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Agricultural practices and technological changes for agricultural production may allow 30-
50% of land use for Afforestation that leads to the increased terrestrial stock of carbon.
Carbon sequestration in forest soils decreases CO, in the atmosphere and projected climate
variability. CO, fertilization effect and rise in temperature may affect plant growth and net
primary productivity (NPP) by increasing soil respiration and increasing available nitrogen
by mineralization. Global scenarios that need extra land to produce food, feed, and
biomass energy generation result in low carbon storage. Building soil organic carbon
(SOC) by multipurpose crops, woody perrenials, cover crops, effective crop rotations,
minimum tillage and crop residue management is critical for supporting biological
processes, nutrient availability and hydrological cycle. The conservation and precision
agriculture saves fertilizer inputs, land, and water resources and reduces the emission of
greenhouse gases (GHG). Agro-biodiversity offers a choice of diverse crops and
ecosystem services, and options of different varieties reduce the risk of crop failure at
farmers’ fields. Crop species diversity and genetic diversity within species makes stable
and productive agroecosystem that is less likely to harm by the variability of climatic
factors, i.e., temperature, moisture, and photoperiod. C; and C; plants are grown at
different times/seasons of the year and have different nitrogen requirement and root
architecture (symbiont and non-symbiont). A legume provides biological nitrogen fixation,
but phosphorous and potassium input would be required for maximization of yield
potential. Diverse cropping systems conserve biodiversity, soil (SOC), water quality, and
reduce fertilizer use thereby cut GHG emission. Family farmers have the knowledge of
ecological and community requirements, past failure and consequences, therefore, their
involvement in the technology-based agriculture help in finding realistic solutions for
sustainable resource management.

Introduction

temperature and rainfall. Several fields and
farm-based sustainable agricultural operations

Climate-smart agriculture is comprised of like land man_agem_ent practices already in_use
agricultural practices that help farmers adapt are conservation tillage, agroforestry, residue
to specific climatic factors especially —management, crop shifting, intercropping,
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alley farming, multipurpose crops, water
harvesting, drip irrigation for water and
nutrient management depending on the
availability of water, and irrigated and rain-fed
lands. Improvement of these practices at local
and regional levels in the context of a
changing climate scenario would improve
food security and livelihood opportunity.
FAQ’s definition of climate smart agriculture
emphasize management of forest lands,
conservation of biodiversity, reduced inter
sectoral competition for water (FAO, 2010).
The World Bank (2011), version of climate-
smart agriculture covers integrated planning of
agriculture land with household needs and

increased production from small land
holdings, multipurpose water harvesting,
climate  resilience, and environmental

sustainability.

The global vegetation follows the distribution
of two climatic factors, i.e., temperature and
rainfall. Therefore, climate variability will
influence crop distribution, production and
success at local, regional and global levels.
Climate change and variability may result in
severe consequences for cereal crops
production by 2050 in developing countries.
The food security of poor inhabitants in these
areas is under stress and may worse
progressively in the second half of the 21°
century in the lack of climate change
mitigation via emissions of greenhouse gases.
Land use change, crop production, and
livestock production contribute 30, 18, 12 and
14% of global GHG emissions.

Agricultural production will be reduced by
climate-induced water scarcity from changes
in time of rainfall, duration and distribution
across the local, regional and global level
(Antle and Capalbo, 2010; Fallon and Betts,
2010). Extreme weather events such as floods,
fires and drought may increase GHG and
further changes in climatic variability.
Farmer’s decision about agricultural inputs,

land, crop, water, and labor management
could influence the farm production and
microclimates in the field.

Climate change will shift the geographical
conditions of the production system and
protected areas requiring new boundaries,
zoning, and market shifting to new suppliers.
Landscape planning involving farmer’s
decision at field level will facilitate such
large-scale changes. Various initiatives of
governments of different countries and
Climate Change, Agriculture and Food
Security project covering 21 countries in Asia,
Africa, and Latin America, look to make
agriculture sustainable and strengthen food,
nutrition and health security with climate
change.

Landscape management

Climate-smart landscape management
includes sustainable use of natural resources
such as water, grasslands, forest and
ecological services (FAO, 2010; Scherr and
Sthapit, 2009; Branca et al., 2011).
Agricultural  productivity is affected by
differences in  biophysical  resources,
management of field margins, and forest
fragments that provide the habitat of
pollinators adjacent to agricultural fields and
stabilize pollination services (Harvey, 2007).
Rainwater harvesting in forest improve living
conditions for animals, birds, and insects and
provide ecological connectivity. Expansion of
grasslands, forest, and wetland provide local
livelihood, tourism, and  biodiversity
conservation. These perennial systems absorb
CO,, cut emissions, and increase soil C
sequestration (Scherr and Sthapit, 2009).

Climate-smart agricultural landscape operates
on the diversity of food crops with different
dates of planting, various species of livestock,
rainwater harvesting, and sustainable practices
in the field. Climate change objectives need
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new approaches to sustainable agricultural
growth that intensify ecosystem health and
adaptability.

Land use and agricultural management
practices

Agriculture lands cover about 38.5% of the
global total land area, which consists of 28.4%
arable land area and 68.4% permanent pasture
and meadows (DSI MSU, 2015). Agriculture
land use change is associated with two
concepts: per unit profit and the opportunity
cost of land. Profit refers to the willingness of
farmers to manage the specific land use and
will vary depending on biophysical
characteristics of land, price, inputs, and
access to markets and services. Opportunity
costs include private production costs and
ecosystem service costs. The opportunity cost
concept compares the social and economic
cost of different ways to use the same land
area (Steinfeld et al., 2006).

Land degradation has been identified as one of
the most important drivers of land conversion
from forest land to croplands and pastures.
The farmers exhaust their land resources and
explore the more suitable area for cultivation.
The expansion of pastures into marginal
regions is limited. Therefore, areas with agro-
ecological potential are brought under pasture
lands (Asner et al., 2004). Forests sequester
more carbon in soil and vegetation than
croplands and pastures. Agricultural farmland
sequesters 6% of global carbon while
temperate, and pastureland tropical savannas
collectively sequester 27% (IPCC, 2000).
However, soils sequester the most carbon in
the terrestrial carbon cycle and double that of
vegetation (Steinfeld et al., 2006). The soil
carbon can be exhaust through the burning of
crop residues, volatilization, and erosion of
soil, agricultural land wuse change, and
management practices (Bolin et al., 1982).
When a forest is converted to farmland and

pasture by burning or logging of biomass, high
amounts of carbon are discharged into the
atmosphere.

