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National Initiative on
Climate Resilient Agriculture
(NICRA)
1. Background
Climate change has become an important area of concern for India to ensure food
and nutritional security for growing population. The impacts of climate change are
global, but countries like India are more vulnerable in view of the high population
depending on agriculture. In India, significant negative impacts have been implied
with medium-term (2010-2039) climate change, predicted to reduce yields by 4.5 to 9
percent, depending on the magnitude and distribution of warming. Since agriculture
makes up roughly 16 percent of India’s GDP, a 4.5 to 9% negative impact on production
implies a cost of climate change to be roughly up to 1.5 percent of GDP per year. The
Government of India has accorded high priority on research and development to cope
with climate change in agriculture sector. The Prime Minister’s National Action Plan
on climate change has identified Agriculture as one of the eight national missions.

2. Objectives
With this background, the ICAR has launched a major Project entitled, National
Initiative on Climate Resilient Agriculture (NICRA) during 2010-11 with an outlay
of Rs.350 crores for the XI Plan with the following objectives.
•

To enhance the resilience of Indian agriculture covering crops, livestock and fisheries
to climatic variability and climate change through development and application of
improved production and risk management technologies

•

To demonstrate site specific technology packages on farmers’ fields for adapting
to current climate risks

•

To enhance the capacity building of scientists and other stakeholders in climate
resilient agricultural research and its application.

3. Project Components
Both short term and long terms outputs are expected from the project in terms of
new and improved varieties of crops, livestock breeds, management practices that
help in adaptation and mitigation and inputs for policy making to mainstream climate
resilient agriculture in the developmental planning. The overall expected outcome is
enhanced resilience of agricultural production to climate variability in vulnerable
regions. The project is comprised of four components.
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1. Strategic research on adaptation and mitigation
2. Technology demonstration on farmers’ fields to cope with current climate variability
3. Sponsored and competitive research grants to fill critical research gaps
4. Capacity building of different stake holders
3.1 Strategic Research
The strategic research has been planned at leading research institutes of ICAR in a
network mode covering crops, horticulture, livestock, natural resource management
and fisheries sectors. To begin with, the project is focusing on crops like wheat, rice,
maize, pigeonpea, groundnut, tomato, mango and banana; cattle, buffalo and small
ruminants among livestock and both marine and freshwater fish species of economic
importance. The major research themes are:
•

Vulnerability assessment of major production zones

•

Linking weather based agro-advisories to contingency planning

•

Assessing the impacts and developing genotypes/varieties tolerant to key climatic
stresses (drought, heat, frost, flooding, etc.) in major food and horticulture crops

•

Continuous monitoring of greenhouse gases in open field conditions in major
production systems

•

Evolving adaptation and mitigation strategies through enhancing water and nutrient
use efficiency and conservation agriculture

•

Studying changes in pest dynamics, pest/pathogen-crop relationships and emergence
of new pests and pathogens under changing climate

•

Adaptation strategies in livestock through nutritional and environmental
manipulations

•

Harnessing the beneficial effects of temperature in inland and marine fisheries
through better understanding of the spawning behaviour.

The list of participating institutes in the strategic, sponsored and competetive research
componenets of NICRA is given saperately.
The research was initiated during 2011-12 in all the above themes. The major
emphasis during 2012-13 was on building state of art research infrastructure like high
throughput phenotyping platforms, free air temperature elevation systems in open fields,
network of 100 automatic weather stations, environmental growth chambers with CO2
and temperature controls and special calorimetric system to study livestock response
to heat stress. These are some of the unique facilities being set up for the first time in
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Asia. In all the target crops like rice, wheat, maize, pigeonpea, tomato and mango,
core sets of genetic resources were assembled and field phenotyped at different
institutions with a view to identify sources of tolerance to climatic stresses and related
genes and traits. Country wide studies have been initiated to understand the impact of
temperature on flowering behavior in mango. A nation wide pest surveillance and
monitoring system has been put in place for all the target crops for major pests and
diseases wherein real time incidence is being monitored along with weather parameters
to build pest warning models. Methods for measurement of green house gas emissions
in the marine ecosystem have been standardized. Carbon sequestration potential through
agroforestry systems across the country is being quantified. Monitoring of experiments
on conservation agriculture in different production systems is initiated to assess the
adaptation and mitigation potential of CA practices. The vulnerability of all the rural
districts in the country (about 540) is being quantified in terms of exposure, sensitivity
and adaptive capacity in order to prepare a vulnerability atlas.
3.2 Sponsored and Competitive Grants
Under this component, critical researchable issues like germplasm collection from
climate hot spots, impact on plant pollinators, fisheries in esturian habitats, hail storm
management, hill and mountain eco-system, small ruminants and socio economic
aspects of climate change etc. are provided.
3.3 Technology Demonstration
Under this component participatory demonstration of climate coping technologies is
being done on farmers fields in selected villages in 100 vulnerable district of the country.
Interventions in NRM, Crops, livestock and fisheries are made as per the action plan
and farmers response and economic benefits are documented.
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Infrastructure development
One of the key objectives of the project is to build state of the art infrastructure for
climate change research at core institutes. While the 100 Automatic Weather Stations
and Central Data Server has already become functional, the four Phenomics platforms
and three Free Air Temperature Elevation (FATE) and two CTGC facilities are at final
stages of commissioning and testing. The CO2 growth chambers, walk in environmental
chambers, Eddy Covariance Flux Towers and Satellite receiving stations have already
started functioning. Experimental shipping vessel and animal calorie meter are under
fabrication. All the 5 GHG analysers have been installed and started functioning.

High throughput Plant Phenomics plat forms (CRIDA, ICAR-NEH, IIHR, IARI)

FATE and CTGC facilities (ICAR-NEH, IIHR, CRIDA)

Rainout Shelter (CAZRI, NBPGR, ICAR-NEH)

Temperature Gradient Tunnel -TGT (NRCAF, DRR)
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Custom-designed Animal Shelter (NDRI)

Environment Controlled Poultry House (TANUVAS)

FRV Silver Pompano (CMFRI)

Fish Phenology Lab
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Eddy Covariance System (CRRI, IARI)

Biochar Unit (ICAR-NEH)

Bowen ratio tower (DWM)

Satellite data reception system (IARI)
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4. Research Highlights
4.1. Vulnerability and Impact Assessment
District-level vulnerability study to prioritize adaptation strategies (CRIDA)
In order to develop and target appropriate adaptation measures, it is important to identify
regions that are more affected by climate change. This ‘identification process involves
assessment of vulnerability of different regions’ and hence a district level vulnerability
study was completed by CRIDA to prepare a national climate vulnerability atlas.
A number of relevant indicator variables were chosen based on review of literature
and causal relationship with the three components of vulnerability and a database for
572 districts in India was developed. All the districts as appearing in the 2001 census
excluding the urban districts (Delhi, Kolkata, Chennai, Mumbai etc) and the Union
Territory of Lakshwadweep and Minicoy were included in the study. The variables
included for sensitivity are net sown area, length of coast line, drought intensity, flood
proneness, ground water exploitation, population density etc. which determine the
sensitivity of the district to changing climate. In order to capture the degree of change
in climate in terms of change in drought occurrence, incidence of dry spells, change in
annual rainfall, heat wave, cold wave, etc. to which a district is exposed, climate
projections of the PRECIS model for A1B scenario for the period 2021-2050 were
considered. The changes in different climatic parameters were computed relative to
the baseline 1961-90 of the same model. Variables considered to represent adaptive
capacity include rural poverty, literacy, work force engaged in agriculture, consumption
of fertilizers, net irrigated area, ground water availability, etc. which determine the
adaptation capacity of the district to climate change. Districts with higher adaptive
capacity are assumed to adapt better to changing climate. The data on these indicators
were normalized based on the nature of relationship. They were then combined into
three indices for sensitivity, exposure and adaptive capacity which were then averaged
with weights given by the experts to obtain the relative vulnerability index.
Based on the index, all the districts were divided into five categories with equal number
of districts. One more district was added to each of the two lower categories. It can be
observed that districts with higher levels of vulnerability are located in the western
and peninsular India. It is also observed that the highly fertile indo-gangetic plains are
relatively more sensitive, but less vulnerable because of higher adaptive capacity and
lower exposure.
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Vulnerability of Indian Agriculture to Climate Change

The distribution of districts with varying degree of vulnerability is depicted in the
figure. It can be seen that most of the districts with very high and high vulnerability are
in the states of Rajasthan, Gujarat, Uttar Pradesh, Madhya Pradesh, Karnataka and
Maharashtra. Similarly, of the 115 districts that are highly vulnerable to climate change
and variability, 18 are in Uttar Pradesh, 16 in Madhya Pradesh, 15 in Bihar, 9 in Haryana,
7 in Chhattisgarh and 6 each in Jharkhand, Gujarat and Rajasthan. Investments that
enhance adaptive capacity and resilience may be targeted in these districts.
16

State-wise distribution of districts with different levels of vulnerability
(VH: Very high, H: High, M: Medium, L: Low, VL: Very low)

Real time assessment of terminal heat stress impact on wheat (IARI)
A study was conducted to monitor terminal heat stress conditions in real-time at regional
scale across all the districts in six wheat growing states of Haryana, Punjab, Uttar
Pradesh, Rajasthan, Bihar and Madhya Pradesh. A database of weekly day-time and
night-time Land-Surface-Temperature (LST) from MODIS satellite sensor was
generated for Jan to March period over 2010 – 2013. The LST values for each week
were aggregated for respective district. The district rabi season LST of 2013 were
compared with the respective values in past three years temporally and spatially. During
the last three years, 2010 was hottest while 2012 was coldest year. The current season’s
LST anomaly from mean was aggregated for Feb-March period and analyzed as map.
Majority of the districts showed negative value indicating absence of terminal heat
conditions this year. Further, it was
observed that all the districts of MP and
few neighbouring districts of UP and
Rajasthan remained very cold (as shown
by large negative anomaly values) during
Feb-Mar 2013 period as compared to past
three years, a condition beneficial for grain
filling in wheat. The methodology will be
expanded to develop it as part of webbased prototype system for monitoring
crops, and weather conditions in order to
forecast likely impact of climate
Sum of LST Anomaly from Normal over
Feb & March 2013
variability on crop yields in a given year.
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Spatio-temporal trends in crop water demand in 1GP
One of the impacts of rising temperature is increase in crop water requirement long
term trend analysis of CWD for major crops in Indo-Gangetic plains was carried out
using Mann-Kendall Trend test to study the impact of warming. Marginal increasing
trend of CWD for rice, sugarcane and wheat was noted in both southwest Punjab
(Muktsar, Sangrur and Nawanshahr districts) and Satluj & Ghaggar (Rupnagar, Moga
and Patiala districts) regions. The CWD for rice in Western UP (Ghaziabad, Gautam
Budh Nagar, Firozabad, Badaun, Bulandsahar and Etah district) showed marginal
decreasing trend while sugarcane showed increasing trend. However, there was no
definite trend in CWD for wheat in these districts. The CWD for rice and sugarcane in
different district of Haryana (Ambala, Bhiwani, Sirsa and Faridabad) also showed a
mild increasing trend. However, Faridabad district showed decreasing trend in wheat,
but rest of the districts show increasing trend.
The crop water demand variation in rice crop in Punjab districts showed some outliers
due to variation in the mean temperature (reduction by 15% in the 1983, and 26% in
year 2001) values. Average CWD in different districts of Punjab increased by 0.60%
in rice leading to additional water demand in the range of 4.0 to 75 mcm (million cubic
meter). The average CWD in western UP also showed an increasing trend leading to
additional water requirement. The additional water demand for different crops in
different districts was ranging from 0.05 to 8 mcm (rice), 2.11 to 12 mcm (wheat) and
0.03 to 18 mcm (sugarcane). The rate of change of CWD was recorded maximum in
some districts of Haryana. These were for rice (Bhiwani, 1.13%), wheat (Ambala,
1.01%) and Sugarcane (Sirsa, 1.01%) respectively. The total additional water demand
was found to be maximum in district Sirsa under wheat crop (13 mcm) while minimum
in district Bhiwani (0.26 mcm) under sugarcane crop.
Minimum temperature trends over India (CRIDA)
Monthly surface minimum temperature data of Climate Research Unit (CRU),
University of East Anglia, UK are sourced from the website www.cru.uea.ac.uk/cru/
data/hrg for 0.5° grid size for the Indian domain (6.25 to 38.75° N and 66.75 to 100.75°
E).
Annual temperature trends
Majority of the districts showed strong positive trends (significant at 1% level). The
magnitude of change on annual basis over the entire country is 0.24°C 10 yr-1 period
(Table 1). The extent of area with a strong increasing trend forms about 81.8% of the
total geographical area.
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Kharif season temperature
In the country as a whole, the magnitude of rise during kharif season is 0.19°C 10 yr-1.
Changes are not uniform over the entire country. Minimum temperatures during kharif
season showed strong warming trend in southern states, Indo-Gangetic Plains (IGP),
northeastern parts, majority of the Jammu & Kashmir, Gujarat and entire Himachal
Pradesh. The strong warming trend was noticed over 52.7% of geographical area with
a warming of 0.24°C 10 yr-1. Though the magnitude of change was more during 1999
period, the trend line for the sub-period 2000-2009 for moderately and strongly warm
regions was found to be significant statistically.
Rabi season temperature
Minimum temperatures during 1971-2009 showed strong warming over IGP, West
Bengal, northeastern states, Chhattisgarh, Rajasthan, Gujarat and eastern Madhya
Pradesh. The magnitude of rise during rabi over the country as a whole is relatively
strong compared to kharif. The temperature rose @ 0.28°C 10 yr-1. The warming during
2000-2009 decade (0.25°C 10 yr-1) during rabi is about three fold more than the kharif
season. The strong warming tendency is noticed over 54.9% of the geographical area
which is 2.2% more than the area during kharif season under the same category. The
magnitude of change in area classified as slightly warm covering 7.7% of the
geographical area is relatively high and proceeded @ 0.51°C 10 yr-1 during 2000-2009
period which is the highest across regions and sub-periods.
Magnitude of changes in minimum temperature over different seasons, regions
and time periods.
Season

Districts cluster
based on
temperature rise

No. of
districts

1971-2009 1980-1989 1990-1999 2000-2009
(°C 10 yr-1) (°C 10 yr-1) (°C 10 yr-1) (°C 10 yr-1)

Kharif

Entire country
Slightly warm
Moderately warm
Strongly warm

42
90
366

0.19
0.12
0.16
0.24

-0.18
0.00
-0.17
-0.16

0.50
0.35
0.47
0.59

0.09
0.22
0.10*
0.03*

Rabi

Entire country
Slightly warm
Moderately warm
Strongly warm

56
112
359

0.28
0.17
0.21
0.34

-0.06
-0.62
-0.49
-0.15

0.36
-0.01
0.12
0.39

0.25
0.51*
0.37*
0.41*

Annual

Entire country
Slightly warm
Moderately warm
Strongly warm

13
50
508

0.24
0.12
0.15
0.26

-0.05
-0.66
-0.31
0.00

0.36
0.20
0.00
0.41

0.25
0.36*
0.21*
0.25*

(* t test significant at 5%)
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Trends in minimum temperature over India (1971-2009) during (a) kharif and (b) rabi seasons.

Monthly temperature trends in major climate zones (IASRI)
Mann-Kendall trend test along with deterministic linear trend was applied to temperature
and rainfall data during 1901 to 2002 for four climatic zones of India i.e. arid, humid,
semi-arid temperate and semi-arid tropic in order to examine the trends in temperature.
Figure shows the four climatic zones studied.

ZONE 1
ZONE 2
ZONE 3
ZONE 4
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HUMID ZONE
SEMI-ARID TEMPERATE ZONE
SEMI-ARID TROPIC ZONE
ARID ZONE

For Humid Zone (zone-1) temperature for January, February, March, August, October,
November and December showed increasing trend. Analysis revealed that during the
study period, the temperature for January has increased by 0.47°C for February 1.14°C
for March 0.7°C, for August it is 0.12°C, for October it is 0.40°C, for November and
December 1.22°C and 1.19°C respectively. In case of Semi-Arid-Temperate Zone (Zone2) there is a significant increase in temperature for February, November and December.
For February the increase in temperature is 1.23°C, November is 1.38°C and for
December it is 1.23°C. Temperature in September showed a decreasing trend and
temperature is decreasing by 0.45°C. For Semi-Arid Tropic Zone (Zone-3) temperature
for January-April and then from September-December was found to be increasing. For
January there is 0.52°C increase, February 1.17°C, March 0.93°C, April 0.70°C,
September 0.42°C, October 0.68°C, November 1.51°C and December 1.31°C
respectively. Arid Zone (Zone 4) showed an increasing trend in temperature for February,
April, November and December and over the years the increase in temperature in
these months is 1.18°C, 1.27°C, 0.97°C and 0.84°C respectively. For July there is a
0.81°C decrease in temperature.
Assessment of sea water intrusion in coastal Karnataka (TERI)
A study was made to evaluate the extent of salt
water intrusion in the coastal Karnataka. Village
level baseline data for various environmental and
socio-economic indicators was generated by
studying water quality at bench mark sites.
Soil and water samples were collected from 24
benchmark sites along the coast in the month of
January 2012. These 24 locations were
Soil sample collection in coastal region
interspersed at every 10 km interval in the 320
km stretch of the coast. At every location, five samples representing approximately 0
m, 0.5 km, 1 km, 3 km and 5 km were collected from shore towards inland to assess
salt water incursion in land. To study the depth to which salt water has leached into the
soil samples at 10, 50, 100 cm depth were collected. In the entire study, 120 water
samples and 360 soil samples were analyzed.
The concentration of the chloride, sulphate, bromide, fluoride, sodium, potassium,
calcium and magnesium were estimated in ground water, pre and post monsoon to
assess the extent of coastal salinity. It was observed that fluoride concentration in the
region remained below 1 mg/l except in a few locations. Also, fluoride concentration
was noted to be higher in winter period.
Sea waster contains 0.19% bromide. Detection of bromide in ground water around the
coast even in small concentrations indicates sea water intrusion. It is observed from
21

Bromide concentration in ground water along the Karnataka coast

the study that bromide was present in 50% of the locations and very high concentrations
of bromine in the range of 0.50- 1.80 mg/l was observed clearly at Mukka and kumta
indicating that the region has experienced intrusion of sea water from the ocean. The
social impact of such intrusion on drinking water and agriculture are under study
currently.
To better understand the hydro-chemical processes that take place in a region, ionic
deviations (D) in each sample was calculated. When sea water intrudes fresh water
aquifer, an inverse cation exchange occurs and sodium is captured by exchanger (clay),
while Calcium and Magnesium is released. Similar trend was observed in our study.
Sea water content (%) was calculated considering chloride as conservative tracer of
sea water mixing in fresh water; It was observed that sea water content up to 8.887%
was observed in the region confirming intrusion. The social impact of such intrusion
on drinking water and agriculture are under study currently.
Growing season temperatures (Tmin and Tmax) and wheat yields (IARI)
An analysis of the relationship between growing season minimum and maximum
temperatures with the grain yield of wheat is done using past 30 years data for wheat
22

growing regions in India. Areas with current mean seasonal minimum temperatures up
to 10-12oC are projected to lose relatively less yields as compared to areas where
current mean seasonal minimum temperatures are 12oC or more as observed in parts of
eastern IGP, central and south-central India. Projected increase in mean seasonal
minimum temperatures in these regions is ~1.5-2oC in 2020, ~2.5-4oC in 2050 and 46.5oC in 2080 time periods.
Seasonal mean maximum
temperatures in wheat growing
areas in India also vary
significantly from 23-25oC in the
NWIGP to 29-30oC in the EIGP
region affecting yields. The
central and south-central regions
are even warmer at 28-31oC. The
projected increase in mean
seasonal maximum temperatures
varied from 1-1.5oC in the IGP
to ~1.75 oC in central India.
However, the north-eastern
states are projected to have less
warming of up to 1oC in 2020.
In 2050, the projected warming
in the IGP region is ~3-4.5oC for
Influence of growing season minimum and maximum
temperatures (Tmin and Tmax) on wheat yields.
seasonal minimum temperatures
o
and ~1.75-4 C for seasonal
maximum temperatures with relatively higher increase in the NWIGP. Warming of 23.5oC and 3.5-4oC in seasonal maximum and minimum temperatures, respectively, is
projected for central and south-central India. These projected warming beyond the
upper limit of optimal temperatures may be detrimental for wheat cultivation. Increase
in temperature is projected to cause yield reduction at accelerated pace from 2020 to
2080 time periods. Therefore, for wheat cultivation, future temperatures play a major
decisive role for realising higher productivity, particularly in areas that already have
higher seasonal mean maximum temperatures such as in central India. Areas where
mean seasonal maximum/minimum temperatures cross 27/13oC are projected to have
reduced yields of wheat crop in spite of CO2 fertilization benefits as future temperatures
in these regions are projected to go beyond the optimum temperatures for wheat.
Modeling pigeonpea yields under changing climate (ICRISAT)
Pigeonpea is the second most important pulse crop after chickpea in India. In 2010-11,
it was cultivated in about 4.37 M ha (17% of the total area under pulses in the country)
23

and contributed to about 16% to the total pulses production with an average productivity
of 0.66 t ha-1. In Karnataka, Gulbarga area is known as “Pulse Bowl of Karnataka”.
Pigeonpea area in Gulbarga has increased by three-folds from about 0.14 M ha in 1970
to 0.43 M ha in 2007. There has been steady increase in area under pigeonpea since
1995. Average productivity, however, is low at about 0.42 t ha-1. The productivity in
Gulbarga region is affected by large variations in rainfall amount and distribution,
increased temperatures and depleting soil fertility.
Field experiments were conducted in 2011 and 2012 with three popular varieties of
pigeonpea (ICP 8863-Maruti, ICP 87119-Asha and TS-3R) and one Hybrid ICPH 2671
on farmers yields at Farhatabad, Gulbarga district and at ICRISAT, Patancheru (A.P.).
Using the pigeonpea model in APSIM, genetic coefficients for the variety TS-3R are
derived based on observed phenology, crop growth and yield data. Based on daily
weather data of 41 years (1969-2009) of Gulbarga, productivity and water use of
pigeonpea variety TS-3R under eleven climate scenarios are assessed using APSIM.
Effect of projected climate on phenology and productivity of pigeonpea cv. TS-3R
Climate
scenario
Present (P)
P+1°C
P+1°C-10%RF
P+1°C-20%RF
P+1°C+10%RF
P+1°C+20%RF
P+2°C
P+2°C-10%RF
P+2°C-20%RF
P+2°C+10%RF
P+2°C+20%RF

Days to
flower

Days to
maturity

Total biomass
(kg ha-1)

Grain yield
(kg ha-1)

Change in
yield (%)

