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FOREWORD

Climate change is a challenge for global food and nutritional security for a growing human population.
The United Nations Framework Convention on Climate Change (UNFCCC) is making concerted efforts
to develop global linkages for climatic adaptation and/or mitigation.  In this process, agriculture has
emerged as a major ecosystem of concern and discussion in India.  ICAR launched the ‘National
Initiative on Climate Resilient Agriculture’ (NICRA) during XI Plan in February 2011, and is now
renamed as the ‘National Innovations in Climate Resilient Agriculture’ (NICRA) in the XII Plan.  This
program has strategic cross-disciplinary research component on adaptation and mitigation,
demonstration of technologies on farmers’ fields, while also creating awareness among farmers and
other stakeholders to minimize the impacts of climate change on agriculture.  Besides, 18 sponsored
projects and 33 projects as competitive grants have also been granted as part of this initiative to
complement trans-disciplinary research. Through NICRA, state-of-the-art infrastructure facilities have
been established across the country in different institutes to conduct climate change research that is
giving forth valuable data on response of crops, livestock and fisheries to climate change that helps us
in vulnerability assessment and to provide block level advisories to cope with seasonal climate
variability.  So far, 151 NICRA villages have been established across the country.

Research results and case studies from this major program have been published in high impact journals
and technical bulletins.   Contingency crop planning has been completed for 614 districts and is being
updated on regular basis for country-wide preparedness.  Interface meetings are conducted regularly
with Department of Agriculture, Cooperation & Farmers Welfare and line departments of the State
Governments for enabling drought mitigation and climate resilience.

The Technology Demonstration Component (TDC) of NICRA has been implemented in 151 vulnerable
districts to address several issues related to climate vulnerabilities such as droughts, floods, salinity,
frost, cyclone, heat and cold waves.  These demonstrations aim at enhancing the adaptive capacity of
the farmers and also to cope with climate variability in vulnerable districts which is essential to
achieve the climate resilience in agriculture.

I compliment all the scientific, technical, administrative and contractual staff associated with the
ambitious project.  I am sure, the team would continue their efforts in specific activities to impart
climate resilience and sustainability in Indian agriculture.

(T. MOHAPATRA)
Date the 28th November, 2016
Place : New Delhi

Foreword
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National Innovations in
Climate Resilient Agriculture

(NICRA)

1. Background

Climate change has become an important area of concern for India to ensure food and
nutritional security for growing population.  To meet the challenges of sustaining domestic
food production in the face of changing climate and generate information on adaptation
and mitigation in agriculture to contribute to global fora like UNFCCC, it is important to
have concerted research on this important subject. The Government of India has accorded
high priority to research and development to cope with climate change in agriculture
sector. The Prime Minister’s National Action Plan on Climate Change has identified
agriculture as one of the eight national missions.  With this background, ICAR launched
a major project ‘National Initiative on Climate Resilient Agriculture’ (NICRA) during XI
Plan in February 2011.

The goal of NICRA is 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;
and to enhance the capacity of scientists and other stakeholders in climate resilient
agricultural research and its application.

2. Objectives

Considering that climate change is a continuing challenge, the focus on this critical area
needs to be continued with greater emphasis. With this view, the scheme has been
strengthened and efforts were made to build on the initiative taken during XI five year
plan. Accordingly, NICRA was renamed National Innovations in Climate Resilient
Agriculture with the following objectives.

� To enhance the resilience of Indian agriculture including allied sectors 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 develop a knowledge management portal for dissemination of information to all
stakeholders on climate change impacts on Indian agriculture.

� To undertake capacity building of different stakeholders
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3. Project Components

Both short term and long term 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 through network as well as sponsored/competitive grants mode

2. Technology demonstrations on farmers’ fields to cope with current climate variability

3. Knowledge management

4. Capacity building of different stakeholders

3.1 Strategic Research

In strategic research, 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. Strategic research is being conducted at leading
research institutes of ICAR in a network mode covering crops, horticulture, natural
resources management, livestock and fisheries sectors.

The main thrust areas covered are (i) identifying most vulnerable districts/regions, (ii)
evolving crop varieties and management practices for adaptation and mitigation, (iii)
assessing climate change impacts on livestock, fisheries and poultry and identifying
adaptation strategies. In the technology demonstration component, climate variability
coping technologies available with the National Agricultural Research System (NARS)
are being demonstrated in 148 most vulnerable districts of the country through Krishi
Vigyan Kendras (KVKs).  The interventions are based on four modules, i.e., (i) natural
resources (ii) crop production (iii) livestock and fisheries, and (iv) institutional interventions.

One of the major thrusts of the scheme was to create 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, FATE, CTGC, eddy covariance towers,
network of automatic weather stations, animal calorimeter, research vessel, etc. have been
set up to support strategic research.

Significant achievements of the project during XI Plan include identification of promising
lines for heat and drought tolerance in rice, wheat, maize, pigeonpea and tomato;
quantification of GHG emissions in the rice-based system and marine ecosystem;
quantification of carbon sequestration potential of agro-forestry systems across the country;
and preparation of first ever district-level vulnerability atlas of India.

Considering the importance of climate change, this component of strategic research is
continuing the focus on crops like wheat, rice, maize, pigeonpea, groundnut, tomato,
mango and banana; cattle, buffalo and small ruminants among livestock and marine and
freshwater fish species of economic importance. Further, some of the theme areas have
been strengthened which include phenotyping/breeding programs in crops, horticulture
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and livestock, simulation modeling to understand the impacts at regional/national level,
crops and regions which could not be covered in the XI Plan such as onion, cotton,
sugarcane, temperate horticulture,  integrated modeling framework and network for GHG
emission database.  Hence, during the XII Plan, 19 additional partner institutes have been
included under strategic research.

Sponsored and Competitive Grants

One of the key aspects of NICRA is sponsored/competitive grants. Research projects
addressing critical gaps not covered in the network project and highly location specific
regional climate variability issues which have a major bearing on the productivity of
principal crops in that region are being funded through this component. Eleven sponsored
and twenty competitive grants projects which were initiated in earlier phase have been
completed.

Critical researchable issues like germplasm collection from climate hot spots, impact on
plant pollinators, fisheries in estuarine habitats, hill and mountain ecosystems and socio-
economic aspects of climate change, etc. were included. In addition, impacts on certain
economically important crops such as sugarcane, cotton were included.

3.2 Technology Demonstration

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, green manuring, deep placement of fertilizers and feed supplements
for livestock are being demonstrated in 148 vulnerable districts of the country with
interventions in NRM, crops, livestock and fisheries, and farmers response and economic
benefits are being documented. These demonstrations are quite successful and have
attracted the attention of development departments in several States and triggered horizontal
outscaling on a significant scale. As a part of institutional interventions, 151 custom hiring
centres of farm machinery have been set up and this became the first pan-India pilot
programme to promote small scale mechanization in the country.

3.3 Knowledge Management (Portal Development) and Communication

Since climate change and variability are growing subjects generating huge information
on daily basis and a large number of stakeholders are involved in seeking/providing
information and knowledge on climate change, a dedicated knowledge portal will be
designed as knowledge portal on climate change and agriculture (KPCCA).  This will be
done partly by outsourcing through competitive bidding and also through internal
cooperation among ICAR institutes and SAUs who have expertise in the field.  Efforts
are being made to develop the management portal which will act as a repository for all
climate change related activities with latest information

3.4 Capacity Building

Under this component, need based training is being provided to farmers, extension
personnel, research workers, scientists and other stakeholders.
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4. Research Highlights

4.1  Assessment of Vulnerability and Impacts

Satellite–derived NDVI variations to assess agricultural vulnerability to climate
change (CRIDA, Hyderabad)

Variations in satellite based vegetation index were analyzed to assess agricultural
vulnerability in India. Time-series NDVI data composites from NOAA-AVHRR and
MODIS-TERRA satellites (1982 - 2012) were analyzed for variations in Max. NDVI
and in length of crop growing period (LGP) in various agro-eco-sub-regions (AESRs) in
order to develop typology of agricultural vulnerability essential to formulate adaptation
and mitigation strategies in the country. This facilitated the drawing of typologies of
agricultural vulnerability based on extent of agriculture hazarded by climate change, bio-
climate determined by Thorthwaite’s Moisture Index, normal LGP based on water-balance
model, LGP derived from vegetation index and prevalent cropping systems. This
information is essential for prioritizing adaptation and mitigation measures in vulnerable

districts.

Results indicated that agriculture was vulnerable to climate change in 122 districts in 12
states in the country. Of the 74 million ha under agriculture in these districts, MODIS
dataset with 250 m resolution indicated that over 47 million ha of net sown area (NSA)
was vulnerable. Coarser AVHRR dataset with 8 km resolution indicated that over 29
million ha of NSA was vulnerable. It is indeed noteworthy that nearly 1/5th  to 1/3rd  of
NSA in the country out of a total NSA of 142 million ha was vulnerable to climate
change.

Vulnerable districts with decreasing, increasing & no-change in LGP
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Climate change effects on sorghum yields

To analyze drivers of agricultural vulnerability, a methodology was developed to estimate
length-of-crop-growing-period (LGP) using vegetation index. Variations in LGP derived
from AVHRR and MODIS datasets were compared with normal LGP estimated through
water-balance model. Typology of agricultural vulnerability was drawn based on variations
in LGP compared to normal. LGP trends in districts with > 50% area under agriculture
were analyzed. It was seen that in 80 districts there was a decrease in LGP of which 6
were located in arid region, 70 in semi-arid and 4 in sub-humid region. Thirty-one districts
were experiencing an increase in LGP - 23 in arid and 8 in semi-arid tracts where pearl
millet, pulses and groundnut are grown. Eleven districts did not experience any change
in LGP - 1 in arid, 2 in semi-arid and 8 in sub-humid regions in India.

Assessment of vulnerability and adaptation to climate change (CRIDA, Hyderabad)

The vulnerability of productivity of sorghum, pearlmillet and soybean was analyzed
applying a panel data regression framework using the district level time series data for
the period 1971-2004 on 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. Using
the relationships so obtained, yield levels were projected for the PRECIS A1B scenario
for the period 2021-50 (mid-century) and 2071-98 (end-century). The results revealed
that sorghum yields would not be affected much during mid-century. However, the yields

are projected to be around 1309 kg/
ha assuming the current trend in yield
growth and ‘climate change’
compared to 1528 kg/ha if there is
no climate change. The yield levels
are likely to decrease by more than
200 kg/ha compared to a no climate
change situation in about 68 districts.
Similar results indicating a
considerable yield impact were also
observed in case of pearlmillet and
soybean.

Projecting seasonal climate change in India (IARI, New Delhi)

An analysis of ensemble probabilistic scenarios for India, derived from more than 50
CMIP5-GCMs data, for 2020, 2050 and 2080 in RCPs (representative concentration
pathway) 2.6, 4.5, 6.0 and 8.5 indicated that 1) rise in minimum temperatures is projected
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to be more than rise in maximum temperatures; 2) rise in temperatures to be more during
rabi than during kharif; 3) during kharif, minimum temperatures to increase in the range
of 0.946 - 4.067 oC (2020 to 2080) in different RCPs over baseline temperatures (1976-
2005 period), and in rabi in the range of 1.096 - 4.652 oC (2020 to 2080); 4) maximum

temperatures during kharif to
increase in the range of 0.741 -
3.533 oC (2020 to 2080) and in
rabi 0.882- 4.01 oC (2020 to
2080); 5) rise in temperatures
projected to be more in northern
parts of India than in southern
parts; 6) rainfall projections,
though less robust, indicate an
increase during kharif and  rabi
seasons over Indian region; 7)
kharif rainfall is projected to
increase in the range of 2.3-3.3
(2020), 4.9-10.1% (2050),
while rabi rainfall is projected
to increase in the range of 12%
(2020), 12-17% (2050). This
analysis indicated a progressive
climate change and variability
in kharif and rabi seasons with
significant spatio-temporal
variations in India towards the
end of the century.

Seasonal climate change projections for temperatures and
rainfall over India

APSFarm - A participatory whole farm modeling approach to understand impacts
and increase preparedness to climate change (IIFSR, Modipuram)

APSFarm - a participatory whole farm modeling approach was used to understand impacts
and increase preparedness to climate change.  In a case study, 30 farmers representing
diverse farming systems and socio-economic situations were selected and monitored for
six months for crop management, livestock management, socio-economic aspects.
Parameterization of APSFarm was done and whole farm dynamics was simulated, modeled
and virtual representation of each farm was created. The model was validated using an
iterative process in which participating farmers were asked questions whether they agreed
with model outputs in terms of expected crop yields, gross margins, profits and their
variability. After agreement with farmers, the model will be run for a baseline and different
Representative Concentration Pathways (RCPs). Considering different scenarios,
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important preliminary results were obtained on climate impact on future production system.
It was understood that, there is a need to give more emphasis on sugarcane, mustard and
fodder crops and water needs to diverted from rice to these crops. Further, it was also
observed that there is a necessity to allocate resources to livestock production.

Percent reduction in profit in different farm
enterprises in 2040s

From these studies, a 17% reduction in profit
and 20% reduction in plant available water
under baseline and future climate change
scenario 2040s (with the existing farming
system with same area) is estimated. Another
important finding of the study was that there
is likelihood of 19% reduction in farm profit
in 2040s. This reduction of profit can be
compensated by implementing adaptation
measures

Monitoring crop conditions from satellite remote sensing (IARI, New Delhi)

A web enabled Decision Support System (DSS) for near real time crop growth monitoring
at district level based on multi-temporal satellite remote sensing data was implemented.
Satellite derived weekly Land Surface Temperature (LST), Normalized Difference
Vegetation Index (NDVI) and Daily Rainfall products were generated for crop pixels

Crop condition index maps of kharif and rabi seasons of 2015-16
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and averaged in each district for 2015-2016 kharif and rabi seasons. Based on these
parameters, regular anomaly indicators of Standardized Precipitation Index (SPI),
Temperature Condition Index (TCI day and night) and Crop Condition Index (CCI)
were generated for each of 579 districts in India. The historical and real-time basic
parameters and anomaly indices were archived in a database for each district and made
accessible through a public web portal http://creams.iari.res.in to all stakeholders for their
own decision making. The indices could capture the developing meteorological drought
in Maharashtra, Telangana, Karnataka and Uttar Pradesh. The CCI showed poor crop
condition in Maharashtra, Madhya Pradesh, Gujarat, Telangana, Karnataka and Uttar
Pradesh during kharif and in Maharashtra, Telanagna, north Karnataka, Bundelkhand
region and south Bihar and northern Jharkhand in rabi.

Monitoring rice residue burning in Punjab and Haryana (IARI, New Delhi)

Real time monitoring of residue burning between 18-Oct and 20-Nov-2015 using satellite
data available from IARI satellite ground station was undertaken. The daily thermal infrared
images from MODIS, VIIRS and AVHRR sensors were used to determine a large anomaly
in the Land-Surface-Temperature (LST), an indicator of active fire. Fire intensity was
also estimated based on the extent of LST anomaly. In Punjab, the first major burning
event happened on 24-Oct, though majority of burning happened between 7 to 11-Nov.
In Haryana also the first major brining event was observed on 24-Oct, then around 2-
Nov and later on 9-Nov. District-wise total paddy residue burring was estimated and at
state-level it was 1316.6 ‘000 ha (47% of paddy area) in Punjab and 237.3 ‘000 ha (20%
of paddy area) in Haryana.

Rice area under active fire in Punjab and Haryana in 2015 and map depicting active fire spots
detected from satellite images between 15-Oct and 20-Nov, 2015
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Quantification of heat waves for developing early warning systems for human and
animal safety (CRIDA, Hyderabad)

Heat wave is a hazardous weather related extreme event which affects humans, apart
from plants and animals. The 2015 summer heat wave in India caused the death of 2248
people across the country. An attempt was made to quantify the intensity and duration of
heat wave using the concept of physiologically equivalent temperature (PET). PET is a
thermal comfort index based on a complete heat budget of the human body and considers
both meteorological and thermo-physiological aspects. PET was estimated half hourly
using automatic weather station (AWS) data of four locations viz. Anantapur, Kurnool,
Srikakulam and Undi in Andhra Pradesh state, where the maximum number of deaths
were reported.

Anantapur Undi

Kurnool Srikakulam

PET over the four selected locations during May 2015

The heat wave characterization using PET revealed extreme heat load conditions (PET >
41) in all the four locations throughout May in the years 2012-2015, with varying intensity.
The intensity and duration of heat waves, characterized by ‘area under the curve’ method,
showed good correlation with number of deaths in Srikakulam and Undi locations. These
studies will help in fixing thresholds for defining heat waves, and designing early warning
systems.
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Development of weather index based insurance modules for groundnut (CRIDA,
Hyderabad)

Risk of lower rainfall in terms of the probabilities of receiving rainfall lesser than lower
thresholds during critical stage of groundnut, under two dates of sowing at eight districts
of Gujarat viz., Junagadh, Jamnagar, Rajkot, Amreli, Bhavnagar, Kutch, Sabarkanta and
Banaskanta were worked out. Risk of low rainfall under late sowing (27 SMW) was
comparatively higher than the risk under early sowing at all eight districts of the state that
were studied. Among the districts, Kutch showed the highest risk (41%) and Sabarkanta,
the lowest (3%) under early sowing. However, in case of delayed sowing, while the risk
was lowest for Sabarkanta, and highest for Junagadh. This type of analysis helps in fixing
different amounts of premiums for different districts and different sowing times.

Area under the curve (PET >41) and daily death rate in May 2015
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Weather indices in major wheat growing districts of Haryana and Uttar Pradesh

S. No District Critical stage / Lower threshold of RF Sowing
week

(SMW*)

Probability
of RF (%)

1 Junagadh First seed to harvest (< 83.4 mm) 25 28

27 54

2 Jamnagar 50% Flowering to first pod (< 23.9 mm) 25 26

27 36

3 Rajkot First peg to first pod (< 13.3 mm) 25 23

27 31

4 Amreli First peg to first pod (< 29.1 mm) 25 33

27 46

5 Bhavnagar First peg to first pod (< 20.7 mm) 25 21

27 33

6 Kutch First pod to first seed (< 7.5 mm) 25 41

27 51

7 Sabarkanta 50% Flowering to first peg (< 1.1 mm) 25 3

27 15

8 Banaskanta 50% Flowering to first peg (< 17.3 mm) 25 38

27 44

*SMW refers to Standard Meteorological Week
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4.2  Resilience through Crop Improvement and Adaptation

Rice

Collection of drought and heat stress tolerant rice based on FIGS approach
(NBPGR, New Delhi)

Rice germplasm accessions possessing
stress tolerance were collected from
different climatic hot-spot regions of
India. Madhya Pradesh, Jharkhand,
Chhattisgarh Tamilnadu, Rajasthan,
Maharashtra, West-Bengal and Odisha
states of Indian Union were the major
hot-spot areas, which were surveyed and
a total of 184 rice accessions were
collected.

Collection of rice germplasm from upland fields

Sixty-two accessions of newly collected rice germplasm lines including nine check varieties
(IR-28, IR-64, Nagina-22, NDRK-5088, Susk Samrat, Pusa Basmati-6, Pusa Basmati-
1509, Pusa Sugandha-5 and P-1612) were characterized for four grain characters namely
grain length, width, l/b ratio and 1000-grain weight (TGW). All the four traits showed
high amount of genetic variation between 62 accessions.

Frequency distribution of four grain characteristics of 62 accessions of
newly collected rice germplasm
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Development of high yielding rice varieties with tolerance to drought (NRRI, Cuttack)

Twenty cross combinations generated during kharif season, 2011 were raised in 2012 for
F2 generation. The donors of these crosses had high harvest index and high fertility%
which were instrumental in realizing substantial yield under drought stress, 2014. Drought
stress was applied at reproductive stage to the twenty cross combinations. Selection of
superior genotypes from these crosses was done in May, 2013. F

8
 populations were

developed by selfing of F
7 
segregating population for selection in kharif season, 2014.