The significant  technological changes,
adoption, and mitigation by using improved
farm practices may allow 30-50% land use for
afforestation (Boumer et al., 1998; Shvidenko
et al., 2002). The terrestrial carbon (C) stock
in temperate forests of US and Europe has
been reported to be at higher level since 1950
(Delcourt and Harris, 1980; Kauppi et al.,.
1992; Heath et al., 2002) by land use change,
agroforestry and  forest  management.
Therefore, Carbon sequestration in forest soils
decreases CO, in the atmosphere and
projected  climate  variability.  Forest
protection/ planting trees and enhancing forest
area is well known for evapotranspiration
cooling and lowering the minimum
temperature at any site making local climatic
condition relaxing for the diversity of plants
and animals (Carnaval et al., 2009). CO;
fertilization effect and rise in temperature may
affect plant growth and net primary
productivity (NPP) by increasing soil
respiration and increasing available nitrogen
by mineralization. While, afforestation of
reclaimed mine soil by establishing bioenergy
plantation crops has been shown to sequester
C through below ground stumps and large
roots (Akala and Lal, 2000; Tolbert et al.,
2000).

Latin America has converted the most land
from forest to pasture and cropland, and
livestock ranching is one of the drivers of this
change (Wassenaar et al., 2007). Soybean
expansion replaced 12 million hectares of
rainforest (LEAD, 2014) in 2000-2005. GHG
emission from various sources of livestock
ranching viz; 9.2% from land use change, 6%
due to pasture increase, and 3.2% is due to
field crop expansion (Gerber et al., 2013).
Land conversion from forest to pastureland
may also reduce methane (CH,4) oxidation by

1114



Int.J.Curr.Microbiol.App.Sci (2019) 8(3): 1112-1137

soil microorganism, resulting in pastureland
acting as net sources of CH; when soil
compaction from cattle hooves limit gas
diffusion (Mosier et al., 2004). Studies
suggest that pasturelands as a mitigation
strategy can either increase or decrease GHG
emission  depending on the grazing
management and history, climate and
ecosystem (IFAD, 2010; Henderson et al.,
2015). Grazing management that can increase
C sequestration is: not exceeding pastureland
carrying capacity by having an active stocking
rate, rotational grazing and excluding
degraded pastureland from livestock grazing
(Tennigkeit and Wilkies, 2008).

Animal production and GHG

Usually, livestock respiration is not added as a
net source of carbon dioxide (CO2) discharges
because they are part of the global biological
cycle. Under the Kyoto protocol (2005), the
consumed amounts of CO; in vegetative form
are equivalent to those emitted by the
livestock. Therefore, the animal is a carbon
sink because a fraction of the carbon
consumed becomes the live tissue of the
animal and products such as milk. Livestock
adds 4% of the world’s anthropogenic CH4
releases through the enteric fermentation and
management of manure (Gerber et al., 2013).
Enteric fermentation evolved a CH; by-
product through exhalation (Beauchemin et
al., 2009) and considered as energy loss
(Gerber et al., 2013).

Increasing the concentrate (high energy feeds
containing cereal grains and oil meals)
proportion in the animal diet can reduce
methane emissions from the animal (Dourmad
et al, 2008). Methane emissions vary
depending on production systems and regional
characteristics e. g. Climate and landscape
(Gerber et al, 2013). Feed production
contributes almost half of the GHG emission
across livestock production process. India,

China, Brazil and United States are the
countries that contribute the most methane
emissions related to livestock production
(IPCC, 2013). India, with the most significant
livestock population in the world, emitted
11.8Tg of CH4 in 2003, 91% derived from
enteric fermentation (the most significant
contributor in the animal production stage)
and 9% from manure management (Chhabra et
al., 2013). Feeding practices and manure
management  could moderate  methane
emissions (Thornton and Herrero, 2010).
China has the highest global methane manure-
related emissions, primarily due to pig manure
(Steinfeld et al., 2006). Liquid manure found
in lagoons or holding tanks releases more
methane than dry manure (Burke, 2001).

Livestock production will be influenced by
heat stress and availability of water, especially
in arid and semi-arid areas. Cattle produce
milk and meat from grass and forage, and
thereby make a significant contribution to
food security, preservation of soil fertility and
mitigation of climate changes. The
industrialized agriculture of chicken and pork
production has created massive environmental
and social collateral damage. They mostly
depend on imported soybeans grown as high
input monoculture from South America, using
land formerly under rainforests. The
concentration of industrial production system
in the US (Tyson) and Germany (PHW
Group) dominate the world market and can
have a devastating effect on local markets of
developing countries.

Monoculture  crop  production  reduces
biological diversity, grassland, and conversion
of forests and release of CO,, nitrous oxide
emission from synthetic fertilizers,
nitrification of soils and ammonia load in the
atmosphere. Shifting to the diversification of
livestock animals, crops and crop varieties,
mixed crops, agroforestry and leaves of
Zizyphus (ber), acacia and chickpea and
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integration of cattle production  with
agriculture had been the most promising
adaptation measures under climate change.

Cropping systems and CO, fertilization
effect

Optimal management of the crops, water, and
nitrogen supply will play a role in the
realization of CO, fertilization advantage.
General circulation models (GCMs) projected
towards  precipitation  declines  during
December to February in South Asia and
Central America; precipitation falls in June to
August in Central America, Southern Africa,
and Brazil, and precipitation increases in
December to February in East Africa.
Therefore, diversity of crop species and land
uses can reduce ecological risks due to
climatic variability. High temperatures
coinciding with critical growth phases, e.g.,
flowering and grain setting can lead to pollen
sterility and dramatic yield reductions (Porter
and Semenov, 2005) in both C3 and C,4 crops.
Mixed cropping with C; and C, species under
environmental variability seem to be the most
promising climate smart solution. Sunflower a
C4 like a C3 plant (intermediate) offers a good
choice for manipulation of biomass production
with higher carbon contents, manipulation of
root length by nitrogen management (Santosh
Kumari, 2017) under climate change scenario.
Sunflower seed oil is wused for human
consumption and biomass as feedstock for
biofuel, maintain insects in the vicinity of the
plant.

