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ABSTRACT: Agriculture is the mainstay of the Indian economy where about 65-70 percent of the 
population is dependent on it for their livelihood. Therefore, the climate change has direct effect on India. 
There is a strong evidence to suggest that change in climate has been occurring during the past 100 years. 
The mean global temperatures increased by 0.6OC during last 100 years and warmest summers were 
observed in the last decade of the 20th century and first decade of 21st century. This is mainly attributed 
to the increased concentration levels of GHGs, viz. Co2, CH4, N2O and CFCs. If the emissions of GHGs 
are continued at the current rate, the average global surface temperature would rise form 0.6 to 2.5OC in 
the next fifty years and between 1.4 to 5.8OC by the end of the 21st century. A slight warming trend of 
0.4OC over the last 100 years has been noticed over the Indian sub-continent and the changes were found 
to be more significant during winter. The spatial variability of air temperatures over the country 
indicated warming in peninsular region while north-west India has exhibited cooling trend. On the 
rainfall variability over the country, the data did not show any significant trend. However, increase in 
frequency and intensity of extreme weather events such as droughts, floods or unseasonal rainfall are 
noticed. Sub-divisional rainfall trends during the recent decades indicated decreasing rainfall trends in 
north-east-region while increasing trends are noticed in north-west and north India. Projected scenarios 
for the Indian sub-continent indicated a warming to the extent of 3.5 to 5.5OC by 2080s and more 
warming is expected in winter than in summer season. Similarly, a marginal increase in rainfall of 7 to 10 
percent is predicted over the sub-continent by 2080.  

The climate change can influence crop yields. Higher temperatures are likely to alter the fertility 
status of soils significantly. Additional application of fertilizers may be needed to counteract the adverse 
processes. Conditions will be more favourable for the proliferation of weeds, insect -pests and diseases in 
the warmer climates and crop damages are likely to increase. The expected rise in sea level may range 
from 10 to 50 cm by 2050 and may pose a serious threat to agriculture in low lying coastal areas. 
Cultivars with a better use of N can reduce surplus N-fertilizer inputs thus protecting the environment by 
reducing N2O emissions and thus mitigating climate change. Biological nitrification inhibition or 
suppressing nitrification by such genes, which are available in some tropical grasses, may pave the way 
for genetically engineered development of cultivars. Integrated farming systems, intercropping, INM and 
IPM practices as well as integrated watershed management practices are required to be adopted to 
manage the adverse effects of climate change in India.  
Key words: Climate change, Indian Agriculture, Strategies. 

 
INTRODUCTION 
 India's population touched 1.2 billion in 
2009. It is predicted that India's population will 
be around 1.4 billion by 2025 and may exceed 
that of China in the 2040s. Therefore, one of the 
challenges of the 21st century is to ensure food 
and livelihood security for the increasing 
population in India. If agricultural production is  
adversely affected by climate change, then the 
livelihoods of even greater number of people is  

 
 
at risk and their vulnerability to food security is 
further intensified. Livelihood systems that are 
based on agriculture may face risk of increased 
crop failures, frequent incidences of insect-pests 
and diseases, and loss of livestock due to climate 
change.  

Climate change may be one of the 
reasons because nearly 60 percent of the area 
sown is dependent on rainfall which is highly 
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unreliable, both in time and space with strong 
risks of dry spells at critical growth stages even 
during good rainfall years. Climate change refers 
to any change in climate over time, whether due 
to natural variability or as a result of human 
activity. Climate change would bring new 
environmental conditions resulting from 
modifications in space and time, and in the 
frequency and intensity of weather and climate 
processes. The climate change has the potential 
to change significantly the productivity of the 
agriculture. Some high productive areas may 
become less productive or vice-versa. The 
present evidences suggest that tropical and sub-
tropical regions may be more likely to suffer by 
droughts and losses in crop productivity. Animal 
husbandry is an essential component of 
agriculture in India. Livestock management is 
highly sensitive to climate. Therefore, the future 
challenges will be more complex and 
demanding.  
 