Based on the stable performance under drought stress, CR143-2-2, IR 55419-04 and
Mahulata were selected as drought donors (high harvest index and high fertility under
drought) and crossed with popular lowland varieties. Seven high yielding entries from
these crosses were nominated in AICRIP trial 2016. The entry (IET 25619) nominated
during 2015 AICRIP trial was promoted to next stage of evaluation.

Marker assisted improvement of drought tolerance in rice cultivars Pusa 44 and
Pusa Basmati 1 (IARI, New Delhi)

Marker assisted backcross breeding was carried out using molecular marker linked to the
QTL governing drought tolerance, qDTY1.1 into Pusa Basmati 1 and qDTY3.1 into Pusa
44 and 76 (in Pusa Basmati 1 background). 143 desirable progenies (in Pusa 44
background) have been identified in BC

3
F

3
 generation and selected BC

3
F

4
 families will

be analyzed in augmented and replicated designs under both stress and non-stress
conditions during kharif 2016 at IARI, New Delhi. These improved genotypes will help
in mitigating intermittent drought as well as save irrigation water in rice grown under
irrigated conditions.

Desirable single plant selection homozygous for QTL governing drought tolerance, qDTY1.1 in
the genetic background of Pusa Basmati 1

Pusa Basmati 1
(Recipient)

Nagina 22
(Donor)

Single plant selections homozygous for qDTY1.1 in
BC

3
F

2
 generation
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Population development of heat tolerant lines of rice (IARI, New Delhi)

Development of new crop varieties with higher yield potential and resistance to multiple
stresses (heat, drought, flood, salinity) will be the key to maintain yield stability under
changing climate. The Institute screened large number of germplasm and identified Nerica
L44 and N22 as novel sources of heat tolerance in rice, and these are being used in the
breeding program. In an effort to map the QTLs governing heat tolerance, recombinant
inbred line mapping populations are being generated involving heat tolerant genotypes
namely L44 and N22, which are in F

4 
generation.

Identification of stress tolerant rice genotypes for north eastern hill ecosystem (ICAR
RC NEH, Umiam)

A total of 45 rice germplsam/lines/varieties were tested under upland rainfed conditions
of Nagaland for their ability to withstand moisture stress. The soil moisture content during
the period of experimentation ranged between 7.28 and 21.10%. Among the tested entries,
variety Bhalum-3 recorded maximum grain yield (1633 kg ha-1).

Screening of rice germplasm under rainfed condition for moisture stress in Nagaland

Studies were conducted to identify water stress tolerant upland rice cultivars using rainout
shelter facility at Umiam. Stress was imposed for 15 days each in two stages (1st one at

Submergence tolerance study on rice, kharif-2015

active tillering: 23 DAS and 2nd one at
grain filling: 94 DAS). It was observed
that under water stress conditions,
RCPL 1-412 and IURON 514
performed poorly as their yield
reduction was >30% compared to 6-
7% reduction in Bhalum-1 and
Bhalum-3.

Five rice varieties viz. RC Maniphou-
4 (RCM-7), RC Maniphou-6 (RCM-
5), RC Maniphou-7 (RCM-9),
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AKUTPHOU and TAOTHABI with different seedling ages (25, 35, 50 and 60 days
old) were tested for submergence tolerance under Manipur conditions. Among these
varieties, RC Maniphou-7, when transplanted as 60 days old seedlings, recorded the
highest grain yield (5.08 t ha-1) under half submergence condition for 5 days. Under full
submergence conditions, irrespective of duration of submergence (5, 10 and 15 days),
the tested varieties/cultivars failed to show any tolerance.

Experiments were conducted to identify temperature tolerant rice varieties/cultivars under
lowland as well as upland conditions of Mizoram. The performance of the varieties/
cultivars was evaluated at different altitudes viz. low, medium and high. At low and high
altitudes, variety Gomati under wetland conditions produced significantly higher grain
yield (47.9 and 43.1 q ha-1, respectively) as compared to the other varieties tested. However,
at medium altitude, RCM-9 produced significantly higher grain yield (45.1 q ha-1). At
low, medium and higher altitude, under upland conditions, significantly higher grain yield
was recorded (25.9, 36.0 and 36.8 q ha-1, respectively) in case of Bhalum-3.

Evaluation of rice varieties under high-altitude WRC conditions at Champhai, Mizoram

Multi-location testing of rice hybrids, donor lines at high temperature (IIRR,
Hyderabad)

AICRIP field trials were conducted with three hybrid lines viz., DRRH 106, DRRH 107
and DRRH 108 along with other IET rice cultures for consistency and stability. The
relative performance of DRRH 106 and DRRH 107 and donor Somali could be confirmed
as heat tolerant genotypes in these trials conducted across 8 locations.
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Field evaluation of nitrogen use efficiency (NUE) promising rice crosses developed
under NICRA (IIRR, Hyderabad)

Increased NUE will ensure lower level of N fertilizer usage, and consequently lower
GHG emissions. Facilities to screen large number of rice genotypes were created at IIRR.
Promising donors were identified and crosses were made (12 entries with various cross
combinations and high yielding varieties) and promising lines were identified and evaluated
along with high yielding lines during 2015-16 at 9 locations.  The trial was conducted
with 2 N treatments (100 kg/ha and 50 kg/N). Recommended P and K fertilizer (45 kg
P

2
O

5
, 60 kg K

2
O kg/ha was applied as basal dose and N was applied in 3 splits. Based on

the YSi value the genotypes Varadhan x BPT 5204/10 (G2),Varadhan x BPT-5204/6
(G2), Sampada x Jaya/3 (G4), Varadhan and Jaya performed well across locations and
produced higher grain yield under 50 kg N ha-1 and can be recommended as they showed
high YSi value and non-significant stability variance (σi2).

Stability analysis for simultaneous selection for stability and higher yield under
high temperature

Genotype

DRRH-106 555.6 25 3 28 5263 -8 20+

DRRH-107 503.4 22 2 24 117542 -8 16+

DRRH-108 446.3 15 1 16 33582 -8 8+

Govind 447.1 16 1 17 174607 -8 9+

N-22 366.9 5 -2 3 29365 -8 -5

Somali 470.1 18 1 19 9627   0 19+

GQ-25 360.1 4 -2 2 16541 -8 -6

Sabagidhan 346.6 2 -3 -1 19653 -8 -9

Tulasi 378.1 7 -2 5 91634 -8 -3

Vandana 335.9 1 -3 -2 110339 -8 -10

Mean
Yield

Yield
Rank
(Yn)

Adjusted$

Yn

Adjusted
Y

Stability
variance

(σσσσσi2)

Stability
rating

(S)

YSi  =
(Y+S)
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Stability analysis for simultaneous selection for stability and higher yield under
low nitrogen level

Genotype

Varadhan x BPT 5204/6 453.9 4 -1 3 11994 0 3

Varadhan x BPT 5204/10 472.1 7 -1 6 16405 0 6

Sampada x Jaya/2 582.2 12 3 15 28782 -8 7

Sampada x Jaya/3 488.4 9 1 10 14282 0 10

Varadhan x MTU 1010/2 387.1 1 -3 -2 48198 -8 -10

Rasi x Jaya/2 470.8 6 -1 5 18419 -4 1

Varadhan 455.6 5 -1 4 10012 0 4

BPT-5204 503.6 10 1 11 31199 -8 3

Sampada 529.3 11 2 13 22259 -8 5

Jaya 484.3 8 1 9 10124 0 9

MTU-1010 452.8 3 -1 2 29263 -8 -6

Rasi 409.9 2 -2 0 21472 -4 -4

Mean
Yield

Yield
Rank
(Yn)

Adjusted$

Yn

Adjusted
Y

Stability
variance

(σσσσσi2)

Stability
rating

(S)

YSi  =
(Y+S)

Wheat

Evaluation of wheat germplasm for drought and terminal heat-stress tolerance
(NBPGR, New Delhi)

A bread wheat core set of 1485 accessions was grown under normal and rainfed conditions
during rabi 2015-16 along with 4 checks namely HD 1967, WR 544, C 306, Raj 3765.
The data were recorded for 22 morpho-physiological traits. Data compilation and analysis
is under progress. Based on the drought susceptibility index a reference set will be
developed for allele mining purpose using microsatellite markers.

Morphological variability in wheat core set for spike shape and length, and awning
(awned and awnless type) traits
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Evaluation of reference set for terminal heat stress at hot-spot locations (NBPGR,
New Delhi)

A reference set of 348 wheat accessions was identified as tolerant/moderately tolerant
according to heat susceptibility index (HSI) values for yield component traits. This
reference set was grown under late sown conditions during rabi 2014-15 along with four
checks namely C 306, Raj 3765, HD 2967 and WR 544. Based on the advanced screening,
donors were identified as terminal heat-stress tolerant on the basis of different component
traits associated with heat-stress tolerance. The traits identified as associated with heat-
stress tolerance were 1000 grain weight (IC138428, IC534941, IC252725 and IC252816),
NDVI (IC111901, IC542541), harvest index (IC138428, IC401976) and earliness
(IC252725, IC252816, IC335712, IC536081). Further, based on evaluation in four
consecutive years since inception of NICRA project, 231 wheat accessions were identified
as tolerant/moderately tolerant according to HSI values for 5 yield attributing quantitative
traits. These identified accessions were grown under normal (non-stressed; 15-20 Nov,

Evaluation of reference set of wheat for terminal
heat-stress tolerance under three sowing dates at

Issapur farm

2015) , late sown (stressed; 15-20 Dec,
2015)  and very late (10-15 Jan, 2016)
conditions during rabi 2015-16 for
advanced screening against terminal heat
stress at four hot-spot locations namely
Issapur farm (Delhi), Jodhpur
(Rajasthan), Akola (Maharashtra) and
Powarkheda (M.P.). HD 2967, C 306,
HUW 206, HUW 468 and Raj 3765 were
used as checks in the experiment. The
data were recorded for 19 morpho-
physiological traits.

Evaluation of wheat minicore against
abiotic stresses

A minicore of 228 accessions of wheat
was developed from core set using Power-
core method. This set was also evaluated
at Issapur farm of ICAR-NBPGR, New
Delhi. Raj 3765, HD 2967, C 306, WR
544, UAS 415, DWR 1006, DDK 1029
and DDK 1025 were used as checks. 228
accessions were grown under normal and
rainfed (1 Dec, 2015), late and late +

Evaluation of wheat minicore for abiotic-stress
tolerance under three sowing dates at Issapur farm
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rainfed (2 Jan, 2016) conditions. The data were recorded for 23 morpho-physiological
traits.

Evaluation of newly collected wheat germplasm against drought (NBPGR, New
Delhi)

A pot experiment was conducted to screen 29 wheat accessions (mostly newly collected
germplasm) for drought tolerance at tillering stage and post-anthesis stress tolerance. On
the basis of different physiological, phenological and yield parameters, the following
accessions performed at par/superior as compared to check variety (C 306) under stress
condition.

Promising accessions of wheat selected on the basis of component traits
associated with drought-stress tolerance

S.No. Parameter Promising accessions

1. Stay green KP1855, KP1855A, KP1856, KP1858, KP1859,

KP1875, IC138629, IC252724

2. Drought Susceptibility KP1855, KP1856, KP1857, KP1863, KP1868,

Index KP1869, IC138623, IC145527, IC138629

3. Days to Flowering KP1855A, KP1875, KP1858, KP1868, KP1869

KP1873, IC145527

4. Stress Tolerance Index KP1855, KP1858, KP1859, KP1860, KP1874,

KP1875, IC252724, IC145316

5. Harvest Index KP1855A, KP1856, KP1857, KP1863, KP1865,

KP1868, KP1869, IC145527, IC138629, IC252724,

IC145316

6. Relative Efficiency KP1855A, KP1856, KP1857, KP1858, KP1865,

Index KP1868, KP1869,  KP1873, KP1874, IC145527,

IC252724, IC145316

7 Chlorophyll  Content KP1855, KP1855A, KP1858, KP1865, KP1869,

Index KP1873, KP1874

Location specific evaluation and genetic enhancement of wheat to terminal heat
and drought stress (IIWBR, Karnal)

Seventy two genotypes comprising of registered genetic stocks, land races and advanced
breeding material were screened for drought and heat tolerance by sowing under rainfed
and late conditions at identified centres of JNKVV, Powarkheda in central zone and
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PDKV, Akola and UAS Dharwad in peninsular zone that experience both early and
terminal drought and heat.

Wheat genotypes identified for drought and heat tolerance

Location Drought (rainfed) Heat (late sown)

Karnal HGP1-208, J31-165, IC 28658, IC 59575, HGP1-208,
IC 28658, IC 28692A, J31-165, HTW6, HINDI 62
HTW6

Heat & Drought
(late sown & rainfed)

Dharwad IC 78094B, IC 31488, HINDI 62 IC 78094B, IC 78856, 11-F1-2,
HGP1-385,C 306 IC 31488, J31-170, C 306,

HGP1-208, HGP1-385,
IC 128218, 11-F1-8,
11-F1-3, HGP1-305,
HGP1-318, HINDI 62

Powarkheda IC 36761A, IC 536375, J31-23, J31-33, J 31-73,
HGP1-460, J31-102, J31-24, J31-145, AKW2862-1
J31-33, J31-170,
J31-165, J31-23,
HGP1-448,
IC 59575, HGP1-180,
IC 445365, C 306

Akola HGP1-20, IC 535706, 11-F1-2,
IC 535706, HGP1-359, IC 138852,
C 306  IC 31488, J31-80,

UAS 320, IC 28658,
J31-24, IC 28692A,
J31-2, HGP1-305,
C 306, J31-170,
HGP1-315, HTW6

HGP1-359, IC 539525, C 306,
11-F1-8, IC 138852, F1-5,
J31-43, IC 535706, J31-80,
J31-2, HGP1-305, IC 539602,
IC 28692A, HGP1-385,
UAS 320, 11-F1-2, HGP1-20,
11-F1-16, IC 443636,
HGP1-455, IC 78856,
HGP1-470, IC 59575, J31-23,
J31-45, HINDI 62

The available registered genetic stocks for drought and heat tolerance were crossed with
elite cultivars of northwest plain zone, central zone and peninsular zone for introgression
of drought and heat tolerance into elite cultivars.

Phenotyping of wheat germplasm for physiological, agronomic and morphological
traits under drought and heat stress (IARI, New Delhi)

Heat and drought stress are one of the major abiotic stresses which severely affect the
plant performance and productivity in wheat. 163 wheat genotypes were evaluated against
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heat stress in timely sown (TS), and late sown (LS) environments. Genotypes were
characterized for various physiological and agronomic traits like canopy temperature (CT),
normalized difference vegetative index (NDVI), chlorophyll content index (CCI), days
to heading, thousand kernel weight and yield per plot. Traits like CT, NDVI showed high
correlation and regression values with thousand kernel weight in late sown condition
indicating importance of these traits in selection of heat tolerant genotypes. Trait specific
germplasm were identified and individuals with superior performance for all or most of
the traits cumulatively were selected. Genotypes Kukri/RAC875, PUB94.15.1.12/WBLL1,
Pastor and MEX94.27.1.20/SOKOL//AT were identified as heat tolerant. Selection of
germplasm based on these criteria may help in development of varieties tolerant to heat
stress and the lines can be further utilized in breeding programmes. Multi-year phenotypic
evaluation of indigenous and exotic lines showed that 3-4 physiological traits are correlated
to yield under drought and heat conditions and could be used for screening breeding
populations and germplasm. The genetic basis of heat tolerance was found to be different
for different traits, underlying the need to identify and combine diverse sources for
improving heat tolerance.

Development of thermo-stable RuBisCo activase from wheat through protein
engineering (IARI, New Delhi)

RuBisCo activase – a catalytic chaperone – plays dual roles of modulating the activity of
RuBisCo and protecting the nascent proteins under stress. Putative RuBisCo activase
(Rca) gene of 1402 bp from wheat was identified and cloned using de novo transcriptomic
approach. The gene was heterologously expressed in E. coli and the recombinant Rca
protein of ~47 kDa was purified and subjected to site-directed mutagenesis by substituting
alanine with asparagine. Heterologous expression of mutant showed abundance of Rca
protein in E. coli strain BL21 with very high activity under heat stress (HS), as compared
to control. Recombinant Rca protein was observed thermo-stable under HS. Recombinant
enzyme was observed to increase the renaturation of RuBisCo under HS, as evident
from the activity assay analysis. Immunoblot analysis showed increase in the accumulation
of Rca protein in contrasting wheat cultivars under HS. There is a need to exploit the
diversity in the thermal stability and activity of Rca, as reported in other species, for
augmenting the carbon assimilatory process under HS. Thermo-stable Rca will pave the
way for the development of ‘climate-smart’ wheat.

Validating the biochemical markers for screening wheat germplasm for
thermotolerance (IARI, New Delhi)

Eighty seven different lines of wheat were analyzed for the thermotolerance using
biochemical markers like total antioxidant potential, H

2
O

2
 accumulation and lipid

peroxidation. The biochemical performance of HD2733, HD2967, and HD2781 were
observed better, as compared to other genotypes.



30

Yellow rust dynamics in relation to weather variability in wheat (IIWBR, Karnal)

To study the effect of temperature on population structure of Puccinia striiformis f. sp.
tritici (Pst) in natural conditions, surveys were undertaken and 195 Pst isolates were
collected from infected wheat leaves. Seven pathotypes were characterized on Indian
sets of differentials and pathotype 46S119 was found to be predominant and equally
distributed across the regions. Competitive fitness potential of these seven Pst pathotypes
on twenty wheat geneotypes revealed that pt. 46S119 has great competitive fitness potential
and survival ability on comparatively more wheat genotypes.

Maize

Evaluation of maize genotypes for drought and heat stress tolerance (IIMR, New
Delhi)

Three late to medium maturity maize hybrids COH (M) 11, PMH 4, and DMRH 1306
were identified with yield potential of more than 5000 kg/ha under moisture deficit stress
at flowering/ grain filling stages. The maize hybrids PMH 3, DHM 119, DHM 121,
DMRH 1307 and COH-M-12 registered wider adaptability with yield potential of 4000
to 5000 kg/ha under drought condition. In the early to extra early maturity group, the
maize hybrids CMH 10-531, FH 3664, JH 31613 and PRAKASH with yield potential
of 4000 to 4500 kg/ha under drought condition were identified.

Late to medium maturity genotypes

Genotypes for both drought and normal conditions

Genotype

COH (M)11 5785 6680

PMH 4 5851 6242

DMRH 1306 5014 6347

Yield under drought
condition (kg/ha)

Yield under normal
condition (kg/ha)

Genotypes tolerant to drought stress only

Genotype

PMH 3 5044

DHM 111 5259

COH (M)10 4958

Yield under drought
condition (kg/ha)
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Genotypes with wider adaptability under drought conditions

Genotype

PMH 3 5044

DHM 119 4517

DHM 121 4286

DMRH 1307 4187

COH-M-12 4013

Yield under drought
condition (kg/ha)

Early to extra early maturity genotypes

Genotypes tolerant to drought stress only

Genotype

CMH 10-531 4167

FH 3664 4530

JH 31613 4365

PRAKASH 4362

Yield under drought
condition (kg/ha)

Genotypes with wider adaptability under drought conditions

Genotype

Vivek Maize Hybrid 21 3510

GAWMH2 2824

Yield under drought
condition (kg/ha)

Identification of maize hybrids suitable under low moisture and nutrient stress
(IIMR, New Delhi)

Maize hybrids PMH-1, HQPM4, Bio-9637 and Bio-9681 were identified with inherent
nutrient use efficiency and hybrids PMH-4, PMH-3, PMH-1 and CMH-08-292 were
found better in both nutrient and moisture stress conditions.

Identification of stress tolerant maize genotypes for north eastern hill ecosystem
(ICAR RC NEH, Umiam)

Fourteen local maize genotypes were tested for cold tolerance under Manipur conditions.
Among them,  Tharathei, Khamathei white, Chechata and Vaiminphei were found to be
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well  suited for cold conditions under the minimum and maximum temperature range of
2.9 to 23.50C and 13.6 to 32.6 0C, respectively. In a similar study in Nagaland, 45 maize
germplasms/lines/varieties were screened for productivity under rainfed conditions during
kharif, 2015. The maximum yield was recorded in case of maize cv. Longchang local
(3755.6 kg ha-1) and the minimum with Hukphang local (488.9 kg ha-1). Based on proline
content, all the lines of maize were found to be moisture stress tolerant/drought resistant
except Akhoya local. The maximum proline content (µ mol. g-1 fresh weight) was recorded
with Longchang local (3.98) and the minimum with Akhoya local (0.19). This study
needs validation under field conditions of Nagaland.

