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Abstract Demand of increase in food production to feed the rapidly growing
global population has pose serious threat to the agricultural sustainability. Climate
change also offers serious challenge to global food security situation as it will nega-
tively affect agricultural yields, particularly in low income countries. The increased
agricultural intensification to produce more food from the existing cropland has put
the environmental sustainability at stake due to increased emissions, loss of biodi-
versity, soil health due to increase use of chemical fertilizers and pesticides.
Therefore, there is need to develop a multidimensional approach for agriculture
sustainability without damaging social, economic and environmental integrity. This
chapter highlights the role of social, economic and environmental sustainability in
agricultural sustainability and food security. It further describes current food secu-
rity status and proposes how sustainable intensification can help reduce the adverse
effect of intensification on social, environment and economical components of agri-
culture. It also highlights the mitigation strategies to achieve the food security and
safety in changing climate.
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1 Introduction

The world population according to UN organization estimates will be expected
between 8.3 and 109 billion by 2050; however, the existing trend point to the latter
figure. This population growth rate will need increase food supply from 50% to 75%
depending upon the region (Prosekov and Ivanova 2018). Furthermore, the global
climate change will also affect the food production in many parts of the world. Global
climate change during the last century lead to heat waves due to rising temperature,
atmospheric CO, level, frequent spells of drought in some places while higher pre-
cipitation on others (OECD 2016). Climate changes and anthropogenic activities
have created serious challenges to agriculture sustainability due to natural resource
depletion. Furthermore, this situation will lead to lower agricultural yields (Waggoner
1983; Adams et al. 1998; Nelson et al. 2009; Gliessman 2015), threat to the food
security and food and feed safety (Miraglia et al. 2009). Food security is physical,
social and economic accessibility of healthy, safe and nutritious food to the people at
all times, which can fulfill their dietary requirements and food preference for healthy
and active life (Fig. 1; FAO 2001). However, to achieve this situation agricultural
sustainability is very important as first component of food security is food supply
which is linked to agriculture system to meet the food demand which depends on
agro-climatic condition of crop and pasture production (Tubiello et al. 2007).

In order to fulfill the increasing food demand, agriculture extension and intensi-
fication has helped in increasing food production to achieve the food security (FAO
2009; Tilman et al. 2011; Stevenson et al. 2013). Agriculture intensification without
sustainability will result at major environmental costs, as many scientists are
expecting stagnant or yield reduction owing to low land expansion and degradation
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of land and natural resources due to climate change (FAO 2009; Ray et al. 2012;
Stevenson et al. 2013; Eitelberg et al. 2015). Sustainable agriculture holds the key
to global food security in view of the oscillating climate, social and market situa-
tion. Sustainable agriculture uses integrated animal and plant production system
practices that are aimed to improve the farmer income with environmental integrity
and social sustainability (Fig. 2). In recent years, the sustainability of agriculture
has got ground among academics, policy makers and practitioners due to growing
awareness about social and environmental concerns among stakeholders.

This chapter encompasses the work done on agricultural sustainability including
social, economic and environmental sustainability, global food security situation
and role of sustainable intensification in agriculture sustainability and food security.
Furthermore, how climate change mitigation can help in achieving food security
will also be discussed.

2 Sustainability in Agriculture

Sustainability is a broader term and pillars of sustainability approach which repre-
sent individual indicators linked with a metrics to represent different domains of
sustainability (Smith et al. 2017). Sustainability in Agriculture is measured as eco-
nomic stability, social stability and ecological/environmental sustainability (Smith
etal. 2017). In the last several decades, many developing countries have been facing
robust population growth, reduced arable land, urban expansion, change in food
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habits and oscillating global food market pressure (Huang et al. 2009; Qiang et al.
2013; Huang and Yang 2017), which influence the agriculture sustainability
(Table 2). The enhanced agriculture production has resulted a conflict between envi-
ronmental sustainability, food security and safety (Miraglia et al. 2009). The green
revolution has resulted in improved economic sustainability of farmers. However,
the increased cost of production due to high prices of seed, fertilizer, labor and
machinery and yield stagnation has also led to economic unsustainability. The
increasing risk of agro-environment from grain production in future can threaten the
sustainability of agricultural land use (Qi et al. 2018). To maintain the sustainability
of agriculture, a multidimensional approach should be optimized considering the
social, environmental and economic sustainability approaches for agricultural pro-
duction system.

2.1 Economic Sustainability

Economic sustainability is vital component of sustainable agriculture. Green revo-
lution in Asia has substantially enhanced the agriculture production through
improved provision and use of inputs (new cultivars, chemical fertilizers and pesti-
cides) (Hazell 2009). The advancement of agriculture technology boosted the grain
yield in Asia by 3.57% annually during 1965-1982 (Rosegrant and Hazell 2000).
The yield of rice and wheat has increased from 150% to 250% respectively in sub-
continent and Indonesia (FAO 2014). This rise in agricultural crop yields lead to
many fold increase in per capita income of farmers. For instance, in two provinces
of India (Haryana and Punjab) the poverty declined from 35.2% to 8.1% and
28.1-8.4% in 2004/2005. In Pakistan, post green revolution has improved the food
security situation as per capita caloric intake has increased from 2462 in 2000 to
1748 in early 1960s (Evenson 2005). Moreover, population density, agriculture
credit facilities, market situation, food habits are also key determinants of economic
sustainability (Table 2).

The green revolution has resulted in improved economic sustainability of agri-
culture production system in South Asia. During past few decades, the increase cost
of production due to high prices of seed, fertilizer, labor and machinery and yield
stagnation has led to economic unsustainability. Recently, Zulfigar and Thapa
(2017) studied the economic, environmental and social sustainability of Agriculture
of Pakistan. To study the economic sustainability, they used overall crop production
and stability of crop production as indicators, while environmental indicators were
crop diversification, soil salinization, fertilizer use (organic and inorganic) and pes-
ticide usage. Moreover, food security and employment of rural labor force were
social sustainability indicators. They found regional differences for agriculture sus-
tainability across Pakistan. Their findings revealed the tendency of unsustainable
production in all provinces (Punjab, Sindh, Balouchistan and KPK) as the farmers
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in Sindh and Punjab are using more chemical fertilizers, pesticide and pumping
ground water for irrigation purposes. The lack of sustainability in Balochistan and
KPK was due to low use of fertilizer and pesticides and even no application in some
areas. Furthermore, groundwater pumping for irrigation in coastal areas further
increases the unsustainability of agriculture.

Arable landholding and soil fertility also influence the economic sustainability of
agriculture. In a study, Wasag and Parafiniuk (2015) assessed the ecological and
social sustainability in Roztocze Region of Poland. They found that bigger holdings
70 ha UAA (utilized agricultural area) have ecological stability due to high organic
matter in soil. Although these holdings have high organic matter decomposition but
the balance remained positive due to increased addition of manure as these holdings
have large scale of animal production. Similarly, social sustainability was also
observed in holding >30 ha UAA due to increased mechanization which reduced the
workload i.e. <100 man hours per ha UAA (Table 1). Niemmanee et al. (2015) stud-
ied the existing agricultural systems cover on the environmental, economic andso-
cialcondition of Samut Sakhonn Province, Thailand and suggested suitable pattern
for sustainable agriculture. The major characteristics of this sustainable agriculture
system were use of mixed cropping systems with string bean (most supplementary
plants) and chili, less use of pesticides and chemical fertilizers and more use of
manures, crop residues and application of knowledge gained through training and
its dissemination.

In conclusion; the higher use of chemical fertilizers, pesticides and other inputs
along with fluctuating agricultural markets has resulted in increased agricultural
production over the years however, there is also indication of economic unsustain-
ability due to increased use of inputs and its high input costs.

