable value, or simply
inaccessible to small farmers. There is also no access for farmers to threat manage-
ment resources like protection and credit facilities. Small farmers in India face
serious challenges such as climate, growth, disease and pest outbreak, and advertis-
ing. Such instruments are keys to reduce a few of these threats (Chand et al. 2011).

3.18.3 Retailers Find It Hard to Indulge Small Farmers Reasonably

Operating with major farmers and the APMC network with its intermediaries is one
of very few viable alternatives for cost-effectively buying products currently for
retailers who need large quantities. Attempting to access small holders directly
introduces serious risks and transaction costs that are often unsustainable. These
costs result in a preference for working with the existing, inefficient market system,
large manufacturers, and intermediaries and dealers in order to achieve the correct
quantities and rates (Chand et al. 2011).

3.18.4 Medium-Sized Farmers Are Benefiting Unequally

For these infrastructural inequalities, much of the advantages of the growing,
globalizing sector have come to such medium- and large-scale farmers who have
formed direct links with producers and retailers. Due to volumes, the implementation
of innovation guarantees quality and consistency, and they have constructed-in
strength in market access. Few minor and moderate farmers have succeeded in
doing the same and engaging with corporate players, a finding that has enormous
implications for most farmers in India (Chand et al. 2011).
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Efficiency gains, simplicity of manufacturing, and strain of globalization also
lead in a specialization of manufacturing trends that limit farmers’ options for
cultivation in a variety of ways (Joshi et al. 2006). They are often characterized by
huge markups, even though there is little scanning engaged.

Certification systems are expensive, ineffective, and extremely complex for
organic and natural products, preferred by large and influential growers. Certification
organizations are working with mixed results and trust.

3.18.5 Information and Technology

Data and innovation has been a noteworthy supporter of development and financial
improvement in business parts, nations, and locales where they are all around
embraced and coordinated. The broad scale of information and communications
technology (ICT) adoption and incorporation has reduced knowledge and processing
cost, increased service quality, provided new employment, developed new business
opportunities, and saved assets. Lack of adequate information, understanding, and
technology hinders productivity and improved livelihoods: as a consequence, the
techniques and methods used are frequently biased towards those private enterprises
capable of promoting their own goods to farmers (fertilizers, pesticides, seeds, etc.)
and discouraging farmers from using local and agricultural inputs, cultural knowl-
edge, and procedures. Exposure to weather data, new or restored innovations, and
market pricing would not only allow better farm planning and fair market access, but
often instruction and ability developing around good practices would significantly
improve farmers’ ability to maximize their procedures. Subsistence agriculture often
occurs if farmers are unable to maximize their resources. This could be especially
true in rainfed regions, which address for 65% of India’s agricultural land and are
habitat for a large percentage of poor and working-class people in India (Joshi et al.
2004).

Extension facilities and platforms are not readily available to women, who are the
majority of farmers: the statistics available indicate that only 5% of extension
resources are provided worldwide to rural women, whereas none more than 15%
of extension representatives worldwide are female. Over 60% of agricultural
exercises are done by female farmers in specified states. However, the fact that in
India most of the farmers are women is certainly not represented in the procurement
of extensions or education (Dev 2012).

Lack of consumer data, both explicitly via distributors and implicitly via the
media, on the advantages of agroecological farming practices (nutrition, health, and
livelihoods) means customers are unable to make informed decisions easily to
endorse farming practices promoting health and food security.
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3.19 Future Research and Developmental Activities
in Agroecology

The quest for economic advancement of agribusiness and of food system
frameworks is right now being organized in numerous pieces of the globe. Among
the benchmarks of success is a rapid advancement in agroecology to address the
worldwide problems in food production and sustainability, biodiversity restoration,
changes in climate, and economic justice. Study and awareness are significant
constituents of agroecology worldwide and are also a link between its research and
action embodiments. A growing number of scientific initiatives worldwide use the
word agroecology in their designation of organizations, departments, and meetings
for study. While most of them are more genuinely established in agronomy and
biology, there were more gatherings and divisions operating on the economic and
social perspectives, as well as for agroecology.

In India, increasing demand for agroecology is to be extended from different
divisions—multilateral entities such as the FAO, societal movements such as LVC,
researchers, and institutions of the popular society (Parmentier 2014; La Via
Campesina 2013). Agroecology isn’t only a lot of farming rehearses, or a logical
order dependent on environmental hypothesis, yet additionally a developing social
development (Wezel et al. 2009). Examining the society-related components of
agroecology may contribute fundamental information for achievement at larger
scale. By and large, laborer developments have had a significant influence in taking
agroecology to scale, yet their job has not been adequately broke down up until this
point. The international farmer campaign LVC has embraced agroecology as poten-
tial instruments for contributing food independence and has proven a significant area
for its expansion (Rosset and Martinez-Torres 2012; Rosset and Martinez-Torres
2013). LVC seems to have different types of agroecological interactions, like
traditional methods, collectives, and over 40 agroecology educational institutions,
and gained some advantageous public policies in different regions of the globe
(La Via Campesina 2013). Another farmers’ campaign that brought the potentiality
of agroecology in scale is ZBNF, in South India. The ZBNF, also known as the Zero
Budget Spiritual Farming Campaign, has expanded in many other Indian states at
various rates (Khadse et al. 2018; Palekar 2006). It was particularly widespread in
Tamil Nadu state, Andhra Pradesh state, and Kerala state, but it was in the Karnataka
territory that it initially became prevalent. ZNBF is situated by its supporters as an
answer for the farming emergency and increased pattern of suicides of farmers in
India (Palekar 2005, 2006).

