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Abstract

As per the estimates of FAO (Food and Agriculture Organization) world’s
population would be requiring 60% more food in comparison to present times
till 2050. The situation is worser due to limitation in terms of availability of arable
lands. In this context, intensification in the agricultural sector is the basic require-
ment for both developed and developing nations. Intensification towards
sustainability is an important aspect for sustainable utilization of resource and
its management. Policy formulation, strategies and technological growth should
take place at the scientific level and executed at the farmers level in order to
reduce inputs and maximize the yield and productivity. This would also help in
maintaining agro-biodiversity along with ecosystem services followed by liveli-
hood sustenance. Therefore, innovation in the field of agroecology through
incentive-based practices may give fruitful results. Ecological intensification
(EI) has an integrated approach by improving production along with maintenance
of environmental quality. EI addresses various issues such as food security as
well as technological intervention in the form of organic farming, conservation
agriculture, climate smart practices, etc. Above all it addresses the issues of
environmental sustainability through proper strategy formulations, good
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governance and generation of awareness for adoption of EI for economic and
ecological gain.
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1.1 Introduction

In the present era modernized technique and process used in agriculture is creating
environmental degradation along with the loss of biodiversity. The impact is severe
as it reduces the agricultural productivity as well as total destruction of
agroecosystem on long term. Various factors play effective role towards agriculture
and economy. Another big issue includes feeding of growing population of human
beings across the world. In this context, intensification in agricultural practices is the
need of the hour. But, one must take care about the process should be eco-friendly.
Maintaining the harmony of natural resource (NR) is also required to maintain the
integrity of agroecosystem (Kumar et al. 2020; Jhariya et al. 2019a). Therefore,
intensification can be achieved in the sector of farm inputs, mechanized inputs, man
power inputs as well as proper functioning of the ecosystem.

Such approaches should promote efficient and sustainable NR utilization. How-
ever, such approaches are sometimes criticized for lesser efficiency and less protec-
tion of biodiversity (Raj et al. 2018). In this context, ecological intensification
(EI) focuses on sustainable functioning of ecosystem, ecological processes as well
as ecological interactions (Shaver et al. 2015). To achieve sustainability in agricul-
ture sector eco-intensive farming practices should be approached using natural assets
and services within the carrying capacity of the habitat. One major problem on this
aspect is practicing eco-farming technologies does not fulfil the growing demand of
food worldwide (Meena et al. 2018; Harvey et al. 2014). In Indian perspective as
there is gradual increase in the footprint of agroecosystem, it is creating a crisis
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situation for other NRs as well as human civilization (Banerjee et al. 2020; Raj et al.
2020). Intensification of agricultural activities should therefore be properly
investigated by the global scientific community.

Ecosystem is an integrated unit of biotic and abiotic factors. Therefore, efficient
functioning of ecosystem is very much essential to maintain the ecosystem homeo-
stasis. It has been observed that high level of biodiversity promotes EI in agricultural
productivity and economically effective. Multifaceted of benefits lies within agricul-
tural biodiversity such as maintenance of soil quality and nutrient flow in
agroecosystem, protection and conservation of soil and water as well as the integrity
of ecosystem. Loss of biodiversity in agroecosystem has revealed loss of genetic
diversity as well as more susceptibility of ecosystem towards various stresses
(Jhariya et al. 2019a).

To achieve sustainability, one has to work in a combined way to promote
conservation of agro-diversity as well as move towards increased production. Inten-
sification in the negative sense leads to the use of modernized technology causing
agro-pollution and therefore, world is looking for suitable alternatives through
eco-friendly practices. This way of deleterious agricultural practices has caused a
drastic reduction in world’s biodiversity at macro level. Intensive use of
agrochemicals has converted the complex nature of ecosystem and species interac-
tion into simpler forms of reduced number of food chains and food webs operating in
a particular ecosystem (Meena et al. 2020). When one considers intensification in
terms of agricultural productivity more than half of flora and fauna in UK has
depleted due to increased cultivation practices (UNEPWCMC 2011).

The problem of biodiversity loss is a century old problem which is aggravated
through modernization of agro-technology causing a crisis situation in the entire
Europe along with loss of ecosystem services (Storkey et al. 2012). As a conse-
quence of that agro-biodiversity becomes the key issue in the policy matter of
European Union (EU) promoting R&D (research and development) in various
schemes of agriculture and environment (Sutcliffe et al. 2015). As a consequence
of that vision of EU Biodiversity Strategy-2020, focused on strengthening ecosys-
tem function and promote sustainable development (SD) in the sectors of forestry
and farming (Mace et al. 2010). It has been observed that by preserving biological
diversity one can achieve sustainability in the field of agricultural production
(Tryjanowski et al. 2011).

The present chapter deals with various forms of EI practices leading towards SD
in agroecosystem and NR conservation.

1.2 Problems Associated with the Resources

India is an agriculture based country in which 75% of the people are dependent upon
agricultural activities for maintaining their livelihood. Rest of the people is also
dependent upon the natural assets in terms of consumption and habitat. The prosper-
ity and well-being of human civilization is dependent upon the reserve base of NR
along with environmental quality. In Indian perspective the major issue is that
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resource depletion appears to be a common aspect reducing the quantity and quality
of NR. Each of the components of the ecosystem is under threat from various forms
of environmental degradation reducing the agricultural productivity to a consider-
able extent. For instance in the hydrosphere the ground water extraction is taking
place in an unprecedented rate, water pollution in an uncontrolled way and as a
consequence fresh and safe water is a scare resource (Meena and Lal 2018).
Pollution in every sphere of environment hampers the productivity and economic
growth of a country. However, in developed nations conservation approaches seem
to be a luxury to maintain the aesthetics. On the other hand developing countries are
under stress to promote such approaches for their existence (Singh 2009).

Intensification to boost up agricultural productivity has huge negative impact
upon biodiversity and other associated ecosystem services. Such losses promote
ecological invasion, loss of indigenous crop diversity, making more species critically
endangered or rare and overall decline in agricultural productivity (Kennedy et al.
2002; Jhariya and Yadav 2017). Researches have revealed better productive
agroecosystem nurtures higher level of biodiversity of flora and fauna (Tscharntke
et al. 2005). Decline in avifaunal species have been reported by various researchers
due to reduction in agricultural productivity (Soderstrom et al. 2001). Considering
the facts the concept of sustainable agriculture emerged to maintain both the quantity
and quality of food as well as promote EI process to operate within the
agroecosystem in the form of organic farming, green farming, etc.

With the unprecedented growth of human population, problems of food security
and crisis came into our forefront. As per the report of Food and Agriculture
Organization (FAO) (2012a) more than 800 million people are suffering from the
problem of food crisis along with improper diet and nutrition globally. The situation
is much worser in the developing countries. It is a biggest challenge in the area of
intensification and as a consequence to cope up with such problems, EI is the
solution. Further, wastage of food materials is also putting pressure on the
agroecosystem by increasing the demand for human civilization (Alexandratos and
Bruinsma 2012; Meena et al. 2020a, b). Therefore, implementing EI is a hard task to
perform for betterment of quality of life (FAO 2012b).

Agriculture comprises of diverse form of activities including crop cultivation and
management of animal husbandry which provides multifaceted of economic benefits
for people both in developed and developing countries. Therefore, eco-intensified
agriculture can be considered as a combating measure towards the problem of food
security, crisis and poverty. The major problem in terms of global economy includes
growth and development of non-agricultural sectors in comparison to agricultural
sectors which is prevalent in developing countries (FAO 2012a). Therefore, the
objective of agriculture is not only to provide food and employment opportunities
but also act subsequently to combat environmental challenges as well as with other
non-agricultural sectors. Thus, a paradigm shift is required towards sustainable
agriculture through capacity building and comprehensive policy framework.

Green revolution is a mega event in the area of intensification of agricultural
productivity. Under this event adoption of hybrid seeds, chemical inputs and
modernized technologies have intensified the agricultural productivity to a
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considerable extend (Stevenson et al. 2011). Such agricultural intensification
activities have also addressed the issues of poverty up to a certain level. Higher
productivity would lead to decline in economy of agricultural products which
indirectly contributes to socio-economic development of rural livelihoods. On the
other hand agricultural intensification has promoted environmental degradation in
various forms and thus has become a bane for the modern technological world.
Under such situation intensification practices should be modified to EI practices.