2.2 Environmental Sustainability

The global population will rise increase to 9.7 billion by mid of this century, which
will result in increased food demand and environmental degradation due to agricul-
ture intensification. The biggest challenge in this situation is achieving food security
with agriculture sustainability worldwide. Food security ensures the healthy and
continuous food availability over time; whereas, sustainable agriculture ensures the
maintenance of agro ecosystem resilience (Table 2; Skaf et al. 2019). Increase in
food demand associated with agriculture intensification to achieve food security is
posing threat to environmental sustainability. The environmental integrity is at stake
due to intensive agriculture which resulted in fertilizer driven eutrophication
(Scherer and Pfister 2015), acidification (Tian and Niu 2015) and water scarcity due
high use of water for irrigation (Scherer and Pfister 2016).

The rise in food demand has increased the competition for water, land and inputs
for food production. Moreover, this competition has resulted in the use of high
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Table 1 Effect of sustainable intensification on environmental, economic and social sustainability

Cropping Fertilizer use/

Country | system crop residue | Description Reference

India CAin 29.8 tha™! Isoil bulk density Choudhary
maize-wheat- residue forganic matter (72%),MBC (213), |etal.
mungbean incorporation | tMBN (293), 1DHA (210%),1 APA (2018)

(49%), Tbacteria (28%), tfungi (68%),
tactinomycetes (98%),1 system yield
(39%)

India CAin 30.95 t ha™! torganic matter (83%), TMBC Choudhary
rice-wheat- residue (117%), tMBN (171%), 1DHA (140), | et al.
mungbean incorporation | 1APA (42), bacteria (26%), fungi (2018)

(61%), actinomycetes (92%), 1 system
yield (39%)

India Rice-wheat- Improved carbon sequestration, soil Samal et al.
legume crop health, with higher grain yield and (2017)
rotation with food security
CA

Malawi | Sole maize No fertilizer | One food crop per year with 12% food | Snapp et al.

sufficiency and profit of USD 188 (2018)

Malawi | Sole maize 69 kg N/ha One food crop per year with 96% food | Snapp et al.

9 kg P/ha sufficiency and profit of USD 935 (2018)

Malawi | Pigeonpea- 34.5kg N/ha | Two food crop per year with 92% food | Snapp et al.
maize intercrop | 4.5 kg P/ha sufficiency and profit of USD 1054 (2018)

Malawi | Doubled up 17.3 kg N/ha | Three food crop per year with 100% Snapp et al.
legume/Maize |23 kg P/ha food sufficiency and profit of USD 637 | (2018)
rotation

Pakistan | Mungbean- Cost effective and sustainable Hassan
chickpea intensification crop rotation for et al.

dryland areas of Pakistan (2015)

China | Monocropped Monocropped maize is effective Cui et al.

maize systems alternative to wheat-maize system for | (2018)
economic and environmental
sustainability in North China plain

Europe | Multiple Multiple cropping by replacing luxury | Scherer
cropping crops with food crops and using zero | et al.

tillage and water deficit irrigation can | (2018)
help in utilization of 16 M ha land

with conservation of 11 m ton soil and

17 billion m* H,0O and will ensure the

food security of 229 M more people

Spain Olive oil Sl increased the olive production from | Sanchez-
cropping system 36.8% to 64.4% with a 40-60% Escobar

increase in revenue/unit of energy etal.
invested with maintained energy (2018)

consumption

1 = increase; | = decrease; CA conservation agriculture, MBC microbial biomass carbon, MBN
microbial biomass nitrogen, DHA Dehydrogenase activity, APA alkaline phosphatase activity
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Table 2 Factors affecting socio-economic and environmental sustainability

Country | Approaches Description Reference
Kenya Population The areas with population density below 600 Willy et al.
density persons/km? showed improved organic matter, (2019)
better crop residue management with better
nutrient use efficiency and availability (N and P),
increased crop yield and food security
Kenya Population The areas with population density above 600 Willy et al.
density below persons/km? showed high fertilizer and manure (2019)
600 persons/km” | use, increased labor and capital cost, soil fertility
and low nutrient use efficiencies
Finland | Meat Plant proteins replace with meat due to socio- Jallinoja
replacement with | economic and cultural aspects. Moreover, high et al. (2016)
bean bean production and consumptions ensures social
and economic sustainability with better food
security
Ecuador | Improving the Improved water management through changing in | Salmoral
ecosystem water | crop pattern, reduction in virtual water use with et al. (2018)
management high crop water productivity will ensure water and
food security
Sustainable Creating awareness about food products e.g. Franco and
branding organic production, ethical features will encourage | Cicatiello
consumer to pay for organic produce which will | (2019)
improve the environmental and economic
sustainability

Poland Land holding Farmers with more arable land (>70 ha UAA) Wasag and
better economic and social sustainability due to Parafiniuk
increased animal production, mechanization and | (2015)
better soil fertility owing to increase animal
manure, relative to farmers with small land
holdings (<30 ha UAA)

Mexico Urban agriculture | Restoration of historic agriculture practices Dieleman
(floating gardens, Aztecs etc.). Improved food (2017)
production with sound and balanced social,
ecological and environmental dimensions

Brazil Botanical Nano formulations (18%) of essential oil of Lippia | Oliveira

pesticides sidoides (thymol —68.5%) effectively control the | et al. (2017)
population of S. zeamais populations

Pakistan | Allelopathic Application of crop water extracts of sorghum, Jabran et al.

plant water mustard, rice and brassica in combination with (2008),
extracts low doses of Pendimethalin help in weed (2010)
management with higher yield and environment
safety

England | Integrated farm | Use of traditional and modern farming method in | Rose et al.

and Wales | management integrated manner improves the productivity, with | (2019)
better social and environmental sustainability

Lebanon | Cropping system | Olive production system is eco-friendly due to Skaf et al.

selection energy and agricultural input requirement, while | (2019)

citrus is harmful for economic and environment
sustainability due high fuel, energy, water and
fertilizer cost

UAA utilized agricultural area
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inputs and some farming practices which are damaging the environment and major
contributor of anthropogenic GHG emissions (Reilly et al. 1996). Post green revolu-
tion intensification of agriculture has resulted in soil degradation in the form of
compaction, erosion, loss of organic matter, pesticide contamination, low biodiver-
sity and increased soil salinization and waterlogging etc. (Kibblewhite et al. 2008;
Schiefer et al. 2016; Turpin et al. 2017; Shah et al. 2017; Shahzad et al. 2018).
Therefore, sustainable agriculture should be able to restore soil quality by use of
non-chemical fertilizer and pesticides (organic fertilizers, bio-fertilizers and bio-
pesticides), crop rotation with increased diversity to meet the global food produc-
tion with sustainable environment and soil health (Verma et al. 2015; Zhang et al.
2016). Skaf et al. (2019) studied the environmental sustainability in nine different
cropping systems of Lebanon by following the environmental accounting methods
i.e. material flow accounting (MFA) (emission and energy accounting and their
impact) and gross energy requirement (GER). They found that at farm level, citrus
had the highest environmental cost due to high inputs use (fertilizers, water and
diesel), whereas, olive production resulted in lowest MFA and labor resulted in less
harmful for environment and use of mass is lowest environmental cost (Table 2).

