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Abstract

Climate change is the most critical threat to food security amid increasing crop
demand. This increasing demand for food has been previously tried to be met
through the use of synthetic fertilizers and effective application of weed- and
pest-controlling chemicals. However, these methods of increasing crop produc-
tivity rely on finite resources and are often unsustainable. They are now proven
to be posing a great threat to the environment and causing a negative change in
the planet’s natural climate. Fortunately, the threat has been realized by scien-
tists, and the world has started to lay the foundations for sustainable intensifica-
tion of agriculture and to heighten the resilience of crops to climate change. The
solutions discovered so far are numerous with many of them not yet tested.
Climate change assessment is the first priority in this regard. Much of the recent
researches have demonstrated a multi-scale and multidimensional nature of cli-
mate change to assess the potential effects of climate change on agriculture and
the options for adaptation. These options for adaptation have been different in
different regions of the world with clear differences among strategies in rich and
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poor countries. The pressure for adaptation is greatest in poor countries where
the adaptive capacity is least abundant. Adaptation to climate change could be
autonomous (market-driven) or planned. Both of these adaptation strategies are
driven by certain measures. Some adaptation strategies are easily achieved with
the help of existing technologies, some need development of new technologies
while others just need policy and institutional/market reforms. Numerous
researchers have tried to assess and give tools for the potential impact of climate
change which are largely based on modelling techniques. Indeed, models are
useful tools for assessing this potential impact and evaluating the options for
adaptation, yet they do not match the level of real solutions that could be brought
about by efficient adaptive human agency. The importance of agriculture as per-
formance is useful in counterbalancing the modelling approaches towards miti-
gating the negative impacts of climate change. The adaptation and mitigation
strategies are and should be social phenomena which need social attendance in
the form of improved and sustainable agricultural practices and could help agri-
culture contribute less to the changing climate. This chapter will focus on numer-
ous strategies that could be adapted to assess and cope with the negative impacts
of changing climate on agriculture.
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12.1 Introduction

Climate change has emerged as a real threat to agriculture, food security and live-
lihood of millions of people around the globe (IPCC 2014). Major components of
climate affect the actual and future projected crop yields. Some of these compo-
nents determine yield potential (CO, concentrations, temperature and radiation),
some limit these yields by the extent of their availability (nutrients and water) and
others reduce it by their presence in the form of biotic (diseases, weeds and pests)
and abiotic (e.g., waterlogging, salinity and ozone) stresses (Neumann et al. 2010;
van Ittersum et al. 2013) Almost every climatic factor has dramatically changed in
its intensity over the past few decades. Global temperature has increased by
0.74 °C over 1880-2012 and is expected to increase more by 0.2 °C per decade
with a final increase of 2—4 °C by the end of the twenty-first century (IPCC 2007).
CO, concentration has risen to 391 ppm in 2011, 40% above that of the pre-
industrial era (IPCC 2014) and, presently, the CO, concentration is 410 ppm.
Climate change has its severe effect on water availability, and it is estimated that
nearly 20 million hectare (mha) area will be water-scarce by 2025 (Bouman et al.
2007). Among other abiotic stresses indirectly caused or amplified by climate
change are salinity and air pollution. With changing climate, extreme weather
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events may increase in intensity, frequency, duration and timing. Climate change
may affect agriculture directly through increased CO, levels or indirectly by
changes in the patterns of solar radiations and the subsequent heat. Sea level rise
may inundate coastal lands. Air pollution will block solar radiation thwarting crop
outputs (Tang et al. 2013). Drought and floods may increase in severity. Pest and
weed incidences may escalate. Precipitation in many high latitude and equatorial
pacific regions may increase while midlatitude subtropical regions may become
drier (IPCC 2014).

12.2 Contribution of Agriculture to Climate Change

The N,O, CH, and CO, concentrations were 270 ppb, 722 ppb and 280 ppm, respec-
tively in 1750 A.D. These values rose to 324 ppb, 1803 ppb and 391 ppm, respec-
tively, by 2011 (IPCC 2014). It has been confirmed that these values are higher than
at any time in the last 65,000 years (Long et al. 2015). Between 1961 and 2005, food
production increased to 4.8 from 1.8 billion tons per annum while cropland increased
to 1208 from 960 m ha. Average crop yield increased to 3.96 tons per ha from 1.84
tons per ha during this period. Agriculture now contributes significantly to climate
change as greenhouse gas emissions due to many current farming practices. Some
authors put it at 19-29% of the total greenhouse gas emissions (Vermeulen et al.
2012) with significant variability worldwide. If land-use change is also considered,
agriculture is responsible for the generation of 30% of greenhouse gas production
(FAO 2012). Most of this contribution is in the form of direct emissions from agri-
culture systems as CH4 and N,O emissions or indirectly in the form of energy con-
sumption driven by agriculture (CO,) (Vermeulen et al. 2012). By 2030, greenhouse
gas emissions are predicted to rise almost 40 per cent (Smith et al. 2008).

12.3 Effect of Climate Change on Agricultural Productivity

Climate change is projected to have both negative and positive effects on agriculture
systems around the world with negative impacts overweighing the positive ones
(Miiller 2013). Climate change may negatively impact agriculture by affecting
farming structure and planning, destroying agro-climatic resources incurring agro-
meteorological and biological disasters and reduction in crop growth and yields
(Cohn et al. 2016). Several studies have indicated that agriculture production could
be adversely affected by rising temperatures (Aggarwal 2009), changes in precipita-
tion patterns (Prasanna 2014) and variations in the intensity and frequency of
extreme climatic events such as droughts and floods (Singh et al. 2017). Studies
report that “the daily minimum night time temperature increased at a faster rate than
daily maximum temperature in the last century” and the differential effects of
increase in day and night temperatures were observed on the growth, development
and yield of rice (Venkatramanan and Singh 2009a) and wheat (Venkatramanan and
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Singh 2009b). This study of increases in day and night temperatures on rice and
wheat is significant as the rice—wheat system drives food security in South Asia and
China. The frequency and severity of floods and droughts will be increased in the
coming decades, posing risks for both croppers and livestock keepers (Thornton and
Gerber 2010). The risk has been further increased by climate change and weather
variability. Climate change will have more impact on crop productivity in the lower
altitudes (Stocker 2014).