The EI process in agriculture seems to focus on zero wastage and more produc-
tion strategy. On the other hand it should encompass for socio-economic upliftment
and economy of rural stakeholders. Another aspect of EI of agriculture includes
developing the agroecosystem as a shock absorber under the face of various biotic
and abiotic stresses. The agroecosystem should be capable of reducing greenhouse
gases (GHGs) emission, providing ecosystem services such as pest and disease
control along with maintenance of fertile land. The modern agriculture should also
be energy intensive which will consume less energy and eco-friendly sources of
energy. The major challenge would be to focus on development of such an agricul-
tural system which reduces the negative impact on the ecosystem. Sustainable
agriculture in this perspective requires an integrated approach for sustainable use
of NR and efficient management of ecosystem services. In this way the negative
impacts on agroecosystem can be reduced and one can move towards climate
resilient agroecosystem in future. Under this purview, the focus point should be on
conservation of crop varieties, climate resilient agriculture practice, maintenance of
germplasm stock and proper utilization of genetic resources in terms of ecosystem
services they provide.

Level of awareness and willingness of farming community towards EI activities is
also required from unsustainable to sustainable practices. Further, effective imple-
mentation of policies should also be required for their better accountability. In these
aspects recognizing traditional knowledge and experience of farming communities
may be the better option for adopting EI practices. Economic incentives, rights over
land would help the rural poor farmers to adopt EI practices in their agricultural
system. Capacity building is also an important aspect in order to achieve
sustainability through EI practices.

1.3 Agricultural Intensification and Environmental
Sustainability

Use of NR is associated with the agricultural activities to a maximum extent. As per
the reports maintenance of livestock tends to be the largest user of land on the earth
surface, using 3/4th of the geographical area of cultivable land. Also, in agriculture
sector>65% of water resource is usually consumed (Kabat 2013). More than half of
the geographical habitat and assets are consumed unsustainably through agricultural
activities (MEA 2005). As per FAO (2011b) approximately 1/3rd of food materials
(>1.2 billion t/yr) are gradually wasted across the world which is severe in front of
food crisis problem. By comparing the economic conditions of developed and
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developing nations, it was observed that wastage of food occurs at consumer level
for high income countries and loss during agricultural activities in low income
countries due to the lack of proper infrastructure. Reducing the wastage of food
one can minimize the food demand as well as associated cost in cultivation practices.

In the present context, sustainable agriculture is the need of the hour. It involves
approaches of wide dimension such as conservation agriculture, integrated nutrient
and pests management, various forms of intensification practices and technologies
(e.g. system of rice intensification), region based tested model, proper management
of livestock along with conservation of NRs such as water and soil (Table 1.1).

Sustainable production system has various components which include
eco-friendly practices, application of agroecological principles supported by good
legal framework along with proper planning, execution and monitoring process
(Fig. 1.1).

EI is such a process or approach which acts upon the community level through
eco-governance leading to ecosystem quality improvement followed by increase in
ecological value. In this process there is growth in technological innovation leading
to equilibrium between ecosystem quality improvement and ecological values
(Fig. 1.2).

1.4 Challenges for Ecological Intensification towards
Sustainability

Increasing productivity in an unscientific manner is creating the problem of agricul-
tural pollution and land degradation. Intensive use of pesticides and fertilizers is
increasing the energy footprint, economic cost, loss of soil health and agro-
biodiversity and many more irreplaceable problems (Meena et al. 2020; Jhariya
et al. 2018a, 2018b). On the other hand we have to increase the food production to
feed the growing human population of the globe. Therefore, the concept of EI
becomes very handy to address these problems. Further, it would also lead to
sustainability.

Implementing EI at the grassroot level is very challenging as because it requires
an integrated approach as well as proper scientific planning and suitable strategies. In
the agroecosystem the soil and water environment is affected mostly at the cost of
more production. For example, problem such as soil salinization, desertification, soil
erosion are the result of faulty land-use practices. In the water component it was
observed that non-judicious use of chemical fertilizer and pesticides pollute the
water in the form of growth of algal blooms known as eutrophication. Another
major issue is the pest and disease outbreaks within the agroecosystem which
reduces the crop yield in significant level. Therefore, an approach of integration
between agriculture and ecology is very much essential to overcome these
challenges.

Two major challenges associated with agroecosystem includes the problem of
hunger and malnutrition followed by too much of anthropogenic influence causing
ecological overshoot and crossing carrying capacity of the earth. Secondary
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Table 1.1 Various schemes of ecological intensification across the globe

Practices/schemes/
methods/models Region Outcomes References

The comprehensive
assessment of water
management in
agriculture (2007)

Burkina
Faso alone

Rehabilitation of more
than 2,50,000 hectares of
land and production of
more than 75,000 tons of
food material annually.

Reij et al. (2009)

Southern
Niger

Farming community are
actively engaged in
regeneration and
multiplication of trees of
higher economy which has
improved the land quality
of more than 4.5 million
hectares with extra
production of 500,000 tons
of food annually. This has
been contributed
significantly to ensure
food security for more than
2.5 million people. Further
economic earning
increases up to>200 $ due
to baobab production on
household basis annually.

Ethiopia Farming community is
capturing the agricultural
runoff from various natural
structures by creating
temporary water reservoir
and then utilizing it for
irrigation purpose. In this
process it was found that
>60,000 hectare land area
has come under irrigation
followed by benefits to
over>3 lakh people due to
sorghum production. It has
also benefited the
agricultural extension of
various horticultural
productions up to 3/4th
times.

Binyam and Desale
(2015)

Conservation
agriculture (CA)

Brazil Conservation based
agriculture is practiced for
>20 million hectares
accounting for >20%
cultivable land combating
the events of drought and
erosion. As per report in
2008–2009 the yield loss

Altieri et al. (2012)

(continued)
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Table 1.1 (continued)

Practices/schemes/
methods/models Region Outcomes References

in production of maize
almost reached half of the
production. However,
farmers who practiced CA
reflected approximately
20% loss in maize
production. This approach
leads to ecosystem
resilience of CA.

Developing
countries

An average increase in
yield of 79% was reflected
in CA projects from pilot
study of >250 projects
across >50 countries of
the globe. It helps to
increase the water use
efficiency of crops,
improves C sequestration
potential and reduces the
dependency on pesticides
for eradication of pests.

Pretty et al. (2006)

Sustainable
intensification (the
foresight project)

African
countries

Sustainable intensification
approach were adopted by
>15 African countries in
>35 projects with an
economic benefit to >ten
million farming
community along with
improvement in the
environment up to
12 million hectare land
area

Pretty et al. (2011)

System of rice
intensification (SRI)

Various
region of
the world

SRI has been widely
adopted for staple food
crops along with other
vegetable crops for
sustainable yield. The
benefit of SRI has been
reflected for >45 countries
with an yield increase up
to 100% with 9/10th
reduction in seed
requirement as well as half
reduction of water
requirements

SRI International
Network and Resources
Center (2014)

India From Indian perspective in
the past five decades
development of small
holds farmer were found

Vidal (2013)

(continued)
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Table 1.1 (continued)

Practices/schemes/
methods/models Region Outcomes References

among the global
population of 500 million.
SRI such a technology
which requires lesser
inputs and thus become
economically feasible.
Bihar government is
actively promoting this
programme

Participatory plant
breeding (PPB)

China The south West China,
maize based PPB
programme was initiated
and increase in yields was
recorded up to 30%.
Organic supplements have
increased the production of
maize by 30% in
comparison to villages not
adopting the PPB
programme and therefore
promoted the economic
flow towards the villages
adopting PPB models.
Such approaches help in
regulation of pest
population, use of organic
amendments. Area under
risks may be adapted with
monocropping system to
reduce the risk of crop
failure, and adaptation to
local condition, and was
found to be more efficient
in increasing the quality
and quantity of yield in
comparison to the hybrid
variety

Song and Li (2011)

One acre fund Western
Kenya

In western Kenya till 2012
investment of One Acre
Fund has promoted three
times yield increment of
raw material after
harvesting with per acre of
plantation. Further, the
economic gain has
increased twice.