Increasing use of chemical fertilizers and intensive use of arable land has sub-
stantially increased the grain production but has seriously deteriorated the upstream
of environment of agriculture, farmland and downstream communities (Vitousek
et al. 2009; Gomiero et al. 2011; Schreinemachers and Tipragsa 2012). The use of
pesticide has resulted substantial increase in yield globally to meet the food demand
of human population growing at rapid pace. Nevertheless, this has resulted in accu-
mulation of harmful substances in food and decline in environmental health with
development of pest resistance. For sustainable food security, it is necessary to pro-
duce more food which is safe and nutritious, in the era of decreasing arable land and
limiting water resources. However, use of alternative substance to synthetic chemi-
cals has got attention due to rapid deterioration and harmful effects of pesticides on
human health with increase in food safety. Use of allele chemicals from plant orien-
tation has been effective in controlling the pest in agriculture (Campos et al. 2018;
Rehman et al. 2018). Most of the botanical pesticides are developed from the essen-
tial oils produced by plants, these oils play many vital role in plant biology as they
help in defense against biotic and abiotic stresses, attract pollinators and seed dis-
semination (Table 2: Isman 2000, 2006; Regnault-Roger et al. 2012; Pavela and
Benelli 2016). These plant based compounds can be used as insecticides, fungicides
or replants (Isman 2006). Use of traditional and modern farming method in inte-
grated manner improves the productivity, with better social and environmental sus-
tainability (Table 2: Rose et al. 2019)

In conclusion: agriculture intensification associated with high use of chemical
inputs is deteriorating environment, soil health, microbial diversity in rhizosphere.
However, use of organic fertilizers, botanical pesticides and natural predators can
help in environmental sustainability with sustainable agricultural yields.
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3 Is Global Food Security Situation Sustainable?

Agriculture faces some serious challenges as it has to address the issue of ~1 billion
people who sleep hungry daily, with around an expected addition of ~2 billion peo-
ple in world population by mid of this century (Rosenzweig and Parry 1994).
Globally around 821 million people are suffering from malnutrition in 2017, which
make around 10.9% of global population (Fig. 3; FAO 2018). In spite of all efforts
the number of hungry and malnourished people is rising. In a recent survey of World
Bank around 83 million people in 45 countries were starving. The undernourished
population is below 5% in developed countries while it goes upto 13% and 20% in
Asia and Africa respectively (Prosekov and Ivanova 2018). The number of
unnourished population increased from 218.7 in 2015 to 243.2 million in Africa,
while it is 519.6 million (19.7%) in 2016 compared to 508.3 in 2015 (18.3%)
(Fig. 3; Prosekov and Ivanova 2018). This number is further escalated in 2017 as
20.4% of the African population is undernourished (Figs. 3 and 4). In 2013, around
19.8% of the African population is undernourished with the rate is alarmingly high
in Eastern (31.9%) and Central Africa (40.9%); whereas, in Asia around 12.4%
population is undernourished with highest number of undernourished population
lives in Southern Asia (15.9%). Likewise, 6.1% population of Latin America and
Caribbean is undernourished (FAO 2018). Moreover, the food consumption pattern
is changing as the people with high income eat more and nutritious food while the
situation is opposite in the developing countries.

According to FAO (2009), with stable population growth, the possibility of hun-
ger eradication by mid of this century is questionable. The major cause of malnutri-
tion and hunger are natural calamities, wars, poverty and high population growth
rate. In a recent study, Prosekov and Ivanova (2018) selected the five countries with
a decrease or increase in food security index by the end of 2017. They found an

—o— World —o— Africa
25 - —A— Asia 4A— South America
—©— Oceania —@— North America and Europe

20 - \ . /._/—‘

15 -

10 -

Food insecure population (%)
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Fig. 3 Global food security situation. (Source: FAO 2018)
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improvement in food security index in Nicaragua/Bangladesh (+1.3), Ecuador
(+1.4), Paraguay (+2.0) and Sierra Leone (+2.6); whereas a decrease in food secu-
rity index was observed in Venezuela (—7.1), Qatar (—6.0), Madagascar (—4.7),
Congo (Dem. Rep.) (—3.8) and Yemen (—3.4). The decline in food supply in war
affected countries is obvious but the decline in some peaceful countries is due to
financial crisis globally.

In order to feed the global population, food production has kept pace by increased
agricultural intensification and expansion (FAO 2009; Stevenson et al. 2013).
However, in future, some estimates an increase in food production (Ewert et al.
2005), while, others expect decrease or stagnant agricultural yields due to rapidly
depleting natural resources, land degradation and climate change impact on natural
resource base (FAO 2009; Stevenson et al. 2013; Eitelberg et al. 2015).

Target of global food security has become challenging as on consumer side pop-
ulation increase and change of food consumption pattern, while on the production
aspect food production is limited due to less availability of arable land for agricul-
ture expansion and hence resulted in intensification (Scherer et al. 2018). According
to UN organization the expected population of world will be between 8.3 and 10.9
billion people at the current population growth rate, which will put pressure for
almost 50% and 75% increase in food supply according to some estimates (reviewed
by Prosekov and Ivanova 2018). They further stated that the food supply demand
will be doubled by 50% in low income countries, while the expected food demand
will grow by 60% and 250% in rice consuming and Sub-Saharan African countries.

The projected food demand in terms of calories will increase more than the
expected arable land (Tilman et al. 2011). Moreover, the available arable land also
provides feed, fuel, fiber, timber, helping in regulating ecosystem through flood
control, water purification, carbon sequestration and providing habitat to fauna and
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flora (Scherer et al. 2018). The potential arable land is expected to be less productive
in future compared to current agricultural land as the recent enhancement in food
production was attained at the cost of intensification rather than expansion (Foley
et al. 2011). There are still some yield gaps in many parts of globe in spite of agri-
culture intensification (crop cycle) (Mueller et al. 2012) and harvest gaps (cropping
frequency) (Ray and Foley 2013; Yu et al. 2017) that could be narrowed.

4 The Sustainable Intensification of Agriculture

The green revolution in 1960s has led to humongous increase in yield of staple
crops due to development of input responsive crop cultivars which have come at
cost of environmental integrity. In order to minimize the effect of agriculture prac-
tices on the environment, many alternative approaches have been put (e.g. organic
agriculture, conservation agriculture, agroecology, ecological intensification, sus-
tainable farming systems and sustainable intensification) (Petersen and Snapp
2015). Among these approaches sustainable Intensification (SI) is a relatively new
addition and was proposed by Jules Pretty (Pretty 1997). The earlier on SI focused
on approaches which can help in improving agricultural yields to meet rising food
demand and also ensures environmental integrity (Pretty 1997, 1999).

Sustainable intensification is needed to handle the problem of global food secu-
rity and environmental change. Local climatic conditions define the potential and
need for sustainability of agricultural practices. Nevertheless, the application of
these practices depends on social and economic factors, as farmers need to adopt
new farming practices while consumer demand affect the economic viability of
these adaptation (Scherer et al. 2018). The SI approach deems imperative in low
income countries to meet the increasing global food demand (Table 1; Tilman et al.
2011). The SI can increase food and economic sustainability, especially in areas
which have more and fertile agricultural land but have lower yields (Drechsel et al.
2001; Pisante et al. 2012; Vanlauwe et al. 2014).

A large number of scholars conceptualize ‘sustainable intensification’ as
approached aiming at increasing the food production from the existing cultivated
land in such a way with lower environmental impact and sustainable food produc-
tion in future (Garnett et al. 2013). SI approach is complementary to climate smart
agriculture (CSA) as SI it focuses on adaptability to climate change with lower
emissions per unit of output. The CSA emphasizes the improvement of risk man-
agement, information flows and local organizations/institutes to support adaptation
(Campbell et al. 2014). Moreover, CSA serves as basis for encouraging and enabling
intensification. However, for adaptation instead of narrow intensification, there is
need to include diverse cropping systems along with local planning for adaptation,
development of efficient governess system with more asset diversity. Both SI and
CSA agriculture are critical for global food security as they are part of multi-deft
approach aimed at lowering waste and consumption, development and facilitating
social safety net and trade and improving availability of healthy and nutritious diet
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(Campbell et al. 2014). Schut et al. 2016 studied the sustainable intensification in
African highlands and found that sustainable intensification faces constraints of
economic and institutional nature. They further reported that institutional con-
straints include poor functioning or absence of markets, policies, low capabilities
and finance resources and interaction between stakeholders.

