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Introduction

Much of the world’s agricultural biodiversity is found in
environments marginal for agricultural production. It is in such
environments where management of high levels of diversity can become
a central part of the livelihood management strategies of farmers and
the survival of their communities. Abiotic stress can be termed as the
negative impact of environmental factors on the organisms in a specific
situation. It is a natural phenomenon that occurs in multiples and
interdependent, and its impact varies across the sectors of agriculture.
Abiotic stress is the primary cause of crop loss worldwide, reducing
average yields for most major crop plants by more than 50%. Drought
and salinity are becoming particularly widespread in many regions, and
may cause serious salinization of more than 50% of all arable lands by
the year 2050 (Wang 2003). Environmental stresses such as erratic and
insufficient rainfall, extreme temperatures, salinity, alkalinity, aluminium
toxicity, acidity, stoniness and others limit yield and productivity of many
cultivated crop plants. Not only are such problems serious today, it scems
they are inevitably worsening.

Climatic variability is the biggest challenging factor that affects
agriculture in India and elsewhere. Drought, salinity, extreme
temperatures and oxidative stress are interconnected and affect the water
relations of a plant on the cellular as well as whole plant _w<e_ causing
specific as well as unspecific reactions (Beck et al., 2007). This leads to a
scries of morphological, physiological, EOan:_nw_.n:Q molecular changes
that adversely affect plant growth and 13&:22:& (Wang et E\M_mcmouv.
Forecasting climate change is imperfect, complex, important, and 0 E:
controversial. While disputes remain, the consensus foresees accelerating
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Impact of climate change

Climate has obvious and direct effects on agricultural production.

The effects of agriculture on GHG emissions are also large. Agriculture is
a major part of the global economy and uses substantial fossil fuel for farm
inputs and equipment. Animal agriculture also releases substantial GHGs
in the form of nitrogen and methane. Furthermore, and probably more
importantly, land clearing and preparation releases carbon from the living
biomass that is removed from the land. The 2010 World Development
Report draws on analysis of the Intergovernmental Panel on Climate
Change (IPCC, 2007) to calculate that agriculture directly accounts for 14
percent of global GHG emissions in CO, equivalents and indirectly accounts
for an additional 17 percent of emissions when land use and conversion
for crops and pasture are included (World Bank, 2009). Regional disparitie
around the global average impact are substantial. India and Africa ar
Wmm_w@vﬂmum. " mom reductions of agricultural output by 30% or more (Clinc:
thes fgures suggoeg s .5 SNare in global GDP is about 4 percely
implications of agricylt _mdn: Enw is highly OEO infensive.
agricultural age m 7o Production and practices have broaden® 5
gendaover recent years to include responses to climate issue™
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m:LQ :F.. n:&ﬂc nru:mc.mmczan has similarly subsumed agricultural
production as both a contributor to climate change and, through adjustment
In practices, a potential mitigating force. ’ % _ -

_::o<.m:o: constraints in many developing countries stem from deeper
problems in the agricultural sector. More generally, developin noc::m.u
are vulnerable to climate change because they depend rmmui_ OM
agriculture, they tend to be relatively warm already, they lack wz?mm_u.:w”:_‘m
to respond well to increased variability, and they lack capital to invest in
innovative adaptations. Concerns about mitigating and adapting to climate
change are now renewing the impetus for investments in agricultural
research and are emerging as additional innovation priorities. In the coming
decades, the development and effective diffusion of new agricultural
technologies will largely shape how and how well farmers mitigate and
adapt to climate change. This adaptation and mitigation potential is nowhere
more pronounced than in developing countries where agricultural
productivity remains low; poverty, vulnerability and food insecurity remain
high; and the direct effects of climate change are expected to be especially
harsh. Creating the necessary agricultural technologies and harnessing them
to enable developing countries to adapt their agricultural systems to
changing climate will require innovations in policy and institutions as well.
In this context, institutions and policies are important at multiple scales.
Impediments to the development, diffusion and use of relevant technologies
can surface at several levels - from the inception and innovation stages to
the transfer of technologies and the access to agricultural innovations by

vulnerable smallholders in developing countries.