Pretty et al. (2011); Royal
Society (2009)

Microdosing Niger, Mali
and Burkina
Faso

The microdose concept
adopted in various African
countries have reduced the

ICRISAT (2009)

(continued)
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Table 1.1 (continued)

Practices/schemes/
methods/models Region Outcomes References

chemical fertilizer use with
higher yield of millet crops
along with other crops
having better adoptability
of water

The zai system Burkina
Faso

The Zai approach includes
seed showing through
organic amendments such
as leaves and compost
manure along with rain
water is done during
summer season which
enriches the soil biota.
Further, sowing of
sorghum and millet crop
tend to increase the yield
up to 120% giving
additional yield of
>75,000 tons grain
annually

CGIAR (2011);
Sawadogo (2011)

Agroforestry with
Faidherbia Albida

African
countries

Leguminous crop tend to
add nitrogen through
biological nitrogen
fixation as well as
decomposition of plant
materials. Plantation of
crops under leguminous
tree is a suitable alternative
which can give better yield
without the application of
fertilizers. Additionally the
leguminous trees add
>2 tons per hectare basis
carbon into the soil and it
has been reported that
mature trees can add
carbon up to 30 tons per
hectare basis

World agroforestry Centre
(n.d.) (http://www.
worldagroforestry.org/
sites/default/files/F.a_
keystone_of_Ev_Ag.pdf)

IPM with FFS
model (farmer field
schools)

African
countries

Under the leadership of
FAO and the partnership
with civil society IPM and
FFS models was launched
in Ghana in which training
and extension programme
were given to the farmers
and as an outcome 23%
yield increase was
recorded with a decline in
75% pesticide use

FAO (2001), (http://www.
fao.org/fileadmin/
templates/agphome/
documents/IPM/IPPM_
West_Africa.pdf)
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challenge includes loss of agro-biodiversity, higher level of GHGs emission
followed by rising temperature of the earth surface leading to climate change.
Further, scarcity of fresh water resources, higher rate of deforestation, high concen-
tration of nutrients are adding more challenges in the soil environment of the
agroecosystem. In developing countries poverty is another biggest challenge for
the agricultural sector to feed the population (FAO 2012a). Therefore, the multifac-
eted of challenges in agriculture is to provide nutritious and adequate food to people
on one hand and mitigate environmental issues on the other (FAO 2012a).

Under the objective of increasing productivity it was observed that 60% of the
ecosystem across the globe is under severe threat due to unsustainable utilization.

Sustainable 
Production System

Good governance & legal 

framework

Eco-intensification

Ecofriendly practices

Conservation agricultural

Climate resilience & 

decision support system

Managing resources

Planning, execution and 

monitoring
Concern on agroecology, 

economy and environment

Fig. 1.1 Components of sustainable production system

Fig. 1.2 Pathway of ecological intensification
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Further, the genetic diversity of the agroecosystem is also under threat due to the
pressure of climate change, technological innovation in terms of hybrid variety
introduction, followed by land-use changes. For example rapid deforestation is
taking place for expansion of the agricultural land (Kabat 2013; UNEP 2010).
Unequal distribution of economy and technology between the developed and devel-
oping nations often creates the problem of wastage of agricultural produce.
According to one estimate given by FAO (2011b) one third of the food produced
across the globe is wasted simply because of unequal distribution between the
production and consumption sectors. It was observed that countries with higher
and medium level of economy tend to waste food material in comparison to low
economy country. Food may be wasted during the processing step, transportation or
during storage.

Across the globe there is range of factors that influences the effectivity of
intensification practices. Among them the most important one includes economic
incentive, lack of appropriate technology, food crisis, ever increasing human popu-
lation, soil and climatic conditions (Table 1.2).

Considering the present scenario of population boom followed by environmental
degradation specific strategies needs to be formulated towards various components
of intensification such as agricultural intensification, EI and sustainable intensifica-
tion (SI). These three components have a complex interaction in order to achieve SD
of human civilization. Food production is the biggest challenge for agricultural
intensification, maintaining ecological health and services for EI followed by
socio-economic and environmental improvement for SI (Table 1.3).

1.5 Nexus Between Intensification, Food Security and Crisis
Under Changing Climate

The major challenge in front of modern world is producing sufficient food and
maintaining the ecological integrity of agroecosystem. Such issues cannot be
resolved through conventional agricultural practices and therefore, there is urgent
need of EI. Proper management through EI is the requirement to address the issue of
sustainable agriculture. To implement such strategies proper scientific knowledge,
technical skills, adequate infrastructure is required to focus EI and sustainable
agriculture. It was observed that the issue of food security at local level can be
resolved through adoption of low input agricultural practices leading to socio-
economic upliftment of local community stakeholders. This leads to development
of concepts such as organic farming, biofertilizer based farming along with intro-
duction of advance molecular techniques towards climate resilient agriculture prac-
tice (Halberg et al. 2015).

As per FAO a massive increase in agricultural output is required within 40 years
span of which significant contribution should come from the under developed world,
where the production of biomass needs to be increased for the said period
(Alexandratos and Bruinsma 2012). Another challenge is in the form of competition
to be maintained between productivity and energy production in the form of biomass
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Table 1.2 Challenges of ecological intensification across the globe

Location/region Study level Factors influencing References

Amazon region of
Brazil

Field/farm Accessibility and policy for
marketing, commodity price, facilities
for ranching, etc.

Cortner et al.
(2019)

Malawi (central and
southern part)

Farming
community

Lack of infrastructure, high
population strength, low productivity
of soil, farmers response, etc.

David et al.
(2016)

Malawi central region Field/farm Male female ratio, climatic feature,
commodity price, availability of land,
population strength, etc.

Snapp et al.
(2018)

Andes central region Regional Climatic perturbations, mining and
grazing activities, improper
plantation, etc.

Willy et al.
(2019)

Africa (eastern and
southern region)

Field/plot Extension activities, accessibility of
markets, lack of information
technology, technological
upgradation, etc.

Kassie et al.
(2015)

Kenya (eastern and
western region)

Farming
community

Male female ratio, lack of technology,
quality of land, extension activities
and accessibility of markets, etc.

Ndiritu et al.
(2014)

Kenya, Uganda and
Ethiopia (eastern
region of Africa)

Nation Insufficient incentives for economic
growth, extension activities, improper
infrastructure

Yami and
Van (2017)

Uganda (eastern part) Farming
community

Lack of information technology, price
variability, climatic perturbations,
insufficient yield, livelihood of
farming community, population
strength, etc.

Rahn et al.
(2018)

Kenya (eastern part) Field/farm Population strength, soil fertility and
productivity, lack of information
technology, farmer’s attitude, local
climatology, etc.

Rolando
et al. (2017)

Germany Field/plot Soil edaphic features, food
requirement, population strength, etc.

Schiefer
et al. (2015)

Sub-Saharan Africa Farming
community

Soil quality, population strength,
improper production, productivity,
livelihood, accessibility to market,
etc.

Vanlauwe
et al. (2014)

Kenya (southern part) Rural setup
/village
level

Population strength, commodity price
variability, precipitation, etc.

Zaal and
Oostendorp
(2002)

Tropical Reunion Field/farm Population strength, rising food
requirement, biotic and abiotic stress,
nature of land, etc.

Jonathan
et al. (2011)

India – Population rise, small land holding,
subsidy for agricultural inputs,
poverty level, information
technology, infrastructure, soil and
climatic conditions, etc.

Vidal
(2013), Nath
et al. (2016)

1 Ecological Intensification of Natural Resources Towards Sustainable Productive. . . 13



till 2050. Higher production of biomass would lead to development of alternate
energy source by replacing fossil fuels which would help to mitigate the mega event
of climate change in agricultural sector. On the other hand to feed the growing
human population one needs to improve the productivity at highest level without
damaging the soil and land environment (Harvey and Pilgrim 2011). Another
problem is the availability of land for cultivation for increasing the agricultural
productivity (Raj et al. 2019a, 2019b). As per the research data, six persons to be
fed from per hectare area of agriculture land globally since 2000 onwards (Cassidy
et al. 2013).