Computational genome analysis and in vivo validation of genes and transcription
factors involved in abiotic stress in maize (CRIDA, Hyderabad)

Attempts were made to elucidate the mechanism of drought tolerance in maize using
chlorophyll fluorescence measurements. The OJIP fluorescence transient was measured
using a portable fluorometer. Maximum quantum yield of primary photochemistry (Fv/
Fm) and its efficiency (ø0) was studied under water stress and control and rewatered
maize; stress was imposed in anthesis silking interval stage. OJIP chlorophyll a fluorescence
transients in maize in well watered control (C) and drought (D) showed that the IP phase
of fluorescence decreased in drought as a result of changes in the electron transport in the
photosystem II and also due to structural and functional changes in the photosystem II
due to water stress. This trend was also seen in maximum quantum yield of primary
photochemistry (Fv/Fm) in maize in well watered control, drought stress and recovery
wherein drought stress showed decreased quantum yield as compared to control and
there was an increase in the quantum yield after rewatering.

Physiological and metabolic indices for heat tolerance in maize (CRIDA, Hyderabad)

The frequency and intensity of high night temperatures is increasing under changing
climatic conditions. Day temperatures in their optimal limits help the photosynthesis process
in the presence of sunlight while higher night temperatures (HNT) support respiration
which is the reverse process of the photosynthesis.  Dry matter accumulation takes place
when photosynthesis is more than respiration. With the objective to study the effect of
high night temperatures on growth and metabolism in maize, fifteen day old seedlings of
four genotypes of maize (NSJ 189, NSJ 221, PSRJ 13099 and RJR 270) differing in
their day temperature sensitivity were exposed to high night temperatures (29 and 33°C)
for 10 hours for 5 consecutive days.  Ambient night time temperatures were around 22°C
and labeled as open control (C). Changes in  growth and metabolism were recorded after
imposition of HNT by taking observations for plant height/shoot length, leaf area, plant
dry matter, chlorophyll content, chlorophyll a/b ratio, quantum yield (Fv/Fm),
photosynthetic rate, respiration rate, total soluble sugars/reducing sugars and sucrose and
starch content. HNT resulted in decrease in plant height and dry matter accumulation but
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Effect of high night temperature on photosynthesis in
seedlings of maize genotypes

increase in leaf area. It also resulted
in decrease in leaf photosynthesis,
Fv/Fm ratio, leaf chlorophyll,
starch and soluble sugars (reducing
sugars and sucrose) and increase
in respiration rates and chlorophyll
a/b ratio. Broadly the genotypic
response to HNT could be
classified as tolerant (NSJ 189,
NSJ 221) and susceptible (PSRJ
13099, RJR 270) for various
parameters.

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

Maize hybrid DHM-117 was sown in Free Air Temperature Elevation (FATE) facility to
assess the impact of high temperature on phenology, growth and yield. The FATE facility
consisted of three 8 m diameter rings fitted with 24 arrays of ceramic infrared heaters of
2000 W capacity to elevate the canopy temperature by 3°C ± 0.5°C above the ambient
canopy temperature (ET) and three FATE rings without any heating system as ambient
(AT) control. Heating was imposed 24 hrs a day and continued from sowing to seed
setting (72 DAS). Under HT treatment, the crop experienced the maximum temperature
of 35.2°C at vegetative stage and 44.0°C at anthesis stage.

Elevated temperature significantly reduced time to 50% of flowering and total crop
duration of maize hybrid DHM-117. Under ambient conditions, the days to tasseling,
anthesis and silking were 52, 55 and 57 days while under high temperatures they decreased
to 49, 52 and 56 days respectively. Anthesis silking interval (ASI) was 2 days in ambient
condition while it increased to 4 days at high temperature. The total duration of the crop
decreased by 7 days under high temperature.

The net photosynthetic rate (Anet), stomatal conductance (gs), transpiration rate (Tr) of
maize plants were reduced significantly at 45 DAS with HT as compared with AT. High
temperature significantly influenced not only production of biomass but also its partitioning
pattern. Total biomass decreased by 11% under HT, however biomass of vegetative
components increased by 27% with increase in leaf (27%), stem (33%) and root (10%)
biomass, while reproductive biomass decreased by 44%, with decrease in cob weight
(43%), grain yield (48%), grain number (46%), test weight (8.8%) and HI (42%), revealing
the differential sensitivity of vegetative and reproductive components to HT. Increased
ASI and high temperatures at anthesis and silking affected pollination and grain filling
which resulted lower grain yield due to reduction in grain number and test weight.
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Photosynthetic rate, stomatal conductance, transpiration rate and WUE of maize hybrid DHM-
117 with ambient (AT) and high (HT) canopy temperature at two growth stages

Climate variability and its impact on maize productivity and net ecosystem exchange
(IIWM, Bubaneswar)

Gross primary productivity (GPP), plant respiration (RE), net ecosystem exchange (NEE)
in relation with phenology and leaf area index of maize (July-November) were studied.
The crop behaved as a net CO

2
 sink from vegetative stage (22 DAS) to milking stage and

Seasonal variation of GPP, NEE and RE in maize

acted as a net CO
2
 emitter during

maturity and early vegetative periods.
The seasonal net ecosystem exchange
(NEE) of the crop at the end of growing
period was -247 g C m-2. The diurnal
variation of seasonal net ecosystem
exchange (NEE) was maximum at 1130
hour and was highly influenced by leaf
area index (LAI). Net ecosystem
exchange of maize reached its peak at
maximum leaf area index stage (59
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DAS) with the midday uptake of –17.874 ìmol CO
2
 m–2 s–1 and night-time release of

+5.07 ìmol CO
2
 m–2 s–1.

Soybean

Simulation of soybean yield under different RCPs (IISR, Indore)

Impact of future climate on soybean production was studied using InfoCrop model for
the major soybean growing states of Madhya Pradesh and Maharashtra which together
contribute to more than 85% of soybean production in the country. For this, four
Representative Concentration Pathways (RCPs) along with the baseline as suggested by
IPCC in Fifth Assessment Report were used. The grid wise (0.5 x 0.5°) data of baseline
for the period of 1976 to 2005 and the RCPs (2.6, 4.5, 6.0 and 8.5) for the years 2010 to
2099 for Madhya Pradesh and Maharashtra were used. The RCPs were divided into
three time slices, which includes near term scenario 2030 (2010-2039), middle term
scenario 2050 (2040-2069) and long term end of century scenario of 2080 (2070-2099).

Percent change in yield in different climate scenarios as
compared to baseline in Madhya Pradesh

In Madhya Pradesh the average
baseline yield was 2307 kg/and in
the near term scenario of 2030 it
showed an increase of 3.38%
(RCP 2.6) to 4.65% (RCP 8.5).
By middle of century scenario of
2050, the average increase ranged
from 2.88% (RCP 2.6) to 9.0%
(RCP 8.5) over baseline yield. By
the end of century scenario of
2080 there was no change in the
yield of soybean in RCP 2.6
scenario while it increased by
12% over base line in RCP 6.0.

In Maharashtra, the average yield
of soybean was lower under base
line scenario but the increase in
yield under different climatic
scenarios was almost double of the
increase seen in Madhya Pradesh.
The average baseline yield of
Maharashtra was 1662 kg/ha and
is expected to increase by 3.72%
(RCP 6.0) to 6.78% (RCP 8.5) in
near term scenario of 2030. In the

Percent change in yield in different climate scenarios
as compared to baseline in Maharashtra
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middle of the century scenario of 2050, increase ranging from 6.25% (RCP 2.6) to 15.96%
(RCP 8.5) is projected. Similarly, by the end of century scenario of 2080, the average
increase in yield could range from 1.89% (RCP 2.6) to 23.62% (RCP 8.5).  This increase
in yield is associated mainly with the increased rainfall and CO

2
 while temperature is

having a negative effect.

Breeding for drought tolerance in soybean (IISR, Indore)

A large number of soybean genotypes were evaluated for water stress conditions during
2013-2015 and lines JS 97-52, EC 538828, EC 456548 and EC 602288 identified as
relatively tolerant. These lines have been crossed among each other and with lines with
superior agronomic background and are in F

2-3
 generations.

Understanding physiological responses of soybean genotypes for tolerance to high
temperature (IISR, Indore)

Increasing temperatures will result in a substantial reduction in crop yields. It is essential
to protect crop yields both in the present as well as in the future climates. Experiments
were conducted to evaluate soybean genotypes for their performance under elevated
temperatures. Twelve soybean genotypes were planted in four green houses maintained
at day/night temperatures of 30/22, 34/24, 38/26 and 42/28° C with an average temperature
of 26, 29, 32, and 35oC, respectively. One set was also grown under ambient conditions.
Beside physiological parameters, data on yield and its attributes was recorded at harvest.
The maximum average seed yield of soybean genotypes was observed in plants grown

Reduction in seed yield (%) in different soybean
genotypes grown at 30/22, 34/24, 38/26 and 42/28oC

day/night temperatures as compared to ambient
temperature conditions

under ambient temperature conditions.
Increase in temperature up to 30/22oC
and 34/24oC did not affect the yield
significantly. However, further increase
in temperature had a significant
negative influence on seed yield of
soybean. The seed yield declined by
51 and 65% in plants grown at 38/26oC
and 42/28oC as compared to the plants
grown under ambient conditions. The
interaction of temperature with
genotypes was significant which
indicated that in response to
temperature, the reduction in seed yield
among genotypes varied significantly.
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Chickpea

Phenotyping of chickpea genotypes under terminal drought tolerance using
morphological and physiological traits (IARI)

Thirty chickpea genotypes were phenotyped for terminal drought tolerance using
morphological and physiological traits. Drought susceptibility index (DSI) was used as
criteria for selecting genotypes for terminal drought tolerance. Terminal drought caused
maximum reduction in number of filled pods per plant (15.95%) followed by number of
seeds per plant (14.89%). Harvest index and membrane stability index showed less than
10 per cent reduction under terminal drought stress. On the basis of DSI, the lines L550,
Pusa Green 112, ICC92944 showed best yield under stress and were selected as terminal
drought tolerant genotypes. Desi types appeared to be better adapted to rainfed conditions,
while kabuli were found more responsive to higher inputs. Mixing of the two gene pools
through desi-kabuli introgression could broaden the adaptability of both types of chickpea.

Pigeonpea

Phenotyping of pigeonpea for enhanced tolerance to climatic stresses (CRIDA,
Hyderabad)

Thirty genotypes of pigeonpea were evaluated. Data were recorded for various morpho-
physiological traits. Further, genotyping of 138 genotypes representing released varieties
and advanced breeding lines was carried out using genic SSRs having putative function
for drought related traits. Phenotyping of thirty pigeonpea genotypes representing early
(< 55 days to 50% flowering), medium (<110 days to 50% flowering) and late maturity
(>110 days to 50% flowering) group for drought related physiological traits revealed
genotypes AL1702, BDN708 and RVK274 as tolerant with higher photosynthesis rate,
stomatal conductance, transpiration rate, SCMR along with higher yield under rainfed
conditions.

Genotyping of 138 genotypes including released cultivars and advanced lines; using 34
SSR markers associated with putative drought related function classified these genotypes
into different diversity groups which could be useful in development of mapping population
for identifying QTLs for drought related traits. Cluster analysis, using Nei similarity matrix
and population structure analyses grouped 138 pigeonpea genotypes into seven sub-
populations. Fifteen of the tested markers were found to be polymorphic and a total of 52
alleles were obtained with an average of ~1.6 alleles per primer set. The Nei genetic
distance, which represents diversity among the genotypes, was highest between PAU-
881 and LRG-41; PT-00-022 and LRG-41.
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Model based clustering and structure analysis of 138 pigeonpea genotypes using
SSR marker data

Cowpea and Mungbean

Productivity and nitrogen fixation in legumes as affected by elevated carbon dioxide
(IARI)

A field study was conducted using Free Air Carbon dioxide Enrichment Facility (FACE),
to assess the impact of elevated CO

2
 on mungbean and cowpea crop. Crops were grown

both inside and outside the FACE facility with two CO
2
 levels i.e. ambient (395 ppm)

and elevated (550±20 ppm) with five levels of phosphorus (0, 8, 12, 16 & 20 mg P kg-1

soil) and with and without cyanobacteria (calothrix sp.) inoculation. High CO
2 
level

increased photosynthesis rate, leaf area and chlorophyll content of both the crops which
was ultimately reflected in 33.4% increase in seed yield in mungbean and 24.6% increase
in pod yield in cowpea. Nitrogen fixation by both the legumes also increased significantly
under high CO

2
 condition. P dose of 16 mg kg-1 recorded highest N fixation in mungbean

while P dose of 20 mg kg-1 showed maximum N fixation in cowpea crop. Cyanobacterial
inoculation increased seed yield by 16.4% in mungbean and pod yield by 14.8% in
cowpea crop. Higher N fixation improved soil N status in elevated CO

2
 treatment. Both

N and P uptake by the crops increased under high CO
2
 condition.

Cotton

Impact of climate change on cotton productivity and adaptation strategies (CICR,
Nagpur)

A detailed assessment of the impact of climate change on cotton productivity and the
adaptation opportunities in the different cotton growing states in India was carried out
using the scenarios of MIROC HI 3.2 A1b and B1, PRECIS A1b, A2, B2 for 2020,
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2050 and 2080 climates. In irrigated cotton growing areas in the country, the projections
indicate a 5.2% and 0.8% higher seed cotton yield over baseline yield in 2020 and 2050
respectively. However, by 2080, a 3.6% decline in yield is projected. In rainfed cotton
growing regions, the productivity is expected to be 10.6%, 6.4% and 5.1% higher in
2020, 2050 and 2080 respectively over the baseline. There is considerable regional
variation in the projected productivity in both irrigated and rainfed areas.

Changes in productivity of irrigated cotton
in future climate scenarios (% change over

baseline)

Changes in productivity of rainfed cotton in future
climate scenarios (% change over baseline)

Adaptation strategies are aimed at minimizing the negative impacts and on capitalizing
on the new opportunities provided by future climate situations. At national level, under
irrigated conditions, a combination of optimizing sowing time, switching to short duration
varieties and using improved inputs is expected to give around 20% higher yields over
no adaption under the 2020, 2050 and 2080 scenarios. Under rainfed conditions compared
to no adaption scenario, with improved management, better varieties and readjusted
sowing dates, cotton yields are expected to be 14%, 22.5% and 16.6% higher in the
2020, 2050 and 2080 scenarios respectively.

Adaptation gains (% increase in productivity)
from technological interventions in irrigated

cotton

Adaptation gains (% increase in
productivity) from technological

interventions in rainfed cotton
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Sugarcane

Assessment of impact of climate change on productivity and quality of sugarcane
and opportunities for adaptation (IISR, Lucknow)

Relationship of temperature and relative humidity during maturity phase with sugar
recovery

Relationship of temperature and relative humidity during maturity phase with sugar
recovery in sugarcane was worked out from the data obtained from R.B.N.S.Sugar Mills
Ltd., Laksar (Haridwar) for the years 2009-10, 2011-12, 2012-13, 2013-14 and 2014-
15. Increase in T max (> 21oC), T min (> 8.4oC) and relative humidity reduced sugar
recovery in sugarcane, while increase in temperature range led to higher sugar recovery.

Sugar recovery (%) in relation to T max (oC) and mean relative humidity (RH)
during maturity phase

Tomato

Incorporation of drought tolerance in tomato and evaluation of RILs (F6) (IIHR,
Bengaluru)

About 184 F
6
 tomato plants of the cross involving large fruited HT line (CLN 3125A)

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

rabi 2015. Response of these RILs was evaluated under water stress imposed by
withholding watering from 40 DAS for 15 days.  The yield parameters were observed in
the plants where stress was imposed. Per plant yield ranged from 0-1000 g in the RIL’s.
Fifteen RILs recorded high yield per plant (>700g) when compared to the drought tolerant
parent RF4A (650 g), while the drought sensitive variety Arka Saurabh recorded the
least yield (50 g). Three progenies, R X A F2-38-2-2-2,  R X A F2-118-2-1-1 and R X A
F2-149-2-1-1 recorded 1 kg per plant.

For advancement, all 184 F6 plants were raised during rabi 2015 under normal growing
conditions. Based on horticultural traits, 9 lines were selected from the RILs of R X A
(F6) to evaluate for heat and drought tolerance during 2016-17. Two plant selections viz;
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R X A F2 - 177-2-1-1-1 and R X A F2 - 22-1-1-1-1 responded better under drought
condition in tolerance based on physiological studies. Seeds were collected from 155 F

6

plants for further advancement during summer 2016.

                      F2- 3-1-1-2-1       F2- 177- 2-1-1-1 F2- 160-2-2-2-2

Phenotyping of tomato genotypes under Plant Phenomics Facility (IIHR, Bengaluru)

The response of seven selected tomato genotypes was evaluated in the Plant Phenomics
facility through imposition of water stress by withholding irrigation for six days and

Identification of stress tolerant tomato genotypes for north eastern hill ecosystem
(ICAR RC NEH, Umiam)

Tomato genotypes (24 nos.) were evaluated for their relative germination rate (RGR),
relative germination energy (RGE), relative germination index (RGI), relative vitality
index (RVI) and relative PEG injury rate under in-vitro drought condition induced by
application of PEG @ 30g/l of water. Apart from this, plants were also grown under

Phenotyping of tomato genotypes

subsequent recovery up to three
days after rewatering. The digital
volumes of the tomato plants
imaged in the Phenomics facility
were quantified at three and six days
of water stress and also on second
and third day after rewatering.
Based on this study, genotypes
IIHR 4-3-3 and 15SB were selected
for further phenotyping.
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elevated temperature and restricted
irrigation condition. Arka Ananya and
Arka Saurav were found to be tolerant to
moisture stress during germination stage.
Arka Rakshak, Arka Ananya, Arka
Meghali, RC Manikhamenshinba-I,
MCTR 4 and Megha Tomato-3 were
found to be promising under elevated
temperature and restricted irrigation.

Performance of Arka Ananya under control and
induced stress

Evaluation of tomato genotypes for high temperature stress tolerance (IIHR,
Bengaluru)

Seven tomato genotypes, H 329, IIHR 4-3-3, Vaibhav, H 335, IIHR2202, 15SB and
IIHR 5-3-7-5-2 were evaluated inside a poly-tunnel where elevated temperatures were
maintained. The plants experienced average high temperature stress of 40°C during the
treatment period while control plants experienced around 30°C. Based on the
physiological, biochemical, pollen and fruit set characteristics, two hybrids,   H 335 and
H 329 and two germplasm lines, IIHR 2202 and IIHR 4-3-3 were identified for further
evaluation.

High temperature stress tolerance in tomato (ICAR-IIVR)

Performance of high temperature stress
tolerant tomato genotypes PR-168 (left)

and PR-161-L (right) during summer 2015

Two hundred forty three recombinant inbred lines
(RILs) of tomato (Punjab Chhuhara × H-88-78-
1) were tested in open field conditions during
February to May, 2015. Based on fruit setting
percentage (< 20% - highly sensitive, 20-40% -
sensitive, 40-60% - moderately tolerant, 60-75%
- tolerant and > 75% - highly tolerant), 12 lines
were categorized in 5 groups. Out of 243 RILs,
genotype PR-168, PR-161-L and PR-193-2
performed better under high temperature
condition (day max temp. > 38°C) on the basis
of morphological, physiological and fruit quality
traits.

