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Improved agricultural practices to mitigate the effect of climate change
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Abstract

Agricultural production will manifest large climate change impacts. There is pressing need to improve
agricultural productivity for food security while simultaneously protecting the environment as climate is
changing. The goal is to produce higher yields with reduced greenhouse gas emissions per unit of
production, to conserve and enrich the organic content of soils, to promote efficient water use and
ecosystem integrity. This goal can be implemented through advanced agronomic management practices
aimed at intensifying and sustaining agricultural production and targeting breeding programs based on
improved fundamental understanding of crop genetics and physiology, while preserving natural
ecosystems in nonagricultural land. We must take action to reduce the primary root cause; the high rate of
CO, emissions by burning of fossil fuels, stopping large scale deforestation, preventing reclamation of large
wilderness areas for agricultural use. Any delay in action to address the climate change will make future
actions more expensive and even more difficult to agree upon.
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Introduction

The agricultural sector is facing a significant
challenge to provide food security for 9 billion people
by the middle of the 21" century, while also protecting
the environment and enhancing function of global
ecosystems. This challenge is further compounded by
factors of climate change. It has been concluded that
in many areas of the world where agricultural
productivity is already low and the means of coping
with adverse events are limited, climate change is
expected to reduce productivity to even lower levels
and make production more erratic (Cline, 2007;

IPCC, 2007). Long term changes in the patterns of
temperature and precipitation, are expected to shift
production seasons, pest and disease patterns, and
modify the set of feasible crops affecting production,
income and ultimately livelihoods and lives.
Deforestation, biomass burning and
cultivation of soil by ploughing and other tillage
methods which enhance mineralization of soil
organic carbon (SOC) and releases CO, into the
atmosphere are among many reasons of climate
change (Reicosky et al., 1999). Crop residue and
biomass burning (forest fires) are the major sources
of carbon dioxide (CO,), carbon monoxide (CO),




methane (CH,), volatile organic compounds (VOC),
nitrogen oxides and halogen compounds (Sharma et
al., 2010). Tillage increases soil organic carbon
(SOC) mineralization by bringing crop residue closer
to microbes where soil moisture conditions favour
mineralization (Gregorich et al., 1998), physically
disrupts aggregates and exposes encapsulated carbon
(C) to decomposition. Thus, a better understanding of
tillage effects on SOC dynamics is crucial in
developing and identifying sustainable systems of
soil management for C sequestration.

There is dire need now for mitigation and
reduction of agricultural green house gas (GHG)
emissions, sequestration of carbon in soils, and
aversion of factors that limit agricultural production.
Therefore, agronomic practices must be developed
and applied to mitigate climate change and adapt
cropping systems to the portending changes, so as to
ensure adequate production of food, feed, fiber and
bioenergy, as well as protection of natural resources.
Strategies to mitigate the effect of climatic change
Reducing greenhouse gas emission: The emission
of GHG from agriculture can be reduced by more
efficient management of C and N e.g. practices that
deliver added N more efficiently to crops often reduce
N,O emissions (Bouwman, 2001), and managing
livestock to make most efficient use of feeds often
reduces amounts of CH, produced (Clemens and
Ahlgrimm, 2001).

Locking up C in soil and vegetation: Practices those
increase the photosynthetic input of C and slow the
return of stored C to CO, via respiration, fire or
erosion will increase C reserves, thereby
'sequestering' C or building C 'sinks'. Significant
amounts of vegetative C can be stored in agro-
forestry systems or other perennial plantings on
agricultural lands (Albrecht and Kandji, 2003).
Agricultural lands also remove CH, from the
atmosphere by oxidation {but less than forests (Tate
etal., 20006)}.

Replacing fossil fuel with renewable bioenergy

sources: Crops and residues from agricultural lands
can be used as a source of fuel, either directly or after
conversion to fuels such as ethanol or diesel
(Schneider and McCarl, 2003; Cannell, 2003). These
bio-energy feed-stocks still release CO, upon
combustion, but now the C is of recent atmospheric
origin (via photosynthesis), rather than from fossil C.
The net benefit of these bio-energy sources to the
atmosphere is equal to the fossil-derived emissions
displaced, less any emissions from producing,
transporting and processing.

