®

Check for
updates

Rajeev Ranjan, Dinesh Kumar, R. S. Yadav, Monalisha Pramanik,

Mukesh K. Meena, and Nishant K. Sinha

Abstract

Climate change is expected to intensify existing problems and create new
combinations of risks, particularly in India. The situation is made worst due to
factors such as widespread poverty, malnutrition, overdependence on rainfed
agriculture, inequitable land distribution, limited access to capital and technol-
ogy, and long-term change in weather. By lessening the severity of key damages
to the agricultural sector, the adoption of conservation agriculture (CA) is the key
sustainable measure. CA is an approach to farming that seeks to increase food
security, alleviate poverty, conserve biodiversity, and safeguard ecosystem
services. CA practices can also contribute to making agricultural systems more
resilient to climate change. In many cases, CA has been proven to reduce farming
systems’ greenhouse gas (GHG) emissions and enhance their role as carbon
(C) sinks. CA systems influence several ecosystem services in various types of
environments while improving agricultural sustainability and soil health through
climate change mitigation and biodiversity conservation. The increasing temper-
ature and climate change have warned agriculture production and threatened the
food security with variable rainfall and other abnormal climatic conditions.
Extreme weather conditions such as irregular rainfall amount and distribution,
droughts, floods, etc. are likely to continue to increase with serious impacts on
agricultural productivity in the future. At the same time, CA could be an effective
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adaptation option under these situations as it protects natural biodiversity,
strengthening the ability of the agroecosystem to respond to these stresses,
minimizing environmental pollution, reducing the incidence of insect pests,
diseases, and weed problems, securing food supply opportunities, and also
providing producers with alternative means of generating income.
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22.1 Introduction

Conservation agriculture (CA) is a resource-saving farming production system to
increase crop production and attain high productivity while sustaining the natural
resources with the incorporation of three related principles, besides other good crop
production principles and practices of pest management and plant nutrition. It is a
process of environment protection, mitigating and adapting climate change, and
sustainable land and agriculture management (Kassam 2019; FAO 2020). FAO
describes conservation agriculture (CA) as a resource-saving agricultural production
concept based on enhancing the above and below the ground biological and natural
and processes. Minimum tillage and soil disturbance, permanent soil cover with crop
residues and live mulches, and crop rotation and intercropping are the three key
principles of the CA system (FAO 2020). In recent times, CA is becoming increas-
ingly popular due to the compound benefits it delivers like enhanced production
efficiency, crop and soil productivity, protection of soil from erosion, and climate
change mitigation (Busari et al. 2015; Ngoc et al. 2018); enhances infiltration and
increases soil water content (Kassam et al. 2009; Blanco-Canqui and Ruis 2018;
Zhang and Han 2019); and prevents the growth and infestation of predaceous
nematodes while increasing and fastening the multiplication of all soil micro- and
macroorganisms (Henneron et al. 2015).

CA systems influence several ecosystem services in various types of
environments while improving agricultural sustainability and soil health through
climate change mitigation and biodiversity conservation (Ghosh et al. 2019). CA
system is also reported to reduce blast disease in rice (Lakhran et al. 2017). Ella et al.
(2016) reported that besides increasing soil organic carbon (SOC), CA systems also
increased residual water content in upland crop production systems in the
Philippines. CA can act as a strategy to reduce GHG emissions and to mitigate
climate change. The different CA practices introduce the changes in C dynamics of
soils and lead to increase in soil carbon status. In CA practice, the tillage operations
are reduced extremely or completely abandoned, which slows the process of organic
matter mineralization in soil (Sommer et al. 2011; Alvaro-Fuentes et al. 2012;
Almagro and Martinez-Mena 2014). Also reduced or no-tillage operations are
energy-saving; hence, they save energy, fuel, and time and reduce GHG emission
(West and Marland 2002; Ogle et al. 2019).
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22,2 Climate Change, Agriculture, and Conservation
Agriculture

According to the United Nations Framework Convention on Climate Change
(UNFCCC), climate change is the occurrences of several alterations or changes in
the present climate witnessed over comparable periods attributed to direct or indirect
human activities leading to the altered composition of the earth atmosphere and can
be connected to the natural discrepancy of the climatic parameters (Gonzalez-
Sanchez et al. 2017). The earth’s average temperature has been witnessed an increase
of 1.3 °C in the last 57 years, while the average earth’s surface temperature in
Southern Asia and India has marked an increase of 1.2 and 1.1 °C, respectively
(FAOSTAT 2020, Fig. 22.1a). By the end of the twenty-first century, the tempera-
ture in India is likely to increase by 1-5 °C (IPCC 2007; Intergovernmental Panel on
Climate Change 2014; Basha et al. 2017; Joshi et al. 2018). The increasing tempera-
ture and climate change have warned agriculture production and threatened food
security with variable rainfall and other abnormal climatic conditions. Extreme
weather conditions such as irregular rainfall, droughts, floods, sharp changes in
maximum and minimum temperatures, etc. are likely to continue to increase with
serious impacts on agricultural productivity. Countries like India are more vulnera-
ble to the effects of climate change. Climate change may affect the distribution of
plant species (Sharma et al. 2010) and may also increase the incidence of pests and
diseases (Harrington et al. 2001; Samways 2005; Diffenbaugh et al. 2008; Bale and
Hayward 2010; Danielle 2018). The changing climate scenarios may have some
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Fig. 22.1 Change in the average temperature of the world, Southern Asia, and India (a); trend in
total emission (CO, eq.) of greenhouse gases (GHGs) by all sectors in the world (b); and India (c).
(Source: FAOSTAT 2020)
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positive effects on crops; for example, increase in CO, concentration may increase
the photosynthetic activity in plants as a result of CO, fertilization effect and leads to
higher productivity in some crops (Allen Jr et al. 1995; Singh 2007; Degener 2015;
Lone et al. 2017). Temperature rise may result in the introduction of new crops in
cold areas. However, the negative impacts of changing climatic scenarios are more
serious and threatening. These negative impacts may further increase the incidence
of weeds, pests, and diseases, thermal stress in plants due to ambient temperature,
damage in vernalization, frequencies of droughts and floods, salinity and erosion
problems, etc. These negative impacts of climate change may pose a serious problem
in the agriculture production system with a decline in productivity under the arena of
the ever-increasing population (Mall et al. 2006; Gornall et al. 2010).

Lead by the several anthropogenic activities, a notable gain in the atmospheric
concentration of greenhouse gases (GHGs), viz., carbon dioxide (CO,), methane
(CHy), and nitrous oxide (N,O), has been witnessed during the last couple of
centuries. Carbon (C) is the source of origin of GHG emission, and these GHGs
are responsible for global warming (Ritchie and Roser 2020). In the last several years
(1990-2010), the total GHG emission (CO, eq. of CO,, CH,, and N,0) has noticed a
worldwide increase from 38 million gigagrams to 49 million gigagrams (Fig. 22.1b);
as far as the total GHG emission (CO, eq.) from India is concerned, it was 1.35
million gigagrams in 1990 and increased to 2.70 million gigagrams in 2010
(Fig. 22.1c), indicating a twofold increase within a period of 20 years (FAOSTAT
2020).