103
101
99
99
101
101
99
98
98
100
99

157
151
150
150
151
152
148
147
147
149
148

8708
8286
7798
7090
8659
8866
7943
7465
6763
8302
8525

2057
1875
1771
1615
1961
2005
1734
1636
1486
1809
1854

0
-9
-14
-21
-5
-3
-16
-20
-28
-12
-10

Simulations are done with automatic sowing based on rainfall and soil moisture
availability during the sowing window (15 Jun to 20 Aug) and following recommended
crop management practices. Simulations show that increase in temperature by 2 °C
would reduce pigeonpea yields by about 16%. Rainfall decrease of 10% from present
coupled with 2 °C increase in temperature would reduce yields further by 4%, making
the total reduction at 20%. Crop duration was shortened by about 10 days and water
use reduced by 25 mm with increase in temperature. Increased rainfall scenarios have
considerably reduced the adverse effects of higher temperature. Breeding of varieties
tolerant to higher temperature and adoption of better water management practices (both
in-situ and ex-situ) can help sustaining pigeonpea yields in the region under changing
climate.
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4.2 Agro-advisories for Farm Level Resilience
Comparison of AWS data with manual rain gauge data (CRIDA)
Real time collection of weather data and its interpretation in relation to crop growth is
key to generate timely agromet advisories to farmers. To achieve this 100 automatic
weather stations (AWS) have been installed across the country under NICRA project.
Regular weather and crop data are being collected from all these locations. During
2011-12, major focus was on validation of AWS data.
The AWS are recording meteorological parameters, like Maximum & Minimum
Temperature, Relative Humidity, Wind speed & direction, Rainfall, Solar Radiation
and Potential evapo
transpiration at 30 minute
interval. The AWS uses
GSM-GPRS/SMS
Communication system for
wireless Data Transfer.
During 2011-12, more than
80% of the AWS have
performed
well
transmitting data to CRIDA
regularly.
In order to validate the
AWS data, a comparison
was made between AWS
and observed daily rainfall Comparison of NICRA AWS data with Manual data at various locations
data (manual rain gauge) of
different locations. It was found that the AWS data is fully matching with the observed
data with a correlation coefficient ranging between 0.98 to 0.99. This gave confidence
to use, AWS as a major vehicle for real time data collection and aid in formulation of
advisories.
Aiding the local administration during extreme weather events (CRIDA)
Access to real time weather data helps in monitoring the extreme rainfall events and
aid the local administration with timely information. The cyclone Nilam affected the
East coast of the country during the period 31st October to 2nd November 2012. The
AWS stations located in the coastal AP (Pedavegi & Amadalavalasa), Orissa (Ganjam
and Kendrapara) and Tamil Nadu(Namakkal and Tindivanam) have recorded heavy
rainfall between 120-240 mm during this period. The interpolated map of rainfall during
this period was prepared by using NICRA AWS data. Using the map, further efforts
were made to assess the flood affected area using remote sensing technique.
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Assessment of flooded areas during Cyclone
Continuous rains of more than 150mm during 2-3 days following the Neelam Cyclone
during 1st week of November resulted in flooding of large tracts of cropped areas in
coastal districts of AP. The extent of flooded areas were assessed through remote sensing
data using MODIS 500m resolution spectral reflectance data available freely on internet.
Open Water Index
(OWI), which is a
combination
of
GVMI
(Global
Vegetation Moisture
Index) and EVI
(Enhanced Vegetation
Index) is estimated
from spectral data of
NIR, RED, Blue and
SWIR bands on
Use of remote sensing for mapping flood affected area in
MODIS Imagery.
Krishna district, Andhra Pradesh
OWI is converted to
Open Water Likelihood (OWL) which indicates the estimated fraction of water in the
pixel. Extensive flooding could be observed in the mandals of Nagayalanka, Konduru,
Machalipatnam, Karthivennu, Kalidindi, Kaikaluru, Mandavalli and Vijayawada in
Krishna district. Drainage network is derived from ASTTER 30m DEM data.
Piloting village level Agromet Advisories to aid farmers
In order to better target farmers, 25 pilots are being tried under AICRPAM network
where in the NICRA project village, KVK in the district and AICRPAM centre in the
SAU are linked. The advisory in each of these villages are provided based on the real
time filed level information from the village provided by the field information facilitation
(FIF) to the subject expert who in turn generates the advisory and disseminates to the
target village through KVK.
The impact of such pilots have been assessed in Akola and Bangalore districts. Scientists
at Akola Centre provided advisories to selected farmers in yelgaon village during
November to February on controlling disease and pest. viz. basal rot in onion and pod
borer in chickpea triggered due to the high temperature and moisture. In farmers fields,
who followed the advisory, 85-90% recovery in infected onion bulb was achieved in
the seed plots in Yelgaon. Farmers who followed spray recommendation benefitted as
the infestation remained below ETL. Further, early forecast and preventive measures
viz. irrigation and burning of crop residue on field boundaries to create smoke to safe
guard crops from low temperature also were quite helpful.
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Similarly, rose farmers at Patrenahalli village in Bangalore rural district benefitted by
Rs. 2000 to 4500 ha by following the micro level Agroadvisories provided by UAS,
Bangalore on occurrence of rainfall and spray advice. Finger millet farmers avoided
loss of produce by following Agromet advisories and postponing the harvest during
the cyclone period in the same village.
Capacity building on use of weather data (CRIDA)
To strengthen agromet advisory services and make them available to more number of
farmers, human resources development through regular skill enhancement is critical.
Towards this goal, CRIDA conducted two days training on “Preparation of Agromet
Advisory Services and Use of Weather Data” to four separate batches of KVK personnel
from eight zones. The purpose of the program is to enable the KVK staff capable of
analyzing the historical weather data, using current weather outputs from AWS and in
formulation and dissemination of agro-advisories in their districts. A total of 78 Subject
Matter Specialists and 56 Senior Research Fellows from 86 KVKs and 2 Research
centres across the country participated in four training programs during September 14
to 25. Field visit to Hayathnagar Research Farm (HRF) to expose the trainees to working
principles of various instruments in the AWS and provide hands on training on
downloading weather data was included as part of the programme.
Awareness programs to farmers
Farmers awareness programs (163) have been conducted under NICRA at various
locations during 2012-13 on the climate change and agriculture. A total 6555 farmers
participated out of which 5641 ere men and 1094 were women farmers. As a feed
back, 95% of the farmers believed that rainfall is important weather parameter in
agricultural production. The importance of other parameters as expressed by farmers
were temperature-54%, sunshine hours-33%, wind speed- 15% and relative humidity
-29%.
Monitoring real time weather through TOPS (Niruthi Climate Services)
Terrestrial Observation and Prediction System (TOPS) is a unique data and modeling
software system designed by NASA to seamlessly integrate data from satellite, aircraft,
and ground sensors with weather/climate models and application models to
expeditiously produce operational nowcasts and forecasts of ecological conditions.
TOPS provides reliable data on current and predicted ecosystem conditions through
automation of the data retrieval, pre-processing, integration, and modeling steps,
allowing TOPS data products to be used in an operational setting for a range of
applications.
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An attempt was made to use TOPS tool
to generate real time climate information
at desired spatial resolution to aid in
agricultural planning and decision
making.
The study was carried out in two pilot
districts viz. East Godavari and Prakasam
in Andhra Pradesh. All available data
from IMD, CRIDA and Govt. of AP’s
1200 AWS stations from APSDMSwas
collected to ingest Mandal level climate
data into TOPS system in order to provide
near-real time high-resolution climate
information over the states of AP.

Severe rainfall event of Feb 16th, 2013 as reproduced
by the TOPS system from observed data

The data has then been used to create a TOPS platform focused on two pilot districts
with a Block level resolution. Due to the high density of observed data available, the
TOPS system is able to capture variations of climate variables like temperature and
rainfall at finer resolutions that enables provision of localized weather information. It
is planned to field test this product during 2013 kharif season.
Estimation of weather indices for various crops (CRIDA)
Weather indices in wheat and groundnut were formulated by analysing long term data
of yield and weather conditions, These indices are important for designing appropriate
weather insurance policies for farmers.
Wheat: At Kanpur of maximum temperature 25.6 to 27.5°C and of minimum
temperature 9.9 to 11.3°C (across three varieties viz., HD-2285, K-9107 and K-8804)
during milk stage were identified as triggers. At Faizabad, maximum temperature about
32°C and minimum temperature of 14°C during dough stage were worked out to be
optimum limits for yield. At Anand, maximum temperature of the range 26.9 to 28.1°C
and minimum temperature of 9.9 to 11°C during milk stage were found to be optimum
limits. At Ranichauri, maximum temperature 13.8 to 16.3°C, minimum temperature of
2.9 to 5.3°C and rainfall of 163 mm during jointing to anthesis were found to be optimum
weather conditions for UP-1109. For the variety RR-21 Maximum temperature of 12.8
to 17.6°C, minimum temperature 2.8 to 6.5°C during jointing to anthesis and rainfall
99 mm during anthesis were found to be optimum. At Raipur, 29.7 to 31.7°C of
maximum temperature and 15.1 to 15.8 °C of minimum temperature during milk stage
were found to be optimum across two varieties of wheat (GW 273 and Kanchan). At
Ludhiana, maximum temperature in the range of 20 to 31.3°C and minimum temperature
in the range of 6.4 to 15.4°C during booting to maturity stages were found optimum
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thermal conditions. At Udaipur, maximum and minimum temperatures of 28.4 and
10.8°C during dough stage and at Ranchi maximum temperatures in the range of 25.1
to 27.2°C and minimum temperatures in the range of 8.7 to 9.8°C during milk stage
were found to be optimum thermal conditions for obtaining above normal yield. These
thresholds serve as triggers and temperature above these limits cause yield reduction
at the respective centres.
Thresholds temperature at critical stages for obtaining optimum wheat yield at
different locations
Centre
Kanpur
Faizabad
Anand
Ranichauri
Raipur
Ludhiana
Udaipur
Ranchi

Maximum
temperature (°C)

Minimum
temperature (°C)

Stage

25.6 - 27.5
32.0
26.9 - 28.1
13.8 - 16.3
29.7 - 31.7
20.0 - 31.3
28.4
25.1 - 27.2

9.9 - 11.3
14.0
9.9 - 11.0
2.9 - 5.3
15.1 - 15.8
6.4 - 15.4
10.8
8.7 - 9.8

Milk
Dough
Milk
Jointing to Anthesis
Milk
Booting to Maturity
Dough
Milk

Groundnut : At Anantapur, in TMV-2 and Robut 33-1 varieties of groundnut, higher
rainfall during pod initiation to maturity was found to be responsible for achieving
higher pod yield and rainfall lesser than 191 mm and 224 mm resulted in lesser yield in
TMV-2 and Robut 33-1, respectively. In TMV-2 and Robut 33-1, water requirement
satisfaction index (WRSI) of 81.5 and 73.1 percent, respectively were found optimum
for obtaining higher pod yield. In both varieties, dry spell of more than 20 days duration
reduced pod yield by
more than 50%. Rainfall
index for rainfed
groundnut at Anantapur
was formulated by
multiplying correlation
coefficients
at
germination and pod
initiation to maturity
stages with threshold
rainfall in respective
stages. The index
Relation between yield and weighted sum of rainfall during sowing to
emergence of seedling and pod initiation to maturity stages of
explained 72 percentage
groundnut in Anantapur district
of yield.
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Change in monsoon rainfall in North Eastern Region
In general, the average amount of monsoon rainfall has decreased from 900-3000
mm (1951-90) to 850-2350 mm (1991-07), indicating an average reduction of 18%
rainfall in the recent period. The study indicates significant (P<0.01) decrease of amount
of rainfall in Ukhrul and Senapati districts of Manipur and Phek, Zunheboto and Wokha
districts of Nagaland.
Similarly, the range of rainy days got reduced from 65-91 days (1951-90) to 57-85
days (1991-2007) indicating an average reduction of 9% rainy days over the region.
The reduction is significant (P<0.01) for all the districts of Nagaland; upper Assam
districts of Tinsukia, Dibrugarh; and Tirap, Changlang, Lower Dibang valley districts
of Arunachal Pradesh.

The traditionally wet north eastern region has shown a tendency of moving towards a
drier monsoon regime in recent period as evidenced through standardized precipitation
index. More locations in the region moved to the negative side of SPI indicating water
stress of varying degrees during kharif season.
Preliminary crop modeling study suggests increase in upland rice productivity at Umiam,
Meghalaya and Lamphalpet, Manipur by 6-7 and 3-4.5%, respectively if maximum
temperature rose by 2 0C and level of CO2 concentration increased to 450 ppm. For the
purpose, two locally developed and commonly cultivated high yielding rice cultivars
viz. Bhalum-1 (145-150 days duration) and RCPL 1-142 (115-120 days duration) were
used after calibration. Both the cultivars have potential to produce over 4 t h-1 a of
grain yield.
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4.3 Resilience through Crop Improvement and Adaptation
Development of crops and varieties adapted to climatic stresses is an important activity
under NICRA. To address this objective, major food and horticultural crops are being
evaluated for tolerance to abiotic stresses (drought, heat, flooding, salinity). Work on
genetic enhancement was initiated in a multi-institutional and multi-disciplinary network
mode during the year. Wheat, rice, maize, pigeonpea, mango and tomato are being
focussed initially by the partner institutes.
Phenotyping for drought and heat stress tolerance in wheat (IARI)
Phenotyping of core set of wheat: A set of 145 lines was evaluated at two locations
(IARI, New Delhi and Pune) and phenotyping was carried out for a number of traits.
Data on germination, days to heading (DH), yield, thousand kernel weight (TKW),
days to maturity (DM), canopy temperature depression (CTD), chlorophyll content,
relative water content, flag leaf area, NDVI, SPAD and yield was recorded. Significant
correlations were observed between DH and DM, yield and DH (negative), TKW with
DH, DM and yield, CT with DM and yield (negative) and CTD with DH and yield and
negative correlation with CT.
Parental polymorphism studies in wheat: Twenty three genotypes were selected for
parental polymorphism studies based on their differential response to drought and heat
under glass house and field conditions. DNA was isolated from these genotypes
following standard protocols. The genotypes were screened with wheat microsatellite
primers - cfd, cfa, cfb, barc, gwm, gdm and wmc series. Microsatellite markers had
already been mapped and information was obtained from www.pw.usda.org. Markers
covering a minimum of 10cM distance and distributed over different arms of all the 21
chromosomes had been included. A total of 450 microsatellite markers had been used
and approximately two hundred polymorphic markers were observed among them.
These polymorphic markers will be screened on the mapping populations to identify
progenies which are drought and heat tolerant. These would also be used for recovery
of background genome in backcross populations.

Lane 1-24 various genotypes of wheat
SSR profile of marker Xgwm162 in 24 genotypes of wheat

31

Marker validation and development of backcross populations: Data on all the
identified QTLs in wheat was collected and more than 200 microsatellite markers
were selected associated with physiological, phenological and agronomic traits. These
microsatellite markers are being screened on the parents of the backcross generations
for introgression of the QTLs. The identification of polymorphic markers is in progress.
Five physiological traits are targeted covering 17 chromosomes for identification of
known QTLs in Indian backgrounds. These include canopy temperature with known
QTLs on 15 Chromosomes (1A, 1B, 2A, 2B, 3A, 3B, 4A,4B, 5A, 5B, 6A, 6B, 6D,
7A,7B), NDVI on 3 chrs (2A, 2B and 4A), chlorophyll content on15 chrs (1A,1B,1D,
2A, 2B, 3A, 3B, 4B, 5A, 5B, 6A, 6B, 6D, 7A and 7B), WSC on 17 chrs (1A,1B,1D,
2A, 2B, 2D, 3A, 3B, 4A, 4B, 4D, 5A, 5B, 6B, 6D, 7A and 7B), stay-green on 3chrs
(1A,3B and 7D). Apart from this, QTLs for yield traits on chromosomes 2B, 3B, 4A,
4B 5A, 6A, and 6B under moisture stress and heat stress conditions were also targeted.
Around sixty QTLs linked to the physiological and yield traits covering 17 chromosomes
were targeted for validation in Indian parents and then their introgression through
marker assisted backcross breeding. They have been genotypically screened and their
phenotypic correlation is being carried out. Ten SSR markers linked to QTLs for
moisture stress traits were able to differentiate the contrasting parents. The elite Indian
parents are HD 2733 and GW 322 from the North Western Plains Zone and Central
and North Eastern Plains Zones, representing more than 10 million hectares of the
total 29 million hectares sown to wheat in India. F1s were backcrossed with Indian
parents to develop BC1F1 generations. Backcrosses have been attempted with Indian
as well international donor parents to introgress traits related to moisture and heat
stress in the recurrent parents. Among these sixteen backcrosses and 25 new crosses,
few crosses will be advanced further depending upon the population size and availability
of markers in foreground selection.
Development of Core and Reference Sets for terminal heat tolerance in wheat
(NBPGR)
Based on the characterization of a complete set of 21,800 accessions during rabi 201112, a core set has been developed in wheat. The core set included 2760 accessions
representing the total diversity in the entire set of wheat germplasm.

Evaluation of wheat germplasm for terminal heat tolerance
at NBPGR Issapur Farm during 2012-13
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A set of 3200 wheat accessions, identified to be tolerant to terminal heat stress based
on canopy temperature depression, leaf waxiness, days to maturity, grain yield per
plant and 1000 seed weight were selected from 21660 accessions grown at NBPGR,
Issapur Farm during rabi 2011-12. These selected accessions are being evaluated in
large 5 row plots for morpho-physiological evaluation during rabi 2012-13 at NBPGR
Issapur Farm under two sowing dates.
From the rejuvenated wheat seeds of the 2011-12 rabi season, 1,125 accessions from
RS Wellington and 11,672 from CCSHAU, Hisar were conserved in the long term
storage (LTS) in the National Gene Bank after testing and processing as per Genebank
Standards.
Development of thermo tolerant transgenic wheat (NRCPB)
Standardization of transformation protocol in wheat: Agrobacterium mediated
genetic transformation in Indian elite wheat cultivars (Tritucum aestivuvm cv. HD 2967,
HD2984, HD 2932, HD2987, DBW14, DBW17, DBW38, DBW39, PBW343) was
carried out. Agrobacterium tumefaciens strain EHA105 harboring binary vector
pGreen0229- EPSPS was used for tissue culture (explants: mature embryo and immature
embryo) and in planta transformation (direct infection and floral dip method).
In planta transformation approach: Seeds of elite cultivars of wheat (DBW14,
DBW17, DBW38, DBW39, HD2894, HD2932, HD2967 and HD2987) are being
routinely transformed by pinching and infecting through A. tumefaciens at the shoot
tip of two days old seedlings. The T0 plants were allowed to grow till maturity; collected
T1 seeds were germinated and screened using 1% glyphosate at one month old stage.

In planta transformation of wheat cv. HD 2897. (a) one month old seedlings before screening;
(b) seedlings after spraying 1% Glyphosate; (c) survived plants after screening transferred into new pots
and (d) PCR confirmation for stable integration of EPSPS gene in different transgenic line of HD2894
after T3 generation
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The putative transformants which survived after herbicide spray were confirmed for
integration of gene by PCR using EPSPS gene specific primers. Selected transformants
of HD2894 and HD 2967 are at T3 seed stage while transformants of HD2987 and
DBW 38 are at T2 seed stage. The PCR confirmed plants are being grown for molecular
analysis of stable transgene integration and expression. In floral dip method, a total no
of 660 florets of different cultivars were infected by dipping in solution of Agrobacterium
tumefaciens harbouring gene construct. A total number of 4096 T1 seeds (1798, 1000
and 1298 seeds from HD2967, HD2894 and DBW17, respectively) were collected
from different sets of experiments; of which one month old stage from 2610 seeds
were screened using 1% glyphosate. Ten putative transformant plants were obtained
(six of HD2967 and four of DBW17) and are growing in phytotron.
Proteome analysis in wheat under elevated CO2 (JHU)
Proteome analysis of low-N tolerant and low-N sensitive wheat, grown under ambient
and elevated CO2 alone and in combination with nitrogen nutrition, may allow us to
identify genes and processes regulated by interactions between carbon and nitrogen
signaling. In this context, leaf and root proteomes were analysed in 2 cultivars of
wheat under short (30 days in controlled environment) and long-term (complete life
cycle in OTC) experiments, in which combinations of low and optimum N, ambient
and elevated CO2, ambient and high temperature conditions were imposed. Proteome
analysis of VL616 and UP2382 wheat varieties revealed that the proteins involved in
the energy production/regulation and metabolism are differentially expressed under
N, elevated CO2 and high temperature treatments.
Phenotyping for high temperature tolerance in rice (IARI)
Phenotyping in rice: A set of 320 germplasm
lines were raised in augmented block design
with four checks namely, N22, Crossa, IR64
and Pusa 44, one set each under irrigated and
drought for screening for response to drought
stress under field conditions. Data was
recorded on days to 50% flowering, leaf
drying and leaf rolling at different stages of
crop growth with monitoring of moisture
stress using tensiometer. Data on yield and
Phenotyping of rice lines for high
yield component are being recorded to study
temperature stress tolerance
the effect of drought stress. In order to
generate mapping populations, crosses have been made between drought tolerant and
susceptible genotypes. The work is in progress.
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Transcriptome analysis of high temperature stress response in rice genotypes:
Molecular mechanism of thermo-tolerance was analysed in two contrasting rice
genotypes (Nerica L-44, tolerant and PS-5, sensitive). Rice plants were raised in the
field under normal environment and exposed to acclimation temperature (~38 °C) for
a period of 5 days at anthesis stage. After the heat treatment, the panicles were sampled
and microarray profiling was carried out employing 4X44K rice whole genome array
AMADID: 15241 (Agilent technologies). Out of the vast number of genes analysed,
6730 genes were up regulated (>2 folds) in Nerica L-44 compared to 1763 genes in
sensitive genotype (PS-5), on the other hand 11869 genes were down regulated (>2
folds) in PS-5 and 5371 in Nerica L-44 in response to high temperature stress. Several
metabolic pathways were deduced by pathway analysis and two pathways, in which
=5 genes showing up regulation by >2 fold, were identified as alpha linolenic acid
metabolism and arginine proline metabolism.
Evaluation of key rice germplasm for tolerance to submergence, drought and
salinity (CRRI)
Identification of rice cultivars tolerant to submergence, drought, salinity: The genotypes
tolerant to different abiotic stresses are listed in table:
Abiotic stresses

Genotypes

Anaerobic germination

AC 34245, AC 34280, AC 393, JRS 196,
JRS 20, JRS 21, AC 40346, AC 41620 (A),
AC 39416, and AC 39460

Complete submergence for three weeks

AC1303B

Vegetative stage drought tolerance

AC 42297, AC 42994, AC 43020,
Ranga Bora and CR 143-2-2

Reproductive stage drought tolerance

AC43030, AC43013 and Kokua

Stagnant flooding with salinity

AC39416, Ravana, Kamini, and
Rashpanjor

Complete submergence and stagnant
flooding with salinity

Kalaputia

Anaerobic germination and seedling stage
salinity tolerance

AC39416, Ravana, Langalmutha, and
Rashpanjor

Evaluation of a mapping population for salt-tolerance at flowering stage in rice:
F1 plants from a cross between susceptible recurrent parent IR 64 and tolerant donor
Pokkali (AC 41585) were backcrossed to recurrent parent for three generation which
was followed by selfing and single seed descent method to generate 200 BC3F3 lines.
190 BC3F3:4 introgression lines and their parents were taken for this study. Standard
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procedure was followed to impose salinity treatment at reproductive stage. Agromorphological parameters were recorded from each plant from control and salinity
treated plants. Continuous distribution in most of the agro-morpho traits related to
yield under stress and non-stress conditions indicated the involvement of quantitative
trait loci in salinity tolerance at reproductive stages.
Field screening of rice germplasm for heat tolerance and N-use efficiency (DRR)
A total of 193 accessions belonging to the IRHTN 2009, 2010, 2011, HT lines CPAU
and NERICA were screened under two different sets of sowing dates and grouped
them into 5 categories in which 53 accessions were found to have 90% fertility under
high temperature situation.
Two hundred thirty one single plant selections from F3 of 16 cross combinations entered
in to F4 generation where in 582 single plant selections were multiplied. Two hundred
& seventy wild rice accessions belonging to 12 species are maintained under the newly
established wild rice garden. The rate of photosynthesis was measured and wild rice
accessions O. nivara (ACC. No. CR 100097), O. rufipogon (ACC. No. IR 80774), O.
rufipogon (ACC.No. CR 100267) and O. nivara (ACC.No. CR 100008) identified as
donors for improving leaf photosynthesis and are recommended for developing breeding
lines. Incidentally, Oryza nivara (CR 100008) of Indian origin was identified as less
respiring as to reach a plateau (0.013 µmol O2 dm-2) based on the time (837 sec) with
lesser but stable photosynthesis rate (0.6445 ± 0.13 µmol O2 ) perhaps due to greater
stomatal number (86).
Diversity studies on 76 lines, 20 restorers and 4 CMS (APMS6A,IR58025A, IR79156A
and IR68897A) for 13 morpho-physiological traits assessed and short listed for
hybridization. Line x Tester hybridization using 20 selected restorer lines with 4 CMS
lines resulted in F1 hybrids are being evaluated for their heterotic behaviour during
kharif 2013. 170 IRHTN lines were evaluated for fertility restoring genes (Rf3 and
Rf4) using SSR markers (RM10315 (Rf3) and RM6100 (Rf4). About 8 IRHTN lines
were showed presence of Rf3 gene and 68 lines showed presence of Rf4 gene. Only 3
lines showed both Rf3 and Rf4 genes. Donor lines identified and selected (both restorers
and maintainers) such as Azucena, Bala, Vandana were used to generate 15 F1 crosses.
These were advanced to F2 based on the heat stress related reproductive traits like
spikelet fertility, pollen fertility and yield related components.
QTL mapping in Madhukar x Swarna F8 RIL mapping population: Phenotyping
was done in 165 Madhukar x Swarna F8 RILs grown in field based on 26 traits which
includes heat stress related traits. 8 QTLs for 6 traits (relative water content, leaf rolling
time, pollen sterility, leaf temperature, tiller number, SPAD) on 6 linkage groups were
identified which explained 6-24% phenotypic variance.
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Evaluation of heat tolerance in selected high yielding wild introgression lines:
Selected introgression lines of KMR3 x O. rufipogon and Swarna x O. nivara were
tested for heat tolerance. KMR3 x O. rufipogon ILs S-103, S-198, S-50, S-40 and
Swarna x O. nivara IL 65S found to heat stress tolerant compared to N22.
Transcript real time expression
studies during heat stress
showed differential tissue
specific expression in root and
shoot in N22 and Vandana using
fourteen genes. In N22
maximum transcripts showed
differential expression in
tissues while in Vandana it was
mostly up regulated in both the
tissues (shoot and root).

