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The National Initiative on Climate Resilient Agriculture (NICRA) launched by the Indian Council of 
Agricultural Research (ICAR) has entered into a crucial phase of its implementation. State-of-Art 
climate change research facilities have been commissioned at various partner institutes, while some 
more facilities are in advanced stage of completion. These facilities are being utilized by scientists to 
generate valuable information on characterization of multiple stress tolerant genotypes of both plants & 
animals, elucidate adaptation responses to elevated CO and temperature conditions, and carry out area 2 

wide monitoring and assessment of GHG mitigation potential of resilient practices & technologies. It is 
heartening to note that research activities planned and implemented under NICRA are aligned well with 
the goals of the fifth assessment report of IPCC. 

The project is being implemented in multi-disciplinary, multi-institutional and network mode 
covering agriculture and allied sectors of horticulture, livestock, poultry and fisheries.   Major 
milestones of the project during the year include release of atlas on vulnerability of Indian agriculture to 
climate change, successful implementation of block level advisories to cope with seasonal climate 
variability, identification of useful donors in wheat, rice and pulses for climate induced abiotic stresses 
like drought, heat and flood based on extensive field phenotyping, obtained important leads on role of 
climatic factors on staggered flowering behaviour in mango and assessed GHG mitigation potential of 
climate resilient practices and technologies in some NICRA villages. 

 The technology demonstration component of the project implemented through 100 KVKs 
spread across the country brought out clearly appropriate and useful location specific practices and 
technologies that can impart resilience to climatic variability. Successful demonstrations to cope with 
deficit rainfall situations included demonstration of contingency crop planning, drought tolerant 
genotypes, conservation and use of rainwater while damage from excess rainfall in soybean, cotton and 
onion crops could be minimized in demonstrations involving raised bed planting methods. Tolerant 
varieties demonstrated in flood-prone areas suffered less damage due to inundation caused by the Phailin 
cyclone. NICRA KVKs are focusing on enhancing awareness and imparting skills of farmers in climate 
coping practices and technologies. 

I compliment all the scientists involved in NICRA for their timely contribution in bringing out 
this report. Renewed focus will be on result-oriented development of products, tools, methodologies, 
databases and software. I place on record my appreciation for the leadership provided by 
Dr.B.Venkateswarlu, former Director, CRIDA and Vice Chancellor, VNMKV, Parbhani. The project is 
making significant progress under the able stewardship of Dr.A.K.Sikka, Deputy Director General 
(NRM) and Dr.M.Maheswari, PI, NICRA & Director (Actg.), CRIDA. I wish the project success in 
coming years to fulfill the expectations of all stakeholders. 

Foreword

Dated the 26-Jun-2014
New Delhi

(S.AYYAPPAN)
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1. Background

2. Objectives

3. Project Components

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%, depending on the magnitude and distribution of warming.  Since agriculture makes 
up roughly 14% of India's GDP, a 4.5-9% negative impact on production implies a cost 
of climate change to be roughly up to 1.5% 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 Nation Action Plan on climate change has 
identified Agriculture as one of the eight national missions.

With this background, the ICAR has launched a major research initiative entitled, 
National Initiative on Climate Resilient Agriculture (NICRA) during 2010-11 with 
the objective to enhance the resilience of Indian agriculture covering crops, livestock 
and fisheries to climatic variability and climate change 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.

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.

1. Strategic research on adaptation and mitigation

2. Technology demonstration on farmers' fields to cope with current climate 
variability

v

v

v



3. Sponsored and competitive research grants to fill critical research gaps

4. Capacity building of different stake holders

The strategic research has been planned at leading research institutes of ICAR in a 
network mode.  Both short term and long term research programs with a national 
perspective have been taken up involving adaptation and mitigation covering crops, 
horticulture, livestock, fisheries and poultry.   To begin with, the project focused 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.   In XII Plan, efforts are underway to strengthen some 
of the theme areas, viz. phenotyping/breeding programs in crops, horticulture and 
livestock, simulation modeling to understand the impacts at regional/national level, 
address crops and regions which could not be covered in the XI Plan such as onion, 
cotton, sugarcane and temperate horticulture etc.  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, research component of NICRA is 
given separately.    

The research was initiated during 2011-12 in all above themes.  One of the major 
thrusts of the scheme was to build state of the art infrastructure for climate change 
research at core institutes.  In particular, state of the art research facilities such as High 
Throughput Plant Phenomics facilities, Free Air Temperature Elevation (FATE), CO  2

Temperature Gradient Chamber (CTGC), Eddy Covariance Flux Towers, a network of 
100 Automatic Weather Stations, Animal Calorimeter, Research Vessel, etc. have been 
established to support strategic research and are now functional.  These facilities are 

3.1 Strategic Research 

v

v

v

v

v

v

v

v
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some of the unique facilities being set up for the first time in Asia.  

A Vulnerability Atlas has been prepared to quantify the vulnerability of Indian 
agriculture to climate change of all the rural districts of the country (about 540) in terms 
of exposure, sensitivity and adaptive capacity. In all the target crops, like rice, wheat, 
maize, pigeonpea, tomato, mango, core sets of genetic resources were assembled and 
field phenotyped at different institutions with a view to identify sources of tolerance for 
climatic stresses such as water deficit, flooding and high temperature.  Country wide 
studies have been initiated to understand impact of temperature on flowering behaviour 
in mango.  A nationwide pest dynamics and monitoring system has been put in place for 
all the target crops for major pests and diseases wherein real time incidence along with 
weather parameters is being monitored to build pest forewarning models.    
Management of natural resources is the key strategy in both adaptation and mitigation 
and building soil carbon and enhancing water holding capacity are major issues to 
enhance resilience of soil towards climate variability.  Hence, focused research was 
initiated on assessing the potential of resource conservation technologies (RCTs), 
water harvesting, water saving irrigation methods as well as quantifying the adaptation 
potential of Conservation Agriculture practices. Methods for quantification of 
Greenhouse gas emissions have been optimized. Carbon sequestration potential 
through agroforestry systems across the country is being quantified and state/district 
wise inventory is being prepared. 

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.  The list of participating institutes under 
sponsored and competitive grant is provided separately.  

Under this component, participatory demonstration of climate coping 
technologies is being done on farmers fields. Improved practices like water harvesting, 
direct seeded rice, community nurseries, alternate wetting and drying, green manuring, 
deep placement of fertilizers and feed supplements for livestock are being 
demonstrated in 100 districts to cope with various climatic aberrations. These 
demonstrations are quite successful and have attracted the attention of development 
departments in several States and triggered the horizontal upscaling on a significant 
scale.  As a part of institutional interventions, 100 custom hiring centers of farm 
machinery have been set up and this became the first pan-India pilot to promote small-
scale farm mechanization in the country.  

3.2 Sponsored and Competitive Grants

3.3 Technology Demonstration

11



4.1 Vulnerability and Impact Assessment

Simulation modeling for vulnerability assessment and adaptation (IARI)

Impacts of climate change on crop yield in 2020 scenario: Simulation studies 
showed that in 2020 scenario climate change will reduce yields of irrigated wheat (6%), 
rice (4%), maize (18%) and mustard (2%) if no adaptation strategy is employed. For 
rice Punjab, Haryana and Rajasthan to lose 6–8% in the 2020 scenario. More reduction 
in yields in areas with seasonal (June-September) mean minimum temperatures of >23 
°C such as Madhya Pradesh, eastern Rajasthan, Maharashtra, Uttar Pradesh, Bihar, 
Jharkhand and North-East Regions. In rainfed condition yields of soybean will increase 
but that of rice (6%) and sorghum (2.5%) will decrease. However, with various 
adaptation measures the yields of all the crops will increase by 8 to 25%. 

Projected impact of climate change on irrigated rice yields in different states

12

Vulnerability of pigeonpea yields to climate change in India (CRIDA)

Vulnerability of productivity of pigeonpea in India was analyzed by applying a 
panel data regression framework using the district level time series data for the period 
1971-2004 on pigeonpea yield, monthly average temperature and rainfall and number 
of rainy days (June to November) in India. The variability in monthly temperature and 
rainfall was included in the model in the form of coefficient of variation (CV). A time 
trend variable to capture the technological trend was also included and the cross section 
dummies in the panel data regression would capture the district specific effects. All the 
districts that have at least 10000 ha under pigeonpea were included in the analysis. 

The model fitted explained 72 per cent of variation in pigeonpea yields. The 
district specific effects were found to be significant in many districts. Average 
temperature during June and August had a significant negative effect on productivity. 
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The rainfall during August also affected the yields positively as did the interaction 
between temperature and rainfall during June and August. The technological trend as 
captured by the time trend variable was also found to be significant. A comparison of 
the average yield levels estimated using the fitted model for the baseline period 1960-
1990 and for 2021-50 as obtained from PRECIS model for A1B scenarios revealed a 
possible fall in yield by about 76kg/ha which is about 10 per cent of current yield levels. 
Considering the current scenario of pulse production and protein consumption in India, 
there is a clear need to invest in developing and transferring technologies for enhancing 
productivity and the climate related issues have to be adequately considered in doing 
so. 

Atlas on Vulnerability to Climate Change

Assessing vulnerability to climate change and variability is an important first 
step in evolving appropriate adaptation strategies to changing climate. Such an 
analysis also helps in targeting adaptation investments to regions that are more 
vulnerable. According to IPCC, vulnerability is “the degree to which a system is 
susceptible to, or unable to cope with, adverse effects of climate change, 
including climate variability and extremes. A number of relevant indicator 
variables were chosen based on review of literature and causal relationship with 
the three components viz., sensitivity, exposure and adaptive capacity, of 
vulnerability and a database for 572 districts in India was developed. The 
variables included to represent sensitivity are drought proneness, flood 
proneness, etc. 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, 
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 1961-1990 of the 
same model. Variables considered to represent adaptive capacity include rural 
poverty, literacy, irrigation, etc. which determine the adaptation behaviour of 
the districts with respect to climate change. 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 of 
vulnerability. The results of the analysis were published in the form of an Atlas 
which is of use to researchers, research managers and policy makers.



Estimated panel data regression coefficients for pigeonpea yields, 1971- 2004, India

Variable   
 

Time trend 

JUN_AvgT 

JUL_AvgT 

AUG_AvgT 

SEP_AvgT 

OCT_AvgT 

NOV_AvgT 

JUN_AvgT_CV  

JUL_AvgT_CV  

AUG_AvgT_CV  

SEP_AvgT_CV  

OCT_AvgT_CV  

NOV_AvgT_CV  

JUN_RF 

JUL_RF 

AUG_RF 

SEP_RF 

OCT_RF 

NOV_RF
 JUN_RDAY  

JUL_RDAY 

AUG_RDAY  

SEP_RDAY 

Regression
coefficient

1.746 

0.206 

-17.808 

11.469 

2.097 

-29.999 

-15.657 

112.876 

87.161 

267.006 

199.532 

-36.431 

128.889 

0.435 

0.020 

-0.170 

-0.0152 

-0.182 

-0.093 

-6.211 

5.740 

3.575 

5.386 

Standard
Error

0.630 

9.114 

12.991 

15.584 

13.278 

11.838 

8.557 

39.621 

55.564 

73.693 

82.226 

59.470 

52.142 

0.136 

0.089 

0.083 

0.114 

0.161 

0.237 

2.951 

2.408 

2.117 

2.619 

P  

0.00 

0.98 

0.17 

0.46 

0.87 

0.01 

0.06 

0.00 

0.11 

0.00 

0.01 

0.54 

0.01 

0.00 

0.81 

0.04 

0.89 

0.25 

0.69 

0.03 

0.02 

0.09 

0.04 
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Variable   Regression
coefficient

Standard
Error

P  

OCT_RDAY 

NOV_RDAY  

JUN_RF_CV 

JUL_RF_CV 

AUG_RF_CV 

SEP_RF_CV 

OCT_RF_CV 

NOV_RF_CV 

0.456 

1.511 

-0.003 

0.432 

-0.084 

0.160 

-0.142 

0.062 

3.161 

4.336 

0.147 

0.180 

0.174 

0.153 

0.087 

0.071 

0.88 

0.72 

0.98 

0.02 

0.62 

0.29 

0.10 

0.38 

Enhancing resilience of agriculture climate change through technologies, 
institutions and policies (NCAP, IASRI, NAARM)

Climate sensitivity of Indian agriculture was examined using district-level panel 
data for the period 1969 to 2005. Gross revenue per hectare was regressed on the 
growing period temperature and rainfall along with their quadratic and interaction 
terms and irrigation as a control. Marginal effects of climate variables show that higher 
temperature in kharif as well as rabi seasons has harmful effect on gross revenue per 
hectare. Higher rainfall, unless it is in excess, has a beneficial effect on gross revenue, 
but this effect is too small to offset negative effect of temperature, meaning that climate 
change in India overwhelmingly will affect agricultural productivity through rise in 
temperature. Irrigation, however, reduces harmful effects of higher temperature 
particularly in rabi season. 

15

Interaction with farmers in the selected villages revealed that in drought areas, 
farmers prefer to use ex-ante adaptation strategies in terms of investments on irrigation 
and water saving technology such as borewell, well, drip and mulching. In flood 
affected areas, farmers prefer to adopt ex-post adaptation strategies to reduce the extent 
of damages after the occurrences of cyclone/flood

Genetic coefficients for Pigeonpea variety TS 3R were estimated and published as 
a part of climate change impact assessment at Gulbarga. These genetic coefficients are 
now in public domain and will be useful to crop modelers to assess impacts of climate 
change on pigeonpea at several locations and to recommend adaptation strategies to 
gain resilience. 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 to be 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 

Enhancing resilience to climate variability and change in watersheds with focus 
on groundnut and pigeonpea in the Indian SAT (ICRISAT)



 

considerably reduced the adverse effects of higher temperature. Breeding of varieties 
tolerant to higher temperature and adoption of better water management (both in-situ 
and ex-situ) practices achieved through integrated watershed approach could play a 
major role in sustaining pigeonpea productivity under future climate scenarios.

PnutGro model under DSSAT was calibrated using data collected from groundnut 
field experiments conducted at ICRISAT, Patancheru. Four cultivars ICGV 91114, 
ICGV 00350, ICR 48 and GG20 were calibrated using the data from field experiments 
and daily weather data.  PnutGro model could successfully simulate various crop 
phenological, growth and yield parameters.

Simulated and observed groundnut crop parameters at ICRISAT, Patancheru

Crop Parameter
 

ICGV 91114  ICGV 00350  ICR 48  GG 20

Sim Obs Sim Obs Sim Obs Sim Obs 

Days to flower  30 30 30 29 31 31 29 29 

Days to maturity  100 100 105 105 106 106 100 99 

Pod yield (kg/ha)  2069 1867 2098 2091 1894 1646 1573 1494 

Seed yield (kg/ha)  1370 1150 1411 1277 1337 1034 1072 927 

Total dry matter (kg/ha)  6022 4388 6698 5529 7100 5392 4982 4765 

Observed and simulated total drymatter of groundnut cultivar ICGV 91114

16



Vulnerability assessment of ecosystem and community to salt water intrusion and 
climate change in the coastal region of Karnataka (TERI)

This study intended to evaluate the extent of salt water intrusion in the coastal belt 
of Karnataka and create village level baseline data for various environmental and 
socio-economic indicators of the region. It was observed that the pre- monsoon and 
post- monsoon sea salt content in Dakshin Kannada and partial Udupi does not show 
much variation. However a steep increase in sea salt content was observed in Udupi 
district (starting Trasi) and in Uttara Kannada district. Pre- monosoon values have been 
on higher side as compared to the post- monsoon salt content; this could be because of 
flushing of salts by monsoon. 

It was noticed that the soil 
in the study area higher 
concentrations of sodium ions 
as compared to other cations 
( ammonium,  po t a s s ium,  
calcium and magnesium) in the 
pre-monsoon periods. Higher 
concentrations of sodium 
indicates intrusion of sea salts 
into the soil, this may mostly be 
due to over exploitation of 
ground water reserves in the 
region during the pre-monsoon 
periods. While sodium levels 
are much below the other 

locations in post- monsoon periods, except for Haldipur, Kumta and Belekan.

Exchangeable sodium percentage (ESP) is another index which characterizes 
sodicity. Soils with an ESP greater than 15 has been classified under sodic and saline- 
sodic by the Natural Resources Conservation Service (NRCS). It is inferred that the 
region has sodic soil except for Kulai, Hejemady, Kaup, Mukka, Sakkerbeth, Amdalli 
naval colony, Karwar and Majali. The study has explored the causal factors of social 
vulnerability to Salt Water Intrusion (SWI) in coastal Karnataka.  The study has 
concentrated on the individual level and collective level vulnerability indicators to 
determine the vulnerability of the population of the region. The study has highlighted 
the issue of salt water intrusion in some regions within the study area. One of the main 
impacts of SWI is on potable drinking water. Another impact of concern is agriculture 
and food security. Women are most affected in the region since they have to travel 
longer hours to fetch drinking water and also their main source of livelihood being 
directly affected.  Impact on livelihood bears a direct impact on local economy thus 
leading to out-migration. The Social Vulnerability assessment has also highlighted 
impact of SWI on human health.  

Sea salt content in soil samples

17



v Changes in Heavy Precipitation (CRIDA)

Quantification was made for on changes in  heavy precipitation ( 64.5 -122.5 mm in a day) 
for whole of  India using the PRECIS AIB middle (2031-2050) over the baseline (1961-1990) . 
For major part of India, the contribution heavy precipitation is decling indicating a less intense 
storms.

 

 
 

Heavy precipitation variability
(Average) – A1B Middle to 
Baseline

v Variability in rainfall intensity

Analysis was carried out to estimate 1 day to 7 day maximum consecutive rainfall at 

different probability levels for various scenarios of PRECIS data. 3day and 5 day maximum 

rainfall variability for A1b scenario is shown in fig.

18



4.2 Agromet Advisories for Farm Level Resilience 

a. Comparing the Automatic Weather Station (AWS) data with manual 
observational data (CRIDA)

Real time collection of weather data and its interpretation in relation to crop grants are 
key to generate timely agromet advisories to focus. 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 
2013-14 systematic validation of AWS data was conducted at several locations

AICRPAM –NICRA  Microlevel Agromet Advisory Services in Odisha 

Microlevel Agromet Advisories (MAAS) are the key services piloted under NICRA by 
the All India Coordinated Research Project on Agro meteorology  (AICRPAM) with an 
objective of providing weather based agro advisories to the farmers at block and village 
level. 

In Odisha, AICRPAM's Bhubaneswar centre initiated these MAAS implemented  in two 
villages in Surada Mandal of Bhanjanagar District. Agrometeorologist fine tunes the 
weather forecasts; staff of NICRA - provides the crop and current weather information. 
While, subject matter specialist of KVK  and NICRA staff  Prepare the MAAS  with the 
help of  Agrometeorologist. 

“Block level weather women” (Introduced for the first time in the country) and Village 
weather managers will disseminate the MAAS to farmers. 

19

Comparision of NICRA and AWS data with manual data at various locations



Temperature maps were generated using the real time Maximum temperature 
values of summer months from all the 100 AWS, to identify heat wave conditions over 
the country. 

Rainfall maps of individual months were generated to see the progress of monsoon in 
each month over India. These maps could be an input in designing the alternate coping 
mechanism/ contingency measures for drought/ heavy rainfall /flood conditions in 
different parts of the country.

20

Spacial distribution of heat wave - May 2012



Micro level Agromet advisories

The main objective of AICRPAM-NICRA project is to strengthen Agromet 
advisory services at microlevel and to make the advisories available to more number of 
farmers. Micro level Agrometadvisories have been successfully issued under 
AICRPAM-NICRA project by several centers. 

At Bhubaneswar, micro level Agromet advisories setup has been operationalized 
and the advisories are issued in selected villages of two blocks of Ganjam district. They 
have integrated Tribal Sub Plan (TSP) with Panchayatraj department and introduced 
Block Weather Women (BWW) whose responsibility is to receive the Agromet 
advisory and disseminate through SMS or in person to the farmers. 

  

 
21

Performance of SW monsoon rainfall (mm) 2013



Majorly, Agromet advisory bulletins provide information on sowing, management 
operations and pest control in vegetables and other crops. NICRA farmer is reported to 
be benefitted by Rs.3250/- per hectare over others in Kharif crops cultivation in both 
the selected villages. Udaipur center also has operationalized the microlevel Agromet 
advisories at the selected blocks and villages. The Agromet advisory issued by Udaipur 
center on the rainfall situation and sowing of maize benefitted the farmers by about 
Rs.18000 - 24000 per hectare.

Development of weather indices for groundnut

Weather indices in groundnut were formulated by analysing long-term yield and 
weather conditions at three locations viz., Bangalore, Anand and Ludhiana. These 
indices are required for designing weather insurance products for groundnut crop.

At Bangalore, in DH 3-30, Robut 33-1, TMV-2, JL-24 and K-134 varieties, higher 
rainfall during pod initiation to pod filling was identified to be favourable for achieving 
higher pod yield and rainfall less than 119, 109, 156, 138 and 122 mm during pod 
initiation to pod filling stage resulted in lesser yield in DH 3-30, Robut 33-1, TMV-2, 
JL-24 and K-134, respectively. At Anand, rainfall during first seed to harvest was found 
to be critical for obtaining higher yield and rainfall lesser than 319, 469 and 174 mm 
during first seed to harvest stage of varieties Robut 33-1, GG-2 and Gaug-10, 
respectively resulted in lesser than optimum yield. At Ludhiana, in variety M-13, 
rainfall of amount 334 mm during complete emergence to 50% flowering was found to 
be responsible for higher pod yield and any decrease in rainfall during this stage 
resulted in below optimum pod yield.
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Thresholds of rainfall at critical stages for obtaining optimum
groundnut yield at three different locations 

Centre Variety  Critical Stage  Rainfall (mm)  

Bangalore
 

DH 3-30 119 

Robut 33-1 109 

TMV-2 156 

JL-24 138 

K-134  122 

Anand  

Robut 33-1 319 

GG-2 469 

Gaug-10 174 

Ludhiana
 

M-13
 

Pod initiation to pod filling 

Pod initiation to pod filling  

Pod initiation to pod filling 

 Pod initiation to pod filling  

 Pod initiation to pod filling  

First seed to harvest 

First seed to harvest 

First seed to harvest 

Complete emergence to 50% 
 flowering 

 
334

 

Percentage reduction in yield from the optimum of all the five varieties in 
accordance with the percentage departure of rainfall from the optimum rainfall during 
critical period at Bangalore  showed that one percent decrease in rainfall caused 0.6 
percent decline in yields from the optimum.

Thresholds of water requirement satisfaction index (WRSI) for obtaining 
optimum yield in different varieties at three centres showed that the WRSI required for 
optimum pod yield ranged from 65 to 93 percent across different crop varieties and 
centres. At Bangalore (cv. DH 3-30) and Anand (cv. Robut 33-1) two dry spells of more 
than 15 and 20 days, respectively caused nearly 70 percent reduction in pod yield 
compared to no dry spell. At Ludhiana, M-13 variety can tolerate one spell of 15 dry 
days but yield reduces by 90% with four such dry spells.

Thresholds of Water Requirement Satisfaction Index (WRSI) for 
obtaining optimum yield of groundnut varieties 

Centre  Variety  WRSI (%)  

Bangalore
 TMV -2 82  

Anand 
 

Robut 33 -1  87  

GG - 2  93  

Gaug -10  65  

Ludhiana  M-13  93  
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Economic impact assessment of weather based Agro-Advisory Services (AAS)

Some of the benefits accrued due to adoption of AAS across different villages 
under various AICRPAM-NICRA centers are given below;

  
Udaipur

 
9.10.2013

 
Forecast of 
light rainfall
 (7mm)

 
To postpone
the harvesting 
of maize crop

   yes  
11.0 mm 
rainfall was 
received on
 9.10.2013

 
Saved 
produce from 
rain and also 
saved wages 
of workers

crop 

Jammu

 
18, 19 Jan 
2013  

Moderate rain 
is likely to
occur

 

Skip the 
irrigation to 
wheat, 
postpone 
the herbicide
 spray

 

yes  56.6 mm 
rainfall 
received 

 

Save upto 
Rs. 2200/
acre

Anand

30/08/2013  

03/09/2013  

11/09/2013  

07/09/2013  

Light 
rainfall 
and
continuous
cloudy
weather 

 

Detail 
prophylactic 
measures of 
bacterial leaf 
blight of 
paddy 

 

Yes  

Ten
farmers 
followed 
the AAB.  

-----   Save Rs. 
2500/Ha 
of two 
spraying. 
Only one
spray in 
advance
save  the 
crops. 