Among all the sectors responsible for GHG emission, the contribution of agricul-
ture is about 10% of total GHG emission (CO, eq.) worldwide, whereas it is 23% of
total GHG emission in India. The share of different sectors in total greenhouse gas
emission (CO, eq.) in the world (left) and India is depicted in Fig. 22.2. The energy
sector contributes nearly half of the total GHG emission. The global GHG emission
from the agriculture sector has increased from 2.75 million gigagrams in 1961 to
5.41 million gigagrams in 2017. In India, the GHG emission from the agriculture
sector was 0.34 million gigagrams in 1961, which has turned up to 0.63 million
gigagrams in 2017 (Fig. 22.3). In 1750, the concentration of CO,, CHy4, and N,O in
the atmosphere was 280 ppm, 715 ppb, and 270 ppb, respectively, which increased
to 405 ppm, 1850 ppb, and 330 ppb, respectively, in 2017 (EEA 2019).

The two GHGs produced by the agriculture sector are CH, and N,O contributing
55% and 45% of emissions, respectively. With respect to global warming potential,
CO, and CH, are having a global warming potential (GWP) of 25 and 298 times that
of CO, (IPCC 2007). GWP is a measure of how much heat the emission of 1ton
greenhouse gas traps in the atmosphere over a given period of time (usually
100 years’ time slice), relative to the emissions of 1 ton CO,. Since agricultural
activities contribute 45% of N,O emission of total GHG emission and the GWP of
this gas is 298 times greater than CO,, a very small emission of this gas may have a
huge effect on climate change. Soil microbial processes like nitrification and deni-
trification are responsible for the transformation of elemental soil N to N,O and
large-scale emission of this GHG emission. Rice cultivation, due to its significant
contribution to methane (CH4) and N,O emission and global warming, appealed a
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Fig. 22.2 Share of different sectors in total greenhouse gas emission (CO, eq.) in the world (left)
and India (right). Energy includes energy, manufacturing and construction industries, and fugitive
emissions. RCIA residential, commercial, institutional, and AFF, IPPU industrial processes and
product use, LUS land use sources, /B international bunkers. Data is based on the year 2010.
(Source: FAOSTAT 2020)
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Fig. 22.3 Trends in total emission (CO, eq.) of GHGs from the agriculture sector in (a) the world
and (b) India. (Source: FAOSTAT 2020)

large interest (Jat et al. 2016). The methane emission from rice cultivation is due to
the presence of methanogenic bacteria in the methane anaerobic soils of flooded
paddy fields and the enteric fermentation [digestive systems of ruminant livestock
(e.g., cattle, sheep, goats, horses)] being two important sources of methane emission;
the other sources like manure decomposition and crop residue decomposition under
wet conditions also contribute in methane emission from the agriculture sector.
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Other sources of CH, from agriculture are from the decomposition of animal
manure, especially when stored in lagoons, and from crop residues when
decomposing under very wet conditions. In contrast, in the well-aerated soils with
high organic matter content, crop residues on the surface may absorb methane from
the atmosphere.

On one hand, agricultural activities are considered to be the cause of climate
change; on the other hand, they are also affected by it. However, if well managed, the
use of less productive factors in agriculture can reduce CO, emissions, and this can
mitigate the effects of climate change caused by agriculture (Gornall et al. 2010; Liu
et al. 2016). If we include the total anthropogenic emission from the agriculture
sector with the emission from deforestation due to agriculture area expansion, the
share of agriculture in global GHG emission may reach 30% (IPCC 2007). However,
agriculture can mitigate about 5.5-6 Gt of CO, eq. per year, and a large portion of
this potential can be covered through carbon sequestration. Conservation agriculture
(CA) can act as a strategy to reduce GHG emissions and to mitigate climate change.
The different CA practices introduce the changes in C dynamics of soils and lead to
increase in SOC status. In CA practice, the tillage operations are reduced extremely
or completely abandoned, which slows the process of mineralization of organic
matter in soil. Also, reduced or no-tillage operations are energy-saving; hence, they
save energy, fuel, and time and reduce GHG emission (Kassam et al. 2012;
Carbonell-Bojollo et al. 2019).

22.3 Conservation Agriculture and C Sequestration

Several CA practices comprising zero tillage has been reported to increase the soil
organic carbon (SOC) concentration in the upper soil layers; however, it is not
always true in all cases, but increase in SOC content is important for climate change
(Shi et al. 2012; Powlson et al. 2014; Williams et al. 2018). However, it is also not
true that management practices resulting in increased CO, concentration always lead
to climate change mitigation (Powlson et al. 2016). As GHG emission from agricul-
tural activities adds a large contribution to global emission, currently, carbon
(C) sequestration is considered as the most practical option with respect to reduction
in GHG emission and mitigation of climate change (Kimble et al. 2002).

The process of transfer of CO, from the atmosphere to the soil system in the form
of long-lasting pools of C is defined as carbon sequestration (Yu et al. 2015).
Organic and inorganic forms of C pools in soil are the most long-standing global
C sequestration forms. Soil organic C sequestration in the form of plant biomass
offers a counterbalanced approach for climate change mitigation and also important
for improving the physical, chemical, and biological soil conditions, enhancing soil
fertility, and cherishing soil biodiversity while checking soil erosion (Ngoc et al.
2018). Increased SOC levels improve and maintain the productivity and
sustainability of agricultural production systems, prevent surface runoff and check
soil erosion, and improve the overall soil quality as a result of increased microbial
activity (Lal 2015). Besides these benefits, it provides a number of significant
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off-farm paybacks to the public. These off-farm advantages may include enhanced
wildlife habitat and protection of water bodies from sediment runoff from cultivated
fields.

The amount of SOC added in the soil profile, enumerated as a function of C input
from crop residue addition, bulk density, and protection by aggregates relative to soil
particles fraction, SOC concentration, and depth, is considered as SOC accumula-
tion. Encouragement of C sequestration in soil is greatly considered as a potent
approach of the reduction of GHG emission and climate change mitigation
(Gonzalez-Sanchez et al. 2017). Several factors, viz., C input, tillage, crop rotation,
climate, and fertilization, greatly affect the rate of SOC sequestration. Han et al.
(2016) stated that increased C inputs are the most efficient way to uplift SOC
sequestration. In the coarse soil textures or soils with rapid decomposition rates of
OM with low inherent soil organic matter, the addition of C in soil surface is a typical
key of CA practices—even though it is sometimes likely to attain momentous SOC
sequestration with increased deepness in some soils (Fisher et al. 1994). As SOC
symbolizes the key C sink in terrestrial environments, C sequestration in soil by
increasing SOC is considered a unique approach for climate change mitigation
(Wang et al. 2015).