As per Halberg et al. (2009) the unsustainable consumption pattern of
agroecosystem and their subsequent ecosystem services creates the issue of food
security. The ecosystem service and benefits are undermined through non-judicious
use of chemical fertilizer and other agrochemicals altering the soil quality to a
considerable extent (Meena et al. 2020). Changing climate also poses significant
challenge in terms of reduction in agricultural productivity and therefore raising the
issue of food security (Porter and Xie 2014). The integrated system of food security,
NR depletion and climate change is creating a huge problem for prosperity and well-
being of the people (Halberg et al. 2009). Thus, to address these three issues all
together, EI is the need of the hour in the agricultural sector (Fig. 1.3) (Tittonell
2014).

The nature of EI depends very much upon sustainability which can be integrated
as SI. SI is such a process that aims towards conservative approach to improve soil
health, fertility and productivity of agroecosystem. It is also an integrated approach
that includes the principles of organic farming, use of biofertilizer and bio-pesticides
policies, judicious use of agrochemicals to reduce agricultural pollution and protec-
tion from pests and diseases (FAO 2011a). Such approaches also work on case to

Table 1.3 Strategies for various components of intensification (Source: Tittonell 2014; Tittonell
and Giller 2013; Wezel et al. 2015; Clay 2018; Xie et al. 2019)

Agricultural intensification Ecological intensification Sustainable intensification

✓ Intensify agricultural
productivity.
✓ Greater sales and
marketing.
✓ Increase productivity on
region basis.
✓ Increase market share for
socio-economic upliftment.
✓Environment intensive
farming practices

✓ Minimizing the negative
impact of modern agriculture.
✓ Maintain the soil health and
biodiversity.
✓ Optimum use of resources.
✓ Ecology based processes and
services.
✓ Minimizing external inputs
and focusing in on-farm inputs.
✓ Maintenance of ecosystem
services.
✓ Recognizing traditional
knowledge for resource
conservation

✓ Reduce energy subsidy.
✓ Maintain ecosystem
resilience.
✓ Agricultural diversion for
proper land-use.
✓ Improve economic
potential and quality.
✓ Adaptation and mitigation
through capacity building.
✓ Managing landscape for
multidimensional services.
✓ Resource efficient
technologies.
Harmonization of input-
output agricultural practices.
✓ Restoration of degraded
ecosystem
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case basis. The policy underlying the mechanism of SI includes reducing wastage of
food and demand for products coming from livestock population. However, the aim
of improving food production should be continued in an eco-friendly way in order to
maintain the balance of the environment. In Europe the major policy behind such
factor includes not only to restrict the use of agrochemicals in order to check the
pollution but also towards the optimum use through intensive management for
proper caring of ecosystem services provided by the agroecosystem to human
civilization. In order to do that proper knowledge for specific areas needs to be
maintained.

EI is a concept which emphasizes the maintenance of crop biodiversity in order to
achieve sustainable yield and reduce the impact on environment (Bommarco et al.
2013). As per the various works and reports, the principle of EI is very much similar
with agroecological perspective and organic mode of farming (de Abreu and Bellon
2013). Agroecology is a concept which integrates the application of ecological
principles in agroecosystem for increased income for the rural stakeholder as well
as maintains the ecosystem health (de Abreu and Bellon 2013). Organic agriculture
is a form of cultivation practice that emphasizes more on organic inputs in order to
maintained agroecosystem health and diversity. Further, it also aims towards low
input agriculture practice in terms of different agrochemicals to maintain the soil
health and fertility. Such system also emphasizes the use of traditional knowledge to
get sustainable yield by application of modern scientific principles.

Thus, the two concepts of agroecology and organic farming emphasizes on proper
maintenance of ecosystem services as well as sustainable NR utilization. Therefore,
the practice of organic farming should be intensified in order to build the soil nutrient
pool and organic matter. In Europe, the concept of EI was modified to eco-functional
intensification by recognizing the traditional knowledge based on biological
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Fig. 1.3 Food production and sustainable intensification
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principles and maintaining the harmony between food production unit and
agroecosystem. In this way through low input agriculture practice helps to imple-
ment eco-functional intensification principles at the field level (Lipper et al. 2014).

Strategy for implementing intensification in agricultural system comprises of
management, mitigation, adaptation and control (Fig. 1.4). Management component
comprises of development of policy for proper management of resources followed
by effective legal infrastructure through good governance. Mitigation should be
aimed towards reducing the impact of natural hazards and adopting towards climate
change (Khan et al. 2020a, 2020b). In the adaptation component one needs to cope
up with environmental changes followed by framing strategic plan for capacity
building of stakeholders. Control components should be aimed towards pollution
regulation and future R&D.

1.6 Organic Farming Towards Ecological Intensification

Field based studies were conducted by various researchers by using various combi-
nation of organic and conventional farming system to achieve the goal of
EI. According to de Ponti et al. (2012) organic farming gives lesser output (1/3rd)
in comparison to traditional agricultural practices across various centuries of the
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Waste resources

Natural & bio-resources
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Natural disaster

Adaptation
Environmental changes

Capacity building

Strategic plan

Control
Pollution
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Fig. 1.4 Strategic component of ecological intensification
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globe. However, the result of the yield varies on the basis of agroecological region.
For instance in Asian subcontinent yield ranges up to >80% and in European
continent it is <80%. It also varies according to various crop species. But some
results shown by Te Pas and Rees (2014) revealed higher output in organic farming
in comparison to traditional agricultural practices under tropical and sub-tropical
conditions.

Based on the type of crop the result in terms of yield also varies significantly. For
example, yield gap between conventional and organic farming practices is not very
significant in case of leguminous crops but the case is different for categories of
non-leguminous crops (Ponisio et al. 2015). Various treatments of chemical fertilizer
did not show any significant impact over yield variations. Considering these facts
various diversifying practices are required in which the concept of agroecology and
organic farming should be included in order to move towards EI and sustainability in
agricultural system (Fig. 1.5).

According to Kirchmann et al. (2008) the level of organic farming should be
upgraded in such an extent that the yield becomes comparable to conventional
system of agriculture practice. The organic farming should be integrated with proper
crop rotation as well as use of green manuring. This would provide continuous
nutrient flow into the agroecosystem an aid in EI process. One of the major problems
in relation to reduction in yield includes pest and disease outbreak which can be
regulated through biological diversification of agricultural crops. This would help to
maintain the soil fertility as well as soil physical properties. It also helps to build up
ecosystem resilience against climate and human perturbations. However, the results
seem to be little bit unclear as most of these approaches were conducted on experi-
mental basis and the practices such as intercropping, crop diversification were not
included in the field trials. There are also lacunae in terms of yield calculation
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considering monocrop or yield obtained from diversified agroecosystem (Kremen
and Miles 2012).

Agroecological principles are well documented giving sustainable yield under
tropical condition in comparison to agricultural system of temperate region.
According to a research report, in the area of east Africa Push Pull System of
maize (Zea mays) intercropping was found to be promising than the conventional
system in terms of yield (Altieri et al. 2012). Further development of agriculture
based forestry system popularly known as agroforestry was found to be fruitfull to
give higher yield by addition of nutrients in the soil through litter deposition and
their subsequent decomposition (Akinnefesi et al. 2010; Jhariya et al. 2019b). This
was further supported by the findings of Akinnefesi et al. (2010), who reported
higher yield under the combination of fertilizer tree and half nitrogen and phosphate
fertilizer in comparison to sole fertilizer application. These provide added advantage
of weed control as well as improve the water and nutrient uptake by crop plants
(Malezieux et al. 2009). Beside the aforesaid matter of EI approaches one need to
take care about fulfilling the biomass requirement, maintaining ecosystem services
as well as mitigating and adopting climatic perturbations.

1.7 Research and Development

It is no doubt that EI appears to be need of the hour considering deteriorating
conditions of agroecosystem under the light of environmental pollution and climatic
change. The major objective of EI includes sustainable yields along with reducing
anthropogenic inputs through organic materials. Such approach would also help to
regulate and maintained the ecosystem services of agroecosystem. Future research
should be aimed to mitigate the gaps in sustainable yield and incorporate ecosystem
services to crop production system (Bommarco et al. 2013).