3.19.1 India’s Initiative at Government Level

The quality and consistency of natural resources like soil and water depend on
preserving agricultural output. Agricultural development can be maintained by
effective location-specific measures to encourage sustainability and sustainable use
of these limited natural resources. In India agriculture continues to remain
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principally rainfed. Therefore, in combination with the growth of rainfed farming,
conservation of natural assets holds the main factor to meet the country’s growing
demands for food grain. For this purpose, the National Mission for Sustainable
Agriculture (NMSA) has been devised to boost crop yields, particularly in rainfed
regions based on sustainable agriculture, water quality, managing soil health, and
synergizing the conservation of resources. NMSA has been intended to converge,
consolidate, and subsume all continuing and freshly implemented activities related
to sustainable agriculture with a particular concentrate on soil and water protection,
management, and advancement of soil quality in rainfed area (https://nmsa.dac.
gov.in). NMSA’s priority would be to use society-based approach to incorporate
the sensible use of common resources. Developing farmers’ and stakeholders’
potentiality in combination with other continuing missions would be implemented,
e.g., the National Mission on Agricultural Extension and Technology, National Food
Security Mission, National Innovations on Climate Resilient Agriculture (NICRA),
etc., in the field of mitigation measures for climate changes (https://nmsa.dac.
gov.in).

Agroecological food creation frameworks can convey equivalent or better yields
and monetary comes back to the farmers than transcendent types of synthetic and
biotechnology-based agriculture, while additionally upgrading farmers’
occupations, improving general wellbeing, and restoring environment flexibility
(TAASTD 2009a, b).

There is no uncertainty that food security, alleviating poverty, and ecological
sustainability are national needs of foremost significance for India. There is addi-
tionally no uncertainty that today, with quickly developing paces of obligation and
farmer suicides, critical decreases in soil and water quality, and worries around
access to sheltered and nutritious food, India’s rural segment is in emergency.
Notwithstanding, a huge and developing assemblage of logical proof recommends
that the utilization of genetically modified organism (GM) innovation can’t be an
answer for these mind-boggling and interconnected issues. Rather, the huge-scale
usage of agroecological practices can furnish India and her developing populace
with enduring nourishment security, upgraded jobs, improved general wellbeing,
and a protected, assorted, and versatile farming system. In 2013, India passed the
National Food Security Act. The 2013 Act attempts to supply people with food and
nutrition safety by guaranteeing full rights to a sufficient quantity of healthy food at
reasonable costs (The National Food Security Act 2013).

National food conclave held in New Delhi on March 15, 2019, called for policy
changes aimed at promoting sustainable food production, particularly sustainable
farming, and regulations to reduce the abuse of antibiotics and pesticides. The
consultations coordinated by the Centre for Science and Environment (CSE), a
non-profit research and advocacy center based in New Delhi, highlighted the need
to control junk food and bring about a strategy-level change in junk food
advertisements. The experts highlighted the links between the country’s way of
producing and promoting nutrition and the rising burden of diseases. The specialists
also concentrated on the strong and powerful pesticide bill, antibiotic legislation, and
bad food control (Bhaduri 2019).
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The Indian government is adopting the National Mission for Sustainable Agri-
culture, one of the eight missions led by the National Action Plan on Climate
Change, in order to predict the potential threats of climate change. At the same
time, the Pradhan Mantri Krishi Sinchayee Yojana contemplates “One Fall More
Crop,” i.e., micro/drip irrigation for water conservation. There is additionally a drive
through the Paramparagat Krishi Vikas Yojana to cluster-based organic farming.
The aim of these programs is to use climate-smart approaches and innovations
effectively in collaboration with the Indian Agricultural Research Council and
state authorities (FAO-WFC-IFOAM 2018).

Agroecological food creation frameworks can convey equivalent or better yields
and monetary comes back to the farmers than transcendent types of synthetic and
biotechnology-based agriculture, while additionally upgrading farmers’
occupations, improving general wellbeing, and restoring environment flexibility
(IAASTD 2009a, b).

There is no uncertainty that food security, alleviating poverty, and ecological
sustainability are national needs of foremost significance for India. There is addi-
tionally no uncertainty that today, with quickly developing paces of obligation and
farmer suicides, critical decreases in soil and water quality, and worries around
access to sheltered and nutritious food, India’s rural segment is in emergency.
Notwithstanding, a huge and developing assemblage of logical proof recommends
that the utilization of GM innovation can’t be an answer for these mind-boggling and
interconnected issues. Rather, the huge-scale usage of agroecological practices can
furnish India and her developing populace with enduring nourishment security,
upgraded jobs, improved general wellbeing, and a protected, assorted, and versatile
farming long into what’s to come.

3.20 Conclusion

Agroecological practices can convey equivalent or better yields and financial comes
back to the farmer than synthetic and biotechnology-based agriculture, while
upgrading farmers’ employments, improving general wellbeing, and restoring eco-
system resilience. There are various examples over the world that obviously show
the potentiality for agroecological practices to accomplish a flourishing agriculture.
Notwithstanding the natural capability of agroecological practices, there are various
moves that should be defeated for their far-reaching appropriation and scale. When it
comes to mitigating climate change in farming, an evaluation of possible mitigation
and adaptation solutions and their efficiencies and trade-offs and main obstacles to
scaling up is important. To this end, this chapter emphasizes the many agroecologi-
cal activities and innovations that have low to great potential to mitigate the footprint
of the agricultural methods and foster sustainable food systems. This chapter also
argues that basic improvements in agronomic techniques, like practices of tillage,
water management, and food control, will dramatically reduce various forms of
agricultural land footprint, in addition, the improvement and encouragement of
conventional agricultural methods and the introduction mixed farming method to
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minimize significant volumes of GHG pollution without limiting the production of
agricultural crops. This chapter also stresses that, given mitigation criteria and the
involvement of farmers in adopting improvement and solutions, socio-cultural
attitudes and non-availability of opportunity from different policy framework hinder
the implementation of agroecological approaches and innovations.
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Abstract