22.3.1 Zero Tillage for C Sequestration

Tillage systems which exclude regular soil disturbances and physical manipulation
of soil, maintain a permanent surface cover with crop residues, and adopt crop
rotations have been found to increase SOM level and carbon sequestration in various
types of soils under different climate regimes (Kassam et al. 2012). The systems of
conservation tillage are often claimed to improve SOC stocks, increase soil C
sequestration, and mitigate the GHG emission related to agricultural operations.
Scientific evidences suggested that zero-tillage practices may lead to increased C
sequestration and climate change mitigation as it slows down the decomposition rate
of organic C present in soil and helps in stabilizing in added organic C, but
frequently, the impact of SOC is considered as a matter of depth reallocation instead
of the net accumulation (Powlson et al. 2016).

In the Indo-Gangetic Plains (IGP), the rate of SOC increase under zero or reduced
tillage (0.3 Mg C ha™' year ') is consistent, while in Sub-Saharan Africa (SSA), the
rate of increase of SOC stock has a great variability between 0 and 1 Mg C
ha™' year™' (Mangalassery et al. 2015). This suggested that the adoption of zero
or reduced tillage may have some potential value as a strategy of climate change
mitigation approach; however, the impact may differ greatly within regions.
Powlson et al. (2014) opined that the extent of impact is less than as often claimed.
In Central Morocco, the no tillage (NT) was introduced in wheat-based systems for
two different soils (cambisols and vertisols), and after the 5 years’ study, the system
of NT was recorded to have 2% and 10% increase in SOC content, respectively, in
both soils, when compared to the conventional tillage (CT) (Moussadek et al. 2014).
In the rainfed lands of China, the transformation of conventional tillage into
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conservation tillage improved the carbon sink from 0.84 Mg C ha™' year ' to
2.69 Mg C ha™! year_1 (Lu et al. 2018). From all the examples given above, it is
clearly indicated that CA practices like zero tillage have in themselves some
potential of climate change mitigation by increasing the SOC stocks on a long-
term basis.

22.3.2 Cover Management for C Sequestration

Leaving crop residues on the soil surface to maintain a permanent soil cover is
another important principle of CA. However, in developing countries, crop residues
are used for livestock feed and for fuel purposes, so using the crop residues on
surface soil as a cover has the cost of fuel and livestock feed. Plants absorb CO, from
the atmosphere, and through the photosynthesis process, it is stored in plant tissues
biomass, and on the decomposition, the stored C is returned to the soil as soil C pool.
This is the principle process of transferring C from the atmosphere to the soil by
photosynthesis (Kell 2011).

In general agreement, cover crops have the potential to sequester C, but the
magnitude is still debated. The magnitude of C sequestration potential of cover
crops may differ with plant species, climate, soil type, and management practices. It
is estimated that cover crops can sequester 0.22 t acre' year ' of C in cultivated
soils (Ruis and Blanco-Canqui 2017). Besides having several benefits such as the
ability to reduce erosion, capacity to fix atmospheric nitrogen, and improving soil
health, in recent time, cover crops are gaining importance with increase in adoption
coordinated benefits with the alertness of climate change as the adaption and
mitigation strategy, which is an additional yet important advantage of cover crops
but not listed under traditional benefits from cover crops (Kaye and Quemada 2017).
Several models and meta-analysis studies established the fact that while acting as a
cover to the soil surface, cover crops enhance C sequestration with significant
variability across sites; beneficial impacts of cover crops increase with crop rotation,
zero tillage, and optimum use of N inputs (McDaniel et al. 2014). Carbon sequestra-
tion by cover crops gets influenced by reduced rates of soil erosion with dependency
on decomposition balance.

Another way to maintain permanent soil cover under the CA system is the
retention of crop residues on the surface soil. When these residues were applied
alone, the increase in SOC was very small (0.2 Mg C ha~' year™ '), but when residue
retention was combined with zero tillage, the increase in SOC was to 0.45 Mg C
ha™' year™'. Similarly, in temperate regions, the effect of cereal straw incorporation
for 25 years continuously was found nonsignificant indicating the importance of
climatic features for residue decomposition and SOC accumulation for surface
application of residues than for incorporated (Powlson et al. 2016). It is expected
that in tropical regions, the rates of SOC accumulation are lower due to the faster
decomposition of organic matter under high temperatures (Krishna and Mohan
2017). Even if the SOC buildup under residue retention or incorporation is smaller,
constituting a very limited climate mitigation potential, it provides a genuine climate



22 Conservation Agriculture for Carbon Sequestration and Mitigation of. .. 441

change mitigation over the practice of residues burning after the harvest of rice and
wheat in many parts of India, where the carbon present in residues emitted back into
the atmosphere during the burning (Singh and Sidhu 2014; Bhuvaneshwari et al.
2019).

22.3.3 Crop Diversification and Carbon Sequestration

One aspect of CA which has genuine potential for climate change mitigation and C
sequestration but often overlooked is crop diversification. Besides increasing soil
organic C pools, crop diversification can benefit farmers with the monetary value of
additional crops (Powlson et al. 2016). Crops which profuse growth to cover the soil
surface mimic the natural vegetative conditions and produce the comparable SOC
pools (Sa and Lal 2009). The continuous mass and energy flow provided by the
crops in a diversified crop system stimulates the soil biodiversity and changes in
SOC pools.

In CA systems, certain crop diversification strategies lead to increased C seques-
tration through the higher rates of photosynthesis. Increased rates of C sequestration
were reported when legumes were intercropped between the rows of cereals
(Thierfelder et al. 2013) or when an extra crop was incorporated between the period
of two crops where the field otherwise would be fallow (Ghosh et al. 2012).
Replacement of one of the crops in crop systems with others may also increase C
inputs in soil. The amount of increased C inputs may depend on total biomass, the
proportion of above- and belowground biomass produced by the replacement crop,
and the rate of decomposition of the replacement crop as it is affected by the
composition of the replacement crop. Powlson et al. (2016) reviewed that the SOC
accumulation rates under CA-based crop diversification were to the tune of 0.5 Mg C
ha~! year ' in IGPs.

22.4 Conservation Agriculture for Climate Change Mitigation

CA is an approach to farming that seeks to increase food security, alleviate poverty,
conserve biodiversity, and safeguard ecosystem services. CA practices can also
contribute to making agricultural systems more resilient to climate change and
weather aberration. In many cases, CA has been proven to reduce farming systems’
greenhouse gas (GHG) emissions and enhance their role as C sinks.