A lot of work has been done in the area of food security with the help of
agroecological process and eco-functional intensification. But, major problems
associated with this include recognizing and evaluating the actual potential of food
production to meet the present and future food demand and their proper prediction.
World research has revealed the promotion of agroecological practices that would
help to satisfy the growing food demand up to 2050. The proper outcome of EI at
regional and global level is yet to be explored properly and therefore, demand future
R&D followed by approaches and awareness (Fig. 1.6). The factor of diet preference
should also be considered in relation to global food security issues (Halberg et al.
2015).

The integration of agroecology, organic farming and EI has revealed positive
output in terms of agricultural output and providing ecosystem services. Therefore,
the principles of agroecology and organic farming are the pillars of EI process which
relies on zero chemical use for crop production. Future research needs to be done on
the area of combination treatment development including organic and agroecologi-
cal principles to achieve sustainability and develop ecosystem resilience. To achieve
this, such practices should be followed in a wider landscape in order to maintained
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agro-diversity and proper land-use for moving towards sustainable agriculture
(Halberg et al. 2015).

Systematic and scientific exploration needs to be done in the area of organic
farming, agroecological practices and other strategies that increase crop production
in a coordinated system to check or arrest the environmental degradation. These
would lead to precise information for the farming community in developing nation
regarding the benefits of eco-functional intensification as well as ecological
sustainability in agroecosystem (Halberg et al. 2015).

1.8 Policy Intervention

Technological intervention through proper policy formulation is the requirement for
successful implement of EI practices. Under such circumstances the issue of
sustainability in the area of productivity and yield should be addressed in a proper
way for mitigating changing climate. In this direction, one should give due consid-
eration about the compatibility and adaptive capacity of the ecosystem in order to get
maximum benefits. Further, such approaches can be promoted through upgradation
of existing agro-technology and its successful adoption of local farming community.
Various exogenous inputs should be minimized in order to check environmental
degradation and promote EI. Such approach would lead to proper management of
NR and its conservation. Another major aspect in implementing EI includes devel-
opment of proper land-use policy for maximizing production in one hand and
prevents deterioration of soil resource on the other (Fig. 1.7).

As the time progresses the problems or challenges are gradually becoming more
complex. Demand for food, fodder, fibre and other agriproducts is increasing day by
day and therefore, the agroecosystem needs to be more productive with minimum
wastage. Further, to address the issue of poverty, hunger and malnutrition policies
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needs to be designed to provide more income opportunities for the farming commu-
nity, focus on landless farmers and labour and socio-economic upliftment from rural
perspective. Another key policy should be sustainable utilization of NRs as well as
strategies for mitigating climate change. From the pollution perspective reducing the
GHGs emission and maintaining other ecosystem services is the essential require-
ment. One needs to formulate policy to design eco-friendly technologies with less
energy requirement along with proper economic incentive.

1.9 Prospects of Ecological Intensification

The interaction between food production, environmental setup and agricultural
practices has originated the concept of SI. The concept of SI is adopting the
traditional practices such as conservation agriculture, organic farming, etc. while
having major focus on reducing their deficiencies to maximize the output in a
sustainable way (Blumenstein et al. 2018). The main motto behind such approaches
is to develop scope for maintaining ecological integrity and ecological services. This
includes a transfer of technology of normal cultivation practices to intense cultiva-
tion practices but in a sustainable way. The success and effective implementation of
intensification governs the future prospects of EI. In order to do that one needs to go
for model construction and its further analysis. Repeated monitoring of intensifica-
tion practices across various countries needs to be done regularly on case study basis.
However, there are some factors which regulate the technology and practice in the
crop production system and effective implementation of intensification. This
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includes socio-economic conditions followed by farmer’s inherent nature to adopt
intensification and play of nature.

The concept of SI includes various methods and technologies which need to be
explored properly in order to increase the food production in a sustainable way. This
is a big problem for effective implementation of SI (Petersen and Snapp 2015). In
European countries major stress has been given on SI including the diverse
disciplines and multidisciplinary approach. Further, it was observed that inclusion
of economics and social sciences was not included properly in the intensification
process making it questionable in terms of its cost effectiveness (Weltin et al. 2018).
In many areas SI is a simply a concept of discussion but there is no proper guidelines
or principles to implement them on case to case basis (Petersen and Snapp 2015).
Therefore, to reveal the concept at global level there should be some suitable
standard and principles on the basis of which measurement of the effectivity of the
SI system can be measured. However, more robust method and principles along with
scientific exploration is required in this field to develop a sound base in SI.

1.10 Future Roadmap

Green revolution has helped to increase the productivity to a considerable extent of
Indian agriculture. Increase yield and productivity in Europe is associated with
higher amount of environmental and economic consequences and on the other
hand it has little to do with the issue of food security globally. In this context, Africa
show the path of EI in cereals production associated with lesser pollution and
economic loss. Another roadway includes optimum production of food depending
upon the demand and in case of surplus food it would be economic revenue for
farming stakeholders.

In this approach we need to formulate to identify and recognize traditional
knowledge and customs for food production which indicates towards lesser input
based agriculture. In relation to technology based solution on market economy,
private sectors tend to opt for newer technologies and products to get more economic
benefits which are their business principles. Such approach should be adopted by the
public sector to have more focus on new processed technology as well as give due
consideration of eco-intensifying the agricultural outputs.

Future roadmap for EI relies on various factors such as R&D activities in proper
direction, designing and formulation of suitable strategies to boost the agro-
economy, critical analysis of policy, strategies and technologies formulated along
with subsequent evaluation and timely monitoring. In the R&D sector proper
exploration should be done in the areas of agriculture intensification, EI and overall
SD. Policy designing and formulation includes eco-friendly approach development
through eco and green designing. Critical analysis of these strategies must include
social, economic, environmental and ecological dimensions. The scale of evaluation
should be broader considering the agroecosystem component, followed by legal
framework and e-governance (Fig. 1.8).
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The various challenges associated with effective implementation of EI includes
maximizing productivity, reduce yield gap, optimum utilization of resource and
reducing environmental degradation. On the secondary part it would boost up the
economy of rural stakeholders and would promote employment opportunities. Issues
such as maintaining ecosystem services, arresting biodiversity loss, reducing various
footprints in agroecosystem should be the future pathway for EI approaches. Overall,
mitigating food security can be addressed through maintaining nutritional value and
giving more emphasis on sustainable production of food. Developing the resiliency
in agroecosystem is the need of the hour which would automatically address the
issue of food crisis and security as well as developed mitigation attitude among the
agroecosystem towards various biotic and abiotic stresses. For effectivity of
eco-intensive mechanism public participation in the direction of sustainable agricul-
ture should be promoted as well as economic incentives should be given to the rural
livelihoods for their better responsiveness in the EI approaches. Use of advance
technologies such as remote sensing and geographical information system could be
effectively utilized to stimulate crop productivity and yield, planning and manage-
ment of various resources. Promote collaboration at various levels to address the
issue of sustainability in resource use and capacity building among the community is
the pathway to promote EI.

Future perspective of EI comprises of appropriate steps which includes explora-
tion of new technology, newer site inventorization, environmental quality improve-
ment, management of NRs development of energy efficiency and efficient designing
and infrastructure development (Fig. 1.9).

1.11 Conclusion

In the modern world, maintaining ecological integrity is a bigger challenge due to
population explosion, climate change, increase food production, maintenance of
agro-biodiversity and above all environmental degradation. Resource depletion is
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a significant problem in this aspect. Agricultural intensification should be kept in
harmony with environmental sustainability. It, therefore, faces some severe
challenges which needs to be monitored and must address the inter-relationship
between food security and crisis under changing climate. Technological intervention
in terms of organic farming and other such practices needs to be implemented to
intensify the agricultural production. Proper research and development is the require-
ment of the hour for proper policy framing to move towards a greener future.