Small landholders, subsistence agriculture
and diversified livelihood

These farmers exist on a continuum between
crop intensification and subsistence
production. Farm income and size of the land
holdings vary with developing and developed
nations. They go through low levels of
technology, isolation, imperfect markets and

unpredictable exposure to the world market
(Chambers et al., 1989). Small landholders
and subsistence producers and pastoralists
often follow hunting or gathering of natural
resources (off-farm) as well as crop
production and livestock product (on-farm
activities). Smallholders are subjected to
diseases, livestock mortality, and forced to sell
their produce, animals, and assets at lower
prices, indebtedness, and out-migration. Social
relationships within families and between
households  immensely  influence  the
negotiations of production choices, knowledge
management, and marketing (Fairhead and
Leach, 2006). Fifty per cent of the rural
population of the developing countries are
small landholders (0.5 to 2.5 ha of cropland),
and approximately 25% are landless. The
proportion of smallholder in sub-Saharan
Africa may be higher at 73% (IFAD, 2011).

These communities are responsible for
cultivating a vastly variable proportion of land
across developing nations. They are
responsible for growing 90% of rice, wheat,
pearl millet and sorghum in India; additionally
grow cocoa and cotton in Nigeria (Jazairy et
al., 1992). The livelihood of smallholders and
dryland farmers in India and Africa share
specific features, such as biodiversity,
integration of livestock into farming system,
diversifying livelihood and efficient use of
land, cash, labor without external inputs; are
regarded as adaptive strategies to climate
change.

These farmers may be involved in the
synecoculture farm for on-farm conservation
of old, local varieties and
neglected/underutilized species and could
promote the conservation, sustainable use,
institutional and human capacity building of
plant genetic resources for agriculture and
climate resilience (Sthapit et al.,, 2010).
Traditional breeding using wild perennials and
phenotypic selection could be used to enhance
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photo insensitivity, drought tolerance, low
nitrogen tolerance, adaptation to marginal land
and climate change.

Agricultural practices, water management
and hydrology

Water availability for a recommended number
of irrigations for various crops is the critical
factor for agricultural production. Agricultural
production is also vulnerable to low, erratic,
and excess rainfall. The soil structure, the
water holding capacity of the solil,
salinity/acidity, and quality of underground
water are constraints in the crop production.
The cropping intensity in the rainfed areas is
affected by arid and semi-arid nature of
climatic factors. The cropping intensity of
drylands seldom exceeds 100 percent while
under irrigation the cropping intensity reaches
140%. Low water use efficiency of different
crops is further affected by the limited use of
improved seed, traditional crop systems, poor
plant population, and inadequate measures of
moisture and soil conservation. Temperature
rise and intense radiations affect monsoon
precipitation due to wind circulation from land
to sea and vice versa. Changes in future
hydrology and practices related to water
management will affect adaptation programs.
There are several uncertainties of climate
impact on water and agriculture, multiple
interactions between the two sectors.

However, growing flood hazards may present
significant challenges for agriculture, and
summer irrigation deficits may result from low
winter rainfall and snowfall. Therefore,
seasonal flows of river and water storage in
the reservoirs fluctuate with climatic
variations. The limited water supply and
higher demands for irrigation enhance the
vulnerability of agricultural production.
Drought and flood uncertainties will further
contribute to the need for robust management
systems. Adaptations of advanced

technologies in the water sector could provide
additional advantages to farm production
systems such as reduced flood risk and
increased drought resilience.

Research efforts are required for the
development of suitable cropping/farming
system for rainfed limited irrigated, brackish
water area. Development of techniques is
urgent for efficient and safe use of good and
brackish underground water for limited
irrigations. However, excess rainfall of Kharif
season over and above the usual water
requirement of crops could be utilized by
growing mixed/ inter-crops in the low water
holding capacity of drylands.The method of
seeding with ridge-seeder had proved useful in
raising perfect plant population/stand and
increasing crop Yyield in dryland farming.
Winter crops could be possible to raise after
summer fallow and effective conservation of
rainfall. Straw mulching has proved the best
method for moisture protection in loamy sand
soils. Crops residue management improves
soil organic matter (SOM), nutrient losses,
surface runoffs and soil erosion, water holding
capacity, need for irrigation, alter albedo, and
emission of GHG (Post et al., 2000; Powlson
et al., 2001; Falloon et al., 2004; Berndes et
al., 2004; Huntington, 2006).

SOM status and soil moisture contents could
also affect the radiative balance (Alexander,
1969; Fernandez et al., 1988; Schulze et al.,.
1993) that in turn affect evaporation from the
soil and likely cause further regional cooling
or warming. Since soil organic carbon (SOC)
losses could enhance with rising temperatures
(Jenkinson et al., 1991; Cox et al., 2000;
Friedlingstein et al., 2006; Jones et al., 2005)
and could change the status of soil nutrient,
tilth, and water holding capacity.

Rises in sea level may lead to deterioration of
farmland, especially in low-lying regions
(IPCC, 2007) by torrent and escalate
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groundwater and soil salinity (Motha, 2007).
Warmer winters and shorter snow seasons
reduce the magnitude of the spring snowmelt
peak and cold winds in February, March while
extended cool season and humidity may delay
mustard and wheat maturity and bring about
production losses due to a hailstorm.
Significant increases in irrigation, as well as
drinking water demands, could occur
particularly for central, eastern and western
parts and both coastal regions of India as
evident in recent past from water carrying
trains, fight over river waters in south India
and Maharashtra and Gujarat. These
projections are not different from European
regions (Bogataj and Susnik, 2007). The
seasonality of river flow has also changed as
obvious from flood trends. Groundwater is a
significant segment of local water budget, and
precipitation may affect surface runoff during
the previous winter, and therefore, the local
characteristics of catchments can assume
importance.  Groundwater recharge has
increased by snowmelts and landslides in the
Northern region of India particularly in
valleys, i.e., Uttrakhand in recent past. Higher
evapotranspiration and salinity could also dry
out soils (Hulme et al., 2002; Bradley et al.,
2005) especially during the summer.
Competition for water withdrawal and water
stress due to climate change is anticipated to
increase by 2030. A secondary consequence of
climate change could result in shifting of
consumption patterns, and competition for
water among domestic, industrial and
agricultural uses might alter the freshwater
availability for farm irrigation and other
purposes.

Flooding also needs a cross-sectoral approach,
e.g., urbanization increases the coverage of
impermeable surfaces (IPCC, 2007b) by using
agricultural catchments or water bodies and
thus could amplify the risks of floods, e.g.,
Bangalore and Chennai flood in south India.
Climate-smart agriculture or autonomous

adaptations result from changes to meet
altered demands, aims, and expectations.
These actions are deliberately designed by the
farmers at the local level to reduce the
consequences of weather changes in field
production.  Deliberate policy decisions
considering climate change and variability are
required for planned adaptations (IPCC, 2008)
and mitigations of damages to the agriculture
sector including livestock.