To promote the advance food security for the increasing population, environmen-
tal security is important to the sustainable future. Agriculture is a major sector to
interfere on the planet, and emitting a huge amount of the greenhouse gasses
(GHGs) emission to the atmosphere, it is due to the imbalance and excessive use
of chemical substances, electrical energy and high consumption of the fossil fuel.
Various agricultural activities including ploughing, irrigation, crop cultivars,
livestock rearing, application of synthetic fertilisers and pesticides and associated
equipment also emit a significant amount of GHGs. The Indo-Gangetic Plains
(IGPs) of the South Asia (SA) are a food basket of the world population. It is due
to harvesting of the number of diversified cropping systems/crops in a year in
same land with higher crop productivity. Where the rice—wheat cropping system
(RWCS) is covering ~26 M ha in the IGPs of SA, and it is solely the major
contributor to anthropogenic GHGs productions, particularly methane (CH,) and
nitrous oxide (N,O) emission, and volatilisation of ammonia (NH3). The exces-
sive production of GHGs is directly linked to carbon (C) and nitrogen
(N) footprints, which are the key element for balancing the many components
in the nature directly and indirectly. Therefore C and N of various forms regulate
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the fauna and flora activities, soil and crop productivity, energy consumption,
atmospheric gaseous concentration, etc. Among them, N,O is responsible for
ozone depletion and global climate change and has a global warming possible to
265 times than that of carbon dioxide (CO5). To reduce the GHGs emissions, it is
important to users of balanced chemical fertilisers particularly N-fertilisers,
improvements of the operation efficiencies of farm machinery and changes in
regional allocation the RWCS. The present study is concentrated on the aspect of
C and N footprints in the farming systems, which are linked to the GHGs-
emission through pre-, on- and post-farm activities. Several alleviation
approaches concerning to the agricultural practices are also suggest a roadmap
to the policymakers, land managers and researchers, and help to the modeling for
footprints of C and N for environmental, food, nutritional and economics security
under the changing climate.

Keywords

Agriculture - Carbon - Greenhouse gasses emissions - Nitrogen

Abbreviations

BNF Biological nitrogen fixation
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CA Conservation agriculture
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4.1 Introduction

Presently, changing climate is an alarming topic globally, as it influences the climatic
arrangements such as uneven precipitation, life-threatening high temperatures, flood,
salinity, water and storms, and incidence of abiotic and biotic stresses including
fauna and flora, etc. (Jaiswal and Agrawal 2020). As the demand of food is rising
with the growing population, the proportion of greenhouse gasses emissions (GHGs)
from the farming activity is due to the imbalance and over-use of chemical
substances, electrical energy and use of fossil fuels (Xiao et al. 2019; Jaiswal and
Agrawal 2020). Various agricultural activities including ploughing, irrigation, vari-
ous crop cultivars, livestock rearing, application of synthetic fertilisers and pesticides
and associated equipment are also linked to the production of a significant amount of
GHGs (Xue et al. 2016; Xiao et al. 2019; Jaiswal and Agrawal 2020).

Besides this, land-use fluctuations including alteration of natural environment to
agriculture, deforestation and burning of harvesting crop residues are connected to a
considerably greater emission of carbon (C). Therefore, decline of C and nitrogen
(N) footprints in farming systems has been considered a progressively burning issue,
since these are directly linked to global warming and sustainable crop production in
modern era. To mitigate the hostile environmental conditions and spread of atten-
tiveness, various inventories are prepared (Khan et al. 2020a, b). Among them, two
major elements, i.e., C and N are a key player on the planet. All the ecosystem
services depend on the C and N, while all other direct and indirect services have a
strong relation with depending on C and N footprints. Hence, the C and N footprints
have a major contribution in GHGs, soil, water and air pollution from the different
outside and agriculture systems (Xue et al. 2016; Jaiswal and Agrawal 2020; Meena
and Lal 2018). Although carbon dioxide (CO,) was considered earlier only GHGs,
but at the modern era scientists informed several GHGs including CO,, methane
(CH,), and nitrous oxide (N,O), etc., as a result of anthropogenic activity (Stocker
et al. 2013; IPCC 2014a, b; Xue et al. 2016; Xiao et al. 2019; Jaiswal and Agrawal
2020).

The IGPs of South Asia (SA) measured the backbone of food safety due to
harvesting of the number of diversified cropping systems/crops in a year in the
same land with higher crop productivity. However, the rice—wheat cropping system
(RWCS) in the IGPs of SA and China (Saurabh et al. 2020; Meena et al. 2018) is one
of the primary providers to anthropogenic GHGs-emission, mainly emission of CHy
and N,O and volatilisation of NH; (ammonia) (Stocker et al. 2013; Xue et al. 2016).
Among them, N,O is responsible for ozone depletion and global warming than that
of CO, (Sapkota et al. 2020; Saurabh et al. 2020). N is considered the further most
restrictive nutrient that is governing the production of all agricultural crops (Ladha
et al. 2005; Meena et al. 2020). Since agricultural soils are liked to emission of global
N,O about 60%, and also other nitrogenous gases NOx (NO + NO,) and NH; as a
result of the excessive application of nitrogenous fertilisers (NFs) (Mosier et al.
2004; Galloway et al. 2014). Others studies revealed that only 1/3 of the applied N is
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used by crops and the rest of N is emitted as N,O (Sapkota et al. 2020; Saurabh et al.
2020).