SCENARIO OF CLIMATE CHANGE  
 
Global Scenario 
 Weather observations indicated that the 
global average surface temperature has increased 
by 0.6OC since the 19th century. The rate of 
warming is faster during the last 100 years. It is 
attributed mainly to the increase in CO2 and 
other GHGs in the atmosphere. 
Intergovernmental Panel on Climate Change 
(IPCC) in its report has confirmed that the global 
atmospheric concentration of carbon dioxide 
(Co2), methane(CH4), and nitrous oxide (N2O), 
green house gasses (GHGs) have increased 
markedly as a result of human activities since 
1750 and now far exceed pre-industrial values 
determined from ice cores spanning many 
thousands of years. The CO2, CH4 and N2O 
concentrations in atmosphere were 280 ppm, 700 
ppb, and 270ppb in 1750 AD. In 2005, these 
values have become 378 ppm, 1750ppb and 
316ppb, respectively (Ramakrishna et al., 2006).  

These increases in GHGs have resulted 
in warming of the climate system by 0.74OC 
between 1906 and 2005. Eleven of the last 
twelve years (1995-2006) rank among the 12 
warmest years in the instrumental record of 
global surface temperature since 1850. The rate 
of warming has been much higher in recent 

decades. This has, inturn, resulted in increased 
average temperature of global ocean, sea level 
rise, decline in glaciers and snow cover. There is 
also a global trend for increased frequency of 
droughts, floods. Cold days and nights and frost 
have become less frequent, while hot days and 
nights, and heat waves have become more 
frequent. Increasing concentrations of green 
house gases (GHGS) are likely to accelerate the 
rate of climate change. It is predicted that the 
average global surface temperature may rise 0.6 
to 2.5OC in the next 50 years, and 1.4 to 5.8OC in 
the next century by doubling the concentration of 
CO2 (IPCC, 2001). 

The global warming has also impact on 
precipitation patterns, and the frequency and 
intensity of droughts and floods. The 
evapotranspiration rates will increase. Other 
impacts of global warming include mean sea 
level rise due to melting of glaciers and polar ice 
sheets. The global mean sea level rise is 
predicted to be 09 to 88 cm over the next 
century. If no climate policy interventions are 
made, the effects of climate change on 
agriculture are presented in Table 1. 
 
Indian Scenario  
 Observed surface air temperature over 
the Indian sub-continent showed a slight 
warming trend of 0.4OC per 100 years. The 
changes are observed to be more during winter 
but low and even negative during monsoon 
season. The spatial variability of air temperatures 
indicated warming trends in peninsular region 
while many parts of north-west India exhibit 
cooling trends. Analysis of the all-India mean 
surface air temperatures during 1901-2000 from 
network of 31 well-distributed weather stations 
reveal that the mean annual temperature rose by 
0.03OC per decade (Rupa Kumar et al., 2002).  

Monsoon rainfall displays predominant 
inter annual variability being considerably below 
and above normal over large areas of the Indian 
sub-continent in several years, leading to 
widespread droughts and flood situations. The 
scenario is highly variable, the all India mean 
annual and seasonal rainfall did not show any 
significant trend. The summer monsoon rainfall 
during 1901-2000 has shown significant 
decreasing trends in the sub-divisions of north-
east India (Rupa Kumar et al., 2002). Significant 
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increasing rainfall trends in Konkan, Goa, Costal 
Karnataka along the west coast and in Haryana, 
Chandigarh, Delhi and Punjab were noticed in 
north India (Fig. 1). Similarly, the winter 
monsoon rainfall has shown significant 
increasing trend in the sub-divisions of 

Marathwada, Telangana, north interior Karnataka 
and Gujarat (Rupa Kumar et al., 2002). This shift 
in spatial trend pattern can have significant 
implications on the crops, varieties and cropping 
patterns across these regions needing appropriate 
adjustments (Fig. 2). 

 
Table 1. Effect of climate change on agriculture with no climate policy interventions. 
CO2 Concentration 2025 

(405-460 ppm) 
2050 

(445-640 ppm) 
2100 

(540-970 ppm) 
Global mean 
temperature change 
from 1990  

0.4-1.1°C 0.8-2.6°C 
 

1.4-5.8°C 

Global mean sea level 
rise from 1990  

3-14 cm 
 

5-32 cm 9-88 cm 

Agricultural Effects 
Average crop yields 

Cereal crop yields increase 
in many mid- and high-
latitude regions. Cereal crop 
yields decrease in most 
tropical and sub-tropical 
regions 

A mixed effect on cereal 
yields in mid- latitude 
regions. More pronounced 
cereal yield decreases in 
tropical and sub-tropical 
regions  

General reduction in cereal 
yields in most mid-latitude 
regions for warming of 
more than a few °C 

Extreme low and high 
temperatures  

Reduced frost damage to 
some crops. Increased heat 
stress damage to some crops 
Increased heat stress 
in livestock  