Grain filling in tolerant and susceptible introgressed lines

Screening germplasm for NUE: To identify genotypes for nitrogen use efficiency,
800 germplasm comprising varieties, landraces and hybrid rice parental lines were
screened under low and recommended nitrogen dose in DRR farm for two consecutive
seasons (Kharif and Rabi). Germplasm was characterized based on 4 morphological, 7
physiological, and 16 yield parameters. Wide genetic variability for several parameters
associated with NUE under low nitrogen was observed. A set of promising genotypes
with nitrogen use efficiency during kharif and a separate set of genotypes during rabi
were identified, and validated for developing genotypes efficient for N use.
Development of segregating material for NUE: Using the identified NUE genotypes,
30 cross combinations have been developed to generate F1s and BC1F1s with nine
donors and seven recipients for identification of QTL and introgression of genomics
regions for NUE into popular varieties.
Identification of genomic regions associated with NUE: Using association mapping
strategy, 600 out of 800 characterized germplasm have been analyzed with 90
microsatellite markers covering all the 12 chromosomes. Five genomic regions found
to be associated with four parameters associated with nitrogen metabolism.
Identification of genes for NUE: Using information from the reported cloned genes
for yield components in rice and genes associated with grain filling (translocation
process) 108 primers covering 20 genes were designed. Using 21 polymorphic primers,
selective genotyping was done between the 8 groups depending on the grain filling
percentage of the panicle and three genes specific primers showed association.
Polymorphisms associated with WFP gene encoding OsSPL-14 (SQUAMOSA
PROMOTER BINDING PROTEIN LIKE) indicated association with higher yield per
se.
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On the whole, five consistently heat tolerant and high nitrogen use efficiency (NUE)
lines of rice were identified as donors. Registration of these lines is under process.
Variety
SOMALY2-023-3-5-1-2-1
IR55178
GQ-25
SG26-120
IR82310-B-B-67-2

Harvest Index %
N100
30.05
42.11
41.57
38.83
42.19

N-0
33.87
42.47
35.66
47.84
30.62

Heat tolerant and high nitrogen use efficiency (NUE) lines

Identification of temperature and submergence tolerant rice genotypes for NEH
ecosystem (ICAR-NEH)
Out of 600 rice genotypes tested for heat tolerance RCPL 1-136 and RCPL 1-132
were found most tolerant against high temperature (72% spikelet fertility on recovery).
In Manipur rice cultivar RCM-9 recorded high submergence tolerance for 15 days at
panicle bearing stage. Rice cultivars RCPL 1-28, Bhalum 3, Berain 2, Full Badam
and Kataktara exhibited high level of tolerance against water stress condition at Tripura.
Rice germplasm from north-eastern region (83 Jhum lines and 259 upland lines) were
screened for drought tolerance under managed stress screening following IRRI protocol.
Based on grain yield and other traits, the promising drought tolerant genotypes RCPL
1-128, Bhalum 3, Berain 2, Full Badam and Kataktara were identified in Tripura.
Augmentation of germplasm from exotic sources and targeted ecological habitats
(NBPGR)
Two explorations were undertaken for collection of rice germplasm from heat, drought,
submergence and salinity stress prone areas. A total of 43 accessions for cold tolerance
were collected from Arunachal Pradesh (Lohit, Lower Debang dists.) and 59 accessions
for drought tolerance from Odisha (Sonipur, Bolangir, Kalahandi, Nuapara and Phulbani
districts). Thirty four accessions of wild rice (O. rufipogon and O. nivara) were collected
from Jharkhand (Lohardaga, Latehar, Palamau, and Garba districts)
Developing pyramid genotypes for drought, blast and bacterial leaf blight (BLB)
resistance in rice (UAS)
Different combinations of 300 pyramids of F2 and F3 with 7 genes for root QTLs, blast
disease, bacterial leaf blight, water use efficiency and osmotic adjustment were
pyramided using marker assisted selection and evaluated in green house and field for
stress and no stress and in hotspots for diseases. SSR markers linked to the traits
confirmed the presence of the genes and QTLs. About 40 genotypes were found resistant.
Segregating pyramids with both homozygous and heterozygous lines were grown in
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aerobic conditions with 450 mm of water, and under stress by withholding water for
18-20 days. Superior genotypes for root characters and grain yield under stress among
the pyramids were identified. There was both additive and epistasis gene interaction
among the pyramids. Water use efficiency and root and osmotic adjustment containing
QTL plant showed more tolerance and performed superior based on single plant
selections and root morphological traits in the background of IR64 genotype which
indicated that these are important traits for drought tolerance.
Microarray identification of N responsive genes in rice (GGS IPU)
AGILENT whole-genome rice microarrays (44K) were used to analyze the genomewide response to nitrate treatment (90 min) in excised green leaves and etiolated leaves,
to segregate the effects of light and nitrate signals in 10 day old rice plants. In the
nitrate transcriptomic study on rice in the presence of light, 185 genes were involved
in stress out of which 122 genes were up regulated and 63 genes were down regulated.
In the etiolation specific nitrate responsive dataset, 143 genes from the up regulated
gene category were involved in biosynthesis whereas 75 genes from the down regulated
gene list had a role in cell division.
Transcripts of cytoplasmic origin were differentially regulated across all genome wide
microarray experiments of the current study. Interestingly, most of the transcripts which
were up regulated were found in the cytoplasm. About 44 genes from the light dependent
nitrate differentially down regulated data set were found in the mitochondria whereas
32 genes from the etiolation specific nitrate differentially down regulated experiment
were found in plasma membrane. Thus, the whole genome transcriptomic analysis
showed that nitrate response spans a wide range of metabolic pathways, stress response,
hormonal response across all developmental stages.
Evaluation of maize genotypes for drought and heat tolerance (CRIDA)
Phenotyping of maize for tolerance to climatic stresses: At CRIDA, a set of 94
genotypes received from NBPGR, DMR and CYMMIT was assembled and used for
field phenotyping for drought tolerance during kharif 2012. Among these, 35 promising
genotypes based on yield and drought tolerance were subsequently evaluated in rabi
2012-13 as well. Genotypes were evaluated based on 31 morpho-physiological traits
and inter-relationship between the traits related to drought tolerance with grain yield
were assessed under water deficit stress. In both the seasons, a significant decline in
relative water content, leaf water potential, solute potential, membrane stability index,
stomatal conductance, transpiration, SPAD chlorophyll and an increase in proline
accumulation and total soluble sugars content, malondialdehyde content, leaf
temperature and canopy temperature were recorded during stress period. Genotypes
R2HK1-766(0), RJR-363, R1HK1-164-7-4, Z59-17, Z40-183, Z49-65, NSJ-366, RJR385 NSJ-245, Z101-15, RJR208 maintained turgor and exhibited osmotic adjustment.
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A simple high-throughput
method to determine
whole plant transpiration
efficiency in crop plants
was
developed.
Considerable genetic
variation between water
transpired
and
transpiration efficiency
Field phenotyping of maize genotypes for drought tolerance
was observed in 100
maize genotypes tested. Higher transpiration efficiency was found to be associated
with higher biomass production in maize.
Early ground cover was assessed using non-destructive phenotyping techniques
standardized in the previous season which revealed a positive association with yield
along with other traits such as relative water content and transpiration.

Early ground coverage in maize genotypes
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Twenty crosses involving 5 tolerant [R1HKI-164D4, R2HKI-766(0), R1HKI-L-287,
SNJ-2011-26 and RJR-363] and 4 susceptible genotypes [R1HKI-161, Z60-87, Z4019 and Z93-194] were carried out with an aim to eventually identify QTLs for drought
tolerance.
Two hundred SSR markers from NEARBY BINs associated to drought linked BINs
have been selected from different bin location of 10 entire maize chromosomes to
identify polymorphic markers. Out of 200 markers, 113 have been validated among 35
maize genotypes to get genotype specific amplification/primers. Out of 113 markers
validated, 71 are polymorphic with two to six alleles per locus. Markers dupSSR21
and pumc1596 produced heterozygous type bands in genotypes SNJ-2011-26, Z3287, Z40-183, RJR-198 and
SNJ2011-26. Markers nc132
and pumc1185 produced
unique band for genotypes
R2HK1-766 (0), HK1-164-D4,
RaHK1-L-287 and R1LM6,
making it useful for QTL
mapping and marker assisted
introgression studies in these
Polymorphic banding pattern of 35 maize genotypes with
genotypes.
drought tolerance associated SSR marker – bnlg1016
Thirty two maize genotypes were sown in field on 30th January and 28th February
during 2012, so as to coincide heat stress period with tasseling, anthesis, silking and
grain filling stages. Various phenophases for the crop sown on II date of sowing were
hastened mainly because of prevalence of relatively high temperatures during crop
growth period. Temperature tolerant genotypes possessed low ASI values while the
susceptible ones had higher ASI values. The contents of ascorbate and malondialdehyde
(MDA), phenols, free amino acids declined while glucose, fructose and starch increased
in the high temperature susceptible group as compared to the tolerant genotypes.
Activities of superoxide dismutase, peroxidase and catalase were relatively lower while
important sucrose metabolizing enzyme sucrose phosphate synthase was higher in the
susceptible group. It was observed that traits like anthesis to silking interval (ASI),
Cellular Membrane Stability Index (CMSI), canopy temperature, chlorophyll content
and chlorophyll fluoresence were observed to be very vital for the selection of heat
tolerance in maize.
Three maize genotypes DHM-117 (Hybrid), Varun (Synthetic) and Harsha (Composite)
were assessed for their response to ambient (380 ppm) and elevated (550 ppm) CO2
levels in Open Top Chambers with regard to phenology, biomass accumulation, seed
yield and HI. The phenology was early by 1.5 to 2 days under elevated CO2 in all the
three maize genotypes; however the ASI was not influenced by elevated CO2 in DHM41

117 and Varun, whereas it was reduced by two days in Harsha. Biomass, seed yield
and HI were all improved in all the 3 genotypes, although the response in harvest
index was more in enhanced in Harsha.
Enhancing thermo-tolerance in maize through rhizosphere microbes: A total of
27 thermotolerant rhizobacterial were characterized in vitro for plant growth promoting
traits under ambient (28oC) and at high temperature (50oC). All isolates could produce
IAA, 16 could solubilize inorganic Phosphate, 12 could produce siderophores, one
isolate could solubilize ZnCO3 and 8 isolates could antagonism against phytopathogenic
fungi. Notably, the expression of PGP traits reduced significantly under high
temperature. Further accumulation of proline, sugars, biofilm formation and
exopolysaccarides production by the isolates increased significantly under high
temperature. Four efficient strains, NICT8, NICT16, NICT17 and NICT23 have been
selected based on two stage screening for growth promotion of maize under high
temperature.
Identification of drought and heat tolerant maize for NEH ecosystem (ICARNEH)
Preliminary screening of 132 maize genotypes for heat tolerance led to identification
of sixteen tolerant genotypes. Further investigation was done for pollen grain viability
of these 16 genotypes. The pollens were exposed to selected temperatures of 25 (control),
35, 38, 40 and 42oC under moist (100% humidity) as well as dry conditions (40-50%
humidity). On the whole, 3 genotypes (RCMGP- 63, RCMGP-105 and RCMGP47) were found with high pollen viability and germination even at 42oC, under both
dry and wet conditions.
Field evaluation of pigeonpea, blackgram and greengram for tolerance to
temperature and drought stresses (IIPR)
IIPR, Kanpur conducted field studies on pigeonpea, blackgram and greengram
germplasm for tolerance to high temperature and drought at different locations,
Ludhiana, Kanpur, Khargaone, Badnapur and Gulbarga. Screening of germplasm was
also carried out for frost and water-logging tolerance in pigeonpea.
Field phenotyping of pigeonpea: Fifty pigeonpea genotypes (drought tolerant and
susceptible checks) were
selected from a set of
early, medium and long
duration
genotypes
including
mini-core
collection from ICRISAT
and evaluated at PAU,
Ludhiana, IIPR, Kanpur,
Field phenotyping of pigeonpea for drought tolerance at Gulbarga
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RARS, Khargone, ARS, Badnapur and ARS, Gulbarga. Ten morpho-phenological traits
viz. days to flower initiation, days to 50% flowering, plant height, physiological maturity,
pod bearing length, number of pods per plant, pod length, number of seeds per pod,
100-seed weight and seed yield per plant were used for evaluation. The lines, namely
BDN 2008-1, Bennur Local, ICP1156, BDN-2008-12, TJT501, GRG2009, ICP995,
ICP4575 and ICP14832 appeared to be superior at pod filling stage at Gulbarga under
rainfed condition likewise, ICP1126, JKM7, JKM189 and ICP4575 appeared better in
rainfed situation at Badnapur.
Screening for frost tolerance in pigeonpea: IPAC76, IPAC77, IPAC78, IPAC80,
IPAC85, IPAC114, IPAC127, IPAC245 CP246, Amar IPA16F showed less flower and
pod drop in peak winter as compared to other long duration pigeonpea. Five germplasm
lines exhibited relatively lower damage to frost in low-lying areas. The wilting,
dehydration of leaves and defoliation are the characteristics symptoms of frost injury
with severe on upper part.
In many entries the
terminal foliage became
dead. ICPL7035 was most
severely affected and
exhibited least survival
rate. The recovery from
frost damage will be
based upon number of
pods per plant, pod length,
Frost damage and recovery in pigeonpea genotypes
number of seeds per pod,
100-seed weight and seed yield per plant as compared to normal grown plants Visual
observations on flowering and pod development indicated that IPAC234 and IPAC114
have better recovery.
Water-logging tolerance in pigeonpea: Five pigeonpea lines, namely NA1, IPAC
79, IPAC 42, IPAC 76, LRG30 showed relative tolerance against water-logging in the
initial growth stage as compared to sensitive genotype ICPL7035 based on observations,
viz. days to flower initiation, days to 50% flowering, plant height, physiological maturity,

Water-logging treatment (L) ; ICPL7035 with highest mortality(M); IPAC79 with least mortality(R)
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number of pods per plant, pod length, number of seeds per pod, 100-seed weight and
seed yield per plant, chlorophyll content, dissolved oxygen and root capacitance. Highest
mortality was observed in ICPL7035, whereas IPAC79 survived the most. Plant height
was also reduced. Visual observations on flowering, plant height and pod development
indicated that IPAC79 has better recovery than other genotypes.
Prospecting genes for tolerance to climatic stresses (NRCPB)
At NRCPB, efforts to identify themotolerant genes in wheat were focussed on Raj
3765, WR544 and C306. Subtractive cDNA libraries for high temperature stress were
also prepared from finger millet cultivar MR1.
Wheat: Heat responsive
(37°C and 42°C for
different time intervals)
subtractive
cDNA
libraries at different stages
of development from
different wheat cultivars
i.e. Raj 3765 (seedling,
tillering, stem elongation
and anthesis stage),
WR544 (seedling, post
anthesis) and C306 (post
anthesis stage) were
generated. The positive
clones obtained were
further checked on the
Expression analysis of GPX, APX, Cpn 60 & HSP-20 in wheat
basis of Reverse Northern
analysis, clones having good intensified spots were sent for sequencing. Large number
of ESTs, contings and singletons were generated based on the bioinformatics analysis
of the sequencing results. Initially, 10 genes were picked up for real time analysis
which have shown very good differential
expression and four candidate genes (GPX:
Glutathione peroxidase, pAPX: peroxisomal
Ascorbate peroxidase, CPN 60: Chaperonin
protein, HSP 20: Heat shock protein) were
picked up for further molecular studies. Full
length CDS of APX and CPN 60 obtained after
RACE were cloned in pET-expression vector.
Peptide mass fingerprinting confirmed
Restriction digestion of pAPX gene after
recombinant protein expression of wheat pAPX
Cloning in pET 29A
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gene in E.coli. Further molecular analysis with respect to thermo-tolerance is in progress.
Full length sequences of two genes and EST sequences of four SSH libraries (Raj3765) were submitted to NCBI database.
Finger millet: Subtractive cDNA libraries (Four) were prepared from ten-days-old
seedlings of finger millet cultivar MR1 subjected to early heat stress (15, 30, 45 and 60
min) and late heat stress (2, 4, 8 and 24 h) at 42 oC and sequenced with 454
pyrosequencing. Based on annotation of sequencing data, qPCR studies were carried
out for differential expression under heat stress of identified twenty four genes. RACEPCR was done to get complete CDS sequence of selected heat responsive genes i.e.
EcDREB, EcbZIP, EcBAG6 and were cloned and confirmed by sequencing.

Validation of selected genes by qPCR in finger millet

Construction of subtractive cDNA libraries from pearl millet for water deficit,
high temperature and salinity tolerance genes (CRIDA)
Eight ESTs were identified to be commonly expressed in water-deficit, heat and salt
(NaCl) stressed cDNA libraries constructed previously from pearl millet cv ICMR356.
Analysis of expression patterns of some of the ESTs such as phospholipase D, bZip
transcription factor, glutathione-s-transferase, CDPK and Ca/H+ exchanger were
observed to be higher at 4h after stress induction when compared to that at 24h of
stress induction. Time course expression analysis of the selected ESTs at different
time periods i.e. 0, 1, 2, 12 and 24h of stress induction revealed that CDPK, Ca/H+
exchanger, HVA 22, serine-threonine protein kinase, peroxisomal multifunctional
enzyme and cysteine proteinase inhibitor showed differential expression patterns.
Overall expression analysis revealed a crosstalk and a possible common mechanism
amongst the stress response of water deficit, high temperature and salinity.
Efforts have been initiated at CRIDA to isolate and clone transcription factors involved
in water deficit stress tolerance. Leaf wilting gene (Lew1) which increases fatty acid
chain length thereby stabilizing the cell membranes ultimately resulting in delayed
leaf wilting was isolated and cloned.
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A pair of heterologous primers was designed based on the sequences available in the
database. cDNA of Lew1 was isolated from water deficit stressed seedlings of pearl
millet cv ICMR 356. The PCR amplified product was cloned into pTZ57R/T vector
and sequenced. Sequence analysis revealed that the isolated Lew1 cDNA sequence
was 822bp in length. Blastn search revealed homology with Lew1 sequences of A.
thaliana and Z. mays. The ORF encoded a predicted polypeptide of 274 amino acid
residues with a molecular mass of 28.5 kDa containing UPPS DOMAIN REGION
(Undecaprenyl pyrophosphate synthase involved in lipid metabolism. Semi-quantitative
RT-PCR analysis revealed upregulated expression of Lew1 gene under water-deficit,
heat and salt stresses. The Lew1 gene was cloned into bacterial expression vector
pQE30UA and time course expression analysis was studied through SDS-PAGE
analysis. Further, it was cloned into pRT100 for mobilization of promoter and terminator
and then finally into binary vectors pCAMBIA1303.

Isolation and cloning of water-deficit stress inducible transcription factor Lew1 from pearl millet

WRKY genes encoding transcription factors are differentially regulated by a range of
environmental stresses specially drought. A detailed classification of the WRKY proteins
was done for the maize genome. Homology modelling was done using templates from
protein data bank and DNA docking with a matrix of homologous interface contacts. A
chromosome map of the WRKY gene in Maize was generated.
Screening of pearl millet and
clusterbean for high temperature and
drought tolerance (CAZRI)
In pearl millet, out of 36 genotypes, hybrid
(HHB-67, CZH 227, 226, 225 & GHB
538) and populations (CZP-2K 9, CZP
9802, CZ-IC 923 and CZP-2K3) selected
the highest grain yielder under hot arid
environments. In cluster bean, out of forty

Screening of cluster bean genotypes under
arid environment
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two genotypes, CAZG11-2, HG-08-01, HGS-03-52, HGS-06-5, RGr-09-3, HGS26-51, RGC 1002, RGM-1, RGr-09-2 and SRG-1058 were selected the promising genotypes
for hot arid climatic conditions. Seed yield significantly correlated with dry weight of
root and can be considered as one of the parameters for screening the germplasm for
arid environment.
In Cenchrus ciliaris, genotypes CAZRI 2221 and CAZRI 358 selected the high biomass
producing genotypes for hot arid climate.
Post-flowering drought tolerance in sorghum (DSR)
Multi-locational trial were conducted at Rajendranagar, Rahuri and Solapur to test
sorghum reference collection and advanced breeding lines for post-flowering drought
tolerance in multi-location trials. A set of 26 genotypes were evaluated at these locations
under two water regimes, well watered (WW) and water stress (WS). The promising
genotypes which were common at three locations were EP 87, EP 57, CRS 19, and
Phule Chitra. These genotypes will be studied further to identify the key adaptive traits
(pattern of water use, water extraction ability (root traits) and transpiration efficiency
in lysimeters and root chambers. Water
extraction ability differed across
sorghum germplasm /advanced
breeding lines and it is critical for
drought adaptation.
Pattern of water use are critical for
drought adaptation. From our studies in
Relationship between pre-anthesis and post anthesis
conducted lysimeters, it is established
water use in selected set of 30 genotypes
that water extraction in pre-anthesis
period is negatively correlated to the water extracted in the post-anthesis period. This
observation is very important since rabi sorghum is grown as rain-fed crop on residual
moisture, the genotypes which use less water during the pre-anthesis stage would be
having more water available during post-anthesis period for improved seed filling.
Enhancing tolerance in horticultural crops to climatic stresses (IIHR)
At IIHR, phenotyping for drought and high temperature was carried out in a set of
previously identified genotypes. The approach of inter-specific grafting was focussed
upon for enhancing flood tolerance in tomato.
High temperature tolerance in tomato: Forty two tomato genotypes were screened
for drought tolerance under both field and pot culture conditions. Under field conditions
water stress was imposed at flowering and fruiting stages by withholding irrigation for
45 days. In pot culture water stress was imposed for 7 days at vegetative stage. Of
these 42 genotypes, 12 genotypes were screened for drought tolerance based on morpho-
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physiological observations. Further, these 12 genotypes viz., 15-SB, IIHR 2195, IIHR
2201, IIHR 2327, IIHR 2336, IIHR 2338, IIHR 2777, Arka Meghali, Arka Vikas,
Vybhav, Pusa Ruby, RF4A were evaluated for water stress. Water stress was imposed
for 14 days under pot culture. Morphological observations like plant height, root length,
number of branches, flowers and fruits were taken. Physiological observations such as
gas exchange parameters, relative water content, electrolyte leakage and total
chlorophyll content were estimated. Observations on recovery were taken three days
after release of stress. RF4A, IIHR 2195, IIHR 2201, Arka Meghali and Vybhav showed
tolerance to water stress and recovered quickly. IIHR 2201 showed highest percentage
of relative water content and leaf water potential. RF4A showed very less percentage
of electrolyte leakage (better membrane stability index).
Incorporation of heat and drought tolerance in desirable genetic background:
Hybrid of heat tolerant line (IIHR-2853) and drought tolerant line (RF4A) of tomato
were raised during the period of report. F2 seeds were collected to develop mapping
populations for marker identification. Backcrosses were also attempted with both the
parents and seeds of both the back crosses were also collected to transfer heat and
drought tolerance in to parental lines. In order to transfer heat tolerance in to desirable
genetic back ground, hybrids (IIHR-2852 x 12-21, IIHR-2853 x 12-21, IIHR-2853 x
12-21, IIHR-2853 x 38-7 and IIHR-2853 x Arka Vikas) involving heat tolerant lines
(IIHR-2852 & IIHR-2853) were also raised and back cross seeds with recurrent parents
were collected. A field trial was taken up with tomato hybrid Arka Rakshak at three
locations viz. Kolar, Chikkaballapur and Bellary during summer 2013 to evaluate for
heat tolerance.
Screening for heat tolerance: Six tomato F1 hybrids were
evaluated for heat tolerance during early summer 2013.
Three hybrids viz; H-329 (56 t ha-1), plate 1, H-363 (48 t
ha-1) & H-367 (53t/ha) out yielded commercial hybrids
NS-501 (43 t ha-1) & To- 1389 (26 t ha-1). Preliminary
studies revealed that an advanced breeding line BC1F1
26-9-33-4-4-3-3 (45 t ha-1) was also found to have drought
tolerance. A set of seven lines viz. Arka Meghali, Vybhav,
IIHR 2777, IIHR 2274, IIHR 2190, IIHR 2201, IIHR 2338
and two hybrids viz. Arka Rakshak and Arka Samrat were
screened in polyhouse conditions, where temperature build
H-329: Heat tolerant F1 hybrid
up during the day was recorded in the range of 35-52°C.
Based on percentage survival IIHR 2274 (93.33%) and IIHR 2201 (86.66%) turned
out to be the best at elevated temperatures.
Inter-specific grafting for enhancing flood tolerance: Brinjal root stocks were used
for modifying the root system in tomato. Scions of tomato cv. hyb. Arka Rakshak (AR)
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were grafted on to self and four brinjal rootstocks and defined as: brinjal rootstock
grafted (AR/BPLH-1, AR/Mattu Gulla, AR/Arka Neelkanth, AR/Arka Keshav), selfgrafted (AR/AR) and ungrafted Arka Rakshak (ungrafted- AR). Within 24h of flooding
there was a decrease in PN and by d 3 it reduced to 17.6 - 62.7% which further decreased
to 70.0 – 83.0% by d 6 in the grafts with brinjal rootstocks, while in self-grafted and
ungrafted plants the decrease in PN by d 3 was about 88.6% which further decreased to
93.0 to 98.0% by d 6. Among the rootstock grafted plants, AR/BPLH-1 and AR/Mattu
Gulla had higher rate of PN compared to other grafts at 6th d of flooding. During flooding,
Ci decreased in rootstock grafted plants, while it increased in self-grafted (AR/AR)
and ungrafted-AR plants. In general, rootstock grafted plants had significantly higher
gs levels than AR/AR and ungrafted-AR under flooding. The effect of flooding on root
growth was greater in AR/AR and ungrafted-AR as indicated by higher percentage
reduction (36-49%) in these plants under flooding. Further, brinjal rootstock grafted
plants had more number of adventitious roots (5-7) than AR/AR and ungrafted-AR.
In the flooded plants, 50% yield was maintained by rootstock grafted plants except for
AR/Arka Neelkanth where the reduction in yield under flooding was only 11.7%.
Tomato scions grafted over brinjal rootstocks showed better tolerance to flooding than
the selfgrafted and ungrafted plants based on physiological parameters like Pn, gs, Ci
and chlorophyll fluorescence. The best recovery was found in AR/Arka Neelkanth.