The agricultural activity in India emits 18% of the entire emission of GHGs;
where enteric-fermentation emits about 63.4% GHGs from agriculture, whereas
agricultural soils 13%, rice culture accounts for 20.9%, manure application 2.4%
and burning of residue contributes 2% (INCCA (Indian Network for Climate Change
Assessment) 2010; Chakrabarti et al. 2018; Meena et al. 2020a). Among these
GHGs, N,O emission occurred from soils due to the application of NFs in both
rice and wheat systems. C footprint of rice-based systems is greater than that of
wheat, it is due to during rice farming both CH, and N,O gases are emitted. It was
observed that CH, was emitted by rice crop, and wheat emitted N,O in the RWCS
(Sapkota et al. 2020; Saurabh et al. 2020).

The present study is concentrated on the aspect of C and N footprints in the
farming systems, which are linked to the GHGs-emission through pre-, on- and post-
farm activities. Several alleviation approaches concerning to the agricultural
practices are also suggest a roadmap to the policymakers, land managers and
researchers, and help to the modelling for footprints of C and N for environmental,
food, nutritional and economics security under the changing climate.

4.2 Challenges for Food Security

Food security is a hugely discussed topic over the world in the last two to three
decades. All of we very much worried about this, how it is possible to implicate the
essence of food security definition, i.e. “all people at all times have access to
sufficient, safe, nutritious food to maintain a healthy and active life” (McCarthy
et al. 2018). Till today more than 815 million people affected by malnutrition and
every year more than five million children under the age of five decreased due to
malnutrition-related causes (Prosekov and Ivanova 2018; World Food Day 20164, b;
ERS 2017). Efforts with different policies to cope with the situation are in action
from all the nations, several international organisations around the globe. However,
till we are far away from achieving the food security and if considering the real facts,
it seems to somewhat impossible target. The challenging factors, responsible for
food security of the twenty-first century, are summarised below:

4.2.1 Exponential Population Growth

In the developing courtiers, a linear correlation exists in higher fertility rate and the
higher number of food-insecure people. This is the reason behind the inadequate
nutritional status amongst the population in those areas. Study reveals, even fertility
rates decline in Sub-Saharan Africa (area of highest population growth with the
largest undernourished population), the projected population in this area may be
doubled by 2050 (UNPD 2009). UN reports also predicted the current population of
7.3 billion may reach to 9.3 billion with continuous growth in 2050. Similarly, food
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demand may be doubled by 2030 in consequence of the increased population. Not
only higher demand of the larger population for food but also its impact in the food
supply, access, land fragmentation and other associated areas pointed out it as the
main culprit for current food crisis (McCarthy et al. 2018).

4.2.2 Rapid Urbanisation

Researchers addressed the phenomenon of how rapid urbanisation becomes a signif-
icant cause of food insecurity. Urbanisation the “real people bomb” is an open event
of urban dimensions of development, is now getting worldwide concern as half of
the world’s population residing in urban areas. Global urban population in 2014 is
53.6% of the total human population which is projected to become 67.2% by 2050
(UN 2014). Competition for land between agricultural use and urban settlement due
to process of urbanisation, shifting food habit to grain-based to animal food and
processed foodstuff is increasing day-by-day (Popkin and Nielsen 2003) and less
buying capacity of major slum dwellers to meet the daily need of the food for all
family members- all these affect the food access, supply and stability thereby
resulting in food insecurity (Szabo 2016).

4.2.3 Increase in Dietary Demand

There is a projection of an increase in food demand lifted to 50% by 2030 and 110%
by 2050 for rapid population expansion, urban development, and improved quality
of life in most parts of the world. Tilman et al. (2011) in a study used income-
dependent dietary choices and estimated that global demand for crop calories and
crop protein will increase by 100% =+ 11% and 110% =+ 7% from 2005 to 2050,
respectively. As the world experiences exponential demographic change, the
demand for dairy products is expected to increase by up to 70% between 2000 and
2050 (Maggio et al. 2015) and for meat product, increase in demand (kg per person
per year) will be 40% and 69% in higher and lower income countries between 2015
and 2050 (McCarthy et al. 2018), respectively.

4.2.4 Depleting Natural Resource

To meet up the need of enormous food and other goods for the ever-increasing
population, the only base or prime requirements are land, water, minerals and energy
which are considered mostly as finite and as depleting resources (Banerjee et al.
2020; Raj et al. 2020; Jhariya et al. 2019a, b). The whole world is experiencing loss
of 20 million ha every year mostly from water and wind erosion, sand encroachment,
salinisation, compaction, organic matter decline, beside urbanisation and industrial
set up (Maggio et al. 2015; Zdruli et al. 2007). Secondly, if we look upon ground-
water, another crucial natural resource is also depleting each day for over-drafting. It
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was also estimated that by 2025 potentially 180 million people would be affected by
water problems (UNEP 2009). It is further a matter of grave concern in many
Mediterranean countries where water balance will be predicted to worsen for
demographic  pressures, together with the economic advancement of
non-agricultural sectors (Lacirignola et al. 2014; Meena et al. 2020b). Intensive
agriculture in the limited land is mostly dependent on the massive application of
fertilisers which are mostly relied upon either directly or indirectly in their produc-
tion on renewable fossil fuel utilisation (Holden et al. 2018). Another matter of
concern is that pollution from urbanisation, industrialisation, mining and related
activities that further a cause of soil and water quality reduction can undercut both
agricultural productivity and the safety of the food produced (Godfray and Garnett
2014).