Above average precipitation imply an overall
excess; this could have direct adverse impacts
including soil water-logging, enhanced insect
and pests, anaerobic conditions and decreased
plant growth (Bradley et al., 2005) or plant
decay and death as evident in northern states
of India, and result in shift from cotton to rice
cultivation (Figure 3 and 3a). Total food grain
production of India had increased since 1973
with an increase in the agricultural land
expansion, irrigation expansion and per unit
land production by cropping system
reshuffling. Cotton production has declined
mainly due to excess rainfall, waterlogged
soils and consequently shifting to rice
cultivation. Indirect impacts of excess water
include agriculture operations being delayed
or implemented when they could create
compaction damage such as on wet soils, for
instance, livestock treading (Webb et al.,,
2005; Montanarella, 2007). Decreased
groundwater recharge could reduce water
availability for irrigation and also lead to soil
salinity, especially in marginal regions (FAO,
2003).

Soil erosion in drier soil conditions in arid
areas is a real cause of land degradation,
reduction in infiltration and water holding
capacity and rising runoff (Stroosnijder,
2007). Drought occurrence, intensity, and
duration of drought could increase yield
variability, crop stress damage and crop
failure (Jones et al.,, 2003; Chopra and
Kumari, 1995; Santosh Kumari, 2010).
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However, these impacts could be offset by the
beneficial effects of CO, fertilization on water
use efficiency of plants (Betts et al., 2007a)
under climate change scenario. Droughts may
reduce pasture  productivity, irrigation
potential, increase  soil  erosion and
degradation via wind, livestock deaths
(Gomez, 2005) due to low water availability
for drinking, bathing, and cooling of animals
shelters. Heatwave (2003) in Europe had
significant impacts on farm production
systems, reducing quality and quantity of farm
products and grassland vyields, especially in
Central and Southern Europe (Bogataj and
Susnik, 2007). Wildfire occurrences may also
result in additional damages (Santos et al.,
2002; Gomez, 2005). Drought may positively
affect crops under certain conditions such as
pest reduction, vicinity of crop roots to
brackish water from the shallow water table,
snow removal in snowy regions and lead to
long-term water conservation and
management practices.

Energy Crops and Water Management

Energy crops are evaluated by their high
biomass production potential and its
conversion into bioenergy. Sustainable use of
natural resources must take into account the
conservation of marginal and eroded
agricultural lands and use of water resources
for the production of bioenergy crops.
Bioenergy production involves the cultivation,
irrigation,  fertilization, transportation of
biomass to the bioenergy generation plants.
Therefore, the biomass production potential
and use of land and water resources in terms
of cost for other food grain crops must offset
the production cost and emission of CO, and
nitrous oxide and ammonia load on the
environment.

In India, e.g., sorghum has been identified as
the potential bioenergy crop. Traditionally,
sorghum is cultivated for fodder, during rainy

season across all regions of India. Being C4
plant sorghum has high water use efficiency.
The crop is grown on all types of soil as a
source of fodder for livestock integration into
farming. The crop grows faster under variable
temperature and humidity conditions of the
rainy season. The C,4 plants are the best suited
to drought-prone areas of arid and semi-arid
regions require minimum external inputs,
short to medium duration, grow fast
harvesting rainwater under warmer conditions.
Similarly, in Europe, USA and, Brazil main
biofuel crops are rapeseed, maize, and
sugarcane, respectively, are grown under
rainfed conditions, very little irrigation water
is used for ethanol production. However, the
diverse genetic structure of hybrids, landraces,
and sorghum lines can be used for target
environments to make them resilient (Doggett,
1988; House, 1985; Haussmann et al., 1998;
Habyarimana et al., 2004b; Rattunde et al.,
2013).

Traditionally, Indian farmers were following
sorghum - mustard; cotton-wheat; pearl millet-
mustard; cotton - mustard/ chickpea, and
sorghum - chickpea depending on the
availability of water from monsoon rainfall.
Sugarcane is grown under an excess of
rainwater as well as to meet the domestic
requirement of sugar and jaggery as a source
of iron and all food preparations.

Research interventions are required to exploit
the biomass potential of cotton and sugarcane
for biofuel production and increasing soil
organic matter. The biomass production
potential can be manipulated by using plant
growth regulators, changing crop macro and
micro-nutrient requirements and biomass
partitioning as well as reducing recalcitrance
nature of biomass (Santosh  Kumari
unpublished work). Different grasses elephant
grass, tall fescue, etc., perennial hardwood
species used for paper products which reduce
soil erosion and act as a fence, are promising
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bioenergy crops. These crops have vast
adaptability and excellent disease resistance
(Lemus and Lal, 2005).

Cereal shifts/ green revolution and crop
intensification

The focus of green revolution on high yielding
varieties and considerable input responsive
crops such as rice and wheat resulted in
policies favoring their cultivations. The easy
cooking, different taste, and soft food made
these cereals the preferred choice of the
people especially old persons and children.
Further, these crops received research,
extension and market support. Favorable
policies for the cultivation of soybean,
sunflower and cash crop such as cotton
became productive and more profitable due to
increased consumers demand, high prices and
high vyield. A technology mission of
government to promote the cultivation of
oilseeds and pulses further reduced the
farmer’s interest in cultivating coarse cereals.
The cereals remain fit for human consumption
for a short storage period in rural setup,
dampened their cultivation.

Diversion of sorghum cultivated areas to crops
such as sunflower, maize, groundnut,
sugarcane, cotton, onion due to the availability
of irrigation and higher prices reduced area
under coarse cereals. Overall Rabi sorghum
production increased by 83% from 1971 to
2009 while Kharif sorghum production
declined by 52%. The production of Kharif
sorghum increased till 1990 due to the use of
hybrids and improved cultivars despite a sharp
decline in the area. Currently, 55% of the area
is under rabi sorghum compared to 35% in the
1970s. Pearl millet area and production
increased till the 1970s and declined during
1980s due to downy mildew epidemics. The
epidemic has remained the most critical factor
in rejecting the pearl millet in Haryana. The
Kharif sorghum in north India is used only for

green and dry fodder for later storage, while
Rabi sorghum is for human consumption in
central and south India.