22.4.1 Zero Tillage

Tillage practices contribute to mitigation and adaptation strategies to climate change
in different ways. Conventional tillage (CT) is known for stimulating the minerali-
zation process of SOC, using energy for operations, and creating soil erosion
problems and hardpans (Rusu 2014). CT practices that consist of reduced and zero
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or no tillage have the potential to reverse these negative effects, but sometimes these
practices may also be associated with reduced yields. Different agriculture practices
contribute to GHG emission through the alteration of the soil microenvironment. For
instance, tillage operations break down the soil aggregates, which leads to a rapid
SOM decomposition and limits C and N concentration (Alvaro-Fuentes et al. 2008).
In contrast, no tillage enhances the soil macroaggregate stability leading to reduced
heterotrophic respiration and depresses CO, emission. In maize monoculture, the
reduced soil disturbance added with residue retention was associated with the
increased C pools in macroaggregates in a surface soil layer and declined CO,
emission compared over CT with no surface residue retention (Fuentes et al. 2012).

Shallower depth tillage with lower intensity compared to the conventional
plowing in combination with crop rotation, weeding, and green manuring in an
organic farming system is referred to as organic reduced tillage systems. In a study
on organic reduced tillage system following 13 years, effects of system were of
minor importance in relation to N,O and CH,4 emissions when compared to plowing
in slurry fertilized plots, and after single tillage, the N,O fluxes in the reduced system
were higher. Further, with slight effects on CH, uptake, fertilization with manure
compost increased N,O emission compared to fertilization with slurry indicating the
importance of the combination of reduced tillage (RT) and manure application in
climate change mitigation compared to the traditional plowing system (Krauss et al.
2017).

Reduction in CH,4 oxidation with tillage was assumed due to the disturbances in
the methanotrophic microbes, alteration in gas diffusion, or damage to methane
forming microbes due to soil structure disruption as a result of tillage. In conflict,
some studies found that CH, uptake may increase under no-tillage (NT) treatment as
NT improves soil structure, which may be a cause to improve oxygen and CH, flow
between atmosphere and soil (Ussiri et al. 2009). Compared to the normal tillage
system, some studies reported comparable or even reduced CH,4 changes under RT
or NT systems (Omonode et al. 2007). Different tillage systems and their effect on
CH, uptake may have not been thoroughly assessed; however, several reports
advocated higher uptake with RT/NT management.

After the transfiguration from conventional tillage to reduced/no tillage, N,O
emission increased in the first 10 years and then decreased or may not vary generally
(van Kessel et al. 2013). Identifying the soil aeration as a factor, Rochette (2008)
claimed higher N,O emission in poorly aerated soils under NT compared to CT, but
the reverse was found in soils with good aeration. In some situations, NT may result
in increased N,O emission, but this case is not very common. In this regard,
evidences are lacking to draw strong conclusions. However, this is a vital issue as
a very small rise in N,O emission will counterbalance a considerable gain in SOC;
every one kg extra emitted N,O ha™' is responsible to counterbalance 0.13 Mg C
ha™!' sequestered (Grandy et al. 2006).

Under the rice-wheat crop system, two studies in almost similar conditions
showed contradictory results. Bhatia et al. (2010) reported a marginal increase in
N,O emission with zero tillage (ZT), while Pandey et al. (2012) reported decreased
N,O emission in ZT. In a study in China with the wheat-maize crop system under
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high rates of N fertilizer application, NT combined with straw retention resulted in
decreased N,O emission, but the yield was equal or increased with CT with no straw
retention (Huang et al. 2015). In a study in China with a wheat-maize system in an
environment similar to the IGP, there was a degree of helpful synergy between CA
practices and N,O emissions. In a situation with high rates of N fertilizer, a
combination of no-till and straw retention led to a decreased N,O emission but
equal or increased crop yields compared to CT with straw removed (Huang et al.
2015). By contrast, no N,O emission differences were detected between traditional
hand plowing and direct-seeded mulch-based system under an intercropped maize
soybean system in Madagascar (Chapuis-Lardy et al. 2009).

22.4.2 Permanent Soil Cover and GHG Emission

Besides tillage, crop residue retention on the soil surface can greatly influence the
CH, and N,O emission by altering surface soil properties such as moisture, porosity,
and temperature (Yao et al. 2009). Global annual production of crop residues has
extended around 4 billion metric tons. These residues can play a beneficial role in C
sequestration if retained on the soil surface. However, it is also possible that
beneficial effects of residue retention may be offset by increased emission of
N,0O. A meta-analysis by Chen et al. (2013) suggested that residue retention did
not help in the reduction of N,O emission. However, the residue impacts on N,O
emission were subjected to soil properties, especially soil moisture content and soil
texture.

In another study, Sapkota et al. (2015) could not trace detectable level of CH,
emission under zero-tillage rice crop both with and without residue retention due to
the arrested methanogenesis process under higher redox potential of soil. Wang et al.
(2016) found that the practice of removing cane debris from the soil surface reduced
N,O releases by 24-30%, representative of the promoting effects of trash removal on
N,O emissions. Due to the lack of synchronization between demand and supply,
more than 60% of applied nitrogen is lost, which in turn may lead to increased
cultivation cost, natural contamination, and reduced N use efficiency (Kumar et al.
2019). Nitrogen fertilization is considered responsible for 60% of nitrous oxide
(N,0O) anthropogenic emissions.

Cover crops are a good option for both soil and water nitrate concentrate
reduction, and in turn they are expected to reduce the mobility of N,O between
soil and the environment. The application of N inputs immediately after harvesting
of legume crop leads to high nitrification and denitrification rates, which raises N,O
losses; however, the magnitude of losses is depended on the crop type (Sainju 2017).
Kaye and Quemada (2017) assumed that cover crops do not have any effect on CHy
flux from soil. According to them, cover crops were not good enough for the
mitigation of GHG emission as the global widespread adoption of cover cropping
system is estimated to mitigate only 10% of GHG emissions from agriculture.
However, the mitigation potential of maintaining a cover by growing cover crops
is comparable to other practices such as zero tillage; it can be a beneficial
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management practice to stable the yield levels and minimize N losses under climate
change situations.

22.4.3 Crop Diversification

Introduction of new crops or cropping systems on a farm refers to crop diversifica-
tion. It is the practice of changing the existing cropping pattern with the addition of a
new crop. Crop diversification helps farmers to increase the income sources and the
variety of potential foods. Crop diversification also plays an important role in climate
risk management under resource-limited areas. Crop diversification is becoming
increasingly popular around the world because of the advantages it provides like
gain in production stability (Mhango et al. 2013), suppression of weeds and plant
diseases (Kutcher et al. 2013), increased monetary returns, enhanced ecosystem
productivity (Gan et al. 2015), and reduced C footprint (Yang et al. 2014). Due to
the possible impacts of climate change on agriculture production, consideration of
diversified cropping is more insistent.