4.2.5 Climate and Ecological Change

Erratic change in climatic parameters, i.e. so-called climate change is possibly the
major environmental challenge in our time considered to be resultant of human
activities through fossil fuel burning, deforestation and other practices that raise the
concentration of atmospheric GHGs (Godfray and Garnett 2014). The report fore-
casted by IPCC, in their third assessment, says that earth’s surface temperature will
rise by 1.4 °C to 5.8 °C by the end of 2100. Not only temperature rise but erratic
rainfall and other uncertainties of weather affect all together with the global
ecosystems, water resources, food and health (Gornall et al. 2010). This impact is
most worsen in the developed countries (like-Bangladesh, the Democratic Republic
of the Congo, Ethiopia, India, Indonesia and Pakistan) where still rain-fed agricul-
ture is considered to be the key strategy for maintaining the livelihood of millions of
people (United Nations 2010). Though there is controversy exist in the impact of
climate change in agricultural crop production, i.e. either it is good or bad. However,
the majority of the scientist reflects in their research that finally, climate change will
depict a negative impact on the overall productivity of future agriculture. For
example, due to elevated temperature and sea-level, the production of winter rice
will decline by 3% and 5% by 2030 and 2050s, respectively (Hossain et al. 2014).
Climate change also responsible for changes in ecosystem as species shifting from
one to another region for habitat fragmentation, invasive species introduction creates
negative consequence in the stability of biodiversity. Livestock productivity will be
negatively affected both from heat stress and indirectly from reduced quality of their
food supply while the fishery sector will also be predicted to be a decline.

4.2.6 Infrastructural Shortage and its Inefficacy
Infrastructural shortage in terms of road, modern structure for crop production in a

changing climate, précised irrigation facilities, mechanisation in every step of
agriculture and lastly the storage structure to accommodate the considerable quantity
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of agriculture production are reported to pay attention immediately as a significant
concern of present day’s food insecurity (Selepe et al. 2014). The report says
approximately one-quarter of total global food is lost each year, from harvesting
and storage to wastage in the consumer’s kitchen. In Africa, out of total food waste
of a day (500 calories per person), only 5% are lost with the consumers while more
than three-quarters is lost in agricultural production and faulty storage. In South and
South-east Asia, more than 18% of all food is wasted than the amount projected to
sufficient for feeding an extra 234 million people. Though it is already established
that rural infrastructural development is the critical component of rural development
and crucial for sustainable reduction of food insecurity (Ahemachena and
Chakwizira 2013), but till there is negligence in implementing this aspect in policies
of most of the developed countries what further a matter of agony for the global food
security.

4.3 Footprints of Natural Resources

Footprints of natural resources are an emerging issue to talk about in present days
across the globe. From the time of evolution, human civilisation solemnly depends
on nature, particularly on natural resources. So, footprints of natural resources can be
easily described as an assessment by which we can measure the dependence of
humanity on natural resources (Wackernagel et al. 1997). It generally measures the
number of natural resources required to produce goods and services to support
different activities of the population. There are various types of footprints (ecologi-
cal footprints, C footprints, N footprints, water footprints, environmental footprints,
etc.) and these altogether helps in forecasting environmental condition overtime
(Verones et al. 2017).

4.3.1 Types of Footprints

Worldwide, various types of footprints were recognised in supporting numerous
activities of humanity. Different research articles also suggested that these set of
footprints (highlighted in Fig. 4.1) were increasing social pressure into the globe.
Here we are discussing some of the footprints of natural resources.

4.3.1.1 Environmental Footprints

Different components of the environment and their aggregative effect on the envi-
ronment are calculated as environmental footprints. The essential components of a
healthy environment are considered as air, water and ecosystem. Human-induced
pollution has to signal towards an environmental threat. Therefore, measuring the
environmental footprints and suggestive policy matters will help to build a proper
mitigating strategy for the future generation.
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Ecological Footprints
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Fig. 4.1 Footprints of natural resources

4.3.1.2 Carbon Footprint

C footprint can be demarcated as the amount of emission occurred through CO, and
other GHGs during a process or product cycle in a healthy ecology or environment.
Recent studies suggested that C footprint is one of the significant indicators amongst
the environmental protection indicators and the global warming context. CF is also
considered as the greatest threat of the twenty-first century for climate change and
enduring temperature hike in the atmosphere and oceans (Abbott 2008). Many
researchers assumed that the concentrations of GHGs are increased in the atmo-
sphere due to deforestation and changes in land-use practices, burning of soils, etc.
Some GHGs, i.e., CO,, CH4, N,O, hydro-chlorofluorocarbons (HCFCs) and ozone
(O3) were identified as a significant source for creating atmospheric effluence (World
Meteorological Organization 2014). It is calculated that CO; is the essential human-
induced GHG emitter among other gasses and contributing a share of 63% in total
GHG emission into the atmosphere (World Meteorological Organization 2014).

It is predicted that the atmospheric temperature also breaks the increasing record
in the coming 100 years (Staudt et al. 2008). This warming is also signalling towards
drastic changes in sea levels, different ecosystems, glaciers melting, the quantity of
precipitation, availability of freshwater and probable expansion of deserts on the
globe (Gleick et al. 2014). Some other consequences may include a super hike in
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maximum temperature, and prolonged colder days along with the devastating
change in the agricultural production system and infectious disease increase mani-
fold, etc. Deterioration in public health, unusual flood and drought along with more
intense hurricanes were some of the instances may also be included with global
warming and climate change in coming decades (Staudt et al. 2008).