Effects of changes in 
extreme temperatures 
amplified 

Effects of changes in 
extreme temperatures 
amplified 

Incomes and prices  Income of poor farmers in 
developing countries 
decrease   

Food prices increase relative 
to projections 
that exclude climate 
change 

          (Source: IPCC, 2001) 

 

  
Fig.1. Trends in sub-divisional summer monsoon 

rainfall in India during 1901-2000.    
Fig. 2. Trends in sub-divisional winter monsoon 

rainfall in India during 1901-2000. 
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Projected Future Scenarios for India 
The climate change scenarios for the 

Indian sub-continent suggests an annual mean 
area averaged surface warming to range between 
3.5 and 5.5OC by 2080s (Lal et al., 2001). These 
projections showed more warming in winter 
season over summer monsoon (Table 2). The 
spatial distribution of surface warming suggests a 
mean annual rise in surface temperatures in north 
India by 3OC or more by 2050. The study also 
suggests that during winter the surface mean air 
temperature could rise by 3OC in northern and 

central parts while it would rise by 2OC in 
southern parts by 2050. 
 In the case of rainfall, a marginal 
increase of 7 to 10 percent in annual rainfall is 
projected over the subcontinent by the year 2080. 
However, the study suggests a fall in rainfall by 
5 to 25 percent in winter while it would be 10 to 
15% increase in summer monsoon rainfall over 
the country (Table 2). It was also reported that 
the date of onset of summer monsoon over India 
could become more variable in future.  

      
      Table 2. Climate change projections for India. 

Year Season Temperature change (0C) Rainfall change (%) 
Lowest Highest Lowest Highest 

2020s Annual 1.00 1.41 2.16 5.97 
 Rabi 1.08 1.54 -1.95 4.36 
 Kharif 0.87 1.17 1.81 5.10 
2050s Annual 2.23 2.87 5.36 9.34 
 Rabi 2.54 3.18 -9.22 3.82 
 Kharif 1.81 2.37 7.18 10.52 
2080s Annual 3.53 5.55 7.48 9.90 
 Rabi 4.14 6.31 -24.83 -4.50 
 Kharif 2.91 4.62 10.10 15.18 

                                                                                                                                              (Source: Lal et al., 2001) 
 
The CO2 level will increase to 605-755 

ppm by 2070s from 371 ppm in 2000. The IPCC 
has projected that future tropical cyclones will 
become more intense, with larger peak wind 
speeds and more heavy precipitation. Himaliyan 
glaciers and snow cover are projected to contract. 
It is very likely that hot extremes, heat waves, 
and heavy precipitation events will continue to 
become more frequent. Increases in the amount 
of precipitation are very likely in high latitudes, 

while decreases are likely in most subtropical 
land regions.  
 Analysis done by the India Meteorology 
Department, and the Indian Institute of Tropical 
Meteorology, Pune, generally show the same 
trends for temperature, heat waves, glaciers, 
droughts and floods, and sea level rise as by the 
IPCC although the magnitude of the change 
varies. Selective reports on projected climate 
change during next century over India are given 
in Table 3 (Mall et al., 2007). 

 
Table 3. Selective reports on projected climate change during next century over India. 

Region Temperature Rainfall Reference 
All India 
 

Increase in winter temperature by    1–
4°C with increased CO2 concentration 

• Precipitation increase of approximately 20%.  
• Increase in heavy rainfall days during the summer 

monsoon period, and an increased inter annual 
variability 

Bhaskaran et 
al., 1995 

All India Average temperature change is predicted 
to be in the range of 2.33–4.78°C with a 
doubling in CO2 concentration 
 

• Increase in the frequency of heavy rainfall events 
 

Lonergan, 
1998 
 

All India • Annual mean surface temperature 
rise is projected to range between 
3.50C and 5.50C by the end of 
century 

• More warming in winter season. 

• Increase of about 7 to 10% in annual mean 
precipitation. 

• Decline of 5-25% in winter precipitation. 
• Increase in monsoon precipitation is 10-15% 

Lal et al. 
2001 
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• Monsoon season, over northwest India, an increase 
of 30% or more in rainfall by 2050s. 

• Higher than normal rainfall in western semi-arid 
regions of India. 

• Decrease between 10-20% in winter precipitation 
over central India by 2050s.  

All India • Over the region south of 25°N (south 
of cities such as Udaipur, Khajuraho 
and Varanasi) the maximum 
temperature will increase by 2–4°C 
during 2050s. In the northern region, 
the increase in maximum 
temperature exceed 4°C. 