Weather 
based AAB 
were issued on

Forecasted 
weather  

Advisory
given

 Advisory 
followed  

Observed
event  

Economic
benefit

At Raipur, comparison was made between costs of cultivation of rice for AAS adopted 
versus non-adopted farmers. Overall, there was 11.13% saving on costs of cultivation 
by the farmers who adopted AAS.
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Real-time crop monitoring system using satellite data reception and management 
system (IARI)

On-farm burning of rice straw in Punjab: Using the satellite data reception and 
management system (SDRMS), real-time monitoring of rice straw burning in Punjab 
was estimated. The system provided information of the area under active fire on real-
time basis. It was estimated that about 15 million tons of rice straw was burned in 
Punjab during October-November, 2013. The system will be useful to assess the extent 
of paddy straw burning and pollution problem including greenhouse gas emission due 
to straw burning. 

Area under active fire due to rice straw burning in Punjab.

Crop monitoring system: Developed a prototype web-enabled system for real time 
monitoring of crop condition, rainfall and land surface temperature across all districts 
of India using real time satellite images. Created a database of three parameters for all 
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the districts of India from 2001-2013.  The web-portal allows visualizing the real-time 
situation of a parameter of current period vis-à-vis long term average and that in last 
year.

An Aggregated Drought Index (ADI) 
which is a multivariate drought index that 
considers all physical forms of drought (i.e. 
meteoro log ica l ,  hydro log ica l  and  
agricultural) was developed through 
selection of input variables related to each 
drought type. The index was validated for the 
drought year of 2002 with NDVI values. 
Spatial distribution of ADI and NDVI values 
match closely indicating that ADI can be 
used as an index for drought monitoring.

Long term trend analysis of crop water 
demand for major crops in the IGP showed 
marginal increasing trend of crop water 
demand for rice, sugarcane and wheat in both 
southwest Punjab (Muktsar, Sangrur and 
Nawanshahr districts) and Satluj and 
Ghaggar (Rupnagar, Moga and Patiala 
districts) regions.

Verification of 24-hour forecasts of daily maximum temperature
and minimum relative humidity generated from TOPS witt

 observed data at each block in East Godavari 
district during Kharif 2013
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Comparison of real time weather information generated by TOPS with observed 
weather:

Available rainfall data from IMD, CRIDA and 1200 AWS of AP State Government 
have been ingested into TOPS system to provide near-real time high-resolution (block 

level) weather and climate over 
the whole AP State and the two 
identified pilot districts, namely 
East Godavari and Prakasam. 
Comparison of daily maximum 
temperature and minimum 
relative humidity predicted by 
TOPS with the observed values 
of these parameters showed that 
prediction of minimum relative 
humidity is in tolerable limits 
root mean square error of 9.91 
percent.



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 2011 in a multi-institutional and 
multi–disciplinary network mode. The technical programme was continued and 
strengthened during the current year. Wheat, rice, maize, pigeonpea, mango and tomato 
are being focussed initially by the partner institutes.

A core set consisting of 145 lines of genetic resources was evaluated under 
irrigated and rainfed conditions. Data on germination, days to heading (DH), yield, 
thousand kernel weight (TKW), days to maturity (DM), canopy temperature (CT), 
canopy temperature depression (CTD), stomatal conductance (SC), flag leaf area 
(FLA), normalized difference vegetation index (NDVI), chlorophyll florescence 
(CFL) and SPAD chlorophyll meter reading chlorophyll content (CC) were recorded. 
Drought stress was imposed using a combination of restricted irrigation schedule (three 
instead of six) and no irrigation. The heat stress (post flowering) was effected by 
varying planting dates. The performance of individual genotypes was assessed under 
different time schedules and yield and associated physiological, morphological and 
phenological traits were recorded. Genotypes with higher stomatal conductance and 
cooler canopies under warmer climate were identified. Chlorophyll fluorescence was 
found to be an effective indicator of heat stress during grain-filling duration and 
superior genotypes correlated negatively with the initial fluorescence during 
reproductive stages. Stay-green genotypes were identified under rainfed conditions. 
Image based phenotyping of moisture stress was carried out in wheat genotypes and a 
RIL population derived from DBW 43x HI 1500.

Phenotyping and physiological evaluation of genetic resources of wheat for 
drought and heat stress tolerance (IARI)

Field phenotyping of wheat genotypes. (Note: Selections are from F  generations in single4

crosses, which are now in F  generation)7
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Phenotyping of Marker Assisted Recurrent Selection (MARS) populations and 
introgression of known QTLs into local cultivars in wheat (IARI)

Evaluation and validation of core set of germplasm of wheat (NBPGR)

Development of Thermotolerant Transgenic Wheat (NRCPB)

Standardization of transformation protocol in wheat

 

The QTLs contributing to heat and drought tolerance imparting with significant 
phenotypic effect of stress tolerance were integrated using novel breeding technologies 
such as MARS and Marker Assisted Back Cross Breeding (MABC). F  populations of 5

crosses HI1500 x DBW43 and HI1500 x HUW510 were phenotyped at multiple 
locations under two variants of irrigation regimes. Superior progenies were selected on 
the basis of the traits including early ground cover, Days to heading, Flag leaf 
elongation, SPAD values, Canopy temperature, NDVI, Grain Yield and component 
traits. AMMI analysis for genotype X location interactions indicated that Delhi and 
Pune locations represented stable environments to effect MARS integrating phenotype 
data for decision making along with QTLs in the population DBW43 X HI1500 and 
Ludhiana and Powarkheda were ranked as the best location in the population HUW510 
X HI1500. F1s of elite Indian parents HD 2733, GW 322 from the North Western Plains 
Zone, Central and North Eastern Plains Zones, (donor sources x elite parents) were 
backcrossed to develop BC F  generations during 2011-12. Five BC F  populations 1 1 1 1

were screened during last crop season to identify progenies with the gene of interest and 
maximum background genome recovery.

Based on preliminary characterization and evaluation of 22,416 wheat accessions 
for 34 characters including 22 highly heritable qualitative and 12 quantitative 
parameters, a core set was developed. The core set included 2,226 accessions (1,779 T. 
aestivum, 394 T. durum and 53 T. dicoccum) as a representative of the total diversity 
recorded in the wheat germplasm present in the national genebank. A composite core 
set of 3,000 wheat accessions developed by different approaches were grown for 
validation of wheat core set at NBPGR, Issapur farm during rabi 2013-14.

Results from two years evaluation (2011-12 and 2012-13 Rabi seasons) evaluation 
studies were analyzed and 316 wheat accessions were identified as tolerant/moderately 
tolerant according to Heat Susceptibility Index (HSI) values for 5 yield attributing 
quantitative traits. These identified accessions were grown under normal and late sown 
conditions during rabi 2013-14 for advanced screening against terminal heat tolerance 
in a replicated trial in alpha lattice design. The data is being recorded for 17 morpho-
physiological traits.

Agrobacterium mediated genetic transformation in Indian elite wheat cultivars 
(Tritucum aestivuvm was carried out using tissue culture based (mature embryo & 
immature embryo) and in planta method (direct infection and floral dip method). In 
planta method of direct injection was standardized with Agrobacterium tumefaciens 
strain EHA105 harbouring binary vector pCAMBIA1301-Pubi-EPSPS and the
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putative transgenics (T1) were screened by spraying 0.5% glyphosate and 
confirmation of stable transgene integression (EPSPS) at T  stages was done by PCR 3

using EPSPS gene specific primers and southern hybridization techniques. The 
southern positive events were subsequently confirmed by sequencing. Further 
expression analysis of the transgene was confirmed by qPCR. T  seeds collected and 4

further morphological, biochemical and molecular analysis is underway. Further, this 
year Thermotolerant transgenic wheat Binary vector pGreen0229-Pubi-cspB-35S-
EPSPS was for in planta transformation of elite Indian wheat cultivar and screening of 
putative transgenics at T  stage by 0.5% glyphosate is underway. Agrobacterium 1

Southern Hybridization analysis for stable integration of 
EPSPS gene in different transgenic lines of cv HD2894 at T  3

generation developed by using in-planta transformation 
method (A,B) & of cv HD2967 at T  generation developed 2

by using mature embryo transformation method( C,D); P: 
+ve control

By using the best optimized in planta transformation approach, putative transformants 
(with EPSPS and cspB genes) of wheat cultivars HD2894, HD2987, HD2932, DBW38  
and HD 2967 were raised where stable integration of EPSPS gene was confirmed by 
PCR in all cultivars and by Southern blot techniques in HD2894. Complete CDS of 
TapAPX and Cpn 60 were cloned in binary vector followed by transformation in 
Agrobacterium strain. Transformation of TapAPX genes in elite cultivars of wheat and 
development of heat stress tolerant transgenic wheat are in progress.

The leaves of 45 day old wheat plants were sampled and subjected to proteomic 
analysis from the plants grown in open top chambers and subjected to treatments of 
high temperature, elevated carbon dioxide and low nitrogen. Chloroplast isolation was 
standardized. Elevated carbon dioxide has a considerable effect on the protein 
expression of chloroplasts in wheat. Higher carbon dioxide levels induce a sizeable 
effect on many aspects of photosynthesis like photosystem I & II, electron transport 

Chloroplast proteome expression studies in wheat (JHU)
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mediated genetic transformation 
using mature embryo (cvs 
HD2967, HD2984, PBW343 and 
DBW17) resulted in eight putative 
transgenics and PCR analysis 
using gene specific primers 
(EPSPS gene) confirmed the 
presence of transgene and 
Southern hybridization. A total 
number of 292 T  seeds were 1

harvested from the putative 
transgenics. Similar studies with 
immature embryos have resulted 
in 9 transformed plantlets (cv 
HD2894 and HD2967). 



chain, glycolysis, Krebs cycle and ATP formation as is evident from the altered 
expression of the proteins regulating them. Photo-oxidation of water gets affected by 
the elevated carbon dioxide levels and there is instability in the oxygen evolving 
complex. Wheat plant responds to this change by the overexpression of proteins like 
oxygen evolving enhancer protein and 10 kDa photosystem II polypeptide which 
stabilizes this complex. Higher carbon dioxide levels led to enhanced photon 
capturing as is evident by the increased levels of LHC regulating proteins and 
chlorophyll binding proteins. There is also an overexpression of some of the enzymes 
regulating the carbon fixation processes like glycolysis and Krebs cycle. The energy 
production is also enhanced during high carbon dioxide treatments as is clear by the 
over expression of ATP synthase. Many anti-oxidants which regulate the redox 
potential of the cells also show a considerable increase during the elevated levels of 
carbon dioxide which shows a link between the increased carbon dioxide levels and 
the oxidative stress. 

Based on polymorphism screening for SSR markers linked to QTLs for drought 
tolerance between six donors and two recipient parents, candidate QTLs for marker 
assisted introgression and donors have been identified for transferring drought 
tolerance in Pusa Basmati 1 (3 QTLs namely qDTY1.1, qDTY 2.1 & qDTY 3.1) and 
Pusa 44 (4 QTLs namely qDTY1.1, qDTY 2.1, qDTY 3.1 & qDTY 9.1). A total 28 crosses 
have been attempted producing six F combinations and BC F  were produced in Kharif 1 1 1

2013. A total of 421 BC F  plants involving six backcrosses are being grown in the off 1 1

season nursery at RBGRC, Aduthurai. 

Experiments were conducted to assess the tolerance levels of genotypes to anaerobic 
germination, submergence, waterlogging tolerance, vegetative stage drought 
tolerance, reproductive stage drought tolerance, salinity tolerance, stagnant flooding 
with salinity and salinity and drought tolerance. Genotypes found tolerant to these 
stresses are listed in Table

Identification of candidate QTLs for drought tolerance and developing mapping 
population for heat tolerance in rice (IARI)

Identification of key rice germplasm tolerant to different abiotic stresses 
(submergence, drought and salinity and multiple stress tolerant types) (CRRI)
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Genotypes tolerant to different abiotic stresses 

Abiotic stresses Genotypes 

Anaerobic germination  AC41620A, AC39460, BCP7, BCP62 

Submergence   Survival % more than 80: DP/BCP1, 
DP/BCP72, DP/BCP80, DP/BCP2065 
and DP/BCP2066

Water  logging tolerance  AC443, AC85, AC34280, AC39416A,
JRS196 and Sabita

 

Vegetative stage drought tolerance   AC43012, AC43025 and Joha  

Reproductive stage drought tolerance   IC337574, IC267416  

Salinity tolerance   Seedling stage: Korgut, Chettivirippu
(AC39389, AC39394), Kamini; 
flowering stage:  Chettivirippu 
(AC39394), Pokkali (AC41585)

Stagnant flooding with salinity  Ravana, AC39416A, SR26B,  and Kalaputia

Salinity and drought tolerance FL478, AC39416A, AC1151 and Paloi

Identification of QTLs/Genes for different abiotic stresses (submergence, drought 
and salinity)

Genetic diversity study of anaerobic tolerant rice genotypes: Numbers of 
genotypes: 48, Numbers of primers tested: 44. Primers RM 219, RM 11, RM 235, RM 
518, RM 1183, RM 6840, RM 259, RM 5479, RM 246, RM 253, RM 520, RM3475, 
RM 3753, RM 6318, RM 10694, RM 23877, RM 149, RM 341 and RM 28759 showed 
polymorphism. Three primers namely, RM3753, RM23877 and RM28759 could 
distinguish between tolerant and susceptible genotypes.

 
Lane 1 

 

 
Lane 2

 

Lane1 and Lane 2 various genotypes of rice tested for polymorphism with RM 23877 marker

Development of salt tolerant lines with Saltol QTL introgression

Eight F  tolerant and moderately tolerant lines along with their parents (FL 478 and IR 8

64) were subjected to analysis for validation of the microsatellite markers in the Saltol 
QTL region. Among the 12 tested primers located at the saltol region, four primers 
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(RM10694, RM8094, AP3206, RM493) were found polymorphic between FL 478 and 
IR64. FL478 specific marker alleles for different loci situated from 11 Mb to 12.4 Mb 
regions in chromosome 1 was found in all the lines tested in homozygous condition. 
These tolerant and moderately tolerant lines sharing a common segment from the donor 
FL 478 might carry the Saltol QTL in this region.

SSR polymorphism using Saltol markers, (a) RM10694, (b) RM8094 in parents
and salt-tolerant introgression lines from IR64/FL478 cross. 

Developing trait based breeding populations for heat tolerance and NUE in rice 
(DRR)

Approximately 1400 lines (692- F6, (16 cross combinations) 238-F5, 378-F2, 130-F1) 
were generated and screened during rabi 2013 and kharif 2013. Exclusive NICRA 
breeding populations of selected lines, for 10-15 trait based populations for nitrogen 
use efficiency and heat tolerance and efficient in grain filling are generated.  Some of 
the breeding lines are in F  to BC  F  stages and 8 mapping populations were being 1 1 1

advanced to RIL.  Significant progress with reference to crosses forwarded of 4 and 2 
RIL populations for NUE and heat tolerance respectively. 

About 19 traits, at vegetative and reproductive stages for heat tolerance were evaluated. 
46 selected introgression lines of KMR3 x O.rufipogan, Swarna x O.nivara, N 22 
mutants including parents and checks screened for heat tolerance and S-467 identified 
as promising line. Linkage analysis performed using QTL cartographer for 6 traits 
(Days to 50% flowering, flag leaf   SPAD, pollen sterility leaf temperature,) 20 QTLs 
for 3 traits on 8 linkage groups were identified which explained 5-8% phenotypic 

thvariance. On 6  chromosome a stable QTL, qflt6.1associated with leaf temperature 
2(significant LOD 5.8 and R ) phenotypic variance identified. 

Identification of heat tolerance QTLS
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Genotyping for pollen fertility and stigma receptivity under heat stress  

Markers linked to spikelet fertility and pollen fertility under heat stress conditions in 
rice were collected and flanking SSR markers were selected using SSR map.  
Genotyped was carried out in 48 lines for heat tolerance based on various morpho-
physiological traits using N22, Bala as heat tolerant and Azucena as susceptible check 
(spikelet and pollen fertilities as reported previously NICRA 2012) using flanking SSR 
makers was analyzed. The SSR alleles which showed polymorphism between heat 
tolerant and susceptible checks were identified and the presence of alleles at those 
specific loci of checks was analyzed in all other lines. A total of 14 lines (9 lines in 
KMR3 X O.rufipogan ILs, 3 in Swarna X O. nivara ILs and 2 in N22 mutants) were 
identified as heat tolerant based on spikelet fertility under heat stress and also positive 
alleles for at least 3 loci out of 52 loci in each line. Currently two F2 populations (N22 x 
RPHR -1005, KMR3 X N22) are being evaluated for pollen and stigma fertilities.

Putative QTLs for heat related physiological traits in Madhukar × Swarna RILs

S. NoS. No  Trait  
 

 

1 11 

2 12 

3 13 

4 14 

5 15 

6 16 

7 17 

8 18 

9 19 

10  

qdff1.1  

qdff2.1  

qdff2.2  

qdff6.1  

qdff6.2  

qdff12.1  

qslt1.1  

qslt4.1  

qslt5.1  

qslt6.1  

 Chr No.  

1 

2 

2 

6 

6 

12  

1 

4 

5 

6 

LOD  

8.1  

8.4  

7.5  

12.4  

4 

8.2  

3 

3.6  

3.2  

3.6  

R2 (%)  

8 

8 

8.4  

6.8  

5 

8 

6.2  

6.2  

5 

6 20 

Trait  

qslt8.1  

qslt8.2  

qflt2.1  

qflt2.2  

qflt6.1  

qflt7.1  

qflt8.1  

qflt8.2  

qflt8.3  

qflt12.1  

 Chr No.

8 

8 

2 

2 

6 

7 

8 

8 

8 

12  

LOD  

3 

3 

3.6  

2.8  

5.8  

3.2  

3.22  

4.17  

4.6  

5.3  

 
8.4  

8.4  

8 

8 

5 

6 

8.4  

8.4  

7 

8 

R2 (%)

 * dff – Days to 50% flowering, slt –  leaf temperature Veg.stage , 
Flt – Rep.stage Flag leaf temperature,.
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A total of 81 genes associated with NUE in rice were selected for primer (~700bp) designing of 
candidate gene amplification and real time PCR.

Dissection and confirmation of heat and NUE lines submitted for registration: 5 rice lines 
and 3 wild rice accessions submitted to NBPGR for registration. Physiological superiority of 
these lines for different traits including gene expression in NR, PAL and AT (ammonium 
transporter) using RT-PCR amply demonstrated. Sequencing of PAL gene in different 
genotypes was conducted with specially designed primers and combinations of primers were 
also tested for amplification. The 3 wild rice accessions were used for generating crosses and 
confirmed for the status of F  generation by polymorphic studies.  1
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Evaluation of rice germplasm for heat tolerance (NBPGR)

About 1350 germplasm accessions of rice were also grown at IGKV, Raipur 
during Kharif 2013 for screening against drought and 500 germplasm accessions of 
rice collections from Chhattisgarh and Madhya Pradesh states were grown at IGKV, 
Raipur during January 2013 for screening against heat stress.

Five pyramided plants with 13 gene combinations were developed by multiple 
donor parent crosses in mainly IR 64 background. This is a pioneering effort to 
combine abiotic and biotic stresses in a single genotype and confirm the genes.

Pyramiding was carried out by pairwise crossing and selection by linked markers 
for nine drought contributing traits, 2 blast resistance genes, 3 bacterial blight 
resistance genes, one BPH resistance genes. MASPY-1 and MASPY-5 pyramided 
plants with  blast, bacterial leaf blight and BPH identification in the background of 
Water Use Efficiency, Osmotic Adjustment and root morphological trait QTL, seedling 
vigour and yield under stress genotypes were found to be superior in yield under stress 
and aerobic conditions.

Microarray analysis of genomewide nitrate response in rice revealed different 
responses in light and dark conditions involving over 1000 genes each. This enabled 
the identification of 222 genes common to both conditions as 'true' nitrate-responsive 
genes. They span categories such as stress, mitochondrial, membrane, nucleotide-

Multiple traits gene pyramiding in rice (UAS-B)

Generation of differentially regulated genes from contrasting conditions (GGS 
IPU)

KMR3 × O. rufipogon lines: spikelets tolerant and susceptible

Identified Novel miRNA's and their expression associated and heat stress 
recovery  

OsFd (AK 100064) gene on Chr 1 showed very high expression in roots of N22 during 
short, long duration of stress and also recovery.  Root tissue of N22 showed down 
regulation of 9 miRNA (miRNA's 156,160,162,167,168,169,397,398 and 1884) 
during heat stress treatment thereby increasing the expression of target genes. 
Expression analysis of 13 predicted novel miRNAs confirmed the expression of two 
novel miRNA s 172e and 157 in rice.



 

binding, transport etc. Shortlisted 22 true nitrate responsive genes and further 
shortlisting is in progress for possible candidates for enhancing NUE. Ranked 21 
Indian rice genotypes based on the variation in N-induced delay in germination and 
identified contrasting cultivars for urea and nitrate response.

Phenotypic and physiological evaluation of 650 rice germplasm identified a set of 9 
lines as tolerant and among them RCPL 1-460 and RCPL 1-74 are moderately tolerant 

oto 37 / 26 C day / night temperature under artificial light (3000 lux). A set of 200 
unigenes was identified from forward subtracted library of RCPL1-460.

Rice variety RC Maniphou-7 gave better yield of 8.0 (t/ha) followed by Akutphou (7.75 
t/ha) for 50 days old seedlings, half submergence condition for 10 days while the lowest 
was with local variety Taothabi with 3.67 t/ha. The survival of the seedling was higher 
with the seedling age.

Stomatal opening and closure during stress and normal conditions were 
quantitatively measured by patch clamp technique using isolated patch clamp 
competent guard cell protoplasts of rice (GCPs). Under, 5.0 µM ABA induced stress, 
stomatal closure takes place more effectively in Anna-4 and relatively lesser in DBN. 
Stomata open in ADT-39 under same ABA concentration. It is possible to screen large 
number of rice genotypes under stress and normal conditions with efficient stomatal 
closure mechanism. 

A novel protocol was developed to isolate guard cell protoplasts from O. sativa 
leaves for electrophysiology experiments viz. the patch clamp. Ionic current were 
measured from these cells and we notice a difference in channel function and as well as 
the response to ABA stress at the cellular level. This was validated using the 
expression profiling of the ion channel genes using qRT PCR.  Simulation of water 
deficit conditions in laboratory conditions done at  whole plant level and at  cellular 
level reveal significant difference in response in drought tolerant Doddabyra Nellu. 
This could possibly hint at a novel mechanism of ABA signalling in drought tolerant 
DB cultivar. The physiology experiments of three varieties when compared also hint at 
differences in shoot and root length, stomatal density etc. in the drought resistant 
Doddabyra Nellu. Doddabyra Nellu (DBN) also exhibits minimal effects when 
challenged with  mannitol.

In kharif 2013, evaluation of 37 genotypes previously selected with an additional 
16 maize genotypes received from DMR was carried out using 31 different morpho-

Identification of drought and heat tolerant rice for NEH ecosystem (ICAR-NEH) 
Heat tolerance in rice and maize

Identification of ion channels which regulate drought tolerance by stomatal 
aperture closure in drought tolerant and sensitive varieties of rice (TNAU, 
Paiyur)  and (AU-KBC)

Phenotyping of maize for drought and heat tolerance (CRIDA)
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physiological traits under irrigated and rainfed conditions. Among the 37 genotypes, 
the genotype Z60-87 showed not only better photosynthesis, stomatal conductance and 
transpiration but also higher chlorophyll content. The genotypes Z60-87, Z60-72 and 
Z40-183 performed better both in terms of both morphological and physiological 
parameters.  Biomass, grain yield and 100 seed weight got reduced by 18.5%, 22.7% 
and 25.7% respectively under rainfed conditions. The genotype R1HK1-164D4 
performed better consistently throughout the three seasons under rainfed conditions.

Among the 16 genotypes, 18224, N313 and 18229 not only maintained better 
water relations but also showed higher photosynthesis, stomatal conductance and 
transpiration. Significant positive association of LWP and OP was observed with SPAD 
chlorophyll. Genotypes N 119, 18224 and N 265 exhibited high yield and low DSI. 
Genotypes 18242, 18301, 18401 and 18506 were susceptible with high DSI and low 
yield. Genotypes with high transpiration efficiency for grain yield were HKI-164-7-4, 
Z101-68, LM-16, SNJ-2011-70, RJR-090, Z60-87, HKI-1040-4, NSJ-189 and Z60-72. 
One each of F  population (SNJ 2011-17 X PSRJ-13154), F populations (RJR132 X 2 3 

SNJ2011-37) and F  population (PSRJ13041 X RJR208) were raised, advanced and 4

observations on various morpho-physiological traits such as SPAD chlorophyll, 
canopy temperature, ASI and plant height were recorded and will be used for marker 
–trait linkage analysis.
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Field phenotyping of maize genotypes under rainfed conditions

Ninety eight primers were found to be polymorphic among the 37 selected genotypes. 
Combination specific markers have been identified for each cross and will be used for 
linkage mapping, segregation pattern analysis of F  populations for  traits of interest 2

and detecting the inheritance pattern. 

Polymorphic banding pattern of 35 maize 
genotypes with drought tolerance associated 

SSR markers: umc1845, dupSSR 27 
and umc 1353.

