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ABSTRACT

Development was conventionally driven by one particular need, without fully
considering the wider or future impacts. This kind of approach has now been
considered to be responsible for the economic and environmental catastrophes that
humans are facing: from large scale financial crises caused by irresponsible banking to
the changes in global climate resulting from our dependence on fossil fuel based energy
Keywords sources. Soils provide essential ecosystem services such as primary production,
regulation of biogeochemical cycles (with consequences for the climate), water

Climate change, filtration, resistance to diseases and pests, and regulation of above-ground biodiversity.

CB;'r‘e"i'theéﬁ'JZ gas, Changing of the climate systems is unequivocal. Adaptation to global climate change

Sustainable through improved soil quality by adoption of improved management practices is key to

g‘;ﬁ”]f'e'rt'ﬁ?tt;"” maintaining sustainable agricultural production. A holistic approach to soil

management as the engine for increasing productivity by increasing resource use

efficiency and making agriculture environmentally compatible is more important than

ever before. Strategies of greenhouse gas emission reduction include those that increase

the use efficiency of inputs. Herein, we discussed how management and protection of

soil resources can contribute to sustainable intensification through sustainable

agricultural production while maintaining sustenance of soil fertility.

Introduction defined as “Producing more from the same
) _ area of land while conserving resources,
Thematic ~ concepts  of  sustainable  redycing negative impacts on the
intensification environment and enhancing natural capital

_ _ and the flow of ecosystem services” (FAO,
According to the FAO (Food and Agriculture 2011). The concepts of sustainable
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needs of the future depends on how well we
balance social, economic and environmental
needs when making decisions now. These
needs seem to conflict with each other if
thinking of the sustainable development is
ignored.

Social, economic and environmental
objectives should be at the heart of
sustainable development and should be

complementary and interdependent in the
process. In the long term, responsible use of
natural resources now will help ensure that
there are resources available for the sustained
industrial or agricultural growth far into the
future. Sustainable development requires that
societies meet human needs both by
increasing productive potential and by
ensuring equitable opportunities for all. This
can thus be defined as a process of change in
which the exploitation of resources, the
direction of investments, the orientation of
technological development, and institutional
change are all in harmony and enhance both
current and future potential to meet human
needs and aspiration. Hence sustainable
development must not endanger the natural
systems that support life on earth: the
atmosphere, the waters, the soils, and the
living beings. Because of the strong impacts
of soils on the sustainable development, soil
management and protection must be
prioritized due to its critical role as a
source/sink of atmospheric CO,, methane and
N.O; the urgency to feed an ever growing
world population; the need to minimize risks
of water pollution; eutrophication; soil
erosion and the importance of enhancing
biodiversity.

Although sustainable development is a global
challenge, it is more challenging in South-
East Asia and Bangladesh, in particular.
Every country should promote sustainable
development by developing and
implementing strategies and by enacting and
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enforcing laws. Bangladesh has prepared the
National Sustainable Development Strategy
2010-21 (NSDS) to address a critical
development aspiration which highlighted
soil protection from degradation and soil
fertility  improvement by  appropriate
management  strategies (NSDS, 2013).
Sustainable development policy should aim at
integrating and harmonizing the three
components of sustainable development:
social, environment and economic.

Farming in sustainable intensification:
awareness of environment and basic needs
of human life