• A general increase in minimum 
temperature up to 40C all over the 
country.  

 

• Decrease in number of rainy days over a major part 
of the country. This decrease is more in western and 
central part (by more than 15 days) while near the 
foothills of Himalayas (Uttaranchal state) and in 
northeast India the number of rainy days increase by 
5–10 days. 

• Overall increase in the rainy days intensity by 1–4 
mm/day except for small areas in the northwest India 
where the rainfall intensities decrease by 1 mm/day. 

Rupa Kumar 
et al. 2003 
 

All India • Increase in extremes in maximum 
and minimum temperature. 

• Night temperatures are increasing 
faster than the day temperatures. 

Increase over large area, especially substantial over west 
coast and west central India 

Rupa Kumar 
et al. 2006 
 

(Source: Mall et al., 2007) 
 
Causes of Climate Change  
 The problem of climate change is caused 
by humanity's greed and short sightedness. 
Increasing human activities is the main cause of 
climate change. Increasing evidences over the 
past few decades indicate that significant 
changes in climate are taking place world wide 
as a result of enhanced human activities. The 
major cause to climate change has been ascribed 
to the increased levels of green house gases 
(GHGs) like carbon dioxide (CO2), methane 
(CH4), nitrous oxide (NO2) and 
chlorofluorocarbons (CFCs) due to the 
uncontrolled activities such as burning of fossil 
fuels, increased use of refrigerants, and enhanced 
agricultural practices. These activities 
accelerated the processes of climate change and 
increased the mean global temperature by 0.6OC 
during the past 100 years. It has also induced 
increased climatic variability in many parts of 
the world.  
 Since climate is closely related to human 
activities and economic development, including 
agricultural practices, there is a regions concern 
about its stability. With the advent of the 
industrial revolution, there has been a 
tremendous growth in the fossil fuel utilization 
leading to increased CO2 emissions over the 
globe. In addition to this, the emission of CFCs 
and other GHGs like chlorine and bromine 

compounds used in refrigeration and other 
industrial uses not only have an impact on the 
radiative forcing, but also led to the depletion of 
the ozone layers. Land use change, due to 
urbanization, deforestation and agricultural 
practices, affect the physical, chemical and 
biological properties of the earth's surface.  
 The CO2 concentration in the atmosphere 
is now about 31 per cent higher than 200 years 
ago. If it continues to increase at the same rate it 
could nearly double by 2035 and may contribute 
significantly towards global warming. Burning of 
fossil fuels, burning of vegetation, coal, 
cowdung, crop residues, etc. are the main causes 
of the increased levels of this gas. 
 Industrial emissions and the anaerobic 
conditions in agricultural fields due to water 
logging, increased use of inorganic fertilizers, 
and addition of organic material under 
submerged conditions of soil are the major 
sources of NO2. NO2 levels in the atmosphere are 
estimated to have increased by 18 per cent in the 
last 200 years mainly due to more intensive 
agricultural practices. CFCs are emitted mainly 
from refrigeration units.  
 
Impacts of Climate Change on Indian 
Agriculture 
 India is a large agricultural country, in 
which crores of people rely on agriculture for 
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survival, and the population is still growing. The 
agricultural production directly relates to the 
social stability and sustainable development, and 
agriculture is one of the most sensitive fields to 
climate change due to India's huge agricultural 
population, large agricultural areas, complex 
geographical types and significant climate 
differences.  
 Changes in climate can be expected to 
have significant impacts on crop yields through 
changes in temperature and water availability. 
Climate change can affect crop yields, both 
positively and negatively, as well as the  types of 
crops that can be grown in certain areas, by 
impacting agricultural inputs such as water for 
irrigation, amounts of solar radiation that affect 
plant growth, as well as infestation of weeds, 
insect pests and diseases. It is certain that the 
future climate change will impact agricultural 
production, which is mainly negative, and will 
directly threaten India's food security.  
 Climatic changes will affect agriculture 
through direct and indirect effects on crops, soils, 
livestock and pests. Increase in atmospheric CO2 
has a fertilization effect on crops with C3 
photosynthetic pathway and thus promotes their 
growth and productivity. Increase in temperature 

can reduce crop duration, increase crop 
respiration rates, alter photosynthetic partitioning 
to economic products, effect the survival and 
distribution of insect-pest and diseases, hasten 
nutrient mineralization in soils, decrease 
fertilizer use efficiencies, and increase 
evapotranspiration. Indirectly   there may be 
considerable effects on land use, availability of 
irrigation, frequency and intensity of inter and 
intra-seasonal droughts and floods, and 
availability of energy.  