A more viable tactics in crop diversification is the addition of grain legumes as
these crops have the ability to fix atmospheric nitrogen and reduce dependence on
synthetic N fertilizers and the higher rate of residue decomposition due to the narrow
C:N ratio. Besides increasing the soil N availability, the legume residues also
increase the pace of SOM decomposition known as the “priming effect” (Kuzyakov
2010). However, this priming effect may influence the N,O flux between soil and
atmosphere; hence, good synchrony between soil available N and applied N is
suggested to prevent N losses via leaching and denitrification process. Management
practices such as crop rotation with legumes and CA can alter the GHG emission
(Guardia et al. 2016). Many studies have reported legumes as an N,O mitigation
approach as legumes reduced the quantity of fertilizer N added. However, legumes
are also reported to produce N>O via N release from root exudates and crop residue
decomposition after crop harvest (Tellez-Rio et al. 2015).

Residue management practices and the soil and environmental condition influ-
ence the N,O flux resulting from legume crops in crop diversification. A high
variability of N,O fluxes (0.03-7.09 kg N;O-N ha~' year ') has been reported by
previous studies (Jensen et al. 2012). A study in China showed that the rice-rice-
potato system with straw mulching produced the highest CH, emission during both
early and late seasons of rice growing. When compared to the rice-rice system with
winter fallow, the total N,O emission was increased by 0.013 g m ™ in the rice-rice-
rapeseed system and 0.045 g m~2 in the rice-rice-potato system with straw mulching
indicating that crop diversification had no beneficial effect on reducing N,O emis-
sion when introduced with straw mulching (Tang et al. 2015). Weller et al. (2015)
reported that diversification from flooded crop systems to non-flooded crop systems
leads to changes in the pattern of N,O and CH, emissions. Flooded crop systems had
high CH,4 emissions, while upland crop systems had high N,O emissions; however,
the GWP of non-flooded crops was lower compared to flooded rice. Weller et al.
(2016) conveyed that N,O emission was increased by two- to threefold in diversified
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crop systems but the large reduction in CH, emission resulted in a significant
reduction in annual GWP compared to the traditional double-rice cropping system.

22.5 Conclusions

Conservation agriculture involves minimum soil disturbance, continuous ground
cover, and diversified crop rotations or mixtures. CA production systems have the
potential to improve soil quality if appropriate cropping systems are developed.
Sequestering organic C in soil, creating a nutrient-rich environment for the prolifer-
ation of plants, and allowing water to pass through and conserved are some critical
soil functions that can be enhanced with CA systems. Conservation tillage, increased
cropping system complexity, cover cropping, animal manure application, optimum
fertilization, and rotation of crops with pastures are effective strategies to enhance
SOC sequestration. CA has the potential to contribute to soil C sequestration and
reduced greenhouse gas emission. However, all circumstances are not perfect
always. CA practices can reasonably be regarded as contributing to climate change
adaptation and to sustainable intensification, whether or not they consistently deliver
increased crop yields in every season.

References

Allen LH Jr, Baker JT, Albrecht SL, Boote KJ, Pan D, Vu JCV (1995) Carbon dioxide and
temperature effects on rice. In: Peng S, Ingram KT, Neue HU, Ziska LH (eds) Climate change
and rice. Springer-Verlag, Berlin, Heidelberg, pp 256-277

Almagro M, Martinez-Mena M (2014) Litter decomposition rates of green manure as affected by
soil erosion, transport and deposition processes, and the implications for the soil carbon balance
of a rainfed olive grove under a dry Mediterranean climate. Agric Ecosyst Environ
196:167-177. https://doi.org/10.1016/j.agee.2014.06.027

Alvaro-Fuentes J, Arrde JL, Cantero-Martinez C, Lopez MV (2008) Aggregate breakdown during
tillage in a Mediterranean loamy soil. Soil Tillage Res 101:62-68

Alvaro-Fuentes J, Easter M, Paustian K (2012) Climate change effects on organic carbon storage in
agricultural soils of northeastern Spain. Agric Ecosyst Environ 155:87-94. https://doi.org/10.
1016/j.agee.2012.04.001

Bale JS, Hayward SAL (2010) Insect overwintering in a changing climate. J Exp Biol 213:980-994

Basha G, Kishore P, Ratnam MV et al (2017) Historical and projected surface temperature over
India during the 20th and 21st century. Sci Rep 7:2987. https://doi.org/10.1038/s41598-017-
02130-3

Bhatia A, Sasmal S, Jain N, Pathak H, Kumar R, Singh A (2010) Mitigating nitrous oxide emission
from soil under conventional and no-tillage in wheat using nitrification inhibitors. Agric Ecosyst
Environ 136:247-253

Bhuvaneshwari S, Hettiarachchi H, Meegoda JN (2019) Crop residue burning in India: policy
challenges and potential solutions. Int J Environ Res Public Health 16:832. https://doi.org/10.
3390/ijerph16050832

Blanco-Canqui H, Ruis SJ (2018) No-tillage and soil physical environment. Geoderma
326:164-200

Busari MA, Kukal SS, Kaur A, Bhatt R, Dulazi AA (2015) Conservation tillage impacts on soil,
crop and the environment. Int Soil Water Conserv Res 3(2):119-129


https://doi.org/10.1016/j.agee.2014.06.027
https://doi.org/10.1016/j.agee.2012.04.001
https://doi.org/10.1016/j.agee.2012.04.001
https://doi.org/10.1038/s41598-017-02130-3
https://doi.org/10.1038/s41598-017-02130-3
https://doi.org/10.3390/ijerph16050832
https://doi.org/10.3390/ijerph16050832

446 R. Ranjan et al.

Carbonell-Bojollo R, Veroz-Gonzalez O, Ordofiez-Fernandez R et al (2019) The Effect of conser-
vation agriculture and environmental factors on CO, emissions in a rainfed crop rotation
sustainability. MDPI, Open Access J 11:3955. https://doi.org/10.3390/sul 1143955

Chapuis-Lardy L, Metay A, Martinet M, Rabenarivo M, Toucet J, Douzet JM, Razafimbelo T,
Rabeharisoa L, Rakotoarisoa J (2009) Nitrous oxide fluxes from Malagasy agricultural soils.
Geoderma 148:421-427. https://doi.org/10.1016/j.geoderma.2008.11.015

Chen H, Li X, Hu F, Shi W (2013) Soil nitrous oxide emissions following crop residue addition: a
meta-analysis. Glob Chang Biol 19:2956-2964

Danielle G (2018) The effects of climate change on the pests and diseases of coffee crops in
Mesoamerica. J Climatol Weather Forecasting 6:239. https://doi.org/10.4172/2332-2594.
1000239

Degener JF (2015) Atmospheric CO, fertilization effects on biomass yields of 10 crops in northern
Germany. Front Environ Sci 2015:00048. https://doi.org/10.3389/fenvs.2015.00048

Diffenbaugh NS, Krupke CH, White MA, Alexander CE (2008) Global warming presents new
challenges for maize pest management. Env Res Letter 3:1-9

EEA (2019) Trends in atmospheric concentrations of CO, (ppm), CH, (ppb) and N,O (ppb) https://
www.eea.europa.eu/data-and-maps. Accessed 30 April 2020.