References

Akinnefesi FK, Ajayi OC, Sileshi G, Chirwa PW, Chianu J (2010) Fertiliser trees for sustainable
food security in the maize-based production systems of east and southern Africa. A review.
Agron Sustain Dev 30:615–629. https://doi.org/10.1051/agro/2009058

Alexandratos N, Bruinsma J (2012) ESA Working Paper No. 12–03, June. In: FAO. World
agriculture towards 2030/2050: the 2012 revision, Rome. http://typo3.fao.org/fileadmin/
templates/esa/Global_persepctives/world_ag_2030_50_2012_rev.pdf

Altieri MA, Funes-Monzote FR, Petersen P (2012) Agroecologically efficient agricultural systems
for smallholder farmers: contributions to food sovereignty. Agron Sustain Dev 32:1–13. https://
doi.org/10.1007/s13593-011-0065-6

Banerjee A, Jhariya MK, Yadav DK, Raj A (2020) Environmental and sustainable development
through forestry and other resources. CRC Press, Boca Raton, FL, pp 1–400. https://doi.org/10.
1201/9780429276026

Binyam AY, Desale KA (2015) Rain water harvesting: an option for dry land agriculture in arid and
semi-arid Ethiopia. Int J Water Resour Environ Eng 7:17–28

Blumenstein B, Siegmeier T, Selsam F (2018) A case of sustainable intensification: stochastic farm
budget optimization considering internal economic benefits of biogas production in organic
agriculture. Agric Syst 159:78–92

Bommarco R, Kleijn D, Potts SG (2013) Ecological intensification: harnessing ecosystem services
for food security. Trends Ecol Evol 28(4):230–238. https://doi.org/10.1016/j.tree.2012.10.012

Future concept of eco-intensification

Efficient designing

Energy efficiency

Management of environment & resources

Sustainable construction & eco-designing

Overall environmental quality improvement 

Exploring of renewal energy resources

Site inventorization
Fig. 1.9 Future perspective
of ecological intensification

1 Ecological Intensification of Natural Resources Towards Sustainable Productive. . . 23

https://doi.org/10.1051/agro/2009058
http://typo3.fao.org/fileadmin/templates/esa/Global_persepctives/world_ag_2030_50_2012_rev.pdf
http://typo3.fao.org/fileadmin/templates/esa/Global_persepctives/world_ag_2030_50_2012_rev.pdf
https://doi.org/10.1007/s13593-011-0065-6
https://doi.org/10.1007/s13593-011-0065-6
https://doi.org/10.1201/9780429276026
https://doi.org/10.1201/9780429276026
https://doi.org/10.1016/j.tree.2012.10.012


Cassidy ES, West PC, Gerber JS, Foley JA (2013) Redefining agricultural yields: from tonnes to
people nourished per hectare. Environ Res Lett 8(034015):8

CGIAR (2011) Water for dry land farming with ZAI: A climate smart response in arid regions.
https://www.iwmi.cgiar.org/wp-content/uploads/2011/11/zai.pdf

Clay N (2018) Seeking justice in green revolutions: synergies and trade-offs between large-scale
and smallholder agricultural intensification in Rwanda. Geoforum 97:352–362

Cortner O, Garrett RD, Valentim JF (2019) Perceptions of integrated crop-livestock systems for
sustainable intensification in the Brazilian Amazon. Land Policy 82:841–853

David LO, Kurt BW, Robert BR (2016) Sustainable intensification and farmer preferences for crop
system attributes: evidence fromMalawi’s central and southern regions. World Dev 87:139–151

de Abreu LS, Bellon S (2013) The dynamics and recomposition of agroecology in Latin America.
In: Halberg N, Müller A (eds) Organic agriculture for sustainable livelihoods, vol 10. Routledge,
London, pp 223–245

de Ponti T, Rijk B, van Ittersum M (2012) The crop yield gap between organic and conventional
agriculture. Agric Syst 108:1–9. https://doi.org/10.1016/j.agsy.2011.12.004

FAO. (2001) Integrated production and pest management programme in West Africa. Gestion
Intégrée de la Production et des Déprédateurs. Rome: FAO. http://www.fao.org/fileadmin/
templates/agphome/documents/IPM/IPPM_West_Africa.pdf

FAO (2011a) Save and grow. A policymaker’s guide to the sustainable intensification of
smallholder crop production. Food and Agriculture Organization of the United Nations,
Rome, p 2011

FAO (2011b) Global food losses and food waste: extent, causes and prevention. http://www.fao.
org/docrep/014/mb060e/mb060e00.pdf

FAO (2012a) The state of food insecurity in the world, economic growth in necessary but not
sufficient to accelerate reduction of hunger and malnutrition. FAO, Rome

FAO (2012b) The state of world fisheries and aquaculture 2012. FAO, Rome
Halberg N, Peramaiyan P, Walaga C (2009) Is organic farming an unjustified luxury in a world with

too many hungry people? In: Willer H, Klicher L (eds) The world of organic agriculture,
Statistics and Emerging Trends 2009. FiBL and IFOAM, Frick, Switzerland, pp 95–101

Halberg N, Panneerselvam P, Sébastien Treyer S (2015) Eco-functional intensification and food
security: synergy or compromise? Sustain Agric Res 4(3):126–139. https://doi.org/10.5539/sar.
v4n3p126

Harvey M, Pilgrim S (2011) The new competition for land: food, energy, and climate change. Food
Policy 36:S40–S51. https://doi.org/10.1016/j.foodpol.2010.11.009

Harvey CA, Rakotobe ZL, Rao NS (2014) Extreme vulnerability of smallholder farmers to
agricultural risks and climate change in Madagascar. Philos Trans R Soc London 369:20130089

ICRISAT (2009) Fertilizer microdosing. Boosting production in unproductive lands. http://www.
icrisat.org/impacts/impact-stories/icrisat-is-fertilizer-microdosing.pdf

Jhariya MK, Yadav DK (2017) Invasive alien species: challenges, threats and management. In:
Rawat SK, Narain S (eds) Agriculture technology for sustaining rural growth. Biotech Books,
New Delhi, India, pp 263–285

Jhariya MK, Yadav DK, Banerjee A (2018a) Plant mediated transformation and habitat restoration:
phytoremediation an eco-friendly approach. In: Gautam A, Pathak C (eds) Metallic contamina-
tion and its toxicity. Daya Publishing House, New Delhi, India, pp 231–247

Jhariya MK, Banerjee A, Yadav DK, Raj A (2018b) Leguminous trees an innovative tool for soil
sustainability. In: Meena RS, Das A, Yadav GS, Lal R (eds) Legumes for soil health and
sustainable management. Springer, Cham, pp 315–345. https://doi.org/10.1007/978-981-13-
0253-4_10

Jhariya MK, Banerjee A, Meena RS, Yadav DK (2019a) Sustainable agriculture, Forest and
environmental management. Springer, Singapore, p 606. https://doi.org/10.1007/978-981-13-
6830-1

Jhariya MK, Yadav DK, Banerjee A (2019b) Agroforestry and climate change: issues and
challenges. CRC Press, Boca Raton, FL, p 335. https://doi.org/10.1201/9780429057274

24 M. K. Jhariya et al.

https://www.iwmi.cgiar.org/wp-content/uploads/2011/11/zai.pdf
https://doi.org/10.1016/j.agsy.2011.12.004
http://www.fao.org/fileadmin/templates/agphome/documents/IPM/IPPM_West_Africa.pdf
http://www.fao.org/fileadmin/templates/agphome/documents/IPM/IPPM_West_Africa.pdf
http://www.fao.org/docrep/014/mb060e/mb060e00.pdf
http://www.fao.org/docrep/014/mb060e/mb060e00.pdf
https://doi.org/10.5539/sar.v4n3p126
https://doi.org/10.5539/sar.v4n3p126
https://doi.org/10.1016/j.foodpol.2010.11.009
http://www.icrisat.org/impacts/impact-stories/icrisat-is-fertilizer-microdosing.pdf
http://www.icrisat.org/impacts/impact-stories/icrisat-is-fertilizer-microdosing.pdf
https://doi.org/10.1007/978-981-13-0253-4_10
https://doi.org/10.1007/978-981-13-0253-4_10
https://doi.org/10.1007/978-981-13-6830-1
https://doi.org/10.1007/978-981-13-6830-1
https://doi.org/10.1201/9780429057274


Jonathan V, Vigne M, Véronique A (2011) Integrated participatory modelling of actual farms to
support policy making on sustainable intensification. Agric Syst 104:146–161