In developing countries agriculture intensification is aimed at producing more
food and income from existing agricultural resources. In order to attain this target,
agriculture intensification can help in improving the sustainable agriculture yields
with profit and social sustainability. However, SI requires better and improved agri-
culture technology and inputs (crop management practices, improved seed and fer-
tilizer etc.), natural resource management (soil fertility, erosion control, reforestation,
increase biodiversity etc.) and institutional reforms and innovation (policy, social
infrastructure, easy access to finance, inputs, market and services) (Pretty et al.
2011; Vanlauwe et al. 2014). The integrated emergence of these innovations make
smart and efficient use of existing agro-ecological, financial and human resource
use across levels of different systems in a specific context (Robinson et al. 2015).

Snapp et al. (2018) conducted a participatory action research using four tech-
nologies i.e. sole maize with no and recommended fertilizer, pigeon pea —maize
intercrop, doubled up legume rotation (pigeoneer intercropping in groundnut) fol-
lowed by maize with half of recommended fertilizer and visualized the SI perfor-
mance and tradeoffs using radar charts. They found that pigeon pea-based
technologies have more environmental gains than sole maize plantation due to more
biomass production, nitrogen fixation and cover duration. The domain for human
and social capacity building were better for legume intergradation particularly due
to diversity in diet, farmer preference (especially females) and food security over
sole maize (Table 1). Furthermore, legume system was more beneficial on marginal
soils due to less risk of crop failure than unfertilized maize. Niemmanee et al. (2015)
studied the impact of existing agricultural systems cover on the social, economic
and environmental condition of Thailand and suggested mixed cropping system
with chilli as secondary and string bean as supplementary crop. They further sug-
gested increasing use of manures and crop residues as fertilizer source and reducing
the use of synthetic fertilizers and pesticides. Moreover, application of knowledge
gained through trainings to the production system management and by sharing it
with the farming community can help in sustainable agriculture system.

The crop yield of cereals and oil crops saw a humongous increase of 135%
between during last five decades while an increase of only 27% was reported in
arable land (arable land expansion varies across region) (Burney et al. 2010).
Intensification without sustainability has led to numerous problems globally
(Bennett et al. 2014). Furthermore, SI is a pervasive reorganizing of food systems to
not only limit the environmental impact but also increase the human nutrition, ani-
mal welfare and rural economies with sustainable development (Garnett et al. 2013).
In conclusion, food demand should be met through existing farmland as cultivation
of new lands will have major environmental effects and costs. Therefore, intensifi-
cation combined with prices and policies will have positive impact on land sparing.
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5 Mitigating Impact of Climate Change in Agriculture
for Food Security

Global average temperature has increased by 0.13 °C per decade since 1950s, and a
faster increase (0.2 °C) is expected for next two to three decades which will have
larger impact on cultivated land area (IPCC 2007). Agriculture production system
contributes substantially towards global warming and accounts for 19-29% of total
global greenhouse gases (GHGs) emissions, and most of these are directly coming
from agricultural activities directly in the form of CH, and N,O and indirectly
through agricultural driven change in soil cover (Vermeulen et al. 2012). For
instance, Yue et al. (2017) studied the GHGs emission from 26 crops and 6 livestock
products in China and found that meat had the highest carbon footprints (CF), while
lowest CFs value were observed for vegetables. Furthermore, methane emission
from fertilizer and paddy were the major contributor of CFs from crop production.
Climate change will have more and in general negative impact on agriculture in
areas with lower latitude (Vermeulen et al. 2012; IPCC 2013). It is expected that
climatic variation in future will increase the intensity and frequency of droughts,
floods and will increase the risk for livestock and crop producers (Thornton and
Gerber 2010). Furthermore, climate change will limit the food access to both urban
and rural population due to low income, high risk and disrupted markets (Vermeulen
2014). Climatic variation is major contributor towards land degradation and change
in soil cover particularly in drylands causing rapid soil deterioration.

Climate change will significantly affect the crop yield and future food availabil-
ity (Table 2). For instance, Lobell et al. (2011) studied the climate trends with global
crop production over three decades and found that climate change has reduced the
yield of wheat and maize by 5.5% and 3.8% respectively, whereas the yield gains or
losses for rice and soybean balanced out due to losses in some countries while gain
in others. Al-Amin and Ahmed (2016) studied the effect of climate change on food
security of Malaysia and potential climate change adaptations over 50 year time
span. They predicted a 30—35% food sustainability gap below the national baseline
in 2015 and the gap widens over time due to climatic change influence on agricul-
tural yields. Nevertheless, application of certain adaptation strategies can narrow
the food security gap from 5% to 20% over time. Recently, Agovino et al. (2018)
constructed index of sustainable agriculture (ISA) over the period of 2005-2014
according to 16 variables and studied the climate change impact on agricultural
production in 28 European Union countries. They ISA provide the ranking of EU
countries based on social, economic and environmental sustainability. They found
(a) negative bidirectional relationship between agricultural yield and climate change
(b) negative bidirectional relationship between SA and climate change and lastly (3)
conventional agriculture have negative impact on SA. A decade ago, Ravi et al.
(2010) reported that extreme climatic eve-n would increase the incidence of wind
and water erosion, which will shift the soil cover at faster rate in dryland areas.
Farmers with poor resources, small landholdings are more vulnerable to climate
change. Nevertheless, the negative effect of climate change on agriculture produc-
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tion and food security can be ameliorated through sustainable agriculture approaches
through minor modifications in crop and livestock production practices, changing
the cropping and food systems to ensure socio-economic and environmental sus-
tainability (Table 3).

Agriculture is one of the principal factors affecting climate change by directly
contributing GHGs emission through anthropogenic activities (14%) and land use
(17%). Moreover, it is expected that low and middle-income countries will be the
major contributors of agriculture emission in the future (Smith et al. 2007). Although
the industrialized countries have substantially reduced the GHGs emissions, never-
theless developing countries face the problem of high carbon emissions. Climate
smart agriculture is a pragmatic option to improve the food security with better cli-
mate change adaptations and mitigations. Furthermore, in developing countries,
climate change mitigation is a co benefit as priority remains with adaptation and
food security (Campbell et al. 2014). Parihar et al. (2018) in a 5 year study observed
the diversified crop rotations and conservation agriculture (CA) impact on soil
health, GHGs emission and food security in north-western Indo-Gangetic plains
and found that CA practices in maize based cropping systems can help in reducing
the GHGs emission and reduced the soil degradation. They further reported that CA
in maize based cropping systems (maize-wheat-mungbean, maize-chickpea-
sesbania and maize-maize-sesbania) improved the carbon sequestration, soil min-
eral N, with reduced N,O emission and soil degradation.