Ella VB, Reyes MR, Mercado A Jr, Ares A, Padre R (2016) Conservation agriculture increases soil
organic carbon and residual water content in upland crop production systems. Eur J Soil Sci
5:24-29

FAO (2020) The 3 principles of conservation agriculture http://www.fao.org/assets/infographics/
CA-principles-Infographic.pdf. Assessed 29 April 2020

FAOSTAT (2020) Data. http://www.fao.org/faostat/en/#home. Accessed 30 April 2020

Fisher MJ, Rao IM, Ayarza MA, Lascano CE, Sanz JI, Thomas RJ, Vera RR (1994) Carbon storage
by introduced deep-rooted grasses in the South American savannas. Nature 371:236-238

Fuentes M, Hidalgo C, Etchevers J, De Leén F, Guerrero A, Dendooven L, Verhulst N, Govaerts B
(2012) Conservation agriculture, increased organic carbon in the top-soil macroaggregates and
reduced soil CO, emissions. Plant Soil 355:183-197

Gan Y, Hamel C, O’Donovan JT, Cutforth H, Zentner RP, Campbell CA, Niu Y, Poppy L (2015)
Diversifying crop rotations with pulses enhances system productivity. Sci Rep 5:14625

Ghosh PK, Venkatesh MS, Hazra KK, Narendra K (2012) Long-term effect of pulses and nutrient
management on soil organic carbon dynamics and sustainability on an Inceptisol of Indo-
Gangetic Plains of India. Exp Agric 48:473-487

Ghosh S, Das TK, Sharma DK, Gupta K (2019) Potential of conservation agriculture for ecosystem
services. Indian J Agric Sci 89:1572-1579

Gonzalez-Sanchez EJ, Moreno-Garcia M, Kassam A, Holgado-Cabrera A, Trivifio-Tarradas P,
Carbonell- Bojollo R, Pisante M, Veroz-Gonzalez O, Basch G (2017) Conservation agriculture:
making climate change mitigation and adaptation real in Europe. ECAF, Brussels. http://www.
ecaf.org/inaction/news/item/60-a-major-new-research-study-in-favour-of-conservation-agricul
ture. Accessed 01 Nov 2019

Gornall J, Betts R, Burke E, Clark R, Camp J, Willett K, Wiltshire A (2010) Implications of climate
change for agricultural productivity in the early twenty-first century. Philos Trans R Soc Lond
Ser B Biol Sci 365:2973-2989. https://doi.org/10.1098/rstb.2010.0158

Grandy AS, Loecke TD, Parr S, Robertson GP (2006) Long-term trends in nitrous oxide emissions,
soil nitrogen, and crop yields of till and no-till cropping systems. J Environ Sci 35:1487-1495

Guardia G, Tellez-Rio A, Garcia-Marco S, Martin-Lammerding D, Tenorio JL, Ibafiez MA, Vallejo
A (2016) Effect of tillage and crop (cereal versus legume) on greenhouse gas emissions and
global warming potential in a non-irrigated Mediterranean field. Agric Ecosyst Environ
221:187-197

Han P, Zhang W, Wang G, Sun W, Huang Y (2016) Changes in soil organic carbon in croplands
subjected to fertilizer management: a global meta-analysis. Sci Rep 6:27199

Harrington R, Fleming R, Woiwod I (2001) Climate change impacts on insect management and
conservation in temperate regions: can they be predicted? Agric For Entomol 3:233-240


https://doi.org/10.3390/su11143955
https://doi.org/10.1016/j.geoderma.2008.11.015
https://doi.org/10.4172/2332-2594.1000239
https://doi.org/10.4172/2332-2594.1000239
https://doi.org/10.3389/fenvs.2015.00048
https://www.eea.europa.eu/data-and-maps
https://www.eea.europa.eu/data-and-maps
http://www.fao.org/assets/infographics/CA-principles-Infographic.pdf
http://www.fao.org/assets/infographics/CA-principles-Infographic.pdf
http://www.fao.org/faostat/en/#home
http://www.ecaf.org/inaction/news/item/60-a-major-new-research-study-in-favour-of-conservation-agriculture
http://www.ecaf.org/inaction/news/item/60-a-major-new-research-study-in-favour-of-conservation-agriculture
http://www.ecaf.org/inaction/news/item/60-a-major-new-research-study-in-favour-of-conservation-agriculture
https://doi.org/10.1098/rstb.2010.0158

22 Conservation Agriculture for Carbon Sequestration and Mitigation of. .. 447

Henneron L, Bernard L, Hedde M, Pelosi C, Villenave C, Chenu C, Bertrand M, Girardin C,
Blanchart E (2015) Fourteen years of evidence for positive effects of conservation agriculture
and organic farming on soil life. Agron Sustain Dev 35:169-181

Huang M, Liang T, Wang L (2015) Nitrous oxide emissions in a winter wheat-summer maize
double cropping system under different tillage and fertilizer management. Soil Use Manag
31:98-105. https://doi.org/10.1111/sum.12170

Intergovernmental Panel on Climate Change (2014) Climate change 2014—impacts, adaptation and
vulnerability: regional aspects

IPCC (2007) Intergovernmental panel on climate change (IPCC). Fourth Assessment Report:
Climate Change, Geneva

Jat ML, Dagar JC, Sapkota TB, Singh Y, Govaerts B, Ridaura SL, Saharawat YS, Sharma RK,
Tetarwal JP, Jat RK, Hobbs H, Stirling C (2016) Climate change and agriculture: adaptation,
strategies and mitigation opportunities for food security in South Asia and Latin America. Adv
Agron 137:127-235

Jensen ES, Peoples MB, Boddey RM, Gresshoff PM, Henrik HN, Alves BJR, Morrison MJ (2012)
Legumes for mitigation of climate change and the provision of feedstock for biofuels and
biorefineries. Agron Sustain Dev 32:329-364

Joshi R, Sambhav K, Singh SP (2018) Near surface temperature lapse rate for treeline environment
in western Himalaya and possible impacts on ecotone vegetation. J Trop Ecol 59:197-209

Kassam A (2019) Integrating conservation into agriculture. In: Farooq M, Pisante M (eds)
Innovations in sustainable agriculture. Springer, Cham. https://doi.org/10.1007/978-3-030-
23169-9_2

Kassam A, Friedrich T, Shaxson F, Pretty J (2009) The spread of Conservation Agriculture:
justification, sustainability and uptake. Int J Agric Sustain 7:292-320

Kassam A, Friedrich T, Derpsch R, Lahmar R, Mrabet R, Basch G, Gonzalez-Sanchez EJ, Serraj R
(2012) Conservation agriculture in the dry Mediterranean climate. Field Crop Res 132:7-17

Kaye JP, Quemada M (2017) Using cover crops to mitigate and adapt to climate change. A review.
Agron Sustain Dev 37:4