Agriculture plays a vital role in sustainable
development and in hunger and poverty
elimination. Agriculture is facing great
challenges to ensure global food security by
increasing yields while reducing
environmental cost. By 2050, the world
population is expected to increase by 2.4
billion, which will put more pressure on the
world’s agricultural systems for food, fuel
and fibre and challenge the potential to
achieve food security and environmental
sustainability (Delgado et al., 2011). Food
security is a global issue but it is especially
severe in developing countries because of
population growth and declining availability
of land, water and other resources (Ray et al.,
2015). Similarly, Bangladesh has already
been reported to has been affected by the
extreme climatic conditions and facing
greater challenge for feeding its teeming
population against a backdrop of a changing
climate and growing competition for land,
water, labour and energy. Eliminating
poverty and hunger of more than 1 billion
malnourished people and meeting the food
demand of an additional 2.5 billion by 2050
will necessitate increasing global cereal
production by 70%. In some developing
countries of Africa and Asia we may also
need to raise cereal production by 2.5 to 3
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times. Yet the estimated global climate
change may adversely affect the food supply
through alterations in agronomic yields. In
sustainable agriculture, the seemingly great
order is not only essential to advancing food
security but also critical to reducing
greenhouse gas emissions by agriculture,
presently estimated at 30% (IPCC, 2015), and
minimizing the problems of non-point source
of contamination of surface and ground
waters.

Benefaction of soil resource inventories to
sustainable intensification

Soils provide essential ecosystem services
such as primary production, regulation of
biogeochemical cycles (with consequences
for the climate), water filtration, resistance to
diseases and pests, and regulation of above-
ground biodiversity. When evaluating an
agricultural  management  system  for
sustainability, the central focus should ensure
that the system will not exhaust the resource
base, will optimize soil conditions and will
reduce food production vulnerability, while at
the same time maintaining or enhancing
productivity. One of the main tools towards
sustainable agriculture in the world as well as
in Bangladesh is management and protection
of soil resources, policy and agrarian reform,
participation, income diversification, land
conservation and improved management of
inputs. Judicious management practices can
be advanced through agricultural policies that
promote payment for ecosystem services of
soils. Examples of payments include those for
sequestering carbon in soil to mitigate and
adapt to global climate change, enhancing
water availability of quality water,
strengthening nutrient cycling in soils,
controlling floods, combating draughts,
decreasing anoxia of coastal ecosystems,
increasing biodiversity and providing habitat
for plants and animals. Societal benefits of
ecosystem services may be local (e.g., water
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supply) or global (e.g., carbon sequestration
in soils to mitigate global climate change.
Biodiversity conservation, closely related to
terrestrial carbon (C) sequestration, is
relevant to payment for ecosystem services.
Soil  erosion, fertility loss, salinity,
acidification, compaction and the loss of
carbon are natural processes that can be
accelerated tremendously by excessive use of
soil and inappropriate management practices.
Soils are crucial resources for sustainable
development and need to be managed wisely
and protected timely.

Conservation and  management  of
productive soil resource inventories

Soil quality can be seen as a conceptual
translation of the sustainability concept
towards soil. Soil quality is the capacity of a
specific kind of soil to function, within
natural managed ecosystem boundaries, to
sustain plant and animal productivity,
maintain or enhance water and air quality,
and support human health and habitation.
Intensification of agricultural land use along
with increasing use of modern crop varieties
has resulted in deterioration of soil quality.
Adaptation to global climate change through
improved soil quality by adoption of
improved management practices is key to
maintaining sustainable soil quality. A
holistic and system based approach to soil
management as the engine for increasing
productivity by increasing efficiency and
making agriculture environmentally
compatible is more important than ever
before  (Lal, 2015). Improving the
management practices of soil, water and
nutrients to improve soil quality, soil fertility,
land productivity and ultimately food security
and sustainable agriculture while ensure the
conservation of natural resources. Improved
soil management practices for economic,
social and environmental sustainability
require better management of soil-crop-
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nutrient: (i) soil  management and
conservation for sustainable agriculture and
environment. This includes combating
desertification, soil erosion assessment, soil
fertility  enhancement, and  fertilizer
recommendation and soil conservation
measures; (ii) technologies and practices for
sustainable use and management of water in
agriculture.  This  includes  optimizing
irrigation systems and enhancing crop water
productivity and water use efficiency under
rain fed and irrigated agro-ecosystems; and
(iii)  integrated  soil-plant  management
packages to increase crop productivity in
harsh environments (IAEA, 2015).