So, affordable novel technologies and energy
resources that do not emit greenhouse gases are
needed. Diffusion of hydropower (including micro-
hydropower), solar energy, biogas, bio-diesel and
wind energy are notable examples. Many countries in
Asia have experienced forest recovery through policy
intervention and the participation of local
communities in forest management. Examples
include forest conservation in Bhutan, tree plantation
in China, community forest user groups in Nepal and
joint forest management in India. The forests
conserved have contributed significantly to C
sequestration (Fang et al., 2001). Further, following
best agronomic management practices (BAMPs) can
mitigate the adverse effect of climate change.
Agronomic Management Practices to mitigate
climate change
Organic farming: According to the Inter-
governmental Panel on Climate Change (IPCC,
2007) agriculture currently accounts for 10-12% of
global greenhouse gas (GHG) emissions and this
figure is expected to rise further. With the right type of
agriculture, emissions leading to climate change can
be minimized and the capacity of nature to mitigate
climate change can be harnessed to sequestrate
significant quantities of atmospheric CO,—especially
in the soil. So, organic agriculture can be a better
option for this. According to IFOAM, organic
agriculture is a production system that sustains the
health of soils, ecosystems and people. It utilizes
ecological processes, biodiversity and cycles adapted




to local conditions, rather than the use of inputs with
adverse effects. It combines tradition, innovation and
science to benefit the shared environment and
promote fair relationships and a good quality of life
for all involved. Organic agriculture affordably
captures carbon from the air and effectively stores it
in the soil in high levels for long periods. Global
adoption of organic agriculture has the potential to
sequester up to the equivalent of 32% of all current
man-made GHG emissions (Jordan et al., 2009). The
Food and Agriculture Organisation of the United
Nations (FAO) regards organic agriculture as an
effective strategy for mitigating climate change and
building robust soils that are better adapted to
extreme weather conditions associated with climate
change (Niggli et al, 2009). Organic agriculture
optimally combines different practices in a
systematic manner and sustains agricultural
production in resource-limited regions (Smith ef al.,
2007).

Conservation agriculture and resource
conservation technologies (RCTs): Conservation
Agriculture (CA) is a term encompassing farming
practices which have three key characteristics: 1)
minimal mechanical soil disturbance (i.e. no-tillage
and direct seeding); ii) maintenance of a mulch of C-
rich organic matter covering and feeding the soil (e.g.
straw and/or other crop residues); and iii) rotations or
sequences and associations of crops which could
include nitrogen-fixing legumes. No-till agriculture
is widely promoted as a climate friendly farming
system, and the IPCC Fourth Assessment Report
attributes greenhouse gas mitigation potential to no-
till (IPCC, 2007). No tillage is a practice in which
seeds are sown by cutting a narrow slot in the soil, and
weeds are controlled with herbicides. Since soil
disturbance tends to stimulate soil carbon losses
through enhanced decomposition and erosion
(Madari et al., 2005) reduced or no-till agriculture
often results in soil C gain. No-tillage system can also
reduce CO, emissions from energy use (Marland et
al., 2003; Koga et al., 2006). Systems that retain crop
residues also tend to increase soil C because these

residues are the precursors for soil organic matter, the
main C store in soil. Avoiding the burning of residues
(eliminating the need for pre-harvest burning; Cerri et
al., 2004) also avoids emissions of aerosols and
GHGs generated from fire, although CO, emissions
from fuel use may increase. Conversion from
conventional tillage to no-tillage is often considered
to be an efficient carbon sequestration strategy with a
sequestration rate of 367-3667 kg CO,ha'year’
(Tebrugge and Epperlein, 2011).

Cover crops: The benefits of adopting conservation
tillage for SOC sequestration are greatly enhanced by
growing cover crops in the rotation cycle. Growing
leguminous cover crops enhances biodiversity, the
quality of residue input and SOC pool (Singh et al.,
1998; Fullen and Auerswald, 1998). It is well
established that ecosystems with high biodiversity
absorb and sequester more C than those with low or
reduced biodiversity. Furthermore, growing
vegetative cover between successive agricultural
crops, or between rows of tree add C to soils (Barthes
et al., 2004; Freibauer ef al., 2004) and also extract
plant available N unused by the preceding crop,
thereby reducing N,O emissions. The beneficial
effect of growing cover crops on enhancing SOC pool
has been also reported from Hungary (Berzseny and
Gyrfty, 1997), UK. (Fullen and Auerswald, 1998),
Sweden (Nilsson, 1986), Netherlands (Van Dijk,
1982) and Europe (Smith et al., 1997).