Kell DB (2011) Breeding crop plants with deep roots: their role in sustainable carbon, nutrient and
water sequestration. Ann Bot 108:407-418

Kimble JM, Heath LS, Birdsey RA, Lal R (2002) The potential of U.S. forest soils to sequester
carbon and mitigate the greenhouse effect. Lewis Publishers, Boca Raton, FL

Krauss M, Ruser R, Miiller T, Hansen S, Mider P, Gattinger A (2017) Agriculture, Ecosystems and
Environment Impact of reduced tillage on greenhouse gas emissions and soil carbon stocks in an
organic grass-clover ley—winter wheat cropping sequence. Agric Ecosyst Environ
239:324-333

Krishna MP, Mohan M (2017) Litter decomposition in forest ecosystems: a review. Energ Ecol
Environ 2:236-249. https://doi.org/10.1007/s40974-017-0064-9

Kumar D, Patel RA, Ramani VP (2019) Assessment of precision nitrogen management strategies in
terms of growth, yield and monetary efficiency of maize grown in Western India. J Plant Nutr
42(20):2844-2860

Kutcher HR, Brandt SA, Smith EG, Ulrich D, Malhi SS, Johnston AM (2013) Blackleg disease of
canola mitigated by resistant cultivars and four-year crop rotations in western Canada. Can J
Plant Pathol 35:209-221

Kuzyakov Y (2010) Priming effects: interactions between living and dead organic matter. Soil Biol
Biochem 42:1363-1371

Lakhran H, Kumar S, Bajiya R (2017) Crop diversification: an option for climate change resilience.
Trends Biosci 10:516-518

Lal R (2015) Sequestering carbon and increasing productivity by conservation agriculture. J Soil
Water Conserv 70:55A-62A

Liu C, Cutforth H, Chai Q, Gan Y (2016) Farming tactics to reduce the carbon footprint of crop
cultivation in semiarid areas. A review. Agron Sustain Dev 36:69. https://doi.org/10.1007/
$13593-016-0404-8


https://doi.org/10.1111/sum.12170
https://doi.org/10.1007/978-3-030-23169-9_2
https://doi.org/10.1007/978-3-030-23169-9_2
https://doi.org/10.1007/s40974-017-0064-9
https://doi.org/10.1007/s13593-016-0404-8
https://doi.org/10.1007/s13593-016-0404-8

448 R. Ranjan et al.

Lone BA, Qayoom S, Singh P et al (2017) Climate change and its impact on crop productivity. BrJ
Appl Sci Technol 21(5):1-15. https://doi.org/10.9734/BJAST/2017/34148

Lu X, Lu X, Liao Y (2018) Conservation tillage increases carbon sequestration of winter wheat-
summer maize farmland on Loess Plateau in China. PLoS One 13:1-16.e0199846

Mall RK, Singh R, Gupta A et al (2006) Impact of climate change on Indian agriculture: a review.
Clim Chang 78:445-478. https://doi.org/10.1007/s10584-005-9042-x

Mangalassery S, Sjogersten S, Sparkes DL, Mooney SL (2015) Examining the potential for climate
change mitigation from zero tillage. J Agric Sci 153:1151-1173

McDaniel M, Tiemann L, Grandy AS (2014) Does agricultural crop diversity enhance soil
microbial biomass and organic matter dynamics? A meta-analysis. Ecol Appl 24:560-570

Mhango WG, Snapp SS, Phiri GYK (2013) Opportunities and constraints to legume diversification
for sustainable maize production on smallholder farms in Malawi. Renew Agr Food Syst
28:234-244

Moussadek R, Mrabet R, Dahan R, Zouahri A, El MM, Van RE (2014) Tillage system affects soil
organic carbon storage and quality in Central Morocco. Appl Environ Soil Sci 2014:1-8. https:/
doi.org/10.1155/2014/654796

Ngoc K, Jha MK, Reyes MR, Jeong J, Doro L, Gassman PW, Boulakia S (2018) Evaluating carbon
sequestration for conservation agriculture and tillage systems in Cambodia using the EPIC
model. Agric Ecosyst Environ 251:37-47

Ogle SM, Alsaker C, Baldock J et al (2019) Climate and soil characteristics determine where No-till
management can store carbon in soils and mitigate greenhouse gas emissions. Sci Rep 9:11665.
https://doi.org/10.1038/s41598-019-47861-7

Omonode RA, Vyn TJ, Smith DR, Hegymegi P, Gal A (2007) Soil carbon dioxide and methane
fluxes from long-term tillage systems in continuous corn and corn-soybean rotations. Soil
Tillage Res 95:182-195

Pandey D, Agrawal M, Bohra JS (2012) Greenhouse gas emissions from rice crop with different
tillage permutations in rice-wheat system. Agric Ecosyst Environ 159:133-144

Powlson D, Stirling C, Jat M, Gerard BG, Palm CA, Sanchez PA, Cassman KG (2014) Limited
potential of no-till agriculture for climate change mitigation. Nat Clim Chang 4:678-683.
https://doi.org/10.1038/nclimate2292

Powlson DS, Stirling CM, Thierfelder C, White RP, Jat ML (2016) Does conservation agriculture
deliver climate change mitigation through soil carbon sequestration in tropical agro-
ecosystems? Agriculture. Ecosyst Environ 220:164—-174

Ritchie H, Roser M (2020) CO, and Greenhouse Gas Emissions. https://ourworldindata.org/co2-
and-other-greenhouse-gas-emissions. Accessed 30 April 2020

Rochette P (2008) No-till only increases N,O emissions in poorly-aerated soils. Soil Tillage Res
101:97-100

Ruis SJ, Blanco-Canqui H (2017) Cover crops could offset crop residue removal effects on soil
carbon and other properties: a review. Agron J 109:1785

Rusu T (2014) Energy efficiency and soil conservation in conventional, minimum tillage and
no-tillage. Int Soil Water Conserv Res 2:42-49

Sa JCM, Lal R (2009) Stratification ratio of soil organic matter pools as an indicator of carbon
sequestration in a tillage chronosequence on a Brazilian Oxisol. Soil Tillage Res 103:46-56

Sainju UM (2017) Determination of nitrogen balance in agroecosystems. MethodsX 4:199-208.
https://doi.org/10.1016/j.mex.2017.06.001

Samways M (2005) Insect diversity conservation. Cambridge University Press, Cambridge, p 342

Sapkota TB, Jat ML, Arya JP, Jat RK, Khatri-Chhetri A (2015) Climate change adaptation,
greenhouse gas mitigation and economic profitability of conservation agriculture: some
examples from cereal systems of Indo-Gangetic Plains. J Integr Agric 14:1524-1533