Conservation farming: a holistic approach
for sustainable soil management

Long-term sustainability of agro ecosystems
requires soil protection from degradation and
reduction of greenhouse gas emissions and of
environmental pollution. Soil protection
needs judicious and prudent use of
conservation agriculture to prove its potential
as a conservation effective technology,
climate resilient agriculture, and a viable
option for sustainable intensification of agro
ecosystems for advancing food security and
for adaptation to/ mitigation of climate
change. Conservation agriculture refers to a
farming system comprised of crop residue
mulch, cover cropping, integrated nutrient
management (INM), and no tillage
techniques in a rotation cycle for effective
soil and water conservation, carbon
sequestration, sustainable intensification and
climate change adaptation and mitigation
(Lal, 2015). Conservation agriculture (CA) is
an approach that aims to sustainably improve
farm productivity, profits, and food security
by combining three principles which are:
minimum  mechanical soil disturbance,
permanent soil cover, and crop rotation
(FAO, 2012). Conceptually conservation
agriculture consists of four basic principles: i)
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retaining crop residues as surface mulch, ii)
including cover crops in the rotation cycle,
iii) improving soil fertility by INM for
healthy crop growth and biochemical
transformation of biomass carbon into soil
organic matter or humus (Lal, 2014), and iv)
causing minimal or no soil manipulation. CA
is reported to improve soil quality, optimize
crop yields and reduce input costs. The
positive effects of conservation practices are
preventing or minimizing soil erosion and
soil organic carbon (SOC) loss, improving
water capture and use efficiency, nutrient
cycling and retention and GHG emissions
mitigation (Palm et al., 2014). Conservation
agriculture practices reduce the required
irrigation water compared to CT. This
resulted in increased irrigation water
productivity (greater than 27%) and total
water productivity (greater than 26%) in both
the wheat and maize crops (Islam et al.,
2019). The combination of ZT and residue
retention in wheat increases yields, resource-
use efficiencies, and soil and water quality,
while decreasing production costs, relative to
CT (Gathala et al., 2013; Haque et al., 2016;
Hossen et al., 2018; Mitra et al., 2018; Jat et
al., 2019; Singh et al., 2018).

Positive impacts of conservation agriculture
on soil physical fertility (e.g., soil structure
and water infiltration rate are specially
erosion control in erosion prone erosive
climate and erodible soils of the tropics)
(Choudhury et al., 2014). No tillage increases

soil moisture conservation even in the
summer draught (Goode et al., 2015).
Conservation agriculture improves soil

physical properties such as bulk density and
porosity as well as chemical and biological
properties. Conservation agriculture caused
increase in soil organic carbon content and
other chemical properties, ameliorate sodic
soils (Choudhury et al., 2014) and improve
agronomic yield. No-tillage mulching gives
higher crop yields and better crop quality
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compared to conventional tillage. The CA
practices of zero tillage, residue retention and
crop rotation or intercropping maintained
higher soil organic carbon, and total soil N
compared to conventional tillage practices
after 4 years (Naab et al., 2017). Similarly, it
is evident that conservation agriculture can
improve soil biological quality: microbial
communities (Zhang et al., 2012), microbial
growth, soil food web and carbon dynamics
earthworms and other macro fauna (Mutema
etal., 2013).

Productive soil management practices to
increase carbon and other nutrients
availability in the soil

Data from several long-term experiments on
diverse soil types and climatic conditions
indicate that the synthetic fertilizers alone are
not sufficient to increase or sustain soil
fertility, and may aggravate soil acidification.
On the other hand, the sole use of organic
fertilizers can improve soil fertility and
quality, but the crop responses to sole organic
amendments are slow. Moreover, the farmer
in the region did not apply micronutrient to
soil. Thus, application of micronutrients (e.qg.,
Zn) (Nadeem et al., 2020; Ullah et al., 2020)
and bio-inoculants, and the combined use of
organic and inorganic (synthetic) fertilizers
(micro and macro)/amendments (Srinivasarao
et al., 2019; Ali et al., 2020), might be
attractive options to improve soil health and
crop productivity on a sustainable basis.