Crop rotation: Numerous case studies show that
crop rotation with legumes increases SOC content in
soil as compared to traditional subsistence farming.
Higher SOC content with wheat-grassland and
wheat-alfalfa (Medicago sativa L.) rotations,
especially with conservation tillage system was
found by Miglierina et al. (1996). Introducing alfalfa
in rotation with wheat increased SOC concentration
threefold as compared with continuous wheat on a
sandy soil of Saudi Arabia (Shahin ez al., 1998). Ryan
(1998) in Syria reported increased SOC
concentration to 1 m depth with incorporation of M.
sativa inrotation.

Agro-forestry and forest management: Agro-




forestry is the production of crops on land that also
grows trees for timber, firewood, or other tree
products. It includes shelter belts and riparian
zones/buffer strips with woody species. The standing
stock of C above ground is usually higher than the
equivalent land use without trees, and planting trees
may also increase soil C sequestration (Oelbermann
et al., 2004; Mutuo et al., 2005). In the forests, tree
species; remain irreversible for decades or even
centuries. There is therefore need to include
appropriate forest management concepts in countries
plans for adaptation of production systems to climate
change (FAO, 2013). FAO also systematically
advises forestry administrations in member countries
about the vulnerability of their forest sector to climate
change, on approaches to adaptive management, and
possible options in regeneration, tending, harvesting
and management planning.

Nutrient management: Judicious nutrient
management is also crucial to SOC sequestration.
Application of biosolids as soil amendments (e.g.
compost, manure) is extremely important in
improving productivity (Bejbaruha et al., 2009), and
creating a positive C budget and enhancing the
ecosystem C pool. The potential of conservation
tillage to sequester SOC is greatly enhanced whereby
soils are amended with organic manures (Hao ef al.,
2002). The availability of N and other nutrients is
essential to increase yields. N applied through
fertilizers, manures, biosolids and other N sources is
not always used efficiently by crops (Galloway et al.,
2003; Cassman et al, 2003). The surplus N is
particularly susceptible to emission of N,O
(McSwiney and Robertson, 2005). Consequently,
improving N use efficiency can reduce N,O emissions
and indirectly reduce GHG emissions from N
fertilizer (Schlesinger, 1999). Practices that improve
N use efficiency include: adjusting application rates
(e.g. precision farming); using slow-release fertilizer
or nitrification inhibitors; applying N when least
susceptible to loss, often just prior to plant uptake
(improved timing); placing the N more precisely into

the soil to make it more accessible to crop roots; or
avoiding N applications in excess than the plant
requirements (Robertson, 2004; Paustian et al., 2004;
Monteny et al., 2000).
Conserving water resources and water
management: Global demand for water has tripled
since the 1950s, but the supply of fresh water has been
declining (Gleick, 2003). Half a billion people live in
water-stressed or water-scarce countries, and by 2025
that number will grow to three billion due to an
increase in population. Irrigated agriculture is the
dominant user of water, accounting for about 80% of
global water use (Molden ef al., 2007). As there is no
additional water available, the needed increase in
food production must come from increasing water
productivity through two basic pathways (Molden et
al., 2007), namely:
i)  Extending the yield frontier in areas where
present yields are closer to their potential yield.
ii)  Closing the yield gap where considerable yield
gains can be achieved with modern technology.
Efficient use of water or using more effective
irrigation measures can enhance C storage in soils
through enhanced yields and residue returns (Follett,
2001; Lal, 2004). Judicious use of irrigation waterin a
drought prone soil can enhance biomass production,
increase the amount of above-ground and the root
biomass returned to the soil and improve SOC
concentration. Enhancing water use efficiency holds
the key to tackling water scarcity and climate change
issues in smallholder agricultural systems. A case
study in the Kaithal and Karnal districts of Haryana
(India) suggests that varying irrigation and fallowing
for rainwater conservation and groundwater recharge
would increase productivity of wheat equivalent by
23%, and might stabilize the water table at the desired
level (Ambast et al., 2006). Extensive modelling of
actual crop water requirements and water supply in
major irrigation systems in Australia (Khan and
Hanjra, 2008) and the Indus basin of Pakistan
(Kahlown et al., 2005) also suggests that the present
system of'irrigation water supply and water allocation




requires adjustments to avoid over irrigation and
inefficient use of water, and to address the twin issues
of water logging and salinity to maintain crop
productivity (Bossio et al., 2010). In addition,
enhancing irrigation efficiency can also decrease the
hidden C cost (Sauerbeck, 2001). In Texas,
Bordovsky et al. (1999) observed that surface SOC
concentration in plots growing irrigated grain
sorghum and wheat increased with time.
Furthermore, drainage of croplands in humid regions
can promote productivity (and hence soil carbon) and
perhaps also suppress N,O emissions by improving
aeration (Monteny ef al., 2006). Any N lost through
drainage, however, may be susceptible to loss as N,O
(Reayetal., 2003).