Sharma HC, Srivastava CP, Durairaj C, Gowda CLL (2010) Pest management in grain legumes and
climate change. In: Yadav SS, McNeil DL, Redden R, Patil SA (eds) Climate change and
management of cool season grain legume crops. Springer Science + Business Media, Dordrecht,
The Netherlands, pp 115-140


https://doi.org/10.9734/BJAST/2017/34148
https://doi.org/10.1007/s10584-005-9042-x
https://doi.org/10.1155/2014/654796
https://doi.org/10.1155/2014/654796
https://doi.org/10.1038/s41598-019-47861-7
https://doi.org/10.1038/nclimate2292
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
https://ourworldindata.org/co2-and-other-greenhouse-gas-emissions
https://doi.org/10.1016/j.mex.2017.06.001

22 Conservation Agriculture for Carbon Sequestration and Mitigation of. .. 449

Shi XH, Yang XM, Drury CF, Reynolds WD, McLaughlin NB, Zhang XP (2012) Impact of ridge
tillage on soil organic carbon and selected physical properties of a clay loam in southwestern
Ontario. Soil Tillage Res 120:1-7. https://doi.org/10.1016/j.still.2012.01.003

Singh KN (2007) Evaluation of CERES rice model under temperate conditions of Kashmir valley.
Cereal Res Commun 35:1723-1731

Singh Y, Sidhu HS (2014) Management of cereal crop residues for sustainable rice-wheat produc-
tion system in the Indo-Gangetic plains of India. Proc Indian Natn Sci Acad 80:95-114. https://
doi.org/10.16943/ptinsa/2014/v80i1/55089

Sommer R, Ryan J, Masri S, Singh M, Diekmann J (2011) Effect of shallow tillage, moldboard
plowing, straw management and compost addition on soil organic matter and nitrogen in a
dryland barley/wheat-vetch rotation. Soil Tillage Res 115:39-46. https://doi.org/10.1016/j.still.
2011.06.003

Tang H, Xiao X, Tang W, Wang K, Sun J, Li W, Yang G (2015) Effects of winter covering crop
residue incorporation on CH, and N,O emission from double-cropped paddy fields in southern
China. Environ Sci Pollut Res 16:12689-12698

Tellez-Rio A, Garcia-Marco S, Navas M, Lopez-Solanilla E, Tenorio JL, Vallejo A (2015) N,O and
CH, emissions from a fallow—wheat rotation with low N input in conservation and conventional
tillage under a Mediterranean agroecosystem. Sci Total Environ 508:85-94

Thierfelder C, Cheesman S, Rusinamhodzi L (2013) Benefits and challenges of crop rotations in
maize-based conservation agriculture (CA) cropping systems of southern Africa. Int J Agric
Sustain 11:108-124

Ussiri DAN, Lal R, Jarecki M (2009) Nitrous oxide and methane emissions from long-term tillage
under a continuous corn cropping system in Ohio. Soil Tillage Res 104:247-253

van Kessel C, Venterea R, Six J, Adviento-Borbe MA, Linquist B, van Groenigen KJ (2013)
Climate, duration, and N placement determine N,O emissions in reduced tillage systems: a
meta-analysis. Glob Chang Biol 19:33-44

Wang J, Wang X, Xu M, Feng G, Zhang W, Yang X, Huang S (2015) Contributions of wheat and
maize residues to soil organic carbon under long-term rotation in north China. Sci Rep 5:11409

Wang WIJ, Reeves SH, Salter B, Moody PW, Dalal RC (2016) Effects of urea formulations,
application rates and crop residue retention on N,O emissions from sugarcane fields in
Australia. Agric Ecosyst Environ 216:137-146

Weller S, Kraus D, Ayag KRP, Wassmann R, Alberto MCR, Butterbach-Bahl K, Kiese R (2015)
Methane and nitrous oxide emissions from rice and maize production in diversified rice
cropping systems. Nutr Cycl Agroecosyst 101:37-53. https://doi.org/10.1007/s10705-014-
9658-1

Weller S, Janz B, Jorg L, Kraus D, Racela HS, Wassmann R, Butterbach-Bahl K, Kiese R (2016)
Greenhouse gas emissions and global warming potential of traditional and diversified tropical
rice rotation systems. Glob Chang Biol 22:432—448. https://doi.org/10.1111/gcb.13099

West TO, Marland GA (2002) Synthesis of carbon sequestration, carbon emissions, and net carbon
flux in agriculture: comparing tillage practices in the United States. Agric Ecosyst Environ
91:217-232. https://doi.org/10.1016/S0167-8809(01)00233-X

Williams A, Jordan NR, Smith RG, Hunter MC, Kammerer M, Kane DA, Koide RT, Davis AS
(2018) A regionally-adapted implementation of conservation agriculture delivers rapid
improvements to soil properties associated with crop yield stability. Sci Rep 8:8467. https://
doi.org/10.1038/s41598-018-26896-2

Yang X, Gao W, Zhang M, Chen Y, Sui P (2014) Reducing agricultural carbon footprint through
diversified crop rotation systems in the North China Plain. J Clean Prod 76:131-139

Yao ZS, Zheng XH, Xie BH, Mei BL, Wang R, Butterbach-Bahl K, Zhu JG, Yin R (2009) Tillage
and crop residue management significantly affects N-trace gas emissions during the non-rice
season of a subtropical rice-wheat rotation. Soil Biol Biochem 41:2131-2140

Yu H, Ding W, Chen Z, Zhang H, Luo J, Bolan N (2015) Accumulation of organic C components in
soil and aggregates. Sci Rep 5:13804

Zhang L, Han J (2019) Improving water retention capacity of an aeolian sandy soil with feldspathic
sandstone. Sci Rep 9:14719. https://doi.org/10.1038/s41598-019-51257-y


https://doi.org/10.1016/j.still.2012.01.003
https://doi.org/10.16943/ptinsa/2014/v80i1/55089
https://doi.org/10.16943/ptinsa/2014/v80i1/55089
https://doi.org/10.1016/j.still.2011.06.003
https://doi.org/10.1016/j.still.2011.06.003
https://doi.org/10.1007/s10705-014-9658-1
https://doi.org/10.1007/s10705-014-9658-1
https://doi.org/10.1111/gcb.13099
https://doi.org/10.1016/S0167-8809(01)00233-X
https://doi.org/10.1038/s41598-018-26896-2
https://doi.org/10.1038/s41598-018-26896-2
https://doi.org/10.1038/s41598-019-51257-y

	22: Conservation Agriculture for Carbon Sequestration and Mitigation of Climate Change
	22.1 Introduction
	22.2 Climate Change, Agriculture, and Conservation Agriculture
	22.3 Conservation Agriculture and C Sequestration
	22.3.1 Zero Tillage for C Sequestration
	22.3.2 Cover Management for C Sequestration
	22.3.3 Crop Diversification and Carbon Sequestration

	22.4 Conservation Agriculture for Climate Change Mitigation
	22.4.1 Zero Tillage
	22.4.2 Permanent Soil Cover and GHG Emission
	22.4.3 Crop Diversification

	22.5 Conclusions
	References