Maize genotypes were screened for early 
ground cover using a non-invasive digital 
imaging tool developed in previous year, 
results of which indicated that early 
groundcover  (EGC) was highly 
correlated with total biomass and yield 



A study of isoenzyme pattern of SOD in eight genotypes of maize grown by staggered 
sowing so that the reproductive stage was subjected to high temperature stress 
indicated differential expression to be associated with high temperature stress 
tolerance. Isoenzyme expression of SOD in the genotypes showing tolerance to high 
temperature stress suggested a possible protective role. The level of increase in the 
activities of anti-oxidative stress enzymes mainly SOD, POD, CAT, GPX and GR was 
observed to be higher in tolerant genotypes under heat stress which could account for 
better tolerance and less damage due to oxidative stress. Levels of various anti-oxidants 
(ascorbate, thiols, phenols) were also observed to be higher in the tolerant genotypes 
compared to susceptible group.

Visual Images Side 
o o

view 0 &90  and  Top view

o oIR Side view 0 &90  
and Top view

NIR Side view 
o o0 &90 and Top view

Digital image processing methodology was standardised to quantify phenotypic 
parameters of a plant through High Throughput Screening
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Identification of heat tolerant maize for NEH ecosystem (ICAR-NEH)

Enhancing thermo-tolerance in  maize through rhizosphere microbes (CRIDA)

Productivity of rainfed crops under enhanced carbon dioxide and its interaction 
with water deficit and elevated temperature (CRIDA)

A set of 16 maize germplasm lines were identified as tolerant to elevated 
otemperature of 35  C. Among them RCMGP63, RCMGP105 and RCMG 47 were 

found to be heat tolerant at anthesis stage. Biochemical and phenological studies in the 
selected set identified RCMGP105 as the most tolerant genotype to higher temperature 

o(37  C).

Twenty seven thermotolerant rhizobacteria possessing PGP traits were subjected 
to high temperature screening in growth chamber with maize as host plant and four 
isolates significantly better in terms of plant biomass, chlorophyll content, relative 
water content and membrane stability were selected. Under heat stress inoculation of 
PGPR's maize plants improved the shoot and root lengths up to 6-20%, shoot and root 
biomass up to 10-40% over control.  Significant reduction in chlorophyll content was 
observed in heat stressed plants while inoculated plants maintained relatively higher 
chlorophyll content. Highest membrane injury index (MII) was also low in the 
inoculated plants compared to un-inoculated controls. 

Six pigeon pea genotypes with varying duration, growth habit and flowering 
pattern were evaluated at ambient (390ppm) and elevated (550ppm) CO  levels in Open 2

Top Chambers (OTCs). GT-1 a short duration genotype with spreading growth habit 
and determinate flowering pattern recorded significantly higher response for pod 
number, pod weight, seed number, 100 seed weight and seed yield.

Percentage improvement  in total biomass, yield contributing characters and HI of pigeon pea 
genotypes at elevated CO  (550 ppm) over ambient (390 ppm)2
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Field evaluation of pigeonpea, greengram and blackgram for tolerance to 
climatic stresses and genetic enhancement of pulse crops for tolerance to heat an 
drought stresses (IIPR)

Phenotyping for heat tolerance in pigeonpea: Variable fluorescence decreases in leaf 
as test temperatures increases beyond 35˚C. Genotypes subjected to high temperatures 
> 35º C showing least deviation from those treated with normal temperature were 
selected as thermo-tolerant. Some of those thermo-tolerant lines flowered and set pods 
at high temperature. Therefore, for selecting thermo-tolerance foliage resistance using 
variable fluorescence combined with traits male fertility based upon pollen viability 
and in situ pollen germination at high temperature proved to be potential screening 
tools for heat tolerance. Similarly large number of pigeonpea genotypes were selected 
for drought tolerance based upon osmotic adjustment.

0Genotype 1 25 C

0Genotype 1 40 C

0Genotype 2 25 C

0Genotype 2 40 C

0Genotype 3 25 C

0Genotype 3 40 C

Genotype 1 at 40º C is completely collapsed as there are no images formed hence this genotype 

has been identified as heat sensitive

Some promising wild derivatives were also identified which flowered and set pods at 
o40/20 C max/min temp.  A significant genotypic variation in osmotic adjustment was 

o

It was carried out  at three locations viz., Durgapura, Vamban and Kanour and high 
otemperature tolerant greengram genotypes setting pods at 43/25 C max/min 

temperature and 11 and 16h day length viz., IPM 02-3, MH 3-18, Ganga 8, TARM 1, 
ML 1257, Copergaon, HUM 1 were identified in comparison to sensitive line LM 95. 
For photo- and thermo-insensitivity, V. umbellata (IC251442) and V. glabrescens 
(IC251372) were identified based upon pollen viability studies and normal pollen tube 

oformation, podding and seed set at high temperatures upto 44 C and low temperatures 
oupto 4.4 C. Further, these accessions were also evaluated and characterized based upon 

37 morpho-physiological traits. 384 SSR markers were screened on these accessions. 
Among these 87 SSRs amplified on target genotypes and 53 were found polymorphic. 
Two extra early greengram genotypes IPM 409-4 (INGR 11044) and IPM 205-7 
(INGR 11043), both maturing in 46-48 days have been identified.

bserved in pigeonpea and this trait is being used for drought tolerance.

Multilocational evaluation of 100 germplasm lines/breeding material of 
greengram:
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IPM 409-4 IPM 205-7

Evaluation of  blackgram: Twelve germplasm lines viz., SPS 38, IPU 7-03, No. 
3, IPU 2-43, IPU 99-24, HPU 302, IPU 94-1, UH 82-2, IPU 99-115, IPU 99-117, NO. 
73294 and Sel. No. 2 were found as good sources and could be used as donors for 
tolerance against heat stress. Photothermo-insensitive and thermo-tolerant genotype in 
blackgram PGRU 95016 has been identified which is characterized by flowering  at 

oboth 10 and 16 h photoperiod. It flowered at both 25/15 and 36/20 C max/min temp 
oregimes and its pollen has an ability of germination at 43 C.

One hundred and fifty pigeonpea germplasm accessions were evaluated along 
with check in Augmented Block Design under rainfed and irrigated condition. Data on 
germination %, days to flower initiation, days to 50% flowering, days to pod initiation, 
days to 50% podding, SPAD, canopy temperature, plant height, number of primary 
branches, number of secondary branches, number of pods, pod weight, 100 seed 
weight, biomass yield and seed yield. The data on physiological parameters, yield and 
its contributing characters in both the treatments were compared to identify the tolerant 
germplasm accessions. Days to 50% flowering ranged from 56 (PAU-881) to 188 
(RJR-315) and the studied germplasm lines were classified in to 6 maturity groups 
based on days to 50% flowering. Canopy temperature of JKM-7, GRG-0811, GRG-
333, GRG-281, RVK-273 and BSMR-533 was lowest under both the conditions. 
Highest SPAD values in both the conditions were recorded in PUSA-2002-2, AL-1778, 
PUSA-2001, AKT-8811, GRG-206, RVK-277 and AL-1798 accessions. 

Field screening of pigeonpea germplasm for drought and heat stress (CRIDA)
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Screening and selection of climate resilient genotypes in arid crops (CAZRI)

Post flowering drought tolerance in sorghum (DSR)

Prospecting genes for tolerance to climatic stresses (NRCPB)

Pearl millet: Populations (CZP2K9, CZP 923, CZP2K3, CZP9802) and hybrids 
(CZH226, CZH227, CZH225, ICMH 356) were selected the promising climate 
resilient genotypes. 

Clusterbean: HG884, RGC1066, RGR-07, RGC1031, CAZG11-1 and RGC936 
selected promising genotypes. 

Test sorghum reference collection and advance breeding lines for post flowering 
drought tolerance were evaluated in multi-locational trials at Rajendernagar, Rahuri 
and Solapur. A set of 30 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 13, 14, CRS 20, EP 57, PEC 22,  EP 87, EP 81, 
and EP 82

Water extraction ability differs across sorghum germplasm /advanced breeding 
lines. It ranges between 10-16 liters per plant. This can be exploited in improving 
adaptation of rabi sorghum under post-flowering drought situation.

Pattern of water use are critical for drought adaptation. From our studies in 
conducted lysimeters, it is established that water extraction in pre-anthesis period is 
negatively correlated to the water extracted in the post anthesis period. Two-fold 
variations in transpiration efficiency indicate that there is large scope for improving the 
water use efficiency of rabi sorghum to adapt to water scarcity during the post-
flowering growth period

Complete CDS of heat responsive genes from finger millet (EcDREB, EcbZIP, 
EcBAG6) were cloned in binary vector and EcDREB was transformed in tobacco. 
Presence of EcDREB in putative tobacco transgenics was confirmed by Southern 
hybridization and functional validation by leaf disc assay.

Variation in pigeonpea germplasm for canopy temperature
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 Codon modified CspB has been cloned in binary vector which was significantly 
different from native CspB isolated from microbial isolate. The binary vector 
constructs were also developed for codon modified CspA and mpgp genes.

Construction of subtractive cDNA libraries from pearlmillet for water deficit, 
high temperature and salinity tolerance genes

ESTs obtained from pearl millet water-deficit stress-induced cDNA library have 
been submitted to the EST database and have been published: Library accession 
LIBEST_028431, Library name: Pennisetum glaucum gradual water-deficit 
stress induced cDNA library, GeneBank_Accn: JZ681087- JZ681229.  Expression 
profiles of 20 selected ESTs obtained from water-deficit, heat and salt stress-induced 
cDNA libraries through real time PCR analysis showed differential pattern under the 3 
different stresses. Among the selected ESTs, sucrose synthase, Early response to 
dehydration(ERD1) and bZIP expression levels were higher under all the 3 stresses 
(water-deficit, heat and salt stress) when compared to other ESTs. Expression analysis 
of selected transcripts indicated that Early response to dehydration 1, SNF1,  
phospholipase D, bZip, Longevity assurance gene 1, S-adenosyl methionine were 
commonly up-regulated under all 3 stresses. While some transcripts were up-regulated 
in individual stresses or overlapped between two stresses suggesting multiple 
regulatory pathways in pearl millet in response to different stresses.

Full length sequence of CDPK gene from stress-induced cDNA library has been 
cloned and  characterized. Bacterial expression of CDPK gene in transformed E.coli 
cells under PEG, NaCl and methyl viologen indicated that transformed E.coli cells 
showed relatively less decrease in growth compared to the untransformed cells. Under 
methyl viologen, the decrease in growth was more significant than under PEG and 
NaCl. CDPK gene construct has been prepared and transformed into Agrobacterium 
tuuifaciens  

At CRIDA, efforts to isolate and clone transcription factors involved in water 
deficit stress tolerance, Universal Stress Protein (USP) gene was isolated, cloned and 
characterized. USP is a Ser Thr Phosphoprotein which is phosphorylated by Tyr 
phosphoprotein TypA and is induced by dehydration, salt, oxidative stress and ABA. 
Semi-quantitative RT-PCR analysis of USP gene under different abiotic stresses 
revealed  upregulation under salinity and high temperature stresses. Tissue specific 
expression studies revealed upregulated expression in leaf, shoot and root under stress 
conditions, also the level of expression was higher in leaf and shoot when compared to 
root. Bacterial expression of USP gene in transformed E.coli cells under PEG and NaCl  
indicated that transformed E.coli cells showed relatively less decrease in growth 
compared to the untransformed cells.  Plant expression vector with USP gene 
pCAMBIA 1303USP has been constructed.

Prospecting of genes for multiple stress tolerance (CRIDA)
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Plant expression vector with USP gene

Enhancing tolerance in horticultural crops to climate stresses (IIHR)

Screening of tomato genotypes for climatic stresses (IIVR)

Breeding for high temperature stress tolerance in tomato 

Two firm fruited tomato lines (IIHR-2834 & IIHR-2835) with good General 
Combining Ability (GCA) were crossed with heat tolerant (HT) lines (CLN-3125A & 
CLN-3125P) in order to transfer heat tolerance.  Four back cross (BC1F1) populations 
viz;  (IIHR 2835 x CLN 3125A) x IIHR 2835,  (IIHR 2835 x CLN 3125P) x IIHR 2835, 
(IIHR 2834 x CLN 3125A) x IIHR 2834 and (IIHR 2834 x CLN 3125P) x IIHR 2834 
were raised and BC1F2 seeds were collected for further advancement during summer 
2014.

Three pre-released tomato hybrids (H-329, H-331 and H-335) expressed heat tolerance 
0(>42 C) under West Bengal conditions during summer 2013. Field testing of tomato F  1

hybrid Arka Rakshak was taken at five different locations during summer 2013-14.  
Highest yield was recorded at Dodda Tumkur , Bangalore Rural District followed by  
Hessaraghatta (106t/ha),  Devasthanada Hosalli, Chikkaballapur (90t/ha) and 
Kadathanamale, Bangalore Rural (74t/ha).

Breeding for drought tolerance  

A total of 288 F  plants of the cross involving large fruited HT line (CLN 3125A) and 2

drought tolerant (RF A) line were raised and screened for heat tolerance using 4

membrane st

t seedling survival and the 
growth during subsequent 72 hrs, the three genotypes, IIHR-2325, IIHR-2387 and 
IIHR-2335 were identified as having highest tolerance to high temperature among the 
20 genotypes evaluated.

Screening of working collection of 250 lines for heat stress. EC-538380, VRT 101A 
and EC-620419 were found best genotypes for heat tolerance. Genotype VRT-101A 

ability studies. F  seeds were collected for further advancement during 3

summer 2014. 

Acquired thermo-tolerance through high temperature induction 

Twenty tomato genotypes were evaluated at two day old seedling stage using 
Temperature Induction Response (TIR). Based on the percen
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(cultivated) and EC-538380 (wild) performed better under high temperature stress in 
temperature gradient tunnel (TGT). EC-625659 yielded better under drought severe 
stress condition, while VRT-101A performed significantly well only in mild drought 
conditions. Genotypes EC 620354, EC 620456, E 5-1 and DMT-1 were more tolerance 
against water-logging.

Tomato grafted over brinjal was able to tolerate 96 hr of flood situation without any leaf 
yellowing or wilting in plant.

Rootstock grafting is considered simple and effective besides being cost-competitive 
strategy for alleviating the plant responses to abiotic stress in vegetable crops. Tomato 
is sensitive to flooding stress. Brinjal rootstock grafted plants exhibited better survival, 
enhanced physiological adaptation, improved fruit yield than the self grafted or 
ungrafted  plants under flooding stress and the response depended upon rootstock 

 Grafting as an important tool for enhancing tolerance of tomato to flash flooding 
during  kharif  season (IIHR)
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Ungrafted                                                                 Grafted
Response of grafted tomato plants on brinjal root stocks of natural flooding 

occured  during sept 2013 in field

One month after release of flash flood
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nature and flood duration. The gas exchange parameters viz; photosynthesis rate (P ), N

stomatal conductance (g ) and internal CO  concentration (Ci), chlorophyll s 2

fluorescence, leaf water potential (ψ ) and chlorophyll content declined less in the L

brinjal rootstock grafted plants. The release of flooding stress coincided with better 
survival of rootstock grafted  plants reflected by regaining of P , g  and ψ  and decline N s L

in sugar and starch levels, and rootstock .The study indicated grafting of tomato on to 
brinjal rootstocks is of great relevance in imparting physiological resilience to flooding 
in tomato. 

The tomato grafts could tolerate the flash flood situation for 4 to 5 days, while the 
ungrafted plants could not survive after  releasing flooding stress. The grafted plants 
could maintain the 40 to 50% yield after experiencing the flash flood. The use of  brinjal 
rootstocks could be  of greater relevance to mitigate flash flood condition. It needs 
further verification by taking up the trial in other places. 

Evaluation of mango rootstocks for water stress tolerance (IIHR) 

Thirteen mango rootstocks were evaluated for their performance under water stress 
conditions by withholding irrigation for two weeks. Based on the performance of 
rootstocks in terms of gas exchange characteristics and their subsequent recovery 
during 72 hours after stress release, six rootstocks, Peach, Starch, Kensigton, 
Mylepelian, Vellaikulumban and Alphonso were identified for further detailed studies.

Grafting an important tool for improving tolerance of tomato to flash flooding 
under climate change scenario

Flooding and submergence are the most frequent and extensive abiotic stress that 
negatively influence crop growth and development in vegetable crops in general and 
tomato in particular. Heavy rainfall with poor drainage induces water-logged 
conditions that reduce oxygen availability in the soil thereby causing wilting, 
chlorosis, leaf epinasty, and ultimately death of the tomato plants.       

In the absence of tomato tolerant genotypes to flooding stress, potential for 
interspecific grafting employing resilient rootstocks has been shown as a viable 
opportunity to combat flooding stress effects because of simplicity, cost 
effectiveness and stable results.  

Because of their higher tolerance to flooding and better compatibility of brinjal root 
system  to tomato, induction of resilience by brinjal rootstocks in improving  flash 
flood tolerance  in tomato is  a viable option. An initiative has been taken up under 
NICRA project at IIHR, Bangalore to utilize the bacterial tolerant genotypes for 
grafting and the field trial at IIHR, Hessarghatta has shown the tolerance in tomato 
plants after grafting them on brinjal rootstocks.

Tomato plants grafted over brinjal rootstock maintained higher net photosynthesis 
and stomatal conductance than and ungrafted tomato under flooding. The use of 
brinjal rootstocks could be  of greater relevance to mitigate the stress due to flash 
flood condition in tomato.



Leaf turning green 30 days
after defoliation

Highly synchronized 
vegetative  flush  60 days

 after defoliation

Induction of synchronized
flowering 12 weeks after 

defoliation 

Before defoliation After defoliation Induction of synchronized
vegetative flush
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Induction of synchronized flowering in Mango (cv. Alphonso) through defoliation

Flowering phenology in mango 

Studies were initiated under NICRA to understand the staggered behaviour of 
flowering in 35 year old Alphonso mango trees at IIHR. It was observed that in the 
recent past, there has been lack of synchronicity in the development of vegetative 
flushes also. The old leaves (>6 months) were found to be photosynthetically 
inefficient and the net PN was observed to be on the negative side even when fully 
exposed to sunlight. A rough estimate has indicated that hardly 20% leaves are 
photosynthetically active at any given time. Therefore, lack of sufficient carbohydrate 
reserves seems to be a major limiting factor leading to staggered developmental 
activities like vegetative shoot growth and flowering. The PN rates varied between -

-2 -12.54 to 10.56 µ moles m  s . Therefore, rejuvenation of the trees appears to be one of 
the strategies to overcome asynchronous behaviour. Rejuvenation is possible through 
complete defoliation of the trees. Selected Alphonso trees (4 trees at fortnightly 
interval) were defoliated at fortnightly interval since February 2013 till January 2014 to 
understand the influence of the soil (moisture, temperature) and atmosphere 
(temperature, light intensity and humidity). Defoliation of trees has resulted in highly 
synchronized development of new shoots and leaves within ten days irrespective of the 
month during the year. The new leaves became photosynthetically active after 40 days 
of formation. Leaf samples were drawn to monitor the endogenous growth hormone 
status. Further studies are in progress.



Analysis of impact of climate variability on Nagpur mandarin (NRCC)

Impact of temperature variability on concentration and quality in sugarcane 
(IISR)

0 Inspite of the high temperatures of 46-47 C in the month of May, 2013 there was no 
adverse effect on the yield of Ambia bahar crop in Nagpur mandarin primarily because 
of the fact that the temperatures during critical growth stages of fruit development in 

0 0the month of March, 2013 remained below 39 C.  Hence a supraoptimal (>37 C) 
0temperature regime above normal (38-39 C) in the month of March was found 

detrimental for sustaining the growth of tender fruitlets of oranges. In the earlier 
observations on the Ambia cropping (Spring flush cropping) studies it was observed 
that alleviating water stress early in the first week of January can offset this ill effect.

The impact of temperature variability on cane quality in terms of pol % cane was 
assessed for Mawana area in western Uttar Pradesh. The monthly weather data on 
maximum and minimum temperature and cane quality data (Pol % Cane) were 
collected from Mawana Sugar Mills for the period 2000-01 to 2011-12.  The variability 
of average monthly cane quality (Pol % cane) during the crushing span was 
significantly positively correlated (r = 0.5662***) with % RTD three months prior to 
crushing under subtropical conditions of northwest Uttar Pradesh.
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4.4 Pest and Disease dymanics and Pollinators

Pest dynamics in relation to climate variables across different regions (NCIPM, 
CRIDA, DRR, IIHR, ICAR-RCER)

One of the key impacts 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 concurrent weather parameters was 
taken up under NICRA involving 32 locations covering 5 crops. The seasonal 
dynamics of pests was recorded on a real time basis using a software.

Twenty six real time pest dynamics (RTPD) centers [Rice (7); Pigeonpea (7); 
Groundnut (5) & Tomato (7)] during Kharif 2013 and 17 during Rabi  were 
implemented with the  pest and  weather  data collection vis a vis entry and uploads on 
weekly basis to  the database of NCIPM server  that supported  24X7  web enabled 
reporting  system. Pheromone trap catch module for the three crops viz., pigeonpea, 
groundnut and tomato to capture week wise data   of Helicoverpa armigera and 
Spodoptera litura was incorporated into client software vis a vis installations at RTPD 
centres with simultaneous updating of the web enabled reporting system. A standalone 
window based application (16MB) “Diagnosis & Sampling for Rice Pest Surveillance” 
has been developed in Dot Net Framework 4.0 using Windows 7 operating system.  
Pest status across target crops over seasons across locations  in terms of host range 
expansion (through new pest records), pest outbreaks,  scenario (increase or decrease) 
and dynamics (shift in onset and peak periods)   in relation to  climate ( for locations 
where 'normals' were available) change/variability and weather events besides crop 
phenology were analysed. Under pest predictions, decision tree based classification   
rules for yellow stem borer (YSB) vis a vis weather variables, heuristic  weather based 
rule for  Spodoptera  litura  at Kadiri, ordinal logistic model   predicting  S. litura 
(nos./trap/week) during maximum severity period (34 SMW), empirical models  for  
forewarning  yellow stem borer  based on light trap moth catches  for  Aduthurai (TN), 
Chinsura (WB), Karjat (MH), Raipur (CG)  and  for Mandya (KA) and of leaf folder at 
Aduthurai for Kharif and Rabi were developed and validated.  Weather based 
predictions for four rice pests (yellow stem borer, gall midge, case worm and green leaf 
hopper), and S. litura on groundnut at weekly and fortnightly basis, and empirical and 
artificial neural network models predicting maximum severity of S. litura were 
validated. W

d pink stem borers 
besides leaf folder. Analysis of deviation of maximum and minimum temperature and 

eb enabled forecasting of selective pests of rice and groundnut crops are 
being made available through http://www.ncipm.org.in/nicra/WeatherPrediction.aspx. 
The change in the pest status with respect to current weather is given below.

Changing pest status vis a vis weather scenario

Rice: Leaf folder during early vegetative, mid and late crop growth stages was 
observed with its incidence ranging from 15 to 70% at Ludhiana (PB).  Severity of leaf 
folder was also reflected in light trap catches.  Comparison of moth catches of 
lepidopterous pests of rice showed increasing trends of white an
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rainfall from their respective normals indicated significant increase of minimum 
temperature by 0.3 - 4 ̊ C between June and October. Increase of minimum temperature 
is considerable during January- March   also. Hopper burn due to brown plant hopper 
(BPH), Nilaparvata lugens was observed in some villages.

More than 1000 acres had severity of  neck blast caused by the excess rainfall brought 
about by Pilene cyclone vis a vis lowered night temperatures during  November. 
Cultivar KCP1 which was flowering at the time of cyclonic rains were 100% damaged 
due to neck blast.

Pigeonpea: Rainfall in terms of amount and distribution was deficit between July 2013 
and January 2014 affected  crop growth with flowering delayed to second fortnight of 
October at Anantapur (AP) and the spotted pod borer and pod fly damage  was 
dominant between November and December. At Warangal (AP)   insect pest load was 
low, in general    and   Helicoverpa armigera and Maruca vitrata were low, in 
particular.  Sporadic incidence of mealybugs  and severe wilt incidence  at  certain 
locations  favored by excess moisture  due to  235.2 mm of rainfall  during  October in 
nine rainy days as against normal of 59.2 mm was noted.   Pudukottai (TN) had   
maximum of Maruca webs on flowers (22/plant) followed by plume moth (18 
larvae/plant), blue butterfly (12.5 larvae/plant), and H. armigera larvae (11/plant). 
Among the pod bugs, Clavigralla gibbosa was dominant (maximum of 25/plant) 
followed by Riptortus pedestris (3/ plant) and Nezara viridula (2.5/ plant).  Among pod 
borers, podfly and H. armigera damage to pods was 40 and 8%, respectively. 

