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Resource conservation techniques for
climate change mitigation and adaptation
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Conventional mode of agriculture has encountered a host of problems or challenges like global
warming. The resource conservation techniques  can mitigate greenhouse gas emission and help in
climate change adaptation by promoting carbon sequestration, reducing fuel-energy use and
improving input use efficiency with the benefit of carbon credit, farmers’ income will increase with
the use of resource conservation technique. The entire thing we have to do that the resource
conservation technique need to be practised correctly, completely and continuously.
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CLIMATE has direct effects
on agricultural production. At a

global scale, the reverse is also
increasingly apparent. Agricultural
activities emit greenhouse gases
through use of fossil fuel based inputs
and equipments, livestock
management, soil erosion, land
conversion and deforestation.
Agriculture, forestry, and other land
use accounts for about 24% of global
green house gases emissions in CO2
equivalents.

Impact of climate change
Climate change will affect

agricultural food systems in all
countries, including exporters and
importers as well as those at
subsistence level. Developing
countries are more vulnerable to
because they depend more heavily on
agriculture. The global temperature
rise of 2°C above pre-industrial levels
may change the state of the world
irreversibly. A bunch of mitigation
solutions is needed to avoid
exceeding the 2°C limit. Changes in
mean rainfall both in amount and the
pattern and temperature as well as
the increase in frequency in of
extreme weather events will affect
agriculture, livestock as well as
forestry (Table 1) as a result of

increased land degradation and soil
erosion, changes in water availability,
loss of biodiversity, frequent and
more intense and also new pest and
disease occurrence outbreaks as well
as disasters need to be addressed
across different sectors.

In Indian context, it is projected
that by the end of this century rainfall
amount will increase by 15 to 31%,
and the mean annual temperature will

increase by 3°C to 6°C. The warming
is more pronounced over land areas
with the maximum increase over
northern India and the warming is
also projected to be relatively greater
in winter and post-monsoon season.

Losses for crops due to climate
change are still uncertain but there
are several predictions; they are
expected to be relatively smaller,
especially for kharif crops. It is,

Fig. 1. Impact of global warming
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Table 1. Projected climate change impacts on agriculture, forestry and ecosystems

Phenomenon and direction of trend in Possible impacts on agriculture, forestry
weather and climate events and ecosystems

Warmer and fewer cold days and nights; Increased yields in colder environments;
warmer and more frequent hot days and decreased yields in warmer environments;
nights over most land areas incrased insect pest outbreaks.
Warm dry spells and heat waves Reduced yields in warmer regions due to
increasing in frequency over most heat stress; increased danger of wild
 land areas fire

Frequency of heavy precipitation events Damage to crops; soil erosion; inability to
increasing in frequency over most areas cultivate land due to water-logging of soils
(very likely)

Drought-affected area increases Land degradation and soil erosion; lower
yields from crop damage and failure;
increased livestock deaths; increased risk
of wildfire; loss of arable land

Intense tropical cyclone activity increases Damage to crops; uprooting of trees

Extremely high sea levels increase in Salinization of irrigation water, estuaries
incidence (excludes tsunamis) and freshwater systems; loss of arable

land and increase in migration

(Source: IPCC, 2007).

exploits beneficial opportunities.
Historically, people whose livelihoods
depend on agriculture have
developed ways to cope with climate
variability autonomously. However,
vulnerabilities are mostly local and,
thus, adaptation should be highly
location specific. Some simple
adaptations such as change in
planting dates and adapting resource
conservation techniques (RCTs)
could help in reducing impacts of
climate change to a large extent.
Adopting RCTs will provide increase
in water use efficiency as it is
estimated that climate change will
induce water scarcity. Techniques like
laser assisted land-levelling, System of
Rice Intensification, DSR,
permanent raised bed planting system
would ensure crop production using
less water.

Mitigation strategies
The agriculture sector has

potential to reduce its own emissions,
and concurrently, can also reduce
emissions from other sectors through
removing CO2 from the atmosphere
via photosynthesis and storing carbon
in plants and soils known as carbon
sequestration, as well as by providing
bio-fuels to replace fossil fuel use.
Enhancing soil organic matter
concentration is necessary to reduce
agricultural emissions of greenhouse
gases. Agricultural soils are a
significant sink for carbon (C)
through formation of soil organic
matter.