Figure 1. Projected impact of climate change on 2080 agricultural production
assuming a 15% carbon fertilization benefit (Source: Cline 2007).
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A total of 10 to 20% of the approximate doubling of crop productivit
over the past 100 years could be due to this effect and forest growth o%
regrowth may have been stimulated as well. Further ﬁ«OQ:n:Snn
increases may occur in the coming century, in the order of 30% or So_‘w
where plant nutrients and moisture are adequate. Higher CO, values
would also mitigate the plant growth damage caused by ﬁo:cgw:m such
as NO, and 50, because of smaller stomatal openings. Higher percentages
of starch in grasses improves their feeding quality, implying less need
for feed mixes when silaging,.

Effect on quality

According to the IPCC’s “The importance of climate change impacts
on grain and forage quality emerges from new research. For rice, the
amylose content of the grain—a major determinant of cooking quality —
is increased under elevated CO,. Cooked rice grain from plants grown
in high-CO, environments would be firmer than that from today’s plants.
However, concentrations of iron and zinc, which are important for human
nutrition, would be lower. Moreover, the protein content of the grain
decreases under combined increases of temperature and CO,. Studies
using FACE have shown that increases in CO, lead to decreased
concentrations of micronutrients in crop plants. This may have knock-on
effects on other parts of ecosystems as herbivores will need to eat more
food to gain the same amount of protein. Studies have shown that higher
CO, levels lead to reduced plant uptake of nitrogen (and a smaller number
showing the same for trace elements such as zinc) resulting in crops with
lower nutritional value. This would primarily impact on populations in
poorer countries less able to compensate by eating more food, more
varied diets, or possibly taking supplements. Reduced nitrogen content
in grazing plants has also been shown to reduce animal productivity in
sheep, which depend on microbes in their gut to digest plants, which in
turn depend on nitrogen intake.

Major Abiotic Stressors Influence the Crops Growth and
Production

Abiotic stresses occurring during production can either be m:o
primary cause (direct) for disorders that exhibit ":oBm.o?om during
postharvest handling and storage practices or they can influence the
susceptibility of a fruit or vegetable to postharvest no:&._:o.:m that cause
abiotic stresses resulting in disorders (indirect). It is ._B._uozua to
characterize the relationship between pre harvest abiotic stresses
occurring during production and postharvest abiotic stresses that the
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on postharvest stress sensitivity, Extreme high temperatures can occur
in the field and apple fruit exposed to direct sunlight can reach in excess
of 40 °C. High temperatures during the late season (leading up to harvest)
can enhance susceptibility of apples to superficial scald which develops
in storage.

High temperature

Extreme high temperatures can occur in the field and apple fruit
exposed to direct sunlight can reach in excess of 40 °C. High temperatures
during the late season (leading up to harvest) can enhance susceptibility
of apples to superficial scald which develops in storage. Sun scald of
grapes, soft nose of mango, sun burn in papaya and citrus are mostly
related to high temperature. Fruit cracking in pomegranate and litchi is
associated with temperature aberrations coupled with fluctuation in

moisture.

Low temperature

When plant tissue temperatures fall below critical values, sensitive
perennial crops such as grapevines and tender tree fruits can suffer
irreversible cold injury, causing malfunction or death of plant cells.

Frost/ temperature inversions

In clear sky and minimum wind, radiational cooling forces
temperature inversions to occur where air temperatures 10-20 m above
the field are at least 2 - 3°C warmer than at 1 m above ground. For
formation of inversions, wind speeds must be less than7 km/h; for
inversions to break up, wind speeds mustbe greater than 7 km/h. This is
because the wind mixes the air above the field with the air at ground
level. This is like a house furnace fan mixing air throughout a house to
keep air temperatures more uniform. When that fan is off, air stratification
can occur with colder, heavier air settling in the basement, while warmer,
lighter air rises and remains upstairs.

Cold wave

The prolonged cold spell causes large-scale damage to agricultural
and horticultural crops. The damage to fruit plantations is so severe that
many a times farmers up root their well-established orchards. Crop yields
were lower by 10 to 40 per cent in wheat, 25 per cent in gram, 50 to 70
per cent in mustard and 60 to 95 per cent in aonla compared to a normal
year. The orchards of mango, litchi, guava, ber and kinnow in Punjab
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changes in sea surface temperature, sea-level rise, hurricane severity and
frequency, and other more recently discovered phenomena, such asa
rise in ocean acidification, are expected to occur as a result of natural and
anthropogenic global climate variability. Annual wet season/dry season
pattern causes noticeable changes in the regional sea surface salinity,
most pronounced in the coastal zone near the river mouths and along
the onshore edges.