Scientists at IARI, New Delhi, used 
various crop growth models to evaluate climate 
change impacts on wheat, rice, sorghum and 
maize. Variables used in the models included 
changes in temperature, CO2 levels, rainfall, and 
solar radiation. The predicted changes to 
agriculture vary greatly by region and crop. In 
the case of wheat, increase in temperature by 
about 2OC reduced potential grain yield in most 
places (Fig. 3). Reductions in yields, as a result 
of climate change, predicted to be more for rain 
fed crops than irrigated crops. In the case of rice, 
an increase of 2-40C is predicted to result in a 
reduction in yields. Although additional CO2 can 
benefit crops, this effect was nullified by 
increase in temperature.  

              
Fig. 3. Potential Impact of climate change on wheat production in India (Source: Aggarwal et al., 2002) 
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The study conducted at the Madras 
School of Economics, Chennai, revealed that 
spatial effects do make a significant difference to 
the impact of climate change on Indian 
agriculture. For example, in the study, if increase 
in temperature of 2OC and 7 per cent increase in 
rainfall is kept uniformly across India, then the 
estimated loss in farm revenue is 9 per cent but 
when spatial effects are taken in to account, the 
impact of climate change on revenue is found to 
be only 3 percent.  
 The study at the Madras School of 
Economics, Chennai, also showed that if CO2 

concentration levels double in the latter half of 
the 21st century then India's gross domestic 
product (GDP) would decline by 1.4 to 3 per cent 
points, under various climate change scenarios. 
Studies have shown that in northern India rice 
yields during last three decades are showing a 
declining trend and this is possibly related to 
increasing temperatures. Similar trends have also 
been noticed in other rice growing countries. 
Studies done at IARI, New Delhi, indicate the 
possibility of loss of 4-5 million tonnes in wheat 
production with every rise of 1OC temperature 
throughout the growing period (Fig. 4). 

 

Fig. 4. Response of simulated grain yield of irrigated wheat to changes in temperature and CO2 in north India. 
(Source: Aggarwal et al., 2002). 
 
Fertilizer use efficiency in India is generally very 
low (30-50%). Climate change will alter the 
requirement of fertilizers, and climate warming 
will lead to a larger emission of available 
nitrogen. Fertilizer effect is very sensitive to the 
change of temperature. Studies have shown that 
between 15 to 28OC temperature, the available 
nitrogen emission will increase by about 4% with 
10C temperature rise, and the emission period 
will be shortened to 3.6 days, the application 
amount of N will be increased by about 8% and 
16% along with 20C and 40C temperature 
increases, respectively. Therefore, to maintain 
the existing fertilizer use efficiency the fertilizer 

requirement will increase, which not only 
requires farmers to invest more on fertilizers, but 
also poses a harmful effect impact on the soil and 
environment because of the volatilization, 
decomposition, and contamination of ground 
water.  
 Climate warming could increase the 
potential evapotranspiration in crop growing 
season, exacerbate the evaporation of soil, and 
reduce the effectiveness of soil moisture. 
Therefore, more irrigation will be required. Due 
to the limited supply of water resources and more 
agricultural water requirement as a result of 
climate warming, it is bound to lead to the over-
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use of the surface and underground water 
resources, which may disturb the normal water 
cycle, and result in an uneven distribution of 
water resources, thus affecting agriculture, 
livestock husbandry, fisheries and other sectors.  
 Small changes in temperature and 
rainfall could have significant effect on quality 
of fruits, vegetables, tea, coffee, aromatic and 
medicinal plants with resultant implications on 
their prices and trade. Crop-pest interactions will 
change significantly with climate change leading 
to impact on insect-pest and diseases distribution 
and losses. Crop-weed competition will be 
affected depending on their photosynthetic path 
way. C3 crop growth would be favoured over C4 
weeds. Diseases and insect-pests populations are 
strongly dependent on temperature and humidity. 
Climate change is likely to aggravate the heat 
stress in livestock, adversely affecting their 
productive and reproductive performance. The 
demand for water, shelter and energy 
requirement of livestock will be increased.  
 There have been only limited studies on 
the impacts of climate change in India. For 
sustainable agriculture, as well as for national 
food security and stability, it is necessary to 
identify the impacts of climate change on India's 
agricultural production, food supply capacity and 
food security, and to take actions to avoid or 
reduce the risk of climate change. 
  