Insect pest scenario at Gulbarga Disease scenario at Gulbarga

Groundnut: Outb
season (2012 & 2013) of Kharif at Chinnavadavadi village of Vridhachalam (TN) was 
noticed from 35 SMW mainly attributable to the receipt of  continuous rains during all 
weeks of  August and first fortnight of September (esp.35 & 36 SMW) besides  
monocropping  of groundnut. The non outbreak season of 2011 and before did not have 
rains during 35 and 36 SMWs. Late leaf spot (up to severity of 8 grade) and dry root rot 
(5-10%) incidence was observed during crop maturity phase.

reak of red hairy caterpillar, Amsacta spp. for the  second successive 
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Outbreak of red hairy caterpillar at 
Vridhachalam (TN) during Kharif

Distribution of rainy days during 
Kharif at  Vridhachalam (TN)

Tomato: In Rajendranagar  (AP)  and Bengaluru (KA)  incidence of  big bud 
phytoplasma causing elongated calyx  uniting  to form  green bud like structure with 
the flowers becoming sterile was confirmed during Rabi .

Development of Empirical models: Empirical models for forewarning  yellow stem 
borer  at  different centers based on light trap moth catches (data sets of 2000 to 2010 
for  Aduthurai (TN), Chinsura (WB), Karjat (MH), Raipur (CG)  and of 1995 to 2010 
for Mandya (KA))  and weather variables  viz.,  maximum temperature, minimum 
temperature, morning relative humidity, evening relative humidity and Rainfall (X  to 1

X ) were obtained  for different SMWs.  Weather inputs up to six lag weeks from week 5

of forecast were considered. The models for different weeks are given below. 

Validation of prediction models

Web enabled forecasting of selective pests of rice and groundnut crops are made 
available through http://www.ncipm.org.in/nicra/WeatherPrediction.aspx.

Heuristic prediction rules: Prediction accuracies of the rule based models developed 
for rice and groundnut pests for Aduthurai (TN) and Raipur (CG), and Dharwad (KA) 
and Kadiri (AP) locations, respectively  indicated their reliable utility in forewarning 
over the quantitaive empirical models.
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Prediction accuracy of pest models:

Crop
 

Location
 

Insect pest
 

Prediction accuracy* (%)

2011-12
 

2012-13
 

2013-14
 

Rice

 

Aduthurai (TN) 

Yellow stem borer 

 96.2 86.5 85.5 

96.0 (98.1) 96.0 (100)  85.5  (100) 

Raipur (CG) 

Gall midge  100 (100) 100 (100)  - 

Case worm  (100) (100) (100) 

Green leaf hopper  (100) (98.7) (86.5) 

Groundnut
 

Dharwad (KA)
 

S. litura (weekly)  77.7 84.2 100 

S.litura (fortnightly)  84.2 100 100 

Kadiri (AP) S. litura (weekly)  100 90.5 100 

*: Figures in parentheses are prediction accuracies based on  model  for combined pests; 
Weather based criteria and pest severity and rules are available at http://ncipm.org.in/nicra 

2 Empirical model: Model equation for S. Liture (Y )= 6.1930 N23N33 - 4.080N33GMDU
thdeveloped using group method of data handling to predict for 34  SMW (peak period)  

[Where  ] 
validated for 2012 (Predicted: 347 & Observed: 648) and 2013 (Predicted: 166 & 
Observed: 56) gave under and over predictions, respectively.

Artificial Neural Network: Model with four input and four hidden nodes and one 
output predicted well for 2012 (Predicted: 624 & Observed: 648) and not for 
2013(Predicted: 545 & Observed: 56) in case of S. litura at Dharwad (KA). 

The project is being undertaken to develop strategies for pest forewarning and 
minimization of pest incidence in mango under changing weather scenario through 
better understanding of host-pest-climate interaction. Under the project, data on Real 
Time Pest Dynamics was recorded at weekly interval from 120 mango orchards in six 
different mango growing belt viz. Ranchi in Jharkhand, Lucknow in Uttar Pradesh, 
Vengurla in Maharastra, Paria in Gujarat, Sangareddy in Andhra Pradesh and 
Bangalore in Karnataka. Based on the data on RTPD, correlations between pest 
incidence and weather parameters have been estimated which varied among different 
states. With respect to shift in pest behavior, in infestation of shoot borer, Chlumatia 
transversa was also recorded in panicles under Deccan (Karnataka) Plateau conditions. 
Similarly, damage of early emerged panicles was recorded due to high incidence of leaf 
webber, Orthaga spp. in the Deccan (Telengana and Karnataka) Plateau and Eastern 
(Chhotanagpur) Plateau region. With respect to shift in pest status, mango fruit borer in 
Northern plain and eastern plateau and hill region, shoot gall psylla in northern plains, 

2 N26= -0.2626RH2  + 0.1075RH2  , N33= 0.3096MaxT  - 0.2593MinT2 2 2 2

Pest dynamics in relation to climate variables in Mango (ICAR-RCER)

51



caterpillars (Euproctis fraterna, Porthesia scintillans) and flower webbers (Dudua 
aprobola) on panicles in northern Telangana region of Andhra Pradesh, Chotanagpur 
plateau and hill region and  Deccan plateau of Karnataka and inflorescence midge was 
recorded in Deccan plateau (Telengana) and Western Ghat of Maharastra emerged as 
major pest which were not recorded as major pests of mango earlier.  

For development of forewarning models, regression equations were developed for 
different mango pests under Jharkhand conditions which are given below. 

2Population of mango hopper =-23.83+(0.49T )+(0.66T )+(0.08RH), R =0.51 Min Max

2Population of thrips=40.82-0.299T +0.101T -0.45RH, R  = 0.58 MIN MAX

2Population of leaf webber = 2.90-(0.03T )-(0.04T )-(0.002R ), R =0.54Min Max F

Population of coccinellids = 2.06+(0.005XHopper ) +(0.02XMBs) +(0.28XThrips) Nymph
2+(0.01XT ) -(0.03T )- (0.008XRH)-(0.01XRF) , R =0.85Min Max

Population of hover flies = 1.76+(0.19XThrips)-(0.01XHoppers)+(0.015XT )-Min
2(0.02T )-(0.013RH)-(0.001XRF), R =0.90Max

For development of adaptation strategies for pest management under climate change 
scenario, 100 mango genotypes were screened for incidence of pest. The mango 
genotypes, Hybrid- 10, Chandrakiran and Swarnagudi recorded minimum incidence of 
leaf hopper whereas the mango genotypes Mulgoa Hill, Himayuddin, Sammar Bahist 
Chausa, Lat Sinduria and Lucknow  Selection consistently exhibited resistance against 
shoot gall psylla.  

Shift in pest behavior of mango

Increased emergence of new 
flush during January-February  
resulted in infestation of shoot 
borer, Chlumatia transversa also 
in panicles (emerging in January-
February) in Deccan (Karnataka) 
Plateau. Irregular and late 
cessation of rainfall caused high 
incidence of leaf webber, 
Orthaga spp. in the Deccan 
(Telengana and Karnataka) 
Plateau and Eastern (Chhotanagpur) Plateau region. The pest also caused damage to 
early emerged new panicles. 

Shifting of Pest status: Increased incidence of caterpillars (Euproctis fraterna, 
Porthesia scintillans) and flower webbers (Dudua aprobola) on panicles were 
observed during 2013-14 in northern Telangana region of Andhra Pradesh, 

Infestation of Chlumatia transversa on inflorescence
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Chotanagpur plateau and hill region and  Deccan plateau of Karnataka which were not 
recorded as major pests of mango earlier.

Euproctis fraterna Porthesia scintillans Dudua aprobola

Infestation of caterpillars on mango

Efforts were also made to characterize the present status of species composition of 
major mango pests in different mango growing region of the country which will serve 
as base information to characterize alteration in species composition with changing 
climate. During the first year of this study, the work was undertaken in case of mango 
leaf hopper and mango fruit fly. The species composition in mango leaf hopper and 
mango fruit fly was examined.

The daily data on maximum temperature, minimum temperature and rainfall are 
available for the period between 1961 and 2098 and the projections obtained at a 
resolution of 50 x 50 km grid using the PRECIS was used for A1B emission 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 2071-2098. 
The period between 1961 and 1990 was referred as the base line (BL) period. 
Accumulation of degree-days was calculated considering the specific biological event, 
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. Historical daily 
temperature (maximum and minimum) for these locations were collected from a 1x1 
degree grid database provided by IMD for the period 1991-2005 being referred as a 
present (PR) period. The variation in annual mean of Tmax and Tmin of the eleven 
peanut growing locations were presented. An increase in Tmax and Tmin was expected 
to occur at majority of locations during near and distant future climate change scenarios 

oand the rise in both Tmax and Tmin would be in the range of 2- 4 C.

The standard GDD approach was followed to estimate the number of generations of S. 
litura occurring on peanut during a crop season. The degree-days required for 
completing life cycle of S. litura (egg to adult) on peanut was taken as 522.7 DD.  The 
maximum and minimum temperatures were transformed to heat units using the lower 
threshold temperature of (t ) 10°C for S. litura on peanut. By using the minimum and 0

maximum daily temperatures for the above mentioned four periods, the number of 

Predictions of number of generations of Spodoptera litura on peanut under 
climate change (CRIDA)
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generations of S. litura was calculated using cumulative degree-days for each 
generation. Expected number of generations were estimated using INGEN (β – 
version) software developed at CRIDA, wherein accumulated Thermal Degree Days 
was calculated by horizontal cut-off (degree-day accumulations above the upper 
threshold do not count) method. 

Higher accumulation of degree days making it possible one or two additional 
generations of S. litura was inferred for both near and distant-future climate change 
scenarios compared to baseline and present periods, at all 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 most locations. Vridhachalam recorded 
higher number of generations (6-7) compared to other locations. The additional 
number of generations and the reduction of generation time of S. litura by 15.47 % in 
NF and 23.46 % DF indicate that there would be more number of generations of insect 
under future climate change scenario at majority of locations.

Per cent change in generation time of S. litura during future climate scenarios

Field population dynamics of Pigeonpea pod borer (CRIDA)

To understand the effect of crop maturity and declining minimum temperatures on the 
population dynamics of H. armigera especially their effect on the larval age 
composition, a field experiment was again laid out during kharif 2013 at Hayathnagar 
Research Farm as in the previous year. Percentage composition of different larval 
instars was worked out at different reproductive events in pigeonpea. Results indicated 
that at flower initiation phase, Eggs and I instar larvae comprised of 74% and 26% of 
the population. During 25% and 50% flowering phases, II, III and IV instars were 
higher. At pod formation and maturity stage, late instars (V and VI) were dominant as 
egg laying progressively declined as the crop matured and minimum temperatures fell 
below 18°C.
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Population dynamics of Helicoverpa on pigeonpea

Studies on BPH under elevated CO (DRR)2 

BPH populations were collected from Punjab and Andhra Pradesh states during 2013. 
To study the potential effect of elevated CO  and temperature on the biology of BPH 2

viz., development, fecundity and heritability, three populations were continuously 
reared for multiple generations.  

Impact of CO  on BPH2

CO  concentration2

  

No. of 
nymphs 
released/
test tube

 

Nymphal
Survival (%) 
at 5days 
after release

 

 

CO  ppm2

  
Temp

RH 
(%)

Elevated  CO2

500 ppm with 
temperature Control

Elevated  CO2

500 ppm with 
temperature Control

 

 

 

10  

 

86.6  450 -500  21O OC-32 C   35 -79  

 

10  90  430 -480  28O OC-39 C   29 -32  

  
Control  10   100  - 20O OC-35 C  42 -75   
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BPH populations in 
CO  chambers2

Studies on biology of BPH and nymphs

Effects of elevated CO  and temperature on fungal phytopathogens and 2

biological control agents (CRIDA)

Growth of Trichoderma viride and T. harzianum did not differ both in control and after 
50 generations of exposure to 550 ppm CO . However, an increase in sporulation was 2

noticed in treated isolates as compared to control. In solid-state fermentation using 
6 sorghum grains, spore count of T.viride was 9.23x10 cfu/ml and that of T.harzianum 

6 7was 6.73x10 cfu/ml at 380 ppm CO as compared to 1.13x10 cfu/ml and 2
69.73x10 cfu/ml, respectively, at 550 ppm CO  However, spore size did not vary though 2.

tha marginal decrease was noticed in T. harzianum at 50  generation.

In case of plant pathogens, the dry mass of 
sclerotial bodies of Rhizoctonia solani 
increased considerably with exposure 
(ranged between 0.55 to 0.662 g/petri dish 
as compared to control where it was 0.352 to 
0.411g/petri dish). In Sclerotium rolfsii, the 
sclerotial diameter reduced up to 20% with 
exposure to. For all five test plant pathogens 
and two biocontrol agents, the fungal dry 
biomass increased at elevated CO over 50 2

generations which was in the range of 1.25 
(Sclerotium rolfsii) to 65.0% (Fusarium 
oxysporumf.sp. ricini) over control.

To study changes in cellulase activity of the test strains, solid state fermentation was 
carried out by using rice straw and wheat bran (4:1). Moisture was maintained at 70% 
by the addition of Siegmund and Wagner mineral salt medium. Cellulase activity 
increased (0.343 to 3.178 IU/ml/min) when exposued to 550 ppm CO  for 25 2

generations in all fungi  as compared to control (0.336 to 3.504 IU/ml/min). In 

380 ppm                     550 ppm CO2

Difference in sporulation of Trichoderma harzianum 
after exposure to 550 ppm CO  for 50 generations2
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Trichoderma viride, T. harzianum, Fusarium oxysporumf.sp.ricini and Macrophomina 
phaseolinathere was a rise in cellulase activity under elevated CO  In Alternaria 2.

tenuissima, Rhizoctoniasolani and Sclerotium rolfsii there wasreduction in the 
enzymatic activity at elevated CO condition.2

Studies were conducted to understand the influence of climate change on number of 
generation of S. litura. Under current climate conditions (1961-1990), up to 11-12 
generations of S. litura are possible in  different parts of India. Using CLIMEX, a 
bioclimatic software, it was estimated that number of generations of the pest may 
increase by 1 – 2, especially in the southern parts of the country by 2030 due to elevated 
temperatures. 

Influence of climate change on generations of  Spodoptera litura (IIHR)

 

a) 1960-1990 b) 2030

Estimated number of  geneations of S. litura in different time frames under climate change

Surveillance in Mango – Occurrence of new pests in southern India during 
fruiting season

Climate change does influence the geographical distribution and host shift patterns of 
an insect pest particularly in tropical regions.  Considerable shift was noticed in pest 
status of mango, a major fruit crop of tropical region.  Spread of indigenous restricted 
fruit borer, Citripestis eutraphera (Meyrick) (Pyralidae: Lepidoptera) in mango was 
recorded during mango fruiting season.  This is the first report on occurrence of fruit 
borer, C. eutraphera from Indian main land (Karnataka & TamilNadu) causing 
extensive damage on immature fruits of mango (Mangifera indica L.). This fruit borer 
incidence was reported back in 1990's from Andaman Islands on local endemic mango 
species, Mangifera andamanica L. and cashew, Anacardium occidentale.  
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Damage of C. eutraphera on mango fruits, larva of fruit borer, Occurrence of fruit borer in 
southern India (Karnataka and Tamilnadu)

In addition, a new pest, transparent winged plant bug,  Hyalopeplus sp. (Hemiptera: 
Miridae) attacking mango fruits was also recorded  This is the first report of the mirid 
bug Hyalopeplus sp. attacking young mango fruits.  As per  the earlier studies, it was 
reported to infest cotton and guava.  Current feeding of the bug on mango led to the 
development of necrotic patches and pitted marks. 

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, 
YS

engurle (Maharashtra), Lucknow (U. P.) and Kanyakumari. 
(Tamil Nadu). There were significant differences in the species composition among 
regions. Stingless bee (Tetragonula iridipennis) was the dominant forager in areas of 
low elevation like Kanya kumari, Vengurle and Vijayawada. Indian little bee, Apis 
florea and Calliphorid, Chtysomya megacephala were the major pollinators in 
Bangalore, Chittoor while Syrphids were more in Lucknow.  Based on species richness 
and evenness, Simpson's diversity index was calculated for all the areas. In terms of 
diversity, Bangalore (Simpson diversity index 0.78), Kanyakumari, Vijayawada and 
Lucknow had more than 0.6 diversity index while Vengurle, Chittoor and Sangareddy 
had the least diversity (0.2 – 0.3). 

The trend in the pollinator activity over the last three years was assessed in relation to 

.

Impact of climate variables on pollinators (IIHR, UAS, TNAU, YSPUH&F, 
GBPUAT)

PUH&F and GBPUA&T. The salient findings are given hereunder:

Diversity of pollinators

Diversity and abundance of pollinators was recorded from mango orchards in major 
mango belts of the country viz., Bangalore (Karnataka), Chittoor, Vijayawada, Sanga 
Reddy (Andhra Pradesh), V
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the existing maximum temperature during peak flowering periods on mango at 
Bangalore. There were notable shifts in the abundance of pollinator species over the 
years. While A. florea showed significant negative correlation (r = -0.63) with 
temperature during blossom period, C. megacephala and syrphids were observed to 
show no significant correlation. 

Inc

ltiply Chrysomya 
megacephala, (F: Calliphoridae), an important pollinator of mango. Ten generations 
were reared on the diet and the biology of the insect reared on diet was not affected 
when compared to those reared on the natural host. This technology facilitates 
augmenting natural populations in the fields by releasing pupae or adults.

reased temperature has enhanced the proportion of hermaphrodite flowers in 
Alphonso, Banganapalli and Totapuri. Dipteran pollinators especially, C. megacehala 
and Eristalinus arvorum showed significant  positive correlation with the per cent 
bisexual flowers.

Population dynamics of pollinators

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. Confirming the earlier 

0report, there was a  decline in the numbers of A. florea at temperatures beyond 30 C 
while that of C. megacephala was not significantly affected. 

Enhancing pollinator activity

A non-meat based artificial diet was standardised to mu
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Eggs on the medium Maggots feeding on diet Pupae Adults

Evaluation of natural pollinator attractants
Four compounds viz., sugar cane juice (5%), fruit pulp juice (5%), jaggery solution 
(10%) and fish extract (5%) were evaluated for their attractiveness to pollinators  on 
mango. All the compounds had significantly enhanced the number of pollinators 
especially C. megacephala with sugarcane juice being the most prominent treatment 
(4.2 /panicle/10 minutes compared to 1.76 in control).



An artificial diet and a protocol for mass multiplication of Chrysomya 
megacephala, an important pollinator of mango

C. megacephala a major pollinator of mango was found to withstand higher 
0temperatures (> 32 C) relatively better compared to other species like honey bees. 

Hence this would be a desirable species for pollination under climate change 
scenario.

There are no standardized protocols for  mass production of dipteran pollinators, 
which are most efficient pollinators of mango. A protocol for large scale production 
of C. megacephala and an artifical diet with non-meat based components were 
standardized at IIHR

More than 10 generations were continuously reared and the biology and the 
morphometrics were compared with those reared on meat diet. This technology 
makes it possible to supply farmers with either pupae or adults in large numbers for 
release during blossom period in the fields. This has been identified for release and 
commercialization by IIHR.

Effects of climate change on pollinator population in sunflower, mustard, 
cardamom, coffee, and apple (UAS)

Observations on the flowering phenology and pollinator diversity are being recorded 
on five crops viz., sunflower (Bangalore, Coimbatore, Panthnagar), mustard (Solan, 
Panthnagar), cardamom (Bangalore: Mudigere), coffee (Bangalore: Mudigere) and 
apple (Solan, Kullu). 

Sunflower: Observations on sunflower pollination recorded at Bangalore, Coimbatore 
and Panthnagar, indicated a significant difference in the number of seeds set between 
the plants that were prevented pollinator visitation and those that were allowed for open 
pollination, in both varieties as well as hybrids.  The percent yield reduction was 65% 
without bees in the variety Morden, while it ranged from 12 to 30% in hybrids CO5 and 
KBSH 53.  There was significant difference in many of the qualitative parameters as 
well.  With differences in temperature between different sites, the days taken for  
flowering and pollinator activity within a day differed significantly, which gave an 
indication of the probable effect of temperature on pollination success.

Mustard: Observations on the flowering phenology and pollinator activity were 
recorded at Solan and Panthnagar.  In both locations, the percent pod set was 
significantly lower in the absence of pollinators. Due to significantly higher 
temperature  at Panthnagar compared to Solan, Himachal Pradesh, brassicas flowered 
relatively early and there was difference in the diversity of bees and their activity.  At 
Solan it was also observed that competing flora in the vicinity reduced pollinator 
activity on mustard. 

60



Cardamom: Detailed studies on flowering phenology and activity of flower visitors 
were recorded on cardamom at three locations – Mudigere, Sakleshpur and 
Chikmagalur.  Floral curves depicting the number of open flowers/clump/day 
indicated significant difference between locations as also with reference to the date to 
first flowering, total flowering period and the diversity and activity of  pollinators.  The 
total duration of flowering period was greater and pollinator diversity was higher at 
Mudigere compared to other locations. The difference in flowering could be due to 
difference in temperature and rainfall. 

Coffee: Observations on the dates of blossom showers and blooming in coffee 
(Arabica and Robusta) were recorded at four locations (Tholalu, Jannapura, Mudigere 
and Bababudengiri) which had significant difference in altitude (740, 840, 980 and 
1600 m, respectively). There was significant difference in the dates of blooming and 
bee diversity between locations. Also 182 species of plants were identified as important 
in ensuring pollinator populations.

Apple: Phenology of flowering in apple was recorded Seobagh, Kullu. 2013 being a 
relatively colder year, apple flowered about ten days early compared to the previous 
year.  The population of drone flies and other syrphid flies on the bloom of commercial 
cultivar of apple was significantly higher (5.06 to 5.2 flies/250 flowers) as compared to 
honey bees (2.06 to 2.19 bees/250 flowers). The population of honey bees declined 
with distance from the bee colonies from 2.58 bees at 60 metres to 1.88 bees at 300 
metres. Bumble bee was the least abundant pollinator. Fruit set (on spur basis; each 
spurs has 5-6 flowers) at 60 to 200 metres from bee colonies varied between 71.75 to 
82.75 percent. 

Growing Degree Days (GDD) of sunflower: Growing Degree Days of sunflower 
varieties at Coimbatore and Bhavanisagar varied. Germination took minimum GDD, 
Accumulated GDD (1452) was more for CO5 than Morden variety (1237) for 
flowering. These phenological changes are important in relation to pollination activity 
in determining the final yield of the crop
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Climate change and lac crop performance (IINRG)

The performance of the rangeeni strain of lac insect, especially in Ranchi, Jharkhand in 
relation to changes in temperature (maximum and minimum) and rainfall was analyzed 
which reveals following facts. 

Aprostocetus purpureus abundance showed significant positive correlation with 
temperature and negative correlation with relative humidity during critical crop growth 
period (parasitization happens mostly at sexual maturity stage during in baisakhi crop). 
Eighteen (18) new insect species were recorded to be associated with lac fauna, out of 
which 10 parasitoids, 4 Syrphids and 1 fruit fly were collected from Jammu center and 2 
new parasitoids and 1 predator were recorded first time from Ranchi.



4.5   Adaptation and mitigation through soil water, nutrient and energy use                      
efficiency 

Efficient management of natural resources such as soil, water and nutrient etc are key to 
climate change adapatation and mitigation. Several insititute of ICAR, SAU's and IIT 
have participated in this multidisplinary on adapatation and mitigation.

Integrated fluxes of greenhouse gases: The Eddy Covariance flux tower installed at 
IARI farm and calibrated to measure the impacts water and fertilizer management 
practices on GHGs, moisture and energy fluxes in rice-wheat system. The net 
ecosystem carbon dioxide exchange (NEE) and net ecosystem methane exchange 
(NEME) were monitored in rice and wheat crops and also during the fallow season. The 
NEE was highest between heading to flowering stage in rice while NEME was found to 
be highest at maximum tillering stage in rice.  

GHG emissions from irrigated systems (IARI, CRRI) 

  Fluxes of methane and carbon dioxide from rice. 
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Net ecosystem CO  and CH  exchange 2 4

The diurnal mean methane (CH ) concentration in the study period (wet season 2012 4
-1and dry season 2012-13) varied in the range of 1.7-2.6 µmol mol . The net ecosystem 

CH  exchange (NEME) was relatively l4 ow at seedling to maximum tillering stage 
-2 -1(+2.37 mg CH  m  h ) and gradually reached its peak at maximum tillering to panicle 4

-2 -1initiation stage (+5.72 mg CH  m h ). Then it started to decline reaching the lowest 4
-2 -1value during maturity stage (+0.94 mg CH  m  h ) in wet season, 2012, whereas, in dry 4

season, 2012-2013 

-1The estimated net production from the ecosystem was +3.55 and +3.40 Mg C ha  in two 
consecutive wet and dry seasons. The NEP was equal but opposite in sign to NEE (NEE = -

-1NEP). The NEP (+3.55 and +3.4 Mg C ha ) was C input in the system. Addition of C inputs 
from stubble and root biomass (previous season crop residue left in the field), rhizodeposition 

-1plus algal biomass, compost addition and NEP were 1.12, 1.24, 0.24 and 3.55 Mg C ha , 
-1respectively totalling about 6.15 Mg C ha  in the wet season, 2012. Whereas, in dry season 

2012-2013, C inputs from stubble and root biomass, rhizodeposition plus algal biomass, and 
-1-1NEP were 1.04, 1.18 and 3.40 Mg C ha , respectively with the sum total of 5.62 Mg C C ha .