Validation of selected tomato genotypes in TGT

Based on the performance of tomato F
1
s under field condition and other observations, 6

genotypes (five F
1
s–EC-620421×Suncherry, Kashi Vishesh×EC-620419, Pusa



43

Ruby×VRT 101A, EC-620438 × EC-538380 and DVRT1 X Suncherry, and susceptible
line Punjab Chhuhara) were selected for further validation under temperature gradient
tunnel (TGT) with temperature rise up to +5°C from the ambient with a 6 point gradient
T1 (lowest) to T6 (highest). Flowering behaviour was observed at three different
phonological stages, i.e. bud initiation, 50% flowering and at full bloom stage. In response
to the temperature, bud initiation/flowering accelerated in all 6 lines/genotypes - the earliest
50% flowering (56 DAS) was observed in EC-620421 × Suncherry at T6 (max. temp.
42.4°C) compared to ambient (61 DAS; temp. 35.9°C). The tolerant line EC-620421 ×
Suncherry took 54 days after sowing at ambient temperature and 48 DAS at T6 for bud
initiation.

Potato

Impact of climate change on potato using ensemble crop model (CPRI, Shimla)

Simulation carried out using WOFOST crop growth model to study the impact of climate
change on potato productivity in Madhya Pradesh revealed that potato yield is likely to
be impacted negatively in Madhya Pradesh in future climates due to combined effect of

Potential productivity of different potato cultivars under baseline and changes in future climatic
scenario in Madhya Pradesh
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CO
2
 and temperature. A decline of 6.4, 7.3 and 7.6% in the yield of Kufri Badshah, Kufri

Jyoti and Kufri Pukhraj respectively is projected over the baseline scenario of 2000,
under the A1FI climate change scenario of 2020. The respective figures for likely decline
in yield under the combined influence of temperature and CO

2 
are 10.4, 12.3 and 13.9%

during 2055.

Field experiments were conducted at Ooty for calibration and validation of models. The
two potato varieties viz., Kufri Jyoti and Kufri Girdhari were evaluated in different altitudes
viz., Nedugula (840 m MSL), Wellington (1600 m MSL), Muthorai (2100 m MSL) and
Glenmorgan (2400 m MSL) during summer season (2015) in the Nilgiri district. It was
observed that at low altitudes, the stolon initiation was delayed by 10 days as compared
to higher altitude (1600-2400 m above MSL) in both the cultivars. Kufri Girdhari
performed better in higher altitude (Muthorai) as compared to Kufri Jyoti, which performed
better at low altitude.

DSS for ICT based agro-advisories for climate proofing potato cultivation (CPRI,
Shimla)

A tool named Heuristic Potato Prospects Prediction Tool (HPPPT) has been developed
to estimate potato pest prospects, accounting for major factors. It uses daily meteorological
data from start to end date and computes the expected productivity as the percentage of
the reference year. It also computes the number of late blight favourable days during the
season as compared to reference year which is expressed as percentage of the reference
year. The tool also computes the loss in yield due curtailment of growing season due to
frost.

Onion

Bulb dry weight of different onion cultivars
during rabi season

Integrated System modeling in onion
(IIHR, Bengaluru)

In order develop variety specific data for
onion, experiments with seven onion
cultivars were conducted during kharif
and ten cultivars during rabi seasons.
The cultivars showed differences in
phenology and growth. Time course data
on days to bulb initiation, leaf area
index, bulb dry weight, etc were
recorded and can be used for model
calibration.
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Genetic enhancement of tolerance to climatic stresses in major food and horticultural
crops through phenomics-assited and field phenotyping (DOGR, Pune)

Screening of onion lines for water logging

During kharif 2014-15, 75 onion accessions were screened for water logging stress in
field as well as in controlled condition. Water logging condition was created artificially in
pits, where 45 days old seedlings were planted in plastic crates containing water. The
water level was maintained 3 cm above the soil surface. Twenty onion plants per crate
were planted and observed daily for growth and survival under water logging. Leaves
were found to become rotten and started showing mortality after 7 days after planting.
Among the accessions screened, DOGR 1628, DOGR Hybrid 50, DOGR 1629, DOGR
1630 and Bhima Safed survived for 35-40 days under water logged condition.  The 75
accessions were screened under field condition by saturating the soil continuously for 40
days. The survival percentage ranged from 1-96% for different onion accessions under
field condition. Among the accessions, survival percentage in field condition was high
for DOGR Hybrid 50 (96%) followed by Bhima Safed (95%), DOGR 1628 (91%),
DOGR 1629 (91%) and DOGR 1630 (88%). Based on the results, DOGR Hybrid 50,
Bhima Safed, DOGR 1628, DOGR 1629 and DOGR 1630 were identified as tolerant
onion accessions for water logging stress.

Screening of onion lines for water deficit stress

During rabi 2015-16, 58 onion accessions (19 Red and 39 White) were screened for
water deficit stress. Forty–five days old onion seedlings were transplanted by following
recommended cultural practices and routine irrigation schedule for 45 days. After 45
days, water deficit stress was imposed by withholding irrigation continuously for 50
days, while in control plants normal routine irrigation schedule was practiced throughout
the growth period. Percent relative water content (RWC%) which directly reflects the
plant water status was measured for both controlled and stressed plants. The percent
RWC in stressed plants was 65-70% as against 75-85% in control plants. In plants, the
major indicator of drought susceptibility is the reduction in leaf greenness and yield. All
the studied accessions were screened for drought stress on the basis of their leaf senescence
rate and bulb yield and finally categorized as tolerant, intermediate and susceptible lines
depending on the percentage change in bulb weight. The white onion accessions W 397
and Arka Pitamber and red accession DOGR 1656 were identified as tolerant to water
deficit stress.
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Bulb weight in red onion accessions under water deficit stress

Mango

Analysis of fruit set behaviour of mango during 2016 (IIHR, Bengaluru)

A comparative analysis of weather data of 2015 and 2016 during flowering period indicated
that low temperature during first week of March 2015 delayed the phenophases related to
panicle expansion as well as flower opening. Contrarily, during 2016, no such low
temperature spell was noticed in first week of March, resulting in conditions suitable for
normal panicle development. During this period, temperature during 2016 was suitable
both for panicle expansion and fruit set. In 2015, during few days of March, although
temperature was suitable for panicle growth but subsequently during flower opening,
rains and low temperature resulted in poor fruit-set. Untimely rains coupled with extended

Weather conditions during March period related with
flowering and fruit set (2015 and 2016)

low temperature during the flowering
period (second and third week) also
caused reduced pollinator’s visits,
abnormal dehiscence and pollination
which resulted in low fruit-set. The
prevalence of low temperature during
14th- 26th

 
March (minimum

temperature 11-15o C)
 
caused major

losses due to low fruit-set. Higher
fruit clustering during 2015 occurred
due to low night temperature (< 14o

C) causing embryo abortion. Further,
frequent rains led to onset of blossom
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blight resulting in damage to flower and fruit-set. In places where early flowering and
fruit-set took place before the rains, crop was satisfactory during 2015.

Rainfall-soil moisture-yield relationships in mango (CRIDA, Hyderabad)

There are many reasons for low productivity of mango under tropical and subtropical
conditions, prime among which is improper moisture balance including stress in the soil
at critical phenological events of mango crop. Available weather data from different
research stations, viz., FRS, Sangareddy, Telangana and Horticulture College and Research
Institute, Anantharajupeta, Andhra Pradesh were collected for different mango hybrids
and cultivars. Attempts were made to correlate the yields in terms of no of fruits and fruits
wt (kg/plant) with total rainfall during different sets of months where the active
differentiation process might have been initiated viz. June – August, July – September,
August – October, June – October over a ten year period.  A rainfall of 171.5 mm during
June, July and August resulted in high yields (307.1 kg/plant) in Neeleshan hybrid variety
whereas a rainfall of 551.7 mm during the above months resulted in low yield (36.22 kg/
plant).

Apple

Seasonal variation in decadal maximum temperature at Srinagar (CITH, Srinagar)

At Himachal Pradesh, cumulative effect of more than 1600 chilling hours, good snowfall
and well distributed winter rains resulted in good crop years of 1998 and 2011. Contrary
to this, during 1999 and 2009 only about 958 chilling hours were received which were
supplemented by late snow and rains in January-February and almost dry and early winter
resulted in poor crop years. Temperature fluctuations and hails coinciding with full bloom
result poor fruit set in apple.  During 1996, 1998 and 2011 the temperature at the time of
flowering remained in optimum range and mild rains during post bloom period and absence
of hail resulted in good crop.  In contrast, maximum temperature ranging between 24-
27oC during flowering and dry and desiccating bloom period resulted in poor apple crop
during 1999 and 2009. In the year 1997 and 2012, hail coinciding with full bloom resulted
in poor fruit set. In addition to this, spring frost coinciding with flower flushes affects the
fruit set adversely.



48

Performance of apple crop with respect to weather conditions in wet temperate
region of Himachal Pradesh

Good crop year Weather conditions

1996 Well distributed winter rains

Maximum temperature at flowering 18-22oC

1998 Spring rains in post bloom period

Mild rains just before bloom period

2010-2011 Well distributed winter rains
Poor crop year Weather conditions

1997 Hail coinciding with full bloom

1999 Dry and warm early winters

Late snowfall/ rainfall, less chilling hours

Maximum temperature at flowering 24-27oC

Bloom period dry and desiccating

2009-2010 Late and less snowfall and drought conditions

2011-2012 Hail coinciding with full bloom and fruit development

stages - poor fruit set and poor quality of left over crop

2015-2016 Late and less snowfall, low temperature and hail

during flowering - reduced fruit set

Hail storm damage during 2016 at apple orchard in Shimla region of Himachal Pradesh
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Flowering phenology and productivity of apple in response to climate change (CITH,
Srinagar)

Apple is the leading cash crop amongst fruit crops in Jammu & Kashmir and Himachal
Pradesh and is also grown in the states of Uttaranchal, Arunachal Pradesh and Nagaland.
Apple can be grown at altitudes 1,500-2,700 m. above m.s.l. in the Himalayan range
which experience 1,000-1,500 hours of chilling (the no. of hours during which temperature
remains at or below 7oC during the winter season). The rise in average temperaturee,
delay in start of winter and reduced snowfall have led to large reduction in area supposed
to be marginally suitable for apple cultivation.

The production & productivity of apple crop has been fluctuating during last two decades
due to climatic conditions. It is evident from the meteorological data that the maximum
and minimum temperature in
Kashmir regions showed
increasing trends from the base
years of 1986-1995 in all the
seasons. In 2014 there was a severe
fruit drop due to drought while the
heavy snowfall during March in
the year 2015 affected the fruit set.
From the meteorological
observations it was revealed that
there was an increase in maximum
temperate of 1.42oC and 1.67oC in
winter and spring seasons
respectively from the base years of
1986-1995 which had an effect on

Seasonal maximum temperatures in apple growing
regions in Kashmir over three time slices

Banana

Effect of Arka microbial consortium on the performance of banana cultivars under
flooding (IIHR, Bengaluru)

A suspension (20 g/l) of the Arka microbial consortium (AMC) - a carrier based formulation
of beneficial bacterial strains, was applied to banana plants of two varieties @ 1 litre per
plant, effectively delivering 20 g of the formulation to the root zone prior to the onset of
flooding. Flooding treatment was imposed on the banana plants a week after the microbial
inoculation. Consortium treatment resulted in higher relative water content (89.61% in
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G-9 and 87.25% in Yelakki) in both the varieties
under flooding stress. After recovery from flooding
there was pronounced increase in RWC in flooded
consortium G-9 and Yelakki and was comparable
with the non-flooded control plants. Membrane
stability index (MSI) decreased from 7th day of
flooding to 21st day of flooding in both G-9 and
Yelakki. But after recovery the MSI of both G-9
(85.54 %) and Yelakki (82.66 %) was comparable
to the non-flooded control plants but was a little
lesser than the non-flooded consortium (89.32 %
for G-9 and 85.35% Yelakki).

Banana plants under flooding
treatment
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4.3  Pest and Disease Dynamics and Pollinators

Collection of real time pest dynamics and analysis and mapping of pest/pathogen
shifts (ICAR – RCER, Ranchi)

A study on mango pests 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. Data on real time pest dynamics
(RTPD) was recorded at weekly interval from 120 mango orchards in six different mango
growing locations, viz., Ranchi in Jharkhand, Lucknow in Uttar Pradesh, Vengurla in
Maharastra, Paria in Gujarat, Sangareddy in Andhra Pradesh and Bengaluru in Karnataka.
Correlations between pest incidence based on RTPD and weather parameters were worked
out and found to vary with locations.  Based on RTPD data, pyralid fruit borer, Citripestis
eutraphera (Meyrick) was recorded for the first time in Valsad region of Gujarat on
immature mango fruits. Earlier this pest was first recorded in mainland from surveyed
data of rural Bengaluru and parts of Karnataka during April-June, 2013. Mango root
mealybug, Formicococcus mangiferacola Williams was noticed to cause wilting and drying
in young mango plants of 3-4 years age from surveyed area in Bengaluru district of
Karnataka. Drought like situation during September to December 2015 (only 14 mm
rainfall) in Lucknow district of U.P. was highly favorable for buildup of mango hopper
population in succeeding period. Also, higher incidence of powdery mildew was recorded
during year 2015 over previous years.

Change in number of generations per year of B. Zonata  in India, based on generation index (GI)
for current and future climatic (2050) conditions
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A temperature-based phenology model was developed for Bactrocera zonata (Diptera:
Tephritidae), a potential pest of mango, by constructing thermal reaction norms for cohorts
of single life stages, at both constant and fluctuating temperatures within the ecologically
relevant range (15-35°C) for its development. Life table parameters were estimated
stochastically using cohort updating and rate summation approach. The model was
implemented in the Arc GIS to examine the potential future pest status of B. zonata using
temperature change projections from SRES A

1
B climate change scenario for the year

2050. Number of generations of the insect and consequently extent of damage are projected
to increase significantly in the future.

Prediction of pest scenarios of Spodoptera litura Fab. in peanut growing areas of
India during future climate (CRIDA, Hyderabad)

A study were made to predict pest scenario of tobacco caterpillar, Spodoptera litura. Fab.
at four peanut growing locations of India viz., Dharwad (15° 28’ N, 75° 2’ E), Raichur
(16°12’ N, 77° 25’ E), Junagadh (21° 31’ N, 70° 36’E ) and Jalgaon (21° 5’ N, 75° 40’ E)
using A1B PRECIS which provides GCM Model of future data on daily maximum
(T.max), minimum (T.min) air temperatures. A three step methodology involving  (i)
Collection of historical data on incidence of insect pests and available temperatures for
the four peanut growing locations (ii) Adoption of regression analysis technique for
modeling and analyzing relationship between pest trap data (dependent variable) and

Predicted pest scenario of S. litura during three future
climate change periods at four peanut growing locations

temperature data (independent
variables) and (iii) Prediction of
pest scenarios. The future
temperature data were classified
into three decadal periods viz., I
(2021-2030), II (2031-2040)
and III (2041-2050). It is
predicted that the pheromone trap
(PT) moth catch would be higher
during all three future decades
(172-233) than present period
(93.46) at all the locations, with
significant year wise variations.
These results suggest that the
incidence of S. litura is likely to
be higher in future climate
scenarios.
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Inter model and scenario variation in number of generations of Spodoptera litura
Fab. on peanut during future climate change scenario (CRIDA, Hyderabad)

A Study was conducted to estimate the number of generations of tobacco caterpillar,
Spodoptera litura. Fab. at six peanut growing locations of India using MarkSim, which
provides  future data on daily maximum (T.max), minimum (T.min) air temperatures
from six models viz., BCCR-BCM2.0, CNRM-CM3, CSIRO Mk3.5, ECHams5, INCM-
CM3.0 and MIROC3.2 along with an ensemble of the six from  three emission scenarios
(A2, A1B and B1). This data was used to predict the future pest scenarios employing the
growing degree days approach in four different climate periods viz., Baseline 1975, Near
future (NF) - 2020, Distant future (DF) - 2050 and Very Distant future (VDF) - 2080.
The results indicated additional number of generations and reduction of generation time
of S. litura at all the six peanut growing locations of India, suggesting that the insect pest
incidence would increase due to projected increase in temperatures in future climate change
periods.

Developmental threshold temperatures and survival studies of sorghum aphid at
different temperatures regimes (CRIDA, Hyderabad)

Development of sorghum aphid, Melanaphis sacchari was assessed under seven constant
temperatures: 15, 18, 20, 25, 27, 30 and 32 ±1ÚC using environmental test chamber.
Survival rates were calculated based on the number at the beginning and end of each
stage. Non-linear and linear models were used for estimating temperature thresholds and
thermal constants. T

min
 and the thermal constant k were obtained from linear model for

different nymphal instars of sorghum aphid. T
min

 values ranged between 2.2 to 7.3oC for
individual instars. Thermal constant values were in the range of 19.9 to 29.7 degree days
for different larval instars. A total of 116.7 degree days were predicted for total nymphal
development. T

opt
 and T

max
 for M. sacchari were estimated from non-linear models for all

the nymphal stages. T
opt

 was estimated to be between 27.1 to 30.0 oC, while T
max

 was

Parameters

T
min

6.8 3.5 7.3 2.2 4.7

k 26.9 28.1 19.9 29.7 116.7

R2 0.5323 0.4318 0.4918 0.3112 0.8066

RMSE´102 18.3 21.4 19.3 22.3 1.9

df 1,238 1,238 1,170 1,204 1,204

p <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Estimates of lower temperature threshold and thermal constant for M. sacchari
using Campbell linear regression analysis

Instar 1 Instar 2 Instar 3 Instar 4 Total nymph
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between 34 to 34.5 oC. These estimates along with life table parameters could be used to
build phenology models to predict the sorghum aphid population buildup based on weather
data in a given locality.

Climatic variability induced pest scenario (NCIPM, New Delhi)

Real time pest dynamics (RTPD) studies for rice, pigeonpea, groundnut and tomato crops
across seven, six, five and seven locations, respectively from 11 agro-climatic zones
were carried out for the fifth year with 23 and 17 locations implementing kharif 2015 and
rabi 2015-16 pest surveillance plans.

Relative importance of leaf folder (Cnaphalocrocis medinalis)  at Ludhiana among
Lepidopterans, higher incidence of Scirpophaga incertulas at Chinsurah (West Bengal)
in response to higher rainfall with reduced minimum temperature,  emerging problems of
caseworm (Nymphula depunctalis) associated with late plantings and blast (Pyricularia
oryzae) due to  mid-season high rainfall at Raigad and Thane (Maharashtra) were noted

Blast affected rice field at K.R. Nagara

on rice. While well distributed rains (>1100 mm),
early transplanting and continuous rainfall during
third week of October (>100 mm) with high
humidity and cloudy conditions led to brown plant
hopper, Nilaparava lugens outbreak in Nalgonda
district (Telangana), declining N. lugens was
noticed at Ludhiana (Punjab) with reduced relative
humidity levels modulated by August rainfall.
Intermittent rains due to cyclonic storms increased
the rice blast (P. oryzae)   at K.R. Nagara and
Nanjangud tehsils of Mysore (Karnataka).

Kalaburgi (Karnataka) had more than double the abundance of Empoasca kerri on
pigeonpea during 2015 over 2014 with its onset during August and the highest peak
during October. Abundant population of Clavigralla associated with decreasing
temperature and increasing evening relative humidity and first time occurrence of

2011

0.65c 1.46bc 1.67bc 2.95b 5.41a

(1.07) (1.40) (1.47) (1.86) (2.43)

Scenario of E. kerri at Kalaburgi (KA)

2012 2013 2014 2015

Figures in parentheses are x+0.5 square root transformed values. In the row, means
followed by the same letter are not significant at P<0.05 based on DMRT
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Phytopthora blight and Alternaria were
observed on pigeonpea at S.K. Nagar
(Gujarat). Frequent dry spells facilitated E.
kerri and reduced Fusarium wilt on
pigeonpea at Warangal (Telangana). The
order of importance of pest status for pod
damage at Vamban (Tamil Nadu) during
2015-16 was pod fly (Melanagromyza
obtusa)> pod bugs (Nezara virudula,
Clavigralla gibbossa & Riptortus
pedestris) > spotted pod borer (Maruca
vitrata)> pod borer (Helicoverpa
armigera).