Management of Climate Change in India 

Climate change, involving alterations in 
temperature, precipitation and sea level as well 
as increased impacts of GHGs, is bound to 
impact agricultural production and productivity. 
India will suffer severely from potential changes 
in temperature and precipitation. There have 
been apprehensions about a possible increase in 
the warming of the El-Nino current, thought to 
be a major contributory factor to droughts in 
India. 
 These climate change related issues call 
for greater understanding of crop-climate 
relationships and developing crop-weather 
models to devise efficient agricultural production 
strategies.  
 
Role of Agronomy and Agronomists in the 
Management of Climate Change 

 In India, to meet the increasing demands 
for food, fodder, fiber, fuel and other products in 
future, the productivity will have to be increased 
because the area under cultivation can hardly be 
increased. To overcome the problem of climate 
change agronomic management practices will 
play a significant role. The agronomists will have 
to keep in the fore front of their research agenda, 
how to improve the deteriorated system and have 
to evolve cropping/farming systems, and their 
agronomic management practices, which would 
harmonies high production with ecological 
safety.  
 The agronomist is the key scientist in the 
team of research in formulating the crop 
production technology practices. The agronomist 
has to decide which and how much of each of the 
recommendations made by plant breeders, soil 
scientists, entomologists, plant pathologists, etc. 
will make a technically viable, socially 
acceptable, economically profitable  and 
environmentally sound package of practice for a 
particular crop in a cropping/ farming system. He 
must caution against practices which have an 
element of damage to the system.  
 The range of research covered by 
agronomy is now very wide. Starting from basic 
studies of the dynamics of various processes of 
the soil-plant-water-atmosphere system to 
developing yield increasing crop production 
technologies and fitting them into farming 
systems through collaborative field research 
involving scientists from other disciplines is 
required.  
 In the management of climate change, 
mitigation and adaptation techniques are 
important activities to be carried out. Mitigation 
and adaptation are related to the temporal and 
spatial scales on which they are effective. The 
benefits of mitigation activities carried out today 
will be evidenced in several decades because of 
the long residence time to GHGs in the 
atmosphere. However, the effects of adaptation 
measures will be apparent immediately or in the 
near future. Besides, mitigation has global in 
addition to local benefits, where as adaptation 
typically takes on a local or regional scale.  
 The purpose of mitigation and adaptation 
measures is to attempt a gradual reversal of the 
effects caused by climate change and sustain 
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development under the inescapable effects of 
climate change.  
 
Mitigation of the Impacts of Climate Change  
 There are several mitigation practices 
that can be effectively put to use to over come 
the effects of climate change with desirable 
results. Mitigation options include carbon 
sequestration in agriculture and forestry. 
Mitigation of climate change is a global 
responsibility. Agriculture, forestry, 
fisheries/aquaculture provide a significant 
potential for GHGs mitigation. The IPCC 
estimates that the global technical mitigation 
potential for agriculture will be between 5500 to 
6000 mt CO2 equivalent per year by 2030, 89% 
of which are assumed to be from carbon 
sequestration in soils.  
 Rice is an important food crop in India. 
The maximum emission of CH4 is in rice 
growing cropping systems. The CH4 emission 
from rice fields can be minimized by proper 
management practices. Studies conducted in the 
rice-wheat system in the Indo-Genetic plain zone 
in north India have shown that, zero tillage has 
effectively reduced the demand for water in rice-
wheat cropping system. Zero tillage has a direct 
mitigation effect as it converts the GHGs like 
CO2 in to O2 in the atmosphere and carbon 
enriches soil organic matter. 
 Keeping the rice fields moist rather than 
flooded or continuously saturated, thereby 
minimizing anaerobic conditions, and improving 
root growth and diversity of aerobic soil 
organisms, helps in mitigation of climate change.  
 Integrated Nutrient Management (INM) 
has the potential to mitigate effects of climate 
change. The INM involves, in general, a 
combination of inorganic, organic and bio-
fertilizers in such a proportion which may keep 
the soil capable of producing at an accelerated 
rate with out being damaged physically, 
chemically and biologically. The benefits of 
INM are increase in N use efficiency and 
increased yields. 
 One of the key emerging technologies to 
reduce GHGs emissions from rice fields is the 
use of zymogenic bacteria, acetic acid and 
hydrogen producers; methanogens, CH4 
oxidizers, and nitrifiers and denitrifiers in rice,  
which will help in maintaining the soil redox 

potential in a range where both NO2 and CH4 
emissions are low.  
 The application of urease inhibitor, 
hydroquinone (Hq), and nitrification inhibitor, 
Dicyandiamide (DCD) together with urea also is 
an effective technology for reducing No2 and 
CH4 emissions from rice fields. Use of neem-
coated urea is another simple and cost-effective 
technology. Improved management of livestock 
population and its diet could also assist in 
mitigation of GHGs.  
 