Tomatoes grown under high salinity will produce smaller fruit with
higher soluble solids. Smaller fruit will have higher surface area to volume
ratios, hence greater susceptibility to postharvest water loss (i.e.
desiccation stress). Firmness declines in tomatoes grown under 3 and 6
dS m™ salinity levels were increased by 50 to 130%, respectively, at two
weeks holding at 20 °C compared with control fruit.

Plant nutrition

Climate change impacts on soil fertility and crop nutrition in
developing countries leads to the opening of Pandora’s Box. 963 million
people on our planet are underfed or malnourished including a 10%
increase over the last 3 years due to rising food costs (FAO 2009). Demand
for food continues to increase while per capita arable land area dedicated
to crop production continues to shrink because of population growth,
urbanization and soil degradation. From the supply side, this imbalance
is largely driven by edaphic constraints that result from inherently low
soil fertility and/ or soil degradation from unsustainable farming practices.
Under tropical and sub-tropical climate, wide spread deficiency of N
and P occurs. Acidification of soil leads to K, Ca, Mg deficiency and
toxicity of Al and Mn.

Table 1. Climate interactions with plant nutrition

Process Climate variable Nutrient affected

Transpiration driven CO,, RH, Rain, Temp NO,, SO,, Ca, Mg, Si
mass flow

Root growth and CO,, drought, temp P,K

architecture

Root symbiosis CO,, drought, temp N, P, Zn

Root exudates Co, Al tox, metal uptake, P

Tissue dilution Co, Stress responses, nutrient
cycling, nutritive value

Growth responses CO,, drought, temp N, P: “no clear pattern”
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Agricultural Technologies for Climate Change Mitigation &
Adaptation

The core challenge of climate change adaptation and mitigation in
agriculture is to produce

(i) more food, (ii) more efficiently, (iii) under more volatile production
conditions, and (iv) with net reductions in GHG emissions from food
production and marketing. Producers will grapple with these growing
demands and shifting incentives amidst more volatile production
conditions. Agricultural technologies will play a central role in enabling
producers tomeet these core challenges. Because agriculture is inseparably
linked to climate and feedback runs in both directions, most agricultural
technologies have direct or indirect climate linkages. Most new
technologies change the use of farm inputs, often in ways that alter the
impact of weather on production and of production on carbon emissions.
While most agricultural technologies therefore have climate implications,
there are a handful of current and emerging technologies with particular
relevance to developing country agriculture and climate change.

New Traits, Varieties & Crops

Increasing agricultural productivity requires technological advances
in crop yields. In contrast to developed counties, which have seen
dramatic yield gains in the past century through investments in agricultural
innovation and operate close to the technological frontier, much of
developing country agriculture is far from this frontier. Profitable
adaptation and farmer adoption of suitable varieties and crops could
spark substantial yield gains. These productivity gains could confer a
substantial mitigation benefit in the form of foregone land conversion or
even reversion of some sensitive lands to grass or forests. Since land use
changes, including deforestation and conversion to agricultural
production account for 17% of global CO, emissions (World Bank, 2009),
productivity gains represent a significant mitigation mechanism in
agriculture. New varieties and traits can also lead to less intensive use of
other inputs such as fertilizers and pesticides and the associated
equipment.

In addition to increasing productivity generally, several new varieties
and traits offer farmers greater flexibility in adapting toclimate change,
including traits that confer tolerance to drought and heat, tolerance to
salinity (e.g., due torising sea levels in coastal areas), and early maturation
in order to shorten the growing season and reduce farmers’ exposure to
risk of extreme weather events. These promising new traits and varieties,
which are mostly still in development,can emerge from traditional
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especially promising set of tools. While it remains controversial in some
policy arenas and public fora, agricultural biotechnology has produced
dramatic improvements in yield and reductions in production costs and
input use intensity. Many of the promising traits and varieties discussed
above owe their existence to biotechnology, including genetically modified
crops with pest resistance (Bt) and herbicide tolerance (Roundup Ready)
and conventionally bred varieties that benefit from breeding tools such
as marker selection and tissue culture.