Symptoms of E. kerri on pigeonpea; inset:
nymphs (left), adults (right)

Increased minimum temperature (0.8-3R”C) over normal throughout kharif with cloudy
weather and regular rains between August and November subsequent to July dry spells
aided in higher Spodoptera litura damage (18-52%) on groundnut. Higher incidence of
thrips (Scirtothrips dorsalis) and jassids (E. kerri) on groundnut was induced by maximum
and minimum temperatures above normal throughout kharif season combined with low
and erratic rainfall with frequent dry spells at Jalgaon (Maharashtra). Cyrtozemia
dispar Pascoe (Coleoptera: Curculionidae) was recorded as a new insect pest feeding on
leaves of peanut at Junagadh (Gujarat).

Tuta absoluta infesting tomato leaves was reported for the first time during March 2015
from Rajendranagar in Telangana.  Increased temperature of 0.5 to 2°C over normal
during the past five years and the occurrence of severe bud blight incidence (42%) were
observed at Moinabad and Shamshabad mandals of Ranga Reddy district during kharif
2015-16. Continuous rainfall in September - November aggravated late blight
(Phytophthora infestans) and caused delayed transplanting of rabi and summer tomato at
Bengaluru (Karnataka). T. absoluta populations at Bengaluru were in the order
summer>rabi>kharif. Higher initial rate of tomato leaf curl virus due to hot and humid
conditions combined with lesser rainfall during August and September, 2015 at Ludhiana

Bud necrosis on tomato at Moinabad

(Punjab) and relatively higher insect pest
incidence and bacterial blight during kharif over
rabi and the converse for  early blight  were
recorded at Varanasi (Uttar Pradesh). Late blight
(Phytophthora infestans)  usually found on
summer tomato was noted during rabi 2015-16
with its initiation at 2 SMW  when  the mean
minimum temperature  was the  highest (17.3
°C) and  humidity  was greater than 85%
followed by rainfall during 3 SMW at Kalyani
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(West Bengal).  Population of S. litura in 2014 and 2015 at Kalyani was the highest for
the current decade with highest peak in April-May, a shift in peak from March-April
observed two decades ago.

Weather based criteria and  rules predicting   severity  of  rice insect pests viz.,  yellow
stem borer (Scirpophaga incertulas Walker), brown plant hopper (Nilaparvata lugens),
green leaf hopper (Nephotettix virescens), white backed plant hopper (Sogatella furcifera),
gall midge (Orseolia oryzae) and case worm (Nymphula depunctalis) for kharif (July to
October)   have been  developed, tested and web enabled for the locations of  Raipur of
Chhattisgarh, Ludhiana of Punjab, Aduthurai of Tamil Nadu, Mandya of Karnataka,
Chinsurah  of West Bengal, Miryalguda of Telangana and Karjat of Maharashtra (http://
www.ncipm.org.in/nicra/ForewarningSystem/Technologies.aspx). Empirical models
numbering 55 and 34 for insect pests and diseases respectively for four crops viz., rice,
pigeonpea, groundnut and tomato for kharif and 15 and 22 for insects and diseases of
rabi grown rice and groundnut have been developed for use in forecasting. The future
projections for rice insect pests under A1B climate scenario predicted both increasing
and declining severity levels that varied with locations and pests.

Biology of tomato pests under eCO2   at 32o C temperature (IIHR, Bengaluru)

Helicoverpa armigera larvae fed on tomato grown under elevated CO
2
 consumed more

foliage and showed slower development rate when compared to ambient (380 ppm).
However, survival rate was higher in ambient (60%) compared to elevated CO

2
. Both

larval and pupal weights were more under eCO
2 
compared to ambient conditions.

Tuta absoluta eggs hatched faster (1.366 ± 0.519 days) under elevated CO
2
 condition

when compared to ambient CO
2 
condition (2 ± 0.368 days). All the larval instars of T.

absoluta grew faster in elevated CO
2
 condition than in ambient CO

2
.  Pupal duration was

slightly longer in elevated CO
2
 when compared to ambient CO

2 
condition.  The male

moth longevity increased linearly in ambient CO
2
 condition over three generations as

against no clear trend under eCO
2
.   However in case of female moths, over generations,

longevity increased under ambient condition and decreased under eCO
2
.

Tetranychus urticae  egg laying was reduced (20.4 eggs/female) under elevated CO
2

compared to ambient condition (28.6 eggs/female).  Survival rate was also better under
ambient condition. However the rate of development remained non-significant under
both the conditions (8 days).

Predation of 2nd and 3rd instar larvae of S. litura and H. armigera by lycosid spiders was
assessed. No significant difference in predation rate was observed between ambient and
elevated CO

2
 conditions at a constant temperature of 32 0C.

Liriomyza trifolii host plant preference through oviposition assays revealed that both
number of mines and feeding punctures were significantly more in ambient grown tomato
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compared to eCO
2
 grown plants indicating tomato plants grown under eCO

2
 conditions

are less preferred by the leaf miner.

Spodoptera litura moths clearly preferred eCO
2
 grown tomato plants for oviposition

over ambient grown plants as evident from higher number of egg masses and number of
eggs per mass. Larval bioassay also showed clear preference for eCO

2
 grown plants over

control.  Pupal weight was more in eCO
2
 fed S. litura and also with early emergence.

The sex ratio (B :&) in eCO
2 
grown plants was 1:4 as against 1:3  in ambient.

H. armigera moths clearly preferred eCO
2
 grown tomato plants for oviposition over

ambient as evident from higher number of eggs laid on tomato plants. Larval bioassay
also showed clear preference for eCO

2
 grown plants over ambient.  Pupal weight was

more in eCO
2
 fed H. armigera and also with early pupation as well emergence.  The sex

ratio (B :&) in eCO
2 
grown plants was  2.33:1 as against 3:1 in ambient.

Mango pollinator diversity (IIHR, Bengaluru)

Weekly observations were recorded from ten randaomly selected panicles in each tree of
Alphonso mango on the number of pollinators/foragers visiting. Flowering was initiated
in the last week of December and lasted till second week of March with a peak during
February. Fifteen species of insects were documented visiting mango flowers. Of them,
seven (accounting for 50%)  belonged to Diptera, six to Hymenoptera and the remaining
two were of Lepidoptera and Hemiptera. Among the different species visiting, blue bottle
fly, Chrysomya megacephala (6.25/panicle/5 min) was the dominant forager during peak
bloom period followed by Apis florea (1.62), Tetragonula iridipennis (1.35), Stomorina
discolor  (0.76) and Eristalinus arvorum (0.60).

Effect of elevated temperature on mango pollinator biology (IIHR, Bengaluru)

Effect of elevated temperature on life cycle duration of
C. megacephala

Effect of four levels of temperature
i.e. 28, 30, 32 and 34oC on the
biology of mango pollinator, C.
megacephala was studied in the
laboratory.  Insect culture was
maintained in temperature
controlled growth chamber on an
artificial diet developed by IIHR.
Up to 30oC, there was no effect
while egg, larval and pupal periods
decreased after 32oC resulting in
shortening of total life cycle period
from 10.5 at 28 oC to 8.5 days at
34oC.
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Disease monitoring in tomato fields in relation to weather factors (IIHR, Bengaluru)

During kharif season, the intensity of diseases was recorded in the field at weekly intervals
on tomato plants where no plant protection treatments were imposed and Disease Severity
Index (PDI) was worked out. The data on weather factors prevailing during the period
was also recorded and averaged to weekly intervals. Tomato early blight (Alternaria
solani), bacterial spot (X. campestris pv vesicatoria) and tomato leaf curl virus (TLCV)
were prominent diseases. Among them tomato early blight was most serious followed by
tomato leaf curl (TLCV) and bacterial spot (X. campestris pv vesicatoria). Correlations
between the diseases and meteorological parameters were worked out and conditions
favouring the diseases were identified.

Meteorological Parameter

Max. Temp °C - 0.0806 - 0.0765 - 0.1531

Min. Temp. °C - 0.6402 - 0.5634 - 0.7371

Rel. Humidity (%)  7.00 h 0.3948 0.3338 0.4725

Rel. Humidity (%)  14.00 h - 0.0789 0.0114 - 0.2269

Wind speed (km/h) - 0.7154 - 0.6618 - 0.7835

Pan evapotranspiration (mm) - 0.4571 - 0.5009 - 0.4764

Rain fall (mm) 0.4502 0.4620 0.4387

Rainy days (nos.) 0.3131 0.3798 0.3243

Relationship of weather factors with diseases in tomato during kharif 2015

Coefficient of correlation  (r)

Early Blight Bacterial Spot Tomato leaf curl

Studies on Alternaria blight of pigeonpea (CRIDA, Hyderabad)

Since 2009, there is increasing occurrence of Alternaria blight on pigeonpea caused by
Alternaria alternata.  For detailed studies, the pathogen was isolated from infected

In vitro efficacy of isolates of Pseudomonas and Trichoderma against Alternaria alternata
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pigeonpea leaves collected from HRF and purified using single spore isolation technique.
Isolates of Trichoderma and Pseudomonas maintained in the laboratory were checked

Comparative inhibitory effect of selected
isolates of Pseudomonas against

Alternaria alternata in vitro

for their antagonistic ability against this
pathogen. Among Pseudomonas isolates, P35
was most effective followed by P28 and P6.
Similarly, among 13 Trichoderma isolates
tested, T2 isolate showed maximum inhibition
whereas T6 was least effective.  Further, it was
noticed that isolates of Trichoderma produced
volatiles that inhibited growth of A. alternata.

All the Trichoderma isolates were assessed for their biocontrol activity and production
of volatile inhibitory substances against the major phytopathogens viz. Sclerotium rolfsii,
Macrophomina phaseolina, Rhizoctonia solani and Fusarium oxysporum f.sp. ricini.
None of the isolates was excellent against all the test pathogens. However, all isolates
were effective against F. oxysporum f.sp. ricini and weakly inhibited M. phaseolina.
Trichoderma isolates T12 and T13 were effective in inhibiting growth of R. solani and
S. rolfsii. Further, these isolates also produced volatiles to inhibit these pathogens showing
their mode of inhibition as production of volatiles.
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4.4  Measurement of GHGs and Adaptation and Mitigation through
Soil, Water, Nutrient and Energy Management

Fluxes of greenhouse gases with eddy covariance technique (IARI, New Delhi)

Measurement of fluxes of greenhouse gases (carbon dioxide and methane), moisture and
heat in the soil-plant-atmosphere systems using the eddy covariance technique was carried
out in rice-wheat crop rotation. 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 starting from December 2014 to December 2015. The soil
acted as a sink of methane during the wheat crop growth period and the following fallow
season as positive fluxes of NEME were observed. The NEME was 29.5 kg ha-1 during
the 92 days of rice crop growth period.

Net ecosystem methane exchange in rice-wheat system in New Delhi

Crop Duration (days) Net ecosystem methane exchange (kg  CH4 ha-1)

Wheat 122 -0.9

Fallow 91 -0.2

Rice 92 29.7

Continuous measurement of CO2 and CH4 flux by eddy covariance system in rice
(NRRI, Cuttack)

The diurnal values of mean net ecosystem exchange (NEE) in submerged rice ecosystem
in both the rabi (variety: Naveen duration 120-125 days) and kharif (variety: Pooja,
duration 140-145 days) seasons, varied from +0.14 to -0.35 and +0.12 to -0.38 mg CO

2

m-2 s-1, respectively. Mean NEE in rabi season was negative during 7:00 hr (-0.052 mg
CO

2
 m-2 s-1) – 17:30 hr (-0.056 mg CO

2
 m-2 s-1) with the lowest value at 12:00 hr (-0.35

mg CO
2
 m-2 s-1). In kharif also, mean NEE was negative during 7:00 hr (-0.102 mg CO

2

m-2 s-1) – 17:30 hr (-0.008 mg CO
2
 m-2 s-1) with the lowest value at 10:00 hr (-0.37 mg

CO
2
 m-2 s-1). The more negative value of NEE implies higher net carbon uptake by the

ecosystem. Sum of average NEE (½ hr data) during the entire season was -2.82 mg CO
2

m-2 s-1
 
during rabi and -3.22 mg CO

2
 m-2 s-1

 
during kharif, respectively indicating higher

net carbon uptake during kharif.

The diurnal values of mean net ecosystem CH
4
 exchange (NEME) in submerged rice

ecosystem in rabi and kharif seasons varied from 2.09 mg CH
4
/m2/hr to 4.09 mg CH

4
/

m2/hr and 2.58 mg CH
4
/m2/hr to 4.85 mg CH

4
/m2/hr, respectively. Sum of average NEME

(½ hr data) for the whole of rabi and kharif season were 137.33 and 188.45 mg CH
4
/m2/

hr, respectively.
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GHG measurement under different crop establishment methods and different source
of nitrogen under rice-wheat system (IIFSR, Modipuram)

Field experiment was carried out in kharif  2014 & 2015  with 3 different source of
nitrogen viz., normal, neem coated, and sulfur treated under 4 different establishment
methods viz. conventional, direct seed (wet), direct seed (dry) and system of rice
intensification (SRI). Methane and nitrous oxide flux from the rice field plots was monitored
by using the manual closed chamber method and GWP was estimated. Global warming

Monitoring of GHGs using manual closed
chambers

potential varied significantly with treatments
between 1252.61 kg CO

2
 equivalent ha-1 in the

conventional paddy cultivation plots treated with
normal urea  to 932.34 kg CO

2 
equivalent ha-1

in neem coated urea in direct seeded (dry) plots.
Neem coated urea was effective in reducing
GWP under all systems of establishment. In
terms of carbon equivalent emission, the best
treatment was neem coated urea in direct seed
(dry), closely followed by neem coated urea in
direct seed (wet).

Whole-farm emission of greenhouse gases and their mitigation (IARI, New Delhi)

Emission of GHGs was estimated at farm level and climate-resilient technologies such as
direct-seeded rice, zero-tillage in wheat, summer moong in rice-wheat system, green and
brown manuring, mulching, protected cultivation of vegetables, drip irrigation, bio-
fertilizers, raised bed planting and integrated pest management were demonstrated in

Relationship of greenhouse gas emissions with
farm income of households at Mumtajpur and
Lokara villages in Gurgaon district, Haryana

Mumtajpur and Lokara cluster villages
of Pataudi block of Gurgaon district in
Haryana. The whole-farm emission of
GHGs in these villages varied from 0.9
to 12.5 ton CO

2
 eq. per farm. Cluster

analysis of greenhouse gas emissions
with farm income of households showed
that majority of farms have high
emission but low income while some
farms had high income and low
emissions. Efforts are being made to
identify and promote technologies and
farm practices that result in high income
and low emissions.
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Impact of elevated carbon dioxide and temperature on greenhouse gas emission in
rice (IARI, New Delhi)

Experiments were conducted with rice varieties P-44 and PB-1509 in open top chambers
for assessing the impact of elevated air temperature (+1.5oC) and increased atmospheric
carbon dioxide (550 ppm) on global warming potential (GWP) of soil under urea, neem
oil coated urea (NOCU) and urea coated with urea stabilizer LIMUS. Elevated temperature
significantly increased emission of both methane and nitrous oxide. No significant
interactive effects of increased levels of carbon dioxide and temperature were observed
on nitrous oxide emission; however increase in methane emission was significant. The
application of neem oil coated urea and LIMUS coated urea significantly decreased the
GWP as compared to urea under elevated temperature and under elevated CO

2
 and

temperature.

Treatments

Control 19.04a 25.63a 23.12a 25.92a

Urea 25.27c 30.47b 29.51c 33.80c

Limus 22.50b 29.59b 26.85b 30.35b

NOCU 23.08b 29.12b 27.58b 31.27b

Emission of methane (kg ha-1) under elevated carbon dioxide and temperature in
rice

Ambient CO2

and Temp.
Elevated CO2 Elevated Temp. Elevated CO2

and Temp.

Values with the same letter are not significantly different at P = 0.05

Carbon source and sink analysis for Brahmani basin (IISWC, Dehradun)

ROTH C model for soil carbon turnover was used to estimate plant litter input. MODIS
NPP (2000 to 2010) and plant litter input for each sub-basin was compared to identify
whether the sub-basin is source or sink in respect of carbon. The soil organic carbon
(SOC) from FAO soil data and long term weather data (1950-2000) of temperature and
precipitation from CCAFS (Climate Change, Agriculture and Food Security) was used
for each sub-basin. Using average values of SOC for each sub-basin, plant litter input
was calculated using Roth-C SOM model in inverse mode. When an ecosystem is at
equilibrium with respect to carbon, NPP is equal to plant litter input. Hence, a comparison
was made between NPP and litter input derived from Roth C model for identifying source
and sink for each sub-basin. This will be helpful for considering critical area to develop
adaptation strategies and best management practices (BMPs) related to soil conservation
in watersheds to overcome the adverse impact of climate change on soil.
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Average NPP values and potential source and sink of carbon in each sub-basin of
Brahmani basin

Impact of climate change on soil loss in Brahmani basin (ICAR-IISWC)

An assessment of the impact of climate change on soil loss in Brahmani basin was carried
out using RUSLE. The data of IPCC 5 model HadGEM2-ES for the future climate years
(2030, 2050, 2070 and 2080) for four RCPs i.e. 2.6, 4.5, 6.0 and 8.5 was used. The
potential soil loss in the Brahmani river basin ranged from 0.0 to 319.55 t ha-1 yr-1. Areas
with soil loss rate more than 80 t ha-1 yr-1 are considered extreme erosion potential areas.
The sediment delivery ratio values for all 131 sub-basins were between 0.22 and 0.54.
The sediment yield in the basin (SY) was between 0.96 to 133.31 t ha-1 yr-1. Around
35.81% of the area had SY between 20 to 40 t ha-1 yr-1, 35.28% between 10 to 20 t ha-1

yr-1 and 19.36% between 40 to 80 t ha-1 yr-1. The reason for higher SY values lies in the
relative ease with which the supplied material is transported. The variability in soil erosion
was calculated for future climate years. R-factor maps were developed for each time
scale assuming no change in the topography of the study area.
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Potential soil erosion and sediment yield maps of Brahmani river basin

Carbon stocks and C sequestration potential in dominant agroecosystems in India
(NBSSLUP, Nagpur)

Sixty-two sites, 28 long term fertilizer
experiment sites and 34 benchmark sites
across the country, were identified for
estimating the soil organic carbon (SOC)
stock.

Location map of selected LTFE and BM sites
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SOC stock (0-30 cm soil depth) was estimated for 34 benchmark sites representing various
bio-climates of the black soil region (BSR) and Indo-Gangetic Plains (IGP). The SOC
stock varied from a maximum of 4.33 kg/m2 in Tenali BM spot representing subhumid
bio-climate of BSR to a minimum of 0.87 kg/m2 in Gaupur representing sub-humid
bioclimate of IGP. Arid and semi-arid regions had lesser SOC stock than other bioclimatic
regions, indicating good potential for carbon sequestration in these regions.

Estimating minimum crop residue thresholds for soil carbon benefits in subtropical
central Indian Vertisol (IISS, Bhopal)

A study was conducted, to estimate the benefits of nitrogen (N) and crop residues
management in a subtropical central Indian Vertisol using Agricultural Production Systems
Simulator (APSIM), a model widely used for cropping systems analysis. In this
investigation a case study was made using a well calibrated and validated APSIM model
for soybean-wheat cropping system. Different combination of residue retention, nitrogen
levels and initial SOC status were adopted. Based on long-term simulations of over 30
years, it was found that residue management influenced the SOC concentration in soil.
The trends in SOC concentration could be related to crop residue management to determine

Effects of residues and soil fertility management on soil
organic carbon (SOC) in the 0-15 cm soil

(low SOC and zero N)

the thresholds of residue retention
that resulted in no change in SOC
content (residue retention vs change
in SOC concentration). For soil low
in SOC, threshold value was
approximately 10% residue retention
for adequately fertilized crops (100%
N applied). For N limited crop (no
N applied), it was as high as 30%.
In conditions where SOC was high
(1%), approximately 60% residue
retention was the threshold level for
N limited condition. This level was
reduced to 30% and 20% in case of
medium and high level of N
management.