Climate-driven diseases caused an estimated 16% reduction globally for unpro-
tected crops (Oerke 2006). Climate change—induced yield reduction is 1-5% over
the last 30 years (Porter et al. 2014). A greater impact is projected to be on cereal
crops. Climate change has negatively affected maize and wheat crop yields in many
regions on a global average (Knox et al. 2012) but the effect on rice and soybean is
small (IPCC 2014). Wheat and maize yields have already been reduced by 5.5% and
3.8%, respectively, since 1980 (Lobell et al. 2008). Climate change is predicted to
reduce crop yields by 20% in south Asia and Sub-Saharan Africa with 30% and 40%
risk of crop failure for wheat and maize, respectively (Lobell et al. 2008; Thornton
and Gerber 2010). The anticipated impacts of climate change on cereal crop yields
in different parts of the world are estimated to be —20% for wheat, —35% for rice,
—60% for maize, —50% for sorghum and —13% for barley depending on the pro-
jected year, location and future climate scenarios (Porter et al. 2014).

12.4 Effect on Food Security

World food production is expected to increase by 70 million annually (Popp et al.
2013) with the projection that the world’s population will be up by two billions by
2050 (FAO 2013). The world crop area increased by only 12% over the last 50 years
(1969-2009) while the population doubled, causing per capita crop land globally to
fall to 0.25 ha from 0.44 ha. World demand for food has been estimated to increase
by 60% by 2020 (FAO 2012). This has led to the fact that for now more than a bil-
lion people are going to bed hungry every day. Moreover, agriculture employs
1.3 billion small holders and landless workers who are likely to be severely affected
by climate change. World edible crop production is under risk due to the production
of biofuel crops, decrease in chemical inputs for mitigation purposes and installa-
tion of solar farms on arable lands. Increase in demand always ends up with price
hike. Almost 20% of local food prices in 51 countries were affected by domestic
weather variability between 2008 and 2012 (Brown and Kshirsagar 2015). The
adverse effects of climate change have more severely affected the poor people in
developing countries, resulting in retarded economic growth and undermining pov-
erty alleviation (Brown and Kshirsagar 2015). In wealthier nations, the problem has
a different face. In addition to increase in global population and subsequent increase
in food demand, the food consumption patterns are also changing. People are get-
ting wealthy, and they are now consuming more food and meat, hence, increasing
competition for energy, land, water and other inputs in food production.
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12.5 Benefits of Climate Change to Agriculture

Increase in atmospheric CO, concentration may boost production for various crops
(Franzaring et al. 2008; Miglietta et al. 1998; Qaderi et al. 2006). Increase in CO,
concentration might be beneficial for plant productivity with significant biomass
increase for C3 plants. Other potential benefits include decreased stomatal conduc-
tance and oxidative stress, higher abiotic stress tolerance, increased root growth and
high water-use efficiency (Lopes et al. 2016). For instance, Amthor (2001) com-
piled and compared 50 studies on the impact of increased CO, concentration on
wheat and found that doubling of CO, concentration to 700 from 350 ppm enhanced
wheat yield by 31%, subject to ample supply of nutrients and water. However, find-
ings of yield enhancement in free air CO, enrichment are fewer compared to enclo-
sure studies (Long et al. 2016). These findings reflect the output produced in control
conditions and do not necessarily translate for productivity in agricultural ecosys-
tems. CO, concentration increase will be accompanied by increased global warm-
ing. A modest warming trend (1-4 °C) may cancel out the beneficial effects of
increased CO, levels on plant productivity (Lopes et al. 2016).

12.6 The Way Forward

Farmers across the globe, with many of them not yet realizing the climate change
threat, may face difficulties adopting suitable practices in a real climate change
scenario. Currently, the existing farmland too is reducing as we lose more land to
salinity, waterlogging and, above all, erosion. The whole system needs a complete
rethinking of food systems. Meeting world food demand needs to be met while sav-
ing the planet. It is getting increased production from existing farmland in such a
way that it has little impact on the environment and which do not undermine our
capacity to produce more food in future (Garnett et al. 2013). The solution lies in
two concepts, namely, sustainable intensification and climate-smart agriculture.
Although the two terminologies refer to two different approaches, climate-smart
agriculture is the key to achieve the goal of sustainable intensification.

12.7 Climate-Smart Agriculture

Climate-smart agriculture (CSA), a relatively new concept that lies at the interface
between science and policymaking, was proposed by FAO in 2010 at The Hague
Conference on Agriculture, Food Security and Climate Change (FAO 2013). Two
processes developed parallel soon after the Hague Conference. On one hand, the
process of policymaking was initiated which resulted in the making of a “global
alliance for climate smart agriculture” in 2014 and on the other hand, a scientific
processes was started in the form of worldwide conferences on CSA (Saj et al.
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Fig. 12.1 Climate-smart agriculture technologies. (Source: Venkatramanan and Shah 2019)

2017). Climate-smart agriculture can be clearly defined by three objectives. Firstly,
increasing agricultural productivity for enhanced food security; secondly, increas-
ing the adaptive capacity of the food production system to a changing climate; and
thirdly, reducing greenhouse gas emissions from current and intensification prac-
tices. To achieve the triple objectives of climate-smart agriculture, there is a dire
need of innovative climate-smart agriculture technologies (Fig. 12.1), which aid in
conserving agricultural resources, achieving food security and tapping the mitiga-
tion potential of the agriculture system.
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12.7.1 Adaptation

Adaptation means adjustment to the expected or actual impact of climate. Adaptation
includes agronomic management for soil, water, nutrients, pest- and weed-adjusting
cropping system and distribution (Bonzanigo et al. 2016; Rippke et al. 2016), con-
servation agriculture (Powlson et al. 2014), plant breeding and biotechnology
(Abberton et al. 2016), strengthening infrastructure construction and enhancing
disaster prevention.