Adoption of Soil and Moisture Conservation Techniques

Some of the basic methods to collect and conserve water are;
harvesting of rain water, harvesting of water from snow melting,
development of catchment area and storing runoff water for recycling,
check dams and construction of waterways. Contour cultivation, contour
trip cropping, mixed cropping, tillage, mulching, zero tillage, are some
of the agronomical measures for the in-situ soil moisture conservation.
Mechanical measures like contour bunding, graded bunding, bench
terracing, vertical mulching etc. also need to be followed for effective
soil and moisture conservation in dry lands. Another technology for
efficient utilization of runoff is water harvesting recycling. Rainwater
harvesting includes collecting runoff water into dug out ponds or tanks
in small depressions, gullies and into storage dams of earth or masonry
structures. Rain water harvesting is possible in areas having rainfall as
little as 500 to 800 mm. Depending on the rainfall and soil characteristics,
10-50 % of the runoff can be collected in farm pond. Surface run off thus
collected in a farm pond can be used to provide protective irrigation in
the period of prolonged dry spell. Trench planting (0.5-1.0 m) is
recommended for ber, aonla and custard apple to conserve moisture. The
trenches collect rain water along with silt and organic matter and thus
promote tree growth. Planting in trenches is common for pineapple under
dry conditions. contouring, contour bunds, sloping area land technology
(SALT), contour drains, graded bunding, terraces, broad bed furrow
system for raising crop and conservation of water, contour Furrow,
stabilisation structures, curved land ploughing for intensive land
preparation; soil conservation and water retention through use of
vegetation, live check of bamboo pieces and loose boulders are some of
the other agronomical measures used to conserve moisture.

Water Management & Irrigation

In the midst of increasing urban and environmental demands on
water, agriculture must improve water use efficiency generally. Adding
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(b) Mulching Practices in Vegetable Production - The technique of
covering the soil with natural crop residues or plastic films for soil
and water conservation is called mulching (Suresh Kumar ef al.,
2012). Mulching can be practiced in fruits and vegetable crops using
crop residues and other organic material available in the farm.
Recently plastic mulches have come into use due to the inherent
advantages of efficient moisture conservation, weed suppression
and maintenance of soil structure. Wide variety of vegetables can
be successfully grown using mulches. In addition to soil and water
conservation , improved yield and quality, suppression of weed
growth , mulches can improve the use efficiency of applied fertilizer
nutrients and also use of reflective mulches are likely to minimize
the incidence of virus diseases. For vegetable production generally
polyethylene mulch film of 30 micron thick and 1 to 1.2 m width is
used. Generally raised bed with drip irrigation system is followed
while laying the mulch film.

Depending upon situation and availability of water, this technology
can be used for fruits and vegetable crops. The cost of initial establishment
is lower compared to drip system. Further in summer the sprinkling of
water helps in reducing the microclimate temperature and increasing the
humidity, thereby improving the growth and yield of the crop. The water
saved is to the tune of 20 to 30 per cent.

Other Production Inputs

Improvements in crop yields per unit of land are crucial as an
alternative to extensive conversion of grassland and forestland to crops.
Therefore practices or technologies with potential to increase the intensity
of land use can yield mitigation benefits. This may even include
application of additional fertilizer or pesticide inputs, where the “first
round” GHG implication may not look favorable. There are, however,
other amendments such as biochar, a charcoal soil amendment, that may
offer both improved soil fertility and serve as a carbon sink (Lehmann,
et al., 2006). Similarly, herbicides and other inputs that reduce competition
from weeds can improve productivity and thereby serve to mitigate GHG
emissions associated with bringing additional land under cultivation.
Furthermore, since potential cropland in different regions has very
different capacities to sequester carbon, shifting crops to the land with
the least negative carbon implication may have net O.w IG benefits. This
may mean farming dry regions under irrigation which allows use of
land that otherwise would not contribute to mitigation.
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Production Management & Practices

Production techniques may be as important as production
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or zero tillage practices; and sensible, profitable crop rotations. Soil
moisture can be conserved through mulching either with black polythene
or locally available mulches, growing cover crops or inter-culturing in
the orchards to check soil erosion and runoff rain water. If area around
tree basin remains covered with mulches, like grass mulch (10-12 kg/
basin) and black polythene mulch (100 micron) throughout the growth
period, it helps in conserving the soil moisture, saving water for more
critical stages during summer and reduced the weed population by 60%
with grass mulch and 100% with black polythene mulch. The polythene
mulch maintained 29% more soil moisture compared to un-mulched trees
on soil available water content basis. Surface-applied mulches provide
several benefits to crop production by controlling evaporation from the
soil surface, heat energy and nutrient status in soil, buffering drastic
changes in soil temperature. Soil temperature, especially at the surface
layer is reported to be important for the translocation of photo-assimilates.
Straw mulch ameliorates environmental stresses and improves the product
quality and safety.