Climate change effects on soil organic carbon change and crop productivity under
balanced fertilization in central Indian Vertisols (IISS, Bhopal)

The impact of climate change on soil organic carbon in 106 grids (0.5 degree x 0.5
degree) of central Indian Vertisols under balanced fertilization was studied in soybean-
wheat cropping systems. Four climate change scenarios (RCP 2.6, RCP 4.5, RCP 6.0
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and RCP 8.5) and two time slices (2050 and 2080) were considered for the study. The
simulation study was carried out using well calibrated and validated APSIM model for
grain yield and soil organic C. The results of the study revealed that under balanced
fertilization in soybean and wheat, the change in soil organic C in the soil depth of 0-15
cm and 15-30 cm was not significant in all the RCPs and time slices under study. These
results agreed well with the change in grain yield of soybean and wheat crops. In the year
2050, the soybean yield will increase by 12, 17, 15 and 22% in RCPs 2.6, 4.5, 6.0 and
8.5, respectively. Similar trend in soybean grain yields but with higher yields is predicted
for 2080 in all the RCPs under investigation. The effects of increased temperature in all
RCPs and time slices were masked by increase CO

2
 concentration, the positive effects of

which were reflected in increased soybean yield and minor change in wheat yield. Wheat
yield increased by 2 to 4% over base in 2050 and by 1 to 6% in 2080.

Change in yield (%) of soybean and wheat in central Indian Vertisols under four RCPs scenarios

Soil organic carbon and carbon sequestration under different nutrient management
practices in long-term organic farming experiments (IIFSR, Modipuram)

Application of organic manures to raise the crops organically is one of the management
practices to enhance net C sequestration keeping other management practices constant.
Assessment of soil C sequestration potential was made after 10 years of continuous organic
cultivation of different crops at HAREC, CSK HPKVV, Bajaura (H.P.). Averaged across
different cropping systems, Walkley-Black C stock in 0 – 60 cm soil depth was 66.3,
51.7 and 40.7 t ha-1 under organic, integrated and chemical management of soil nutrients,
respectively indicating that continuous practice of raising the crops organically has potential
to sequester C in the soil and offset C emissions to the atmosphere. Averaged across
nutrient management practices, Walkley-Black soil C stock (t ha-1) under different cropping
systems was found in the order: tomato – cauliflower – french bean, CS

1
 (59.8) > tomato

– cauliflower, CS
2
 (52.9) > black gram – cauliflower – summer squash, CS

3
 (50.6) >

okra – pea, CS
4
 (48.3).
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Soil carbon sequestration strategies for improving soil health, productivity and nutrient
use efficiency, and reducing GHG emissions in rainfed production systems (CRIDA,
Hyderabad)

Knowledge and understanding on effect of long term nutrient management on soil carbon
pools and sequestration in soils of semiarid tropical condition is meager. Once the pathways
of C sequestration in soils are identified, suitable agricultural strategies may be identified
that have the potential to enhance SOC stocks, attenuate CO

2
 loading into the atmosphere,

and mitigate global warming. Information regarding critical carbon input for maintaining
SOC at antecedent level in each rainfed production system is essential for proper soil
organic matter management.

A long term experiment, started in 1984 in pearlmillet based production system at
AICRPDA – Agra center which falls in AESR 4.1, was considered for C sequestration
analysis. The soils are deep loamy alluvium derived Inceptisols/Entisols. Climate is hot
semi-arid. Profile soil samples up to the depth of 1 m (0.2 m interval) were collected and
analyzed for organic carbon. The results showed that 50% RDF N (Urea) + 50% RDF N
(FYM) had maximum SOC stocks (42.52 Mg ha-1), sequestration (14.98 Mg ha-1) and
sequestration rate (0.58 Mg ha-1 year-1) followed by 50% RDF N (Urea) + 50% RDF N
(Crop residues). The SOC build up was increased over control in 50% RDF N (Urea) +
50% RDF N (Crop residues) followed by 50% RDF N (Urea) + 50% RDF N (FYM)
whereas, farmers practice showed negative SOC sequestration.

Effect of long term cropping and nutrient management on SOC stock, sequestration and
sequestration rate in pearl millet cropping in an Inceptisol at Agra
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Mitigation of climate change through conservation agriculture in rainfed regions
of India (CRIDA, Hyderabad)

A study was conducted at Hyderabad to assess the potential of conservation agriculture
practices like different tillage practices, quantity of residue and its management for
increasing the productivity and profitability of pigeonpea and castor system in rainfed
Alfisols. Further, this project also aims at identifying role of CA practices in mitigation of
climate change through reducing GHG emissions and increase in carbon sequestration.
Three tillage methods and three residue harvesting heights formed the treatments for the
study. GHG emissions (considering both indirect emissions from farm operations and
input use) were reduced by 26 and 12% in zero tillage (ZT) and reduced tillage (RT) over
conventional tillage (CT). NGWP (Net global warming potential) and GHGI (Green
house gas intensity) increased with increase in crop residue retention in both the crops.
The fuel consumption in ZT was reduced by 58 and 81% as compared to CT in pigeonpea
and castor, respectively.

Soil organic carbon sequestration rate was positive in the tillage and residue treatments
with highest rate in zero tillage with 10 and 30 cm anchored residue whereas sequestration
rate was negative in conventional tillage with no residues.

Assessing soil quality key indicators under predominant management practices in
rainfed agro-ecology (CRIDA, Hyderabad)

A field experiment is in progress at Hyderabad to study the long term influence of tillage,
crop residues and graded levels of N on crop yield, carbon sequestration in sorghum-
castor system in rainfed Alfisol. In 2015, minimum tillage recorded 31% higher sorghum
yield (1767 kg ha-1) compared to conventional tillage (1353 kg ha-1). Among the residues,
gliricidia (1862 kg ha-1) and sorghum stover (1563 kg ha-1) significantly increased the
yield by 67% and 40% compared to no residue application (1114 kg ha-1). When averaged
over tillage and residue levels, it was observed that Nitrogen applied at 30, 60 and 90 kg
ha-1 increased the sorghum yield by 29, 45 and 86% respectively.

Tillage, residues and N levels showed significant influence on soil organic matter content.
Minimum tillage recorded 14% higher organic carbon compared to conventional tillage.
Among the residues, Gliricidia application maintained significantly higher organic carbon
content followed by sorghum stover and no residue treatments. Soil organic carbon
increased with increase in the level of nitrogen. Carbon sequestration was found to be
significantly higher (36%) with minimum tillage after 18 years of experimentation. When
averaged over residues, carbon sequestration rate was greater with application of sorghum
stover which is attributed to high C:N ratio of plant material added compared to Gliricidia
application. Increase in levels of N significantly increased C sequestration rate.
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Quantitative assessment of positive impacts of long-term conservation agricultural
practices in rainfed Alfisols (CRIDA, Hyderabad)

Restorative management practices such as minimum tillage, surface residue application
and stubble retention may help in providing resilience towards climate change by way of
higher moisture retention, reducing soil temperature, influencing soil quality indicators
and improving soil quality. An experiment with surface application of 4 levels of sorghum
residues @ 0, 2, 4, 6 t ha-1 in combination with N (30 kg N ha-1 for cowpea and 60 kg N
ha-1 for sorghum through urea) and uniform dose of 30 kg P

2
O

5
 ha-1 (through super

phosphate) with minimum tillage, was initiated in 2005. The system adopted for this
study was sorghum-cowpea with yearly rotation.  During 2015, sorghum was grown as
the test crop.

Effect of graded levels of residues on yield of
Sorghum under minimum tillage (2015)

Sorghum grain yield varied from 1140
to 2110 kg ha-1.  Significantly higher
sorghum yield (2110 kg ha-1) was
observed with application of sorghum
stover @ 6 t ha-1 followed by @ 4t ha-1

(1912 kg ha-1) and 2 t ha-1(1273 kg ha-1)
compared to control (1140 kg ha-1). The
increase in yield due to application of
sorghum stover @ 6, 4 and 2 t ha-1 was
to the extent of 85%, 67% and 11%
respectively over no residue application.

Conservation agriculture in rice-mustard cropping systems for enhanced
productivity and resource-use efficiency (IARI, New Delhi)

A study carried out for four consecutive years showed that a system of zero till direct
seeded rice with summer mungbean residue retention - rice residue retention in zero till
mustard – zero till summer mungbean had higher system productivity and net returns
over conventional till transplanted rice. The system also resulted in higher water
productivity and improvement in soil organic carbon and total N in the surface (0-5 cm)
soil, and reduction in global warming potential (GWP) through reduction in methane
emission from rice field. The system is better suited for adaptation to and mitigation of
climate change.

Assessment of mitigation potential through soil water management (SWM) practices
for enhancing climatic resilience (ICAR RC NEH, Umiam)

A sustainable land use model was developed for hill slopes (30-40%) under Meghalaya
conditions to enhance water and nutrient use efficiency through in-situ moisture
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conservation practices.  The land use model involves maintenance of natural forest (Pine
forest) at hill top with catch pit (1.5m x 0.5m x 0.3m), cultivation of fodder crops (viz.
Broom, Congo, Hybrid Napier and Guinea grass) and cover crops (viz. groundnut,
soybean, rice bean & cowpea) in terraces,  intercropping  (maize with groundnut, soybean,
rice bean and cowpea) and conservation tillage. Among the different cropping systems
studied, the fodder crop based system was found to be the most effective in reducing soil
loss (loss 2.21-4.43 6 t ha-1) as compared to other cropping systems tested (loss 11.28 to
22.30 t ha-1) and farmers’ practice (31.57-44.29 t ha-1). Adoption of this land use model
could reduce the loss of SOC substantially.

Soil organic carbon loss from different cropping systems and soil loss measurement in
tested land use model

An experiment was conducted on resource conservation and crop diversification of rice
based cropping system for enhancing climate resilience under Sikkim conditions. Among
the tillage practices (conventional-CT, reduced-RT and zero tillage-NT) maximum grain

Performance of rice and vegetable pea under different tillage
practices and organic sources of nutrients

yield of rice recorded was
with NT (3.31 t ha-1)
followed by RT (3.28 t ha-1)
and lowest with CT (3.03 t
ha-1). Double zero till
technology reduced the
turnaround time of about 12-
15 days for sowing of
vegetable pea after rice.
Further, about 18-20% higher
soil moisture was noticed in
soil under double zero tillage
practice as compared to
conventional tillage. The
highest pod yield of pea was
recorded with ZT (5.49 t ha-
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1) followed by RT (4.96 t ha-1) and lowest with CT (4.10 t ha-1). Maximum system
productivity (10.8 t ha-1) was recorded with ZT. Application of 50% FYM + 50%
vermicompost + biofertilizer recorded higher system productivity (10.34 t ha-1) over
farmer’s practice. A similar study under Tripura conditions revealed that yield of rice and
mustard under zero tillage was at par with that under conventional tillage.

Carbon stocks and carbon sequestration in agro forestry systems in western
Rajasthan (CAZRI, Jodhpur)

Assessment of C sequestration potential of fourteen year old integrated farming system
(IFS) of Prosopis cineraria + crops, Zizyphus mauritiana + crops, Hardwickia binata +
crops, Colophospermum mopane + grass (Cenchrus ciliaris), Zizyphus mauritiana +
grass and agri-pasture at Jodhpur revealed that the above ground C stock was maximum
under silviculture (A. tortilis) followed by agroforestry systems of  H. binata + crop and
P. cineraria + crops. The rate of carbon sequestration in different land use systems of IFS
varied between 0.51 - 1.45 Mg ha-1 y-1. IFS added 8.78 Mg ha-1carbon which was 43.2%
higher over the prevalent practice of growing crops in natural tree density. It clearly
indicate that integrated farming system approach in arid regions not only provides adaptation
measures to climate change but also can be an important tool for mitigation through
enhancing the carbon sequestration.

Prosopis + Bajra + Mung (left) and Hardwickia + Moth (right) based agroforestry systems
at Jodhpur

Assessment of carbon sequestration potential of agroforestry systems existing in
farmers fields (CAFRI, Jhansi)

During 2015-16, three districts of Karnataka (Bellary, Tumkur and Kolar), one district of
Andhra Pradesh (Chittoor), five districts of Maharashtra (Latur, Wardha, Thane, Nasik,
and Ahmed Nagar), one district of Odisha (Kurdha), Himachal Pradesh (Solan) and  Bihar
(Pusa) were selected for assessment of carbon sequestration potential (CSP) of agroforestry
system existing in farmers fields. The tree biomass, biomass carbon, total carbon and net
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carbon sequestered in existing agroforestry system at district level were estimated using
CO

2
FIX model and extrapolated for next 30-years. The tree biomass, soil carbon and

total carbon in baseline varied from 2.86 - 45.13 t DM ha-1, 6.17-19.24 t C ha-1 and
29.14-44.17 t C ha-1 respectively in Bellary, Tumkur and Kolar district of Karnataka. It is
expected that corresponding value of these parameters would increase to 5.06-80.59 t
DM ha-1, 26.17-93.68 t C ha-1 and 31.62-63.94 t C ha-1, respectively over the simulated
period of 30-years. Net carbon sequestered in agroforestry systems over the simulated
period of 30 years would be 2.48, 19.77 and 17.26 t C ha-1, respectively in the three
districts. In case of Solan (Himachal Pradesh), Kurdha (Odisha) and Pusa (Bihar), the
total carbon stock available in baseline varied from 13.3 to 32.58 t C ha-1 and is expected
to increase to 17.37 to 47.46 t C ha-1 over 30-years with net C sequestration of 4.07 to
14.88 t C ha-1. The tree biomass, soil carbon and total carbon available in existing
agroforestry systems in different districts of Maharashtra (Latur, Wardha, Thane, Ahmed
Nagar and Nashik) are 1.36 to 11.11 DM ha-1, 12.04 to 18.65 t C ha-1 and 16.07 to 22.94
t C ha-1, respectively  and corresponding values over the simulated period of 30-years are
3.85 to 29.06 t DM ha-1, 14.51 to 20.80 t C ha-1  and 27.00 to 41.68 t C ha-1, respectively.
The tree biomass, soil carbon and total carbon available in existing agroforestry system in
Chittoor district of Andhra Pradesh are 21.10 DM ha-1, 16.36 t C ha-1 and 35.13 t C ha-1,
respectively and corresponding values over the simulated period of 30-years would be
49.26 t DM ha-1, 18.15 t C ha-1   and 50.68 t C ha-1, respectively.

Agroforestry systems existing in farmers fields in Chittoor district of Andhra Pradesh

Role of bio-fuel crops in rural energy supply and GHG mitigation (CRIDA,
Hyderabad)

Biofuels, being renewable, offer a sustainable alternative to non renewable fossil based
fuels. Apart from the biofuel, plants grown for biofuel production may also sequester
carbon in the biomass and the plantations may have lower GHG emissions than arable
cropping systems.  A project was initiated in 2011 to quantify above and below ground
biomass of Simarouba glauca and Azadirachta indica by destructive sampling, to develop
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allometric equations for quantification of biomass/carbon sequestration potential of
Pongamia and to measure GHG emissions from biofuel plantations.

A power function of the form Biomass = aXb
, 
  where ‘X’ is a predictor (collar diameter, tree

height etc.),‘b’ is a scaling exponent or allometric coefficient and ‘a’ is an intercept, described
the relationship between collar diameter and biomass of 9 year old  P. pinnata plantation
grown under rainfed Alfisols. At tree level, the allometric regression was highly significant,
with high and positive correlation coefficients. Results of the regression relationship of collar
diameter (cm) with various growth variables of Pongamia pinnata are given below. The
collar diameter had a highly significant relationship with plant height, number of branches,
crown width, crown depth, above ground  dry biomass, belowground  dry biomass as well as
total dry biomass (above + below).

Allometry between basal diameter (collar diameter) and above and below
ground variables

Tree parameter

Plant Height (cm) 121.507 0.51 0.88 70.55

No. Of Branches 5.289 1.31 0.95 205.00

Crown width (cm) 80.743 0.70 0.94 151.45

Above ground  dry biomass (kg)/plant 0.393 1.84 0.97 280.46

Below ground  dry biomass (kg)/plant 0.410 1.81 0.96 271.34

a b R2 F ratio

Soil-atmosphere exchange of greenhouse
gases using static chambers was determined
periodically by collecting gas samples from
the chambers and measuring the change in
concentration of the gas with time during
the period of linear concentration change.
In general, the GHG emissions (CO

2
, CH

4

and N
2
O) were higher in rainy season

compared to winter season in the plantations
of Jatropha curcas, Pongamia pinnata and
Simarouba glauca. Initial results indicate
that among the three biofuel species,
Jatropha had the highest values for GHG
emissions followed by Simarouba and
Pongamia. Sample collection for GHG emission in

Pongamia plantation
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Based on destructive sampling, the average total above ground biomass of Simarouba
glauca was 45.54 t/ha and biomass C was 18.89 t/ha. The average total above ground
biomass of Azadirachta indica was
45.29 t/ha and biomass C was
18.11 t/ha. The results on above
and below ground biomass of
Simarouba glauca and
Azadirachta indica suggest that
average dry biomass of leaf, stem,
branch and root biomass increased
with corresponding increase in
diameter class.

Neem root excavation for biomass measurement

Characterisation and stability of biochar in soil (IARI, New Delhi)

The effect of pyrolysis temperature (400oC, 500oC and 600oC) on chemical and spectral
characteristics of biochar prepared from rice husk, sugarcane bagasse and mustard stalk
was studied. Increase in pyrolysis temperature increased the pH, EC, total carbon, total
nitrogen, total phosphorus, total potassium, total calcium, total magnesium and ash contents
but reduced the cation exchange capacity (CEC) of the biochars. The stability of the
biochars was studied in Inceptisol, Alfisol and Mollisol through a 150 days C mineralization
study.  Increase in pyrolysis temperature from 400oC  to 600oC significantly reduced the
C mineralization from all the three biochars. Among the biochars, rice husk biochar was
the most stable followed by sugarcane bagasse biochar and mustard stalk biochar.

Biochar from crop residues (CIAE, Bhopal)

Reactor of 500 kg capacity was developed for production of bio char from crop residues
using briquette as fuel for heating. The system was evaluated with soybean straw and
pigeonpea stalks under no rotation condition. The temperature of 500ÚC (design
temperature) was reached after 30 minute of firing. The calorific values of charred and
un-charred pigeonpea stalks were found to be 24.8 and 16.56 MJ/kg, respectively. The
recovery of bio char was 26.8 percent. Study on existing machine was done to produce
briquettes from paddy straw with molasses and starch as binders and briquettes produced
were characterized. Briquettes produced achieved unit density of 300 and 355 kg/m3 and
its shatter resistance was 98.9 and 99.7% respectively.

Alleviating water stresses with microbial interventions (IARI, New Delhi)

Water stress, one of the abiotic stresses in rainfed rice ecosystems, causes huge loss to
rice yields. To ameliorate this stress, rice seeds (var. MTU 1010) were coated with the
consortium of bacteria comprising of strains Bacillus licheniformis,   Bacillus novalis,
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Pseudomonas putida, and Bacillus cereus. The strains were able to make the rice variety
more tolerant to drought conditions and showed good plant growth promoting potential
in terms of indole acetic acid activity, siderophore production, phosphate solubilization
and ACC deaminase activity. The consortium together with mycorrhiza assisted in
establishment of rice plants under direct seeded planting and improved the seed germination
by 23% as compared to un-inoculated control. It also supplemented nutrients such as N,
P, K and Zn to the direct seeded rice. The practice of using consortium was recommended
to the farmers in NICRA adopted village for direct seeded rice and zero tillage wheat.
The consortium was also tested in experimental and farmers fields under rice-wheat
cropping system in IGP region and wheat and millets in low moisture regimes of Rajasthan.

Mitigating methane emission from irrigated rice ecosystem using methane oxidizing
bacteria (IARI, New Delhi)

With the aim of mitigating methane emissions, samples of rhizospheric soil and plants
(tillering stage) from diverse rice growing regions across India were collected to facilitate
the isolation of methanotrophic bacterial cultures. Isolation was done from leaves, roots,
soil, and arenchyma in AMS medium. Individual bacterial isolates were further sub-
cultured to obtain pure cultures. Total 263 bacterial isolates were isolated from above
mentioned regions of India, out of which 77 were from Aduthurai and 58, 51, 4, 36
isolates were from lower Brahmaputra valley zone, Kottayam, Gaya and Varanasi. Seven
of the selected isolates could reduce 50 to 88% methane in pure medium at 6 d of incubation
under laboratory condition. In a micro-plot experiment, application of methanotrophs at
different stages of rice growth resulted in 20-25% decrease in methane flux. Development
of technology for field scale application of the methanotrophs is under progress.