Negative impacts of climate change can be ameliorated through adaptation strat-
egies that could range from minor changes in production practices to transformative
reforms in production policies. The adaptive capacity may be built in such a way
that farmers, farmers’ service providers and institutions respond effectively to long-
term climate variability. The adaptation strategies are diverse. The main compo-
nents are efficient soil, water and plant nutrient management which could be
achieved by improved irrigation systems and on-farm water management, breeding
and making access to crop varieties that are resistant to drought, heat, salinity, flood-
ing conditions and other climate-related threats, building the capacity of institutions
to enhance actions, disseminate knowledge and pave the way for efficient policy
reforms. Actions vary around the globe with clear differences between poor and rich
countries due to differences in adaptive capacities.

12.7.2 Mitigation

In a changing climate context, two challenges, meeting global food demand and
reducing the amount of greenhouse gases emitted per unit of food production, go
parallel. With increasing population, going back to organic farming and still meet-
ing the world food demand is seemingly impossible; however still, achieving lower
N,O and CH, emissions per unit of output is the major objective of CSA. All prac-
tices that could reduce the emissions of these gases can be termed climate change
mitigation strategies. Mitigation also includes soil friendly practices to control the
rate of land loss to drought, salinity, and waterlogging and soil erosion. However,
keeping in mind the need for producing more, getting more out of existing farmland
without damaging the environment, is the main component of climate change miti-
gation. Mitigation may also include a practice of not doing anything in the form of
reducing land cover changes, especially wetlands and carbon-rich forests
(Wollenberg et al. 2011).

12.8 Adaptation Strategies

Climate change adaptation includes “initiatives and measures to reduce the vulner-
ability of human and natural systems facing actual or expected impacts of climate
change” (IPCC 2007). Adaptation takes into account the implementation of a range
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of strategies that include introduced and local biotechnology, hard technologies
(equipment, machinery and tools), soft technologies (knowledge, awareness raising
and capacity building) and organizational technologies (resource user organization
and institution building). Climate change adaptation practices can be adopted in
almost every field in agriculture with more focus on saving and harvesting water,
managing soil for water and nutrient conservation, nutrient management, crop pro-
duction practices and improved livestock management.

12.8.1 Water Management Practices

Water management practices for climate change mainly focus on saving water or
coping drought stress and ways of harvesting water from natural sources.

12.8.1.1 Sprinkler Irrigation

Sprinkler irrigation improves water-use efficiency and contributes to food produc-
tion in a changing climate characterized by heat and drought stresses. It works well
under limited water supply. It also performs better in high temperatures by supply-
ing colder water and also reduces the risk of crop freezing due to low temperatures
(Hodgkinson and Smith 2018).

12.8.1.2 Drip Irrigation System

Drip irrigation system is used to ensure a constant supply of water through pipes
and valves to the root of plants. It has the most efficient water supply (90%) com-
pared to sprinkler (75%) and flood irrigation (60%). Drip irrigation works well in
arid and semi-arid areas. It has not only high water-supply efficiency but also nutri-
ents can be supplied through this system, reducing risks of leaching or volatilization
(Nigussie et al. 2018).

12.8.1.3 Fog Harvesters

Fog harvesters are simple and low-cost collection systems that are an alternative
source of fresh water for agricultural irrigation and domestic use in dry regions. Fog
harvester works best in coastal areas with long fog periods and mountainous regions
whose height range from 400 m to 1200 m (UNEP 1997).

12.8.1.4 Rainwater Harvesters

Rainwater harvesters range from small water tanks to large reservoirs and dams in
areas with no surface water, where groundwater is too deep to draw or where drink-
ing and irrigation water are too salty or acidic (Pillay and Kalu 2012).

12.8.2 Soil Management Practices

Climate change already has and is projected to affect soil negatively through
increase in CO,, changes in vegetative cover, sea level rise, changes in temperature
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and rainfall patterns and human activities. The climatic origin of these problems is
not fully certain but still some soil management practices are found helpful
(Brinkman and Sombroek 1996).

12.8.2.1 Terrace Farming

Terrace is a levelled surface used for farming in slope regions in areas where soil
and climatic conditions are conducive to erosion. Benefits of terraces include con-
trol in water and wind erosion, increase in soil moisture retention and improvement
in general agricultural conditions. Besides controlling erosion and retaining mois-
ture in a changing climate, terraces also capture heat during daytime and release it
at night-time, hence, protecting crops against frost (Mars 2005).

12.8.2.2 Conservation Tillage

Conservation tillage refers to soil management practices that allows establishment
of crops in previous crops residues. Soil is minimally disturbed. This helps in slow-
ing down the water movement and hence controls soil erosion. Conservation tillage
is widely practiced in Latin America and has huge potential to be introduced to
Europe, Asia and Africa (Derpsch 1999). Indeed, the conservation tillage that
includes minimum/reduced tillage is “energy-smart technology” as it conserves not
only the soil ecosystem, but also energy by minimizing soil disturbance
(Venkatramanan and Shah 2019).

12.8.2.3 Integrated Nutrient Management

Although chemical fertilizers have helped attaining higher yields amid rapidly
increasing population, they have environmental costs. On the other hand, organic
farming has very less productivity potential and is expected to eventually fail if tried
to practice globally in the context of current food demand. An integrated approach
towards the combined use of chemical and organic fertilizer has great adaptation
capacity. The organic part of integrated nutrient management has the potential to
minimize many risks posed by climate variability such as increased pests and dis-
eases, erosion and others. Root growth in the presence of organic matter is high and,
hence, can cope with drought stress. Moreover, organic matter—containing soils
have high water-holding capacity.

12.8.3 Biotechnology

Climate change is sudden and current crops and varieties at hand are mostly suscep-
tible to it. In such a scenario, the need for crop diversification has increased
manifold.

12.8.3.1 Breeding New Varieties

Breeding new varieties that are resistant to different kinds of climatic stresses such
as heat, drought, salinity and pests is a promising adaptation strategy (Mottaleb
et al. 2017). Resistant varieties are proposed to experience and incur minimum
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losses under unfavourable conditions in a changing climate. Besides high yields and
resistance, varieties can also be bred for improved nutritional status, providing ben-
efits to animals and humans alike.