Solanum spp. (wild-gm)

Arka Nidhi

B.P.L.H.-1

Solanum spp. (wild-tall)

Arka Shirish

Arka Neelkant

Solanum macrocarpon

Mattu Gulla

Arka Kesav

Root growth of identified brinjal rootstocks used for imparting tolerance to flooding in tomato
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Evaluation of banana genotypes for drought tolerance: Identification of appropriate
temperatures for induction as well as lethal stress was done using tissue culture plants
of banana cv. Grand Naine. Screening consisted of standardizing appropriate
temperature by exposing the plants to a range of temperatures from 32°C to 60°C for
induction and lethal stress in the growth chamber. Further these plants were allowed
for recovery. Based on the results
following temperature induction protocol
was standardized for all the genotypes.
Five banana cultivars, Grandnaine,
Rasbale, Poovan, Red Banana and Elakki
were used in the TIR studies. Five to six
weeks old tissue cultured plants were
subjected to evaluation for high
temperature tolerance in the growth
Plants of cv. Rasbale exposed to induction and
chamber. The plants were subjected high
lethal temperatures in comparison to control
temperature, with one set receiving 55°C
directly for 2 hrs and another set received initial induction temperature, a gradual
increase from 35°C to 46°C for 2.5 hrs and 55°C for 2 hrs.
Based on physiological and morphological response cv. Rasbale performed better
compared to other cultivars and cv. Red Banana was found to be most susceptible.
Studies on mango flowering phenology: IIHR, in efforts to study mango flowering
phenology, took up a roving survey in the Konkan region of Maharashtra which indicated
that > 95% of the orchards showed phenological stages between vegetative flush to
panicle emergence. Fruits at different stages of growth on the same tree were occurring
concurrently, leading to the phenomenon of staggered flowering irrespective of the
variety. Indiscriminate use of paclobutrazol and abrupt changes in the weather conditions
like unseasonal rains, prolonged winter conditions and erratic rainfall are presumably
resulting in staggered flowering behaviour and poor yields. The hermaphrodite flowers
were observed to be very low ranging from 3-5% during the past 5 to 6 years as a result

A

B

A. Typical staggered flowering in
Alphonso mango

B. Typical synchronized flowering in
seedling grown mango
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of fluctuating weather conditions. During the monsoon season (June to September),
the sunshine hours are hardly 1.5 hrs a day resulting in a decline in photosynthetic
rates of the active mango leaves by 5 times due to cloudiness and diffused light. This
appears to be an important aspect and needs to be addressed to tackle the flowering
behaviour in mango. The Konkan region is experiencing 5 to 7 flushes of flowering
starting from October till May. Clustering in mango was found to be of common
occurrence in Malihabad area and its incidence varied with variety.
Phenological studies with respect to climatic variations in Nagpur mandarin
(NRCC, Nagpur)
Maximum temperatures during March and April are crucial for fruit retention in Nagpur
mandarin. Temperatures in excess of maxima of 370C result in heavy drop of fruitlets
affecting ultimate fruit retention at harvest. Maximum temperatures during March and
April for last ten years and the yields recorded were compared in the mandarin orchards
and at the experimental farm at National Research Centre for Citrus, Nagpur. In the
years where the mean maximum temperatures in March remained below 370C (2003,
2005- 2008) and the April temperatures remained around 400 C (2005-2006), maximum
yields of 30 and 32 t ha-1 were recorded. Similarly in the year 2011 a yield of 22 t ha-1
was recorded with moderate temperatures of 37.7 (March) and 39.22 (April). In the
year 2012 a yield of 20 t ha-1 was obtained despite supra optimal temperatures of 38.6
and 43.250C which was due to the mitigating techniques adopted by the orchardist like
use of micro-irrigation system along with mulching of the tree basins. At the NRCC
orchard also, moderate yield levels of 12.5-18 t ha-1 were recorded in the years 200308 wherein it was maintained under drip irrigation and mulching practices. However
in the years 2009-2012 due to acute water shortage there was steep decline in yields
(5-7 t ha-1).
Fruit yield of in relation to maximum temperatures (March-April) during critical
growth stages of fruit growth in last ten years (2003-2012)
Year

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

March April

36.15
38.41
36.20
34.03
36.27
35.72
38.80
38.67
37.70
38.60

41.34
41.73
39.93
40.48
41.96
41.52
43.68
43.15
39.22
43.25

Yield
Nagpur mandarin orchard at
Paratwada, Dist. Amravati

Nagpur mandarin
orchard at NRCC

11.6
12.0
30.0
32.0
11.0
10.0
10.0
11.0
22.0
20.0

16.6
13.8
18.0
17.7
13.0
12.5
9.5
7.0
7.0
5.0
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4.4 Pest and Disease dynamics and Pollinators
Pest dynamics in relation to climate variables across different regions (NCIPM,
CRIDA, DRR, IIHR, ICAR-RCER)
One of the key impacts of change in climate is on dynamics of pests and diseases and
emergence of new races of pests. In order to assess the changing pest and disease
dynamics, a country level pest monitoring system in relation to current weather
parameters was taken up under NICRA involving 36 locations covering 5 crops. The
seasonal dynamics of pests was recorded on a real time basis using a software.
Seasonal dynamics of key pests
Rice: Rice transplantation was delayed during kharif 2012 in AP. Incidence of brown
and white backed plant hoppers (WBPH and BPH) was noticed. Neelam cyclone
occured on October 31st 2012 at Tanjore (TN) and coastal districts of AP on November
2nd 2012 caused submergence of paddy fields.Incidence of gall midge during rabi was
very unusual in AP. Increasing rainfall during January to March vis a vis decreased
minimum temperatures (2°C) resulting in increasing yellow stem borer (YSB) on boro
rice at Chinsurah (WB) was noted during 2012 and 2013 seasons with white ear damage
of 100 and 70%, respectively under no protection. While pest status was meager at
Konkan during Kahrif 2012, blue beetle and caseworm incidence was 10 and 45 % in
some talukas of Ratnagiri and Thane districts, respectively.

Raipur (CG), a hot spot for gall midge incidence had almost nil population during
Kharif 2012 possibly due to very heavy rainfall during August and September. Hispa
damage was noticed at vegetative stage after many seasons. Severe leaf folder damage
(10-60%) across fields at Bathinda, Mansa, Amritsar Muktsar, Moga, Ferozepur and
Jaladhar districts of Punjab was defected during late crop stage with maximum and
minimum temperatures related positively to light trap catches of leaf folder for October
(r = 0.8; P< 0.05) and November (r = 0.7; P< 0.05).
Pigeon pea : While Maruca damage was higher at S.K. Nagar (15-35%) and
Pudukkottai (55%), the scenario of other insect pests viz., blue butterfly, H. armigera,
lab lab pod borer and plume moth were at low levels. Leaf folder (Grapholita critica)
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infestation extended even up to November when the crop is was flowering stage unlike
previous years, and pod fly damage was higher owing to the extension of the crop
period either due to rainfall at flowering or due to irrigation resulting in second flush at
Warangal. All species of pod bugs viz., Clavigralla, Nezera and Riptortus were prevalent
at all locations but relatively higher at S.K. Nagar. The order of incidence of Alternaria
blight was Gulbarga (10%) > Badnapur (7%) > Kanpur (1.2%) > SK Nagar (0.5%).
Fusarium wilt was also considerable during 2012 with its order of incidence at S.K.
Nagar (8%) > Ananthpur and Badnapur (3%) > Kanpur (2.1%) > Gulbarga (2.0%) >
Pudukkottai (0.3%). Powdery mildew was of importance only at Gulbarga (9%) and
at Badnapur (5%). Maximum of six per cent sterility mosaic virus was recorded at
S.K. Nagar although it was present at all locations below 1%. Lower levels of insect
pests and diseases at Gulburga during 2012 over 2011 could be attributed to the absence
of rainfall during summer before the onset of monsoon.
Groundnut : Change in rainfall coupled with cropping pattern at Junagadh resulted in
highest Spodoptera pheromone trap catches during Rabi 2012-13 over Kharif 2012.
High soil moisture during germination followed by dry spell from 2nd week of June to
1st week of August coupled with uneven distribution of rainfall resulted in 25 to 30%
incidence of collar rot (Aspergillus niger) in Saurashtra. Lower disease severity of
foliar diseases due to low rainfall (425 mm) in 25 rainy days during 2012 compared to
963mm in 45 rainy days during 2011 and 1558mm in 64 rainy days during 2010 was
noticed at Junagadh. Late leaf spot and rust severity was above 15 and 10%, respectively
at target locations of TN, AP, MH and GJ states during Kharif. Thrips severity increased
during vegetative and pod setting stages at Dharwad, wherein mean temperature was
higher by more than 4 and 5°C during 41 and 42 SMW, respectively. Jassids, thrips
and leaf miner severity was lower during Kharif 2012 over 2011 at Kadiri and vice
versa at Junagadh, wherein the later location had lower rainfall of 423 mm during
2012 over 963 mm in 2011. Jassid severity was higher at Jalgaon >Dharwad >Junagadh
>Kadiri >Vridhachalam during Kharif as well as Rabi seasons.While PBND was higher
(5%) at Jalgaon during Kharif over Rabi (<1%), the status was reverse at Kadiri. In
general, the trend of sucking pest severity and PBND was in order of hot semi-arid>
arid zones.
Tomato : While leaf curl virus (30.8%)
and target leaf spot (23.9%) were higher
during autumn-winter season of 2012-13
over 2011-12. Spodoptera litura and leaf
miner populations were lower during
2012-13 mainly due to lower minimum
temperature by 3.5 and absence of rainfall
during January compared to 13.2 and 57
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mm in last year at Kalyani. At Varanasi, early blight caused by Alterneria solani was
more rampant (30-75%) after brief unprecedented rains during second fortnight of
February 2013, and an unusual high infestation (47.13 %) of root parasitic weed
Orobanche sp. was observed in tomato fields at Bedawali, Basaratpur, Iswarpatti and
Madhopur regions. Absence of thrips due to uniform distribution of rainfall and higher
population favored by dry spells throughout Kharif and Rabi seasons, respectively
were noted at Rajendranagar. Fruit cracking occurred followed by frosty days when
the difference between day and night temperatures was wider during December and
January months at Ludhiana.
Mango : In a survey conducted by ICAR-RCER (Ranchi) across all AICRP
centres of mango the association between mango pests and diseases and weather was
assesed.
In 5th agro-climatic zone, Lucknow and adjoining areas experienced severe cold wave
with frost occurrence during 9th and 10th January, 2013 where minimum temperature
was reached to subzero (-0.2 to -1.2 °C) at Amausi and Rehmankehra observatories
(26° 54.53’ N, 80° 46.56’ E, 107.5 above MSL) which was the lowest record for 40
years. Frost and chilling injury to mango crop was recorded to the extent of 100% kutti
leaf necrosis with 5-20 cm top terminal shoots dead. New vegetative flushes and panicles
emerged in the month of February due to injury occurred by sub zero temperature.
Severely affected (80-100%) trees had new vegetative flush only on 20% shoots; 50 to
80% damaged trees had new flush on about 60% shoots and very few panicles. Moderate
to less affected trees had new flush on almost all the shoots with 10-15% flower panicles.
These affected trees may have suffered average direct loss of 20 to 100% in yield and
5-25% in canopy. Such trees are also more prone to infection of Botryodiplodia
theobromae which causes further loss in yield.
Under Gujarat conditions, mango hopper was the major pest on panicles with highest
population (25/panicle) in first week of November, 2012 on Alphonso variety of mango.

Severe leaf and twig necrosis due to frost and chilling injury in Lucknow region during January 2013
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The population exhibited significant positive correlation with maximum temperature
and sun shine. Other than mango hoppers; shoot borers, powdery mildew and
anthracnose were recorded as major pests in the region.
In Konkan region of Maharashtra, Idioscopus neveosparsus is the major hopper species
on mango as compared to I. nagpurensis. Normally, the peak period of mango hopper
infestation in Konkan region is December to February but during 2012-13, the incidence
of hopper was observed from October to March. This may be due to late cessation of
rains in the region. Thrips incidence was severe during December to January due to
ideal maximum temperature range in the region (170C to 220C).
In northern Telangana region of Andhra Pradesh, outbreak of leaf webber (almost 100
webs/tree) and hairy caterpillars (Euproctis fraterna, Porthesia scintillans) on panicles
(2.6 larvae/inflorescence) and leaves were observed during year 2012-2013. This
outbreak may be due to irregular and late cessation of rainfall in the year.
In Deccan (Karnataka) Plateau, increased emergence of new vegetative flushes during
January-February resulted in infestation of shoot borer in panicles also (emerging in
January-February).
Under Chotanagpur plateau and hill region the late onset of powdery mildew disease
on panicles was observed. This may be due to rainfall at the time of disease proliferation
(40mm in 7th SMW) after which severe disease incidence was recorded. Rainfall at the
time of flower opening also caused severe infestation of mango hoppers, thrips and
blossom blight in panicles in 2013. High pre-monsoon shower during marble to fully
grown stage of mango coinciding with egg laying of fruit fly in mango resulted in
heavy incidence of the pest in Jharkhand during 2012. Outbreak of leaf webber and

Predicted and observed hopper population on per panicle or sweep (R2=0.60; VIF=2.47)
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leaf cutting weevil, Deporus marginatus were observed on old plants (25-30 year old)
and young plants respectively, during year 2012. This was due to concurrent emergence
of new flushes in response to irregular and late cessation of monsoon.
For development of hot-spot map of mango pests, a software on Geospatial Analyst
Tool have been used, methodology for development of hot-spot map has been
standardized. Based on the RTPS data collected, representative hot-spot maps for mango
hopper and powdery mildew at 100% flowering stage have been generated indicating
the pest scenario below or above ETL level. The same methodology will be used for
development of hot-spot maps for the all major mango pest.
Based on three years data of hopper population a host plant phenology and weather
forecasting models for population prediction of mango hoppers was tried. The simple
regression model was best fitted with weather and phenological data (R2=0.60 and
VIF=2.47) as compared to weather alone (R2= 0.18) or phenological parameters
(R 2=0.42). Thus, the simple linear regression model derived for weather and
phenological stage had the strongest relationship with hopper population per panicle
or per sweep.
Development of pest forecast models (NCIPM / IASRI)
Weather indices based regression model [Y = -2.755 + 0.00097 Z140+ 0.0829 Z121 +
0.028 Z141 (R2: 0.76)] predicting pod fly damage at Kanpur (1987-88 to 2011-12; SMW
45-4) was developed with predictions of 38.2 and 35.1 % damage as against observed
values 31.7 and 32.5 for the years 2010-11 and 2011-12 respectively. Y= 96.412 +
0.005 Z141 + 0.022 Z241 (R2= 0.71) and Y= -87.473 + 0.0471 Z241 (R2= 0.77) predicted
H. armigera damage for 38th SMW based on data sets of pest damage and six lag
weeks weather at Gulbarga (1999-00 - 2008-09) and Rahuri (1991-92 to 2005-06),
respectively.
Artificial neural network (ANN) techniques viz., multi-layer perceptron (MLP),
radial basis function (RBF) and polynomial neural networks (PNN) used to predict
adult moth population of tobacco caterpillar, Spodoptera litura (Fabricius) in
groundnut at Dharwad (Karnataka) using twenty two years (1990-2011) trap catches
of the pest and weather data of Kharif season (26 to 44 SMW) indicated rainfall
in the previous one week and maximum temperature and morning relative
humidity during two weeks prior to the current week are important for use in forecast
system.
Validation of rule based models
Rule based models developed for predicting the severity of yellow stem borer at
Aduthurai (TN) and Raipur (CG), gall midge and combination of pests at Raipur (CG)
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in rice, and Spodoptera litura at Groundnut at Dharwad were validated for
2011-12 and 2012-13 crop seasons. The prediction accuracies are summarized in the
table below.
Crop

Location

Insect pest

Prediction accuracy* (%)
2011-12

2012-13
86.5
96.0 (100)
100 (100)
(100)
(98.7)

Rice

Aduthurai (TN) Yellow stem borer
Raipur (CG)
Yellow stem borer
Gall midge
Case worm
Green leaf hopper

96.2
96.0 (98.1)
100 (100)
(100)
(100)

Groundnut

Dharwad (KA)

77.7
84.2

S. litura (weekly)
S.litura (fortnightly)

*: weather based criteria, pest severity and rules are available in AR 2011-12; figures in parentheses are
prediction accuracies based on model for combined pests.

Prediction of generations of Spodoptera litura on peanut under A1b scenario
(CRIDA)
Investigations were focused on predicting the impact of increase in temperature on
number of generations of Spodoptera litura on peanut for four locations of India.
Historical daily temperature (maximum and minimum) for the study locations viz.,
Dharwad (15° 28’ N, 75° 2’ E); Junagadh (21° 31’ N, 70° 36’ E); Ananthapur (14° 62’
N, 77° 65’ E) and Vridhachalam (11° 3’ N, 79° 26’ E) were collected from a 1x1 degree
grid database provided by IMD for the period 1991-2005 being referred as a present
(PR) period in this study. The period between 1961 and 1990 was referred as the base
line (BL) period. The work was carried out under all three components viz., (i) obtaining
historical data and climate projections on daily temperature from respective grid points,
(ii) computation of growing degree days (GDD) for completion of life cycle of S.
litura based on the threshold temperature and (iii) estimation of the possible number
of generations during crop season for various scenarios of climate including the future
projected climate by substituting the projections on the temperature using A1B scenario.
The future temperature data thus obtained were classified into two categories viz.,
‘near future’ (NF) consisting of 2021-2050 and distant future (DF) consisting of 20712098. Accumulation of degree days was calculated considering the specific biological
event called as “Biofix”. In this case the pheromone trap ‘first catch’ was considered
as a Biofix and the cumulative degree days for S. litura was estimated for the crop
season covering 133 days of crop duration across four locations.
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Higher accumulation of degree days making it possible one or two additional generations
of S. litura was inferred for both near and distant-future scenarios compared to baseline
and present periods, at four locations. The mean generation time under baseline (41
days) and present (36 days) periods, lasted longer over the near future (35 days) and
distant future (31 days) scenarios at Dharwad. It is also predicted that the completion
of generation would be 5-6 days earlier during future climatic scenarios than the current
period at other locations. The additional number of generations and the variations in
the generation time of S. litura imply the definitive and differential impacts, respectively
of the projected increased temperature in future periods.

Variation in number of generations and mean generation time of S. litura under different
Climate Change Scenarios (CCS)

Triggers for outbreak of Spodoptera on soybean in Maharashtra (CRIDA)
Spodoptera litura (Fabricius) is one of the important insect pests on soybean in
Maharashtra where frequent outbreaks have been recorded in recent years. Analysis of
pest surveillance data indicated that S. litura incidence was early and severe with above
the economic threshold levels in 5 districts of the state rabi 2009. However, its incidence
was low and delayed during 2010, 2011 and 2012 seasons, showing inter-annual
variability. Analysis indicated occurrence of widespread and frequent rainfall during
June-September as reflected in greater number of rainy days, rainfall events of >20
mm and >40 mm during low incidence years of 2010-12. Studies with rainfall simulator
58

also indicated that high rainfall events of 42.3, 61.7 and 77.7 mm imposed two days
prior to moth emergence resulted in significantly lower adult emergence (63.4, 57.2
and 45.3%, respectively) compared to higher adult emergence in control with no rain
(87.8%). S. litura outbreaks were observed in seasons experiencing delayed planting
of soybean due to late onset of monsoon, coupled with fewer than normal rainy days
and rainfall events of >20 mm during June to mid-August. Two forecast models
developed to estimate S. litura population by end of July and by mid-August based on
crop age and rainfall variables explained 70 and 80% variation in pest incidence across
seasons. These models can be used to estimate S. litura severity on soybean in 15
endemic tehsils across 5 districts in Maharashtra.
Parameter estimates and standard errors of step-wise regression analyses of
Spodoptera litura incidence on soybean with crop and weather factors
Variable

Parameter SE
estimate

Model 1
Intercept
Crop age up to July end
Number of rainy days with <40 mm rain
Rainy days (%) with rainfall between 40 and 60 mm
Model 2
Intercept
Crop age up to July end
Rainy days in June-July (%) with rainfall
events between 40 and 60 mm
Number of rainy days (>20 mm) during first
fortnight of August

t

Pr > |t|

25.433
-0.446
-0.284
0.134

2.44 10.42 <0.0001
0.05 -8.45 <0.0001
0.11 -2.58 0.0134
0.05 2.67 0.0107

18.22
-0.32
0.14

1.82 9.99 <0.0001
0.05 -6.04 <0.0001
0.04 3.32 0.0019

-1.23

0.23

-5.3

<0.0001

Model 1: Adj. R2 = 0.71; Model 2: Adj. R2 = 0.80; sample size (n) = 45.