Tillage practice can influence the
concentration and distribution of soil organic
carbon (SOC) in the profile with higher SOC
content in surface layers with zero tillage
than with conventional tillage, but a higher
content of SOC in the deeper layers of tilled
plots where residue is incorporated through
tillage. Intensive tillage increases
decomposition and mineralization of soil
organic matter leading to carbon loss, while
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the practice of conservation agriculture
promotes organic carbon stabilization (Umar
et al., 2011). Higher SOC and total N have
been documented in CA systems with crop
residue retained as surface mulch compared
to conventional tilled systems with residue
incorporated in long-term experiments in
Mexico (Verhulst et al., 2011). The SOCs
was significantly higher in no tillage
compared to conventional tillage (10% more
in Vertisol and 8% more in Cambisol).
Average SOCs was 29.35 and 27.36 Mg ha '
under NT and CT, respectively within the 0—
30 cm depth (Moussadek et al., 2014). SOC
concentration was significantly higher in zero
tillage relative to both intermediate tillage
intensity [1.18 g/kg + 0.34 (SE)] and high
tillage intensity [2.09 g/kg £ 0.34 (SE)] in the
upper soil layer (0—15 cm) (Haddaway et al.,
2017).

Crop residues are precursors of the SOC pool
and returning more crop residues to the soil is
associated with an increase in SOC
concentration. The straw decomposition in
the field releases carbon dioxide, which can
promote soil microbial immobilization or
release and mineralize inorganic nitrogen,
ultimately forming soil organic matter. The
authors found 82.5 Mg ha™ SOC from 0 to 50
cm depth in the unmulched soil, 94.1 Mg ha™
with 8 Mg ha® mulch, and 104.9 Mg ha*
with 16 Mg ha™® mulch. Crop rotation can
influence SOC by changing the quantity and
quality of organic matter input. Conservation
agriculture can increase the possibility for
crop intensification due to a faster turnaround
time between harvest and planting. Other
cropping options may become available since
the actual growing period can be increased by
the decreased turnaround time. In some
situations it may be possible to include an
extra crop in the system after the main crop,
or by intercropping or relay cropping with the
main crop. Replacement of fallow with
legume ‘green manures’ such as lentil (Lens
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culinaris M.) and red clover (Trifolium
pratense L.) appears to be an effective

practice  where they increase SOC
concentrations.

Increased stratification of nutrients is
generally  observed,  with  enhanced

conservation and availability of nutrients near
the soil surface under zero tillage as
compared to conventional tillage. The altered
nutrient availability under zero tillage
compared to conventional tillage may be due
to surface placement of crop residues in
comparison with incorporation of crop
residues with tillage. The availability of
mineral N for plant uptake is dependent on
the rate of C mineralization. Zero tillage is
generally associated with a lower N
availability because of greater immobilization
by the residues left on the soil surface and a
significantly higher total N under both zero
tillage and permanent raised beds compared
to conventional tillage. Significant increases
in total N have been measured with
increasing additions of crop residue. Tan et
al., (2015) reported that the soil organic
matter and total nitrogen content increased
gradually over 6 years in no tillage (NT),
straw mulching (SM), plastic-film mulching
(PM), ridging and plastic- film mulching
(RPM) and intercropping (In) except
traditional tillage (CK). Yang Peipei et al.,
(2011) demonstrated that in conservation
tillage, the soil organic matter and the total N,
P and K content of soils show the
phenomenon of surface accumulation.

Higher extractable P levels have reported in
zero tillage than in tilled soil, largely due to
reduced mixing of the fertilizer P with the
soil, leading to lower P-fixation. Extractable
P in zero tillage system was 42% greater at O-
5 cm, but 8-18% lower at 5-30 cm depth
compared with conventional tillage. Zero
tillage conserves and increases availability of
nutrients, such as K concentration increased
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significantly ~ with  increasing  residue
retention. Higher organic carbon contents at
the soil surface, commonly observed under
conservation agriculture, can increase the
cation exchange capacity. The retention of
crop residues significantly increase the cation
exchange capacity (CEC) compared to soil
without residue retention. Micronutrient
cations (Zn, Fe, Cu and Mn) are higher levels
under zero tillage with residue retentions
compared to conventional tillage, especially
extractable Zn and Mn near the soil surface
due to surface placement of crop residues.