4.3.1.3 Nitrogen Footprints
Nitrogen is an indispensable element for life and production of all crops (Smil 1997).
It is estimated in many types of research that N plays a significant role in crop
production and a large amount of food material for ever-increasing population across
the globe was supported by nitrogenous fertilisers (NFs) (Smil 2001). Besides, the
raising of field crops needs NFs up to a great extent, but only a small amount is
effectively utilised (Erisman et al. 2008). Human activities have been dramatically
changed the world’s N cycle. The amount of N within the environment has been
increased globally since the nineteenth century due to excessive use of NFs
(Galloway et al. 2008). It is also portrayed in research articles that worldwide, the
main source of active N production is agriculture and solely contributes an amount of
80% to the global environment (Union of Concerned Scientists 2009).
Approximately, it is estimated that 80% of the total N lost is within the food
production system and rest amount deployed before human consumption indeed can
be mentioned as human waste. N deposition in air, soil and water has some
destructive impact on human health and ecosystem also (Galloway et al. 2008).
Deposition of N also signalling threats on various aspects like biodiversity reduction,
reduction in the global N cycle, deteriorate quality water and considerable human
health hazards (nausea, breath shortness, blue baby disease and some extent cancer
(U.S. Environmental Protection Agency (EPA 2014; Vitousek et al. 1997). The
widespread report on eutrophication of river water and bays, smog formation, ozone
layer depletion in the upper atmosphere, formation of acid soils and global warming
has been portrayed in numerous research articles across the globe due to deposition
of atmospheric N (European Commission DG Environment News Alert Service
2012).

4.3.1.4 Energy Footprints

Worldwide, fundamental driving forces behind the huge energy demand for the
service of humanity are rapid growth in population and income. As a result,
increasing demand in energy supply coupled with the price hike of per unit energy
prices is amongst the vital issues in today’s world (Brandi et al. 2011). Besides, the
use of natural resources (oil, natural gasses and coal) will increase day-by-day to
provide uninterrupted energy supply for human welfare (British Petroleum 2013).
Consequently, in a little while, this indiscriminate undermining of natural resources
will exhaust the situation of energy supply from natural resources (Maggio and
Cacciola 2012). Therefore, calculating energy footprints has immense importance to
reduce the negative impact of C and N footprint.
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4.3.1.5 Ecological Footprints

The ecological footprint has been defined by Wackernagel and Rees (1998) that the
amount of biological capacity of the planet (earth) is to be needed for adequately
nurturing the human population (Ewing et al. 2010). Many researchers and
environmentalists suggested that the earth can carry a maximum population pressure
of four million people (Motavalli 1999). But, currently, the world population
exceeds the number of 7.2 million. It is estimated that the population will undoubt-
edly attain ten million, and after that get stabilised (Worldometers — Real Time
World Statistics 2014).

Some researchers are pointed out that humankind had already occupied a large
amount of bio-capacity with maintaining their sustenance in this globe during the
first decade of this century (Ewing et al. 2010). Nevertheless, human races need 1.5
Earths for providing support to continue their consumption (Galli et al. 2014) has
been discussed in different literatures about the threat related to global ecosystem
degradation due to excess population pressure. To address these growing problems
across the globe, ecological footprint is measured for assessing the demand of
humankind from nature (Kitzes et al. 2007).

Ecological footprint has emerged as the primary measurement technique to
identify the human needs from nature, but in recent, it is actively used as an indicator
to measure the environmental sustainability (Wackernagel and Rees 1998). The
ecological footprint generally measures the bioproductive space utilisation of
humankind more appropriately the amount of space every individual will get to
carry on its bioproductive activities (Ewing et al. 2010). The ecological footprint
(in global hectare) measures demand human consumption places on the biosphere
and it is actually depend on population and consumption level of the respective
countries (Fig. 4.2).

The extent of ecological footprint is directly correlated with the C and N footprint.
Globally various anthropogenic activities (agriculture, food processing, etc.) are
highly associated C and N footprints, thus efficient management of C and N
footprints can significantly reduce the global ecological footprint.

4.3.1.6 Water Footprints

The water footprint is measured to categorise the amount of freshwater availability
on the earth surface as well as in groundwater. The quality and quantity of freshwater
are deteriorating due to groundwater contamination, growth of population, hike in
resource consumption and most important the climate change issues. Over the next
decade, many research agencies estimated that two-thirds of the world’s population
would be suffering from chronic water crisis due to water pollution (Conserve
Energy Future 2014). Therefore, evaluation of water footprints and strategies to
minimise the pollution are the main priorities for sustainability. The reduction of
water footprint up to a sustainable level can be feasible with a change in consump-
tion patterns of the end-users and consumers (Ercin and Hoekstra 2014). Water is the
most important input for any types of agricultural and food processing activities—
from seed sowing to harvesting and processing of harvests to consumption. All these
activities directly associated with C and N footprint and emissions of GHGs. Rice
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Fig. 4.2 Global ecological footprints by countries (in global hectare) (Data source: Ewing et al.
2010)

and wheat are the most important food grain crops for many countries—especially
South Asian countries. This RWCS is the major contributor of GHGs for the
agricultural sector with the highest water consumption (Prasad 2005). The global
total water footprint for rice and wheat system was presented in Fig. 4.3. The
lessening of water footprint not only reduces the C and N footprints but also helps
to save the precious water resource.