Influence of high temperature and CO2 on Rice BPH (DRR)
Biology of three BPH populations collected and maintained from 1) 26th generation
West Godavari 2) 6th generation Nalgonda districts of Andhra Pradesh and 3) 19th
generation Punjab and Haryana region of North India were studied for their stress
responses. Brown planthopper adults exhibit wing dimorphism and occur in two forms,
long winged macropterous and short winged brachypterous. The production of
macropters is influenced by various environmental cues such as crowding, host plant
nutritional status and temperature. Of these crowding is the most important one and
genetics of wing form determination is more complex and yet to be resolved. This
study was undertaken to know if higher nymphal density (crowding) favours wing
development and if all three populations respond to the same extent.
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Four treatments were imposed i.e 1, 20, 40 and 60 nymphs/plant on 45 day old TN1
variety and nymphal survival on 5th and 10th day after release, number of adults emerged
and nymphal duration were recorded. Distinct influence of crowding on wing forms in
all the three populations of BPH was observed. Highest proportion of macropterous
forms were observed at 20 and 40 nymphs/plant in Nalgonda population and at 1
nymph/plant in West Godavri and Punjab populations. Nymphal survival was the least
at the highest density in all the three populations but survival rate was the least for
West Godavari population. Nymphal duration was more at higher densities of 40 or
60/nymphs in Nalgonda population while there was no significant variation in other
two populations at different densities. It was thus evident that BPH populations showed
variable response to the crowding stress.
Pest and disease dynamics of tomato and mango under climate change scenario
(IIHR)
Standardized Thermal Day Degrees (TDD) under laboratory conditions for tomato
pests were assessed based on the threshold temperatures available in the literature for
the specific pest. Surveillance of mango insect pests in different geographical regions
was recorded along with prevailing climatic conditions. Based on the Ecoclimatic index
(EI) it was observed that the pest incidence may increase in future in temperate areas
in contrast to the decreasing trend in areas where already the prevailing temperatures
are near upper thresholds for S. litura.
CLIMEX modelling for predicting future distribution of pests
The mango fruit fly Bactrocera dorsalis peaked in June (1309 per trap) to July (1091
per trap) coinciding with active mango cropping period. Prediction of the potential
distribution of Oriental fruit fly, Bactrocera dorsalis Hendel, a polyphagous pest, was
done for future climate change scenarios of Indian conditions by using CLIMEX
software. Climate change is expected to have adverse effect on the potential distribution
of B. dorsalis in India. The fly is expected to spread northwards into areas that are
currently cold. A roving survey undertaken for the mango orchards located in the state
of Karnataka revealed that Black Banded disease; Leaf Blight and Mango Malformation
that were minor earlier have become serious now.
Climate change is expected to have adverse effect on the potential distribution of
B.dorsalis in India. The fly is expected to spread northwards into areas that are currently
cold. In North India, the CS model predicts Jammu and Kashmir, Himachal Pradesh,
Uttrakhand, Haryana and Punjab to be more climatically suitable for B.dorsalis by
2030; this expansion steadily increases by 2050, 2070 and 2090. Central and western
India is projected to become progressively less suitable by 2050 and totally unsuitable
by 2090. The CS model for North East indicated that by 2090, Assam, Arunachal
Pradesh, Manipur etc would become highly suitable for the pest. In south India there
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will be a slight decrease in suitability (Highly suitable - optimal - suitable), yet remains
suitable by 2090.
a)

b)

c)

d)

The climate suitability (EI) for the oriental fruit fly under the reference climate (19611990 averages) projected using CLIMEX under CSIRO-Mk3.0 run for 3 A1B scenarios a) current b) 2030, C) 2050, d) 2070.
, Marginal, (1-7.35)
EI Values :{ , Unsuitable, (0-0.99)
, Optimal, (13.7-20) , Highly Suitable, (20 +)}
13.7)
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, Suitable, (7.35-

Impact climate variables on pollinators (IIHR, UAS)
Climate change has a significant impact on pollinators, particularly in fruit and vegetable
crops. A detailed study was taken up covering apple, mango, water melon, mustard
and coffee at different locations across the country by UAS, TNAU, YSPUH&F and
GBPUA&T. The salient findings are given hereunder:
Temperature driven shifts in the foraging activity of honeybee, Apis cerana
The number of bees going out for foraging and coming in with pollen loads is an
important measure of the foraging efficiency of bees. Based on the daily observations
recorded from three active colonies of 7-8 frame strength, it was found that there was
a significant negative correlation (r = -0.68) between the maximum temperature and
the number of outgoing bees. Similarly pollen collectors also were found to be negatively
impacted (r = - 0.43) by higher temperature.
Population dynamics of pollinators in mango
Population dynamics revealed that pollinator density was significantly influenced by
the maximum temperature. Under the given set of flowering conditions and variety,
response of honeybees and dipteran species was different. A decline in the numbers of
A. florea was observed at
temperatures beyond 320C while
that of C. megacephala was not
significantly affected. The role of
temperature in the variability of
dipteran density was less compared
to A. florea which is exhibited in
terms of lower R 2 value for E.
arvorum and C. megacephala (0.30
and 0.46) compared to 0.68 of A.
Relationship between pollinators & temperature
florea.
Artificial diet for rearing mango pollinator, Chrysomya megacephala
An artificial diet for rearing of the calliphorid pollinator of mango, Chrysomya
megacephala (Diptera : Calliphoridae) was standardised. Egg to adult could be
successfully reared on the medium and the biology on the diet was on par with that of
rearing on the natural food material. This helps in mass production of C. megacephala
indoors, in a more hygienic way. Surveys indicated that the natural populations of
pollinators were very low in commercially grown mango orchards in the hotspot regions
like Konkan in Maharashtra and Chittoor in Andhra Pradesh. This technology will be
useful to augment the pollinators in mango fields.
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Diversity of Honeybee activity in relation to weather (UAS, Bangalore)
At Bangalore centre the impact of
climate change on pollinators of three
crops, viz., sunflower, coffee and
cardamom was studied.
Pollinator species diversity and
abundance was recorded throughout the
flowering period and in different times
of a day, on both Morden and the
Hybrid KBSH 53. Bee activity was
maximum during peak flowering with
over 60 bees per sample of ten heads.
The bee activity was observed
throughout the day. Six species of
flower visitors were recorded and Apis
cerana which was the most abundant
species visiting sunflower heads.
Observations were recorded on Morden
variety of sunflower in three different
locations viz., Bangalore, Ranibennur
and Raichur on the same day. These
three locations exhibited a difference in
mean day temperature by 2 o C
(Bangalore: 28 oC; Ranibennur : 30 oC;
Raichur : 32 oC ). It was interesting to
note that the pollinators exhibited
activity throughout the day in
Bangalore, only in morning hours in
Raichur and a bimodal activity
(morning and evening) in Ranibennur.
This gives an indication that the
temperature affects activity of
pollinators and that this can be used as
surrogate to test the hypothesis on the
effect of climate change on pollinator
activity.

Pollinator activity in different times of the
day in different locations
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4.5 Adaptation and Mitigation through Soil, Water and Nutrient and Energy
Use Efficiency
Efficient management of natural resources such as soil, water, nutrients etc are key to
climate change adaptation and mitigation. Several institutes of ICAR, SAUs, IIT,
ICRISAT have participated in this multi disciplinary research on adaptation and
mitigation.
GHG emissions from irrigated systems (IARI, CRRI)
Measurement of GHGs fluxes with Eddy-Covariance Tower: From the kharif season
of 2012, the measurement of GHG fluxes (CO2 and methane), moisture and heat in the
soil-atmosphere systems using Eddy Covariance technique was initiated at IARI. The
Eddy tower installed in the open paddy field captures GHG flux in 100m radius.
Emissions of CO2 and methane, water vapour
flux, heat flux, relative humidity, wind speed and
wind direction, air temperature, soil temperature
and soil moisture, rainfall, incoming and outgoing
solar radiation and photosynthetic active radiation
are measured by using this system. Currently, the
system is under calibration for open field
measurements. These measurements provide
more realistic emission data from crop fields
which can be used to compute national level
emissions from agriculture.
Eddy Covariance tower

Methane emission from flooded rice system (CRRI)
Studies were conducted at CRRI on methane emission from flooded rice system. The
diurnal and seasonal pattern of net ecosystem CO2 exchange (NEE) and net ecosystem
CH4 exchange at different growth stages in lowland (flooded) rice ecology (cv. Swarna-

Note: MT= Maximum tillering; PI= panicle initiation stage; FL= flowering; GF= Grain filling; M= maturity

Mean daily net ecosystem CO2 exchange over the wet season, 2012 and subsequent fallow period
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Sub1) was monitored with the help of open path eddy covariance system in wet season,
2012 at Cuttack. Ecosystem level gaseous-C (CO2-C + CH4-C) flux dynamics was
quantified using empirical modelling approach. Integrated season-long NEE was -3.5
Mg C ha-1 and CH4 emission was +0.084 Mg ha-1. It is evident from the data that low
land rice ecosystem acted as net C sink during the cropping season. But, after harvest
during fallow period, the ecosystem behaved as net C source both for CO2 and CH4.
Elevated CO2 and GHGs emission from rice (IARI)
Elevated carbon dioxide (ambient + 500±50 ppm) significantly increased methane
emission from soil under different cultivars of rice. This led to an increase in the global
warming potential (GWP) of rice soil from 12 to 18%. The highest increase in emission
was observed in the traditional Basmati cultivar (Tarawadi). There was a no significant
difference in nitrous oxide emission under elevated CO2. However an 8 to 12% increase
in rice yields was obtained due to elevated CO2 among different cultivars. The data
indicate that there is trade off yield enhancement by elevated CO2 in terms of more
methane emission.
Demand-driven N application for
mitigation of GHGs: Field experiments were
conducted at IARI in kharif 2012 to evaluate
the impact of adaptation and mitigation
technologies in rice. The increased N
application compensated yield loss due to late
planting of rice by 1-2 weeks but increased
the global warming potential (GWP) by 8%.
The leaf-colour chart (LCC)-based N
application by neem oil coated urea (NOCU)
compensated yield loss and reduced the GWP
by 22%.

Effect of demand-driven N application on
global warming potential in late planted rice.

Greenhouse gas mitigation with conservation agriculture: In direct-seeded rice
(DSR), methane emission was considerably reduced compared to transplanted puddled
rice. Residue incorporation (1-3 t ha-1) reduced nitrous oxide emissions (8%). The
DSR reduced methane emission by 64% and 78% in rice-wheat and rice-winter maize
systems, respectively after second cropping cycle in rice compared to transplanted
rice.
CH4 emission from rice genotypes under water logged condition (CRRI)
At CRRI, 16 rice genotypes were evaluated for their CH4 releasing capacity under
waterlogged condition in wet season, 2012. Flux of CH4 was measured by closed
chamber sampling method. Root oxidase activity, total numbers of aerenchyma gas
spaces (TNAGS) at different growth stages were also recorded. Methane emission
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ranged from 67.3 to 124.0 Kg ha-1 in different genotypes. Genotypes namely, FR13A
(67.3 Kg ha-1), AC1996 (74.4 Kg ha-1) and AC736 (76.2 Kg ha-1) showed lower emission
of CH4 compared to other genotypes. Association between TNAGS and total CH4
emission was positively significant.
A field experiment was conducted at CRRI with paddy variety Apo in dry season,
2012 under different N management levels such as; no N Control (T1), recommend
dose of N (120 kg ha-1) through urea (T2), recommend dose of N (120 kg ha-1) through
neem coated urea (T3), LCC based N application through urea (T4), LCC based N
application through neem coated urea (T5), and recommend dose of N through urea
and farm yard manure in 1:1 ratio (T6). The amount N2O emission from the field was
continuously measured for three consecutive days immediately after application of the
fertilizer and subsequently at an interval of seven days throughout the growing season
by employing closed chamber method. Total seasonal N2O-N emission in aerobic
production system ranged from 0.61-1.12 kg ha-1 and lower emission was observed in
the treatments with neem coated urea as compared to urea.
Yield, N uptake, and total N2O emission from aerobic rice field under different N
management levels
Treatments

N applied
(Kg ha -1)

Total N uptake
(Kg ha -1)

Yield
(t ha -1)

Total N2O
(Kg N ha-1)

T1
T2
T3
T4
T5
T6
LSD *(P<0.05)

0
120
120
110
110
120

11.6
33.7
40.2
37.7
47.9
27.1
5.7

1.0
2.1
1.9
2.5
2.6
1.6
0.3

0.61
1.12
0.88
1.05
0.93
0.96
0. 25

GHG emissions from rainfed production systems (CRIDA)
The three major GHGs (CO2, CH4 and N2O) were quantified from field preparation
stage to harvest in four rainfed systems (sorghum, redgram, Cenchrus ciliaris, Leucaena
agroforestry system) during the cropping season 2012 in order to understand the flux
pattern under different crops/land use systems.
Carbon dioxide fluxes: The quantum of CO2 fluxes ranged from 35.5-72.8, 52.186.2, 15.9-63.4, 35.2-71.5 mg CO2 C m2 h-1 from pigeonpea, sorghum, cenchrus and
leucaena agro-forestry systems, respectively. During the season, the emissions got
influenced by tillage and moisture content of the soil. The fluxes peaked immediately
after the tillage operation and decreased gradually. Highest emission of 56.48 mg CO2
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m-2 hr-1 were recorded immediately after the tillage operation and after four days the
emissions got reduced to 6.9 CO2 m-2 hr-1 . Soil moisture content is another variable
which influenced the GHG emissions. Immediately after the rainy event, the CO2
emissions increased up to 72.82 mg CO2/m2/hr and gradually reduced to 47.92 mg
CO2/m2/hr in 4-5 days. The CO2 emissions were summed up for the entire duration of
the crop growth period. The total CO2 emission from these four systems ranged from
0.84 to 1.99 t ha season-1. The highest CO2 emission for a crop season was observed in
case of sorghum (1.99 t ha-1) and lowest in case of leucaena agro-forestry system (0.84
t ha-1).
Observed emissions from soils in different crops/ trees under rainfed conditions
Crop /System

CO2 ( mg m-2hr-1)

CH4 ( mg m-2hr-1)

N2O ( µg m-2hr-1)

Range

Mean

Range

Mean

Range

Mean

Redgram

35.5-72.8

48.44

0.09-0.28

0.14

4.0-20.1

10.07

Sorghum

52.1-86.2

59.14

0.09-0.10

0.09

12.1-20.0

12.08

Cenchrus ciliaris system

15.9-63.4

34.04

0.04-0.19

0.09

29.8-40.1

36.25

Leucaena
agro-forestry systems

35.2-71.5

51.00

0.11-0.16

0.14

6.7-32.1

28.20

Methane Fluxes: During the rainy season, the range of methane flux was recorded as
0.09-0.28, 0.09-0.10, 0.04-0.19 and 0.11-0.16 mg CH4-C m-2 h-1 from pigonpea, sorghum,
Cenchrus system and Leucaena agro-forestry systems respectively. The highest quantum
of methane emission for a whole crop season was found to be 3.80 kg CH4-C/ha for
pigeonpea, whereas 2.80, 2.68 and 2.29 kg CH4-C/ha were recorded from grassland,
sorghum and leucaena agro forestry system, respectively.
Nitrous Oxide Fluxes: N2O emissions ranged between 4.0- 20.1, 12.1-20.0, 29.8-40.1
and 6.7-32.1 µg N2O-N/m2/h from pigeonpea, sorghum, cenchrus and leucaena agroforestry systems respectively. The emissions were higher with Cenchrus system where
as lowest from sorghum. The total seasonal emission was found to be maximum in
Cenchrus system (1.04 kg N20-N ha-1) whereas redgram, leucaena agroforestry system
and sorghum cultivation recorded minimum flux as 0.29, 0.81 and 0.34 N20-N kg ha-1,
respectively.
The extent of N2O emissions from these crops were lower than that of the IPCC default
emission factors, thus pointing to the need for reworking the emission factors at national
level combining irrigated and rainfed crops and their area of cultivation.
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Adaptation and mitigation through water management (IARI, DWM, CRIDA,
TNAU)
Method of planting and water management on water saving and GHGs: A field
experiment was conducted at IARI with three planting methods of rice namely direct
seeded rice (DSR–P1), system of rice intensification (SRI) with drip irrigation (P2) and
traditional method as control (P3). Four varieties of rice namely Pusa 44, Pusa 834,
Pusa 1121 and Pusa 1401 were sown with three replications. Results showed
significantly higher grain yield in traditional planting method (5.2 t ha-1) as compared
to DSR (drip) and SRI (drip). Amongst rice varieties, Pusa 44 produced significantly
higher yield (6.4 t ha-1) in SRI with drip and in traditional method while Pusa 1401
gave yield of 3.85 t ha-1 in DSR under drip. The study revealed that irrigation water use
efficiency (0.67 kg grain/m3) and field water use efficiency (0.45 kg grain/m3) were
found to be highest in SRI method with drip.
Water saving and efficiencies under different method of planting
Method of
planting

Irrigation
requirement
(mm)

Water
requirement
(mm)

Water
saving
(%)

Irrigation use
efficiency (kg grain
/m3 water)

P1
P2
P3

1374
667
653

1705
998
984

41.46
42.29

0.37
0.40
0.67

Methane emission was significantly reduced in
DSR under drip irrigation as well as
conventional irrigation practices. Nitrous oxide
emission was increased under both the water
management practices in DSR and SRI as
compared to the conventional transplanted rice.
The global warming potential was reduced by
52% under DSR-drip irrigation and 57% under
SRI-conventional irrigation in comparison to
the conventional flooded control.

Rice Crop under drip irrigation

Impact of different water saving technologies on greenhouse gas emissions in rice
Irrigation practice
DSR-Drip irrigation
DSR- Conventional irrigation
SRI-Drip irrigation
SRI- Conventional irrigation
Conventional transplanted rice

N2 O
(kg ha-1)

CH4
(kg ha-1)

GWP
(kg CO2 eq. ha-1)

2.67
2.83
1.77
1.81
0.88

0.04
0.14
7.52
22.42
56.97

797
847
715
1100
1688
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Groundwater augmentation as an adaptation strategy in Odisha (DWM)
To augment irrigation sources in alluvial zone of Dhenkanal and Cuttack districts of
Odisha, fifteen dug wells were designed and implemented as per the groundwater
table. Pumping test was conducted to estimate the recharge rate for different dugwells
which varied from 7.48 to 14.35 m3/hr. Accordingly, cropping pattern and command
area (0.70-1.1 ha) for each dug well were established. After augmenting the ground
water resources with improved irrigation system, 240% cropping intensity and net
income of Rs. 39,000 to Rs.44450 per ha was achieved in different dug wells.
Drip irrigation system was installed in well irrigated command areas which increased
the yield of different vegetable crops by 15-21 per cent over conventional method of
irrigation. Maintaining optimum soil moisture and frequent nutrient supply matching
with the crop water requirement under fertigation helped in yield increase over
conventional system. 42 to 54 per cent water saving was realized by the farmers which
enabled them to extend the area under cultivation with the same water. The study
convinced farmers that adoption of water saving methods is key to achieve climate
resilient agriculture.
Potential of location specific groundwater recharge structures in climate change
adaptation: Location specific groundwater recharge structures suitable for geohydrological conditions are assessed for its performance in terms of recharge rate and
area of influence. Dry Stone Masonry Pond, Single Wall Masonry Structure, Cement
Masonry Structure were constructed at Kherad, Som, Karget, Shisvi villages of Udaipur
district, Rajhasthan. Daily monitoring of surface water level was carried out through
gauging and table of the identified well situated in the downstream side of the structures
was also measured on daily basis.

Masonry check dam at Shishvhi

Masonry Check Dam at Karget

Masonry Check Dam at Som

Similarly appropriate water harvesting cum groundwater recharge structures were
constructed and evaluated at Dhari and Kodinar farms of Junagarh Agricultural
University, Gujarat. The recharged water to aquifer from ponds storage (storage
capacity-9604m3) was estimated as 13415 m3. The total harvested rainwater (runoff)
during the monsson-2012 was computed as 13572 m3. The recharged groundwater
from the pond storage can provide life saving irrigation of 5 cm depth to rainfed crops
in 26.83 ha area during dry spell in kharif or irrigate 3.35 ha area of crop having 40 cm
seasonal irrigation requirement in winter (rabi) season.
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The total harvested water storage was computed as 4478 m3 through runoff in another
4 ponds at JAU farm Dhari and 4297 m3 was available for groundwater recharge. The
recharged groundwater due to pond storage can be helpful for the life saving irrigation
of 4cm depth to rainfed crops in 10.74 ha area in kharif or cover additional area of one
hectare of winter crop having seasonal irrigation water requirements of 40 cm.
Construction of another recharge structure of designed capacity of 31700 m3 is under
progress at JAU farm, Mahuva which is located in coastal belt of Gujarat.

Dugout pond at JAU, Odinar

Dugout pond at JAU Dhari

Artificial recharge through recharge well in percolation pond was taken up in PAP
basin of Coimbatore, Tamilnadu by way of allowing the runoff water to pass through
silt detention tank, water collection tank cum treatment chamber and erection of shaft
with filtering chamber. The recharge during the monsoon and non monsoon period
was computed based on water level fluctuation method

Artificial recharge through recharge well in percolation pond in Coimbatore, Tamilnadu

MODFLOW (USGS Modular Three- Dimensional Ground-Water Flow) Model was
calibrated and validated in Vadachitur watershed located in the Parambikulam-AliyarPalar basin of Tamilnadu and simulated and observed water levels were compared for
a period of 365 days. At a period of 365 days, storage in to the aquifer was 1.62 Mcum/
day and flow out of the aquifer from storage was 4.82 Mcum/day. The water pumping
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out from the wells was 2.1 Mcum/day whereas recharge into the aquifer was 5.99
Mcum/day. The total inflow into the aquifer was 7.965 Mcum/day and total outflow
into the aquifer was 7.954 Mcum/day. At the period of 365 days, the outflow was more
than the inflow by an amount of 0.0011 Mcum/day.
These studies point to the potential of ground water recharge as a means to cope with
climate variability both in high and medium rainfall regions. However the performance
of these structures will be monitored annually in relation to rainfall to know to what
extent this technology can help in drought coping.
Assessment of rain water harvesting and recycling as an adaptation strategy
(CRIDA)
Since water harvesting and supplemental irrigation is an important adaptation strategy,
CRIDA has established a comprehensive system of surface water harvesting through
ponds and closely monitoring its usefulness every year for coping with climate
variability of rainfed crops.
There were five farm ponds which were monitored for collection of runoff during the
year 2012 with different catchment areas at Gunegal Research Farm. Based on the
observed runoff in the ponds, weighted average runoff co efficient was determined.
The runoff co efficient decreased with increasing catchment area under the farm ponds.
The runoff co efficient varied from 11 to 32% for the catchment areas 1.5 ha to 14.5 ha
in alfisols.
Weighted runoff co efficient and total harvested runoff under different catchment
areas
Pond
Catchment Land
Identifier area, ha
use

Max. pond
capacity,
m3

No. of
fillings

Total
runoff
harvested,
m3

Weighted
average
runoff
co-efficient

R1
L3
R5
L6

5.0
3.5
4.0
14.5

508
582
740

2
3
1

1016
1746
1288

0.27
0.29
0.23

R3-1

1.5

1750
230

1
1

2260
150

0.11
0.32

Agriculture
Agriculture
Agriculture
Agriculture
Forest
Farm roads
Agriculture

The total runoff collected in the five farm ponds was 6460m3 with which different
rainfed crops in summer, kharif and rabi in an area of 7.7 acres (3.03 ha) which indicates
an opportunity for the rainfed farmers to grow their crops for maximum profitability
and increased water productivity resulting in resilience against the dry spells.
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Water use particulars under different farm ponds and their water productivity of
rainfed Crops in 2012
Crops

Groundnut
Maize
Carrot
Redgram
Green Gram

Area
Irrigated
(Acres)

Season

Contributing
Farm Ponds

Amount
of water
used, m3

1.0
1.0
0.77
2.10
2.87

Kharif
Kharif
Rabi
Rabi
Summer

R3- 1&2
R1
L6
R5
R5, L6

300
500
417
483
675

Yield
Water
-1
q ha productivity
(q ha-1 mm)
8.8
47.5
6.0
1.8
7.2

0.16
1.07
0.06
0.02
0.07

Development of water production functions in maize using AQUACROP (CRIDA)
AquaCrop is a crop water productivity simulation model, developed by the Land and
Water Unit of the FAO, Rome. A study was taken up in Gunegal Research Farm, CRIDA
Hyderabad with maize crop variety Monsanto, Dekalb 900 M.Gold in split plot design
in 2012 Kharif season. There were 5 main irrigation plots (I1 (20 mm), I2(30 mm),
I3(40 mm), I4(50 mm) and Rainfed). Each main plot was divided into 4 sub plots i.e.
2 management practices, mulching @ 5 t ha-1 (M1) with crop residue, no mulching(M0)
and 2 fertilizer doses (RDF) 90kg N, 45kg P, 45kg K and higher fertilizer(HF), 125%
of normal) with 3 replications. Moisture data were recorded weekly at 10cm and 50
cm depth. Data on plant height, leaf area index, root depth, above ground biomass,
length of flowering time from sowing to emergence, time from sowing to start of
flowering, time from sowing to start senescence, time from sowing to maturity was
measured for every 15days. Supplemental irrigation (20mm, 30mm, 40mm and 50mm
for I1, I2, I3 and I4 respectively) was provided from harvested water through sprinklers,
at two critical stages (vegetative and tasselling) at 15DAS and 45 DAS respectively
during dry spells.
The crop water production functions(CWPF) were developed by using regression
analysis of fitting polynomial equation of Y= ax2+bx +c, where Y is the yield (t ha-1)
and x is the crop water use in mm. a,b
and c are regression coefficients
obtained through analysis. The CWPF
are developed for four management
options of M0NF, M1NF, M0HF and
M1HF and for the combination of all
the management options. The
coefficient of determination was more
than 0.9 in all cases. It was observed
Crop water Production functions under different
Management Practices for Maize
that the crop yield to supplemental
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irrigation with 40 mm and 50 mm was more than the other two irrigation levels with
137% and 201% increase respectively over the rainfed under no mulch and RDF. Results
indicated that rainfed crop with mulching responded more with increased yield as
compared to no mulch. Though the response of the crop under mulch with high fertilizer
was more as compared to other management options, it behaves linearly for different
crop water use levels in contrast to other three management options of M0NF, M0HF
and M1NF.
Biomass and grain yield: The simulated above ground dry biomass agreed well with
observed values. Maximum biomass of 14.4 t ha-1 was obtained in I4 with mulching
and high fertilizer and minimum of 6.3 t ha-1 in rainfed crop.