The pH of the topsoil tends to be lower for
zero tillage than for conventional tillage and
less acidification under zero tillage was found
compared to conventional tillage to a depth of
60 cm in both an Oxisol and an Alfisol. The
permanent raised bed planting is a technology
that reduces soil sodicity under rain fed
conditions. It was observed that Na
concentration to be 2.64 and 1.80 times lower
in 0-5 cm and 5-20 cm layer, respectively, in
permanent raised beds compared to
conventionally till raised beds. It was also
reported that the Na concentration increased
with decreasing amounts of residue retained
on the permanent raised beds.

Soil management practices for improving
soil biological properties

Soils host a huge biodiversity of microbes
and fauna which is not yet well understood:
the small size of the soil borne organisms;
their immense diversity; the difficulty in
isolating them; and the great heterogeneity of
their habitats across different scales. The soil

biodiversity  studies includes microbes
(archaea, bacteria, fungi) and fauna
(protozoa, micro arthropods, nematodes,

oligochaete) and their relation with above-
ground biodiversity. We need to extend our
capability to explore biological dynamics of
soils at the scientific level, increase our
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knowledge of soil biodiversity and its role in
ecosystem services across different soils,
climate types and land uses at the
technological level, standardize methods and
operating procedures for characterizing soil
biodiversity and functioning, and develop
bioindicators at the economic level, assess the
added value brought by cost-effective
bioindicators, and cost effectiveness of
alternative ecosystem services maintenance
policies. For improving soil biological
properties we need to deploy our efforts with
three approaches: description of solil
biodiversity and of the relations between soil
biodiversity, soil functions and ecosystem
services; long term observatories
representative of soil types, climates and land
uses, and modeling to elucidate relationships
between soil biodiversity and functions.
There is higher soil microbial biomass C and
N under zero tillage than under conventional
tillage and attributed this to the higher levels
of C substrates available for microbial
growth, better soil physical conditions and
higher water retention under zero tillage.
Management practices such as tillage, crop
rotation and residue management may have
diverse effects on various soil enzymes.
Enzymatic activities generally decrease with
soil depth. Zero tillage management increases
stratification of enzyme activities in the soil
profile, probably because of similar vertical
distribution of organic residues and microbial
activity.  Crop  rotation and residue
management can affect soil enzyme activity.
For example, it was reported that 15% larger
alkaline phosphatase activity in a barley-red
clover rotation than in continuous barley.
Retaining crop residues on the surface soil
increases microbial abundance, because
microbes encounter improved conditions for
reproduction in the mulch cover. In general,
earthworm abundance, diversity and activity

have been found to increase under
conservation agriculture when compared to
conventional agriculture. Mulched crop
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residues are also important since earthworms
do not have the ability to maintain constant
water content. Ants are as important as
earthworms in soil transformation. Termites
and ants are predominant in arid and semi-
arid regions where earthworms are normally
absent or scarce.

Management of soil for enhancing physical
properties of soil

Soil structure is the key physical properties in
soil functioning and is an important factor in
the evaluation of the sustainability of crop
production systems because it is directly
connected to the size, shape and arrangement
of solids and voids, continuity of pores and
voids, their capacity to retain and transmit
fluids and organic and inorganic substances,
and the ability to support vigorous root
growth and development, to which we would
add their ability to permit the diffusion of
gases, especially oxygen and carbon dioxide.
Physical disturbance of soil structure through
tillage results in a direct breakdown of soil
aggregates and an increased turnover of
aggregates and fragments of roots and
mycorrhizal hyphae, which are major binding
agents for macro aggregates. Zero tillage with
residue retention improves dry aggregate size
distribution compared to conventional tillage.
The aggregate formation process in
conventional tillage is interrupted each time
the soil is tilled with the corresponding
destruction of aggregates. Choudhary et al.,
(2018) reported higher maize and wheat
yields under ZT which could be attributed to
improvements in soil structure, better soil
thermal dynamics and moisture and increased
soil permeability which may contribute to
further benefits through higher soil micro-
and macro- fauna biological activities
facilitating better root and soil relationships.