The economic contribution of sorghum to the
total income is 50% in varieties and 40% in
hybrids in Maharashtra, Andhra Pradesh and
Haryana as fodder for livestock which is a
complementary activity that provides stable
income. Pearl millet plays a crucial and vital
role in maintaining ecological security. The
breeding efforts are needed for drought
(Santosh Kumari, 2017; 2017a) and heat
tolerance, and resistance to diseases such as
downy mildew, smut, rusts.

Post-harvest processing of coarse cereals
millets is still in infancy, with no policy
provision, lack of advanced storage facilities
and support at the farm level. The price
disadvantage of farmers from rain-fed regions
due to the shortage of storage facilities and
bargaining capacity is exploited by
middlemen, who garner the product during
peak arrival at harvest season and store the
grain to reap the time utility.

Further, improving the nutritional quality of
fodder and grain quality improvement by
increased starch contents, reduced phenol
content to increase the shelf life of pearl millet
and use in alcohol industry are essential areas
of research. De-husking of grains before food
processing causes respiratory problems which
need developing small-scale machinery for
slight moistening, beating, spinning and then
removing straw and grain cover to help avoid
women drudgery. Sorghum and pearl millet
can substantially contribute to food, nutrition
and financial security of small, marginal
farmers. Coarse grains of both the crops are
the most abundant source of iron, calcium, and
zinc among cereals. Mixing of
wheat/rice/chickpea flour with coarse grains is
the most popular strategy in food processing
for the nutritional security of growing

1120



Int.J.Curr.Microbiol.App.Sci (2019) 8(3): 1112-1137

population. The crop stover is used for fodder
of livestock.

Crop Residue Management for Soil Carbon
Conservation and Sequestration

Soil productivity has been found to be
increased with increase in soil organic carbon
(SOC) by practicing direct seeding in
combination with the sustainable management
of crop residues ( Lal, 2005). The increase in
SOC improves the physical structure of the
soil and soil chemical characteristics that
enhances nutrient supply to the plants. Green
plant fix carbon dioxide into simple sugars
and complex hemicellulose, cellulose, and
lignin. Carbon is cycled through the biosphere
and reaches the soil in the form of dead plants,
root exudates, dead animals, etc. and
decomposed by soil microbes and respired
back into the atmosphere as CO..

The soil is the third bigest carbon pool on
earth. Building SOC by cover crops, minimum
tillage, and crop residue management is
critical for enhancing biological processes and
plant nutrient availability and hydrological
cycling. Indian economy depends upon wheat,
rice, cotton, sugarcane, and oilseed crop
mustard. Well developed roots of cotton plants
and leaves increase soil carbon; woody
biomass is used as fuel for cooking and
heating water for domestic purposes, cotton
for filling quilts and cycled next year for
making bed sheets used in summer for cooling
effect. The crop provides ground cover, retain
organic matter and water in the soil for next
crop post rainy season. Similarly, mustard is
grown as an intercrop, sole crop, field margins
managements to control soil erosion, and
addition of organic matter and nutrients to the
soil. Further work is required on an
understanding of how management of cotton
or perennial versus annual using fertilizer/
plant growth regulators may affect soil C
sequestration.

Effective crop rotations

Crop rotation is a profitable way of growing a
sufficient amount of food at the inexpensive
environmental cost. The criteria for crop
species selection should be based on the
optimization of soil resources use that is the
usual limiting factor for crop production. Crop
rotation methods can result in improved soil
organic carbon content by long crop cover
periods, decreased number and tillage
intensity. Advancement in the use of forages
in crop rotation scan occurs in better crop
residue management while higher soil organic
carbon content assists to combat climate
change. The increased yields of sorghum were
attributed to the higher levels of nitrogen
made available in the soil by the N-fixing
legume (80- 135 kg N ha™ or by the reduced
N removal by sunflower from the soil (Varvel
and Wilhelm, 2003; Kaye et al., 2007) in
rotation. Sunflower can also be grown as an
indicator of nitrogen in the soil (Santosh
Kumari, 2017). Crop rotation management
and precise amount of fertilizer application
reduce residual soil nitrate and nitrous oxide
emissions. Biological nitrogen fixation can be
influenced by farmers via inoculation of
legumes with nitrogen-fixing and phosphorous
solubilizing Rhizobia (Santosh Kumari, 2017).
In agricultural ecosystems, about 80 percent of
biological nitrogen fixation is achieved
through the symbiotic association between
legumes and the soil bacteria (Rhizobia).
Symbiotic nitrogen nutrition enlarges root
system into deeper soils, and such roots are
less susceptible to oxidation of organic matter
and add C to the soils.

Bagayoko et al., (2000) revealed that
substantial infection by arbuscular
mycorrhizae of sorghum roots grown in
rotation with legumes contributed in
significantly higher yields. The energy crop
hemp could be raised as nematicide when
rotated with susceptible crops, i.e., cereals,
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potatoes, maize, peas, and pastures (Kok et al.,
1994). Liquid manure induces a priming effect
on soil organic matter and increases CO;
emissions. In contrast, when crop residues on
the surface of field soil did not decay affect
new crop establishment, may result in fungal
infection in the new seedling.

The decomposition of old rooting systems
adds organic matter at greater depths. When
conditions are uncertain for agricultural
production system versus opting new system
or retaining the option to switch later on is
driven by domestic and social needs of
farmers in general. Research interventions to
develop integrated pest-nutrient management
cropping systems can help farmers mitigate,
adapt and manage climatic risks.

Conservation agriculture

Minimum soil tillage increases the populations
of earthworms, millipedes, mites and other
animals living in the soil. These micro fauna
takes over the task of tillage and builds soil
porosity and improves soils structure.
Conservation agriculture reduces water loss in
post rainy season crops, reduces soil erosion in
arid and semiarid areas and restore degraded
soils. No-tillage practice reduces the number
of farm operations and saves fuel and energy
(Lal, 2005). Reduced farm operations and
machinery manufacturing lead to cut
emissions.

Precision farming

Precision farming equipment makes it possible
to match water and nutrients inputs with plant
requirements and improves water and fertilizer
use efficiency (Santosh Kumari, 2011) as well
as cutting direct and indirect greenhouse gas
emissions. Drones, cameras, water sensors and
computers are available for specific
interventions in irrigation and nutrient
management.