Measured and simulated biomass yield
through AquaCrop

Simulated vs. Observed values of Grain Yield
under different Management Practices

The simulated grain yields showed a good agreement with measured yields. The
measured maize yield varied from 4.80 t ha-1 to 7.32 t ha-1, while the simulated yield
varied from 5.1 t ha-1 to 7.84 t ha-1 for rainfed and under different irrigation treatments.
Adaptation through tillage and water management in Tamilnadu (TNAU)
Investigations were conducted at different locatons in Tamilnadu on water harvesting
technology to cope with climate variability in dryland agriculture and to study the
impact of tillage methods, residue addition and supplemental drip irrigation on yield
and carbon sequestration. Results indicated that minimum tillage with crop residue @
10 t ha-1 and supplemental drip irrigation eight times recorded higher seed cotton yield
(2714 kg ha-1). Minimum tillage with crop residue @ 10 t ha-1 and supplemental drip
irrigation six times recorded higher maize yield (7605 kg ha-1). Minimum tillage with
crop residue applied @ 10 t ha -1+ BBF system produced higher maize grain yield of
8004 kg ha-1. Supplemental irrigation was found not benevolent as the crop growth
period coincided with the northeast monsoon. Minimum tillage with crop residue @ 5
t ha-1 + surface rain gun irrigation (4 times) recorded higher groundnut pod yield (1325
kg ha-1) and was comparable with minimum tillage with crop residue @ 5 t ha-1 +
surface rain gun irrigation (3 times) (1280 kg ha-1).
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Studies on enhancing energy use efficiency (CIAE, CRIDA)
Water, energy and CO2 nexus - study of irrigation efficiency under wells in Andhra
Pradesh (CRIDA)
Data on number of bore and dug wells, area and crops grown under these wells were
collected for 22 districts of Andhra Pradesh (excluding Hyderabad) for 1993 to 2010
period from Directorate of Economics and Statistics, Govt. of AP. The growth rate of
tube and dug wells in sthe state is depicted.

Annual increase in number of tube and dug wells in Andhra Pradesh (1993- 2010)

An increasing trend is seen in tube wells with compound annual growth rate (CAGR)
of 9.04% while decreasing trend in dug wells with the compound annual growth rate
(CAGR) of -1.72%. Based on these data, an average capacity of 5 hp monoblock
submersible pumpsets was chosen with rated discharge of 4lps for tube wells and 8 lps
for open wells from the pump industry catalogues of standard company. Different
irrigation systems were considered for estimation of CO2 from energy use taking coal
as source emission, which is the major source of electricity production in the state. The
irrigation systems include surface, raingun, sprinkler and drip. Their application
efficiencies considered are 60%, 70%, 75% and 90% respectively. The pumping system
efficiency is taken as 50%. Based on the crop water requirements, area under the crop
and pump discharge, the energy loads were calculated for all the wells. To produce 1
unit of electrical energy requires 0.5 kg coal (Reddy,Y.K.,2011) and the corresponding
CO2 emission is 2.38 kg of CO2 e/kg of coal.
Crops under wells in are categorized according to their suitability under different
irrigation systems as given in the Table.
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Crops considered under different irrigation systems for CO2 emission estimation
Surface

Raingun

Sprinkler

Drip

Rice
Jowar
Maize
Chillies
Sugarcane
Onion
Vegetables
Cotton
Groundnut

Jowar
Maize
Sugarcane
Onion
Vegetables
Cotton
Groundnut

Jowar
Maize
Chillies
Onion
Vegetables
Cotton

Sugarcane
Onion
Vegetables
Cotton

The total CO2 emission estimated for different crop groups under each irrigation system
is given in Figure. The CO2 emissions were calculated by considering overall system
efficiency of wells from pumping of water (puming system efficiency x irrigation
system efficiency). The CO2 emission under surface irrigation was more as compared
to all other irrigation systems as pumping requirements are more with an avearge
application system efficiency of 60% followed by raingun with 70% efficiency, sprinkler
with 75% efficiency and drip with 90% efficiency.

(a) Surface Irrigation

(b) Raingun Irrigation

(c) Sprinkler Irrigation

(d) Drip Irrigation
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Annual CO2 emission from well based irrigation in the state:
Three crops (Onion, Vegetables and Cotton) were considered to compare the CO2
emissions with the different irrigation systems in Andhra Pradesh under wells. The
results are presented in Figure. It is observed that the CO2 emissions are gradually
increasing from 1993 to 2010. In 1993, the CO2 emission was less than 10000 Mt but
at 2010, it has increased to
more than five times. The total
CO2 emissions are maximum
in surface irrigation as
compared to other irrigation
systems with the selected
crops. The CO2 emissions are
reduced in the case of drip
irrigation as it is the most
efficient system for the crops
Total CO2 emissions under different irrigation systems in
like onion , vegetables and
Andhra Pradesh for the period 1993 to 2010
cotton.
Development of spectral reflectance based variable rate fertilizer applicator
(CIAE)
Precision in application of nitrogen improves its use efficiency and contributes to
mitigation by reducing N2O emission. At CIAE, Bhopal, spectral reflectance based
variable nitrogen application systems
has been studied in rice and wheat
during 2012 Kharif and Rabi seasons.
Field experiments for developing
relationship between nitrogen
application rates and NDVI values
generated by greenseeker sensor are
conducted for kharif rice (VarietyKranti) and rabi wheat (VarietyHI1544). NDVI values were collected
Effect of N fertilizer dose (kg N ha-1) and
at an interval of five days for different
DAT on NDVI in Rice
treatments. Based on first year data, it
was observed that NDVI values decreased initially up to 45 days after transplanting
(DAT) and had higher coefficient of variation for all the nitrogen dose applications (0210 kg ha-1). This can be attributed to less projected leaf area (<50 %) and higher
reflection from ponded irrigation water. The NDVI values increased from 45 DAT up
to 54 DAT and later stabilized upto 73 DAT.

76

For the rabi wheat (2012-13) the NDVI
values showed an increasing trend upto
50 days after sowing (DAS) and then
flattened till 86 DAS. The relationship
with nitrogen application rates, rice/
wheat yield and NDVI values will be
developed based on two years data on
NDVI measurements.
Electronic sensor data logging interface
Effect of fertilizer dose (kg N ha-1) and
was developed for its adoption in
DAT on NDVI in Wheat
variable rate fertilizer applicator, a
prototype of electronic hardware interface was developed for transmitting data from
NDVI sensor via, serial bluetooth or serial USB to android device. Software was also
developed to log and store these readings in the android device. Once successful this
approach will be key to reduce N2O emissions and contribute to mitigation.
Carbon sequestration for climate change mitigation (CRIDA, CIAE, TNAU)
Role of biochar in soil carbon sequestration and crop yield in Alfisols (CRIDA)
During second year of the experimental cycle at CRIDA, residual effect of different
biochars in combination inorganic and organic was investigated for its influence on
grain yield in rainfed maize. Application of biochar @ 2 t ha-1 supplemented with RDF
with each of the cotton,
castor and pigeonpea
stalk biochar sources
recorded significantly
higher grain yield of 6.2,
5.5 and 3.7 t ha -1 ,
respectively
over
control. However with
maize stalk biochar,
biochar @ 4.0 t ha-1 in
combination with RDF
+ FYM produced
significantly higher Maize (DHM 117) grain yield as influenced by different biochar residuals
grain yield (5.4 t ha-1) in dryland alfisol during 2012 (one time application of biochar on 2011)
over control, but
comparable with biochar @ 2 t ha-1 supplemented with RDF (5.3 t ha-1). In all four
biochar sources (maize, castor, cotton and pigeon pea stalks), results indicate that
residual biochar upon weathering action might have influenced the soil - biochar
interaction which enhanced the response of RDF and FYM, over individual treatments
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of RDF and biochar alone (2 and 4 t ha-1) and control. Moreover, results suggest that
addition of biochar @ 2.0 t ha-1 with RDF can improve the crop productivity through
soil enrichment without any addition of FYM.
Performance of biochar in Tamilnadu (TNAU)
Studies conducted by TNAU at different locations in Tamilnadu indicated that the biochar produced from agricultural feed stock materials such as prosopis, redgram, cotton
and maize are of alkaline range (pH 8.0 to 10.8). The level of salinity of bio-char
ranged from 0.75 to 0.97 dS m-1, much likely to develop moderate level of salinity. The
use of bio-char in large quantity reduced the growth and yield of crops. Application of
bio-char in black alkaline soils with a pH of 8.3 resulted in only 60 to 75 % crop
germination of cotton and maize. However, application of bio-char @ 5 t ha-1 enhanced
the soil moisture retention in Alfisol. Bio-char application increased the soil pH and
improved the soil physical properties especially acid red soil (pH<6.5). The physical
properties like bulk density, water holding capacity and infiltration rate were found to
be favorable for plant growth and establishment; especially the moisture availability
in the soil is at desired level throughout the crop period. Soil moisture retention, growth
and yield of blackgram was significantly high with application of FYM 12.5 t ha-1 and
was comparable with redgram stalk bio-char application @ 5 t ha-1. Maximum pod
yield of groundnut (2128 kg ha-1) was recorded with redgram bio-char applied @15 t
ha-1 which was on par with maize straw and cotton stalk bio-char @ 15 t ha-1.
GHG emissions during biochar production (CIAE)
The bio char production technology was studied for the release of green house gas
emission during conversion process. The gaseses emitting just after the charring kiln
were measured using gas analyzer. The gases measured were carbon monooxide, nitric
oxide and nitrogen oxide, sulpher dioxide and hydrocarbon, mainly the methane gas.
The average values observed gases were O2, CO, NO, NOx SO2 and HC 11.23%, 1.0%,
0.05%, 0.06%, 0.007%and 0.9% respectively. Experiments are in progress to see which
method of char production is most environment friendly.
Raw material and method of production influences on char (CIAE)
Biochar was produced from various crop residues by using Vertical cylinder bio-char
reactor (External heating system) and CIAE charring kiln (Internal heating system).
Detailed studies were made on recovery, characteristics of char produced, stability,
pH, enhancement of carbon content and estimation of carbon gain to soil due to addition
of char. The salient findings are summarized below.
Char produced in the external heating system had higher yield (20-40 %) and lower
carbon content (71-77%) as compared to internal heating system (char yield: 27-30 %
and carbon content 90-94 %).
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Closed bio-char production system (internal heating system) imparts the higher
condensation of bio-oil vapour on the charred biomass.
Pigeon pea stalks were found as better raw material for making bio-char compared to
cotton stalk and soybean straw. The process temperature should be kept in the range of
350 to 450 °C for obtaining stable char.
The char can be used for reclamation of acidic soil; the pH of bio-char being higher
than 9.0.
The carbon gain to soil by adding was estimated as 91%, 80%, and 42% for soybean
straw, pigeon pea and cotton stalk, as compared to carbon that can be added to soil due
to incorporation of respective raw crop residues directly.
Charring through external and internal heating has potential to fix 0.89 and 0.71 tonne
per year CO2 from the atmosphere, respectively, by producing the bio-char from each
metric tonne of crop residue and adding the generated char in soil for carbon
sequestration.
Carbon sequestration through agroforestry (NRCAF)
The focus of the project at NRCAF during this year has been to assess carbon
sequestration potential of agroforestry practices adopted by the farmers in Bulandsahar,
Gorakhpur (Uttar Pradesh), Mandi (Himachal Pradesh) and Faridkot and Nawahsahar
(Punjab) districts and mapping agroforestry area in Punjab using remote sensing and
GIS.
The area statistics obtained for different land uses and land covers for Punjab shows
that the area under agroforestry was estimated to be 272504.51 ha, which is 5.44 per
cent of total geographic area of the state. As far as area under agroforestry at district
level is concerned, highest area was found in Bhatinda district (7.02%) and lowest in
Fatehgarh Saheb (2.97%).
The dominant tree species recorded in Bulandsahar and Gorakhpur are Eucalyptus
tereticornis and Populus deltoids, Dalbergia sissoo, Syzygium cumini, Tectona grandis,
Azadirachta indica, Mangifera indica, Acacia nilotica, Psidium guajava, Zizyphus
mauritiana and Artocarpus hetrophylus. The total number of trees per hectare recorded
in Bulandsahar and Gorakhpur was 7.01 and 15.78 trees ha-1, respectively. The tree
biomass and soil carbon in baseline under Bulandsahar was 2.71 and 10.65 t ha-1,
respectively and in Gorakhpur, tree biomass and soil carbon was 18.20 and 9.89 t ha-1
respectively. Total biomass (tree + crop) and total carbon stock after 30-year would be
13.32 and 17.37 t ha-1 in Bulandsahar. Similarly in Gorakhpur, total biomass and total
carbon stock after 30-year would be 34.50 and 27.42 t ha-1.
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In Faridkot and Nawahsahar of Punjab, the common tree species are Eucalyptus
tereticornis, Melia azedarach , Populus sp and D. strictus. The tree density in Faridkot
and Nawahasar was 1.94 and 13.85 trees ha-1 , respectively. The tree biomass in baseline
was 0.58 and 6.70 t ha-1 in Faridkot and Nawahsahar, respectively and after 30-year it
will be increased up to 0.96 and 6.71 t ha-1. The total carbon available in agroforestry
practices as baseline in Faridkot was 22.91 t C ha-1 and corresponding value for next
30-year would be 26.25 t C ha-1. Similarly, in Nawahsahar, total carbon in baseline was
17.25 t C ha-1 and after 30-year it would increase up to 22.21 t C ha-1.
Soil organic carbon was analysed for existing agroforestry systems in 13 districts
spreading over Uttrakhand, Himachal
Pradesh, Haryana, Punjab and Uttar
Pradesh. In general, SOC content was
more in surface soil layers (0-15 cm) than
sub-surface soil layers (15-30 cm). On an
average, highest amount of SOC in 0-30
cm soil depth was observed in Dehradun
district (34.3 Mg ha -1) of Uttrakhand
whereas, minimum in Nawahsahar (12.7
-1
Mg ha -1 ) in Punjab. Irrespective of
Soil Organic Carbon stock (Mg ha ) in 0-30 cm
depth of soil in different districts
districts, soil samples collected from
Uttrakhand were found to have maximum
SOC followed by Himachal Pradesh. Minimum amount of SOC was found in soils
collected from Punjab.
Carbon Sequestration by biofuels crop, Jatropha curcas (CRIDA)
Bio fuel cropslike Jatropha and pongamia are gaining attention in recent years. To
explore the possibility to additional
income to farmers in addition realizing to
marketing of seed, through carbon credits,
the carbon stocks in Jatropha curcas were
estimated at CRIDA, Hyderabad.
The contribution of leaves, seeds, stem,
branch and root was 11.34, 24.60, 44.25,
39.00 and 32.64 t ha -1 of carbon
respectively. The above ground biomass
Carbon stock in 8 years old Jatropha curcas
sequestered 119.20 t ha-1 of carbon where
at Hyderabad
as below ground biomass contribution was
32.64 t ha-1. The share of total carbon by above and below ground parts of the tree was
78.50% and 21.50% respectively. Total carbon sequestered by 8 year old J.curcas was
151.84 t ha-1.
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Plant roots and carbon sequestration (CRIDA)
Studies were conducted at CRIDA to understand the role of plant roots in sequestering
carbon in soil. Two varieties each of sorghum (CSH 14, SPV462) and green gram (ML
267, WGG 37) were grown in the field in kharif 2012. Root systems at maximum
biomass stage (late flowering) were extracted from the soil by washing exposed soil
monoliths. Root and shoot biomass, and shoot:root ratios were determined. The samples
were fractionated using detergent fibre extraction method and cell contents (soluble C
compounds) and cell wall contents (hemicellulose, cellulose and lignin) were
determined. Carbon and nitrogen contents of root and shoot samples were determined.
Generally roots accounted for about 1/4th of total plant biomass. Shoot:root ratios of
green gram varieties were lower than sorghum. Differences in shoot:root ratios of
sorghum varieties were small, but in green gram, varietal differences were larger. In
both the crops, roots had more cell wall fraction than shoots, and considerably higher
lignin concentration than shoots, especially in case of green gram. However, in
quantitative terms, sorghum roots had over 2 times more lignin per unit land area than
green gram, and sorghum whole plants had up to 5 times more lignin than greengram.
With the exception of green gram variety WGG 37, roots had a slightly lower N content
than shoots.
Values of lignin/N ratio, the
best
predictor
of
decomposition rate, were
considerably higher for roots,
indicating that roots may
decompose much more
slowly
compared
to
aboveground
residues.
Coupled
with
other
mechanisms of organic
matter preservation in soil
such as physical protection Lignin: N ratios of plant parts of sorghum and green gram varieties
and chemical stabilization, which are more prominent in root derived organic matter
than shoot derived, it is likely that roots play an important role in sequestering
atmospheric C into stable soil organic C with long turnover times. Thus roots have a
potentially crucial role in carbon sequestration and eventually in coping with climate
change.
Carbon sequestration through rehabilitation of degraded lands (RVSKVV)
Land degradation is a serious cause of loss of soil carbon contributing to CO2 emissions.
Rehabilitation of such degraded lands offer good scope to build carbon in the soil and
sequester through biomass and also provide livelihoods to people. With this goal, a
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project was taken up in Chambal ravines of M.P. The total project area is 15 ha. After
initial site characterization, plantation of different species was taken up with good
survival. The area receives 700 mm rainfall. The salient features of the degraded site
are:
•

The water dispersible aggregates show that the soil of ravine/study area has very
weak binding properties. The percentage of silt and clay fractions of soil are more
in disperse condition (dispersion ratio of 0.80 to 0.90) in all profiles and depths
studied.

•

More aggregates (50 to 70%) are in finer size (>125 micron ) fraction only very
less (8-14%) are in coarser (>1 mm) size.

•

The recorded value of Zeta potential (mv) showed a value of only -40 to -45 that
indicates a very poor presence of colloidal fraction.

•

The average value of particle size (radius in nm) of the particles below 0.2 mm
showed a value of only 150-300 nm that indicated that most of the particles are in
very finer size.

Recording of above ground and below ground biomass of different species is under
progress. At the end of study it is proposed to compute the total biomass and soil
carbon sequestration as a result of rehabilitation and work out the cost benefit analysis.

Gabion and Masonry structures for conservation

Fruit plants (Drumstick and Ber)
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Grasses (Chandrasur and Palmarosa)

Crops (Sesame and Mustard crops)
A view of biomass established for rehabilitation of ravines in Chambal region

Conservation Agriculture for adaptation and mitigation (CRIDA)
Conservation Agriculture (CA) in Alfisols : Conservation agriculture practices provide
ample opportunity for protecting natural resources, carbon sequestration and reduced
green house gas (GHG) emissions in fragile rainfed ecosystems. Effect of CA practices
and balanced fertilization on performance of maize (DHM 117)-horsegram (CRIDA
18R) cropping sequence, was studied.. Pooled data showed that seed (3.0 t ha-1) and
stover (5.5 t ha-1) yields in maize in CA was on par with conventional system.
Significantly higher grain (4.7 t ha-1) and stover (7.9 t ha-1) yields were realized with

Impacts of CA on post-rainy season horsegram in rainfed maize-horsegram system in Alfisols
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balanced fertilization. In case of horsegram, significantly higher yields (kg ha-1) were
obtained in CA (572) compared to conventional (389). Status of soil organic carbon,
other labile pools of carbon and major nutrients (N, P, K) was improved in CA. There
was an increase in use efficiency of N, P, K, S and Zn to the extent of 11, 16, 14, 13 and
21% through adoption of CA practices. Higher net returns (Rs. 26571 ha-1) and B:C
ratio (2.1) was obtained in CA compared to Rs. 22529 ha-1 and 1.9, respectively in the
conventional system. Maize yields increased with adoption of CA and balanced
fertilization in deficit rainfall year. Thus, CA with improved nutrient management can
improve nutrient use efficiency and increase net primary productivity in semiarid tropics.
Mitigation of Climate Change through CA practices in rainfed regions (CRIDA)
A study was initiated at HRF, CRIDA to assess the potential of CA practices such as
zero tillage and residue retention for increasing the productivity of pigeon pea and
castor system in rainfed alfisols, besides its contribution to a GHG mitigation and
increasing soil carbon.
The experiment consisted of pigeonpea castor cropping system in with rotation different
tillage practices like conventional tillage (Ploughing once with disc plough, cultivator,
disc harrow and sowing of crop), reduced tillage (Ploughing once with cultivator and
disc harrow), zero tillage (direct sowing in residues) and different residue levels by
maintaining the harvesting heights (0 cm, 10 cm and 30 cm) to increase the residue
contribution to the field. The experiment was laid out in split plot design with tillage
treatments as main plots and harvesting heights as sub plots.
Difference in the yields levels between tillage systems has narrowed down in 4th year
as compared to Ist, IInd and IIIrd years. ZT has recorded 18% lower yields (1970 kg ha-1)
of castor as compared to conventional (2430 kg ha-1) and reduced tillage (2402 kg
ha-1), respectively. The pigeon pea and castor yields were increased with increase in
residue (harvesting heights). 10 cm and 30 cm harvest height has recorded 22 and 19%
higher yields as compared to zero harvest height (no residues). Increase in harvest
heights to 30 and 10 cm increased the residue yields. Harvesting at 30 cm has recorded
4.3 t ha-1 and 3.15 t ha-1 of pigeon pea and
castor residues as against 1.97 and 1.56 t
ha-1 in 0 harvesting height. ZT recorded
30% lower soil and nutrient loss.
The energy inputs were reduced in zero
tillage by 38 and 25% as compared to
conventional and reduced tillage
respectively in pigeonpea. Whereas in
castor zero tillage recorded 49 and 29 %
lower energy use as compared to

Influence of CA practices on Yield of pigeonpea
and castor in different years
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conventional and reduced tillage respectively. The reduced energy input and carbon
input in zero tillage is due to reduced number of tillage operations and fuel saving
(diesel). Castor has recorded higher energy input and carbon input as compared to
pigeon pea. In castor, energy use efficiency and production use efficiency was higher
in zero tillage as compared to conventional and reduced tillage. Whereas in pigeon pea
reduced tillage has recorded higher EUE as compared to zero and conventional tillage.
Zero and conventional tillage were on par with each other.
Tillage implements and CO2 emissions
An experiment was conducted to study the field CO2 emission, fuel consumptions and
fuel derived CO2 emissions with different tillage implements. The field CO2 emissions
were measured with soil respiration system. Tractor drawn MB plough+ disc harrow,
rotovator and disc plough + disc harrow has recorded higher CO2 emissions as compared
to cultivator. No tillage and bullock drawn plough recorded lower emissions as compared
to tractor drawn implements as the depth of ploughing was more in zero tillage. Fuel
consumption and fuel derived CO2 emissions varied with type of implement and soil
moisture content. Tractor drawn disc plough + disc harrow recorded highest fuel
consumption (25.1 liters) and fuel derived CO2 emissions (89.63 Kg CO2/ha) and this
was closely followed by MB plough+ disc harrow. Rotovator and cultivator has recorded
lower fuel consumption and fuel derived CO2. This difference in fuel consumption and
CO2 emissions is due to difference in ploughing depth. Plowing at low soil water content
(i.e., 10% dry weight basis) significantly increased the fuel consumption and CO2
emission by 21.21% when compared with plowing at moist soil water content (i.e.,
15% dry weight basis).

Fuel derived CO2 emissions and yield of horse gram as influenced by tillage implements
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Impacts of Cropping systems and fertilizer management on soil carbon
sequestration (CRIDA)
Enrichment of soil organic carbon (SOC) stocks through sequestration of atmospheric
CO2 in agricultural soils is an important strategy of adaptation and mitigation. Thus, a
15-year soil fertility management experiment in central India (Indore, MP) was
evaluated for the impact of crop residue C input on soybean (Glycine max L.)-safflower
(Carthamus tinctorius L.) cropping sequence and SOC sequestration. Retention of
crop residues of soybean/safflower, and application of farmyard manure (FYM) at 6
Mg (t) ha-1 alone or in combination with 20 kg N and 13 kg P ha-1 supplied through
chemical fertilizers or comparatively higher dose of chemical fertilizer (60 kg N and
35 kg P ha-1) either maintained or increased the SOC stock. However, conjunctive use
of FYM and chemical fertilizer increased the profile SOC stock (69.9 Mg ha-1), overall
SOC build up (37.1%) and also sequestered high amount of SOC (11.9 Mg C ha-1 or
0.79 Mg C ha-1yr-1). Higher grain yield (2.10 and 1.49 Mg ha-1 of soybean and safflower,
respectively) was obtained through the application of FYM at 6 Mg ha-1+ N20P13. For
every Mg increase in SOC stock in the root zone, there was 0.145 and 0.059 Mg ha-1
increase in grain yield of soybean and safflower, respectively. Stabilization of the SOC
stock (zero change under cropping) requires a minimum input of 3.47 Mg C ha-1 yr-1.
Application of 40 kg N+26 kg P ha-1 through chemical fertilizer also maintained the
SOC stock at the antecedent SOC level.
Therefore combined use of organic manure (crop residues and FYM) along with
chemical fertilizer is essential for enhancing the SOC sequestration in soybean-safflower
sequence under rainfed Vertisols in central India.