12.8.3.2 Crop Diversification

It refers to the introduction of new crops to an agricultural system to increase biodi-
versity and gain economic return. It also helps farmers identify crop species that can
thrive best in the environmental conditions of a particular locality. This minimizes
the risk of total crop failure in case of sudden climate change or in times of disaster.
Natural biodiversity is increased, and the ability of agroecosystem to severe stresses
is strengthened.

12.8.3.3 Genetic Engineering

Conventional breeding has been proved promising in developing pest- and disease-
resistant varieties along with increased yield performance. However, this process is
slow and is limited to the exploitation of the existing genetic variation between
crops and their nearest relatives. Biotechnology and genetic engineering are rather
quick responses to this problem. The first generation of genetically modified plants
was introduced in 1996 and produced genetically modified maize, soybean and
cotton that had tremendous resistance to pests and tolerance to herbicides.
Promising results have also been shown in transgenic canola, alfalfa, squash and
papaya. Genetic modification has been limited to pest and herbicide resistance and
to date no genetically modified drought- and heat-tolerant variety has been released.
However, some of the related problems are being addressed, for example, trans-
genic rice with the introduction of HRD gene has improved its water-use efficiency
and the ratio of biomass produced to the water consumed has been increased,
mainly because of enhanced photosynthetic capacity and reduced respiration
(Karaba et al. 2007).

12.8.4 Seed and Grain Storage

Secured seed and grain storage is among the major challenges faced by resource-
poor farmers in developing countries (Wambugu et al. 2009). Seeds must be stored
against biological damage by insects, rodents and microorganisms, chemical dam-
age by acidity and physical damage due to poor post-harvest management. Recent
advancement in technology has ensured safety in post-harvest operations, improved
storage conditions, helped attain safe moisture levels and provided safety against
insects and rodents. However, poor economic conditions in underdeveloped coun-
tries have prevented farmers of those countries to benefit from the technology.
Efficient seed and grain storage ensures food security of both animals and humans
in case of prolonged drought or other natural disasters. In fact, seed and grain stor-
age conditions and reserves of food and other agricultural inputs have been used as
indicators of the adaptive capacity of nations (CARE 2010).
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12.8.5 Cropping System Management

Much of the productive and ecological resilience to climate change comes from
managing crops and livestock diversity which help farmers maintain their agricul-
tural productivity.

12.8.5.1 Mixed Farming

Mixed farming is composed of several practices that involve the cycling of inputs
and outputs within the farms or between several farms. Forage or fodder crops are
fed to livestock and in return animal excreta is used as fertilizer for the crops.
Intercropping and crop rotation are also included in mixed farming wherein legumes
benefit grain crops by their supply of nitrogen. Another example of mixed cropping
is combined chicken—fish farming where chicken waste serves as fish feed. Mixed
farming has greater adaptive capacity in a changing climate because of the diversi-
fication of crops under uncertain weather conditions. Failure of one crop can easily
be compensated by another crop. Moreover, livestock is a valuable asset and in fact
a walking bank that could be sold in case of crop failure due to prolonged drought
or flooding.

12.8.5.2 Agroforestry

It is an integrated approach towards farming in a world of changing climate. In this
system, trees and non-tree crops are sown either together at same time, in rotation
or in separate plots. Materials from both crops and trees benefit one another.
Agroforestry has great adaptive capacity. Trees can withstand severe climatic condi-
tions in the form of drought and winds. Their deep-rooted nature helps them explore
water and nutrients from deep grounds and bring them up. They have higher evapo-
ration rates and hence keep the soil aerated (Martin and Sherman 1998). Trees also
significantly reduce erosion. A combination of leguminous shrubs and Napier grass
in contour hedgerows was reported to reduce erosion by 70% on 10% inclination
slope in central Kenya (Mutegi et al. 2008).

12.8.6 Priming

Priming is the technique of pre-exposure of plants to an eliciting factor, enabling
plants to cope with later stress events. It is a cost-effective strategy that improves
plant tolerance to stress. In plants pre-primed with abiotic stresses, beneficial
microbes or pathogens showed stronger responses against biotic and abiotic stresses
as compared to non-primed plants in the same generation (Conrath et al. 2015).
Various priming mechanisms induce the regulation of primary metabolism, chroma-
tin modification, increase in levels of pattern recognition receptors and accumula-
tion of nitrogen-activated protein kinase (Balmer et al. 2015; Conrath et al. 2015).
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12.8.6.1 Priming for Heat Tolerance

Heat tolerance depends on the ability of plants to perceive the stimulus as well as
biochemical and physiological adjustments (Hasanuzzaman et al. 2013). It has been
found that thermopriming has successfully induced tolerance in plant species to
heat that recurred in the later growth stages of plants. In wheat, when day/night
temperature was increased by 8 °C as compared to control in 7 and 9 leaf stages for
2 days, enhanced heat tolerance of wheat at anthesis was observed. Primed plants
showed higher photosynthetic capacity, higher activity of peroxides and glutathione
reductase in mitochondria and superoxide dismutase in chloroplast. This increased
activity of hormones resulted in lower damage caused to cell membrane which was
indicated by lower content of malondialdehyde in the chloroplasts and mitochon-
dria of wheat leaf. Also more starch was found in the grain of primed plants (Wang
et al. 2014).

12.8.6.2 Priming for Cold Stress Tolerance

Cold stress has been found to damage plant cell membrane. Cold stress enhances
the overproduction and ability of reactive oxygen species (ROS) to damage cell
membrane. Cold priming enhances the activity of ROS-scavenging enzymes and
hence checks their negative activity (Thomashow 1999). Exposure of plants to cold
temperature before anthesis is known to reduce the effects of cold stress. This could
be attributed to the accumulation of metabolites such as proline, sucrose and other
osmolytes induced due to cold priming (Iba 2002). Cold priming with 10 °C (5 °C
lower than the ambient temperature) for 7 days at tillering could alleviate the nega-
tive effects of cold stress at jointing stage. This can be attributed to the upregulation
of genes encoding ARX, SOD and GR in chloroplast and mitochondria induced by
priming. All these activities help protecting photosynthetic apparatus by protecting
cell membrane (Li et al. 2014).