Partitioning of net ecosystem carbon balance in rice ecosystem (CRRI)

Schematics of carbon balance in tropical lowland rice ecology in (a) wet season,
2012 and (b) dry season, 2012-2013
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Elevated CO  and GHG emissions from rice (IARI)2

CO -C emission from rice-maize-cowpea cropping system (CRRI)2

Impact of elevated carbon dioxide on GHGs emissions from soil in rice: Elevated 
carbon dioxide (ambient + 500±50 ppm) significantly increased the 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 methane emissions 
were 

ins zone of India, besides 
mitigating GHGs emission and enhancing carbon sequestration in soil. In direct-
seeded rice (DSR), methane emission was considerably reduced compared to 
transplanted puddled rice. Residue incorporation reduced the nitrous oxide emissions 
as well. 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 
TPR.

Under conventional tillage (CT) system the annual CO -C emission increased 2

significantly by 37.1% with respect to the modified tillage (MT) on cumulative basis. 
Whereas, the CO -C emission per unit yield were at par in rice and cowpea signifies the 2

beneficial effect of MT in maintaining soil quality and reduction. The CO -C 2

emissions, soil labile C pools, enzymatic activities were in the order of maize > cowpea 
> rice, irrespective of the tillage treatments and it was revealed that minimum tillage 
practice was the adoptable option along with rice-maize-cowpea cropping system in 
sustained yield; minimize CO  emission compared to that of the conventional tillage.2

observed in the traditional Basmati cultivar (Tarawadi). There was a no 
significant difference observed in nitrous oxide emissions under elevated carbon 
dioxide. However an 8 to 12% increase in rice yields was obtained among the different 
varieties. 

Conservation agriculture mitigation of Green house gas emission 

Direct-seeded rice (DSR) with mungbean residue incorporation, brown manuring 
(BM) with dhaincha (Sesbania aculeata), rice residue (RR) retention in zero till (ZT) 
wheat or in other winter crops are important conservation agriculture (CA) practices, 
which can lead to sustain productivity in north-western pla

CO -C emission from rice-maize-cowpea cropping system.  Here, column followed by different letters 2

are significantly (p<0.05) different by Duncan's multiple range test (DMRT) for each crop type.
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Yield of crops in rice-maize-cowpea cropping system.  Here, column followed by different 
letters are significantly (p<0.05) different by Duncan's multiple range test (DMRT) for each 

crop type

-1Grain yield of maize (t ha ) as influenced by CA and balanced fertilization

Nitrogen management strategies for mitigation of GHG emission from rice 
field: (CRRI)

Field experiment was conducted with variety Apo in the rabi season of 2013 to compare 
the emission of different green house gases in aerobic rice with that of transplanted 
waterlogged rice, and to evaluate the GHG mitigation potential of N management 
practices under different soil moisture regimes. Two water management treatments 
(Aerobic rice: intermittent irrigation to maintain soil moisture content between field 
capacity to saturation and transplanted waterlogged rice: puddled irrigation to maintain 
5-7 cm of water throughout the season) and six N management practices (T1: no N, T2: 

-1N applied at the rate of 100 kg ha  through urea in conventional method, T3: N applied 
-1at the rate of 100 kg ha   through neem coated urea (NCU) in conventional method,  T4: 
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N applied through urea on the basis of customized leaf colour chart (LCC) reading, T5: 
N  applied through NCU on the basis of CLCC reading,  and T6: N applied at the rate of 

-1100 kg ha  through urea and farm yard manure (FYM) in 1:1 ratio were laid in a split 
plot design. Water management treatment was assigned to main plot and N 
management treatments were assigned to sub plot. 

Emission of CH , N O and CO  was measured following standard procedure, labile C 4 2 2

pools and activity of important microorganisms related to C and N cycle in soil were 
estimated at important growth stages i.e. maximum tillering (MT), panicle initiation 
(PI) and flowering (FL). Biomass yield was recorded after harvest of the crop. 

In aerobic condition neem coated urea reduced N O-N emission by 16% and 18.0% in 2

conventional N application and CLCC based N application schedule respectively, 
whereas under waterlogged condition, neem coated urea did not show any significant 
reduction in N O-N emission as compare to urea, when applied in conventional method 2

but there was reduction in N O emission when it was applied on the basis of CLCC 2

reading. 

Emission of N O-N, CH  and CO from rice field under different2 4 2 

water and N management practices

Treatments
 

N2O-N (kg ha
-1

)  CH 4  (kg ha
-1

)  CO 2  (kg ha
-1

)  

Aerobic  

T1  0.56  ±0.09 

T2
 

0.95±  0.11
  

T3  0.78±0.11  

T4  0.95±0.11  

T5  0.80±0.07

T6  0.84±0.12

 

 

 

 

 

 

 

0.32±0.13

0.66± 0.10

0.65± 0.11

0.55± 0.09

0.53±0.04

0.48±0.09  

Aerobic  

10.22± 3.5

12.24± 4.2

13.54± 1.1

13.35± 1.2

13.02± 3.1

14.50± 6.3

Water
logged

Water
logged

Water
logged

 

36.0±1.6  

56.0± 9.6
 

51.6± 9.0  

51.1± 9.1  

45.4±8.8  

64.2±7.9  

Aerobic  

681±33  

947±42
 

931±34  

940±41  

950±48  

1134±160  

384±54  

564±39
 

542±54  

548±86  

556±56  

564±90  
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GHG emissions from rainfed production systems (CRIDA)

The different tillage practices like conventional tillage (CT- Ploughing once with disc 
plough, cultivator, disc harrow and sowing of crop), reduced tillage (RT- Ploughing 
once with cultivator, disc harrow and sowing of crop), zero tillage (ZT-direct sowing in 
residues) and different residue levels by managing the harvesting heights (0 cm, 10 cm 
and 30 cm) were evaluated. 

The CO , N O and CH  fluxes were measured using a vented insulated non steady state 2 2 4

closed chamber technique. The CO  fluxes in different treatments ranged from 0.87 to 2
-1 -1 -15.58 kg C ha hr . The cumulative CO  fluxes in a season ranged from 67 to 86 kg C ha2

1 -1hr . In both CT and RT there is a short pulse of CO  emissions for up to four days 2

immediately after land preparation. CT recorded higher CO  emissions in August, 2

September November December and January but in high rainfall months like June, 
July, October the CO  emissions was higher in zero tillage. The CH  and N O fluxes 2 4 2

were also influenced by the tillage and residue levels. Methane absorption was 
observed in all the tillage practices. Higher N O fluxes were observed after fertilizer 2

application. Cumulative seasonal N O fluxes were influenced by tillage and anchored 2

residue heights. N O fluxes in conventional and reduced tillage were on par with each 2

other but these two treatments recorded 20 % higher fluxes as compared to zero tillage. 
The anchored residue heights also influenced the GHG emissions. The GHG fluxes 
were correlated with soil moisture content and soil temperature. Fuel consumption and 
fuel derived CO  emissions varied with the type of the implement and soil moisture 2

content. Tractor drawn disc plough + disc harrow has recorded highest fuel 
consumption (25.1 liters/ha) and fuel derived CO  emissions (89.63 kg CO /ha) and this 2 2

was closely followed by MB plough+ disc harrow. Rotovator and cultivator have 
recorded lower fuel consumption and fuel derived CO . This difference in fuel 2

consumption and CO  emissions is due to difference in ploughing depth. 2

Influence of different tillage implements on short term release of CO2
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Adaptation and mitigation through water management (IARI, DWM, CRIDA, 
TNAU)

Effect of biochar application on soil moisture retention, soil biology and carbon 
build up of rainfed crops (TNAU)

At TNAU experiments were conducted with in-situ moisture conservation measures 
like compartmental bunding, broad bed furrow, ridges and furrow and control 

-1(conventional method) as main treatments and crop residue addition  @ 5 t / ha  and no 
residue application as sub treatments in cropping systems of cotton, maize and 
groundnut at five centres. Broad bed furrow gave the maximum yield in maize and 
cotton (6.1 and 2.8 t/ha) over the other conservation measures. The studies indicated 
that, the compartmental bunding with crop residual mulch @ 5 t/ha is recommended 
for rainfed cropping systems. The laser land levelling along with crop residual 
application recorded maximum soil moisture and higher yields in the redgram.  

The experiment were conducted with conservation agriculture practice of minimal 
tillage with and without crop residue and in combination with different supplemental 

-1 irrigations. Minimal tillage with crop residue @ 5 t/ha + three supplemental irrigation 
-1 through raingun irrigation recorded significantly (1760 kg /ha ) higher groundnut pod 

yield in alfisols with a average rainfall of 250 – 350 mm during the cropping period.
O OImpact of elevated temperature (1 C and 2 C increase from current) on crop  

water demand, water productivity and water footprints of maize  (DWM)

The impact of current (370 ppm) and elevated (550 ppm) CO  on phenology, growth 2

and yield was simulated for incremental increases of current temperature was 
O Oincreased by 1.0 C and 2.0 C.  The results of this study showed that increase in 

temperature shortened the crop duration from planting to physiological maturity, 
retarded growth and decreased yield as compared to current. Yield and yield 
components were negatively affected by increase in temperature under both 370 ppm 
and 550 ppm CO  scenarios. The reduction in simulated grain yield was -8.61 % and 2

O15.54 % under 370 ppm under CO  with 1.0 C and 2.0°C temperature increase 2

respectively. With 550 ppm CO , the yield reduction was -2.31 and 8.61% with increase 2
O Oin temperature of 1 C and 2 C, respectively. The reduction in grain yield under future 

climate change scenarios might be attributed to negative effects of climate extremes on 
grain yield.

Study showed that 4.20 and 7.61 per cent crop evapo-transpiration were increased 
Ounder 370 ppm CO  with 1.0 C and 2.0°C increase in present temperature respectively. 2

The reduction in water productivity was 12.3 and 17.5 % under 370 ppm CO  and 8.4 2
0 0and 19.8% under 550 ppm CO  with increase in temperature of 1 C and 2 C, 2

respectively from the current. Due to reduction of yield and increased crop evapo-
transpiration, water footprints increased by 14 and 27.4 % under 370 ppm CO  with 2

0 0increase in temperature of 1 C and 2 C, respectively from the current. At 550 ppm CO , 2

water footprints were reduced under the same temperature range which is due to the 
enhancement of crop yield.
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Impact of temperature and CO  scenarios on crop productivity, water2

productivity and water footprints of maize (cv. Novjyot). 

Temperature  Current  O1.0 C
 

Diff  (%)
 

 

 

CO 2 Concentration : 360 ppm  

Crop duration (days)  107 -8.92 

Maximum leaf area index  5.0 -16.29 

-1Total above ground dry biomass (kg/ha ) 11306  -18.68 

-1Grain yield (t/ha )  4350 -15.54
 

Crop evapo-transpiration (mm)  397 7.61
 

Water productivity in terms of crop 
-3evapo- transpiration (kg/m )

 

1.10 -17.5 

3 -1Water footprints (m t )   912.6 27.4 

CO 2 Concentration : 550 ppm  

Crop duration (days)  107 -8.92 

Maximum leaf area index  5.3 -7.40 

-1Total above ground dry biomass (kg/ha ) 11780  -12.74 

-1Grain yield (t/ha )  4650 -8.61 

Crop evapo-transpiration (mm)  397 0.08 

Water productivity in terms of 
-3crop evapo- transpiration (kg/m ) 1.28  1.17  -8.37 1.025  -19.8 

3 -1Water footprints (m t )   

112 

5.4 

 12440 

4760 

381 

1.25 

800.4 

112 

5.8 

 13204 

4870 

381 

796.9 873.1 

-4.46 

-7.40 

-9.11 

-8.61 

4.20 

12.29 

14.02 

-4.46 

-1.85 

-5.30 

-2.31 

0.04 

9.56 

102 

4.52 

10115 

4020 

410 

1.03 

1019.9 

102 

5.0 

10855 

4350 

410 

974.7 22.3 

Development and evaluation of location specific groundwater recharge structures 
in Rajasthan and Gujarat

During 2013-14 artificial recharge structures were designed and guidelines for 
augmenting groundwater resources for entire Tamilnadu have been prepared. Location 
specific groundwater recharge techniques suitable for geo-hydrological conditions 
have been developed and tested for performance in terms of recharge rate and area of 
influence. The recharge structures like dry Stone Masonry Pond, Single Wall Masonry 
Structure, Cement Masonry Structure were constructed at Kherad, Som, Karget, Shisvi 
villages of Udaipur district, Rajasthan. The overall storage capacity of water harvesting 
structures constructed at Shishvi and Masonry Check Dam at Karget were 4235 and 

33985 m , respectively. The average recharge rates were found to be 6.80 to 7.10 cm / day 
and volume of total recharge that can be carried out by constructing 2 m height of 

3masonry check dam will be about 24500 m . Similar structure have been studied in 

O2.0 C Diff  (%)

69



Gujarat at at Dhari and Kodinar farms of Junagarh Agricultural University. 

In Pattamundai canal command areas of Kendrapara, Odisha pond based farming 
systems were developed to enhance water productivity and to mitigate dry spell as 
climate adaptation strategy. Water productivity of the area enhanced from Rs. 1.1-

3 31.42/m  through sole rice to Rs. 6.35-7.95/m . Due to assured available water cropping 
intensity of command area of the ponds was increased by 2 to 2.5 times and net return 
varied from Rs. 48,645/- to Rs. 66,170/- from the pond based farming area of 
Kendrapara district. 

In order to improve the water use efficiency and to reduce the water loss due to increase 
in temperature, micro irrigation was promoted with water saving of 26-63% and yield 
increase of 12-44% in horticultural and cereal and oil seeds, sunflower and maize. 
These studies point to the potential of ground water recharge as a means to cope with 
climate variability.  

Different groundwater recharge structures like percolation pond, check dam 

and recharge shaft were designed and evaluated  in Tamilnadu.

Percolation Pond Check dam Recharge Shaft 

Integration of Rainwater Harvesting and Climate Resilient Agriculture in 
Sustaining Productivity and Profitability of Rainfed Agro-climate Zones of 
Eastern India  (IIT, Khargpur). 

Field experiments were conducted to measure various water balance parameters for 
validation of water balance model. Estimation of model components is imperative for 
determination of water harvesting potential and optimum size of the On-Farm 
Reservoir (OFR). Development of Decision Support System (DSS) for the design of 
optimal size of the OFR and open well, based on field water balance model. Daily 
variation of the observed and simulated actual evapotranspiration (AET) of rice and 
mustard crops was observed. The observed and simulated values followed similar trend 

2in case of rice and mustard. High values of the coefficient of determination (R ) 
between the observed and simulated values (0.94 and 0.93) of AET indicate good 
prediction ability of the developed model. 
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Development of spectral reflectance based variable rate granular fertilizer 
applicator for top dressing in rice and wheat crop (CIAE, Bhopal)

Precision in application of nitrogen improves its efficiency and contributes to 
mitigation by reducing N O emission.  At CIAE, Bhopal, spectral reflectance based 2

variable nitrogen application systems has been studied in rice and wheat during 2013.   
Field experiments for developing relationship between nitrogen application rates and 
NDVI values generated by green seeker sensor were conducted for kharif rice (Variety- 
Kranti) and rabi wheat (Variety- HI1544) at CIAE experimental farms, Bhopal during 
2013-14. Yield prediction equations have been developed for wheat (3 yrs data) and 
rice (2 yrs data) crops. These equations have been used in nitrogen optimization 
algorithm for estimation of optimum nitrogen dose for top dressing. A software 
(Android App -Version 1.0) for NDVI based nitrogen dose estimation has been 
developed. 

 Snapshots of Android app for Nitrogen dose recommendation

An electronic hardware and software for logging data from Green seeker sensor (model 
500 series:K5) and handheld NDVI sensor has been developed. The integration of 
developed electronic system with metering mechanism is under process. This approach 
will be useful to reduce N O emissions and contribute to mitigation.2

Biochar amendments for improving the performance of maize in dryland as 
climate change adaptation and mitigation strateg (CRIDA)  

To determine the effect of residual biochar from four different bioresidue in 
combination with and without inorganic and organic additions on maize (DHM 117) 
performance under rainfed agriculture,  experiments were initiated with four biochar 
sources to study the residual effect of one time application of different biochar @ 2 and 
4 t/ha in combination inorganic and organics in alfisols. Inorganic and organics were 

Carbon sequestration for climate change mitigation (CRIDA, CIAE, TNAU)
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applied yearly. Biochar produced from maize, castor, cotton and pigeonpea stalks were 
applied separately for one time for whole study period.  Maize (DHM 117) was the test 
crop. The treatments imposed were, T - Control,T -RDF (120-60-60 kg N, P O , K O 1 2 2 5 2

/ha), T - Biochar (2.0 t/ha), T - Biochar (4.0 t/ha), T - RDF (120-60-60 kg N, P O , K O 3 4 5 2 5 2

/ha) + Biochar (2 t/ha), T - RDF (120-60-60 kg N, P O , K O /ha) + Biochar (4 t/ha), T - 6 2 5 2 7 

RDF (120-60-60 kg N, P O , K O /ha) + Biochar (2 t / ha) + FYM (5 t/ha), T -RDF (120-2 5 2 8  

60-60 kg N, P O , K O /ha) + Biochar (4 t/ha) + FYM (5 t/ha). 2 5 2

Three years of experimentation on effect of different types of biochar in alfisols under 
maize revealed that third year of the experimental cycle at CRIDA on residual effect of 
different biochars prepared from castor, cotton and pigeonpea in influencing the maize 
yield was significant. Application of maize biochar @ 4.0 t/ha with RDF recorded 
126% increase in yield over RDF alone. Grain yield results indicate that residual 
biochar upon weathering action might have influenced the localized soil - biochar 
interaction complex to be receptive to the addition of  RDF and FYM on enhancing 
crop productivity, over individual treatments of RDF, biochar alone (2 and 4 t/ha) and 
control.  

Residual effect of different biochar on maize (DHM 117) grain yield in 

dryland alfisols (amended in 2011).
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Effect of biochar application on soil moisture retention, soil biology and carbon 
build up of rainfed crops (maize, cotton, groundnut, redgram, blackgram and 
greengram) (TNAU).  

The experiment was conducted in the alfisols with the biochar application derived from 
the maize straw, cotton stalk and redgram stalk for 2 rates of application @ 2.5 and 5 
t/ha. As a basal application coir pith compost and enriched FYM (EFYM) were applied 

-1@ 10 and 0.75 t/ha respectively.  The coirpith compost @ 10 t/ha  as basal application 
was found to be more moisture retaining as compared to EFYM and different sources 
biochar. Miaze straw biochar perfomed better with higher yield in maize and cotton. 

-1 -1However, the cotton stalk biochar @ 2.5 t ha  recorded highest grain yield (1015 t/ha ) 
in redgram. Also, the  soil biological parameter like MBC and MBN were found to be 

-1more in cotton stalk biochar. Application of biochar @ 5 t/ha  enhanced the soil 
moisture status, total carbon stock, soil physical, chemical and biological properties 

-1  and groundnut yield in Alfisol. In groundnut crop the biochar @ 5 t/ha was found to be 
more effective in increasing the crop yields.

 

The thermal degradation of two kinds of char obtained from two different types of 
systems, confined and unconfined was critically studied. In confined system, charring 
was done in closed chamber in which vapours generated during the charring process 
were captured within the system and were forced to condense on the char being 
produced. In case of the unconfined charring system a passage was available for the 
escape of gaseous substances evolved during charring process, the presence of 
condensed volatiles in produced char was low. Using TGA, the differences between 
chars produced in these two systems were analyzed and it was established that the char 
from the unconfined system showed a superior profile of apparent activation energy as 
compared to the char from confined system. 

The FAO Aqua Crop model was used to generate the long term data on crop yield, 
biomass and water productivity of hybrid maize monsanto, dekalb 900 M. Gold in semi 
arid alfisols of Ranga Reddy districts. The model was calibrated and validated over the 
two years of experimental observed data form 2012-2014. The GCM Echam5 A1b 
climate senario data was downloaded from Marksim DSSAT (http://gismap.ciat. 
cgiar.org/MarkSimGCM/) and used with Aqua Crop to study the impact of climate 
change on maize yield. 

A long term generation of maize yield through Aqua Crop model with Echam5 A1b 
senarios climate data, indicated that the maize yield under rainfed without mulching is 
likely to reduce by 13 % over the base period (1961-1990) during the period of 2020-
2050. Among the supplemental irrigations 50 mm gave the maximum advantage with 
the increase in the yield of 10 % over the base period during 2020-2050. Similarly, the 

Method of production of biochar (CIAE)

Impact of climate change on maize yield for different supplemental irrigation 
strategies in semi arid alfisols of Ranga Reddy district through - Aqua Crop 
model.  (CRIDA)
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maize yield simulations with mulching in the rainfed indicated that, there was a yield 
reduction of 7.5 % during 2020-2050 over the base period. It means that, mulching has 
got an advantage of reducing the yield loss of maize by 5.5 % over the no mulch 
condition. However, as in case of no mulch condition the supplemental irrigation of 40 
to 50 mm could give yield advantage of 12 % as compared to other irrigation depths and 
it is 2 % extra increase in the maize yield over the no mulch condition.  

Impact of climate change on maize yield over the base period with normal
sowing window (June 20th) with echam5 A1b senario data. 

CO  foot print for surface and pressurized irrigation systems under wells in 2

Andhra Pradesh  (CRIDA)

The present study was conducted with the objective of assessing the carbon emission 
for 5 different crops viz., rice, sugarcane, maize, groundnut and vegetables under 4 
different irrigation systems viz., surface, rain gun, sprinkler and drip irrigation from 
tube and dug wells in 22 districts of Andhra Pradesh. In AP, the weighted average hp 
comes to 5 hp. Therefore, 5 hp capacity submersible pumpsets are taken for the purpose 
of all calculations. Based on the crop water requirement, the area under crop and pump 
discharge, the energy loads were calculated. The CO  foot print for groundwater 2

pumping from wells include (i) Energy use in borewell/dugwell digging (ii) Energy use 
in pumpset manufacturing (iii) Energy use in irrigation systems installation and (iv) 
Operational energy use in pumping water for irrigation which is a part of system CO2 

foot print under ground water pumping.

Out of all irrigation systems drip irrigation has (31%) maximum reduction with the tube 
wells for sugarcane over the surface irrigation and followed by sprinkler (19%) and 
raingun (14%). Similarly, under the dugwells drip has the maximum the CO  reduction 2 

potential (29.4 %) over the surface irrigation. For vegetables, drip irrigation has the Co2 

reduction potential of 26.3 % in tubewells and 19.8 % in dugwells.  
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Energy consumption andCO e under tubewell irrigation for selected crops in Andhra Pradesh2 

Energy consumption and CO e under dugwell irrigation for selected crops in Andhra Pradesh2 

Assessment of carbon sequestration potential of agroforestry systems (NRCAF)

The extent of agroforestry area in India was estimated as preliminary estimates through 
Bhuvan Land Use/ Land Cover data of 2011-12. The area under cropland and fallow 
lands were considered for estimation purpose and 10 per cent of these areas were 
calculated as agroforestry based on the available information. In this way, extent of 
agroforestry in India was estimated to be 14.46 m ha when fallow land was not 
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included. Potential area under agroforestry was estimated to be about 17.45 m ha, when 
fallow land was included. In order to give more precise data on area under agroforestry, 
land use and land cover analysis of the selected districts in a particular agro-climatic 
zone was done using RS2/ LISS-3 data and agroforestry area was estimated at district 
level. The district level data was used to extrapolated the area under agroforestry for 
agro-climatic zone. The area under agroforestry in Upper Gangetic plains, Trans 
Gangetic plains and Gujarat plains & hill region come out to be 0.27, 0.14 and 0.15m ha 
or 9.5, 4.38 and 6.14% of total geographical area (2.87, 3.32 and 2.45 m ha), 
respectively.

Mapping of agroforestry area using GIS and Remote Sensing

In order to give preliminary estimates for extent of area under agroforestry in India, 
Bhuvan Land Use/ Land Cover data of 2011-12 was used. The map service is on Land 
use/ Land cover map of India on 1:250000 scale and under Bhuvan–Thematic Services 
of NRSC, ISRO. The LULC maps are generated using multi-temporal satellite data of 
IRS AWiFS sensor for the year 2011-12. The area under cropland and fallow land were 

considered for estimation 
purpose and 10 per cent of 
these areas were calculated 
as agroforestry based on 
the available information. 
In this way, extent of 
agroforestry in India was 
estimated to be 14.46 m ha 
when fallow land was not 
included. Potential area 
under agroforestry was 
estimated to be about 17.45 
m ha, when fallow land 
was included. Similarly the 
area under agroforestry in 
different states was also 
estimated. Among all the 
states, Uttar Pradesh, 
Maharashtra and Rajasthan 
is ranked first, second and 
third in terms of area under 
agroforestry (1.86, 1.61 
a n d  1 . 5 5  m  h a ,  
r e spec t ive ly ) .  These  
preliminary estimates may 
be considered for state and 
country level planning. 