Developing and adopting resilient varieties and
building resilient farming systems: Widening the
array of crop varieties and broadening the range of
crops — can be an effective way to moderate the
effects of weather variability and extreme events
associated with climate change. Modern rice and
wheat varieties were developed during the Green
Revolution to feed the growing population of the
developing world. Their adoption has helped to build
food barriers against hunger, protecting millions from
malnutrition. However, the adoption rates of modern
varieties remain far below universal, particularly in
the developing countries. Hardy seeds and wild
crops/landraces adapted to aridity, drought, heat,
freezing, and salinity stress must be secured from
relatively natural ecosystems such as the central
Asian states and parts of Africa (Fentahun and Hager,
2009). These landraces have evolved over thousands
of years and have survived under harsh climatic
conditions and are thus more resilient to climate
change.

Farmers living in harsh environments in
the regions of Asia, Africa and Latin America have
developed/inherited enduring farming systems that
offer solutions to many uncertainties facing humanity
in an era of climate change (FAO, 2010,). Multiple
cropping farms in Africa are predicted to be more

resilient than specialized farms in the future, across
the range of climate predictions for 2060 (Seo, 2010).

Resilient ecosystems: Improving ecosystem
management and biodiversity can lead to more
resilient, productive and sustainable systems that may
also contribute to reducing or removing greenhouse
gases (FAO, 2010,). It includes; control of pests and
diseases, regulation of microclimate, decomposition
of wastes, regulating nutrient cycles and crop
pollination. Enabling and enhancing the provision of
such services can be achieved through the adoption of
different natural resource management and
production practices.

Rice production: Flooded rice soils emit significant
quantities of methane (Yan er al, 2003). So,
replacement of flooded rice by aerobic rice is
important for water saving, mitigation of GHGs
emission and sustaining crop yields (Bouman et al.,
2007; Ladha et al, 2009). System of Rice
Intensification (SRI) method also reduces the
methane gas emissions as compared to flooded rice
cultivation. Alternate Wetting and Drying (AWD)
method developed by IRRI can also be a better option
for rice production. AWD generates multiple benefits
related to methane emission reduction (Khalil and
Shearer, 2006), reducing water use (adaptation where
water is scarce), increasing productivity and
contributing to food security (Bouman et al., 2007).
In the off-rice season, methane emissions can be
reduced by improved water management, especially
by keeping the soil as dry as possible and avoiding
water logging (Kang et al., 2002; Xu et al., 2003).
Increasing rice production can also enhance soil
organic C stocks (Pan et al., 2006). CH, emissions can
be reduced by adjusting the timing of organic residue
additions (e.g. incorporating organic materials in the
dry period; Xu et al., 2000; Cai and Xu, 2004) and by
composting the residues before incorporation.

Weed Management: Elevated CO, due to climate
change could provide an even greater competitive
advantage to weeds, with concomitant negative
effects on crop production due to physiological




plasticity of many weeds and their greater genetic
diversity relative to crops (Chandrasena, 2009).
There is also huge pool of invasive plants available to
colonise bare spaces left by climate change (drought,
fire and storm damage; Randall, 2007), and wind and
flooding waters help spread weeds. Therefore, in
future decades, when climate change effects are more
consistently felt, weed management requirements in
agriculture and non-agricultural situation will
change. Aggressive growth of C, and C, weeds will
require more energy and labour intensive
management.

For controlling weeds invasion, there will have
to be more emphasis on regional cooperation for
preventing the spread of certain weeds. So, global and
regional co-operation is essential to establish new
networks and the capacity to implement early
detection and rapid response systems. Increased
collection of information, through local and regional
surveys of distribution and abundance of potential
invaders, sharing of such information and increased
border protection of countries through quarantine, are
likely to be greater importance in the future
(Chandrasena, 2009). More effective integration of
on-ground control methods like manual, mechanical,
chemical and biological with broader pest control at
farm level will be part of future solution.