12.8.6.3 Priming for Drought Stress Tolerance

Many researchers have found drought priming effective against drought stress at
later growth stages (Selote and Khanna-Chopra 2010; Wang et al. 2015). Selote and
Khanna-Chopra (2010) exposed wheat seedlings (21 days old) to mild drought
stress for 9 days and then well-watered them for 2 days. They found that the wheat
plants performed excellent during a subsequent 11-day severe drought. They attrib-
uted this tolerance to the activation of enzymes and non-enzyme processes in the
ascorbate glutathione cycle, maintaining plant water status through maintenance of
turgor potential and redox homeostasis. Wang et al. (2015) got enhanced wheat
yield due to enhanced photosynthetic activity and improved ROS-scavenging capac-
ity in comparison with non-primed plants.

12.8.6.4 Priming for Waterlogging Stress

Waterlogging stress can be ameliorated by the formation of aerenchyma, which facil-
itates oxygen diffusion from air to root tips (Colmer and Voesenek 2009). Li et al.
(2011) exposed wheat at 7-9 leaf stage and heading stage to waterlogged conditions
and found enhanced tolerance to waterlogging at grain-filling stage. They also found



12 Climate-Smart Agriculture: Assessment and Adaptation Strategies in Changing... 363

higher chlorophyll content, improved photosynthetic activity and enhanced light use
efficiency in waterlogged primed plants. Wang et al. (2016) conducted proteome
profile on wheat plants primed for a week and found the induction of proteins related
to energy production, protein storage and destination and stress defence.

12.8.7 Pest Control Adaptations
Several practices are promoted for pest control through natural predator strategies.

12.8.7.1 Reduced Tillage

Reduced tillage retains soil moisture and protects against drought (VandenBygaart
2016). It also causes a significant reduction in GHG. Conservation tillage residues
also help against drought and soil erosion (Henneron et al. 2015). In the context of
combating pests, reduced tillage increases ground predators (spiders and staphyli-
nids) in maize and soybean (Crowder et al. 2010). Conservation tillage in wheat
provides habitat for natural predators (Rivers et al. 2016).

12.8.7.2 Intercropping

Intercropping helps agriculture by improving yields, increasing water-use efficiency
and reducing erosion (Hassanali et al. 2008). It repels insects through several ways,
firstly by releasing volatiles, secondly by masking volatiles released by other crop
plants and lastly by providing alternative food in the form of less important inter-
cropped crops (Lopes et al. 2016). More than 30,000 farmers in east Africa have
adapted a push—pull strategy in which, for instance, maize is intercropped with
legumes with Sudan, Napiers or molasses grasses at borders. This can pull or push
insects (Khan et al. 2011).

12.8.7.3 Cover Cropping

Cover cropping reduces moisture loss, erosion and reduces greenhouse gas emis-
sion from otherwise fallow land. Cover crops offer habitat to predator insects, thus
increasing natural predator population. More than 39 parasitoids and 2 predator
species were attracted by buckwheat in Florida (Campbell et al. 2016).

12.8.7.4 Organic Farming

Organic fertilizers such as the use of compost and manures can boost beneficial
insects while suppressing others. Significantly higher predator population of benefi-
cial insects was observed in manure-applied plots in alfalfa during maize—alfalfa
rotation. The possible reason for this might be the more diverse soil biome due to
lack of chemicals (Garratt et al. 2011).

12.8.7.5 Biochar

Biochar has been found to reduce greenhouse gas emissions from carbon-depleted
acidic soils (Dickie et al. 2014). Fecundity and development rates of rice brown plant
hopper have been reported to decrease with application of biochar (Hou et al. 2015).
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12.8.8 Genetic Engineering for Adaptation

Novel genetic and epigenetic variation through transportation activation and differ-
ential methylation can be induced in plants through exposing them to stressful envi-
ronments (Cavrak et al. 2014). These epigenetic changes are considered drivers of
climate change mitigation and arise more frequently than genetic mutation (Becker
etal. 2011). However, these changes are challenged by instability and impersistence
across generations which are critical for the implementation of breeding pro-
grammes. Selection under optimal conditions prevents realization of full genetic
potential of the crop while selection under stressful conditions may help plants
uncover their genetic potential (Des Marais et al. 2014).

12.8.8.1 Root Architecture Manipulation

Manipulation of root architecture can make plants able to cope with multiple stresses
such as water deficit and nutrient deficiency. This can be exemplified by Deeper
Rooting 1 (DRO1) locus in rice. It enables rice root system to become more vertical
and go deeper improving drought tolerance and enhanced nitrogen acquisition (Uga
et al. 2013). Overexpression of Cytokinin catabolic enzyme CKX resulting in root
specific cytokinin degradation has also reported to increase drought tolerance and
accumulation of micro- and macronutrients both in tobacco and Arabidopsis.
Expression of botanical RNA Chaperon CspB in maize has shown higher yield
under drought conditions (Werner et al. 2010).

12.8.8.2 Stomatal Function Regulation

Regulation of stomatal functions to achieve low canopy temperature is also a target
for optimal crop performance in multiple stresses including drought and heat stress
as well as resistance against stomatal invading pathogens (Lawson and Blatt 2014).
Higher transpiration rate can prove detrimental leading to moisture loss especially
in drought conditions. In this case, stomatal closure is preferred; however stomatal
closure can amplify heat stress (Blum 2015). Engineering ABA receptors to non-
agonist chemical receptors can contribute to field scale manipulation of stomatal
functions (Park et al. 2015).

12.8.8.3 Increasing Photosynthetic Efficiency

This process through genetic engineering might unlock a great set of unrealized
crop potential and maximize positive impact of increasing CO, levels (Long et al.
2016). Engineering a Rubisco protein with higher carboxylase catalytic activity has
been reported to increase the net photosynthetic efficiency (Lin et al. 2014).