In dryland areas, rainwater harvesting can help in mitigating the issue of climate
change induced soil degradation in agro-ecosystem (Lal 2001). Maintaining the soil
fertility can help in mitigating the problem of food security through increased food
production under climatic variations (Wagstaff and Harty 2010). Adoption of eco-
friendly sustainable agricultural approach can help in maintaining soil fertility and
limit land degradation (Lovo 2016). Several practices such as use of cover crops,
intercropping, crop diversification, and agroforestry can help in maintaining the
agricultural production and soil conservation (Mensah 2015). Crop diversification
can help in mitigating the climate change by providing options of increased diver-
sity of marketable produce, development of innovative approaches and better func-
tioning of agricultural system (McCord et al. 2015). Intercropping with legumes
and trees can help in root proliferation which will help in improving water and
nutrient uptake (Lithourgidis et al. 2011). Soil fertility holds the key for sustainable
management of agricultural systems for improved biodiversity and agricultural pro-
duction (Ponisio et al. 2015; Garbach et al. 2016). Furthermore, balance crop rota-
tions can also help in improving the soil health, soil organic matter buildup and
carbon sequestration (Omonode et al. 2007). Crop rotation also helps in breaking
the pest cycle, improve disease resistance and crop yield (Katsvairo and Cox 2000;
Krupinsky et al. 2006). Furthermore, integrated livestock and crop production sys-
tems help in reducing the land degradation with improved soil health, fertility and
better land utilization helping in increased economic benefit and thus can contribute
towards social and environmental sustainability by lowering poverty and reduced
use of chemical fertilizer and pesticides (Gupta et al. 2012). For instance, Devendra
and Thomas (2002) reported that nutrient transfer from pasture to crop land through
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Table 3 Climate change mitigation strategies

Region | Strategy Description Reference

Andean | Biodiversity Quinoa It is highly nutritious and can grow on Ruiz et al.

regions diverse climatic conditions and marginal | (2014)

lands with high economic returns

Tanzania | Soil conservation A large number of farmers use terracing | Mulangu and
(Mulching, bund making | (28%), bund making (46%) and mulching | Kraybill
and terracing) and (57%) to enhance soil productivity and (2013) and
agroforestry replacing coffee with agroforestry to Kajembe et al.

mitigate global warming effect (2016)

Malaysia | Irrigation scheduling, These adaptation strategies can help in Al-Amin and
crop diversification, reducing the negative effective of climate | Ahmed (2016)
IPM, Conservation change on agriculture yield and will help
agriculture, better in ensuring sustainable food production
weather and climate
information system

Ecuador | Conservation payments | Reduce deforestation and GHG Ortega-
to international C price | emissions Pacheco et al.

(2019)
Sustainable Increased yield with reduction in Burney et al.
intensification emission of 161 GtC annually (2010)

India Sustainable Increased carbon sequestration, better Samal et al.
intensification (Rice- soil health with higher food production (2017)
wheat-legume) and CA

India Diversified maize The higher SOC and mineral-N, with Parihar et al.
rotations lower N,O fluxes and lower global (2018)

warming potential with high food
security and soil health were found in
maize—wheat—-mungbean and maize—
chickpea—Sesbania than in maize—maize—
Sesbania cropping system

Italy Precision Agriculture Minimum tillage and no-tillage reduced | Cillis et al.
(PA) and conservation the soil carbon losses by 17% and 63% (2018)
tillage (CT) respectively than conventional tillage

with reduced carbon emission. In
addition, PA practices optimized the
fertilizer and fossil fuel consumption.
Adoption of PA and CT reduced the CO,
emission by 56%

China Change of crop cultivar | Crop diversification, crop variety, Kibue et al.
(13%), crop type (9%), | planting date and soil management were | (2015)
soil management (16%) | best suited adaption to climate change for
and planting dates (5%) | better crop production and economic

return

India Efficient fertilizer use Adoption of these cost effective strategies | Sapkota et al.
Zero tillage can reduce 50% of GHG emission (2019)

Rice water management

Canada | Organic waste Application of organic waste of food Rashid et al.
managment industry to soil can help in reduction the | (2010)

cost of N fertilizer application by soil
nitrate recycling and also reducte the
GHGs emission
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manure substantially helps in maintaining soil fertility and crop yield. Livestock
provides cheapest labor and efficient route to intensification through nutrient
cycling.

Extensive work should be developed on the topic of climate change and potential
implications for food safety, which include developing models (on the basis of the
available information and on the generation of reliable new data) in order to obtain
more information on the spatial distribution of risk determinants for food systems
under different scenarios of climate change (Miraglia et al. 2009).

In conclusion, climatic variation can largely affect agricultural yields globally.
However, understanding the previous impact of climate change and devising of new
policies, introduction of new crops, crop rotations, crop and livestock integration
can help in mitigating the adversities of climate change through reduced GHGs
emissions, better soil fertility and agricultural yield.

6 Conclusion

The rise in food demand has led to intensification. The agricultural yields have
increased to many folds during last 60 years with a little increase in agriculture land.
This intensification has helped in meeting the food demand but it is deteriorating
environmental integrity and also poses threat to social and economic sustainability
as the agricultural yields will decline in future from the same crop land due to inten-
sification. Sustainable intensification can help in maintaining the agricultural pro-
ductivity without decreasing agricultural yield and ensuring food security along
with social and economic sustainability. It can also help in reducing the GHG emis-
sions from agriculture. Climate change negatively affects food security with increase
in GHG emission. However, sustainable crop and livestock intensification, crop
diversification, intercropping, carbon sequestration can help in reducing the emis-
sions from agriculture and improving the food security situation.

References

Adams MR, Hurd BH, Lenhart S, Leary N (1998) Effects of global climate change on agriculture:
an interpretative review. Clim Res 11:19-30

Agovino M, Casaccia M, Ciommi M, Ferrara M, Marchesano K (2018) Agriculture, climate
change and sustainability: the case of EU-28. Ecol Indic

Al-Amin AQ, Ahmed F (2016) Food security challenge of climate change: an analysis for policy
selection. Futures 83:50-63

Bennett E, Carpenter SR, Gordon LJ, Ramankutty N, Balvanera P, Campbell B, Cramer W,
Foley J, Folke C, Karlberg L, Liu L, Lotze-Campen H, Mueller ND, Peterson GD, Polasky S,
Rockstrom J, Scholes RJ, Spierenburg M (2014) Toward a more resilient agriculture. Solutions
J 5:65-75



Sustainable Agriculture and Food Security 19

Burney JA, Davis SJ, Lobell DB (2010) Greenhouse gas mitigation by agricultural intensification.
PNAS 107:12052-12057

Campbell BR, Thornton P, Zougmoré R, van Asten P, Lipper L (2014) Sustainable intensification:
what is its role in climate smart agriculture? Curr Opin Environ Sustain 8:39-43

Campos EV, Proenga PL, Oliveira JL, Bakshi M, Abhilash PC, Fraceto LF (2018) Use of
botanical insecticides for sustainable agriculture: future perspectives. Ecol Indic. https://doi.
org/10.1016/j.ecolind.2018.04.038

Choudhary M, Jat HS, Datta A, Yadav AK, Sapkota TB, Mondal S, Meena RP, Sharma PC, Jat
ML (2018) Sustainable intensification influences soil quality, biota, and productivity in cereal-
based agroecosystems. Appl Soil Ecol 126:189-198

Cillis D, Maestrini B, Pezzuolo A, Marinello F, Sartori L (2018) Modeling soil organic carbon
and carbon dioxide emissions in different tillage systems supported by precision agriculture
technologies under current climatic conditions. Soil Tillage Res 183:51-59

Cui J, Yan P, Wang X, Yang J, Li Z, Yang X, Sui P, Chen Y (2018) Integrated assessment of
economic and environmental consequences of shifting cropping system from wheat-maize
to monocropped maize in the North China Plain. J Clean Prod. https://doi.org/10.1016/j.
jclepro.2018.05.104

Devendra C, Thomas D (2002) Crop—animal interactions in mixed farming systems in Asia. Agric
Syst 71:27-40

Dieleman H (2017) Urban agriculture in Mexico City; balancing between ecological, economic,
social and symbolic value. J Clean Prod 163:S156-S163

Drechsel P, Gyiele L, Kunze D, Cofie O (2001) Population density, soil nutrient depletion, and
economic growth in sub-Saharan Africa. Ecol Econ 38:251-258