Role of resource conservation
techniques

Resource conservation techniques
(RCTs) are the practices, when
followed results in saving of energy,
cost and also reduce the
environmental pollution over the
conventional practices. The resource
conservation technologies primarily
focus on saving of resources through
minimal tillage, ensuring soil
nutrients and moisture conservation
through crop residues and cover
crops and adoption of spatial and
temporal crop sequencing.  Adoption
of RCTs which allow alterations in
water use, tillage and surface residue
management practices can have a
direct effect on GHGs and increase

pesticides are among the most
important secondary sources of
emission. Though these are not
directly contributing to greenhouse
gas emission but during
manufacturing, processing,
packaging, transportation and
application of these products a large
amount of greenhouse gas is emitted.
The submergence of soils promotes
the production of methane (CH4)
through anaerobic decomposition of
organic matter. When N is applied
above the economic optimum N rate,
or when available soil N (especially in
NO3 form) exceeds crop uptake due
to improper timing or placement, the
risk of increased N2O emissions rises.
Emissions generated during the
application of synthetic fertilizers
accounted for 13% of agricultural
emissions. Livestock, especially cattle,
produce methane as part of their
digestion and it represents almost
one-third of the emissions from the
agriculture sector. Altogether, enteric
fermentation and agricultural soils
represent together about 70% of total
emissions, followed by paddy
cultivation (9 to 11%), biomass
burning (6 to 12%) and manure
management (7 to 8%).

Adaptation strategies
Adaptation is defined by IPCC as

an adjustment in natural or human
systems in response to actual or
expected climatic stimuli or their
effects, which moderates harm or

however, possible for farmers and
other stakeholders to adapt to a
limited extent and reduce the losses.
Simple adaptations such as change in
crop sowing environment planting
dates and crop varieties and adapting
resource conservation techniques
could help in reducing impacts of
climate change to some extent.

Contribution of agriculture to global
warming

Tillage and irrigation are among
the most important primary sources
of CO2 emission. Direct emissions
are due to the fuel use for tillage and
irrigation, which depends on
numerous factors including soil
properties, tractor size, implement
used, depth of tillage, watertable
depth and pumping system efficiency.
The fuel requirement increases with
increase in depth of ploughing and
tractor and also differs among the
type of equipment used. Similar to
fertilizer and pesticide use, enhancing
water use efficiency (WUE) is
important to decreasing emissions.
Strategies to improve WUE include
eliminating flood and furrow
irrigation in favour of sprinkler
irrigation, for most upland crops
(although rice requires flooding),
using drip and sub-irrigation,
adopting conservation tillage with
residue mulch to reduce evaporation
losses, and using supplemental
irrigation only at critical stages of
crop growth. Fertilizers and
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the carbon stocks in the soil. Better
soil structure and higher water
infiltration rates reduce the danger of
flooding and erosion following high
intensity rainstorms. Increased soil
organic matter levels improve the
water-holding capacity and hence the
ability to cope with extended drought
periods.

RCTs also help to mitigate the
effects of climate change, at least with
regard to the emission of greenhouse
gases. With the increasing soil
organic matter, soils under RCTs can
retain carbon (C) from carbon
dioxide (CO2) and store it safely for
long time. The consumption of fossil
fuel for agricultural production is
significantly reduced under RCTs and
burning of crop residues is
completely eliminated, which also
contributes to a reduction in
greenhouse gas release. Soils under
zero tillage – depending on the type
of management – might also emit less
nitrous oxide (N2O). With paddy in
particular, the change to zero tillage
systems combined with adequate
water management can positively
influence the release of other
greenhouse gases, such as methane
(CH4) and nitrous oxides (N2O).

Zero tillage: No-tillage or zero
tillage is a farming system in which
the seeds are directly deposited into
untilled soil which has retained the
previous crop residues. The aim is to
move as little soil as possible not to
bring weed seeds to the surface and
not stimulating them to germinate.
The surface residues of such a system
are of critical importance for soil and
water conservation. Weed control is
generally achieved with herbicides or
in some cases with crop rotation. No-
till agriculture is widely promoted as
a climate friendly farming system, It
reduces greenhouse gas effects
through soil carbon sequestration;
reduction of GHG emissions from
soils; reduction of fossil fuel use; and
reduction of synthetic nitrogen
fertilizer use.

Laser land leveling: Precision land
leveling using laser assisted land
leveler equipped with drag scrapper is
a process of smoothening the land
surface within ±2 cm of its average
micro-elevation. It is contemplated
that laser levelers may play a
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Irrigation management
Good irrigation schedule showed

supply of optimun amount of water
at the optimum time. It makes sure
that water is available, when the crop
needs it. This often results in lower
energy and water use and optimum
crop yields, but can result in
increased energy and water use in
situations where water is not being
properly managed.

Pressurized irrigation system is
one of the latest methods of
irrigation which is becoming popular
in areas with water scarcity. Water is
directly applied into the root zone of
plants and it permits to limit the
watering closely to the consumptive
use of the plants. Thus, this system
minimizes conventional losses such as
deep percolation, runoff and
evaporation and includes sprinkler
system, drip irrigation etc.