On similar lines, profile soil sampling was done from on-going long term permanent
manurial trial conducted in Arjia (Rajasthan), Rewa (Madhya Pradesh) and Agra (UP),
Bangalore (Karnataka), Kovilpatti (Tamilnadu), Solapur (Maharashtra) during 201213 under the aegis of All India Coordinated Research Project on Dryland Agriculture
(AICRPDA) and soil analysis and computation of carbon sequestration potential of
different management practices are under progress.
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Tillage and SoC interaction in vertisols of Central India (IISS)
Adoption of appropriate tillage is an important strategy to build SoC and contribute to
mitigation. Experiments conducted at IISS, Bhopal on SOC under different tillage
systems indicated the following trend at (0-5 cm) NT: OC varied from 0.52 to 0.75%;
CT: 0.50 to 0.77%; RT: 0.56 to 0.68%. Similar trend were observed for 5-15cm depth
across the cropping systems. Reduced tillage recorded the highest weed biomass than
other treatments. CO2 emission were higher under conventional tillage (CT) followed
by no-tillage (NT) and reduced tillage (RT) at the end of Kharif crop harvest. Similar
trend was observed under CT for N2O. Yield data was converted into soybean grain
equivalent yield based on MSP 2012-13.
Soybean Grain equivalent yield under different tillage systems (q ha-1), IISS,
Bhopal
Cropping System

CT

RT

NT

Mean

Soybean + Pigeonpea
Soybean + Wheat
Maize + Pigeonpea
Maize – Gram
Mean
LSD (P=0.05)

33.65
32.41
32.00
32.68
27.10
24.17
26.59
25.95
42.30
43.07
50.85
45.41
44.22
43.76
41.77
43.25
36.82
35.85
37.80
36.82
Tillage = NS, Cropping System = 7.47, T X CS = NS

Resource conservation technologies for adaptation in north east region (ICARNEH)
Studies conducted at ICAR-NEH on assessment of SWM practices for enhancing
climate resilience indicated that resource conservation technology in rice exhibited
higher productivity in guinea grass, groundnut, maize + groundnut and zero tilled rice
based cropping system. Soil loss was reduced by 27.8, 19 and 9.2 folds due to adoption
of fodder crops, cover crops and maize + legume intercropping systems on sloppy
land. Fodder crop based system registered maximum soil organic carbon (SOC-1.80%)
and SOC stock (29.7 t ha-1) followed by cover crop based systems. In maize minimum
tillage recorded 25.6 and 3.2% higher seed yield compared to zero tillage and
conventional tillage, respectively. Under residue retention, the yield was found to be
25% higher than conventional practice.
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4.6 Impact and Adaptation Strategies in Livestock and Poultry
Several research institutes and universities have participated in the research on livestock
covering cattle, buffalo, sheep, goat, pig and poultry production systems. The major
focus was on understanding the impact of climatic factors on production and
reproduction behavior, understanding unique traits in indigenous cattle and identification
of cost effective adaptation strategies. The salient findings are summarized below:
Heat Stress Reponse in Large Ruminants (NDRI)
Identification of Melanocortin-1 Receptor (Mc1r) Gene in Indian cattle and buffalo
breeds: Coat colour in animals is controlled by the ratio and amount of black–brown
eumelanin and yellow-reddish phaeomelanin. Evaluated MC1R status using forward
primer
5’GGACCCTGAGAGCAAGCAC3'
and
reverse
primer
5’CTCACCTTCAGGGATGGTCTA3' in Indian breeds of cattle and buffaloes.

Melanocortin-1 Receptor (Mc1r) gene in Indian cattle and buffalo breeds

BREED

COAT
COLOUR

LOCATION

SAMPLE GENE
SIZE
(n=185)

PRODUCT
SIZE

KANKREJ
KARAN
FRIES
SAHIWAL
GIR
SURTI

BLACK&WHITE
BLACK&WHITE
BROWN
GOLDEN BROWN
LIGHT BROWN
GREAY

BIKANER
KARNAL

18
36

MC1R
MC1R

1100 bp
1100 bp

KARNAL
JUNAGARH
NAVSARI

22
66
43

MC1R
MC1R
MC1R

1100 bp
1100 bp
1100 bp

Heat stress and gene expression in dermal fibroblast of Zebu and crossbred cattle:
Study on dermal fibroblast to assess the expression of Hsp70.1, Hsp70.2, Hsp70.8,
MMP-1, MMP-2, MMP-3, Caspase-3, Caspase-7, Bcl-2, BAX, Bcl-2/BAX indicates
that heat stress induces higher expression of HSP genes in Zebu than Crossbred cattle.
The inducible form of HSP’s are affected more in crossbred and constitutive form is
up regulated to higher level in Zebu than crossbreds resulting into greater capacity to
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tolerate higher heat load. However genes responsible for fibroblast integrity (MMP’s)
are expressed more in crossbreds than zebu. The heat stress on fibroblast enhances
expression of apoptotic genes (BCl2, Bax,) to different levels. The results indicate that
Bcl2 and Bax are up regulated to moderate to high intensity depending on thermal
challenge to fibroblast and results indicated that apoptosis response due to heat stress
is less in Tharparker than crossbred cattle.
Heat stress response in Sahiwal Cattle and differential proteome analysis (iTRAQ):
Four hours exposure of Sahiwal at 42 oC resulted in changes in serum proteome profile
(Isobaric tagged relative absolute quantification, iTRAQ) and differential expression
of 53 proteins (23 proteins up regulated and 30 proteins down regulated). Post exposure
recovery (48 hours) observed that 51 proteins were differentially expressed (18 proteins
up regulated and 33 were down regulated). The differentially expressed proteins were
observed to be associated with acute phase response, immunity, blood coagulation,
chaperons, oxidative stress and fatty acid metabolism etc.
Impact of heat stress on developmental competence of buffalo oocyte: Thermal
stress responses were measured on buffalo oocyte (in vitro) maturation and results
indicated decreased blastocyst production, health i.e. the total cell no (TCN), ICM/TE
ratio and apoptosis. Developmental competence of the control oocytes was higher
than the heat exposed oocytes as determined by qRT expression analysis of GLUT-1,
GLUT-3 (glucose transporter genes). Expression of pro-apoptotic genes was also
significantly higher in the heat exposed oocytes compared to the control ones as
determined by qRT expression analysis of caspases and bcl-2 family genes.
Heat stress and gene expression of in vitro produced buffalo (Bubalus Bubalis)
embryos: Among the heat stress-related genes, the expression level of HSP 70.1 and
HSP 70.2 was observed to increase and that of HSF-1 remained unaffected by heat
shock in buffalo embryos. Among the genes related to development, the expression
level of ZP-2 and GDF-9 was increased following heat shock. Expression level of
ZAR-1 remained unaffected at 8- to 16-cell stage but was increased at blastocyst stage
following heat shock whereas that of BMP-15 was not affected at both stages. One of
the mechanisms through which the adverse effects of heat shock are mediated is
increased apoptosis in the embryos.
Assessment of gene expression in peripheral blood leukocytes of indigenous cattle
and buffaloes in response to heat stress: Global gene expression studies were
performed on indigenous cattle (Tharparkar) by using bovine gene chip Microarray
(Affymetrix). Through interpretation of microarray data expression of 460 genes was
found to be altered during heat stress. Among them 250 genes were found to be down
regulated and 210 genes were up regulated. Out of 460 genes only 26 genes were
found to be stress related and remaining genes were related with different cellular
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functions including immune function, metabolism, transcription, translation, cell cycle,
cell signaling etc.
Water Footprints for milk production:
The consumptive water use in milk production comprises of direct (drinking, bathing
and servicing) and indirect (feed and fodder) component. In case of stall-fed animals,
the direct water requirement is entirely met from groundwater and /or surface water
sources, hence it comes under blue component of water footprint. For animals partly
or fully under grazing system, rainwater may also partly account for water use by
animals for drinking and bathing. But in the absence of data on the proportion of rain:
ground water use, the entire volume of water is considered under the blue component.
In feed and fodder production, there is CWU from irrigation (blue water) and effective
rainfall (green water). The milk production may also lead to pollution of water (grey
water) through deterioration in water quality below drinking water standards due to
contamination from animal wastes, excessive use of inputs like chemical fertilizers in
production of feed and fodder crops.
Direct water use has been estimated by assessing seasonal drinking water requirement
of different breeds of dairy animals on the experimental herd at NDRI. Based on the
observation on the diameter of water pipe, time period of water flow and number of
animals in the enclosure, the average water use of servicing and bathing worked out to
be 50 litres /day on the NDRI farm and marginally lower, i.e. 40 litres /day on the
farmer’s field. Then, total direct water use and consumptive water use were calculated.
Blue Water footprints of milk production from direct Consumptive Water Use
(CWU)
Breed

Av. Milk
Yield
(L/day)

Drinking
water
(L/day)

Bathing and
Servicing
(L/day)

Total Direct
WU
(L/day)

CWU
(m3/t)

Organized Farm
Karan Fries
Murrah
Sahiwal and Tharparkar

9.0
7.4
7.2

35
40
30

50
50
50

85
90
80

9.44
12.16
11.11

Unorganized Farms
Cross bred
Buffalo
Local Cow

8.3
5.2
4.5

26
26
26

40
40
40

66
66
66

7.95
12.76
14.64

Indirect water footprints have been estimated by assessment of water used for feed and
fodder crops. The starting point in this methodology is the calculation of consumptive
water use (CWU) of a crop.
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CWU, Blue Water Footprint (BWP) and Green Water Footprint (GWP) of Crops
under Dry Fodder, Green Fodder and Concentrate prevalent in Haryana
Type

Crops

CWU
(m3/ha)

GWP
(m3/kg)

BWP
(m3/kg)

Dry Fodder

Wheat straw
Paddy Straw

561.13
380.33

0.003
0.030

0.122
0.069

Green Fodder

Jowar
Berseem
Maize
Oats
Mustard

2895.33
6530.44
1121.04
1825.58
1372.62

0.032
0.001
0.009
0.001
0.016

0.026
0.086
0.013
0.040
0.812

Concentrate

Mustard Cake
Groundnut cake
Cotton seed cake
Wheat Bran
Rice bran

703.39
1205.75
646.02
2403.50
6216.96

0.015
1.485
3.514
0.011
0.626

0.751
0.517
3.153
0.522
1.419

Based on the monthly feed intake data of crossbred, buffaloes and local cows at NDRI
farm and the seasonal (three seasons) data from the farmer’s field , total water footprints
(m3/t) of milk production were estimated.
Total water footprints (m3/tonn) of milk production
Breed

CWU (m3/t)

Average
Milk Yield
(L/day)

Blue
(Direct+Indirect)

Green
(Indirect)

Total

Organized Farm
Karan Fries
Murrah
Sahiwal & Tharparkar

9.0
7.4
7.2

996
1031
1279

216
238
304

1212
1269
1583

Unorganized Farms
Cross bred
Buffalo
Local Cow

8.3
5.2
4.5

1166
1201
981

812
746
563

1977
1947
1544

The results indicate that total consumptive water use (m3/t) at organized farm was less
than unorganized farm. Use of water was more for buffalo and crossbred cattle than
Indian cattle breeds. Unorganized farm used CWU about 1950-1980 m3/t for crossbreds
and buffaloes as against 1540 m3/t for local cows.
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Bacteriocins and methane mitigation potential: Bacteriocins (Pediocin34 and
Enterocin99) significantly decreased methane emissions from in vitro fermentation of
wheat straw and concentrate mixture (50:50). Pediocin with concentration (P1: 1.2lakh
AU/ml) has a potential for mitigation of enteric methane production in livestock.
Disease resistance in indigenous livestock in relation to seasonal variation (IVRI)
Two breeds each of Cattle (Tharparkar, Ongole), Buffalos (Murrah, Surti), Goats
(Jamnapari, Kutchhi) and sheep (Chokla or Marwari, Deccani) from distantly located
areas were selected and bio-samples (blood & faecal) were collected twice a year i.e.,
winter (December-February) and summer (June-August) for studying factors
responsible for resilience. Preliminary results of haematological investigations indicated
that cortisol and NOx level are comparatively higher in Murrah buffaloes. Parasitological
investigations indicated that strongyle worm infection was most prevalent in buffaloes.
No blood protozoan infection was recorded in Murrah buffaloes while ND buffaloes
showed Theileria orientale infection in carrier status.
Melatonin as ameliorating agent for heat stress in female goats: Expression levels
of IL-2, IL-6 and Leptin mRNA were significantly (P<0.05) up regulated under both
mild and severe heat stress. After melatonin administration (0.1mg/kg body weight at
12:00hr from 5th day onward), expression level of all genes were enhanced (P<0.05)
at 25ºC but no significant change was observed at 35ºC. However, melatonin
significantly (P<0.05) down regulated the expression level of IL-2 with no significant
change in expression level of other genes during 40ºC. Additionally, up regulation of
these genes by melatonin at 25ºC indicates possible immune-enhancing role of this
pineal protein in female goats.
Stress management in sheep (CSWRI)
Ameliorative measures to combat water stress in sheep: Feeding of @ 1 kg Opuntia
(prickly pear cactus) per animal per day compensated mild water restriction up to 1 L
without any significant effect on feed intake in adult sheep during summer. Opuntia
could provide 0.88 L of water, increases N retention and also meets nutrient requirement
of the animals. This is an effective alternative in arid areas where low rainfall leads to
drought and acute water shortage.

Cactus plant

Cactus feeding to sheep
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Special shelter to protect sheep from heat
stress has been designed and constructed. This
multi-storey-type design is conceptualised by
looking at Hindu rituals ‘Yangya’ conducted
in such designed house where people at and
around ‘Yangya Sthal’ doesn’t feel the heat of
fire, which emitted at top giving a relatively
cool atmosphere at the ground. In this, the
Yangya-type shed for to protect from
house (40’×20×24’) is made up of two-line
summer stress
brick walls (4‘ height), the centre being filled
with sand and is fitted with water pipes having holes that allows simulated water drops
to make the sand layer wet and to maintain a cool atmosphere and desired humidity
level, which generally is lacking in arid and semi-arid regions. The first year observation
during May, 2013 on temperature-humidity pattern shows encouraging results.
Parameters
Max temp (°C)
Min. temp (°C)
RH (%)

Pakka shed (Asbestos roofing)

Yangya-type shed

45.48±0.50
27.09±0.52
18.95±1.90

41.42±0.47
27.57±0.47
21.16±1.60

Amelioration of climatic stress through shelter management: Special shelter to
protect lamb from cold stress has been designed and constructed. These shelters were
found to be providing optimal micro environment for better production from sheep.

Pucca shelter to protect lamb
from cold stress

Make shift shelter to protect lamb
from cold stress

Thermal load and metabolic profile in sheep
(CRIDA): Electrolytes concentration in sheep shows
differences during different seasons of the year.
Concentration of chlorides increased, where as
sodium and potassium decreased during summer as
THI rose from 71 (October) to 87 (May) as a measure
of adaptation to heat stress. Metabolites (glucose, total
proteins and triglycerides) concentration in blood also
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negatively correlated with THI. Supplementation of Vitamin E (300mg) and selenium
(600µg) per day per head substantially improved performance and reduced heat stress
in animals and the same is reflected in the form of physiological parameters, live
weight gain and ADG.
Heat stress and performance of goat (CIRG)
Exposure of growing male (18 nos) Barbari goats in cyclomatic chamber at temperature
above 20C over ambient temperature for 60 days indicated that at the initial stage (up
to two weeks), the heat exposed goats were under stress than the control which was
evidenced by lower water and dry matter intake, higher respiration and heart rate,
lower concentration of volatile fatty acids and lower rumen bacterial population.
However, after a fortnight no significant difference was observed in both control and
animals exposed to 20C higher ambient temperatures. The results of the study revealed
that goats have the capacity to adapt to increase in temperature (>20C) during the hot
humid period.
Management of Heat stress using herbal extracts: Out of four different herbal
combinations evaluated as anti-stress agents on male Jamunapari goats (6-9 months of
age) during hot dry period (May-June), CIRG-2 extract has performed better as
evidenced by highest growth rate and better physiological response in treated goats.
Broiler diet and heat stress tolerance in poultry (PDP)
Supplementation of betaine increased the activity of antioxidant enzyme (GPx) and
feed efficiency in broilers. Fortification of diet with extracts of Tulasi plant and Amla
fruit significantly reduced lipid peroxidation and enhanced the activity of anti-oxidant
enzyme (GPx) in broilers during summer season. Dietary supplementation of KCl at
0.1% significantly increased feed efficiency in WL layers during summer season.
Maintaining a minimum level of 280 meq/kg dietary electrolyte balance (DEB) is
essential in commercial broiler diet for better feed efficiency. Supplementation of
vitamin E (250mg), vitamin C (250mg) or their combination significantly increased
the activity of super oxide dismutase in broiler chicken. Supplementation of Se (0.30mg/
kg), Cr (2000 mcg/kg) or Zn 940 mg/kg) significantly increased performance and
activity of anti-oxidant enzymes (catalase and GPx) in broilers during summer.
Supplementation of organic Cr (200 ppb) significantly reduced mortality in WL layers
during summer season. Supplementation of vitamin E (100 or 200ppm) and organic
Se (0.15 and 0.30ppm) significantly reduced stress (increased the activities of SOD
and GPx) in Vanaraja parent lines during summer.
Heat stress and semen quality in poultry: Evaluation of semen quality of Dahlem
Red males incubated at normal and high temperature (2oC higher than normal) during
29 and 39 weeks of age revealed that the males from higher incubation temperature
(HT) group had significantly (P<0.05) higher sperm concentration. The abnormal sperm
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percentage was significantly (P<0.05) lower in the higher incubation temperature group.
An insemination trial (100 million sperms/bird) on respective group females for five
weeks indicates higher hatchability in HT group. The results indicate that exposure of
eggs to higher incubation temperature (2oC higher than normal) improves the semen
quality.
Heat shock proteins and thermal adaptation in poultry: Significant variation in the
Hsp70 expression was observed in the breeds (Naked neck, PB-2 and Dahlem Red ) at
2nd and 4th week due to exposure to 2oC increased incubation temperature for 3 h each
on 16th, 17th and 18th day of incubation.
At day old, the expression of Hsp 70 was
almost similar in all the three breeds which
might be because of the reason that the
chicks have not been exposed to the
ambient temperatures for sufficient time.
At 2nd and 4th weeks of age, significant
breed variation was observed. The Hsp70
expression was highest in PB-2 followed
by Dahlem Red and naked neck chicken,
indicating the better heat tolerance of the naked neck birds. Differential tissue expression
of the Hsp 70 was noticed in the tissues. At all ages and in all the breeds studied, the
spleen exhibited highest Hsp-70 expression. The liver, breast muscle and thigh muscles
showed lowest expression of Hsp70. The heat treated embryos expressed lower levels
of Hsp 70 compared to their normal counterparts. The study concluded that the
epigenetic thermal adaptation during embryonic stage had a positive effect in combating
heat stress during their post natal life in poultry.
Nutritional management of heat stress in broilers (VCRI, Namakkal)
In-vitro tests and in-vivo assays revealed that supplementation of ashwagandha extract
(0.75%), turmeric extract (0.1%) and amla powder (1.0%) in the diet improved the
performance of commercial broiler chicken by alleviating heat stress during summer
season. Dietary cation-anion balance (DCAB) of more than 260 mq/kg in feeds increased

Expression of Hsp-70 gene in heat exposed and normal birds
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the heat tolerance in commercial broilers during summer. Supplementation of betaine
hydrochloride (natural osmolyte) at an inclusion level of 0.2% or above in the broiler
feed improved the performance of commercial broilers during summer season.
TANUVAS customized electrolyte mixture for supplementation through feed and
drinking water and evaluated at VC&RI, Namakkal for amelioration of heat stress in
commercial chicken during summer season.
Composition of TANUVAS – Customized Heat Care Mixture for Alleviation of
Summer Stress in Commercial Chicken
Composition
Potassium chloride (gm)
Sodium citrate (gm)
Sodium dihydrogen phosphate (gm)
Disodium hydrogen phosphate (gm)
Sodium bicarbonate (gm)
Total (in gm)
Dose

Studies conducted in commercial
broilers
revealed
that
supplementation of Heat Care
Customized Mixture increased
body weight gain with better feed
conversion efficiency when
mixed in drinking water alone as
compared to mixing in feed or
both. The hormone corticosterone
level was comparatively low in
heat care mixture fed group
through drinking water.

Premix-I

Premix-II

400
75
20
20
485
1000
1.0 kg/ton of feed

885
75
20
20
0
1000
1.0 gm per litre of
drinking water

Performance of commericla broiler chicken supplemented with
TANUVAS customized heat care premix during summer season

Climate variation and feed resources’ availability (NIANP)
Crop production data was analyzed with linear time series models developed by using
Time Series Forecasting System (TSFS) of SAS 9.2. Higher-order auto-regressive
models with lags ranging from 1 to 19 years were developed with climatic and nonclimatic factors as regressors. The climatic factors considered in the models were actual
rainfall and the deviation of rainfall from normal. The non-climatic factors were yield
per hectare and area under crop. Crop production data was analyzed with and without
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climatic factors as regressors to study the impact of rainfall on crop production. The
canonical form of full model used for various crop yields is:
θ 0 + φ 1Yt-1 + φ 2Yt-2 + φ 3Yt-3 + ……+ θ 1 rainfall + θ 2 rainfall deviation +
Yt=θ
θ 3 AUC + θ 4Yield + ε
Where, Yt-1 1Yt-2 1Yt-3… are past data at time t-1, t-2, …, φ1, φ2, φ3…. and θ1, θ2, θ3… are
the co-efficient of auto-regressive models, AUC is the Area under crop, Yield is the
production of crop per hectare, and e is the error component. The best model was
selected based on Root Mean Square Error (RMSE) and Co-efficient of determination
(R2) values.
Climate variability, especially, the seasonal rainfall impacted the production of various
crop residues in Karnataka state. The impact of rainfall on major feed resources varied
between 7.2 and 14.8 per cent.
Effect of rainfall variability on major feed resources in Karnataka (‘000 tons)
Resource
Rice straw
Maize stover
Jowar stover
Pulse crops haulms
Groundnut cake
Sunflower cake
Safflower cake
Sesamum cake

Production with
rainfall variation*

Production without
rainfall variation

%
Impact

4577
7328
3670
1564
377.5
238.6
32.5
32.1

5372
7595
4062
1761
407.5
260.1
35.1
36.5

14.8
8.5
9.6
11.2
7.3
8.2
7.2
12.1

*The range of annual rainfall rain fall during the study period (1971 to 2010) was 876 to 1628 mm and the average
annual rainfall of Karnataka was 1281 mm
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4.7 Impact and Adaptation Strategies in Fisheries
Fisheries research under NICRA covered marine, inland, estuarine ecosystems and
brackish water acquaculture. The major focus was on understanding the impact of
climatic factors on spawning behaviour and identify adaptation strategies to high
temperature and other weather driven events like flooding. The salient findings are
summarized below:
Climate variability and spawning in capture fisheries (CMFRI)
Data collected (primary and secondary) over a timeline (1977-2012) on the availability
of spawning fishes along the Chennai coast indicated that there is a gradual shift in the
spawning season of oil
sardine from JanuaryMarch during 1977-78 to
June-July in 2011-12.
The same feature was
noticed in threadfin
breams also. SST
between 27.5 - 28.0oC is
the optimum for thread
fin breams and when
Spawning behaviour of Sardimella longiceps
SST exceeds 28.0oC, the
fish shift the spawning activity to seasons when the temperature is around the preferred
optima. Spawning season has shifted from September – October during 1990-99 decade
to November –December during 2002-10.
Abiotic factors and fish catch: Step-wise multiple regression was carried out between
total pelagic fish catch (sardine, mackerel, tuna) and environmental parameters to find
the specific abiotic factor affecting the catch. Chlorophyll and rainfall were found to
be the two principal environmental factors determining catch of pelagic fish along
Gujarat coast. Colored dissolved organic matter (CDOM) was found to be the most
significant factor in determining the catch of demersal fishes like threadfin breams
and pomfrets.
Impact of temperature and salinity on mariculture: Cobia embryonic development
and larviculture showed that highest hatching percentage was obtained at 31°C, while
the lowest hatching percentage was in 34oC. Larval deformity was noticed in Cobia
when temperature exceeded 32°C. 79% of fertilized cobia eggs hatched at 31ppt salinity
and very poor percentage hatching of 15% in 24ppt. Ambient temperature was 2930.5oC. Experiments conducted to ascertain growth of cobia larva indicated that faster
growth of 6.47 mm was noticed in larva maintained at 32oC at 40 dph whereas at 34oC
all larvae showed retarded growth.
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Breeding in Indian Major Carps in relation to climate change (CIFRI)
The hatchery survey data over time scale (1990-2011) collected from the fish breeding
states was compiled and a stand alone software in the form of E-atlas was developed
for Bihar and Odisha states. The e-altas integrates surveyed data in a real time map.