Thematic map showing various agroforestry systems in India
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Soil organic carbon in existing agroforestry system on farmers field in different 
districts of Gujarat, Bihar, West Bengal and Uttar Pradesh indicates that in Gujarat, 

-1Dahod  district have  maximum soil orgaic carbon  (42.2 t C ha ) followed by Junagarh. 
-1In other two districts (Anand and Patan), soil organic carbon is about 18.0 t C ha . In 

-1other states, soil organic carbon varied from 22.4 to 26.5 t C ha .The biomass, biomass 
carbon, total carbon and net carbon sequestered in existing agroforestry system at 
district level in Gujarat, Bihar, West Bengal and Uttar Pradesh was estimated using 
CO2FIX model and extrapolated for next 30-years.  

CO2FIX 3.1 Model was  parametrized for Indian condition and used as tools for 
carbon accounting in Agroforestry system. 

CO2FIX v.3.1 is a C accounting model developed as part of the CASFOR II project. 
In CO2FIX MODEL, the biomass and carbon credits are simulated at the hectare 
scale with time steps of one year. The model has a soil module known as YASOO, 
which takes into account the initial litter quality and the effect of climate on 
decomposition. Litter enters the soil module based on the size of the litter and is then 
dissociated into contents of different classes of organic compounds. The CO2FIX 
model can be applied to coniferous or deciduous forests, as well as to monocultures 
or mixed tree stands.

For the purpose of simulating carbon stocks under agroforestry system (AFS) the 
modules taken into considerations are biomass, soil and carbon accounting 
modules. CO2FIX model requires primary as well as secondary data on tree and 
crop components (called 'cohorts' in CO2FIX terminology) for preparing the 
account of carbon sequestered under AFS on per hectare basis. Parametrization of 
different cohorts like trees, crops and soil module was done for Indian conditions 
and we are using for assessing the climate change mitigation potential of 
agroforestry system by estimating the carbon stock available in different carbon 
pools (tree biomass, crop biomass, litter biomass and soil). The CO2FIX model has 
been used to estimate the dynamics of C-stocks and flows for a variety of ecosystem 
around the world. CO2FIX has been used to estimates the carbon storage and 
sequestration potential of selected trees species in India.

Carbon sequestration by bio-fuels (CRIDA)

The possibility of carbon sequestration by bio fuel tree crops like jatropha and 
pongamia was explored during the current year.  In both tree species, stem and branch 
biomass in both the species contributed to more than 80% of above ground biomass. In 
Jatropha the above and below ground biomass contributed 74.92% and 25.08% 
respectively to the total biomass. The share of above and below ground parts to the total 
biomass in case of Pongamia was 52.85% and 47.15% respectively. About 80% of the 
root biomass in both the species confined to top 50cm of layer of the soil.  Pongamia 
plantation sequestered more than double Carbon (17.06 t/ha) compared to that of 
Jatropha plantation (7.36 t/ha).
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Carbon sequestration through sustainable management of ravines (RVSKVV)

Conservation Agriculture (CA) for productivity enhancement in maize-horse 
gram system in Alfisols of semi-arid tropics (CRIDA)

Modules selected for protecting from further soil and water losses as well as better 
utilization of degraded ravenous lands include diversified cropping system, agri-horti, 
horti-pastoral, silvi-pastoral, and silvi-medicinal systems.  For maximization of carbon 
sequestration, technologies such as conservation tillage, cover cropping and mulch 
farming, green manuring, INM and controlled grazing have been identified.  

The bio-mass carbon of different modules were estimated for the year 2012-13 and 
2013-14. The bio-mass carbon was highest in Horti-Pastoral module (M ) followed by 3

Agri-Horti module (M ), Silvi-Pastoral Module (M ), Silvi-Medicinal Module (M ) 2 5 4

and diversified cropping system (M ) during 2013-14, while Horti-Pastoral module 1

(M ) followed by diversified cropping system (M ), Agri-Horti module (M ), Silvi-3 1 2

Pastoral Module (M ), and Silvi-Medicinal Module (M ) in 2012-13. There is highest 5 4

change in biomass carbon is 88 per cent in module M  followed by 82 per cent in M , 80 2 5

per cent in M  and 62 per cent in M .  It is proposed to compute the total biomass and 4 3

carbon sequestration as a result of the sustainable management strategies.  

Conservation agriculture (CA) can play a major role in stabilizing production in rainfed 
regions by mitigating water and nutrient stress through adoption of reduced tillage, 
crop rotations and residue retention. A field experiment was conducted during 2010-
2013 in sandy loam soil of Gunegal Research Farm at Central Research Institute for 
Dryland Agriculture (CRIDA), Hyderabad to study the effect of CA practices and 
balanced fertilization on performance of maize (DHM 117)-horsegram (CRIDA 18R) 
cropping sequence, the impact of CA on nutrient use efficiency and profitability. 

-1 -1Pooled data showed that seed (3.8 t ha ) and stover (5.6 t ha ) yields in maize in CA was 
-1on par with conventional system (CT). Significantly higher grain (5.3 t ha ), stover (6.5 

-1t ha ) yields and harvest index (0.44) were realized with balanced fertilization with 
-1NPKSZnB. In case of horsegram, significantly higher yields (t ha ) were obtained in 

-1CA (0.36) compared to CT (0.24). Maize equivalent yield (4.37 t ha ) was higher in CA. 

-1Grain yield of maize (t/ha ) as influenced by CA and balanced fertilization.
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a) Maize and b) horsegram crop in 2013 after practicing 4 years CA and balanced fertilization

Soil Carbon Sequestration strategies for improving soil health, productivity 
enhancement, enhancing nutrient use efficiency and reducing GHG emissions in 
rainfed production systems of India (CRIDA)

Profile soil samples upto the depth of 1 m were collected in the year 2011-12 from 10 
ongoing long term experiments on integrated nutrient management under the aegis of 
All India Coordinated Research Project for Dryland Agriculture (AICRPDA) to 
identify better carbon sequestration strategies in different agro ecological regions of 
India and critical carbon input requirement for zero change in carbon with locally 
identified organic resources under rainfed agriculture. From recent analysis it was seen 
that significantly higher carbon sequestration was observed with application of 100 % 
N Compost (23.4 Mg/ha) followed by 50 % N (Urea) + 50 % N (Compost) + 
Azotobactor (21.1 Mg/ha) in rice based system.

Soil carbon sequestration (Mg/ha) after 13 years long term cropping and nutrient management 
in Rice (Rewa, Madhya Pradesh) based system

Tillage and SoC interactions in vertisols of Central India (IISS)

The adaption of appropriate tillage is an important strategy to build SoC and contribute 
to mitigation.  The energy utilization from under different tillage systems were worked 
out after completion one crop cycle. It was that approximately 2500 MJ energy is being 
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saved under No-tillage practices over conventional tillage practices. Equivalent carbon 
emissions (ECE) under different tillage system were also calculated, and it was inferred 
that conventional tillage practices recorded the higher ECE of 145 kg/ha followed by 
reduced tillage (72kg/ha) and no-tillage (31 kg/ha). 

No-tillage recorded higher CO during vegetative stage of soybean crop than other 2 

tillage systems. Similarly, No-tillage and reduced tillage recorded higher emission of 
N O than conventional tilled plots.2

Soil properties like soil organic carbon, infiltration rate, mean weight diameter soil 
microbial biomass, soil moisture and regulation/moderation of soils temperature were 
relatively improved under conservation agriculture practices compared to 
conventional practices. However, the main advantage of CA treatments is realized 
upon sufficient residue recycling time and continuously less disturbance to soil. 

Investigations conducted at ICAR–NEH were focused on assessment of SWM 
practices for climate resilience and a land use model was developed on topo-sequence 
basis for in situ, SWC and carbon sequestration.  

For in situ SWC and C- sequestration, a land use model was developed on topo-
sequence basis. Congo-grass, groundnut, maize + groundnut and rice (minimum 
tillage)-lentil (zero tillage) based system gave higher productivity than others. The soil 
loss in fodder blocks ranged from 0.55 to 2.1 t, cover crop- 0.72 to 2.26 t & maize 
system- 2.57 to 5.3 t/ha compared to about 18.7 t/ha under farmers practice (along 
slope, residue removal). Fodder crop based system registered maximum SOC (2.15 %) 
followed by cover crop based systems (34.5 t/ha). On an average residue retention 
resulted 6.02% higher soil moisture content than removal for dry-season French bean.

Efforts were also made to estimate spatial variability in SOC inventories for surface 
soils across six states of NER revealed that soils were very high in SOC content with 
98.54% area had >1%, while 14.4% area had > 2.5% SOC content. Similarly, 76.5% 
area was having SOC density of 20-40 Mg/ha while 8% area was having very high SOC 

12density of 40-60 Mg/ha. A total of 339.8 Tg (1Tg= 10 g) SOC stocks were estimated on 
an area of 10.10 M ha surface soils representing all major land use systems, with major 
share of it (>50%) coming from forest soils. Complex interaction of geographic 
location, rainfall, soil texture and land use practices significantly influenced spatial 
variation in SOC content, density and stock. The SOC content as percent of total 
geographical area was highest in Sikkim followed by Nagaland, Manipur, Meghalaya, 
Assam and Tripura.

Resource conservation technologies for adaptation in north east region (ICAR-
NEH)
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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 and expression of  heat shock factors (HSFs), heat shock proteins 
(HSPs) and melanocortin–receptor (MC1R)  in indigenous and crossbred cattle 
and buffalo breeds: MC1R was expressed in Karan Fries, Tharparker, Sahiwal, 
Kankrej and Gir breeds of cattle irrespective of their coat color. Real time expression 
analysis revealed that the expression of MC1R gene was relatively upregulated at the 
culture conditions of 40˚C when compared to control (37˚C) , 25˚C and 44˚C. The 
expression was relatively high in Tharparkar breed of zebu cattle when compared to the 
Sahiwal and Karan Fries.

Heat Stress Response in Large Ruminants (NDRI)

   Kankrej cattle (n=18)               Karan Fries cattle (n=36)   Tharparkar (n= 170)

Experiment on dermal fibroblasts isolated from ear pinna and cultured at 25, 37˚C, 40 and 44˚C 
showed a significant down regulation of HSF-1,2 and 4 at 40˚C (20 fold change) and 44˚C (120 fold 
change) compared to 25˚C. Lower panel shows MCIR gene expression in dermal fibroblast cell 
lines.
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Identification of genes and proteins in relation to heat stress by transcriptome & 
proteome in buffalo (Bubalus bubalis).

Blood is considered as a good representative of physiological and pathological 
condition of an individual's well-being, consequently understanding the perturbation 
occurring in the serum proteome profile applying high thoroughput 2DIGE proteomics 
approach during hyperthermia and recovery period of Bubalus bubalis would provide 
insight into the changes occurring in the system when hyperthermia ensues. The 
differentially expressed spots showing significant fold change were picked through 
spot picker and identified through MALDI TOF/TOF and ESI LC MS/MS.  55 
proteins were identified with high confidence in the buffalo serum. This is the first data 
for the serum proteome profiling of Bubalus bubalis and is an attempt towards 
establishment of buffalo proteome database. The gene ontology analysis of the 
identified proteins revealed the molecular characterization, biological function and 
cellular localization of the identified serum proteins whereas the pathway analysis of 
the identified proteins divulged the presence of complement, coagulation and 
signalling pathways with high confidence.

In total

 

DIGE analysis of 4 hr heat stress, 24 hr recovery and control samples. DIGE images were scanned after SDS-
PAGE. The gels were scanned using all the three lasers corresponding to Cy2, Cy3 and Cy5 wave  lengths and 
finally merged to get the resulted image. The images were taken at 200 µ resolution. The green coloured spots 
indicate down regulation while the red coloured spots represent up regulation.
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Heat stress and behaviour of in vitro cultured dermal fibroblast of Murrah 
buffalo: Dermal fibroblasts in buffalo showed a significant increase in the enzymatic 
activities of SOD, catalase and glutathione peroxidase (GPx) and total ROS was higher 
in the fibroblasts that were exposed to higher temperatures with the significant rise at 
40˚C. Also, the of SOD, catalase and glutathione peroxidase (GPx) and total ROS when 
exposed to higher temperatures with the significant rise at 40˚C. Also, the expression of 
heat shock protein genes (hsps) and the proapoptotic genes was significantly higher in 
the fibroblast cells that were exposed to higher temperature conditions. Therefore, the 
present results suggest that the higher temperature is detrimental to overall viability of 
bubaline fibroblasts and that one of the mechanism that decreases the viability of 
fibroblasts may be apoptosis. This is quite evident with the increase in the proapoptotic 
genes-caspase 3 and 7, Bcl-2 and the mitochondrial antioxidant gene SOD-1 and iNOS 
which is upregulated when there occurs an imbalance between the generation and 
scavenging of free radicals as occurs during heat stress

Impact of heat stress on developmental competence of bubaline (Bubalus  bubalis)  
oocytes: Studies on the effect of heat stress on the maturation of oocytes indicate that 
the blastocyst production rate is better in the oocytes matured at 38.5˚C compared to the 
oocytes matured at 40.5˚C and 41.5˚C. Also, the total cell number in the blastocysts 
produced in the control group was higher than that in the heat stressed group. A 
significant decrease in the cleavage divisions and subsequent blastocyst yield. Also, the 
quality of blastocysts was assessed using bisbenzimide staining and the results 
obtained showed a very poor quality of blastocysts that were developed from heat 
stressed oocytes. The rate of apoptosis was also higher in the blastocysts developed 
from heat stressed oocytes compared to the control group oocytes. Therefore, this study 
clearly suggests that heat stress or elevated temperature during oocyte maturation 
negatively influence oocyte's developmental competence to significant extent and 
alters reproductive efficiency.

Blastocyst yield in control and
treatment groups

Total Cell Number (TCN) in control group
and treatment group blastocysts

Thermal profiling of cattle and buffaloes during different seasons: Thermal 
profiling of cattle and buffalo using FLIR tool software revealed the difference in the 
isotherms during different seasons. Eyes were the hot spot having the maximum 
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˚temperature when the threshold limit of temperature was selected 27 C. Insulation 
oisotherm detected the insulation breakage from the legs at around 15–18 C which 

showed the insulation deficiency and when the insulation level falls below a preset 
value of the energy leakage that depicts vasoconstriction.

Disease resistance in indigenous livestock in relation to seasonal variation (IVRI)

Prevalence of vector borne parasitic diseases of large ruminants in relation to 
climate change: 277 blood, 364 faecal, tick, lice and snails samples 
(Tharparkar cattle, Murrah buffalo, ND cattle, ND buffalo, sheep and goat) from 
Pilibhit and Jhansi districts of Uttar Pradesh, Suratgarh, Jaipur and Bikaner districts of 
Rajasthan, Ludhiana and Amritsar districts of Punjab and Hissar district of Haryana. 
Tharparkar cattle show low prevalence of GI parasites during winter season and high 
prevalence of strongyle worm infection in summer. While in case of Murrah buffalo 
prevalence of strongyle worm and amphistomes infection was almost similar in 
summer and winter season (≤ 15%). Strongyles infection was most prevalent in goat 
and sheep (almost 100% prevalence, except Bellary goat). Theileria sp. infection was 
recorded in cattle, sheep and goats with prevalence range from 20-66.7% and no 
Babesia sp. infection was found in blood smears examined. On screening of snail 
species for trematodes infection Fasciola gigantica infection in L. auricularia was 
recorded high during summer months. L. luteola were found to discharge bird 
schistosomes cercariae in all the seasons but amphistomes larval stages during winter 
months only. Indoplanorbis exustus were found to harbor amphistomes infection 
during rainy and winter seasons, only. Gyraulus convexiusculus were found to 
discharge amphistomes infection in all seasons. Among ticks collected from different 

Analysed  
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regions, Rhipicephalus (Boophilus) sp. was the most dominant tick genera recorded 
under study.  Hyalomma sp. was found at high altitude (Mukteswar).

Selenium-yeast supplementation and physiological adaptability of Malpura ewes 
under heat stress: 

Twelve adult Malpura ewes were randomly divided into two groups of 6 animals each 
viz., GI (Heat stress; n=6), GII (Heat stress + selenium-yeast supplementation n=6). 
Both the group ewes were maintained under controlled climatic condition and were 
exposed to gradient increasing and decreasing temperature (38°C to 42°C) 
consecutively for 6 h starting from 10.00 AM to 4.00 PM. The animals were subjected 
to heat stress for 6 h a day between 10:00 to 16:00 h. The animals were stall fed with ad 
libitum feeding of a ration consisting of 70% roughage and 30% concentrate. There was 
no significant difference in body weight, feed intake and water intake between the 
groups after 35 days of heat exposure. Physiological response was also did not differ 
significantly between the groups except pulse rate. Plasma glucose level was also 
significantly (P<0.05) higher in Selenium fed animals as compared to control ewes. 
There was not much change in plasma glutathione reductase activity but glutathione 
peroxidase activity increased in Se fed animals, where as it decreased in control groups 
as the experiment progressed. (Cortisol level was higher in control animals as 
compared to control animals.) Estrogen level was higher in treatment animals as 
compared to control animals; whereas reverse trend was found in progesterone level. 
Estrous response was also better in Se fed animals as compared to control (100% vs 
83.3%). Estrous duration was longer in treatment group. It may thus be concluded that 
supplementation of Saccharomyces cerevisiae grown in selenium enriched media 
provided resilience to counter heat stress in Malpura ewes.

Stress management in sheep (CSWRI)

Effect of Se-yeast feeding on body weight, feed intake and water intake

Parameters   Treatment SE 

Initial body
weight (Kg) 

41.8 41.4 0.57 

 

Final body
weight (Kg)

41.6 41.5 0.51 

BCS (Initial)  3.66 3.63 0.07 

BCS (Final)  3.62 3.66 0.06 

Feed intake (g/d)  54.46 54.61 0.88 

Water intake (L/d)  4.17 4.11 0.06 

Control
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Weekly Glutathione peroxidase activity in control and Se-yeast supplemented groups.

Propagation and cultivation of Azolla 
(Azollapinnata) in semi-arid regions as a 
biotic and protein supplement: An 
extrapolation of Azolla production output 
per unit area provided an estimate of 
biomass production to the tune of 5 Q 
DM/ha area and with 25% CP would 
promise a potential biotic and protein 
source for semi-arid and arid regions of the 
country with minimum water use to harvest 
good quality protein for livestock feeding.

Azolla could successfully incorporated as a biotic feed source in the diet of native 
Malpura lambs during summer nutritional scarcity and can replace 10% of 
concentrate. Vilayatibabool pods showed promise as an unconventional feed source 
with 18% CP to be incorporated as part of concentrate.

Low-cost pond forAzollapinnata production

Cactus as biomass provider during hot summer: Cactus field was developed with four 
different types of cactus (Opuntiaficus-indica (L.) Mill.) to provide feed biomass and 
water during summer scarcity.

Monsoon herbage as  feed during scarcity:Monsoon herbage biomass is generally 
neglected due to availability of enough pasture during rainy season. However, a huge 
amount of palatable forage biomass can be harvested, shade dried and stored for future 
scarcity periods of the year. The two identified herbages Chaulai and Jojhru were grown 
soon after monsoon and at the end of monsoon period and observed to be consumed by 
sheep during foraging. These forage biomass was harvested and analysed for nutrient 
composition. 
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Crotalaria
medicaginea

Nutrient composition of different monsoon herbages

Jhojhru
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14.7
 

88.3
 
17.61

 
4.87

 
65.9

 
61.5

 
32.9

 
6.19

 
28.6

 
26.7

 
11.67

DM Dry matter, OM Organic matter, CP Crude protein, EE Ether extract, TCHO Total 

carbohydrates, NDF Neutral detergent fiber, ADF Acid detergent fiber, HC Hemicellulose, C 

Cellulose

Amelioration of climatic stress through shelter management: A study was 
conducted to see the effect of different types of shelter on physiological response, 
growth performance, blood biochemical and endocrine profile of lambs under hot 
semi-arid environment. sbestos roof were made up of wire netted 
fencing where as in Yagga type shed; the side walls are double walled. The empty space 
between the two walls, were filled with sand. The sand was kept in moist condition by 
continuous water drip. The Yagya type shed was basically constructed with bamboo.  
Amongst the three housing types, Yagya-type shed provided maximum comfort with 
lower physiological responses. The animals kept in this shed also had relatively 
balanced haemato-biochemical and hormonal profile with better growth response. 

The side walls of a
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Environmental data for Yagya type shed during summer

 Max T (°C) Min T (°C) RH (°C) THI at 1400 h 

Environmental 43.46±0.44 26.19±0.56 23.61±1.91 37.60±0.38 

Asbestos roof  45.48±0.51 27.09±0.52 18.95±1.96 33.73±1.23 

Yagya 41.42±0.47 27.92±0.91 21.16±1.6 32.42±1.26  

*  Max T-Maximum Temperature, Min T- Minimum Temperature, RH- Relative 
Humidity, THI- Temperature Humidity Index.(Marai et al. 2007)

Effect of different type of shelters on growth performance

 Initial weight
(kg)

 End weight
(kg)

 Weight gain
(kg)

 ADG
(gm)

 

Asbestos roofed 19.49 ±0.74 25.19 ±1.40  5.70 ±1.31 94.99 ±21.74  

Yagya Type  19.44 ±0.74 26.19 ±1.40  6.75 ±1.31 112.57 ±21.74  

Tree Shed  19.64 ±0.70 25.30 ±1.34  5.67 ±1.24 94.45 ±20.73   



Heat stress and performance of goat (CIRG)

Ameliorative measures to combat Heat stress in poultry (PDP)

Amelioration heat stress using different anti stress agents: An experiment was 
conducted on 40 male Jammunapari and Barbari goats ( 6 to 9 months of age) for 77 
days.  All the goats were divided into  5 comparable groups and were either stall fed 
(G1) or allowed for control grazing (G2) without supplement or supplemented with 
herbal anti-stress powder (G3) or Vitamin E (G4) or liquid  anti stress (G5). Heat stress 
adversely affected body weight gain of goats as evidenced by higher body weight gain 
in stallfed animals than the grazed. Concentration of HSP 70 in the plasma was less in 
animals supplemented with herbal powder and it seems to be most effective against 
heat stress than liquid form and Vit-E. In another experiment on 30 stall fed male 
Barbari kids without anti-stress supplement or supplemented with herbal anti-stress 
powder or Vitamin E and selenium revealed that heat stress adversely affectes body 
weight gain of goats as evidenced by lower weight gain in kids without 
supplementation. Concentration of HSP 70 in the plasma was less in animals 
supplemented with herbal powder and it seems to be most effective against heat stress 
than liquid form and Vit-E. Concentration of HSP-27 Protein in plasma of goats 
indicated positive effect of herbal powder and Vit-E+Selenium against cold stress in 
goats, as lower units of HSP-27 was observed in supplemented kids during peak winter 
season. Lower concentration of Ubiquitine -related modifier 1 homolog in the 
treatment groups than the control group further confirms that goats were under cold 
stress and administering  herbal powder and Sel.+Vit.E combination could reduce the 
cold stress at very low level.

Impact of supplementation of organic form of zinc, selenium and chromium on 
performance of broilers: An experiment was conducted to study the effect of 
supplementing organic form of Zn, Se and Cr at different concentrations on 
performance, anti-oxidant activity and immune responses in commercial broiler 
chicken. Dietary supplementation of Se, Cr and Zn in organic form at graded 
concentration did not affect (P > 0.05) BWG at 21 d of age. However, better FCR was 
recorded in groups fed diet supplemented Zn, Se and Cr compared to those groups fed 
the CD. The LP reduced (P < 0.01) with supplementation of Zn, Se and Cr at graded 
concentration compared to the broilers fed CD. Similarly, the activity of SOD increased 
(P < 0.01) with supplementation of Zn, Se and Cr compared to the broilers fed CD. 
Supplementation of Zn, Se and Cr. Based on the results, it is concluded that 
supplementing the organic form of Zn, Se and Cr at 20, 0.3 and 1 or 40, 0.15 and 2 
mg/kg, respectively is required to harvest the optimum performance and improved 
anti-oxidant status in commercial broilers.
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Development of climate resilient practices to enhance tolerance to heat stress 
in commercial and backyard poultry

Series of experiments were conducted both on broilers and layer chicken to 
ameliorate heat stress during summer season. Supplementation of customized 
electrolyte mixtures (Heat Care) or fortification of practical poultry diets with 
organic mineral mixture (Red-Ox) showed phenomenal improvement in 
performance and reduction in stress indices in commercial broilers reared during 
summer season. Fortification of broiler diet with organic form of Zn (20-40 ppm), 
Cr (1-2 ppm) and or Se (0.15 to 0.30 ppm) significantly improved weight gain 
(4.5%) and feed efficiency (2.5%) in broilers. Similarly, supplementation of Heat 
Care (potassium chloride, sodium citrate, sodium di-hydrogen phosphate, di-
sodium hydrogen phosphate and sodium bicarbonate mixture) at the rate of 
21g/liter drinking water significantly improved the broiler performance. Heat 
stress alleviated summer stress by promoting water consumption and replacement 
of electrolytes loss in chicken reared during heat stress conditions. The body weight 
gain was improved by 3.10 % and the feed cost (per kg live weight gain) was 
lowered by 6.2 %. Supplementation of Heat Care or Red-Ox considerably 
minimized mortality of the birds, which was attributed due to reduction in lipid 
peroxidation and increase in activity of anti-oxidant enzymes in chicken. 
Adaptation of these technologies would increase the profit to broiler farmers to the 
tune of Rs. 24 to 170.5 crores per year from the broiler farming.