12.8.8.4 Enhancing Fertilization

Floral fertility and sustained fruit set is of crucial importance to plant productivity
under stressful conditions. Ear-specific expression of trehalose-6-phosphate phos-
phatase has shown to increase yield and kernel set in maize under drought condi-
tions (Nuccio et al. 2015).
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12.8.8.5 Enhancing Nutrient Status

Optimal nutritional status is of crucial importance to getting higher yields under
stressful conditions. Certain genes are involved in the facilitation of uptake, trans-
port and assimilation of nutrients. Examples are the Phosphate Efflux Transporter
(PHI1) and the NRT1 and NRT2 transporter family which are reported to mediate
nitrogen uptake in crops (Hu et al. 2015; Schroeder et al. 2013).

12.8.8.6 Resistance to Pathogens

Building pest resistance is quite simple in comparison to abiotic stresses. Deployment
of mlo mutants can be exemplified which has successfully shown to induce resis-
tance against powdery mildew in various crops (Appiano et al. 2015). The first
generations of commercial transgenic insect-resistant and herbicide-tolerant crops
have been highly successful. They have been cultivated on more than a billion hect-
ares while the second generation of many abiotic stress tolerant crops is struggling
to make its way into the market (Kliimper and Qaim 2014). The complex nature of
these stresses and plant response pathways seems to pose a challenge to the spread
of this generation.

12.8.8.7 Domestication of Extremophiles

Extremophiles have evolved and reproduced in severe stress environments such as
drought, salinity and others. Adoption and domestication of extremophiles seem to
be a feasible strategy in developing agriculture in stressful environments. They can
be further improved through the use of modern genetic tools and knowledge of
domestication events of other crops. Novel genes/alleles can be taken from extremo-
philes and used in other crops to make them tolerant too. Some extremophile spe-
cies are given in this regard. Miscanthus spp. is a C4 plant that could be used as a
biofuel and feed plant. Similarly, Halophyte Salicornia could be used as a vegetable
and oilseed crop (Ventura and Sagi 2013), Opuntia as a fruit of high nutritive quality
(Castellar et al. 2012) and Chenopodium quinoa as a cereal (Adolf et al. 2013).

12.8.9 Livestock Management as an Adaptation Measure

Livestock management generally takes into account disease management for sus-
ceptible livestock assets and breeding-resistant and more productive animals.

12.8.9.1 Disease Management

Climate change has led to the expansion of vector-borne diseases into cooler cli-
mates of both higher altitudes and temperate regions. Changes in rainfall pattern
have also led to the expansion of vectors during the wetter parts of the year and
hence resulted in larger outbreaks. Appropriate livestock management is hence
required so that livestock keepers could benefit from the increasing demand in the
face of changing climate. Livestock diseases can be reduced through controlled
breeding, quarantining sick animals and controlling entry into the farm lots,
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improvement of the existing and development of new drugs such as antibiotics and
vaccines, development of new diagnostic tools and vector control techniques.

Disease management constitutes two key components, that is, prevention and
control. Prevention of diseases can be achieved by several measures, such as care
during animal purchase, hygiene in water and food supply, vaccination schedule,
observation for signs of diseases, careful disposal of dead animals and watching the
movement of animals. Control measures include timely report of diseases, speci-
men submission and last but not the least, drug administration.

12.8.9.2 Selective Breeding

The genetic makeup of farm animals strongly influences the fitness and determines
the tolerance of animals to extreme climate conditions such as heat and drought
stress and, above all, diseases. Adaptation of animals includes animals’ performance
under poor nutritional conditions due to these stresses and diseases brought about
by these stresses. Major breeding traits associated with climate adaptation include
reliance on low quality feed, thermal tolerance, high disease resistance, kid survival
rate, animal morphology and good body condition (Hoffmann 2008). Selective
breeding enables animals to become more stress tolerant as well as produce and
reproduce more. Three approaches are usually followed in selective breeding.
Outclassing involves mating animals that are unrelated for at least four to six gen-
erations. Line breeding involves mating with half-brothers, half-sisters and cousins,
etc., while inbreeding involves mating of directly related animals. Among all these
methods, outclassing is the best method with outstanding results such as increased
milk production, reproductive ability and kids’ survivability. Selective breeding
reduces the risk of losing animals to harsh weather and changing climate conditions
and enables farmers to get maximum productivity.

12.9 Climate Change Mitigation Strategies

The agriculture sector plays a vital role in GHG mitigation by sinking 10% of GHG
emissions. Agriculture reduces global GHG emissions by approximately 10% from
reducing N,O emissions, 42% by carbon offsets through biofuel production, 32%
by absorbing CO, emissions and 15% by reducing methane emissions (IPCC 2007).
Emission mitigation strategies are generally grouped as (1) reducing emissions
from agriculture, (2) enhancing sinks for the sequestration of CO, and (3) avoiding
emissions through prevention of land-use change and by using replacement
products.

12.9.1 Crop Production

12.9.1.1 Improved Varieties
Improved varieties help in producing more biomass from lesser piece of land which
could otherwise come from forests if productivity was lower or crops were disease
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susceptible. Genetically modified (GM) crops with Bt resistance are examples of
this. It has been estimated that GM crops conserved 14,200 M kg of CO, in 2007
which is equivalent to removing 6 million cars from the circulation (Brookes and
Barfoot 2012). However, GM technology has received stiff opposition from the
consumers.

12.9.1.2 Cover Crops

Cover crops such as rye and clover offer tremendous GHG mitigation potential by
sequestering carbon, leaving residues and least reliance on chemical inputs. They
also provide nitrogen to the subsequent crops, hence reducing nitrogen input and
resultantly N,O emissions. In an old study, cover crops were found to sequester
carbon at the rate of 0.28-2.60 Mg ha~! year~' (Lal 1998).