Mitigating greenhouse gas emission in rice-wheat system with crop diversification
(IARI, New Delhi)

Rice-wheat system of the Indo-Gangetic plains is a major source of greenhouse gases. In
the north-western plains, the system emits 3.0 to 4.0 t CO

2
 eq. ha-1. The emissions could

be reduced by 70-80% with crop diversification from rice-wheat to maize-wheat system.
In the maize-wheat system, use of neem oil coated urea and dicayndiamide further reduced
the global warming potential by 10-15% and increased the grain yield by 4-5% over the
conventional practices.

Crop water demand for the Indo-Gangetic plains (IARI, New Delhi)

Long-term trend analysis of crop water demand for major crops in Ramganga river basin
of IGP was carried out using Mann-Kendall Trend test to study the impact of climate
change. The results showed marginal increasing trend of crop water demand for wheat,
rice, maize and sugarcane in different districts of Ramganga sub basin such as Chamoli,
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Almora, Pauri-Garhwal, Champawat, Moradabad, Bareilly, Pilibhit, Shahjahanpur and
Hardoi respectively. The per cent additional water demand for different districts in
Ramganga River basin for rice, wheat, maize and sugarcane was 0.05 - 54.48; 5.56 -
16.63; 2.41 - 25.97 and 8.54 - 28.78, respectively.

Impact of climate change on crop water requirement in Central Punjab (PAU,
Ludhiana)

Increase in temperature, evapotranspiration, variable rainfall patterns and interactions of
other meteorological parameters affect the crop water requirement (CWR). In the future,
based on ECHAM5 model, the evapotranspiration (ET) losses are expected to decrease
by 13.5 and 9.4 per cent in kharif season during mid century and end century but during
rabi season, the ET losses are projected to increase by 21.3 per cent during end century.
However, the PRECIS outputs project that ET losses would increase by 13.1 and 24.7
per cent in kharif season during mid century and end century but during rabi season the
ET losses would decrease by 2.0 per cent in mid century and increase by 11.3 per cent
during end century. Based on these projections, it is suggested that in both mid and end
century, rice-wheat cropping system will be best for the rice transplanted on 6th July and
wheat sown on 2nd December as ET losses would be least for these dates of sowing.

Impact of climate change on water demand of rice in Karnal region (CSSRI, Karnal)

To assess the impact of changing climate on crop water demand, projected daily T
max

,
T

min
 and precipitation of RCP 4.5 of CMIP5 data was used as input data in CROPWAT.

The model was run with different dates of transplanting of rice to find out the appropriate
time for transplanting rice to utilize maximum precipitation and pump minimum
groundwater for irrigation. Model outputs indicated that 25 June – 05 July would be the

Crop evapotranspiration (ETc), effective rainfall (ER) and irrigation
requirement (IR) of transplanted rice as affected by date of transplanting under

changing climate scenario (RCP 4.5)

Period

Base 591.7 516.4 800.4 560.8 420.3 840.2 559.4 461.6 797.3

2020 590.1 526.4 800.6 567.3 498.2 770.3 558.6 507.3 726.9

2050 599.7 537.1 800.8 577 542.2 700.5 568.3 517.6 727.1

2080 600.4 570.6 800.8 577.1 495.0 770.6 568.1 518.4 727.2

Date of transplanting
15-Jun 25-Jun 05-Jul

ETc
(mm)

ER
(mm)

IR
(mm)

ETc
(mm)

ER
(mm)

IR
(mm)

ETc
(mm)

ER
(mm)

IR
(mm)
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appropriate time for transplanting rice in future in Karnal region as irrigation demand was
72-80 mm lower as compared to transplanting during 15-25 June.

Impact of climate variability on groundwater (IIWM, Bhubaneswar)

The impact of climate change on ground water recharge was studied for four districts of
Rajasthan namely, Kota, Bundi, Baran and Jhalawar under excess (20% to 59%), normal
(± 19%), deficit (- 19% to -59%) and scanty (< -60%) rainfall situations. In Baran district,
for the deficit rainfall conditions in the years 2007 and 2012, a shift in rainfall from June-
August to July-September was observed. The pre and post monsoon fluctuation in water
table was found to be 5.63 m in 2007 and 2.09 m in 2012. Total dissolved solids (TDS)
content of the groundwater was highly vulnerable to climate change, especially with
respect to rainfall and temperature. In Baran district of Rajasthan, the TDS was found to

Rainfall, TDS in groundwater and water table
relationships in Baran district of Rajasthan

increase with increase in rainfall
possibly due to increased dissolution
and transport of solids present on the
land surface to the groundwater.

The effect of temperature on
groundwater table was studied for
the last 20 years (1996-2015) for the
4 districts. In Kota, during the hottest
years 2002 and 2010, the ground
water table decreased by 3.26 m.
Similar trend was observed for other
districts.

Development of filtering unit for well type drainage cum recharge structure and its
impact analysis (CSSRI, Karnal)

Design of filter for well type drainage cum recharge structure

Well type drainage cum
recharge structure coupled
with effective radial filtering
unit could be a viable option
to grow crops successfully in
low lying areas during
extreme rain events expected
in future. A drainage cum
recharge structure was
installed in Sawant village
(290 50' 33.6'’ N; 760 48'
05.22'’E). The land holding of
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the farmer was 1.5 ha and the whole area is low lying. Runoff water from about 40 ha
gets accumulated in this field and the farmer has lost his crop almost every year. After
introducing this intervention, farmer was able to cultivate rice and wheat crop successfully.
The farmer’s feedback indicated that the he is getting an additional income of about
Rs.81000 every year by saving his crop from submergence during extreme rain in addition
to augmenting groundwater resources.

Rainwater harvesting and utilization as an adaptation strategy to climate variability/
change in semi arid Alfisols (CRIDA, Hyderabad)

A study was conducted on the use of supplemental irrigation of pigeonpea through water
harvested in farm pond. Mulching was used to enhance the effectiveness of both rainwater

Yield of pigeonpea under different supplemental
irrigation depths with and without mulch

and irrigation water. The maximum yield
of 1.66 t/ha was obtained with 50 mm
supplemental irrigation under organic
mulching (M) applied at 5 t/ha. The
irrigation depth of 50 mm could be
adopted as intensive irrigation strategy
covering less cropped area with the
available water. Alternatively, lesser
irrigation depth (20, 30 mm) can be
adopted as an extensive irrigation strategy
covering more cropped area with the water
harvested in the farm pond.

Variable rate urea application system integrated with spectral reflectance based
sensor (CIAE, Bhopal)

Variable rate urea application system integrated with spectral reflectance based sensor
(Green Seeker) has been developed for mid season top dressing of urea in rice and wheat

Variable rate urea application in wheat

crop. The applicator is capable of metering
8.5-30 kg/ha of N (18.5-65 kg of urea/ha) at
2 km/h forward speed and swath width of 4
m with 25 mm wide fluted roller. Green seeker
derived NDVI values can be used to generate
top dress nitrogen dose recommendations in
irrigated rice and wheat crop, for higher yields
and reduced fertilizer consumption. Potential
carbon emission savings were 3.49 (Nr3I) &
1.73 (Nr(3I+4I)) kg CE/1000 kg grain, for
paddy and 3.76 (Nr3I) & 2.22 (Nr(3I+4I)) kg
CE/1000 kg grain for wheat.
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Performance of submersible pumping systems (CIAE, Bhopal)

Field performance studies of submersible pumping systems were conducted in 93 villages
of ten selected districts of Madhya Pradesh. Total of 167 farmers were contacted and the
performance of 150 submersible irrigation pump sets was observed. The study revealed
that pumping system efficiency of 2, 3, 4, 5 & 7.5 HP submersible pumps varied between
21 – 53 percent, 13.8 – 70.4 percent, 11.5 – 37.7 percent, 12.3 – 68.2 percent, and 17.3
– 69.9 percent respectively. The average energy index of the ISI type pumps was found
to be 0.88 kW/UIW, whereas it was 1.4 kW/UIW in case of non-ISI type pump sets. CO

2

emission from pump sets increased with the age of pumps. The maximum CO
2
 emission

was 248.8 kg CO
2 
year-1 in non-ISI type pumps. The minimum emission was observed in

ISI type pumps and pumps having higher hp ratings.  The ISI type pumps having age <5
years showed minimum emissions of CO

2. 
The average CO

2
 emissions were estimated at

148.5 kg/year for all the pump sets. The average annual CO
2 
emissions were found to

increase with age of pumps and horse power. To  create  awareness  in  the  farmers  about
the  efficient  energy utilization  in irrigation pumping system, two training programs
were organized.

CO2 emission (kg/year) for different age, hp and type of submersible pump sets

Age

Less than 5 years 80.34 115.70 116.54 79.51 98.02

5 - 10 years 119.18 184.37 167.54 136.01 151.77

Above 10 years 143.19 248.33 192.01 199.51 195.76

Average 114.24 182.80 158.69 138.34 148.52

Types of standardization Motor horsepower

ISI Non- ISI < 5 hp > 5 h

Average

Two stage differential depth furrow openers (CIAE, Bhopal)

Two stage differential depth furrow openers were developed and mounted on a tractor
drawn seed cum fertilizer drill to apply the basal dose of fertilizers at different depths
during planting of soybean and wheat crops to enhance the fertilizer use efficiency. The
yield of soybean and wheat crops sown by the developed machine was 22 and 16 percent
higher than soybean and wheat sown with conventional seed cum fertilizer drill with
contact placement of seed and fertilizer with the same fertilizer dose.

Seed cum fertilizer drill with two stage fertilizer placement system (left), soybean (centre) and
wheat (right) sown in the field
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4.5  Impact and Adaptation Strategies in Livestock and Poultry

Global gene expression profiling in animals subjected to dehydration stress (IVRI,
Izatnagar)

A total of 11,711 and 22,426 Differentially Expressed Genes (DEGs) were identified
across all the time points in crossbred and Tharparkar, respectively under 25% dehydration
using Gene Spring 13.1.1. Similarly a total of 32,652 DEGs and 17,216 DEGs were
identified across all time points in crossbred and Tharparkar, respectively under 50%
dehydration. At 25% dehydration and 50% dehydration, 6439 and 9979 DEGs
respectively, were found to be commonly differentially expressed in Tharparkar and
crossbred. Out of these, 4519 genes were found to be commonly differentially expressed
across both the genetic groups and time points. These genes were subjected to ClueGo
functional analysis and significant KEGG pathways involved were identified viz., AGE-
RAGE signaling, MAPK signaling, Wnt signaling, Ras signaling, JAK – STAT signaling,
cAMP signaling, TGFâ signaling etc., pathways. All these pathways were found to play
a major role in cellular hydration. Several metabolic pathways were also found to have
been enriched. These metabolic pathways must have been triggered under dehydration
stress for production of metabolic water.

Significant KEGG pathways

Impact of heat stress on immuno-physiological responses in Tharparkar and
crossbred cattle (IVRI, Izatnagar)

Effect of heat stress on antibody titer in
Tharparkar and crossbred cattle

Studies showed that bulls (5 Tharparkar
and 5 crossbred) exposed in
psychrometric chamber at 42°C for six
hours (Gr I) and injected with inactivated
Brucella antigen (1 ml subcutaneously)
one day before exposing to heat stress
had  higher antibody titer than unexposed
group. Among the exposed animals, the
titer was higher in Tharparkar than
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crossbred cattle. The titer was significantly higher on 21 and 28 days after the antigen
administration.

Influence of season on expression of metabolic related genes in Tharparkar and
Karan Fries heifers (NDRI, Karnal)

Studies on the expression pattern of Dio2, NBEA, TRIP11 and ITGA9 genes in
Tharparkar (TP) and Karan Fries (KF) heifers during different seasons using real time
PCR indicated that the expression of Dio2 gene (thyroid function), NBEA (body weight
and feed intake) and TRIP11 gene (thyroid regulation) was higher during winter compared
hot humid and autumn seasons. Correspondingly the thyroid functions were higher during
winter season compared to summer. The expression of ITGA9 gene (respiration related)
was higher during hot humid compared to autumn and winter in both the breeds of cattle
but the magnitude of increase was higher in KF than TP. ITGA9 gene showed positive
correlation with respiration rate of cattle. Lower metabolic rate and respiration rate in
Tharparkar make it more resilient to hot humid season compared to Karan Fries breed.

Melanocytes in regulation of heat stress in Tharparkar (Bos indicus) cattle (NDRI,
Karnal)

Melanocyte cells exposed to heat stress at 42 °C for 3 hrs in CO
2
 incubator revealed that

there was an increase in melanin concentration after heat stress in comparison to control
(at 37°C). Real time analysis revealed an increase in the expression of melanogenesis
pathway genes (MC1R, MITF, PMEL & TYRP1) and heat shock proteins (Hsp 70.1,
Hsp 70.2 & Hsp 70.8) after heat stress. Further, a decrease in the expression of pro-
apoptotic genes (BAX & BID) and increase in expression of anti-apoptotic (BCLxl)
gene after heat stress was observed. An increase in the melanin concentration with increase
in the expression of heat shock proteins by the melanocytes provides protection to the
cell under heat stress. Melanin secreted by melanocytes seemed to be acting as antioxidant
and providing protection to the skin of Bos indicus (Tharparkar) cattle under heat stress.

Heat stress mitigation in Karan Fries bulls for better semen quality (NDRI, Karnal)

Supplementation of astaxanthin (0.25 mg/kg body wt) to Karan Fries bulls during April
to August months showed higher levels of antioxidant enzymes and lower TBARS in
blood of supplemented bulls compared to control. The mRNA expression of HSF2,
HSP70.1, HSP70.2 and Cyto450 aromatase were higher in supplemented bulls compared
to control, whereas the expression of FasL and CCT8 were lower. Supplementation of
astaxanthin may be helpful for improving semen quality in Karan Fries bulls during
summer.
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Identification of differentially expressed serum proteins during different seasons in
Tharparkar and Sahiwal cows (NDRI, Karnal)

Serum proteome profiling of Tharparkar (10) and Sahiwal (10) cattle during different
climatic conditions employing Mass spec facility identified thirty six differentially expressed
serum proteins, which are by far the largest number reported. The identified proteins
were classified on the basis of gene ontology (GO) using - bioinformatics software
PANTHER into biological processes, cellular localization, molecular function and the
biological pathways. Experiments are in progress for identifying the proteins associated
with climate resilience.

Mitigation of heat stress in growing Karan Fries calves (NDRI, Karnal)

Study on Karan Fries calves housed under custom design shelter showed a Tmax of
32.94°C, which is 3.24°C lower when compared to existing shed (36.18°C). The DMI
and ADG were higher and water intake was lower in calves under custom designed
shed. Further, supplementation of chromium propionate decreased stressor (cortisol) levels
and resulted in better immunity (IgA and IgM) in calves. The genes related to growth
(EGR1 and NFIL3) showed higher expression in chromium supplemented calves. Micro
environment modification along with chromium supplementation could be an important
management practice during heat stress for growing crossbred calves for optimum growth.

Mitigation of hot humid stress in peri-parturient Karan Fries cows (NDRI, Karnal)

Higher milk production and lower somatic cell count (SCC) were observed in Karan
Fries cows supplemented 45 day before to 45 day after calving with 120 ppm zinc as
ZnSO

4 
 over control. The plasma cortisol and thyroid hormone (T

3 
and T

4
) levels were

lower in supplemented cows than control. Similarly, anti-oxidant enzyme activity was
higher and involution of uterus and cervix was faster in supplemented cows. Reduction
in service period and services/conception along with improvement in conception rate
was also observed in supplemented cows.

Amelioration of summer heat stress in buffaloes (NDRI, Karnal)

Supplementation (18 mg/50 kg body weight) of melatonin in buffaloes led to a decrease
in rectal temperature in the afternoon. Lipid peroxidation was lower and GST (glutathione-
s-transferase) was higher in melatonin supplemented buffaloes compared to control. No
significant change was observed in plasma electrolytes (Na, K, Cl) and hormone (T3,
T4, cortisol) levels in control and supplemented buffaloes. The mRNA expression of
HSP 60, 70 & 90 showed similar pattern. However, the expression of HSP 70 and 90
was significantly lower at 5th & 6th week and 4th, 5th & 6th week, respectively, in melatonin
supplemented buffaloes. A similar pattern was observed in  eNOS and cNOS expression.
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Mitigation of heat stress in growing male buffaloes (NDRI, Karnal)

Effect of chromium supplementation on physiological
parameters in male buffaloes (NDRI, Karnal)

Supplementation of chromium @1.5
mg/kg DMI reduced the Alanine
transaminase (ALT) activity in
growing male buffaloes. The
glucose level was lower in control
compared to supplemented
buffaloes. No change in urea and
cortisol concentration was observed.
Both T

3
 and T

4 
concentrations were

higher (P<0.05) in supplemented
buffaloes compared to heat stressed
control.

The mRNA expression of HSP70, 90, 110 revealed that the HSP70 is most sensitive
indicator of heat stress as its expression increased many folds. The HSP70, 90, 110

Effect of chromium supplementation on expression of HSP70

expression pattern in
chromium supplemented
group indicated that the
supplemented group had
less expression as compared
to heat stressed group.
Chromium picolinate
supplementation @1.5 mg/
kg DMI may be beneficial
during the summer season/
heat stress.

Life cycle assessment (LCA) of milk production (NDRI, Karnal)

Life cycle assessment of milk production and environmental impact associated with it,
viz., GHG emissions, water footprints, acidification and eutrophication revealed that
enteric fermentation from crossbred cattle was higher than that of indigenous cattle and
buffaloes. The total water footprint varied from 1200-1600 m3/ton of milk production,
the highest being of local cow and lowest being of crossbred cattle. Acidification and
eutrophication potential of milk production varied from 8.53 to 17.43 kg SO

2
 eq./ton and

16.03 to 32.76 kg NO
3
 eq./ton respectively.

Adaptation strategies in sheep to thermal stress through nutritional and
environmental manipulations (CSWRI, Avikanagar)
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High water containing succulent feed viz. azolla, cactus, silage (oat 75 + ardu 25) and
water melon (farm waste) with 95.8, 76.6, 71.3 and 95.1% moisture content respectively,
were fed to sheep. The animals experienced severe heat stress with THI of 30 in the

Sheep feeding on chopped cactus

forenoon and 35 in the afternoon.
Results of the feeding trial indicated that
one third of total water requirement of
sheep could be met through feeding
these locally available high water
containing succulent feed. Additionally,
better dry matter (DM) need and gut fill
was achieved in these groups compared
to that fed on Cenchrus hay. DM
digestibility was also higher in these
feeds compared with the control fed on
dry Cenchrus hay.

Micro-environment manipulation for providing relative comfort to sheep (CSWRI,
Avikanagar)

Heat stress is a major constraint in sheep production under semi-arid tropical environment.
To reduce the adverse effect of extreme summer on growing lambs, an effort was made
to provide evaporative cooling to the growing lambs during summer by placing mats of
locally available water grass (Munza) on the walls of the shed and wetting the mats 3-4
times a day by sprinkling water. This system resulted in significant reduction in afternoon

Modified shed with grass mats

temperature and greater comfort to the
animals as evidenced by better
physiological and biochemical
parameters. In another experiment, feed
supplementation with 150 mg anti-
oxidant (Zinc sulphate, cobalt sulphate,
chromium acetate, selenium chloride and
vitamin E) was found to protect the
animals from stress and improve their
body weight during extreme summer.