Eitelberg DA, Vliet J, Verburg PH (2015) A review of global potentially available cropland esti-
mates and their consequences for model-based assessments. Glob Change Biol 21:1236-1248

Evenson RE (2005) The green revolution and the gene revolution in Pakistan: policy implications.
Pak Dev Rev 44:359-386

Ewert F, Rounsevell MDA, Reginster I, Metzger MJ, Leemans R (2005) Future scenarios of
European agricultural land use: I. Estimating changes in crop productivity. Agric Ecosyst
Environ 107:101-116

Foley JA, Ramankutty N, Brauman KA, Cassidy ES, Gerber JS, Johnston M, Mueller ND,
O'Connell C, Ray DK, West PC, Balzer C, Bennett EM, Carpenter SR, Hill J, Monfreda C,
Polasky S, Rockstrom J, Sheehan J, Siebert S, Tilman D, Zaks DPM (2011) Solutions for a
cultivated planet. Nature 478:337-342

Food Agriculture Organization (FAO) (2001) The state of food insecurity in the world. Food and
Agriculture Organization, Rome

Food Agriculture Organization (FAO) (2009) High Level Expert Forum — how to feed the world in
2050. Food and Agriculture Organisation of the United Nations (FAO), Rome

Food Agriculture Organization (FAO) (2014) AGROSTAT. Food and Agirculture Organization
(FAO), Rome

Food Agriculture Organization (FAO) (2018) The state of food security and nutrition around the
world. Food and Agriculture Organisation of the United Nations (FAO), Rome

Franco S, Cicatiello C (2019) The role of food marketing in increasing awareness of food security
and sustainability: food sustainability branding. Encyclop Food Secur Sustain 3:27-31

Garbach K, Milder JC, DeClerck FA, de Wit MM, Driscoll L, Gemmill-Herren B (2016) Examining
multi-functionality for crop yield and ecosystem services in five systems of agroecological
intensification. Int J Agric Sustain. https://doi.org/10.1080/14735903.2016.1174810

Garnett T, Appleby MC, Balmford A, Bateman 1J, Benton TG, Bloomer P, Burlingame B, Dawkins
M, Dolan L, Fraser D (2013) Sustainable intensification in agriculture: premises and policies.
Science 341:33-34

Gliessman SR (2015) Agroecology: the ecology of sustainable food systems, 3rd edn. Taylor &
Francis Group, LLC, Boca Raton


https://doi.org/10.1016/j.ecolind.2018.04.038
https://doi.org/10.1016/j.ecolind.2018.04.038
https://doi.org/10.1016/j.jclepro.2018.05.104
https://doi.org/10.1016/j.jclepro.2018.05.104
https://doi.org/10.1080/14735903.2016.1174810

20 M. Farooq et al.

Gomiero T, Pimentel D, Paoletti MG (2011) Is there a need for a more sustainable agriculture? Crit
Rev Plant Sci 30:6-23

Gupta V, Rai PK, Risam KS (2012) Integrated crop-livestock farming systems: a strategy for
resource conservation and environmental sustainability. Indian Res J Ext Educ 2:49-54

Hassan A, Ijaz SS, Lal R, Barker D, Ansar M, Ali S, Jiang S (2015) Tillage effect on partial budget
analysis of cropping intensification under dryland farming in Punjab, Pakistan. Arch Agron
Soil Sci 62:151-162. https://doi.org/10.1080/03650340.2015.1043527

Hazell PBR (2009) The Asian green revolution. A paper prepared for the project on millions fed:
proven successes in agricultural development. IFPRI discussion paper 00911.

Huang J, Yang G (2017) Understanding recent challenges and new food policy in China. Glob
Food Sec 12:119-126

Huang J, Liu Y, Martin W, Rozelle S (2009) Changes in trade and domestic distortions affecting
China’s agriculture. Food Policy 34:407-416

IPCC (Intergovernmental Panel on Climate Change IPCC) (2013) Summary for policymakers. In:
Stocker TF, Qin D, Plattner G-K, Tignor MMB, Allen SK, Boschung J, Nauels A, Xia Y, Bex
V, Midgley PM (eds) Climate Change the physical science basis. contribution of working group
I to the fifth assessment report of the Intergovernmental Panel on Climate Change. Cambridge
University Press, Cambridge

IPCC (Intergovernmental Panel on Climate Change) (2007) In: Solomon S et al (eds) The physi-
cal science basis. Contribution of working group I to the fourth assessment report of the
Intergovernmental Panel on Climate Change. Cambridge University Press, Cambridge. www.
ipcc.ch/publications_ and_data/ar4/wg1/en/spm.html

Isman MB (2000) Plant essential oils for pest and disease management. In: Crop Prot XIVth
International plant protection congress, pp. 603—608

Isman MB (2006) Botanical insecticides, deterrents, and repellents in modern agriculture and an
increasingly regulated world. Annu Rev Entomol 51:45-66

Jabran K, Cheema ZA, Farooq M, Basra SMA, Hussain M, Rehman H (2008) Tank mixing of alle-
lopathic crop water extracts with pendimethalin helps in the management of weeds in canola
(Brassica napus) field. Int J Agric Biol 10:293-296

Jabran K, Cheema ZA, Farooq M, Hussain M (2010) Lower doses of pendimethalin mixed with
allelopathic crop water extracts for weed management in canola (Brassica napus). Int J Agric
Biol 12:335-340

Jallinoja P, Nivaa M, Latvala T (2016) Future of sustainable eating? Examining the potential for
expanding bean eating in a meat-eating culture. Futures 83:4—14

Kajembe JI, Lupala W, Mugasha FN (2016) The role of selected agroforestry trees in temperature
adaptation on coffea arabica: a case study of the Moshi district, Tanzania. In: Lal R (ed) Climate
change and multi-dimensional sustainability in African agriculture. Springer, Heidelberg

Katsvairo T, Cox WJ (2000) Economics of cropping systems featuring different rotations, tillage,
and management. Agron J 92:485-493

Kibblewhite M, Ritz K, Swift M (2008) Soil health in agricultural systems. Philos Trans R Soc B:
Biol Sci 363:685-701

Kibue GW, Pan G, Zheng J, Zhengdong L, Mao L (2015) Assessment of climate change aware-
ness and agronomic practices in an agricultural region of Henan Province, China. Environ Dev
Sustain 17:379-391

Krupinsky JM, Tanaka DL, Merrill SD, Liebig MA, Hanson JD (2006) Crop sequence effects of
10 crops in the northern Great Plains. Agric Syst 88:227-254

Lal R (2001) Soil degradation by erosion. Land Degrad Dev 12:519-539

Lithourgidis AS, Vlachostergios DN, Dordas CA, Damalas CA (2011) Dry matter yield, nitrogen
content, and competition in pea-cereal intercropping systems. Eur J Agron 34:287-294

Lobell DB, Schlenker W, Costa-Roberts J (2011) Climate trends and global crop production since
1980. Science:1204531

Lovo S (2016) Tenure insecurity and investment in soil conservation. Evidence from Malawi.
World Dev 78:219-229


https://doi.org/10.1080/03650340.2015.1043527
http://www.ipcc.ch/publications_ and_data/ar4/wg1/en/spm.html
http://www.ipcc.ch/publications_ and_data/ar4/wg1/en/spm.html

Sustainable Agriculture and Food Security 21

McCord PF, Cox M, Schmitt-Harsh M, Evans T (2015) Crop diversification as a smallholder
livelihood strategy within semi-arid agricultural systems near Mount Kenya. Land Use Policy
42:738-750

Mensah EJ (2015) Land tenure regimes and land conservation in the African drylands: the case of
northern Ghana. J Land Use Sci 10:129-149