12.9.2 Nutrient Management

The efficient use of nitrogenous fertilizers offers mitigation of GHG emissions in
two ways: by reducing N,O emissions through efficient use and by reducing CO,
emissions due to reduction in the manufacturing of chemical fertilizers.

12.9.2.1 Nitrification Inhibitors

The use of nitrification inhibitors such as S-benzylisothiouronium fluroate (SBT
fluroate) and S-benzylisothiouronium butanoate (SBT butanoate) can lead to reduc-
tion in N,O emissions by 4-5% and global warming potential of urea by 8-19%
(Bhatia et al. 2010).

12.9.2.2 Slow-Release Fertilizers

Chemical modification and changing the size of fertilizer granules can lead to the
slow release of fertilizer, greatly benefiting crop yield and reducing N,O emissions.
Chances of nutrient losses and N,O emissions due to leaching and volatilization are
greatly reduced due to slow-release fertilizers. Combined with zero tillage, there
has been great reduction (19%) in global warming potential (Bhatia et al. 2010).

12.9.2.3 Type of Fertilizer

It has been found that ammonia-based fertilizers result in higher N,O emissions as
compared to nitrate fertilizers (Bouman et al. 2007). The relative magnitude and
total emissions from different fertilizers are given as follows: more N,O emissions
were recorded from anhydrous ammonia, followed by urea and ammonium sulphate
while least emissions were recorded from calcium ammonium nitrate (Tenuta and
EG Beauchamp 2003).

12.9.2.4 Fertilizer Application Time

Nitrogen application requirement is lower at the beginning of plant growth, higher
at vegetative growth and again reduces at maturity. Huge applications at the begin-
ning and at maturity are a total loss and results in higher N,O emissions (Hultgreen
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and Leduc 2003). N application immediately after rainfall and irrigation increases
N-use efficiency and reduces N,O emissions. In this case, N loss through leaching
and volatilization is reduced.

12.9.2.5 Fertilizer Placement
The placement of N fertilizers near the zone of active root uptake results in greater
N-use efficiency, hence reducing N,O emissions (CAST 2004).

12.9.2.6 Fertilizer Application Rate

Lower application rates of N also result in lower N,O emissions (Drury et al. 2008).
Help could be sought from organic sources of nitrogen to make sure crop nutrient
requirements are met.

12.9.2.7 Mycorrhiza

Mycorrhizal fungi reduce plants’ reliance on nitrogenous and other fertilizers,
hence reducing fertilizer input and resulting N,O emissions. The resulting plant
biomass offers increased residues with great potential of C sequestration. Glomalin
is a glycoprotein produced by mycorrhizal fungi that contains several soil-improving
properties, including enhanced carbon sequestration (Subramanian et al. 2009).

12.9.3 Soil Management for Mitigation

Soil acts a great sink for greenhouse gases. Minimal disturbance of soil to reduce
the possible release of greenhouse gases along with massive burial of carbon in the
soil is most accurately termed as the only way to save the planet.

12.9.3.1 Conservation Tillage

Conservation tillage has a significant role in reducing the release of GHG emissions
from soil. It has been found that tillage stimulates microbial decomposition of soil
organic matter which increases the release of CO, to the atmosphere. Conservation
tillage conserves soil, water and crop residues. Agriculture-driven CO, emissions
are also reduced due to less use of fossil fuels from agricultural operations. Examples
of conservation tillage are strip tillage, ridge till and mulch till farming (MDA
2011).

12.9.3.2 Biochar Application

Biochar, a pyrolysed biomass of wood or other agricultural biomass, has been found
to have great potential for carbon sequestration. It has several soil-improving prop-
erties such as porous structure which increases the soils’ carbon sequestration
capacity, enhanced water-holding capacity, nitrogen-use efficiency and microbial
activity. All these properties have been found to greatly affect plant nutrient use
efficiency and subsequent reduction of N,O emissions (Lehmann 2007).
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12.9.3.3 Enhancing Microflora in the Soil

Microbes can help plants maintain their health through several ways such as toler-
ance to abiotic (such as salts) and biotic (such as pathogens) stresses and increase
plant efficiency of resources such as N uptake. Several reports have demonstrated
reduction of N emissions and leaching as well as carbon emissions from the soil
with use of mutualistic microorganisms and reduced reliance on agrochemicals
(Dobermann and Cassman 2002; Bakker et al. 2012).

12.9.4 Biofuels

The agriculture sector has recently started to contribute to the production of solid,
liquid and gaseous biofuels which substitute fossil fuels for energy delivery. Several
crops such as sugarcane, corn, sorghum, soybean, oil palm, switch grass as well as
crop residues, bioengineered algae, Miscanthus and Jatropha have been recently
known to produce biofuels. Biofuel production spans over three generations. The
first-generation biofuel crops consisting of sugarcane and maize have been highly
successful. The second-generation cellulosic ethanol crops (e.g., Miscanthus) are
gaining ground while the third-generation of biofuels, where micro-algae is grown
on water and CO,, are being tested to produce biofuels with research in its infancy
(Harvey et al. 2014).

12.9.5 Agroforestry

Forests are important carbon sinks. Though land-use change is not encouraged,
afforestation and making judicious use of variable land via occupying land through
crops and trees are appreciable in the mitigation process. Trees have a greater capac-
ity for terrestrial carbon sequestration and in the soil through root growth and incor-
poration of organic matter (Martin and Sherman 1998).

12.9.6 Management in Rice Production Systems

Rice cultivation is responsible for 10—-16% GHG emissions. Proper nutrient manage-
ment (such as use of nitrification inhibitors) to reduce N,O and residue management
to control CO, emissions are vital for the mitigation process. Burning rice residues is
responsible for the worst CO, emissions worldwide and often results in the creation
of smog which creates widespread health issues. Dry land zero tillage is the best
strategy in this regard. Certain irrigation measures such as midseason drainage
(removal of water for about 7 days towards the end of tillering), alternate wetting and
drying and direct seeded rice are also found helpful in reducing methane emissions.
Direct seeding of pre-germinated rice has a shorter flooding period and hence leads
to lesser methane emissions. Corton et al. (2000) noticed 16-54% while Wassmann
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et al. (2000) observed 16-92% reduction in methane emissions with direct seeded
rice. Electron acceptors such as ferrihydrite, when added to paddy soil, stimulate
microbial population which slows the activity of methanogens and hence reduces
methane emissions. Breeding and introducing rice cultivars with greater mitigation
potential are of utmost importance in meeting the mitigation goals. Rice cultivars
with small root systems, high root oxidative capacity, more productive tillers and
high harvest index have been found to have greater mitigation potential.