Thermal stress and Expression of heat shock protein genes: An experiment was 
conducted to study the thermo tolerance of birds during the pre natal and post natal life. 
A total of 672 eggs from Dahlem red were incubated at 37.5°C. One batch of eggs (336) 

th th thwas exposed to 40.5°C at embryonic day (ED) 15 , 16  and 17  for 6 hours. After last 
exposure six embryos from each group was The fertility and hatchability on total egg 
set for non exposed group was 82% and 72% and for exposed group was 83% and 69% 

threspectively. On 5, 6 and 7  day after hatch chicks from both the groups were again 
exposed to 44°C for 6 hours in a modified battery brooder. After exposure the chicks (6 
from each treatment) were sacrificed and samples were collected for studying HSP 70 
and 27 expression and polymorphism, biochemical and hormone analysis. 

There was a significant decrease in brain mRNA levels of Hsp 27 during 
embryogenesis and during HS in post-hatch chicks.  



The T concentration was significantly decreased in birds that were thermal 3 

conditioned. Similar result was observed in post natal heat exposed birds that were 
thermal conditioned at embryonic stage.
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thProviding 2C higher incubation temperature (39.5C) between 16-18  day of 
incubation for 3 hours each day for Dahlem Red hatching eggs had no added 
advantage of improving egg production in subsequent hatched birds till 72 weeks of 
age. It was further observed that higher incubation temperature during hatching 
reduces subsequent abnormal sperm percent from the male birds during heat stress.

Impact of environmental manipulation on performance of broiler chicken 
0during summer: Gradual reduction of environmental temperature @ 2 C per week 

0 0from 35 C during first week to 27 C during fifth week of age with 60 % RH using 
automated environment control chamber had beneficial (P<0.05) effect on body 
weight gain with relatively better FCR in broiler chicken reared  in deep litter pens 
using coir pith as litter material during summer season (May - June). Further, 
supplementation of heat care mixture @1.0 gram per litre of drinking water resulted in 
more weight gain with better feed efficiency and the feed per kg live weight gain was 
lowered by 6.2 %.

Heat stress and performance of broiler chicken: A trial on day old commercial 
broiler chicks (n=1200) was conducted in  automated environment control chamber 

Management of heat stress in broilers (VCRI, Namakkal)



and open sided conventional poultry house with four treatment groups and 20 
0replicates per treatment. Temperature and RH were 33 C and 60 % throughout the 

experimental period up to 35 days of age for T , where as T group birds were subjected 1 2  
0 0to gradual reduction in set room temperature @ 3 C per week from 33 C during first 

0week to 24 C during fifth week of age with 60 % RH. The birds belonging to T  group 3
0were reared at a set chamber temperature of 24 C and 60 % RH from second week to 

fifth week of age, whereas T  group were reared in open sided conventional poultry 3

house. The body weight (g) of birds in T  group (1896 ± 17) was low (P<0.05) during 4

different phases of growth whereas it was more (P<0.05) in T group (2092 ± 21). The 3 

birds in T  and T  groups consumed less (P<0.05) feed over T and T  groups. The feed 1 4 2 3

conversion efficiency was better in T  group (1.35 ± 0.01) followed by T  group (1.40 ± 3 2

0.01) when compared to the T  group (1.51 ± 0.01).4

The serum corticosterone level was low (21.79±7.63 nmol / L) in T  birds compared to 2

the birds reared in open sided poultry house (36.26±7.04 nmol / L). The performance of 
T  birds was found to be better with low feed cost (11.8 %) per kilogram body weight 2

gain when compared to T  or T  birds.3 4

SAS time series Forecasting system (TSFS) and ARIMA (Auto regressive integrated 
moving average) models were used to analyze the effect of climate variability (rainfall) 
on animal feed resources availability. The rainfall variability affected the production of 
various crop residues in all the 15 states studied so far. In general, the magnitude of 
rainfall's impact on crop residues production was more for crops like small millets, 
soybean, castor and Sesamum that are mostly grown under rainfed conditions with over 
12% reduction. Among different states, the least impact is seen in Punjab with a 
reduction ranging between 1.2 and 4.3% for the major crop residues. Among different 
residues, the production of rice straw was impacted to a minimum extent with a mean 
reduction of about 2%.

Climate variation and feed resources' availability (NIANP)
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Effect of Rainfall Variability on Crop Residues Production in Haryana, Uttar Pradesh 



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 identifies adaptation strategies to high 
temperature and other weather driven events like flooding. The salient findings are 
summarized below:

In the case of Oil sardine, Prawn has a highly significant correlation between both 
Eastward wind (U) and Scalar wind (W). While in the case of Mackerel much more 
influential factor in SST than the wind components.

Correlation analysis of Environmental variables Vs Marine species

Reduction in length at first maturity (mackerel, coastal prawns) (CMFRI)

The size at maturity (Lm) of Metapenaeus dobsoni decreased from 80 mm  (1981-
1985)  to 71 mm in coastal shrimps  of  Karnataka. The Lm  of M. monoceros fell from 
135.5 mm to 116 mm. Reduction in size at first maturity reduces egg production of 
individuals. In the case of Metapenaeus dobsoni, reduction of  number of eggs 
reduction at size of maturity per individual is estimated as 14,505 (28% of loss of 
fecundity per individual)  and  in M. monoceros, reduction of  number of eggs at size of 
maturity per individual is 58,143 (Percentage of loss per individual 41%). The egg loss 
happening due to observed reduction of the size at maturity of species of prawns has 
been estimated, which can be a good input in projection scenarios.

Length at first maturity (Lm) of Mackerel on the west coast of India decreased from 
22.4 cm in 1960 to 18.38 cm in 2012. The SST in 1960 was 28.21 which increased by 
28.691 in 2012 Lm shows a strong negative correlation (-0.61) with temperature which 
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indicates the spawning is taking place early in the life cycle. 

Change in diet composition (oil sardine)

Changes in the predominant plankton in the gut of oil sardine were noticed over the 
years 1948-2013. Fragilaria was noticed in the gut of sardines during Nov 2012–Feb 
2013 after a long gap.

Impact of extreme climatic events on coastal population and capture fisheries

The impact was assessed for 2000-2013. 21 Cyclones hit regularly during the period  
and the most affected states are the states in the east coast if India. When compared to 
the initial period, the loss of life and property has considerably reduced during recent 
years by early forecast and warning and better disaster management system in place. 
However, there is still scope for improving the warning and disaster warning systems. 
It is hoped that ITK and awareness building and effective networking will further 
reduce the losses.

Loss of life and value owing to Extreme Climatic Events
estimated during 2000-2013

No of
Cyclones

 

 

Life
Lost

 

 

Fishing 
days loss 

Catch loss
(tonnes)

 

 

Value lost
(Rs)

 

 
21  9,805 167 171,347.24 19,854 crores 

Impact of temperature on mariculture and culturable species: The climate 
resilience of eggs and larvae assessed by experimental studies useful for aquaculture 
for finding the optimum temperature range required for obtaining maximum seed 
production. Candidate species studied were Cobia and Silver Pompano. Temperature 
plays a vital role in the yolk-sac utilization as well as growth of the larvae of cobia. At 
the end of 52 hours post hatch, the lowest yolk-sac volume and maximum length was 
recorded at a temperature range of 31 to 33°C. Studies  on  Silver  Pompano  were  
undertaken  to  study  the  increase  in  temperature on larvae; increase in temperature 
reduced the hatching rate, time taken for mouth and anal opening and metamorphosis. 
Survival rate proportionately declined with increase in temperature. A temperature 
range of 29-31°C may be advantageous in the larviculture of T. Blochii for better 
survival as well as growth rate. The increase in temperature reduced the hatching rate, 
time taken for mouth and anal opening and metamorphosis. Survival rate 
proportionately declined with increase in temperature.

The average increase of 2°C in water temperature resulted in reduced growth of about 
10 to 33 per cent from 7 dph to 12 dph. The reduced growth rate coupled with change in 
pigmentation of larvae can be taken as the resilience response of the silver pompano 
larvae to combat the temperature stress.

Carbon Life Cycle Assessment in fisheries: Carbon emission from of fishing 
activities pre-harvesting, harvesting, post harvesting was estimated from Mangalore, 
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0Set1 (29.0±0.2 C 0Set2 (31.0±0.2 C)

Larvae at 8 dph (Black) Larvae at 8 (translucent whtie)

Larvae at 15 dph (Black) Larvae at 15 dph (brown)

Metamorphosed larvae at 22 dph
(silivery)

Metamorphosed larvae at 22 dph
(silivery)
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Mumbai, Veraval, Tuiticorin, Chennai and Vishakhapatnam. LCA analysis of 
mechanized and motorized vessels from Vishakhapatnam showed that C emitted per kg 
of fish was least for motorized boats (0.186) compared to mechanized (0.466). C and 
Co  (kg) emission per kg of fish by different activities by mechanized and motorized 2

sectors off Vishakapatnam



Fishing activity
 
 

Mechanized catch Motorized catch Total catch  

C/kg
fish

 
 

CO2/kg 

fish 
C/kg fish CO2/kg 

fish 
C/kg fish CO2/kg 

fish 

Pre Harvest 0.002 0.006 
    

Harvest 0.436 1.604 0.131 0.481 0.345 1.267 

Post Harvest 

 Dried Fish 0.002 0.007 0.001 0.004 0.002 0.006 

Iced fish 0.009 0.032 0.009 0.032 0.009 0.032 

Processed fish

 

0.013

 

0.048

 

0.043

 

0.157

 

0.022

 

0.081

 Fresh fish 0.004 0.015 0.002 0.007 0.004 0.013 

Total 0.466 1.712 0.186 0.685 0.382 1.404  

Though the hen day egg production percent was high (89 %) in EC house compared to 
open sided shed with fogger (85 %) and without fogger (83 %), the feed consumed per 
egg, egg breakage and bird mortality did not differ significantly among the treatment 

0groups. Feed cost per egg produced was low (Rs.2.87) in EC house (29 C) compared to 
open sided shed with fogger (Rs.2.89) and without fogger (Rs.2.90). The quality of 
eggs in terms of shape index, haugh unit, egg shell strength and thickness were better in 
EC house and open sided house with fogger facility than reared without fogger facility. 

0Laying hens maintained at 29 C with THI of 82.47 in environment controlled house 
performed better and use of water foggers in open sided poultry houses during summer 
season would have reduced the temperature – humidity index and improved the egg 
production. However, further studies are required to standardize the frequency and 
duration of operation of water foggers in the poultry house at different environment 
temperatures.  
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Resilience of silver pompano, Trachinotus blochii larvae to high temperature 
and light intensity

The climate resilience of eggs and larvae assessed by experimental studies for 
finding the optimum temperature range required for obtaining maximum seed 
production. Silver pompano is also known for growing well in low salinities and 
good adaptability to different farming environments. Hence, the species was 
chosen for investigating its resilience for various environmental parameters from 
the larval  phase  onwards.  The larvae were subjected to two ranges of temperature 
and light intensity combinations in the larviculture tanks. One set of temperature 

st and light intensity combination was 29.0 ±0.2 °C  and 2051 to 4620 lux (1 set) and 
nd  in the other set the same were 31.0 ± 0.2 °C and 2212 to 7120 lux (2 Set). All the 

protocols of larviculture were identically followed for both the sets. 

It is evident that the whitening of the larvae in response to high temperature and 
light intensity is an adaptation to withstand the unfavourable environmental 
parameters. It is evident that the larvae had resilience to overcome the adverse 
environmental conditions by reducing the growth rate and extending the 
metamorphosis period.  

The resilience to adverse environmental parameters in the larval stage itself is very 
much advantageous for selecting the species as a climate resilient one in the 
anticipated scenario of climate change.
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Novel Technlogy: Carbon dioxide flow regulator and recorder:

Ocean acidification is increasingly evident as a 
consequence of temperature rise in the oceans. An Ocean 
acidification lab has been set up in CMFRI to study the 
impact of pH on marine organisms especially shellfish and 
juveniles. A major bottle neck for the study is the absence of 
instruments which releases CO  in minute quantities to 2

water. Institute  has developed  a prototype of Carbon 
dioxide flow regulator and recorder. Input phase consist 
mainly of the input from the safety regulator cum analogue 
pressure gauge of external CO cylinder and this in turn 2 

connected with the liquid separator. In the processing phase, 
the input of CO gas is channelled to a precision regulator 2 

assembly with a needle valve and analogue pressure gauge 
which accurately displays the input CO gas pressure. The 2 

output phase consist of the controlled CO gas release unit with minute precision 2 

solenoid valve and external release probe with terminal weight controlled valve 
mechanism to hold the gas inside the system when it is lifted from the seawater.  The 
whole unit is controlled by an electrical power HID



Climate change and Breeding of Indian major carps (CIFRI)

E atlas of hatcheries of Uttar Pradesh was prepared on the basis of information 
collected as per structurally designed questionnaire developed. The e-altas integrates 
surveyed data on the hatcheries, species cultivated, area, onset of breeding, period of 
breeding, spawn output  etc. that could be visualised in real time map. Some analysed 
data trends on onset of breeding period, trend in  duration of breerding period, etc are 
also presented in this GIS format.From the e-atlas, it becomes very easy to track the 
advancement of breeding season and other such information. As an add-on feature, the 
map of water bodies below 10 ha was overlaid with the hatchery location. This will help 
in prudent inland fisheries management decision under a changed scenario.   

Monthly variation of gonadal maturity stages of Indian major carps and its 
relation to climate variables: In west Bengal higher values of GSI in June-July for 
Indian Major Carps (Labeorohita, Catla catla and Cirrhinus mrigala) were recorded 
when rainfall ranged between 147.60 and 408.30 mm and mean maximum and 
minimum temperature ranged from 33 to 34°C and from 26 to 26.5°C, respectively. 
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Monthly variation of GSI  revealed higher values in Catla catla and Labeo rohita 
during June-July when rainfall ranged between 28.30 and 49.40 mm and mean 
maximum and minimum temperature ranged from 34.73 to 35.44°C, and 27.30-
27.59°C respectively in Bihar. Higher GSI values have been observed in Cirrhinus 
mrigala during May-July when rainfall varied from 28.30-137.80 mm and mean 
maximum and minimum temperature ranged between 34.73 and 35.44°C, and 25.45-
27.59°C respectively. 

The spawning in Cirrhinus mrigala in Bihar thus starts one month earlier (May) in 
comparison to June –July in other two fish species.

Higher GSI values in Catla catla were obtained in June-July when rainfall ranged 
between 140 and 270.16 mm and mean maximum and mean minimum temperatures  
within  31.76-33.50°C and 25.38-26.20°C respectively  in Odisha. 

In case of Labeorohita, peak GSI values were observed during  June-July in 2012 and 
May-July in 2013. In Cirrhinusm rigala, higher GSI values have also been observed in 
May-July when rainfall ranged between 20.8 and 216.70 mm and mean maximum and 
minimum temperature varied from 31.76 to 34.67°C and 24.5 to 26.20°C respectively. 
It is observed that spawningof Cirrhinusmrigala starts one  month earlier compared  to 
rohu and catla.

The e-atlas of fish hatcheries of Uttar Pradesh integrating  surveyed data in real time 
mapwas prepared during the period under report. As an add-on feature, the map of 
water bodies ≤ 10 ha was overlaid with the hatchery location. The e- atlas  prepared will 
help  in inland fisheries management in a climate change scenario. Gonadal maturity 
stages of Indian major carps Labeorohita, Catlacatla and Cirrhinusmrigala of West 
Bengal, Odisha, Assam, Bihar, Uttar Pradesh and three coldwater fishes Schizothorax 
richardsonii, Onchorhynchus mykiss and Tor putitora in Uttarakhand have been 
assessed during April 2011-March 2014. Observations on maturity stages and gonado-



somatic index (GSI) values of the IMCs showed that their gonadal maturity advanced 
by nearly one month (April to March) during 2011-13 compared to that reported during 
1980s in the study region. During the same period extension of gonadal maturity of the 
selected carps by another one month (July to August) was also observed. It is inferred 
that increase in ambient temperature and alteration in rainfall pattern have played an 
important role in advancement and extension of gonadal maturity in IMCs in the states
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GSI of IMC in relation to max and min temperature for West Bengal

GSI of IMC in relation to mean monthly rainfall for West Bengal
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Experiments revealed Labeobata (37.10 ±0.30 ⁰C)to be a tolerant species (p<0.05) to 

compared to other work(35.4 ±0.3 ⁰C). The species is a potential candidate species for 

culture increased temperature conditions.

Thermal tolerance (CTmax) of reproductively mature C. mrigala (120± 20 g) 
was 41.72 ± 0.02 °C   that is higher enough for their survival in coming future.

0In Labeorohita (84.5 ±14.2 g),slower increment of temperature (0.33 ± 0.2 C/ hr 
0vs. 16.8 ± 0.02  C/hr)improved thermal tolerance with respect to both temperature 

0 0and duration (CTmax: 42.8 ± 0.15 C for 1.5 hrs vs. 42.0±0.14 C, p<0.05).

Heat tolerance gene hsp70 from liver of three IMC were partially sequenced and 
validated for gene expression analysis. Serum glucose, triglycerides and T3 were 
the important biomolecules to play vital role in adaptation of Labeorohita in 
higher temperature stress. Realtime-PCR analysis of Hsp70 in liver showed higher 
expression in slower temperature increment compare to faster which correlates 
with serum Cortisol.

Economically and nutritionally very important minor carp Labeobata(CTmax: 
037.10 ±0.30 C)were more tolerant (p<0.05) compared to Labeorohita(35.4 ±0.3 

0C) indicate their suitability in future changed temperature regime.

v

v

v

v

Climate Change Impacts & Vulnerability for Aquaculture (CIBA)

Impacts of climate change on aquaculture have been documented in Odisha and 
vulnerability assessment was done for Surat district in Gujarat. Based on the 
perceptions of farmers in Northern and Southern Odisha on climate change events and 
impacts, cyclone comes under disastrous, followed by heavy rains/flash floods under 
extremely negative risk category. Vulnerability of shrimp aquaculture to climate 
change based on the exposure, sensitivity and adaptation indicators indicated that 
majority of shrimp farms (64%) in Gujarat were categorized as very low, whereas 
reverse trend of medium to high vulnerability was observed for majority of farms in 
coastal states on east coast. Based on the vulnerability indexes, vulnerability maps of 
aquaculture to climate change were prepared for West Godavari (AP), Allapuzha 
(Kerala) and South 24 Parganas (West Bengal) districts, which are useful to policy 
makers for taking decisions. Aquaculture area of 13,211 ha and 21,763 ha will be 
inundated at 0.5 m and 1m SLR, respectively out of 55,676 ha in Sundebans area of 
West Bengal. However, submergence of agriculture areas at the same time showed the 
scope of converting these areas to brackishwater aquaculture. The torrential rains and 
Phailin cyclone affected 75% of pisciculture and 85% shrimp culture in Jajpur, 
Bhadrak, Ganjam and Balasore districts of Odisha and resulted in complete flooding of 
shrimp farms amounting to a loss of about 2000 MT in Balasore, Bhadrak and Ganjam 
districts

Assessment of greenhouse gases (GHGs) emission was monitored in finfish and 
shrimp culture ponds. Average CO  eq.values (Global warming potential) per kg 2



Trend in maximum temperature of Surat District (48 years)
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shrimp production ranged from 0.024 to 0.031 for L.vannamei and 0.018 for 
P.monodon though there is a difference in per ha values due to higher stocking density 
and production of L.vannamei. Out of 149 clones of methane producing bacteria 
sequences in brackishwater aquaculture ponds, 67 phylotypes were matched with four 
orders of methanogenic archaea viz., Methanococcales, Methanomicrobiales, 
Methanosarcinales and Methanobacteriales with a similarity of 94-99%.                                                                          

In order to develop mitigation measures to decrease GHGs from aquaculture sector, 
composting of harvested shrimp pond sediment was done with different bulking 
materials by bed method for 2 months with an objective of carbon sequestration. The 
composting resulted in areduction of electrical conductivity and organic carbon 
content and increase in available nutrients indicating its potential to use as manure for 
agricultural crops.

Trend analysis of weather parameters in shrimp farming areas

48 years of monthly meteorological data (maximum, minimum, highest maximum 
(HMax), lowest minimum (LMin) and mean temperatures, rainfall and number of rainy 
days) from 1960-2007 pertaining to Surat District, the major shrimp farming area in 
Gujarat were  analysed using Mann–Kendall trend test. Results of analysis revealed a 
significant trend for maximum temperature only under all the cases of experimentation. 
The forecasting modelswere built for maximum temperature in the study area, which 
can be used for shrimp farming crop calendar planning.



Seasonal variation in GHGs quantification from shrimpculture
ponds varying inspecies and intensity (GWP was calculated per season of 

4 months culture/crop)

Sampling
place  

Stocking 
density 

2
(Nos./m )  

Survival
(%)  

Mean
final 
body
weight
(g)

 

Final
biomass 
(Kg)  

Kg CO2
eq./ha 

KgCO2 
eq./Kg
shrimp  

Species  

Summer 2013 

Ongole  46 86 32 8861 336 0.027 L. vannamei  

Katur  55 84 27 6237 354 0.028 L. vannamei  

Marakanam  8 84 28 1129 34 0.018 P. monodon
 Winter 2013 

Ongloe  42 87 32 8185 278 0.024 L. vannamei  

Nagapattinam  44 81 30 4277 332 0.031 L. vannamei

Water footprints of aquaculture systems

Methodology was developed for water foot print calculations (Blue, green and grey 
water foot prints) in aquaculture and will be tested in shrimp culture ponds using 
fresh/low saline water. The water foot print (blue and green water foot print only, 
assuming that grey water foot print is zero) for a typical 120 days Pacific white legged 

2shrimp, Litopenaeus vannamei culture in 1 ha pond area stocked with 60 nos./m   is 
30.44 m /kg production (80% survival and 11.5 t/ha production) with  initial water depth 

of 100 cm and assumptions of rain fall of 6 cm, evaporation loss @ 0.5 cm/day, and 20% 
water exchange at fort nightly intervals after one month of crop. If there is no water 
exchange (practicing zero water exchange farming), then the water requirement is 0.47 

3m /kg production. Under similar situations, for Tiger shrimp, Penaeus monodon 
2farming (Stocking density - 10 nos./m ; Survival - 80%;  Production -  2.72 t/ha), the 

3water foot print is 1.9 m /kg production with 20% water exchange at fort nightly 
3intervals after one month and 2.1 m /kg production with zero water exchange.

After saline water flooding (resultant salinities of 5, 10, 15 & 20 ppt) and based on post-
flooding growth performances it can be concluded that among the seven freshwater 
fishes, Puntius javanicus had better survivality and growth followed by Cirrhinus 
mrigala, Channa punctatus, Ctenopharyngodon idella, Catla catla, 
Hypophthalmichthys molitrix and Labeo bata. Based on salinity tolerance, 
adaptability, growth performances, and market value a Composite Climate Resilient 
Ranking (CCRR) was worked out and accordingly Macrobrachium rosenbergii is 
ranked as first followed by Cyprinus carpio, Puntius javanicus Labeo rohita, Catla 
catla, Puntius sarana, Cirrhinus mrigala, Ctenopharyngodon idella, Labeo bata, 

Climate-resilient Aquaculture Strategies for Sundarban Islands (WBUAS&F)
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Post-flooding growth performances (Body Weight Gain %) of few freshwater 
fishes under different salinity regimes
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Channa punctatus,& Hypophthalmichthys molitrix. Brackishwater fish viz., Liza tade, 
Etroplus suratensis, Terapon jarbua, Mystus gulio and Penaeus monodon were found 
to be well adapted and growing well in freshwater with no mortality. This clearly 
indicated that these brackish water species can be incorporated in freshwater culture 
systems in Sundarban. Among different kind of species combinations tried, the 
combination of the species viz., Labeo rohita, Catla catla, Puntius javanicus, 
Macrobrachium rosenbergii, Penaeus monodon, Liza parsia and Scatophagus argus 
was found to have better coastal flooding resilience, post flooding growth 
performances and market value.