Adaptation Measures to Manage Climate 
Change  
 In recent years deep concern has been 
voiced about conservation of nature and the 
disturbed relationship between agriculture and 
climate change. The causes are many such as 
deforestation, urbanization, industrialization, soil 
erosion, etc. Modernization of agriculture has 
also added its bit to the situation. Another major 
component of the soil-plant-atmosphere system 
in crop production is water. If this is not properly 
managed, it is not only wasted but also causes 
tremendous damage to the soil. Increasing use of 
fertilizes, insecticides, fungicides; herbicides and 
other agro-chemicals have created the problems 
of pollution of land, water and atmosphere. 
There use will further increase to achieve the 
very high production targets for agricultural 
products. Therefore, we have to explore 
sustainable agronomic practices to manage the 
impacts of climate change.  
 Improved agronomic practices like 
adjustment of planting dates to minimize the 
effect of high temperature increase induced 
spikelet sterility can be used to reduce yield 
instability, by avoiding flowering to coincide 
with hotter period. Adaptation measures to 
reduce the negative effects of increased climatic 
variability may include changing the cropping 
calendar to take advantage of the wet period and 
to avoid extreme weather events during the crop 
growing season.  
 Crop varieties that are resistant to 
lodging may be used to save the crop from strong 
winds during the sensitive stage of crop growth. 
Promotion of integrated farming systems will 
also be a viable and effective alternative in 
combating climate change. Multiple enterprise 
agriculture, where the crop, livestock, poultry, 
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fish farming and trees, etc. in a single unit of 
land, will minimise the risk.  
 Improved crop management through 
crop rotations and inter cropping will be an 
important component in strategic adaptation to 
climate change in India. Intercropping is an 
efficient strategy because grain-legume 
intercrops have many potential benefits such as 
stable yields, better use of resources, weeds, 
insect-pests and diseases reductions, etc. as 
compared to sole cropping systems. Agro-
forestry systems buffer farmers against climate 
variability, and reduce atmospheric loads of 
GHGs.  
 In-Situ moisture conservation, rain water 
harvesting and recycling, efficient use of 
irrigation water and use of poor quality water are 
key strategies of adaptation to climate change in 
India. Integrated watershed management 
approach is most appropriate technology for 
rainwater harvesting, storage and reuse of 
harvested water to minimise the loss of crop 
production during drought and flood years.  
 Bed-planting of crops has been proved to 
be successful technology. The main advantages 
are, increased water use efficiency; reduced 
water logging; better access for inter row 
cultivation, weed control and banding of 
fertilizers; better stand establishment , less crop 
lodging; and reduced seed rates. 
 Conservation tillage, crop residue 
management and integrated nutrient management 
are important technologies to manage climate 
change in India. A huge amount of human and 
animal drops together with plant residues 
available in India have not been / is not being 
properly utilized. The concept of INM, therefore, 
needs to evolve a strategy of utilizing inorganic 
fertilizers in a balanced proportion in addition to 
use of organic manures, like FYM, compost, 
green manures, crop residues and bio-fertilizers 
wherever possible.  
 Increased attention has to be paid to the 
integrated pest management (IPM) practices to 
make the crop production ecologically 
sustainable as farming is intensified.  
 Animal husbandry is an essential 
component of agriculture in India. Livestock 
management is highly sensitive to climate 
change. Adaptation measures should be tailored 
to the agro-ecological conditions. There in a need 

to develop heat tolerant species/breeds of 
livestock to adapt to climate change.  
 