The residues lying on the soil surface in
conservation agriculture protect the soil from
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raindrop impact. No protection occurs in
conventional  tillage, which increases
susceptibility to further disruption. The return
of crop residue to the soil surface increases
the aggregate formation and decreases the
breakdown of aggregates by reducing erosion
and protecting the aggregates against
raindrop impact. Crops can affect soil
aggregation by their rooting system because
plant roots are important binding agents at the
scale of macro aggregates. Altering crop
rotation can influence the potential to alter
soil aggregation indirectly. Soil porosity can
change in both space and time following a
change in tillage practices. These changes
primarily reflect changes in the form,
magnitude and frequency of stresses imposed
on the soil, the placement of crop residues
and the population of microorganisms and
fauna in the soil. A plough pan may be
formed by tillage immediately underneath the
tilled soil, causing higher bulk density in this
horizon in tilled situations. Introduction of
zero tillage can result in the loss of total pore
space as indicated by an increase in bulk
density. Hydraulic conductivity is expected to
be higher in zero tillage with residue
retention compared to conventional tillage
due to the larger macropore conductivity as a
result of the increased number of biopores.

Zero tillage almost doubled saturated
hydraulic ~ conductivity = compared to
conventional tillage. Soil management

practices that increase the organic matter
content of the soil could have a positive
impact on the soil water holding capacity.
The water content at saturation was found
higher for reduced compared to conventional
tillage. Residue retention and reduced tillage
increased soil water content and crop yields
in  Kenya, Zambia, and Zimbabwe
(Theirfelder et al., 2012).

Straw mulching increased the soil’s capacity
to retain water. Soil erosion is affected by
crop residues that break the raindrop impact
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and slow down runoff, reducing erosion.
Aggregate breakdown is a good measure for
soil erodibility, as breakdown to finer, more
transportable particles and microaggregates
increases erosion risk. Conservation tillage
has been frequently practiced in recent years
to reduce water and wind erosion, increase
water storage and alleviate ecological
pressure. In the United States, reduced tillage
systems have been reported to reduce soil
erosion reduce nutrient losses, sequester
carbon as a result of increasing organic
matter, and increase crop yields.

Erosion rates from conventionally tilled
agricultural fields average 1-2 orders of
magnitude greater than erosion under native
vegetation, and long-term geological erosion
exceeds soil production. It was reported that
erodible fraction is 20% of the total sample
weight in zero tillage and 49% in
conventional tillage, showing that the
conventional tillage soil was more susceptible
to wind erosion. Vegetation and crop residue
cover also play an important role in
decreasing wind erosion by reducing the
exposure of soil to wind at the surface and
intercepting  saltating material.  Surface
residue reflects solar radiation and insulates
the soil surface. The heat flux in soils
depends on the heat capacity and thermal
conductivity of soils, which vary with soil
composition, bulk density, and water content.
Because soil particles have a lower heat
capacity and greater heat conductivity than
water, dry soils potentially warm and cool
faster than wet soils.