Wind and solar energy powered agricultural
machinery can reduce emissions, complicated
logistics and construction of substantial
infrastructures required to supply fossil fuels
in the rural areas. Sustainable mechanization
can create opportunities to provide hired
services for field operations, improve
transportation and  agro-processing, and
increase the possibilities for adding value to
farm production, efficient use of resources.
Degradation of natural resources and
farming systems

Climatic change may result in severe loss of
arable land and water resources; regional and
local consequences for crop production. These
losses will be felt immensely in developing
countries. The Great Green Wall Initiative
adopted in 2006 by African Union is a
response to the degradation of resources
exploited by growing population pressure. The
drought has further affected the rural
livelihood and environment. A farmer who
survives on land has many social, health, and
economic objectives including consumption
and lifestyle. With extreme adverse
conditions, the farmer, i.e., a cotton grower
might switch to rice growing regime and
sugarcane grower can switch to sorghum or
pearl millet (Figure 1). However, the shifting
of crops is always subjected to risks and crop
losses due to uncertainties of climate
variability. The progressive and educated
farmers in the communities/villages play an
essential role in such decisions.

1. Soil salinity and high water table
affected sugar cane grown in rainy season in
semi-arid areas (Bhiwani) of Haryana, India

2. Salt-affected rice fields and crust
formation on soil

3. Protected cultivation of vegetables
(cucumber, capsicum, and tomatoes) in the
same region as cash crops

4. Rice field-rain fed crop
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Madagascar's rice producing area has been
identified as a priority for adaptation to
climate variability and excessive weather
proceedings. A dense population and high
level of poverty, poor arable lands, hampered
economic development due to political
instability, had reduced adaptive capacity and
food security of the island’s inhabitants
(UNEP, 2011).

Recent  developments in  geographical
information systems and database modeling
provide the mitigation strategies and adoption

of  smart  agriculture. Globalization,
multinational  companies,  socioeconomic
developments, economic growth  would
significantly, and climate change will

additionally modify agricultural activities.

The technological characteristics adopted in
agriculture, all industries, household activities
will have to cut emissions to reduce the extent
and pace of climate change.

Africa and India have been projected to be the
most adversely impacted developing countries
under climate change scenario; and by 2080.
The regional and local scenarios are
complicated due to food habits, land size,
drought or flood, socio-economic status,
livestock production.

Therefore, different farming systems play an
essential role in sustainable livelihood and
economic development in addition to the
adaptation/mitigation of climate change
variables. The farmers time the growth of the
crop to coincide with the maximum available
water. Farmers in these areas often plant two
crops: one that will yield some food if rains
fail, and other will yield abundantly with
timely rains. Farmers grow sole crops, diverse
species of the same crop, mix crops and
intercrop for food, forage, and fodders in
salinity affected fields in Delhi -NCR of India
(Figure 2).

Alley farming

Alley farming as an alternative to slash and
burn adopted by African farmers involves
cultivating food crops between multipurpose
trees and shrubs (leguminous trees and
shrubs). The farmers plant tree and shrubs in
rows and food crops in the ‘alleys’ between
rows. Legumes have deep roots that help draw
up soil nutrients from deeper soil layers and
harbor symbiotic nitrogen-fixing bacteria in
their nodules. Farmers can use the nitrogen-
rich leaves of the trees as fertilizer, mulch or
fodder  for  livestock.  The  villages
characterized by high land use pressure, the
decline in soil fertility, soil erosion problems
and firewood, and animal fodder scarcity. The
survey conducted in Nigeria, Benin, and
Cameroon show that farmers have modified
the alley farming by planting fruit and
commercial trees, e.g., banana, coffee, and
cocoa and by including fallow periods. High
labor demands, lack of knowledge about
management and scarcity of stocks of
hedgerow legume trees and shrubs are the
factors those hindered the widespread
adoption of this farming system.

Cover crops

Excessive rainfall, prolonged flooding, and
erosion can remove topsoil, nutrients, organic
matter and microbes. Growing a cover crop
during all time of the year is a crucial concept
for improving water and nutrient cycling, soil
health, soil protection and building organic
matter. Cover crop help builds up soil
aggregates on the surface, reduce ponding by
increasing water infiltration and break through
compaction layers in deeper in the soil. Some
cover crops such as cereal rye can help
suppress certain weed, i.e., marestail along
with forage harvest system. Cover crops can
be designed to use a high amount of soil
moisture to dry up soil for next planting.
Earthworm and insects associated with the
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chosen crop are an excellent food source for
birds. In a corn-soybean rotation, soybean
followed by cereal rye cover crop is a favorite
option for the no-tillage practice of Prairie
farmers. The successive fallow system
adopted by Rwanda farmers is also adopted in
India (Haryana) following two years of
cropping and one fallow year. Farmers have
obtained significant yield increases and fodder
for livestock by growing leguminous crops
like rijka (Trigonella sps), methi (Medicago
falcata), and Bersin (Trifolium alexandrinum).
These cover crops establish easily and rapidly,
develop a dense cover, therefore, suppress
weeds. These crops are drought tolerant and
regenerate rapidly when cut for forage. In
West and Central Africa, fallow based on
velvet beans (Mucuna pruriens) have become
popular, this legume can restore soil fertility,
reduce insect pests, and smother spear grass,
the noxious weed that leaves severely poor
soils. These legume crops cover the ground
and act as live mulch.

Climate-resilient crop intensification

In developing countries, climate change will
cause a decline in yield of most crops, and
50% reduction in wheat and rice production
has been projected in AEZ and GCMs. In
India, public food policy is based entirely on
these cereals; therefore, survival from the
crisis needs to fall back on the crops those are
minimally affected by excess or deficit of
water. Strengthening of coarse grain cereals
production especially pearl millet based
dryland farming system is one way of
minimizing the malnutrition and climate
change adaptation. Pearl millet and chickpea
is grown on marginal lands from zero-
investment agriculture, resistant to drought,
ensure nutritional, health, food and fodder
security, creates a livelihood for the
community. This will precisely be the disaster
preparedness for farming. India has been more
vulnerable to floods, drought, cyclones,

earthquakes, and landslides on account of its
unique geo-climatic conditions.
Approximately 60% of the landmass is prone
to earthquakes of multiple intensities. Over 40
million hectares land is likely to floods. About
8% of the total area of the country is prone to
cyclones, and 68% area is sensitive to drought.
Inadequate risk mitigation support and near
absence of opportunities for non-farm
employment with recurrent natural disasters
make farmer’s lives complicated and
challenging. Severe drought and floods may
destroy livestock, feed and fodder crops, forest
lands, and water resources. New ecological
initiatives  such as  biofertilizers and
biopesticides production at household as well
as community levels, build new strengths for
people’s existing capacity to create a more
resilient future.