Miraglia M, Marvin HJP, Kleter GA, Battilani P, Brera C, Coni E, Cubadda F, Croci L, De Santis
B, Dekkers S, Filippi L, Hutjes RA, Noordam M, Pisante M, Piva G, Prandini A, Toti L, Van
Den Born G, Vespermann A (2009) Climate change and food safety: an emerging issue. Food
Chem Toxicol 47:1009-1021

Mueller ND, Gerber JS, Johnston M, Ray DK, Ramankutty N, Foley JA (2012) Closing yield gaps
through nutrient and water management. Nature 490:254-257

Mulangu F, Kraybill D (2013) Climate Change and the future of mountain farming on Mt.
Kilimanjaro. In: Mann S (ed) The future of mountain agriculture. Springer, Heidelberg

Nelson G, Rosegrant M, Koo J, Robertson R, Sulser T, Zhu T, Ringler C, Msangi S, Palazzo A,
Batka M, Magalhaes M, Valmonte-Santos R, Ewing M, Lee D (2009) Climate change: impact
on agriculture and costs of adaptation. IFPRI, Washington, DC

Niemmanee T, Kaveeta R, Potchanasin C (2015) Assessing the economic, social, and environ-
mental condition for the sustainable agricultural system planning in Ban Phaeo District, Samut
Sakhonn Province, Thailand. Proc Soc Behav Sci 197:2554-2560

OECD (2016) Agriculture and climate change: towards sustainable, productive and climate-
friendly agricultural systems. OECD Meeting of Agriculture Ministers, Background note.
Available from: https://www.oecd.org/tad/sustainableagriculture/4_background_note.pdf

Oliveira AP, Santana AS, Santana EDR, Lima APS, Faro RRN, Nunes RS, Lima AD, Blank AF,
Aratijo APA, Cristaldo PF, Bacci L (2017) Nanoformulation prototype of the essential oil of
Lippia sidoides and thymol to population management of Sitophilus zeamais (Coleoptera:
Curculionidae). Ind Crops Prod 107:198-205

Omonode RA, Vyn TJ, Smith DR, Hegymegi P, Ga’l 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

Ortega-Pacheco DV, Keeler AG, Jiang S (2019) Climate change mitigation policy in Ecuador:
Effects of land-use competition and transaction costs. Land Use Policy 81:302-310

Parihar CM, Parihar MD, Sapkota TB, Nanwal RK, Singh AK, Jat SL, Nayak HS, Mahala DM,
Singh LK, Kakraliya SK, Stirling CM, Jat ML (2018) Long-term impact of conservation agri-
culture and diversified maize rotations on carbon pools and stocks, mineral nitrogen fractions
and nitrous oxide fluxes in inceptisol of India. Sci Total Environ 640-641:1382-1392

Pavela R, Benelli G (2016) Essential oils as ecofriendly biopesticides? Challenges and constraints.
Trends Plant Sci 21:1000-1007

Petersen B, Snapp S (2015) What is sustainable intensification? Views from experts. Land Use
Policy 46:1-10

Pisante M, Stagnari F, Grant CA (2012) Agricultural innovations for sustainable crop production
intensification. Italian J Agron 7(4):300-311

Ponisio LC, M'Gonigle LK, Mace KC, Palomino J, De Valpine P, Kremen C (2015) Diversification
practices reduce organic to conventional yield gap. Proc R Soc London 282:20141396

Pretty J (1997) The sustainable intensification of agriculture. Nat Resour Forum 21:247-256

Pretty J (1999) Can sustainable agriculture feed Africa? New evidence on progress, processes and
impacts. Environ Dev Sustain 1:253-274

Pretty J, Toulmin C, Williams S (2011) Sustainable intensification in African agriculture. Int
J Agric Sustain 9:5-24

Prosekov AY, Ivanova SA (2018) Food security: the challenge of the present. Geoforum 91:73-77

Qi X, FuY, Wang RY, Ng CN, Dang H, He Y (2018) Improving the sustainability of agricultural
land use: an integrated framework for the conflict between food security and environmental
deterioration. Appl Geogr 90:214-223


https://www.oecd.org/tad/sustainableagriculture/4_background_note.pdf

22 M. Farooq et al.

Qiang W, Liu A, Cheng S, Kastner T, Xie G (2013) Agricultural trade and virtual land use: The
case of China’s crop trade. Land Use Policy 33:141-150

Rashid MT, Voroney RP, Khalid M (2010) Application of food industry waste to agricultural soils
mitigates greenhouse gas emissions. Biores Technol 101:485-490

Ravi S, Breshears DD, Huxman TE, D'Odorico P (2010) Land degradation in drylands: Interactions
among hydrologic—aeolian erosion and vegetation dynamics. Geomorphology 116:236-245

Ray DK, Foley JA (2013) Increasing global crop harvest frequency: recent trends and future direc-
tions. Environ Res Lett 8:44041

Ray DK, Ramankutty N, Mueller ND, West PC, Foley JA (2012) Recent patterns of crop yield
growth and stagnation. Nat Commun 3:1293

Regnault-Roger C, Vincent C, Arnason JT (2012) Essential oils in insect control: low risk products
in a high-stakes world. Annu Rev Entomol 57:405-424

Rehman S, Shahzad B, Bajwa AA, Hussain S, Rehman A, Cheema SA, Abbas T, Ali A, Shah L,
Adkins S, Li P (2018) Utilizing the allelopathic potential of Brassica species for sustainable
crop production: a review. J Plant Growth Regul:1-14

Reilly J, Baethgen W, Chege FE, Van De Geijn SC, Erda L, Iglesias A, Kenny G, Patterson D,
Rogasik J, Rotter R, Rosenzweig C (1996) Agriculture in a changing climate: impacts and
adaptation. In: Watson RT, Zinyowera MC, Moss RH (eds) Climate change 1995; impacts,
adaptations and mitigation of climate change: scientific-technical analyses, Contribution of
working group II to the second assessment report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge, UK, pp 427467

Robinson LW, Ericksen PJ, Chesterman S, Worden JS (2015) Sustainable intensification in dry-
lands: what resilience and vulnerability can tell us. Agric Syst 135:133-140

Rose DC, Sutherland WJ, Barnes AP, Borthwick F, Ffoulkes C, Hall C, Moorby JM, Nicholas-
Davies P, Twining S, Dicks LV (2019) Integrated farm management for sustainable agriculture:
lessons for knowledge exchange and policy. Land Use Policy 81:834-842

Rosegrant MW, Hazell PBR (2000) Transforming the rural Asian economy: the unfinished rev-
olution. Accessed on 24 Dec 2018. Available online at https://www.adb.org/publications/
transforming-rural-asian-economy-unfinished-revolution

Rosenzweig C, Parry ML (1994) Potential impact of climate change on world food supply. Nature
367:133-138

Ruiz KB, Biondi S, Oses R, Acuna-Rodriguez IS, Antognoni F, Martinez-Mosqueira EA, Coluibaly
A (2014) Quinoa biodiversity and sustainability for food security under climate change. A
review. Agron Sustain Dev 34:349-359

Salmoral G, Khatun K, Llive F, Lopez CM (2018) Agricultural development in Ecuador: a com-
promise between water and food security? J Clean Prod 202:779-791

Samal SK, Rao KK, Poonia SP, Kumar R, Mishra JS, Prakash V, Mondal S, Dwivedi SK, Bhatt
BP, Naik SK, Choubey AK (2017) Evaluation of long-term conservation agriculture and crop
intensification in rice-wheat rotation of Indo-Gangetic Plains of South Asia: Carbon dynamics
and productivity. Eur J Agron 90:198-208