Climate adaptive integrated farming : Climate adaptive integrated farming, through 
incorporating Fish, Livestock, Horticulture and Crop varieties which can withstand 
salinity stress, has been tried as an adaptation strategy to enhance the resilience and has 
shown encouraging results with increased production and profitability. This is 
achieved through land shaping, reclamation, re-excavation of ponds, increase in height 
of the pond dykes including step-cutting or terracing on inward-slopes (three-tier 
system).  An experimental feed (to combat salinity stress) named WBUAFS Fish Feed 
was developed with the ingredients of soya meal, fish meal, wheat bran, vegetable oil, 
vitamin, mineral, immunostimulant. The proximate composition was crude protein 
(min) = 30%, fat (min) = 4%, fiber (max) = 6%, moisture (max) = 11%. total energy = 
3000 kcal/kg.
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Climate change and inland aquaculture in West Bengal (University of Kalyani)

Microclimate and fish breeding in polyhouse  

A pilot study within and outside the polyhouse showed an exciting observation  that the 
fish tilapia held in closed polyhouse tanks with increased temperature bred and 
produced offspring even several times (Photograph 1), whereas, no such breeding 
activity was noticed outside the polyhouse with less ambient temperature. However, 
fishes like rohu, bata and paku were not found suitable as their growths were reduced 
with rise in temperature in the closed polyhouse.  There was also  about  124% increase 

oin chlorophyll and phyto-carbon content of microalgae  due to 3 C rise in water 
otemperature (32 C; light intensity- 12300 ± 7900 lux)  in  tanks placed within  the 

opolyhouse compared to  that of outside the polyhouse (29. C; light intensity - 20400 ± 
17300  lux). The outcome of the study i.e., the benefit of the closed polyhouse would be 
profitably used by the fish 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.

Mitigation of GHGs emissions from wetlands: A highly CO -tolarent microalgal 2

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 and global warming in wetland systems. 
The CMAC having profuse growth in wastewater system showed 53 – 100% CO2 

sequestration and its capacity by mass balance calculation was 150 to 291 mg CO /g.2

Closed vs open culture system for growing of carps: Using bamboo structure 12 poly 
3houses (13 x1.5 x 2  m  were installed in a field pond. Of the twelve, six polyhouses 

were closed on all sides except at the bottom which remained in contact with  soil of the 
pond bottom; the remaining six enclosures were open both at the bottom and top of the 
polyhouse and served as control.

 )



The water level of this polyhouses was maintained at one meter throughout. Average 
O 0water temperature remained  about 1 C high in the closed system  (23.89 C) than in 

0open system (22.0 C),  whereas the intensity of light was about 45.31% less in the 
former than in later. The values of  water pH  in the  open  systems  remained higher 
than in the closed system;  the values of pH ranging from 7.1 to 8.1 during the period of 
investigation. The mean concentration of free carbon dioxide of surface water was 
relatively higher in the closed system (10.27 – 10.05 mg/l) than in open system (5.6 -6.5 
mg/l) in both the ratios of fish stocked. Concentration of bicarbonate alkalinity of water 
was always higher (399 – 404 mg/l) in the closed system compared to open system (280 
- 287 mg/l). Both gross (GPP) and net primary productivity (NPP) of phytoplankton 
were considerably higher in both the ratios of stocking conditions examined under  
closed polyhouse compared to open system. While the mean concentration of dissolved 
oxygen of water did not exhibit marked differences  between the closed (6 mg/l) and 
open system (6.5 mg/l).  

Impact of climate change on the population structure and virulence of viral and 
bacterial pathogens in marine environment (FCRI)

Effect of abiotic stress on Vibrio harveyi: varying temperature and salinity 

Genomic variations based on GTG5 and IS PCR fingerprinting were observed in 
Vibrio harveyi when subjected to environmental stress conditions of high temperature 
and salinity. This indicated the possibility of genomic variations being evolved by the 
bacteria in the face of an abiotic stress factor. This has implications in the recently 
emerging bacterial pandemic disease across Southeast Asia -Acute hepatopancreatic 
necrosis syndrome (AHPND) - caused by Vibrio parahaemolyticus carrying extra 
genomic contigs

Effect of herbal diet on immune gene expression during WSSV challenge 

Expression of immune genes such as tubulin and penaeidin-3 was analyzed, when fed 
with herbal diet in shrimps. Tubulin and penaeidin genes were found to be up-regulated 
in herbal feed fed shrimps. The study indicated that four medicinal herbs could improve 
the expression of these immune related genes and hence could be used for health 
management by feed manipulation under biotic stress caused by white spot syndrome 
virus (WSSV) infection. 

Effect of herbal diet on protection of L. vannamei during WSSV challenge at 
different temperatures 

A herbal feed preparation was made with 0.5 % each of Kilanelli powder, Aswaganthi 
powder, Aruganpul powder, Thannir vittan kizhangu. 

This feed could 
delay and reduce the mortality rate in WSSV infected shrimps at low temperature and at 
normal temperature conditions. 

Three temperature conditions 
were maintained viz.33 + 1 ºC, 24 ºC and 29 + 1 ºC for the experiment. 
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4.8 Socio-Economic Impacts and Community Response

Assessment of vulnerability and adaptation to climate change (CRIDA)

Testing and promoting adaptation strategies to climate change and improving 
household food security in the vulnerable areas of Eastern U.P. (NEFORD)

In order to assess farmers' perceptions, coping mechanisms and issues related to 
adaptation to climate variability and change a study was conducted in fifty districts 
selected based on the incidence of extreme events such as drought, flood, heat wave, 
cold wave across the country. A majority of the sample farmers believed that climate 
was in fact changing. The responses showed that a delayed onset of monsoon in recent 
decades was a key feature perceived by farmers with most farmers in most districts. 
However, farmers in Srikakulam district did not see any such shift in the onset of 
monsoon. The responses were not so unequivocal in Namakkal and, Alleppy districts 
with respect to the onset of monsoon. A majority of famers in Belgaum, Tumkur, 
Nalgonda, Srikakulam and Ramanathapuram saw an advanced withdrawal of the 
monsoon. Similarly, farmers in the selected districts Andhra Pradesh and Tamilnadu 
saw a decrease in the annual rainfall during the recent decades compared to earlier. 
These changes in the behavior of monsoon were thus found to vary spatially have 
implications to investments in technology generation and transfer.

Considering the importance of crop and weather insurance in risk arising out of climate 
variability, the adoption of insurance was also examined in the selected districts. It was 
observed that adoption of crop insurance was low except in  case of a couple of villages 
in southern states, where more than fifty per cent of sample farmers adopted some kind 
of crop insurance or were compensated for the failure of crops. 

In the west zone covering the states of Gujarat, Rajasthan, Maharashtra and Madhya 
Pradesh, the farmers opined that the governments and others should be investing in 
technologies for land development, rain water harvesting and development of drought 
resistant crop varieties and should be complemented with such policy measures as 
improved access to credit, ensuring remunerative prices, capacity building and 
knowledge dissemination among different stakeholders and support to community 
based organizations such as self help groups. Improved irrigation methods such as 
micro-irrigation, better infrastructure for irrigation, access to input markets, provision 
of insurance, enhanced investments in research and development, improved drought 
forecasting and a better coordinated administrative support are among the measures 
that the farmers thought were important in managing drought situation in the country.

Varieties of rice tolerant to submergence (Swarna Subi), salinity(CSR-36) and drought 
(Shushk Samrat and Sahbhagi Dhan) were identified.  In case of wheat, varieties viz., 
KRL19, 210, 213 were found to be salinity tolerant and NDW 1014, Halna, WR 544 
and PBW 154 showed better heat tolerance. 

An age-old practice of double transplanting in rice, called sanda method, was 
upgraded and promoted. The technique seems to provide an excellent solution to 
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multiple problems arising due to delayed monsoon as well as early flood. It also 
economizes on water as well as energy and gives higher nitrogen use efficiency. The 
cost and return analysis indicated higher net return (Rs. 29,000 per hectare) for sanda 
method than for normal transplanting (Rs. 12,000 per hectare). Direct seeding and 
sanda method also mitigate flood-effect and minimize crop-losses.

Economics (Rs.) of Rice (Swarna-Sub1) and Wheat (Halna and HD 2285) 
varietal pairing system for submergence prone areas

 

Yield (q/ha) 38.55 

Costs  16,000 

Total Cost (R – W) 

Gross Return 42,405 

19.28 

16,800 

21,208 

Total Gross Return (R –W)  

Net Return 

B / C Ratio 

42.34 

17,500 

33,500 

38,106 

88,511 

55,011 

2.64  

42.34 

17,500 

34,300 

38,106 

59,314 

25,014 

1.72 

Items Swarna-Sub1 Halna Swarna-Sub1 HD2285 

1Prices: Rs. 900/ Q for paddy and Rs. 1,100 /Q for wheat
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Community driven climate resilient hill agriculture in the village ecosystem of 
North-West Himalayas (Uttarakhand) (USNPSS, Doon University and 
GBPIHED)

During the year, farmers' perception on changing climate and gender-related issues 
were captured.  Using the data on ecosystems health for the selected villages, an effort 
was made to construct a resilience index. Some of the salient findings are given below:

In the context of climate change, food shortage and scarcity of water lead to 
vulnerability both in immediate and long term basis. The study showed that 
dependence on the public distribution system increased due to decrease in area under 
cultivation, low production and decrease in  consumption of millets as a part of staple 
diet

Installation of poly-houses (10x20 m) helped communities to raise off-season saplings, 
especially in Shama where cold climatic conditions would permit the farmers to grow 
crops only twice a year. Saplings thus nurtured, are planted in the fields during the 
summer 



 

Average of ecosystem health data for 2012, 2013

Parameters
 Galla Sama  Kaindultalla  Kaindulmalla  Maichun  Lamudiyar

2012 2013 2012  2013  2012  2013  2012  2013  2012  2013  2012 2013

Consumption

Fodder/day/kg  

Production
 

Milk (lit) 

Other Parameters

 

15.1  

2.5  

13.7  

2 

17 

3 

17.5  

3.5  

22 

2 

23 

1 

15.7  

2 

17.6  

1.5  

24 

2.2  

27 

2.4  

18 

2 

Animal bedding
(/day/kg) 

10.5  10.7  13.1  14.2  0.5  0.5  0.7  0.9  8.7  9.5  7.8  7 

21

2.2

Average family
members 

7 7 4 4 4 4 3 3 4 4 6 6 

Fuel wood / 
day/kg) 

17.3  17.4  10.6  13.1  14.8  15 11.5  12 12 13 12 13 

 
Water/day/
house lit

   
274

 
342

 
280

 
287

 
138

 
131

 
81

 
79

 
100

 
98

 
259

 
262

 

Dung (per day/
household)  

15  16 22 20 21 20 21.7  20 12.3  12.7  14.1  13 

 

Cereal (wheat 
and paddy) (kg)

 

4.3
 

13
 

51.2
 

90
 

333
 

381
 

183
 

225
 

116
 

209
 

7.5
 

41.6
 

Millets (kg)
 

18.4
 

32.4
 

136
 

177
 

52
 

62
 

39
 

48
 

57
 

124
 

28.9
 

90.4
 

Vegetables (kg)
 

422
 

539
 

190
 

239
 

98
 

109
 

30
 

30
 

45
 

175
 

79
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Pulses (kg)
 

10.9
 

13.8
 

36
 

55
 

20
 

32
 

30
 

22
 

30
 

45
 

11
 

16
 

Oil seeds - - 1.3  1.2  1.6  5 4 6 5 6 3.5  5.5  
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Distance (meter) 1062  733  995  955  64.15 64.15  193  193  72.1  72 158  

Animals no./
household

 
 

4 4 6 6 4 3 4 3 8 8 7 8 

147

Filling (min) 2.2  1.5  4 2 0.69  0.7  1.2  1.2  0.6  0.41  1.6  8 

Fetching (min)
 

45
 

30
 

3.25
 

4
 

23
 

23
 

11.8
 

12.5
 

2.5
 

2.5
 

9.6
 

9.4
 

 

Community driven climate resilient hill farming in village ecosystems of NW 
Himalaya (Uttarakhand) (GBPIHED)

During the year, Establishment of nurseries of medicinal plants having the potential 
adaptation value with reference to changing climate in high altitudes; identification of 
value addition opportunities using the locally available biomass/plant material as 
livelihood options; and understanding the farmers' behaviour with reference to choice 
of crops and adaptation actions in the event of climatic contingencies wereundertaken

Reduced availability of water for irrigation, extreme drought events and shifts in 
the rainfall regime resulting into failure of crop germination and fruit set, invasion 
of weeds (e.g. Lantana, Parthenium, Eupatorium, Ageratuam etc.), increased 
frequency of insect pest attacks, and decline in crop yield are some of the impacts 

v
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attributed to climate change and variability by farmers. Within village agro-
ecosystem type, farmers cope climatic risks by growing crops/cultivars based on 
indigenous knowledge on the responses to different ecological conditions.

Farmers have traditionally changed crop choices and adjusted sowing time based 
on the rainfall behavior.  After the first monsoon showers in April/May, Muatha 
and Bhagan cultivars of barnyard millet and Jhalarya and Chauras cultivars of 
fingermillet are sown in a few fields. If monsoon commences by mid –June, maize 
is sown in about 50% of the remaining fields. If maize growth is normal till 20-25 
days after sowing, soybean is intercropped between maize rows and Mungerikuad 
cultivars of finger millet is sown in the remaining vacant fields. If the crop growth 
is poor during first month after sowing, maize field are ploughed afresh and sown 
with Mungerikuad cultivar of fingermillet. If monsoon does not commence by 
mid-June, all cultivars of barnyard millet and fingermillet are sown, covering 
almost equal areas. Jhaidu and Khimanand ki Ghodi are local rice cultivars able to 
withstand hail storms while Rekher or Syal Satti and Misri and Thanga varieties of 
wheat can survive heavy snow fall occurs during early stages of crop growth. 
Farmers classify crops in three groups based on their responses to various 
stresses/risks together with their economic values (a) economically more-valuable 
crops with poor performance under extreme rainfall regimes, low soil fertility 
levels and weed abundance including maize, soybean, paddy, wheat, lentil, 
potato,, buckwheat, amaranths and green vegetable, (b) economically less-
valuable crops with ability to perform under unfavorable climatic conditions, low 
soil fertility levels and weed abundance including fingermillet barnyard millet and 
barley and (c) economically more-valuable crops with ability to perform under 
unfavorable climatic conditions, soil stresses and weed abundance including 
sesame, cowpea, black pea (Pisum arvense), horsegram and pigeon pea. 

Due to decline in rain fall in Nayar valley farmers abandoned traditional crops i.e. 
Panicum miliacsum, and replaced Amaranthus  paniculatus with  cash crops like 
Phaseolus vulgaris, Solanum tuberosum and vegetables but these crops required 
much care and labour for good production.

As part of assessing vulnerabilities and developing adaptation strategies under the 
current farming systems in the context of climate risks and mitigation participatory 
varietal selection trails had been conducted 

v

v

Vulnerability assessment and evolving adaptation strategies for climate resilient 
agriculture in semiarid regions of Tamil Nadu and Puducherry (MSSRF)

v In Puducherry, as part of Participatory Technology Development Process, the 
continuous supports in terms of quality inputs have been provided to increase the yield. 
Vamban- 4 variety of black gram cultivated in 34 acres in Rabi season and VBN-4, 
VBN-6 and ADT5 varieties of black gram cultivated in 156 acres in Kharif season. In 
Navarai (Rabi) season Paddy SRI cultivated in 173.25 acres, Sornavari 189 acres from 
three villages of Pondicherry region. Average yield recorded during sornavari was 
1844.25kg/acre and variety Chinna ponni and ADT 37 were grown predominantly. 
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v To increase the seed replacement in the project area of Pudukkottai 31 farmers (39 
ac) were involved paddy seed production and 11 farmers (14.25 ac) in Paddy seed 
production are under certification process with Seed certification department. 
During the year, three training programmes were organized on stabilizing pulse 
production, paddy seed production and certification processes and totally 285 
farmers benefited from these trainings. Also the community climate risk 
managers selected from farmers from all five panchayats were selected and given 
series of trainings on climate variations and coping strategies.

This study was initiated to assess the knowledge of farmers with respect to climatic 
changes and its impact and management in agriculture in three districts, viz., Kutch, 
Anand and Navasari of Gujarat.  The following are some of the important findings.

It was found that awareness about the climate change and its importance for a more 
sustainable agriculture was positively related to education status of the farmers in the 
three study districts, viz., Anand, Kutch and Navasari. 

Considering the key findings of the survey along with the knowledge and technologies 
generated by the agricultural universities, communication material was prepared.  This 
material would enable farmers deal with the changing climate better and finally help 
them move towards a more sustainable agriculture. The material contains the 
information related to various crop, nutrient, pest and resource management 
technologies that would be of help in dealing with climate variability and change.

Meeting Challenge of Climate Change through Integrated Mitigation & 
Adaptation for Sustainable Agriculture: through community based, locally 
adapted strategies, & Leadership (NCCSD)



5.0 Technology Demonstration in climatically vulnerable districts

Technology Demonstration Component (TDC) under NICRA addresses 
demonstration of appropriate practices and technologies to enable farmers cope with 
current climatic variability. Demonstration of available location-specific technologies 
related to natural resource management, crop production, livestock and fisheries is the 
primary objective for enhancing adaptation gains and mitigation potential for building 
climate resilience. TDC is being implemented in a farmer participatory mode in 100 
vulnerable districts of the country through 100 Krishi Vigyan Kendras (KVKs) spread 
across the country in 28 states & 1 Union Territory and 7 sites implemented by premier 
ICAR research institutes.  

In 2013-14, a number of rainwater harvesting structures were taken up to create 
improved storage of rainwater and its efficient use to provide supplemental irrigation at 
critical crop growth stages to kharif crops during dry spells and also to increase 
cropping intensity under rabi crops. A number of rainwater harvesting structures were 
taken up in NICRA villages covering an area of 336 ha and 4800 farmers. A number of 
resource conservation technologies such as bunding, trenching, ridge furrow planting, 
broad bed furrow planting and raised bed planting and mulching were demonstrated for 
in situ moisture conservation in 1800 ha benefiting 3900 farmers. Harvested water was 
efficiently used through micro irrigation systems in 295 ha by 445 farmers.  Overall, 
NRM interventions were taken up in 2500 ha covering 9144 beneficiaries during 2013-
14 across 100 villages. 

Natural Resource Management Interventions

Rainwater harvesting in individual farms/community lands ('000 cu.m)
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Augmenting groundwater recharge and water storage 
across seasonal streams ('000 cu.m)

Rainfall from southwest monsoon was by and large normal at most of the sites. 
However, continuous and excess rainfall was also experienced at some locations. At 
Satna in Madhya Pradesh, ridge and furrow planting of July sown greengram doubled 
the yield at 3.6 q/ha compared to 1.8 q/ha in control. At Datia, broad bed furrow 
planting of soybean protected the crop during excess rainfall situations in July-August 
which resulted in 40% increase in grain yield and 50% increase in net returns over 
control where the crop suffered. Similarly raised bed planting of onion at Bengaluru 
avoided crop damage due to water logging from excess rainfall. Despite plant 
population being 28% less compared to flat bed sowing through broadcasting of seed, a 
higher bulb yield (3 t more), 8% less rotting and higher price of Rs.600/q was achieved 
with raised bed planting.   

Making of Broad bed Furrows for
planting of soybean at Datia

Drainage in furrows
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Crop stand in broad bed furrow

Low seed rate with drum seeding Water in furrows during excess 

Better crop performance in raised 
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Crop Production 

In this module, demonstration of drought tolerant varieties of groundnut (TMV-13), pigeonpea 
(ICTL-88039, BDN-711), maize (GK-3017, DMH-849, Suwan-1, Bajaura and Jaunpari 
makka), soybean (JS 95-60), short duration pulses (Pant U-19, Pusa Vishal, S-4, finger millet 
(ML-365, GPU-28 & GPU-48) and paddy (Sahabhagi dhan, Anjali, Naveen) was undertaken in 
1265 ha covering 4315 farmers. Performance of these varieties in terms of yield advantage was 
in the range of 13-38%. Demonstration of flood tolerant paddy varieties was taken up in flood-
prone areas in 185 ha in 2013-14. Among the most promising paddy varieties included Swarna 
Sub-1, MTU-1010, MTU-1140 and Disang. Short duration varieties in pulses, oilseeds, maize, 
millets and paddy were demonstrated in 1206 ha covering 3516 farmers. Direct seeding of rice 
was demonstrated in 85 ha covering 175 farmers. Crop diversification was promoted in 875 ha 
covering 2500 farmers. Integrated nutrient management for efficient use of applied fertilizer 
was demonstrated in several crops in 1735 ha covering 3750 farmers. Integrated crop 
management for demonstrating the benefits of green manuring, balanced fertilizer use and eco 
friendly pest management was taken up in 1816 ha covering 4845 farmers across the 100 sites. 

Short duration and drought tolerant paddy
variety Sahbhagi Dhan

Short duration and drought tolerant
finger millet variety (GPU-48)

Drought tolerant maize (Jaunpari makka) Drought proofing with soybean 
(JS-95-60) + pigeonpea (BDN-708)

 intercropping (8:2) for delayed monsoon
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Livestock and Fisheries 

In this module, use of community land for fodder production, improved fodder/feed 
storage methods and improved shelter for reducing heat stress in livestock were 
demonstrated. Overall 180 feeding trials were conducted to reduce mineral deficiency 
and increased milk productivity in milch animals under heat stress. About 300 fodder 
demonstrations were conducted to augment the availability of green fodder.

In case of fisheries, timely stocking of fingerlings in community tanks for successful 
fish production was demonstrated. Raising of spawn to fry, and fry to fingerling stages 
in captive condition in a nursery pond prior to release in community tank was 
demonstrated in Sirsuwada village in Srikakulam district of Andhra Pradesh. Earlier, 
direct stocking of fish seed at fry stage was in practice which led to poor survival and 
inappropriate stocking ratio as farmers could not afford stocking of fingerlings of 6-8 
cm which had better survival. Fishermen were trained in nursery raising of fish seed in 
small ponds which led to successful production of their own quality stock size 
fingerlings (25000 of 29 days old) of Indian Major Carp fish prior to their stocking in 
community tanks. This resilient technology enabled farmers to save Rs 10500 on cost 
of fish seed and this prompted other farmers to adopt captive fish seed rearing 
technology in the village. 

Indian Major Carp fish seed ( Fry stage) Acclimatisation of Fish seed in nursery ponds

Sampling for observing growth and health Harvesting of fish seed
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Harvested fingerlings Stocking in Jagannatha Naidu Tank

Institutional Interventions 

Capacity building 

Small farm mechanisation through village level custom hiring centres managed by the 
village climate risk management committee (VCRMC) was promoted in all the 100 
villages during the year.  Implements from the custom hiring center were hired by 
farmers for taking up timely sowing operations, practice water saving methods like 
direct seeding in paddy, in situ moisture conservation practices, zero tillage for 
advancement of planting dates of rabi crops in areas with terminal heat stress, and crop 
residue recycling. The most popular implements hired were: rotavator, drum seeder, 
happy seeder, zero till drill, furrow irrigated ridger, multi crop planter, multi crop 
thresher and power tiller. During 2013-14, revenue generated from top 5 performing 
custom hiring centers were Namakkal (Rs.1.32 lakhs), Jhunjhunu (Rs.1.23 lakhs), 
Satna (Rs.0.87 lakhs), Kota (Rs.0.80 lakhs), Cachar (Rs.0.78 lakhs). In 2013-14 
revenue generated was Rs.13.9 lakhs and the cumulative revenue generated from 100 
custom hiring centers stands at Rs.18.0 lakhs which is being used for repair, 
maintenance and training needs apart from apportioning towards sustainability fund at 
each center. 

A number of capacity building training programmes for awareness and 
promotion of climate resilient practices and technologies were taken up in all the 100 
villages in different thematic areas such as natural resource management, crop 
production, livestock management and use of farm machinery.  

Thematic area 
 No. of topics

covered 

 

 

No. of 
participants 

Natural Resource Management 179 4632  

Resource conservation technologies 103 3274  

Crop diversification  133 3669  

Crop management  227 5649  

Nutrient management  127 3232
 

Live stock management 142 4339  

Farm implements & machinery 108 2773  

Total  1019 27568  
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Monitoring and Evaluation Activities 

Zonal monitoring committees were constituted in all the 8 Zones to monitor the KVK 
activities under technology demonstration component and suggest improvements in 
action plan and its implementation. During 2013-14, 34 KVKs were monitored and the 
common recommendation was to take up appropriate interventions with focus on 
climate resilience. Evaluation of 15 custom hiring centers across the country was taken 
up during the year. The salient findings are being brought out in the form of a bulletin. 
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