44  Ecosystem Services Role in Footprints

Ecosystem services can be defined as the gifts and services generally the mankind
obtained from nature, more specifically from a properly working ecosystem (MEA
2005). Such ecosystems generally include pasture ecosystem, aquatic ecosystem,
agroecosystem, freshwater ecosystem, etc. These all afterwards contribute to food
ecosystems. Ecosystem services can be separated into four distinct categories,
i.e. provisioning services, regulating services, educational services and support
services. First three services directly affect the people; supporting services are
needed to maintain other services (Notte et al. 2017).

On the other hand, footprints of natural resources can be easily defined as the
amount of healthy environment is required to produce the goods and services for
supporting the lifestyle of humankind as well as organisms on earth (Belton et al.
2009). Footprints of natural resources generally described as an assessment by which
we can measure the dependence of humankind on natural resources (Wackernagel
et al. 1997). There are various types of footprints, i.e. ecological footprints, C
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Fig.4.3 The global total water footprint (mm year_l) by the countries for the production of (a) rice
and (b) wheat (Data source: Mekonnen and Hoekstra 2011)

footprints, N footprints, water footprints, environmental footprints, etc. These alto-
gether help in forecasting environmental condition overtime or more specifically, the
deployment and restoration of natural resource base over time (Verones et al. 2017).
In-depth, ecological footprints go through the dimension of activities like area for
biologically productive land and the freshwater requirement for producing of con-
sumable goods coupled with the assimilation of generated wastes for calculating the
impact on human (Rubin et al. 2002). Environmental components, along with
healthy ecology, had been serving humanity since its evolution (Dick et al. 2011).
Human activities like biological production, production of goods and services,
luxuries in lifestyle maintained through using of different ecosystem services across
the globe. Besides, the overexploitation of these ecosystem services tends to limit
these natural resources for human welfare (Veach et al. 2017). It is reported from
different articles that the extinction rates of these limited resources and biodiversity
proneness across the globe decrease many folds due to indiscriminate undermining
and unscrupulous utilisation (Pimm et al. 2014). This over-exploitation of ecosystem
services drove some negative impacts more especially footprints to the environment
(Brown et al. 2013) and many of instances we can easily observe from Fig. 4.4.
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Fig. 4.4 Footprints of natural resources and ecosystem services

4.4.1 Footprints of Agricultural Practices on Ecosystem Services

It is estimated from different studies that the world population will grow four times
in the twentieth century and projected over nine billion from present statistics of
seven billion people by 2050. However, already a vast population in African and
south-east Asian countries are still suffering from malnutrition and hunger
(Kanianska 2016). Besides, agricultural ecosystem covers nearly 40% of global
surface area and covers the food demand for an ever-increasing population. Growth
in human population coupled with boosting food grain production necessitates in
altering wild land to agriculture (Kanianska 2016). Last 100 years, there are several
evidences in many research articles which pointed out the land conversion and
resource depletion due to massive agricultural activities across the globe (Slaughter
2012). Besides, human influence in case of land alteration and natural resource
utilisation is accelerating day-by-day to meet up the food demand of an ever-
increasing population (Alonso-Pérez et al. 2003). This increasing intensity on
agriculture not only generates pressure on land resources but also producing a list
of negative impact on the environment (Kanianska 2016). These negative impacts
due to ecosystem services in agriculture termed as footprints in a single word.
Summation of these undersized factors altogether makes agriculture a prioritised
sector in terms of environmental policymaking.

In developing countries, a high proportion of agricultural works found in rural
areas. More than 3 billion people across the globe, serving agriculture as their
primary occupation, and 2.5 billion among them are maintaining their livelihood
status from agriculture. Last 3 to 4 decades of the twentieth century, intensification in
agriculture has been seen across the globe (Tilman et al. 2009). Uses of NFs coupled
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with high-yielding varieties were used indiscriminately to boosting up the produc-
tion. Unscientific practices in livestock rearing also reported from different article
suggested that the intensification in agriculture and livestock rearing is connected
with an escalating discharge of greenhouse gasses (CO,, CH4, N,O and ammonia)
on the environment due to improper management in these sectors (Kanianska 2016;
Paustian et al. 2001). It is accounted that agriculture contributes about 58% and 47%
of the total emission of N,O and CHy, respectively. Statistics on GHG emission from
2000 to 2010 reveals that the emission from agriculture was also increasing in the
current scenario. It is also expected that annual GHG emission from agricultural
activities will be increasing in the coming days due to the growing demand for food
production (Smith et al. 2014). However, newer promising technologies and
improved practices may reduce the amount of emission from farming venture and
livestock rearing also (Kanianska 2016).

Soil contamination is one of the major problems along with soil erosion in
agriculture. Substances like cadmium, mineral phosphate fertilisers, heavy metals
or pesticide components when applied into the soil, it gets contaminated. Soil
erosion is also a major problem, mostly created by man and every year, an amount
of ten million ha of agricultural land has been lost due to soil erosion (EEA J 2012).
Since the last five decades, compaction of agricultural soils due to inappropriate
management strategy has been found as a serious issue in environmental degradation
(Pimentel and Burgess 2013). Overuse of agricultural machinery increase the crop-
ping intensity, and as a result short duration crops are generally grown and inappro-
priate soil management is some of the instances (Hamza and Anderson 2005).