More than 90% of the world rice is grown in
continuously flooded paddies, | kg of rice
production uses 2,500 liters of water which
result to water productivity of 0.4 kg per cubic
meter (Bouman et al., 2007). The aerobic rice
(local  multicolored  basmati  varieties)
production system earlier used in wheat
growing region of India (Haryana) need less
water and targeted at limited irrigation or
rainfed lowland environments is an example
of climate resilient agriculture. Irrigation can
be given by flash flooding, furrow irrigation,
alternate wetting and drying irrigation with
other options of no-tillage in combination with
mulch, raised beds, land leveling. This
production system reduces fuel for pumping
water, reduces overall methane emission due
to anaerobic conditions by flooding. The rice
under this system matures earlier, and the land
becomes available for the timely sowing of the
next crop and reduces the risk due to snakes.

Species diversity is essential to sustain the
yield  potential  with  the  changing
environmental factors such as temperature,
humidity, and soil moisture availability. Data
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obtained for wheat cultivars (Table 1 and 2) in
field trials conducted with 105 wheat
Accessions at National Burro of Plant Genetic
Resources (NBPGR) in the year 2010-11 &
2011-12 agree with the feasibility of changes
in dates of sowing with climatic variability.
Predicted drought and temperature/heat stress
can be avoided by shifting the date of crop
sowing. The final outcome of drought due to
high temperature and radiation under late
sown conditions is reduced internodes length;
plant height, leaf area, biomass and duration
of developmental phases altogether result in
lower wheat yields (Santosh Kumari, 2010).

A diverse crop portfolio is advantageous in
switching off to an alternative climate
scenario. Effective agricultural insurance is a
safety net that can act as a desirable cushion in
the event of disasters. Insurance has to be
comprehensive linking production risks of
inputs and weather as well as market risks.
Government expenditures should be focused
on productive sectors, i.e., irrigation,
infrastructure, and power (biofuels) that can
benefit farmers to build the resilience of
farmers.

Sustainable livelihood

Successful implementation of sustainable
livelihood (SL) needs significant differences
in the roles traditionally played by researchers
and crop growers. The experts can support to
catalyze farmers’ empowerment by serving as
conveners of farmers’ meetings; expediting
the information of technological options,
machinery,  seeds, planting  decisions,
integrated pest management, soil conservation,
systematic utilization of traditional knowledge
to mitigate the challenges of climate
(Chambers, 1991).

Emphasis must be placed on technologies that
overcome risk (e.g., new more resistant/
tolerant crop species and agronomic practices

that reduce the impact of biotic and abiotic
stresses, technologies that support enterprise
diversification). The Mizoram (India)
legislative assembly passed the organic
farming bill in July-2004. Organic farming
coupled with contour trench farming was
trialed at Lungmuat in 1996 with promising
results. Now the state agriculture department
has 10 model organic farms. Demonstrations
have been conducted on effective micro-
organisms, bio-dynamics, vermicompost and
other biofertilizers on farmers’ field and
model farms on sugarcane, popcorn, cowpea,
maize, paddy, turmeric, vegetables, and fruits.
Cert Asia Agriculture certification (P) Ltd is
engaged in group certification for the internal
control system of organic products of various
farmers groups. Crop residue, organic manure,
biofertilizers, biological pest control are used
for sustainable soil fertility and reduce the
import of agriculture chemicals i.e., fertilizers
and pesticides (Agriculture Department of
Mizoram).

Biodiversity

The living organisms respond to the
environmental cue by adaptation, avoidance
and survival strategy. The organisms maintain
their body temperature by heating, cooling,
hibernation, migration, covering the body
parts, growing hair, changing pigments and
color of hair, skin, leaf color and shape, flower
color, etc. Therefore, optimum environmental
temperature requirement for various crops and
organisms is variable. The multiple
components of climate change such as
temperature, CO, concentration, humidity,
heat waves, and water abundance are
anticipated to affect biodiversity from
organism to biome levels. Climate variability
may change the duration of vegetative/
reproductive stage/ flowering stage in plants
and availability of sufficient population of
insect pollinators; thereby mismatch may
result in the extinction of both (Kiers et al.,
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2010; Rafferty and Ives, 2010). One of the
critical questions on the impacts of climate
change is whether or not species will be
capable of adapting fast enough to keep up
with the quick pace of changing climate.
Adaptation to new climatic conditions through
expression of conserved evolutionary traits or
selection of existing genotypes based on
morpho-physiological characters or plasticity
within individual genotype’s lifecycle provide
smart solutions (Charmantier et al., 2008;
Visser, 2008; Salamin et al., 2010; Chevin et
al., 2010; Hoffman and Sgro, 2011; Santosh
Kumari, 2010; 2013). Flowering, fruiting and
seasonal migrations time shift has been
reported in response to climatic factors, i.e.,
temperature and rainfall (Parmesan, 2006;
Santosh Kumari, 2010). Species can survive
by morphological, physiological and chemical
alterations that permit tolerance to warmer and
drier conditions (Santosh Kumari, 2010)
accompanied with yield penalties by
differences in heat degree days
(developmental durations) under changing
climatic conditions. Agricultural resource
management strategies and alleviation of
global warming could, therefore, have
profound impact on the safeguarding of
species from disappearance (Hansen et al.,
2010).

Improved upland rice varieties have been
developed by an interspecies cross between
Asia rice (Oryza sativa) and African rice
(Oryza glaberimma). Target traits include
resistance against rice yellow mottle virus,
rice blast, African rice gall midge, adaptation
to fluctuating water tables, competition with
weeds, and drought resistance. Biodiversity-
based adaptation  strategies  (blending
traditional coping methods, i.e., indigenous
crop varieties and livestock species, tools,
methods, and approaches) are critical in
countering situations of climate change.
Random inconstancies in agricultural output
caused by weather or additional factors will be

inversely related to prices and gross revenue,
is a well-documented aspect. In India, about
70 million hectares cultivable land is under
rainfed agriculture, spread over parts of
Haryana, Rajasthan, Madhya Pradesh, Uttar
Pradesh, Maharashtra, Karnataka, Andhra
Pradesh, and Tamil Nadu. Integrated rainwater
harvesting and drainage system strategy offers
a smart solution to manage soil and crop more
efficiently for sustainable production. The
development of sorghum, pearl millet, maize,
cassava and dual-purpose grain legume
(cowpea) varieties that do well in the marginal
areas should be the top priority for climate
change. The adoption of resource conservation
practices in agriculture is a pressing need to
cope with growing population pressure on
crop production, under eroding environment
and uncertainties from climate change.
Sustainable crop production intensification
offers the opportunities for optimizing
agricultural crop productivity per unit area,
considering the series of sustainability aspects
including potential and existing social,
political, environmental and economic issues.
Mitigation of GHG emission, adaptation
science, and implementation will be defining
human endeavors for the rest of the twenty-
first century.