Sanchez-Escobar F, Cog-Huelva D, Sanz-Cafiada J (2018) Measurement of sustainable intensi-
fication by the integrated analysis of energy and economic flows: case study of the olive-oil
agricultural system of Estepa, Spain. J Clean Prod 201:463-470

Sapkota TB, Vetter SH, Jat ML, Sirohi S, Shirsath PB, Singh R, Jat HS, Smith P, Hillier J, Stirling
CM (2019) Cost-effective opportunities for climate change mitigation in Indian agriculture. Sci
Total Environ 655:1342-1354

Scherer L, Pfister S (2015) Modelling spatially explicit impacts from phosphorus emissions in
agriculture. Int J Life Cycle Assess 20:785-795

Scherer L, Pfister S (2016) Dealing with uncertainty in water scarcity footprints. Environ Res Lett
11:54008

Scherer LA, Verburg PH, Schulp CJE (2018) Opportunities for sustainable intensification in
European agriculture. Glob Environ Change 48:43-55


https://www.adb.org/publications/transforming-rural-asian-economy-unfinished-revolution
https://www.adb.org/publications/transforming-rural-asian-economy-unfinished-revolution

Sustainable Agriculture and Food Security 23

Schiefer J, Lair GJ, Blum WEH (2016) Potential and limits of land and soil for sustainable inten-
sification of European agriculture. Agric Ecosyst Environ 230:283-293

Schreinemachers P, Tipragsa P (2012) Agricultural pesticides and land use intensification in high,
middle and low income countries. Food Policy 37:616-626

Schut M, van Asten P, Okafor C, Hicintuka C, Mapatano S, Nabahungu NL, Kagabo D,
Muchunguzi P, Njukwe E, Dontsop-Nguezet PM, Sartas M (2016) Sustainable intensification
of agricultural systems in the Central African highlands: the need for institutional innovation.
Agric Syst 145:165-176

Shah AN, Tanveer M, Shahzad B, Yang G, Fahad S, Ali S, Bukhari MA, Tung SA, Hafeez A,
Souliyanonh B (2017) Soil compaction effects on soil health and crop productivity: an over-
view. Environ Sci Pollut Res 24:10056-10067

Shahzad B, Tanveer M, Che Z, Rehman A, Cheema SA, Sharma A, Song H, ur Rehman S,
Zhaorong D (2018) Role of 24-epibrassinolide (EBL) in mediating heavy metal and pesticide
induced oxidative stress in plants: a review. Ecotoxicol Environ Saf 147:935-944

Skaf L, Buonocore E, Dumontet S, Capone R, Franzese PP (2019) Food security and sustainable
agriculture in Lebanon: an environmental accounting framework. J Clean Prod 209:1025-1032

Smith P, Martino D, Cai Z, Gwary D, Janzen H, Kumar P, McCarl B, Ogle S, O'Mara F, Rice C,
Scholes B (2007) Greenhouse gas mitigation in agriculture. Philo Trans R Soc B Biol Sci

Smith A, Snapp S, Chikowo R, Thorne P, Bekunda M, Glover J (2017) Measuring sustainable
intensification in smallholder agroecosystems: a review. Global Food Secur 12:127-138

Snapp SS, Grabowski P, Chikowo R, Smith A, Anders E, Sirrine D, Chimonyo V, Bekunda M
(2018) Maize yield and profitability tradeoffs with social, human and environmental perfor-
mance: is sustainable intensification feasible? Agric Syst 162:77-88

Stevenson JR, Villoria N, Byerlee D, Kelley T, Maredia M (2013) Green revolution research saved
an estimated 18 to 27 million hectares from being brought into agricultural production. Proc
Natl Acad Sci 110:8363-8368

Thornton PK, Gerber P (2010) Climate change and the growth of the livestock sector in developing
countries. Mitig Adapt Strat Glob Chang 15:169-184

Tian D, Niu S (2015) A global analysis of soil acidification caused by nitrogen addition. Environ
Res Lett 10:24019

Tilman D, Balzer C, Hill J, Befort BL (2011) Global food demand and the sustainable intensifica-
tion of agriculture. Proc Natl Acad Sci U S A 108:20260-20264

Tubiello FN, Soussana JF, Howden SM (2007) Crop and pasture response to climate change. Proc
Natl Acad Sci 104:19686-19690

Turpin N, Ten Berge H, Grignani C, Guzman G, Vanderlinden K, Steinmann HH, Siebielec G,
Spiegel A, Perret E, Ruysschaert G, Laguna A, Giraldez JV, Werner M, Raschke I, Zavattaro
L, Costamagna C, Schlatter N, Berthold H, Sandan T, Baumgarten A (2017) An assessment of
policies affecting sustainable soil management in Europe and selected member states. Land
Use Policy 66:241-249

Vanlauwe B, Coyne D, Gockowski J, Hauser S, Huising J, Masso C, Nziguheba G, Schut M,
Van Asten P (2014) Sustainable intensification and the African smallholder farmer. Curr Opin
Environ Sustain 8:15-22

Verma JP, Jaiswal DK, Meena VS, Kumar A, Meena RS (2015) Issues and challenges about sus-
tainable agriculture production for management of natural resources to sustain soil fertility and
health. J Clean Prod 107:793-794

Vermeulen SJ (2014) Climate change, food security and small-scale producers. CCAFS info brief.
CGIAR research program on Climate Change, Agriculture and Food Security (CCAFS)

Vermeulen SJ, Campbell BM, Ingram JSI (2012) Climate change and food systems. Annu Rev
Environ Resour 37:195

Vitousek PM, Naylor R, Crews T, David MB, Drinkwate LE, Holland E (2009) Agriculture.
Nutrient imbalances in agricultural development. Science 324:1519-1520

Waggoner PE (1983) Agriculture and a climate changed by more carbon dioxide. Changing cli-
mate. National Academy Press, Washington, DC, pp 383418



24 M. Farooq et al.

Wagstaff P, Harty M (2010) The impact of conservation agriculture on food security in three low
veldt districts of Zimbabwe. Trécaire Dev Rev:67-84

Wasag Z, Parafiniuk S (2015) Ecological and social sustainability of agricultural production in the
Roztocze Region. Agric Agric Sci Proc 7:287-291

Willy DK, Muyanga M, Jayne T (2019) Can economic and environmental benefits associated with
agricultural intensification be sustained at high population densities? A farm level empirical
analysis. Land Use Policy 81:100-110

Yu Q, Wu W, You L, Zhu T, van Vliet J, Verburg PH, Liu Z, Li Z, Yang P, Zhou Q, Tang H (2017)
Assessing the harvested area gap in China. Agric Syst 153:212-220

Yue Q, Xu X, Hillier J, Cheng K, Pan G (2017) Mitigating greenhouse gas emissions in agricul-
ture: from farm production to food consumption. J Clean Prod 149:1011-1019

Zhang D, Yan M, Niu Y, Liu X, van Zwieten L, Chen D, Bian R, Cheng K, Li L, Joseph S, Zheng J,
Zhang X, Zheng J, Crowley D, Filley TR, Pan G (2016) Is current biochar research addressing
global soil constraints for sustainable agriculture? Agric Ecosyst Environ 226:25-32

Zulfiqar F, Thapa GB (2017) Agricultural sustainability assessment at provincial level in Pakistan.
Land Use Policy 68:492-502



	Sustainable Agriculture and Food Security
	1 Introduction
	2 Sustainability in Agriculture
	2.1 Economic Sustainability
	2.2 Environmental Sustainability

	3 Is Global Food Security Situation Sustainable?
	4 The Sustainable Intensification of Agriculture
	5 Mitigating Impact of Climate Change in Agriculture for Food Security
	6 Conclusion
	References