World-wide and national priorities for
sustainable soil management

Carbon storage and capture: a model
indicator of soil security

Soil organic carbon has been considered as a
primary indicator of soil quality. Through
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mineralization, soil organic matter releases
substantial quantities of N, P, S and smaller
amount of micronutrients. Soil organic matter
is a key factor in maintaining long-term soil
fertility since it is the reservoir of metabolic
energy, which drives soil biological processes
involved in nutrient availability. Soil organic
matter  degradation  with its  severe
consequences on the use efficiency of inputs
and agronomic production must be reversed
through restoration of the soil organic carbon
pool above the threshold level of about 1.1%
in the root zone. Management of soil organic
matter has now become a major issue in
dealing with the sustainable soil fertility and
productivity in Bangladesh agroecosystems.
Improvement in soil quality through carbon
sequestration can increase  agronomic
productivity and advance food security in
Bangladesh. An increase in the soil organic
carbon pool by 1 x 10 °Pg C ha™ can increase
crop yield by 20 to 70 kg ha® for wheat
(Triticum aestivum), 10 to 50 kg ha™ for rice
(Oryza sativa), 30 to 300 kg ha™ for corn, and
10 to 20 kg ha' for beans (Phaseolus
vulgaris).

Global climate change adaptation and
alleviation

World cropland soils cover about 1.5 b ha
and have a large capacity to sink carbon.
Management of soil organic carbon pool is an
important aim to achieve adaptation to and
mitigation of global climate change, while
advancing global food security. As an
important sink of carbon, crop land soils can
be used to mitigate and adapt to global
climate change. The rate and total magnitude
of soil organic carbon sequestration (an
average of about 0.55 x 10° Pg C ha™ y™
depend on residue management and recycling
of organics, climate regime, nitrogen
application and soil properties. Similar to
crop land soils, forest and grassland soils can
also be important for carbon sequestration.
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Many factors are involved in carbon
sequestration in forest soils, including carbon
input by litter and roots into different soil
horizons, soil age, N application, moisture
regime, site management, frequency and
intensity of burning and the addition of
charcoal and residue management. It was
estimated that by 2030, afforestation can
mitigate 0.27 Pg C yr'™; reforestation, 0.38 Pg
C yr* and improved management, 0.08 Pg C
yr'. Grassland soils cover 2.9 b ha globally,
including 2.0 b ha under tropical grasslands
or savannas and 0.9 b ha under temperate
grasslands. Possible management practices
for C sequestration in grassland can be
fertilization, controlled grazing, conversion
of degraded cropland and native vegetation to
pasture, sowing of leguminous and grass
pasture species, fire management and water
conservation. Mean rate of soil C
sequestration in grassland is 5.4 x 10 °Pg C
ha™ yrt.

Sustainable agriculture needs to protect the
natural resource base, prevent the degradation
of soil and water; conserve biodiversity;
contribute to the economic and social well-
being of all; ensure a safe and high-quality
supply of agricultural products; and safeguard
the livelihood and well-being of the nation.
The world now faces modern soil crisis that
eclipses those of the past. The challenges that
agriculture is  facing in  sustainable
development are working out ways of
bringing about a society that is materially
sufficient, socially equitable and ecologically
sustainable and one that is not obsessed by
growth only, but motivated by satisfying
human needs and equity in resource
allocation and use. Soils are crucial resources
for sustainable development and need to be
managed and  protected.  Sustainable
agriculture must nurture healthy ecosystems
and support the sustainable management of
soil resources while ensuring global food
security and environmental safety. In order to
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adequately address the utterly important role
of soils for sustainable development a holistic
approach is needed. Sustainable development
can be possible by an integrated approach of
soil management to address the social,
economic and environmental dimensions.
Soil carbon should be linked with soil
function not only as a potential mechanism
for climate change mitigation but also with
fundamental provision of food, fibre, water
and biodiversity provides insights into a far
broader set of environmental, economic and
social outcomes for the planet. Adaptation to
climate change can be enhanced through
mulch farming, agroforestry systems, INM,
and soil water conservation. Improved soil
management practices for economic, social

and environmental sustainability require
combating desertification, soil erosion
assessment, soil fertility enhancement,

fertilizer evaluation and soil conservation
measures and adopting integrated soil-crop-
water management package to increase crop
productivity in  harsh  environments.
Agricultural package comprising of reduced
tillage, cover crop, crop rotation, INM and
application of organics can be best soil
management and protection tool.
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