Wind breaks, hedges and intercropping: To overcome the adverse
effect of high temperature and dry winds, tall growing trees need to
be planted all along the boundary of the farm. Windbreaks help to
deflect and to filter through the wind current thereby reducing the
velocity of wind resulting lower displacement of wind around tree and
cause reduction in transpiration and evaporation. The orientation of
windbreak should more or less be at right angles to the prevailing
winds. It is believed that the windbreak is effective for a distance
equivalent to 3 to 4 times of tree height. Acacia tortalis, Cassia siamea and
Prosopis julifera are some of the useful tree species suitable as wind break
under less water conditions. Inter cropping of vegetable crops of the
area can be practiced in orchards during summer months. Maize/
Sorghum can be grown all along the border of the plot to mitigate the
effect of desiccating winds. Crop rotation, cover crops, strip cropping,
mulching (Suresh Kumar et al. 2011), contour hedge row intercropping
system are used to conserve moisture.

Use of Plant Growth Regulators

Foliar sprays of 50 mMIAA, GA,, or benzyl amino purine (BAP)
partially counteracted the effect of water deficit on photosynthesis and
transpiration. Growth regulator applications can also potentially enhance
stress resistance, particularly for fruits and vegetables which are prone
to show accelerated ripening or senescence in response to drought stress.
Accelerated ripening or senescence is most often mediated vw\ ethylene
production in response to the stress. As consequence anti-ethylene
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that mycorrhizal plants are often more competitive and better able to
tolerate environmental stresses.

Hail control mechanisms

Artificial hail control is an important measure in disaster prevention
and mitigation. Cloud seeding for hail suppression is based on the cloud
microphysical concept in which seeding is postulated to reduce hail
severity. The natural and artificial ice crystals compete for the available
super-cooled liquid cloud water within the storm. Hence, the hailstones
that are formed within the seeded cloud volumes will be smaller and
produce less damage if they should survive the fall to the surface. If
sufficient nuclei are introduced into the new growth region of the storm,
then the hailstones will be small enough to melt completely before reaching
the ground. Another concept is to create shock waves which can prevent
the formation and growth of hail by melting altogether. Shockwaves are
produced using hail guns/cannons. The super-cooled water situated on
the external layer of hailstone is transformed from liquid state to solid
state. Therefore the hail nuclei are not able to melt anymore and remain
at a small size which thus minimise the damage when they hit the ground.
Nowadays, acetylene or butane gas is used to generate hail disruptive
shockwaves this allows the emission of a more powerful shockwaves
with higher continues to 1 frequency. It is be reiterated that hail control
mechanisms cannot eliminate hail completely but the cloud seeding can
be beneficial.

Protective screens termed as anti-hail nets above the crop can be
appropriately utilised especially for high value crops. The hail climatology,
microclimatic effects of the cover, its durability properties and installation
cost are useful in evaluation of the merit of such screens. These anti-hail
nets are not effective against strong hail storms. Tree shelterbelts can
markedly reduce hail damage in their immediate vicinity since hails are
usually associated with strong winds. Some hail is intercepted directly
by the trees protecting crops immediately downwind. The trees also
create a change in the air flow so that the area in the lee of them is
particularly sheltered with hail deflected laterally. Wind speeds will also
be less in the lee of the shelter so the total hail kinetic energy, which
results both from the vertical fall speed of the hail and the wind speed
will be less.