Restoring degraded soils: A large proportion of
agricultural lands have been degraded by
unnecessary disturbance, erosion, organic matter
loss, salinization, acidification, or other processes
that curtail productivity (Batjes, 1999; Foley et al.,
2005; Lal, 2004,). Restoring these degraded soils
have a high potential for sequestrating soil C. Most
degraded soils have lost a large fraction of the
antecedent SOC pool, which can be restored through
adopting judicious land use practices including: re-
vegetation (e.g. planting grasses); improving fertility
by nutrient amendments; applying organic substrates
such as manures, biosolids and composts; reducing
tillage (zero tillage or minimum tillage) and retaining
crop residues; and conserving water (Lal, 2004;

Olsson and Ardo, 2002; Paustian et al., 2004). Where
these practices involve higher N amendments, the
benefits of C sequestration may be partly offset by
higher N,O emissions.

Erosion management: Soil C losses can occur both
as aresult of mineralization as well as through erosion
often making it a complex relationship. Where water
erosion dominates, a high proportion of soil C may be
washed into alluvial deposits close to the erosion site
and stored there in the forms which decay more
slowly than in the parent soils. Therefore, this kind of
erosion may have a positive effect on soil C
sequestration. In Western Nigeria, Gabriels and
Michiels (1991) observed C losses from bare fallow
Alfisol plots with slopes of 1, 5 and 10%, varied from
54 to 3080 kg ha'. So, management options that
increase the amount of live and dead biomass left in
agricultural areas decrease erosion in general as well
as increase the C input to the soil (Tiessen and
Cuevas, 1994). Three main type of erosion preventive
techniques are i) those that increase the soils
resistance against agents of erosion; ii) soil surface
management techniques that help establishment of
quick ground cover and; iii) techniques that provide a
buffer against rainfall and runoff erosivity (Lal,
1990).

Management of organic/peaty soils: Organic or
peaty soils contain high densities of C accumulated
over many centuries because decomposition is
suppressed by absence of oxygen under flooded
conditions. To be used for agriculture, these soils are
drained, which aerates the soil, favouring
decomposition and therefore, high CO, and N,O
fluxes. CH, emissions are usually suppressed after
draining, but this effect is far outweighed by
pronounced increases in N,O and CO, (Kasimir-
Klemedtsson ef al, 1997). Emissions from drained
organic soils can be reduced to some extent by
practices such as avoiding row crops and tubers,
avoiding deep ploughing and maintaining a shallower
water table. But the most important mitigation




practice is avoiding the drainage of these soils in the
first place or re-establishing a high water table
(Freibauer et al., 2004).

Pest and disease management: There are evidences
that climate change is altering the distribution,
incidence and intensity of animal and plant pests and
diseases as well as invasive and alien species. The
recent emergence in several regions of multi-virulent,
aggressive strains of wheat yellow rust adapted to
high temperatures is a good indication of the risks
associated with pathogen adaptation to climate
change (FAO, 2010,). These new aggressive strains
have spread at unprecedented speed in five continents
resulting in epidemics in new cropping areas,
previously not favourable for yellow rust and where
well-adapted, resistant varieties are not yet available.
The wheat disease Spot Blotch, caused by
Cohliobolus sativus, is another example, causing
heavy losses in Southern Brazil, Bolivia, Paraguay
and Eastern India, due to a lack of resistance to the
disease. As wheat growing areas of Asia become
warmer, the pathogen is likely to spread even further
and cause further losses. Integrated pest management
is a means to help agricultural systems respond to
changing pest regimes resulting from climate change.
GM crops: Genetically modified (GM) crops could
help in addressing water scarcity through water stress
tolerance traits, and through a reduction in pesticide
use, thus lowering the risk of soil and water pollution.
GM cash crops can also contribute to food security
along with maximizing farm profitability by;
reducing crop yield losses (Qaim and De Janvry,
2005); protecting against pest and diseases (Thirtle ez
al., 2003); reducing pesticides and herbicides usage
(Rozelle et al., 2004); reducing exposure of farmers
to toxic chemicals (Pingali et al., 1994); reducing
machinery, labour and fuel costs (Shankar and
Thirtle, 2005); and multiplier effects on total
production and demand for goods and services and
resultant welfare impacts as seen in India (Qaim and
Zilberman, 2003) and China (Huang et al., 2004).
Pasture and grazing-land management: On global

basis, grassland/grazing lands occupy 3488 Mha or
69% of 5023 Mha agricultural land in 2002
(FAOSTAT, 2006). Excessive and uncontrolled
grazing of these lands is a major cause of the
acceleration of the desertification process. Adoption
of improved grazing practices can improve C
sequestration through conservation and better
management of surface residue. Restoring degraded
grazing lands, improving forage species and
converting marginal croplands to pastures is also
important in sequestering SOC. Furthermore, similar
to cropland, management options for improving
pastures include judicious use of fertilizers,
controlled grazing, sowing legumes and grasses or
other species adapted to the environment,
improvement of soil fauna and irrigation (Follett et
al.,,2001).