Adapting Agriculture to Climate Change 
through Plant Breeding  
 Genetic resources could well prove to be 
the most important cost effective basic raw 
material which will allow agriculture to adapt to 
climate change. Breeding research to develop 
crops for the 21st century should take in to 
account the fact that production environments 
will be more variable and more stressful and 
yearly climate variation will be greater. Thus, to 
cope with the impacts of climate change, priority 
target breeding traits will address crop responses 
to temperature, water (drought and flooding) and 
nutrient stresses, and elevated CO2 and other 
GHGs. Breeding new cultivars with enhanced 
adaptation to high temperatures, CO2  and other 
GHGs as well as cultivars that yield well with 
lower water and nutrient inputs are required. 
Genetic resources and breeding methods 
combining conventional and molecular tools, 
including transgenic approach, are needed to 
develop such cultivars.  
 In India, considerable progress has been 
made in the genetic dissection of flowering time, 
inflorescence architecture, temperature, and 
drought tolerance in certain model plant systems 
and by comparative genomics in crop plants. 
CRIDA, Hyderabad, has come out with a 
transformed sorghum cultivar SPV 462 with the 
mt ID gene encoding for mannitol-1-phosphate 
dehydrogenase from E. coli with an aim to 
enhance tolerance to water deficit and NaCl 
stresses. Germination potential of these 
transgenic seeds was several times higher when 
challenged with salt and water stresses. They 
have remarkably robust root system in terms of 
root biomass and length.  
 Genetic enhancement of heat tolerant 
genotypes, especially in pulses, by identifying 
and validating markers for high temperature 
tolerance with high yield potential is one of the 
key technological advances that can prove to be a 
significant strategy for adapting climate change.  
 An additional strategy is to take 
advantage of faster growth under higher 
temperature. The new varieties should have 
characteristics of early flowering (photo-and-
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thermo insensitivity), early maturity and higher 
productivity.  
 
Policy issues to Manage Climate Change  
 In addition to use of technological 
strategies to combat climate change related 
impacts on crop production, there has to be 
sound policy frame work and strong political will 
on the part of the government to effectively 
battle climate change. A sound policy framework 
should address the issues of redesigning social 
sector with focus on vulnerable 
areas/populations, introduction of new credit 
instruments with deferred repayment, liabilities 
during extreme weather events, and weather 
insurance as major vehicle to transfer risk. Role 
of community institutions and private sector in 
relation to agriculture should be a matter of 
policy concern. Policy initiatives in relation to 
access to banking, micro-credit, insurance 
services before, during and after a disaster event, 
access to communication and information 
services is imperative in the envisaged climate 
change scenario.  
 In India, as else where in the world, 
climate change is now high on the political and 
public agenda. Particular attention is being paid 
to the impact of climate change on agriculture 
since there could be serious implications for food 
security. Most scientists and policy makers now 
acknowledge that climate change will have far 
reaching impacts on human society unless 
significant steps are takes to deal with it. 
 The key policy issues are Establishment 
of "Green Research Fund" for strengthening 
research on adaptation, mitigation and impact 
assessment; facilitate greater adoption of 
scientific and economic pricing polices for water, 
land, energy and other natural resources; 
financial incentives and package for improved 
land management; food and livelihood security; 
establishment of seed banks in highly variable 
and unpredictable environments, etc.  
 
Future Researchable issues to Manage 
Climate Change  
1. Breeding for improved crop varieties 

/hybrids to mitigate the impacts of high 
temperature, droughts, floods, insect-pests 
and disease infestation, etc. There is need to 
intensify research efforts on marker aided 

selection and transgenic development for 
biotic and abiotic stress management.  

2. Evolving efficient and sustainable water and 
Soil management practices for different 
regions.  

3. Identification of crops and varieties /hybrids 
with high water use efficiency, adapted to 
temperature extremes and high concentration 
of CO2. 

4. Development of efficient farming systems 
having tree-crop-livestock, fisheries, poultry, 
mushroom, etc. components which can 
withstand climate change situations, and can 
be economically viable and socially 
acceptable.  

5. Identifying cost effective methods for 
reducing green house gas emission from rice 
fields and livestock farms.  

6. Evolving effective and efficient conservation 
agriculture practices especially in water 
harvesting, nutrient, insect-pest and disease 
management.  

7. Precision in climate change prediction with 
higher resolution on spatial and temporal 
scales.  

8. Preparation of a database on climate change 
impacts on agriculture.  

9. Development of models for weeds, insect-
pests and diseases dynamics.  

10. Agricultural bio-diversity and crop 
germplasm exploration for favourable traits 
is an important area that needs to be tapped. 
Seeds, plants and plant parts exhibiting 
tolerance to temperature, water and other 
atmospheric stresses caused by climate 
change needs to be collected and conserved 
to aid crop breeding research.  
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