Use of mechanizationin agriculture during extreme weather events

Wind machines can raise air temperatures around plants by about a
third to half the temperature inversion difference. One protection method



climate Chang® and Sustain

Js of high value crops.Win
n fans that pull warm ajy aosmng;
. <rrong temperature inversjo, ,m: hy
replacing cold air near 5, 55_‘
old-sensitive perennia] nwﬁ,mhm oy._
mcn

. ed as anti-hail nets above the crop
protective STy especially for high value crops, H:nme;
sppropriately B effects of the cover, its durability . b
in evaluation of the merit of sych mvmz .
ot effective against strong hail m8~5M35
markedly reduce hail mwammm in ﬁrmﬂ.. immediate S.nw.m
nelier™ ¢ are usually associated with m:n:m winds. Some E.H_w,
wrdfm.:nh,a directly by the trees protecting crops ::Sm&m“ _T
ﬁﬁ_ﬂﬂﬂw The trees also create 2 change in the air flow so thy w
MB in the lee of them is particularly .m:mzﬁ.mm with hail am:mgmw
Lterally. Wind speeds will also be less in the lee of the shelter g, 5,
total hail kinetic energy, which results both from the vertical fa] mwmmm
of the hail and the wind speed will be less. Netting provides son
protection from frost damage in light to moderate frost events, Ny
hold heat radiating from the ground and raise the temperature in 5”,
orchard. Nets also block much of the cold air flow associated wj
advection frosts. Frost protection is really only effective for radin
frosts when winds are light or calm, and in low-lying, frost-prone arex
Wmo,ﬂmaw mwO:m need to mon_.ka. on the most frost-prone blocks andi
Qowom mMs ommo%HMw %* the critical ﬁmBmmB»E.mm needed for substanti

: on has three basic objectives.

1. Reduce heat loss from the surface

- hail nets are n

2. Stir the a
- :m air and break up the temperature inversion layer
: eat to 1 i
maintain the temperature above the danger level

Marketing & Supply Chaing

10w~ _JNH<®M— G
f tr

IOmEF. .

i ansport M“M%m vmncE»o?o:m:B_u:o::._E:_v&%%

ﬂﬁ—:m- and —m_‘ versus NODQ . . _mzn
ge loads » Ocean shipping versus

ver _
. in Ew_Mm small loads) rather than dista™
reducing apricylror i AHON efficiency are therefor”

e ture’ . !
globa] economy, s GHG emissions as they are t0 otk

Mproye
Important 1o peg. o NS

Sectors of ¢},

Abiotic Stresses Forced Challenges in Agriculture

Post harvest losses represent one of the single greatest sources of
inefficiencies in food production worldwide and therefore one of the
best opportunities for effectively improving crop productivity. These
which are due to poorly timed or executed harvesting, exposure
to rain, humidity and heat, contamination by microorganisms, and a host
of other sources of damage and deterioration - often get far less attention
than they deserve. Half or more of the total harvest of some crops can be
arvest. Investments in improved harvesting, processing,
storage, distribution, and logistics technology and necessary training
investments can pay off as well as improved crop yields in terms of gains
to consumers and the climate. As climates become hotter and precipitation
more erratic, the potential for postharvest losses may increase and thus
and storage become even more important.

losses -

lost post h

improved transport

Innovative and improved postharvest management strategies

Simple modifications to postharvest handling systems can sometimes
result in significant reduction in stress exposure and consequently result
in storage and/ or shelf life extension. One of the most successful strategies
is the application of plastic film packaging or wraps to prevent desiccation,
resulting in significant improvements and shelf life and quality of many
fruits and vegetables. In many cases, modified atmosphere packaging is
considered to largely control humidity around product and thus prevent
moisture loss of fresh-cut and whole fruits and vegetables. Also, anti-
transpiration coatings have been shown to be effective for maintaining
quality through control of water loss (Baldwin 2003). In regards to
maintaining water content on the retail shelf, the application of misting
systems can ‘recharge’ the vegetable and in so doing maintain quality
over longer durations at less than ideal storage temperatures.

Future Perspectives
O The best policy and institutional responses will enhance information
flows, incentives and flexibility

O Policies and institutions that promote economic development and
reduce poverty will often improve agricultural adaptation and may
also pave the way for more effective climate change mitigation

through agriculture.

0 Existing technology options must be made more available and
accessible without overlooking complementary capacity and

investments
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dimate change ang Emmm_mm even while Tecognizing the importance ¢
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certainly 1 fimate chanoe : griculture and the sens
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e »._.Zm reali the
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Mulating policies and institu!i®
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aimed at improving climate change adaptation and mitigation in
agriculture.
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