i) Nutrient management: Practices that alter
nutrient additions to plant uptake, such as those
described for croplands, can also reduce N,O
emissions (Dalal et al., 2003; Follett et al.,
2001). Nutrient management on grazing lands,
however, may be complicated by deposition of
faeces and urine from livestock, which are not
as easily controlled nor as uniformly applied as
nutritive amendments in croplands (Oenema et
al., 2005).

ii) Controlled gazing: The intensity and timing
of grazing can influence the removal, growth, C
allocation and flora of grasslands; thereby
affecting the amount of C accumulation in soils
(Conant et al., 2005; Freibauer et al., 2004;
Conant and Paustian, 2002; Reeder et al.,
2004). It is observed that, C accumulation on
optimally grazed lands is often greater than on
ungrazed or overgrazed lands (Liebig et al.,
2005). The effects are inconsistent, however,
owing to the many types of grazing practices
employed and the diversity of plant species,
soils and climates involved (Schuman et al.,
2001; Derner et al., 2006).

iii) Increased productivity: As for croplands, C




storage in grazing lands can be improved by a
variety of measures that promote productivity.
For instance, alleviating nutrient deficiencies
by fertilizer or other organic amendments
increases plant litter returns and hence, soil C
storage (Schnabel et al., 2001; Conant et al.,
2001). Adding N, however, often stimulates
N,O emissions (Conant et al., 2005) thereby
offsetting some of the benefits. Irrigating
grasslands, similarly, can also promote soil C
gains (Conantetal., 2001).

iv) Introducing new species: Introducing grass
species with higher productivity, or C
allocation to deeper roots, has been shown to
increase soil C. For example, establishing
deep-rooted grasses in Savannahs has been
reported to yield very high rates of C
accumulation (Fisher et al., 1994), although the
applicability of these results has not been
widely confirmed (Conant et al., 2001;
Davidson et al, 1995). In the Brazilian
Savannah (Cerrado Biome), integrated crop-
livestock systems using Brachiaria grass and
zero tillage are being adopted (Machado and
Freitas, 2004). Introducing legumes into
grazing lands can promote soil C storage
(Soussana et al., 2004), through enhanced
productivity from the associated N inputs.

Other practices

* In-situ biomass management in shifting
cultivation (cover about 1.6 million hectare in
North Eastern Region) instead of biomass burning
to reduce CO, emission and improve hydrology.

* Improve energy use efficiency in agriculture
through better designs of machinery and by
resource conservation practices.

* Change in planting dates and crop varieties are
other adaptive measures to reduce impacts of

climate change to some extent. For example, the
Indian Agricultural Research Institute study
indicates that loss in wheat production in future
can be reduced from 4-5 million tonns to 1-2
million tonns if a large percentage of farmers
could change to timely planting with better
adapted varieties.

* InNorth-East India with the shift in rainfall pattern
and rise in temperature it is important to relook at
the present date of sowing and varieties. An
example of this is that at mid-altitude of
Meghalaya (950 m amsl), where it was not
possible to grow a second crop of rice after kharif
(rainy season) due to early onset of winter,
presently double cropping is possible at least at the
experimental field with the adjustment of sowing
dates and varieties.

Stages of Adaptation
As climate changes proceed in agricultural regions,
there are three stages of adaptation related to the level
of effortrequired.
Stage 1: When climate changes are relatively small,
many current techniques are available to help farmer's
adaptation. These adaptations include; varying
sowing dates and cultivars, fertilization and irrigation
scheduling; as well as changing to better adapted
alternative crops.
Stage 2: As climate change proceeds, more extensive
changes may be required, including the genetic
improvement of crops to create greater tolerance to
elevated temperatures and drought and improved
responsiveness to rising CO, and the development of
new technologies.

Stage 3: In later decades, severe climate changes in

agricultural regions may necessitate transformative

shifts to entirely different agricultural systems, such
as from temperate-zone to sub-tropical or semi-arid
zone forms of agriculture.
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