Crop rotation and diversification
Crop rotation affects soil quality

and growth and yield of subsequent
crops in many ways, including
changes in SOC concentration, soil
structure and aggregation, nutrients
cycling, and incidence of pests.  Crop
rotation is more effective in retention
of C and N in soil than monoculture.

SUMMEAY

Global temperature has increased by
0.6 ± 0.2°C with an increase of 0.17°C
per decade since 1950 mostly due to
enhancement of greenhouse gases.
Agriculture contributes 47% and 58%
of total anthropogenic emissions of
N2O and CH4, respectively, which have
between 25-and 298-fold global
warming potential of that of CO2. The
agriculture sector has potential to
reduce its own emissions, and
concurrently, can also reduce emissions
from other sectors through removing
CO2 from the atmosphere through
photosynthesis. Resource Conser-
vation Techniques viz. zero-tillage,
laser land levelling, fertilizer
scheduling, use of slow release of N
fertilizer have potential to increase
carbon (C) accumulation in soil,
reduce GHG emissions, and improve
water and other input-use efficiency.
1-5Scientists, Division of Agrnomy,
Corresponding authors’: e mail:
saha.soumya5@gmail.com

tilled, bed planting has significant
role in enhancing the eco-friendly
cultivation with higher productivity
and profitability of various cropping
systems. The important crop
rotations, which virtually can directly
go for permanent bed planting are
soybean-wheat, maize-wheat, pigeon
pea-wheat, maize-vegetable-wheat,
maize-toria/mustard-wheat, pigeon
pea+ mungbean/urdbean-wheat etc.
These would have the potential to
conserve soil moisture, reduce
production costs, improve input-use
efficiency, reduce lodging of crops,
produce higher yield, permit more
rapid turn-around between crops and
provide more sustainable soil
management while still allowing the
use of the existing, widespread
gravity irrigation system.

Mulching and green manure:
Mulching material can come from
crop residues or green manure crops;
it provides feed for the soil life and
mineral nutrients for the plants.

If legume crops are used as green
manure, they can supply up to 200
kg/ha of nitrogen (N) to the soil; in
case of rice, this can result in mineral
fertilizer savings of 50 to 75%. The
spreading of mulch on the soil
surface reduces evaporation, saves
water, protects from wind and water
erosion, and suppresses weed growth.

Leaf colour chart for N
management: Leaf colour chart is an
inexpensive and a very easy to use
tool for efficient management of N
fertilizers in rice. It is like a ruler
about 15 cm in length, made of
plastic, consisting of six colour shades
from light yellowish (no.1) to dark
green (no. 6). The colour strips are
fabricated with veins resembling rice
leaves.

Nitrification inhibitors: Enhanced
efficiency fertilizers (slow and
controlled-release fertilizers and
stabilized N fertilizers), urease and
nitrification inhibitors showed good
potential in increasing soil retention
and plant recovery of applied
fertilizer N.

Use of nitrification inhibitors like
Dicyandiamide (DCD), neem-cake,
neem-oil, coated calcium-carbide,
thiosulphate can reduce the GHG
emission to various extend thus help
in mitigation of climate change.

significant role in improving resource
use efficiency under surface irrigated
systems. This crop establishment
technique also facilitates crop
diversification and intercropping of
wheat, chickpea and Indian-mustard
with sugarcane, maize with potato,
mint with wheat, rice with soybean,
and pigeonpea with sorghum or
green gram.

The benefits of laser land levelling
over other land levelling methods
include : precise level and smoother
soil surface, reduction in time and
water required to irrigate the field,
uniform distribution of water in the
field, uniform moisture environment
for crops, and less seed rate, fertilizer,
chemicals and fuel requirements.

Direct seeded rice: Direct-seeded
rice is a feasible alternative to
conventional puddled transplanted
rice. Climate change is expected to
increase the variability of monsoon
rainfall and the risks of early or late-
season drought. The direct seeded
rice increases the capacity of poor
farmers to cope with climate induced
change by offering a choice of rice
establishment methods and by
reducing the amount of water
required for crop establishment and
subsequent crop growth. Further,
faced with early drought, farmers can
direct seed with minimal soil
moisture, rather than wait for
sufficient rainfall for transplanting.
Earlier crop establishment through
direct seeded rice DSR also reduces
the risk of yield loss from late-season
drought, and the cost of additional
irrigation to prevent such losses.

Transformations from conventional to
resource conserving techniques

System of rice intensification: The
system of rice intensification (SRI)
showed that keeping the paddy soil
moist gives better results, both
agronomically and economically, than
continuous flooding the soil
throughout the crop cycle. Thus SRI
is currently attracting the greatest
attention to address the issue of
producing more rice with less water.
The SRI can also reduce GHG
emission and improves soil-health.

Permanent raised bed: In the
context of conservation agriculture,
where soil is essentially biologically
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