E-atlas for spawning in freshwater fish in Bihar and Odisha

The latest primary information on the hatcheries,fish species cultured, area, onset of
breeding, period of breeding, spawn output etc. and some anlysed data are presented
dynamically on GIS platform. The e-atlas, depicts the advancement of onset of breeding
as well as breeding period of inland fish over the years. The spatial differentiation
visualised will help planners in developing adaptation strategies for inland fisheries to
climate induced changes.
Gonadal maturity stages of Indian major carps in relation to climate variables:
Monthly fish sample analysis of the morphometric characteristics, gonadal maturity
stages , Gonado somatic index (GSI) and related climatic parameters revealed that the
reproductive maturity of Indian Major Carps (Labeo rohita, Catla catla and Cirrhinus
mrigala) has advanced by one month and the duration of spawning has also extended.
The highest GSI value for L. rohita and C. catla were recorded in June - July and for C.
mrigala during May & June in West Bangal. The mean maximum temperature was
high during May to July with maximum rainfall range of 250-300 mm during June July. The GSI value increase from May onwards with increasing temperature toward
maximum in May with highest rainfall range 250-300mm during July-August in Madhya
Pradesh, where as highest GSI value was recorded during June-August with a maximum
rainfall range of 300-350mm during June-September in Odisha. In Andhra Pradesh,
high GSI value of C. catla, L. rohita and C. mrigala was recorded during the months of
April - July, with higher temperature range and high rainfall (500-650mm) during
May-June.
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Reproductive competence and thermal tolerance of carps: Experiments conducted
for comparing thermal tolerance (CTmax) of IMC - Labeo rohita, Cirrihinus mrigala
and Catla catla with respect to species, seasonal acclimation temperature and adaptation
revealed CTmax of adult C. mrigala showed significantly higher tolerance (41.05±0.43°C)
in warm acclimatized (29.5 ± 1.5 °C)fish compared to cold acclimatized (25±1 °C)
ones.
Carbon sequestration in wetlands: Net primary productivity (NPP) of Jhagrasisa in
West Bengal, a sewage fed wetland was much higher (1427.05±404.62 mgC/m3/hr)
than that of Khalsi, a freshwater oxbow wetland (97.38±13.45 mgC/m3/hr). Similarly
the phytoplankton biomass was much higher (14.45mg/l) in Jhagrasisa than in Khalsi
(0.32 mg/l). It reveals that in Jhagrasisa wetland carbon assimilation was more through
the primary producers acting as feed for the herbivorous fish in the ecosystem.
Accumulation of carbon upto 0-15cm layer of sediment is to the extent of 34.88 tonnes
carbon/ha in Khalsi and 24.35 tonnes carbon/ha in Jhagrasisa wetland.
Greenhouse gases emission from aquaculture ponds (CIBA)
Average emission of GHGs in g ha-1day-1 was
high from traditional farming compared to
scientific shrimp farming with L.vannamei
and P. monodon. Global warming potential
(GWP) values in Kg CO2 eq./ha/season were
91 in P.monodon farm, 218 to 351 in
L.vannamei farms and 405 in pokkali shrimp
farm. The GWP values increased with the
increase in stocking density. These values
were much lower compared to GWP values
Collection of GHGs in pokkali shrimp pond
from paddy fields from Odisha (4180) and
livestock in Tamil Nadu (646).
GHGs emission from aquaculture ponds varying in cultured species and intensity
Shrimp farming system/Species
(Study area)

L.Vannamei (Mammalapuram, TN)
L.Vannamei (Katur, TN)
L.Vannamei (Marakkanam, TN )
L.Vannamei (Ongole, AP)
P.monodon (Marakkanam, TN)
Traditional farming (Pokkali, Kerala)

Stocking
density
(Nos./m2)
20
25
44
50
18
-

Avg. GHG emission
(g/ha/d)
N2O

CH4

CO2

-1.43
1.57
0.90
-0.06
0.28
2.02

6.67
7.67
8.70
1.83
1.17
4.34

2083
1600
2004
2923
644
2663

*GWP was calculated per season of 4 months culture/crop (120 days)
100

GWP (Kg
CO2 eq./ ha/
season)*
218
271
299
351
91
405

Climate change impacts and vulnerability for aquaculture: Based on the developed
methodology and data analysis of extensive farmer’s survey (n=120) in one district
each in four coastal states viz., West Bengal, Andhra Pradesh, Tamil Nadu and Kerala,
shrimp aquaculture is moderately vulnerable to seasonal variations (20-40% loss) and
highly vulnerable to extreme climatic events (50 to 100% loss) like floods, heavy rains
and cyclone. Vulnerability assessment
of aquaculture to climate change based
on exposure, sensitivity and adaptive
capacity indicators indicated that 4 to
19%, 37 to 66%, 1 to 34% and 9 to 43%
of the aqua farmers in all the four states
were under high, moderate, low and
very low vulnerability categories,
respectively.
Agriculture vulnerability to climate change in four states
Temperature variability and reproductive performance of Tiger shrimp: At highly
elevated temperature (32-33 oC) spawning and fertilization rate reduced whereas
hatching rate was better at moderately higher temperature (29-30 oC) in tiger shrimps
maintained in hatcheries through titanium heaterin the black circular tanks. Cellular
parameters like total hemocyte count and phenoloxidase activity reduced significantly
at high elevated temperature of 32-33oC. At lower temperature 26-27oC, irrespective
of the algal species, the metamorphosis from one larval stage to other is delayed by 1224 hrs compared to that at higher temperature of 29-30oC.
Climate-resilient Aquaculture Strategies for Sundarban Islands (WBUAFS)
Natural adaptive capacity of prawns to salinity: High salinity is an issue in Sundarban
islands due to sea water incursion. Growth performance study at various sub-lethal
salinities (0, 5, 10, 15, 20 ppt) for one month duration of Macrobrachium rosenbergii
(Giant Freshwater Prawn) indicated that the species tend to adapt naturally till 15 ppt
salinity but showed significant growth retardation at 20 ppt salinity. Similar trials on
Oreochromis mossambicus at various salinities (0, 5, 10, 15, 18 ppt) for one month
revealed that the species tend to adapt naturally upto 15 ppt salinity.
Impact of saline water flooding on freshwater species: Macrobrachium rosenbergii
is the most tolerant species and can withstand sudden saline water flooding followed
by Channa punctatus, Puntius javanicus, Cyprinus carpio, Puntius sarana, Labeo
rohita, Cirrhinus mrigala, Ctenopharyngodon idella, Catla catla, Hypophthalmichthys
molitrix, and Labeo bata. Among the four freshwater species Macrobrachium
rosenbergii showed better survival and growth followed by Cyprinus carpio, Labeo
rohita and Puntius sarana in post-flooding situation.
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Inundation of saline water and performance of brackish water fish in freshwater:
Liza parsia and Scatophagus argus can be adapted well in freshwater and low salinity
with no mortality. Under field demonstration (in farmer’s pond), the high value Tiger
Prawn (Penaeus monodon) when stocked with
Indian Major Carps in freshwater pond, exhibited
satisfactory growth and survival. It indicates that
some of the brackish water species can also be
taken up as candidate species for freshwater
aquaculture. This will help in resilient
aquaculture against climate change induced
saline water inundation in Sundarban islands.
Saline water flooding over ponds
Adaptation strategies against saline water stress
Two hrs of continuous aeration (0.2 kg/m3 pressure with 4 L / m3 / minute volume) at
4hrs interval can be effectively used as an adaptation strategy for salinity upto 5ppt for
the freshwater fishes (Cyprinus carpio and Puntius sarana). Inclusion of additives
like immune-stimulant (Immutron)/ probiotic (Gut Act)/ prebiotic @ 10ml per kg high
energy floating feed (having 30% protein, 4% fat and 8% fiber) increased the growth
rate in salinity stress. High energy feed fortified with immune stimulant showed best
growth (P< 0.05) followed by probiotics and then prebiotics in Cyprinus carpio Labeo
rohita and Oreochromis mosambicus.
Tilapia breeding under aberrant weather conditions (University of Kalyani)
Fish species tilapia held in closed polyhouse tanks with increased temperature (32oC)
bred and produced offspring several times compared to the fish held outside the
polyhouse with less ambient temperature (29oC). Closed polyhouse would be useful
for the farmer for enhancing the hatching rate of common carp spawn in hatcheries
during winter months as well as for enhancing the growth rate of carp and other tropical
fish during winter and colder region of the country in general.
Growth responses of pond microalgae and fish in polyhouse: There was about 124%
increase in chlorophyll and phyto-carbon content of microalgae due to 3oC rise in
water temperature (32oC; light intensity- 12300 ± 7900 lux) in tanks placed within the
polyhouse compared to that of outside the polyhouse (29.oC; light intensity - 20400 ±
17300 lux). Further mesocosm study in the polyhouse with exogenously introduced
carbon in the form of smoke revealed that large number of fry of tilapia was noticed in
utilizing the advantages of increased temperature of 2oC in the smoked polyhouse.
Microalgae and carbon dioxide sequestration: A highly CO2-tolerent microalgal
consortium (CMAC) comprising primarily of Chlorella sp., Scenedesmus sp.,
Sphaerocystis sp. and and Spirulina sp. has been identified and developed as a biological
tool to mitigate green house gases emissions in wetland systems. The CMAC having
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profuse growth in waste water system showed 53-100% CO2 sequestration and its
capacity by mass balance calculation was 150 to 291 mg CO2/g.
Closed vs open culture system for fish
growth in ponds: A trial was conducted
to study the impact of closed, semiclosed and open systems on growth of
fish in ponds. The chambers were of the
size of Length: 30 m, Width: 1.5 m,
Height: 2 m) Water depth -1 m and basic
fertilization with cattle dung-120 kg/45
m2. Irrespective of species (Punti, Bele, Tangra, Bata, Mrigal, Rohu, and Grass carp,
Magur), most of the fish species exhibited elevated growth in closed system compared
to that of the semi-closed and open systems. The closed green house system in
aquaculture revealed the maximum daily growth rate of fish (Rohu 1.34 g/d, Mrigal
0.96 g/d, Bata 0.31 g/d, Grass carp 0.88 g/d and Magur 0.86 g/d) and prawn (0.23 g/d)
compared to semi-closed and open systems, whereas only Punti (1.83 g/d) showed
higher daily growth rate in semi-closed system.
Pathogen profile in relation to climate variables in shrimp (FCRI, Tuticorin)
Vibrio isolates from infected specimens collected during regular samplings were
identified using conventional biochemical tests and PCR. Based on the results obtained,
the identified strains belonged 7 species of Vibrios viz. V. vulnificus,V. parahaemolyticus,
V. harveyi, V. anguillarum,V. azureus, V. fluvialis and V. carchariae. All the biochemically
identified Vibrio harveyi were further confirmed by 16srRNA and Gyr B PCR. Seven
strains of V. harveyi were subjected to 10 passages each through different NaCl
concentrations (3, 6 and 8%) and fingerprinting analysis by IS-PCR and GTG5 PCR
showed genomic variations induced in V. harveyi strains following environmentally
different culture conditions.
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4.8 Socio Economic Impacts and Community Response
In order to understand the perspective of farmers to climatic variability and its impact
on agriculture, and livelihoods at farm level, studies were carried out in selected villages
of hill and coastal ecosystems. USNPSS, Almora has assessed the farmer’s perspective
in Shama village of Uttarakhand state. The study found that farmers generally perceive
that rainy season is becoming short in the recent years, crop duration is decreasing and
fruits are ripening faster than earlier. The survey clearly indicated a reduction in biodiversity of vegetation and decrease in water levels and flow duration in streams on
the mountains. A methodology for quantifying ecosystem resilience was also developed
using number of indicators like land area, population, water availability, crop yields,
organic matter availability, fuel wood consumption, animal population, fodder
availability, milk production, etc. The work is still in progress.
Another study was carried out by NCAP and NAARM through focus group discussions
(FGD) in selected villages of East Godavari district in Andhra Pradesh and
Jegathsingpur, Puri and Khurda districts in Orissa to assess the impacts of cyclone and
floods and computed annualized risk free returns to farmers in the affected villages.
It was observed that the frequency of incidence of cyclone with floods is once in four
years with severe and moderate cyclones occurring alternatively. The average cost of
cultivation of paddy was about Rs.25000 per acre. During severe cyclone, the 100%
damage was witnessed in paddy while low intensity cyclone resulted in about 20%
damage. The annualized average damage expected due to cyclone worked out to be
Rs.3750 resulting in a risk free annualized net return of Rs.2750 per acre. While for
banana crop, the expected annualized risk free net returns turned out to be negative (Rs.250) which shows that the cultivation of banana crop is unsustainable in this region.
Similar results were obtained for chilli (mandal: Chebrolu), kharif paddy (mandal:
Uppada Kothapalle) and rabi paddy (mandal: Uppada Kothapalle). However, at
Nagulapalle, paddy and black gram cultivation were profitable with annualized riskfree return of Rs.6211 and Rs.3547. In Odisha, the annualized risk-free return for paddy
crop was positive, but, very low (less than Rs.2000) in all the selected districts.
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Economics of loss due to extreme events at East Godavari District of AP on paddy
(Kharif) cultivation
Particulars

(Rs./acre)

Cost of cultivation
Loss due to Low intensity cyclone
Severe loss
Annualized loss expected due to cyclone
Gross returns (Rs/Acre)
Net returns
Risk free annualized net returns

25000
5000
25000
3750
31500
6500
2750

Economics of loss due to extreme events at East Godavari District of AP on banana
cultivation
Particulars

(Rs./acre)

Cost of cultivation
Loss due to Low intensity cyclone
Severe loss
Annualized loss expected due to cyclone
Gross returns (Rs/acre)
Net returns
Risk free annualized net returns

28000
14000
28000
5250
33000
5000
-250

Economics of loss due to extreme events at East Godavari District of AP on black
gram cultivation
Particulars

(Rs./acre)

Cost of cultivation
Loss due to Low intensity cyclone
Severe loss
Annualized loss expected due to cyclone
Gross returns (Rs/acre)
Net returns
Risk free annualized net returns

12500
3125
12500
1953
18000
5500
3547

Farmer level perception of vulnerability (CRIDA)
In order to further understand the vulnerability and adaptation to climate change and
variability at micro-level, a survey was undertaken in fifty districts in the country to
understand the farmer’s perceptions on climate change, how it affects agriculture in
particular and their livelihoods in general, how climate change is manifested and how
they are trying to adapt to and cope with climate change and variability. The study
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Perceptions of farmers on the length of monsoon season in 9 districts of Southern India

revealed that farmers strongly perceive that there is a noticeable change in the onset of
monsoon. For example, in the districts in southern India, a shortened monsoon is a
prominent manifestation of climate change as farmers in these districts reported delayed
on set and advanced cessation of monsoon, thus reducing duration of monsoon. Similar
perceptions were recorded with farmers from other regions, in terms of monsoon
behaviour and temperature rise (warming).
Coping with monsoon delay: Farmers response in eastern UP (NEFORD)
To help farmers to cope with delay in transplanting rice in eastern UP, sanda method of
rice cultivation was demonstrated by NEFORD, Lucknow. In May 2012, a group of 50
farmers were trained in sanda method of rice cultivation. Of these, 34 farmers, each
having a piece of land of one acre, were selected to conduct demonstrations and given
seeds of Moti variety. They were instructed to plant half of their field using Sanda
method and the other half using normal transplanting. Farmers used fertilizers as per
their practice, but only nitrogen was considered in this observation. A comparison of
two methods of rice establishment showed clear superiority of Sanda method to normal
transplanting, both in respect of grain yield and agronomical N use efficiency. The
increase in grain yield due to Sanda method ranged between 0.41 and 0.94 t ha-1 with
a mean of 0.73 t ha-1. The agronomical N use efficiency in Sanda method was higher
than that of the transplanted rice, irrespective of level of N applied.
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The cost of cultivation analysis also revealed that rice established using Sanda method
was more profitable than the transplanted rice; the net return in case of farmer being
Rs.28,800/- compared to only Rs.11,900/- in case of the latter.
Cost and return analysis of rice cultivation under Sanda and normal method of
transplanting
Items
Cost of seed*
Seedling raising
1st close transplanting
Main rice crop (1 ha)
Post harvest
Total cost of cultivation
Grain yield and return
Yield (t ha-1)
Gross return (Rs/ha)**
Net return (Rs/ha)

Sanda method

Normal Transplanting

120
205
1382.5
17520
12218
31445.5

1200
820
0
24420
12218
38658

4.71
60,288
28842.0

3.95
50,560
11902

*at the rate of Rs.30 per kg, ** Govt procurement rate of Rs.1280 per quintal rice was used for calculation
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5.0 Technology Demonstration in climatically vulnerable districts
The technology demonstration component of NICRA was implemented in 130
vulnerable districts (100 KVKs in eight zones; 23 AICRP centres of dryland agriculture
and 7 technology transfer divisions of ICAR core institutes) involving one lakh farm
families across the country with an aim to demonstrate integrated package of proven
technologies for adaptation of crop and live stock production systems to climatic
variability. The selection of districts was done based on the claimate data of past 30
years. Also salinity and severe groundwater crisis were considered and were identified
by superimposing salinity maps developed by CSSRI with water balance maps of
NBSS&LUP. The interventions implemented were broadly classified into four modules
viz. natural resources, crop production, livestock & fisheries and institutional.
The specific objectives of TD component are:
•

To demonstrate site specific technology interventions on farmers fields for coping
with climate variability in vulnerable districts.

•

To generate awareness and build capacity among farmers and other stakeholders
on climate resilient agriculture.

•

To evolve innovative institutional mechanisms at village level that enable the
communities to respond to climatic stresses.

A multi-level participatory approach was followed and the KVK team (100 KVKs in 8
Zones) for each district carried out a detailed exercise. The unique features of the
project are:
•

Baseline for all the project sites established through a systematic benchmark survey

•

Emphasis on natural resource management interventions to build the communities’
capacity to cope with climate variability through need based investment

•

Establishment of a network of automatic weather stations across 100 KVKs as
well as 100 small weather stations in project villages as part of enhancing weather
literacy.

•

Establishment of custom hiring centers in each of the 100 project villages for
promoting mechanization on small farms.

•

Constitution of village climate risk management committees (VCRMC) in each of
the 100 project villages – grassroots peoples’ institutions to take need based decisions
at the village level.

A total of 132 technology demonstrations have been undertaken in different parts of
the country. More than 19000 farmers were trained through 160 farmer’s awareness
programmes. Identifying site specific rainwater harvesting structures in drought affected
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areas, renovation of defunct rainwater harvesting (RWH) structures such as leaking
check dams, silted up tanks and feeder channels, dry open wells and bore wells were
the key interventions as the challenge in many villages were delayed onset of monsoon,
mid-season moisture stress and floods.
Besides, the harvested rainwater was prudently used to mitigate mid season dry spells
and cultivate rabi vegetables. In summary, the highlights of NRM interventions are as
follows:
•

Over 500 RWH structures constructed/renovated/repaired;

•

Through farm ponds alone, an additional 80000 m3 rainwater storage capacity was
created

•

Average increase in cropping intensity was around 20% across villages

Jalkund in Dimapur,
Zone III

Demonstration on
drought tolerant maize,
Kullu, Zone I

Drought tolerant Paddy variety
in Buxar, Zone II

To cope up with the vulnerable situation of the project sites and to minimize crop
failure due to the extreme weather events, suitable crops and varieties were introduced.
Each of the KVK was encouraged to identify suitable crop varieties released from the
local SAUs and research institutes and build them into the technical interventions. The
following are the highlights of the crop related interventions.
•

Over 60 types of food, fodder, vegetable, fruit and plantation crops were included
in demonstrations

•

Over 250 varieties of these crops were demonstrated; average benefits ranged
between 20-25% under a given climatic stress

•

Early maturing summer rice varieties promoted to escape from flooding

•

Submergence tolerant rice varieties promoted in flood-prone areas

Also, need based farm implements were made available through Custom Hiring Centres
(CHCs) in order to promote timely agricultural operations so that optimal weather
conditions can be best utilized. Farmers were trained to operate the farm implements
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and were encouraged to utilize the custom hiring centres. IN CHCs, Ferti-seed drill,
zero-till drill, power weeders, harvesters, threshers, power tillers, sprayers, rotavotors
for residue incorporation, sprinklers, chaff cutting machine, weighing machine etc.
are some of the implements effectively used. A sub-committee within the VCRMC is
entrusted with the operation and management of the CHC. The revenue generated by
way of hiring out the machines is deposited in a bank account managed by VCRMC
and the revenue so generated will be used for the maintenance, upkeep and repair of
the machines. Although budget was provided in the first year of the project (2010-11)
for procuring farm machinery in the CHCs, most of the CHCs became operational
only during the current year (2012-13). Out of 100 CHCs, most of the centres performed
well. CHCs are catching up fast with farmer’s needs and have been generating good
amount of revenue with a grand total of Rs. 13, 14,123 in eight zones. Among the eight
zones, highest revenue was generated in zone VIII (Rs. 233955), V (Rs.228447), VI
(Rs.203183). Though income generation among CHCs is not only the indicator for
their performance, selection of farm implements of high priority, management, socio
economic conditions of the farmers etc made the variations in revenue generation.
Proper maintenance and keeping in working condition with immediate repair also
resulted in higher revenue by individual CHC.

Women using paddy transplanter
(village-Pordmount & Padmash pahad, Port Blair)

Sandbags check dam
(village-Gunia, Gumla)

A team of scientists from CRIDA and CIAE, Bhopal have selected 25 custom hiring
centers for a detailed study to determine the factors affecting the success of custom
hiring of farm implements and constraints. Preliminary results show that there is high
demand for land preparation and sowing equipment besides water saving devices. The
study will continue in the ensuing year as well.
Cross cutting studies across all Zones
Taking advantage of the large platform of 100 villages in diverse agro ecological regions
of the country, some cross cutting studies were initiated across the country to generate
practical experiences and draw lessons for upscaling in future development progress.
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Soil Test based nutrient use:
In order to rationalize fertilizer recommendations and reduction of N fertilizer
application, which is an important source of N2O, farmer wise soil sample analysis
was taken up in all NICRA villages. GPS based soil samples were collected from 100
to 200 farmers fields in each of NICRA villages in all 100 districts of India. Along soil
samples, details of the farmer, crops grown, cropping and fertilizer history etc have
been recorded. Soil samples were analyzed for organic carbon, soil salinity, macro,
secondary and micro nutrient status. Based on the analysis data, soil health cards and
site specific nutrient recommendations are being issued to all farmers. The work is
under progress. The aim is to quantify how much fertilizer nutrients can be saved
across the country and how much GHG emissions reduction is possible through this
activity.
Impact of interventions on carbon balance:
To scientifically asses the contribution of different interventions taken up in the villages
carbon balance was studied with FAO EX-ACT model in 3 tribal villages in Nalgonda
and Khammam districts in Andhra Pradesh. EXACT model computed carbon balance
of 5289 and 3285 t CO 2 e in
Nandyalagudem and Boringthanda
villages and 12861 t CO 2 e in
Nacharam village. Interaction with
farmers indicated that incentive
based
interventions
would
encourage farmers to go for such
practices which results in soil carbon
sequestration and overall C balance
in the system. Reduced tillage, crop
residue recycling, water, nutrient and
manure management and fodder and
livestock interventions have been C
positive practices followed in these
Schematic diagram of the FAO EX-ACT model
villages which contributed positive
C balance and residue burning is a
major negative factor. Similar study will be taken up in more number of villages in
future to cover atleast major agro ecological regions of the country. This helps to quantify
that impact of interventions on climate change mitigation precisely.

(Note: This is an executive summary. Detailed report on technology demonstration component will
soon be available on NICRA website www.nicra-icar.in)
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