Kabat P (2013) Water at a crossroads. Nat Clim Chang 3:11–12
Kassie M, Teklewold H, Jaleta M (2015) Understanding the adoption of a portfolio of sustainable

intensification practices in eastern and southern Africa. Land Use Policy 42:400–411
Kennedy TA, Naeem S, Howe KM, Knops JMH, Tilman D, Reich P (2002) Biodiversity as a barrier

to ecological invasion. Nature 417:636–638
Khan N, Jhariya MK, Yadav DK, Banerjee A (2020a) Herbaceous dynamics and CO2 mitigation in

an urban setup- a case study from Chhattisgarh, India. Environ Sci Pollut Res 27(3):2881–2897.
https://doi.org/10.1007/s11356-019-07182-8

Khan N, Jhariya MK, Yadav DK, Banerjee A (2020b) Structure, diversity and ecological function
of shrub species in an urban setup of Sarguja, Chhattisgarh, India. Environ Sci Pollut Res 27
(5):5418–5432. https://doi.org/10.1007/s11356-019-07172-w

Kirchmann H, Bergström L, Kätterer T, Andrén O, Andersson R (2008) Chapter 3: can organic crop
production feed the world. In: Kirchman H and L Bergström: Organic crop production –

ambitions and limitations. (pp. 39–72). Springer, Cham
Kremen C, Miles A (2012) Ecosystem services in biologically diversified versus conventional

farming systems: benefits, externalities, and trade-offs. Ecol Soc 17(4):40. https://doi.org/10.
5751/ES-05035-17440

Kumar S, Meena RS, Jhariya MK (2020) Resources use efficiency in agriculture. Springer,
Singapore. https://doi.org/10.1007/978-981-15-6953-1

Lipper L, Thornton P, Campbell BM, Baedeker T, Braimoh A, Bwalya M, Caron P, Cattaneo A,
Garrity D, Henry K, Hottle R, Jackson L, Jarvis A, Kossam F, Mann W, McCarthy N,
Meybeck A, Neufeldt H, Remington T, Thi Sen P, Sessa R, Shula R, Tibu A, Torquebiau EF
(2014) Climate-smart agriculture for food security. Nat Clim Chang 4:1068–1072. https://doi.
org/10.1038/nclimate2437

Mace GM, Cramer W, Diaz S, Faith DP, Larigauderie A, Le Prestre P, Palmer M, Perrings C,
Scholes RJ, Walpole M, Walther BA, Watson JEM, Mooney HA (2010) Biodiversity targets
after 2010. Curr Opin Environ Sustain 2:3–8. https://doi.org/10.1016/j.cosust.2010.03.003

Malezieux E, Crozat Y, Dupraz C, Laurans M, Makowski D, Ozier-Lafontaine H, Rapidel B, de
Tourdonnet S, Valantin-Morison M (2009) Mixing plant species in cropping systems: concepts,
tools and models. A review. Agron Sustain Dev 29(1):43–62. https://doi.org/10.1051/
agro:2007057

MEA (2005) Ecosystems and human well-being: synthesis. http://www.millenniumassessment.org/
documents/document.356.aspx.pdf

Meena RS, Lal R (2018) Legumes for soil health and sustainable management. Springer, Singapore,
p 541. https://doi.org/10.1007/978-981-13-0253-4_10

Meena RS, Kumar V, Yadav GS, Mitran T (2018) Response and interaction of Bradyrhizobium
japonicum and Arbuscular mycorrhizal fungi in the soybean rhizosphere: a review. Plant
Growth Regul 84:207–223

Meena RS, Kumar S, Datta R, Lal R, Vijaykumar V, Brtnicky M, Sharma MP, Yadav GS, Jhariya
MK, Jangir CK, Pathan SI, Dokulilova T, Pecina V, Marfo TD (2020) Impact of agrochemicals
on soil microbiota and management: a review. Land (MDPI) 9(2):34. https://doi.org/10.3390/
land9020034

Meena RS, Lal R, Yadav GS (2020a) Long term impacts of topsoil depth and amendments on soil
physical and hydrological properties of an Alfisol in Central Ohio, USA. Geoderma
363:1141164

Meena RS, Lal R, Yadav GS (2020b) Long-term impact of topsoil depth and amendments on
carbon and nitrogen budgets in the surface layer of an Alfisol in Central Ohio. Catena
194:104752

Nath TK, Jashimuddin M, Kamrul HM (2016) The sustainable intensification of agroforestry in
shifting cultivation areas of Bangladesh. Agrofor Syst 90:405–416

1 Ecological Intensification of Natural Resources Towards Sustainable Productive. . . 25

https://doi.org/10.1007/s11356-019-07182-8
https://doi.org/10.1007/s11356-019-07172-w
https://doi.org/10.5751/ES-05035-17440
https://doi.org/10.5751/ES-05035-17440
https://doi.org/10.1007/978-981-15-6953-1
https://doi.org/10.1038/nclimate2437
https://doi.org/10.1038/nclimate2437
https://doi.org/10.1016/j.cosust.2010.03.003
https://doi.org/10.1051/agro:2007057
https://doi.org/10.1051/agro:2007057
http://www.millenniumassessment.org/documents/document.356.aspx.pdf
http://www.millenniumassessment.org/documents/document.356.aspx.pdf
https://doi.org/10.1007/978-981-13-0253-4_10
https://doi.org/10.3390/land9020034
https://doi.org/10.3390/land9020034


Ndiritu SW, Kassie M, Shiferaw B (2014) Are there systematic gender differences in the adoption
of sustainable agricultural intensification practices? evidence from Kenya. Food Policy
49:117–127

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

Ponisio L, M’Gonigle LK, Mace KC, Palomino J, de Vaopine P, Kremen C (2015) Diversification
practices reduce organic to conventional yield gap. Proc Roy Soc B 282:20141396. https://doi.
org/10.1098/rspb.2014.1396

Porter JR, Xie L (2014) Food security and food production systems. In: Field CB et al (eds) Climate
change 2014: impacts adaptation and vulnerability. IPCC, Cambridge University Press,
Cambridge, UK, pp 458–533

Pretty J, Noble AD, Bossio D, Dixon J, Hine RE, Penning de Vries FWT, Morison JIL (2006)
Resource-conserving agriculture increases yields in developing countries. Environ Sci Technol
40(4):1114–1119. https://doi.org/10.1021/es051670d

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

Rahn E, Liebig T, Ghazoul J (2018) Opportunities for sustainable intensification of coffee agro-
ecosystems along an altitudinal gradient on Mt. Elgon, Uganda. Agric Ecosyst Environ
263:31–40

Raj A, Jhariya MK, Harne SS (2018) Threats to biodiversity and conservation strategies. In: Sood
KK, Mahajan V (eds) Forests, climate change and biodiversity. Kalyani Publisher, India, pp
304–320

Raj A, Jhariya MK, Yadav DK, Banerjee A, Meena RS (2019a) Agroforestry: a holistic approach
for agricultural sustainability. In: Jhariya MK, Banerjee A, Meena RS, Yadav DK (eds)
Sustainable agriculture, forest and environmental management. Springer, Singapore, pp
101–131. https://doi.org/10.1007/978-981-13-6830-1

Raj A, Jhariya MK, Banerjee A, Yadav DK, Meena RS (2019b) Soil for sustainable environment
and ecosystems management. In: Jhariya MK, Banerjee A, Meena RS, Yadav DK (eds)
Sustainable agriculture, forest and environmental management. Springer, Singapore, pp
189–221. https://doi.org/10.1007/978-981-13-6830-1

Raj A, Jhariya MK, Yadav DK, Banerjee A (2020) Climate change and agroforestry systems:
adaptation and mitigation strategies. CRC Press, Boca Raton, FL, pp 1–383. https://doi.org/10.
1201/9780429286759

Reij C, Tappan G, Smale M (2009) Agroenvironmental transformation in the Sahel: another kind of
“Green Revolution”. International food Policy research institute (IFPRI). IFPRI discussion
paper 00914, Washington, DC, p 43

Rolando JL, Turin C, Ramírez DA (2017) Key ecosystem services and ecological intensification of
agriculture in the tropical high-Andean Puna as affected by landuse and climate changes. Agric
Ecosyst Environ 236:221–233