12.9.7 Livestock Management for Mitigating GHG Emissions

The livestock sector is mainly responsible for the generation and emission of CH, in
the environment. In 2005, it was responsible for two-third of total agricultural meth-
ane emissions and over one-third of global methane emissions. CH, mitigation
option for livestock sector falls into the following categories:

1. Improved feeding practices of generally low-quality feed with an aim to increase
its utilization as product output and less feed is converted into methane as well
as using other feed additives such as oils, oilseeds and others, hence improving
the pasture quality with regard to CH4 emissions. Feeding quality and practices
are improved through several ways ranging from adding additives to increasing
the amount of concentrates in the forages.

2. Animal breeding and management aimed to increase animal productivity per
unit of output. Total emissions can be substantially reduced by reducing the
number of animals and increasing the productivity per unit of output.

12.9.7.1 Straw Ammonisation

In this practice, low-value forage, such as rice straw, corn stalks and wheat straw, is
ammoniated in a cement ammonization pond or water tank. Adding urea, ammo-
nium bicarbonate and liquid ammonia completely degrades the lignin part while the
nutrients are enhanced. Rumen microorganisms easily digest it (Shankar et al.
2015).

12.9.7.2 Straw Silage

It is a type of forage prepared through the fermentation of forage grass, fresh green
fodder, vines and other materials by lactobacillus in an air-proof (anaerobic condi-
tions) silage container. In this method, raw materials are converted into organic
acids (mainly lactic acid). Due to airtight conditions with no microbial activities
after completion of fermentation, it remains unchanged for a longer period of time
(Shankar et al. 2015). These methods improve the digestibility of forage and reduce
the methanogenesis process. In China, the amount of straw processed through
ammonization in 2009 was about 92 million tons, accounting for 44% of the total
amount of forage (MOA 2010).
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12.9.7.3 Increasing the Amount of Concentrates in Feed

An animal’s diet normally consists of forage and concentrates. Forage provides the
fibre necessary for energy generation, sustaining microbial flora and adding milk
with fat while concentrates mainly provide fats, protein, vitamins and minerals. The
ratio of concentrate to forage significantly affects the growth performance, health
conditions and methane emissions. A diet with more fibre forage than concentrates
has a high number of methanogens, enhanced methanogenesis, and hence increased
methane emissions and vice versa. So the ration of concentrates must be higher than
that of fibre (Demeyer and Henderickx 1967).

12.9.8 Human Diet Adjustment

Human diet greatly affects GHG emissions. It is commonly perceived that supply
affects demand. Increasing demand of animal protein results in more GHG emis-
sions as compared to plant protein. Mutton and beef have particularly high emis-
sions (Davis et al. 2010). Therefore, dietary change holds a large theoretical potential
towards mitigating the adverse effects of GHG emissions which is obvious from
several studies (Berners-Lee et al. 2012; Green et al. 2015). Consumer preferences
play a vital role in the practical implementation of dietary mitigation. Dietary miti-
gation is limited by very few researches. Policy intervention such as consumption
taxes differentiated by emission levels might help.

12.10 Conclusions

Climate change has emerged as a major threat to planet Earth as a whole and to
agriculture in particular. Severe biotic and abiotic stresses have brought life on
Earth to the brink of extinction. While these lines are being written, a recent speech
of Sir David Attenborough is going through my mind in which he termed climate
change as the greatest threat to life in thousands of years. He said “if we don’t take
action now, the collapse of civilization and the extinction of much of the natural
world is on the horizon”. Luckily this is not the first call for action. The threat has
been realized and humanity has started to take action to save itself and the Nature.
While much can be done by governments and industrialists, farmers also have to do
their share of work. They need to do three things: produce more, adapt to the change
that has already happened and reduce the share of agriculture in climate change, that
is, mitigate it. All these practices together make the collective practice of climate-
smart agriculture. The world is already producing more, but still, much of it goes to
waste and billions still go to bed hungry. Producing more has consequences and
makes agriculture to contribute significantly to greenhouse gas emissions and,
hence, to climate change. On the other hand, it is agriculture that mitigates this
change by absorbing much of CO,, a greenhouse gas. But CO, is not alone, there are
other gasses produced by agriculture such as N,O and CH, which are far more pow-
erful in their magnitude to warm the planet. It is thus of vital importance to reduce
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the agriculture-oriented emissions of these gasses. Adaptation to the current level of
these gasses is needed to sustain the population through meeting the food demand.
While collective actions are needed for adaptation, this chapter provides with ample
adaptation strategies that could be adopted by individual farmers. These include a
number of water management practices such as water-saving irrigation methods and
water-harvesting techniques, soil management practices in highly vulnerable moun-
tainous and plain soils, nutrient management practices, biotechnological and genetic
engineering methods for developing stress-tolerant varieties, farming systems to
produce more and diverse food as well as safe and efficient storage of the produced
food and seeds. Breeding of livestock for stress and disease resistance is also of vital
importance while considering adaptation strategies. Among mitigation strategies,
which focus on reducing the emissions from agriculture sector, include breeding
less-emitting crops with higher water- and nutrient-use efficiencies, nutrient man-
agement to reduce loss as emissions, efficient irrigation, making use of microorgan-
isms to reduce reliance on agrochemicals, agroforestry, use of biofuels and efficient
management of rice and livestock management systems to reduce methane emis-
sions. At this point, I would recall a part of Sir David’s speech in which he expressed
his and his race’s willingness to make sacrifices in their daily lives. Human dietary
behaviour must change: Consuming food that require fewer emissions to produce
and not letting food go to waste.
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