It is portrayed in different literatures that agricultural activities are one of the
main reasons behind water pollution. A high amount of nitrate and phosphate
fertilisers drained in streams and lakes, rivers and increase pollution level in these
natural water tanks. Nitrate is the most common chemical contaminant that can be
found in the world’s aquifers. Mean nitrate level in water bodies also increases up to
36% since 1990 also reported in many articles (Amore 2012). Contamination by
pesticides is widespread and in different forms. Surface water contaminated through
runoff from treated land or treated area, whereas groundwater contamination is
mainly through seepage loss and groundwater recharge (Mateo-Sagasta and Zadeh
2018).

Agriculture releases a huge amount of GHGs and emitted ammonia to the
atmosphere. It is also the largest user of freshwater resources across the globe.
Besides, intensifying agricultural practices accelerating land degradation rates, soil
and water deterioration as well as too some extent lends a hand for climate change.
The site-specific negative impact on the environment has been arisen but also has an
impact at local to global levels. Changes in the traditional agricultural system,
conservation agriculture and modification in agricultural activities have an impact
on climate change, C sequestration and losses of biodiversity proneness. From
ancient times, humanity depends on agriculture which has an immense impact on
natural systems and ecosystem services also.
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4.5 Carbon and Nitrogen Footprints in Agricultural Systems

The total emission of greenhouse gasses (GHGs) has increased many folds in the last
three decades. GHG emission from the agricultural sector is nearly one-fourth of
total GHG emission globally which largely depends on several factors (Fig. 4.5).
Change in land use policy, modernisation in agricultural practices, mechanisation of
agricultural operation are some of the instances to be incorporated (IPCC 2014a, b).
Since 1990 to 2014, Food and Agriculture Organization has estimated that the
increase in global population by 36% followed by expansion in agricultural land
42.5% and 1.1% hike in GHG emission due to agriculture, forestry and increase in
land use under global scenario (FAO 2015). Nevertheless, in the case of South-East
Asian countries, particularly in India population has increased by 45.8% along with
50.8% increase in agricultural land and 11.8% scramble jump in GHG emission
(FAO 2015). Further detailed information regarding GHG emission from agriculture
sector portrayed that only Asian countries contribute 44% of total GHG emission
from agriculture after that America, Africa, Europe and Oceania take place (FAO
2014).

4.5.1 Total Energy

Total energy consumed in farming is the summation of numerous works, i.e.,
planting, cultivation of lands, intercultural operation, fertiliser application,
harvesting, etc. It is reported from a research investigation on sunflower carried
out in Iran that most of the renewable energy consumed (79.03%) in agricultural
production undergoes within the use of diesel, pesticides, fertilisers, electricity and
machinery. Rest of the part (20.97%) used as human labour, planting of seeds and
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Fig. 4.5 Carbon and nitrogen footprint from the agricultural sector
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irrigation purpose (Yousefi et al. 2017). In the year 2010, it is calculated that an
amount of 785 million tons of CO, was emitted from agricultural production system
through an abrupt use of fossil fuel and its transportation (FAO 2014). Different
studies also suggested that in semi-arid areas the contribution of input energies only
8% with a comparable statistics of 82% from other agricultural inputs such as
pesticides and fertilisers sharing an amount of 9% and 82%, respectively
(Devakumar et al. 2018). Another study in Australia estimated GHG emission in
cotton cultivation that most of the emission takes place during on-farm processes
(48.4%), after that post-farm processes, i.e. cotton seed drying, ginning and packag-
ing contribute 26.2% emission of GHG. Rest 25.3% occurs during pre-farm pro-
cesses like use of inputs for farming (Hedayati et al. 2019).

4.5.2 Machinery

World population is increasing at an exponential rate and to feed this ever-increasing
population, boosting food production is a necessity (FAO 2015). Besides, shrinkage
in agricultural land evokes a rising demand for farm machinery in farming operations
(FAO 2015). The energy supplied to drive the machinery for crop production to
harvesting is in the form of fossil fuel, and different studies have suggested that these
fossil fuels in turns contributed to GHG emission and increase the level of C
footprint from agriculture (Yousefi et al. 2017). C footprint is estimated in cotton
production suggested that up to 7% of the total emission in agriculture takes place
from the use of farm machinery (Hedayati et al. 2019).

4.5.3 Diesel

Diesel is used as fuel purpose before, during and after farming activities and
considering as a great source of GHG emission. Diesel consumption in farming
venture contributes up to 12.24% C footprint among other activities related to
farming (Yousefi et al. 2017).

4.5.4 Chemicals

Application of chemical fertilisers in agriculture contributes an amount of 13% of
total agricultural GHG emission (FAO 2014). In a research work carried out in India,
it was reported that the N fertilisers contributed almost 89% of total C footprint but
the share of potassium (2%) and phosphorus (4%) in the total C footprint. Contribu-
tion of pesticide in C footprint is calculated as near about 2% (Sah and Devakumar
2018).
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4.5.5 Crops

Crop wise nutrient management strategies had an inconsistent effect on C footprint
in different crop species. It is reported in many research articles that rice is one of the
major input-intensive crops. Therefore, GHG emission from rice field is reported as
higher than other crops (Rao et al. 2019). C footprint of oilseed and commercial
crops (30% and 29%, respectively) in comparison with legumes and cereals (16%
and 25%, respectively) is also reported as much higher (Devakumar et al. 2018).
Crops have lower water availability and lowest C footprint. Millet is one of the
examples of the lowest C footprint due to the lower energy requirement (Rao et al.
2019).

4.5.6 Crop Residue Decomposition

Rice-wheat cropping system has produced the largest amount of crop residues
among all crops produced in the agricultural production scenario. It is estimated
that this RWCS shared one-fourth amount of total residue produced in the