Royal Society (2009) Reaping the benefits: science and the sustainable intensification of global
agriculture. Royal Society, London

Sawadogo H (2011) Using soil and water conservation techniques to rehabilitate degraded lands in
northwestern Burkina Faso. Int J Agric Sustain 9:120–128

Schiefer J, Lair GJ, BlumWEH (2015) Indicators for the definition of land quality as a basis for the
sustainable intensification of agricultural production. Int Soil Water Conserv Res 3:42–49

Shaver I, Chain-Guadarrama A, Cleary KA (2015) Coupled social and ecological outcomes of
agricultural intensification in Costa Rica and the future of biodiversity conservation in tropical
agricultural regions. Glob Environ Chang 32:74–86

Singh K (2009) Environmental degradation and measures for its mitigation with special reference to
India’s agricultural sector. Ind J Agri Econ 64(1):40–61

Snapp SS, Grabowski P, Chikowo R (2018) Maize yield and profitability tradeoffs with social,
human and environmental performance: is sustainable intensification feasible? Agric Syst
162:77–88

26 M. K. Jhariya et al.

https://doi.org/10.1098/rspb.2014.1396
https://doi.org/10.1098/rspb.2014.1396
https://doi.org/10.1021/es051670d
https://doi.org/10.1007/978-981-13-6830-1
https://doi.org/10.1007/978-981-13-6830-1
https://doi.org/10.1201/9780429286759
https://doi.org/10.1201/9780429286759


Soderstrom B, Svensson B, Vessby K, Glimskar A (2001) Plants, insects and birds in semi-natural
pastures in relation to local habitat and landscape factors. Biodivers Conserv 10:1839–1863

Song Y, Li J (2011) The role of biodiversity, traditional knowledge and participatory plant breeding
in climate change adaptation in karst mountain areas in SW China. Chinese Centre for Agricul-
tural Policy, Beijing

SRI International Network and Resources Center (2014) Improving and scaling up the system of
rice intensification in West Africa. Technical Manual for SRI in West Africa, August 2014,
Version 2, (SRI-Rice), Ithaca, New York, pp. 1–57

Stevenson J, Byerlee D, Villoria N, Kelley T, Maredia M (2011) Agricultural technology, global
land use and deforestation: a review. CGIAR. http://impact.cgiar.org/sites/default/files/images/
SPIAlandJune2011.pdf

Storkey J, Meyer S, Still KS, Leuschner C (2012) The impact of agricultural intensification and
land-use change on the European arable flora. Proc Royal Soc B 279:1421–1429. https://doi.
org/10.1098/rspb.2011.1686

Sutcliffe LME, Batary P, Kormann U, Baldi A, Dicks LV, Herzon I, Kleijn D, Tryjanowski P,
Apostolova I, Arlettaz R, Aunins A, Aviron S, Balezentien L, Fischer C, Halada L, Hartel T,
Helm A, Hristov I, Jelaska SD, Kaligaric M, Kamp J, Klimek S, Koorberg P, Kostiukova J,
Kovacs-Hostyanszki A, Kuemmerle T, Leuschner C, Lindborg R, Loos J, Maccherini S,
Marja R, Mathe O, Paulini I, Proenca V, Rey-Benayas J, Sans FX, Seifert C, Stalenga J,
Timaeus J, Torok P, van Swaay C, Viik E, Tscharntke T (2015) Harnessing the biodiversity
value of central and eastern European farmland. Diversity Distrib 21:722–730. https://doi.org/
10.1111/ddi.12288

Te Pas CM, Rees RM (2014) Analyses of differences in productivity, profitability and soil fertility
between organic and conventional cropping Systems in the Tropics and sub-tropics. J Integra-
tive Agric 13(10):2299–2310

Tittonell P (2014) Ecological intensification of agriculture – sustainable by nature. Curr Opin
Environ Sustain 8:53–61. https://doi.org/10.1016/j.cosust.2014.08.006

Tittonell P, Giller KE (2013) When yield gaps are poverty traps: the paradigm of ecological
intensification in African smallholder agriculture. Field Crops Res 143:76–90

Tryjanowski P, Dajok Z, Kujawa K, Kałuski T, Mrówczyński M (2011) Threats to biodiversity in
farmland: are results fromWestern Europe good solution for Poland? Polish J Agron 7:113–119

Tscharntke T, Klein AM, Kruess A, Steffan-Dewenter I, Thies C (2005) Landscape perspectives on
agricultural intensification and biodiversity—ecosystem service management. Ecol Lett
8:857–874. https://doi.org/10.1111/j.1461-0248.2005.00782.x

UNEP (2010) A report of the working group on the environmental impacts of products and
materials to the international panel for sustainable resource management. In: Hertwich E, van
der Voet E, Suh S, Tukker A, Huijbregts M, Kazmierczyk P, Lenzen M, McNeely J, Moriguchi
Y (eds) Assessing the environmental impacts of consumption and production: priority product
and materials. UNEP, Nairobi

UNEPWCMC (2011) The UK National Ecosystem Assessment: synthesis of the key findings,
Cambridge, UK, p 85

Vanlauwe B, Coyne D, Gockowski J (2014) Sustainable intensification and the African smallholder
farmer. Curr Opin Environ Sustain 8:15–22

Vidal J (2013) India’s rice revolution. The Guardian. http://www.guardian.co.uk/
globaldevelopment/2013/feb/16/india-rice-farmers-revolution

Weltin M, Zasada I, Piorr A (2018) Conceptualising fields of action for sustainable intensification-a
systematic literature review and application to regional case studies. Agric Ecosyst Environ
257:68–80

Wezel A, Soboksa G, Mcclelland S (2015) The blurred boundaries of ecological, sustainable, and
agroecological intensification: a review. Agron Sustain Dev 35:1283–1295

Willy KD, 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

1 Ecological Intensification of Natural Resources Towards Sustainable Productive. . . 27

http://impact.cgiar.org/sites/default/files/images/SPIAlandJune2011.pdf
http://impact.cgiar.org/sites/default/files/images/SPIAlandJune2011.pdf
https://doi.org/10.1098/rspb.2011.1686
https://doi.org/10.1098/rspb.2011.1686
https://doi.org/10.1111/ddi.12288
https://doi.org/10.1111/ddi.12288
https://doi.org/10.1016/j.cosust.2014.08.006
https://doi.org/10.1111/j.1461-0248.2005.00782.x
http://www.guardian.co.uk/globaldevelopment/2013/feb/16/india-rice-farmers-revolution
http://www.guardian.co.uk/globaldevelopment/2013/feb/16/india-rice-farmers-revolution


World Agroforestry Centre (n.d.) Faidherbia Albida. Keystone of evergreen agriculture in Africa.
http://www.worldagroforestry.org/sites/default/files/F.a_keystone_of_Ev_Ag.pdf

Xie H, Huang Y, Chen Q, Zhang Y, Wu Q (2019) Prospects for agricultural sustainable intensifica-
tion: a review of research. Land 8:157. https://doi.org/10.3390/land8110157

Yami M, Van AP (2017) Policy support for sustainable crop intensification in eastern Africa. J
Rural Stud 55:216–226

Zaal F, Oostendorp RH (2002) Explaining a miracle: intensification and the transition towards
sustainable small-scale agriculture in Dryland Machakos and Kitui districts, Kenya. World Dev
30:1271–1287

28 M. K. Jhariya et al.

http://www.worldagroforestry.org/sites/default/files/F.a_keystone_of_Ev_Ag.pdf
https://doi.org/10.3390/land8110157

	1: Ecological Intensification of Natural Resources Towards Sustainable Productive System
	1.1 Introduction
	1.2 Problems Associated with the Resources
	1.3 Agricultural Intensification and Environmental Sustainability
	1.4 Challenges for Ecological Intensification towards Sustainability
	1.5 Nexus Between Intensification, Food Security and Crisis Under Changing Climate
	1.6 Organic Farming Towards Ecological Intensification
	1.7 Research and Development
	1.8 Policy Intervention
	1.9 Prospects of Ecological Intensification
	1.10 Future Roadmap
	1.11 Conclusion
	References