Future areas of research

Pearl millet, sorghum, and groundnut are
critical for nutrition and food security in
Sahelian areas of West Africa as well as dry
and semi-arid regions of India where soil
fertility and climatic factors drought,
temperature, heat and low water availability
may turn agriculture into an unsustainable
livelihood. Therefore, research efforts are
required for identification of traits useful for
breeding genotypes with improved adaptation,
and production to climate variability. Agro-
biodiversity offers a choice of diverse crops
and options of diverse varieties reduces the
risk of crop failure at farmers’ fields and
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provides a solution for smart climate
agriculture. Different dates of sowings, early
sowing, tolerance to low /or high temperature
during germination and seedling
establishment, shortening and extending the
period of phenological stages, delayed
senescence and stay green characters,
tolerance to salinity, and submergence of rice
and cotton, sudden water stress can be
managed using agro-biodiversity.

It is more promising to manipulate the
infection potential of the indigenous vesicular-
arbuscular  mycorrhizae  (VAM)  and
microorganisms by soil management and crop
rotation. The selection of genotypes resistant
to root pathogens infection might also involve
risk of simultaneous resistance against VAM
infection.

The landscape/ forest management practice
should aim at diverse tree species to increase
soil microorganisms, especially in tropics.
These efforts deserve more attention for
ecological reasons in low and high input
production systems. Manipulation of diverse
farming systems and crop management via
crop rotation, intercropping, mix crops, cover
crops, crop residue management help
improving soil health, organic matter, nutrient
cycling and saving and sequestering carbon in
soil under climatic variability in different
regions. Further research efforts are required
on testing and integrating these aspects with
water, field, and crop management practices
for different sizes of land holdings.

Climate is changing and will continue to
change with growing concerns of food and
nutrition security. Crop production in agro-
ecosystem relies on the processes like nutrient
recycling, predator-prey relationship,
competition and succession that maintain and
enhance natural ecosystem. Modifications of
agro-ecosystem to increase production with

fewer inputs lead to sustainable resource

management with fewer negative
environmental consequences to achieve
sustainable development.

Changes in land management, land use,

restoration of degraded lands, afforestation,
reducing deforestation, efficient fertilizer and
crop management integrated with livestock
production, improved feed systems, and
manure management can significantly cut
GHG emission.

Agro-biodiversity offers a choice of diverse
crops and options of diverse varieties reduces
the risk of crop failure at farmers’ fields and
provides a solution for smart climate
agriculture.

Post rainy season soil moisture availability can
be manipulated by changing the date of crop
sowing and agronomic practices to shorten or
enhance the genotype growth duration for
maximization of yield.

Different dates of sowings, early sowing,
tolerance to low /or high temperature during
germination and seedling establishment,
shortening and extending the period of
phenological stages, delayed senescence and
stay green characters, tolerance to salinity, and
submergence of rice and cotton, sudden water
stress can be managed using agro-biodiversity.
Research interventions in integrated pest-
nutrient management cropping systems can
help farmers mitigate, adapt and manage
climatic risks.

Livestock production is the only way to
sustain families of the marginal and small
landholders. Livestock production should be
integrated with the cropping system for feed
base and crop production for fossil fuel energy
saving to cut GHG.
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Table.1 Percent reduction in morphological and agronomic traits of wheat cultivars under
terminal heat stress condition (late sown) over the years (2010-11-2012)

Accession ID | 1C75240 1C75226 (1C75215) 1C252632 IC-303070 | IC-75191
Cultivar (C-306) (WG377) PBW34 (HD2687) (HD2781) | (DL1532)

Table.2 Pearson correlation of grain yield and morphological and agronomic traits of wheat
cultivars under normal (below diagonal) and late sown conditions (above diagonal)
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Fig.1 Degradation of natural resources and farming systems
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Fig.2 Farming system and integration of livestock with crops

Land use change from forest fragments adjacent to agriculture land to agricultural fields
(mustard-sorghum rotation system)
Legume cover crop and mustard border row
Mustard and wheat intercrop
Late sown wheat for fodder
Wheat as fodder
Oat and legume as fodder
Wheat at different dates of sowing
Mustard as border row
Irrigated wheat and irrigation canal
. Irrigation canal along with road
. Irrigation system in the field
. Salinity affected mustard raceme and field
. Oat and Bersin mix crop for buffaloes and cows
. Wheat as fodder from low input soil
. Scientist from various disciplines of Indian Agricultural Research Institute (ICAR),
meeting with farmers for problem discussion and dissemination of information and
technology
No-till wheat after rice in semi-arid areas of Haryana (Bhiwani) for moisture
conservation post rainy season
Solid dung used for manure at the border of fields need further better management
Integration of rice straw in care of stray oxen and cows
. Rice straw also used along with green fodder for animals

Similarly, Africans have adapted their agricultural practices to a variety of climatic zones.

1129



Int.J.Curr.Microbiol. App.Sci (2019) 8(3): 1112-1137

Fig.3 Total food grain production of India during four decades
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Further, biogas technology can improve social
health environment, provide manure as slurry
and creates positive synergy between
livestock, crop, energy, and economic
development. Therefore, rural infrastructure
needs to be strengthened through creating
post-harvest storage, processing, packaging
facilities, marketing/ transporting agricultural
products and employment generation. Diverse
crops and livestock and smarter seasonal
plantings respond differently to abiotic and
biotic stresses, prevents losses at the farm;
cope Dbetter with unpredictable climate
changes.

Abbreviations

AEZ - Agro Eco Zone

C - Carbon

CH4 - Methane

CO2 - Carbon dioxide

GCM - General Circulation Model

GHG - Green House Gases

SL - Sustainable Livelihood

SOC - Soil Organic Carbon

NBPGR- National Bureau of Plant Genetic
Resources

NPP - Net Primary Productivity

VAM - Vesicular Arbuscular Mycorrhizae
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