Adaptation strategies in small ruminants (sheep) to thermal stress through
nutritional and environmental manipulations in Thar Desert (CAZRI, Jodhpur)

A study was conducted at Chandan, Jaisalmer district, Rajasthan, maintaining sheep
under continuous grazing system on sewan (Lasiurus scindicus) pasture as per the
prescribed carrying capacity. Thirty six (36) growing sheep of Jaisalmeri breed consisting
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of 32 females and 4 males were divided into four groups, i.e., C
1
 (Control), and T

1

(Treatment) having 6 animal each (5 female +1 male)/hectare as per the standard norm,
and C

2
 (Control), T

2 
(Treatment) having double grazing pressure (overgrazing) with 12

animals each (11 female+1male) /hectare. Animals of C1 and C2 groups were provided
balanced concentrate feed@ 200gms /animal, and health care as per requirements while
in the corresponding set, T1 and T2 groups were not provided with any additional
supplement. Results of the study revealed that when grazing pressure was doubled with
no supplementation and health cover, there was reduction in production in terms of live
body weight gain and reproductive efficiency reflected in terms of lambing percentage,
which were 16.7% and 8.4 % less than the control. Thus, to cope with extreme climatic
conditions in the Thar desert, it is absolute necessary to provide supplementary feeding
(200 g) and veterinary aid which play an important role in improving the performance of
small ruminants.

Jaisalmeri sheep on Sewan (Lasiurus sindicus) pasture at Chandan experimental area, Jaisalmer
during rainy (left) and winter (right) season

Monitoring of GHG emissions from pasturelands and different feeding systems of
animals (IGFRI, Jhansi)

During 2015-2016, three types of pastures viz. natural pasture, improved pasture and
sown pasture were established/maintained for execution of grazing or feeding system
treatments. Maximum herbage yield was attained under natural pasture (5.65 t DM/ha),
however, CP content of herbage mass was higher in sown pasture (8.67 %). NDF, ADF
cellulose and ADL contents of herbage mass were comparable between the natural and
improved pasture stands, but these attributes were comparatively lower in natural pasture,
indicating its better quality. In vitro gas emission studies were conducted and it was found
that total gas production (158.5 ml/g) and methane production (17.6 vs 36.8 ml/g of
digestible dry matter sample) was maximum and dry matter digestibility was low (47.9
%) in sown pasture. In grazing trial on sheep in different types of pastures during the
post-growing (December to February) seasons of herbages, it was observed that average
pasture consumption varied from 2.16 to 2.34% of the body weight in sheep and did not
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differ significantly among the pasture groups. Average daily DMI (g/W0.75) in sheep was
also similar, being maximum in sown pasture (68.6). Similar was the trend with respect to
DM, OM, CP, NDF, ADF and cellulose digestibility in sheep. Again TDN and CP intakes
were maximum in sheep allowed to graze on sown pasture.

Growth of herbages in natural (left) and improved (right) pastures

Assessment of adaptive capabilities of goat breeds (CIRG, Makhdoom)

Studies on Sirohi, Jakhrana, Barbari and Jamunapari goat breeds under different climatic
conditions in terms of average daily gain, physiological responses (heart rate, respiration
rate and rectal temperature), rumen
fermentation pattern (pH, TVFA and
ammonia nitrogen), stress related
enzyme activities in blood plasma
(SOD, DPPH, antioxidant and AST)
and expression of HSP 70 gene
indicated that Sirohi has better adaptive
capability for hot dry climate and
Jakhrana is more suitable for hot humid
climate than other breeds. Barbari is
better adapted for cold climate, where
as Jamunapari is more abiotic stress
(hot, humid & cold) tolerant than other
breeds.

Goat breeds used for assessment of adaptive
capabilities

Stressol–G a herbal crude powder based tablet to ease climatic stress in goats (CIRG,
Makhdoom)

Three medicinal plants (Coded as CIRG-1, CIRG-2, and CIRG-3) were selected on the
basis of their antioxidant activity. Chemical standardization was done by analyzing the
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qualitative chemical constituent chromatographically (GC-MS). The powder of three plant
materials was mixed in a definite ratio & crude powder based tablets (5 g/tab) were
prepared.  Feeding one tablet daily during stress period (15-30 days) reduced the stress
and improved productivity and immunity in goats. The anti-stress herbal formulation
reduced stress by increasing SOD and catalase enzymes in blood and reducing stress
proteins HSP 70, HSP27 and Ubiquitine-related modifier 1 homolog in stressed animals.
The product is in the process of submission for patent and commercialization. This
combination can also be given to the goats as extract based herbal formulation (@ rate 10
mg/kg body wt.) or as a feed mix (@ 5% in concentrate mixture.

Stressol –G herbal crude powder based tablets to reduce the climatic stress in goats

Adaptive management of small ruminants under grazing conditions to climate
change (CRIDA, Hyderabad)

A study is in progress to identify the physiological indicators of stress in grazing small
ruminants and to develop consolidated adaptation strategies under grazing conditions.
Thirty six Nellore ewes (22.8 ± 2.86 kg) were randomly divided into two comparable
groups with eighteen animals in each group and exposed to heat stress during April to
June by allowing for grazing for 6 hrs (0800-1200hrs and 1600-1800hrs) and assessed
the impact of fortified concentrate supplementation in enhancing fertility in ewes and
birth weight and growth rate of lambs (from birth to weaning at 90 days of birth) and
reducing mortality rate of lambs born. Data from automated weather station located at
HRF was used for development of heat load index (HLI) during March to June.

The mean maximum ambient temperature and HLI ranged from 27.0 to 43.8°C and 73.1
to 90.6, respectively during March to June months. HLI was above 80 except for a few
days in April, and reached 90 during May indicating heat stress on grazing animals during
April to June months. The body temperature and rectal temperature of Nellore ewes
gradually increased as HLI increased from morning to noon and decreased in the evening.
A similar trend was observed in respiration and pulse rate in all the animals. However,
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the increase in body and rectal temperature was relatively higher in May and June compared
to April month and significantly lower (P<0.05) in animals that received fortified
concentrate mixture. A similar trend was observed in respiration and pulse rate of animals.
Significantly higher average birth weight was observed in lambs of ewes fed with fortified
concentrate. Weight at weaning and average daily gain (ADG) were also higher (P<0.05)
in lambs of ewes fed with fortified concentrate. Fertility and fecundity rates were higher
and mortality of lambs was lower in ewes fed with fortified concentrate. The results of
the study indicate that supplementation of fortified concentrate could mitigate the adverse
affects of heat stress in grazing ewes exposed to solar radiation.

Heat Load Index and Maximum Day
Temperature (°C) during March to June,

2015

Effect of exposure to heat stress on reproductive
performance of ewes and mortality of offspring

Understanding the unique traits of indigenous pigs which make them resilient to
climate change and development of data base (ICAR RC NEH, Umiam)

The performance of various breeds of pig in different housing models was tested under
Meghalaya conditions. The study revealed that the growth rate in deep litter housing was
better and there was lower incidence of diseases and occurrence of other abnormal
behavior. Comparison of physiological parameters in different pig housing models revealed
that under concrete floor, respiration rate, pulse rate and body temperature was higher by

Low cost deep litter housing model

11, 4.9, 0.39% in summer and
28, 3.9, 0.47% in winter,
respectively compared to deep
litter housing system. Under
Sikkim conditions, growth
performances of Local/Lepcha
and Hampshire pig breeds were
found better under deep litter
condition as compared to
concrete floor pig pen.
Morphometrically, the small
snout length of indigenous pig
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makes it more suitable for deep litter housing system as they dig less when compared
with other breeds.

An experiment on formulation of fortified feed from kitchen waste for pig revealed that
the group which was fed with 7% molasses had better growth rate (280 g/d) as compared
to control group (230g/d) and molasses may help in protecting the animals from climatic
stress.

                      Processing of kitchen waste Feeding of kitchen waste

Identification of the unique traits in indigenous pigs which make them resilient to climate
change was done in Basar centre. The unique traits identified in the local breed of pig of
Arunachal Pradesh are long bristle length (4-9 cm) and potbelly. Long hair bristles act as
insulator during cold season and are shed during summer season. Similarly, potbellied
condition may aid in better dissipation of heat during high temperature.

Hampshire x Yorkshire crossbred and Mizo local pigs (Zovawk) were evaluated in different
altitudes under farmer’s field conditions in Mizoram. Studies revealed that crossbred pigs
have the greatest potential for their use as improver breed for meat and litter size as
compared to local pigs. The average body weight at birth and weaning was found to be
1.52 kg, 8.12 kg in crossbreds and 0.512 kg and 4.21 kg in local pigs. The average litter
size at birth (8-12) and litter size at weaning (8-9) was higher in crossbred pigs than that
of local pigs (4-6).  The results of crossbred pigs in farmers’ field showed substantial
improvement in body weight at slaughter and feed conversion efficiency. The optimum
level of exotic inheritance in crossbred ranges from 50-87.5% and has been found to be
suitable for subtropical humid condition of tribal hill regions of Mizoram. The farmers
experienced a positive impact on the pork productivity and income. The overall livestock
cropping intensity was enhanced to the extent of 80-85%.

Adaptation and mitigation strategies in poultry to thermal stress (DPR, Hyderabad)

Supplementation of methionine isomers (DL methionine, MHA Ca and L methionine) in
commercial broiler chicken maintained on floor pens (6.6 x 4 feet) containing 22



90

commercial broilers in each pen during tropical summer (max temp 34.7 oC+1.07; min
temp 26.3 oC+1.16; max humidity 69.0%+4.82; min humidity 33.6+6.01%) improved
the body weight gain, feed efficiency and breast weight of the birds. Increase was more
in DL methionine group followed by L methionine and MHA in that order. Antioxidant
variables were not affected by methionine source in diet. Antibody titre against ND vaccine
was significantly higher in DL methionine groups followed by MHA and L methionine
in that order.

Supplementation of oreganol (250 g/kg diet) replacing antibiotic growth promoter had
no effect on body weight gain and feed efficiency. However, lipid peroxidation was

Effect of supplementing oreganol on lipid
peroxidation in commercial broilers (6th week)

reduced while GPRx and FRAP
increased significantly with oreganol
supplementation both in Vanaraja birds
and broiler chicken. Similarly,
supplementation of MOS (1, 1.5, 2, 2.5
and 3 g/kg diet) up to week 3 had no
effect on performance and immune
responses of Vanaraja. GSHPx and
GSHRx were significantly higher in sera
of birds fed 1.5 and 1 g MOS/kg diet,
respectively compared to those fed the
antibiotic growth promoter.

Studies conducted on commercial broilers in environmental controlled poultry houses
indicated that cold stress (26 vs 34°C) reduced body weight gain by 278 g (3.9%) and
feed efficiency by 0.06 (3.1%) in birds at the marketing age irrespective of energy and
digestible amino acids levels in the feed. The poor performance of body weight was
observed as early as 14th day of age. Similarly, under heat stress (36 vs 26°C) condition,
the body weight gain decreased by 484 g (22.9%) and feed efficiency by 0.07 (4.1%).

Development of threshold levels of climate variables for incidence of livestock diseases
(NIVEDI, Bengaluru)

Spatio-temporal epidemiological (outbreaks, diagnosed cases and death cases) data (2002-
14) analysis of eight livestock diseases in Tamil Nadu state revealed Anthrax (109) was
high followed by Foot and mouth disease [FMD] (99), Peste des petits ruminants [PPR]
(45), Bluetongue [BT] (44), Black quarter [BQ] (34), Haemorrhagic septicemia [HS]
(15), Sheep and Goat pox (15) and Enterotoxaemia [ET] (9). Season wise analysis revealed
highest number of outbreaks during north east monsoon season for all the diseases.
Agroclimatic zone and cluster analyses revealed that highest number of outbreaks occurred
in north eastern and southern zones. Bio-climatograph analysis showed relationship
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between rainfall and livestock disease outbreaks for all the diseases. Disease prevalence
seemed to be higher in north eastern and southern zone of Tamil Nadu and during north-
east monsoon. Preventive vaccinations against anthrax, FMD, PPR have to be initiated
in the two zones before monsoon to mitigate the livestock diseases.

Disease risk maps for Karnataka and Tamil Nadu were prepared using the variables like
livestock population, rainfall, NDVI and LST. The risk map analysis of PPR indicated
that the intensity of the PPR outbreaks decreased by six times in Karnataka possibly due
to the effective PPR control programme (vaccination) implemented in Karnataka. There
is extension of geographical area of occurrence of PPR in Karnataka. It is likely that due
to the vaccination programme, the herd immunity is high and the pathogen is trying to
find the hosts for spread of disease. Hence, there is extension of the PPR risk areas in
Karnataka during 2011-15 period with decreased risk intensity.

Temporal trends in spread and intensity of PPR in Karnataka
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4.6  Impact and Adaptation Strategies in Fisheries

Impact of climate on phenology of marine fishes (CMFRI, Kochi)

Trend analysis of past 40 years SST data of Veraval coast showed an increase in
temperature (1.16oC) and rainfall (76 mm) from 1975 to 2015. A decrease in chlorophyll
concentration (-0.016 mg chlorophyll/m3) was noticed from 1998 to 2015. SST was
found to positively influence the maturity of Indian mackerel and negatively influence
ribbon fish. Spawning season of mackerel was also triggered by higher current speed.
Rainfall was also found to have positive influence on the maturities of mackerel, thread
fin bream and Bombay duck. Phenological study for the last 5 years along Veraval coast
depicts that pelagic fishes such as T. lepterus, H. neherus, S.longiceps and R. kanagurta
are continuous spawners, which gives them high potential to adapt to climatic changes.
R. kanagurta showed peak spawning activity from July to September along Veraval coast,
whereas the southwest coast recorded peak spawning activity from June – August. S.
longiceps recorded continuing spawning throughout year, with three peaks in year. Three
peak seasons of maturity were recorded for H. neherus, with 70% in the month of July,
with prolonged spawning season. Coilia dussumeiri also recorded two peaks in spawning
season, one during pre-monsson (March) and the other during post monsoon (October).
T. lepterus recorded the maximum maturity in the month of January and February, with
prolonged spawning season. The demersal fishes i.e. N. japonicus and P. aregentus,
showed two peaks in the spawning seasons, with very less spawning activity during rest
of the months, this makes them less adaptive to climatic variability. The maximum
spawning activity for N.japonicus was noticed in post-monsoon season, with a small
peak in February also. The breeding period for P.argentus was found to be from April to
May.

             Breeding seasons for pelagic fishes Breeding seasons for demersal fishes
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Generalized  additive  model  (GAM) used  to  relate  climatological  parameters  to
variations  in  distribution  of  oil  sardine  and  Indian  mackerel indicated  good  fit  with
mackerel  catch  rate  anomaly  and  chlorophyll  anomaly  while  for  sardine  good  fit
was  observed  with  SST  anomaly.  R  plot  showed  SST  and  Chl  a  to  be  predicting
factors  for  distribution  of  oil  sardine  and  Indian  mackerel  respectively.  An  anomaly
range  of  0.1  to  0.3  indicating  temperature  of  28.10°C  to  28.38°C  seems  to  be
favorable  for  sardine  distribution,  and  chlorophyll  concentration  of  0.50  to  0.59 mg/
m³  for  mackerel  catch  distribution.

Vulnerability of Indian marine fishes (CMFRI, Kochi)

Vulnerability assessment of fish stock and long term prediction of fisheries change along
four zones (NE, NW, SE and SW) of Indian coast using 40 year’s data on fishery biology
and environmental parameters revealed that Penaeus semisulcatus and Protonibea
diacanthus were the most vulnerable species among the total of 27 fish species analyzed,
whereas Megalaspis cordyla was the least vulnerable species to climatic variability at
Veraval. Analysis carried out at Mumbai on 34 species points indicated that species
Otolithes biauritus is highly sensitive, whereas species along southwest coast are
moderately vulnerable to climate change and any change in climate or catch rates would
make these species shift to highly vulnerable category.

Adaptive capacity of Zoanthid species to climate change (CMFRI, Kochi)

Analysis of the distribution pattern of seven species of Zoanthid species along three
coastal villages of Saurashtra coast indicated that Palythoa mutuki was the most abundant
species in the area with 46%, followed by Zoanthus sansibaricus (33.7%) and Zoanthus
cf. sansibaricus (12.3%). Among abiotic parameters and nutrient data, higher level of
DO was found to favour the growth of Palythoa mutuki and Isaurus tuberculatus, whereas
increased SST was tolerated by Palythoa tuberculosa. Ammonia and phosphate negatively
impacted the growth of Palythoa mutuki and Zoanthus sp.

Palythoa tuberculosa Zoanthis sansibaricus (green in colour) with
intermittent growth of Palythoa mutki

(brown)
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Effect of water temperature on hatching, feed intake and growth of freshwater fish
(CIFA, Bhubaneswar)

Studies on hatching of eggs of Labeo rohita at different water temperatures (28R”C, 30R”C,
32R”C and 34R”C) showed that while hatching of eggs took place between 12-16 hours at
28R”C, it happened between 9-12 hours at 30R”C. At 32R”C and 34R”C the eggs became
whitish and degenerated within two hours. A study on the effect of different water
temperatures (18, 22, 26, 30 and 34°C) on growth performance and feed intake of Labeo
rohita for 49 days with feed offered at the rate of 4% of wet body weight of the fish
indicated that Labeo rohita attained significantly higher body weight gain (2.11 ± 0.007g)
under water temperature of 30°C, followed by 1.93 ± 0.003g body weight gain under
water temperature of 26°C. Further, the fish reared in 30°C water temperature showed
the best feed intake value (80% consumed), followed by those maintained at 26°C (75%

Effect of water temperature on feed intake and weight
gain of Labeo rohita and Catla catla

consumed). In a similar study with
Catla catla for 25 days with
temperatures of 20, 24, 28, 32 and
36°C, Catla catla attained
significantly higher body weight
(1.87 ± 0.007g) under water
temperature of 28°C followed by
1.62±0.008 g body weight under
water temperature of 32°C. The fish
reared under 28°C water temperature
showed the best feed intake value
(90% consumed), followed by those
maintained at 32°C (82% consumed).

Impact of flood, extreme climatic events on shrimp aquaculture (CIBA, Chennai)

The damage to aquaculture due to flood as a consequence of very heavy rainfall during
November–December 2015 under the influence of deep depression in the southwest Bay
of Bengal attributed to the El Niño phenomenon was assessed in Nellore District, AP.

Loss to A) Infrastructure, B) Machinery, and C) Stock in shrimp farms due to flood
in Nellore District, AP
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About 12000 acres of brackish water ponds in 14 Mandals and freshwater ponds in 4
Mandals of the district were inundated and damaged. All the vannamei shrimp ponds
situated on either sides of the Kandaleru creek were washed away. Infrastructure (storage
structures and temporary buildings) and machinery (aerators and motors) were also
damaged and washed away, and standing stock amounting to a total of Rs 2000 crores
was lost.  Siltation on the ponds’ bottom was observed up to 15-20 cm depth.

Soil and water samples of aquaculture ponds in flood affected areas of Kanchipuram and
Tiruvallur Districts, TN were collected and analyzed and soil and water health cards
were distributed to brackish water aqua farmers before the start of next crop in a function
organized during December 2015 at Mamallapuram.

Distribution of soil and water health cards to brackish water aqua farmers in
flood affected areas

Impact of storm surge and sea level rise on inundation of coastal resources (CIBA,
Chennai)

GIS and RS tools were used to predict the future impact of sea level rise (SLR) on land
use classes in Kancheepuram District, Tamil Nadu. These predictions indicated that
agriculture and aquaculture area of 67 and 39 ha and 273 and 110 ha will be inundated
with 0.5 and 1 m SLR, respectively. While a little area under aquaculture will be inundated,
a large area will become available for brackish water aquaculture from the inundation of
other land use categories.

Assessment of greenhouse gases (GHGs) emission and mitigation measures in
aquaculture supply chain (CIBA, Chennai)

Greenhouse gases (GHGs) emission were estimated monthly from culture ponds of P.
monodon (12 nos./m2)) in Nagapattinam District, Tamil Nadu, P. vannamei (35 nos./m2)
and freshwater composite fish culture (CFC) of Catla, Rohu and Sheelavathi in Krishna
District, and Asian Seabass (L. calcarifer) in Krishna and W. Godavari Districts, Andhra
Pradesh. The results of the study indicated that average emissions of all GHGs in g/ha/
day were high in CFC and finfish culture ponds (CH

4
 – 3.62 to 7.86; CO

2  
– 1056 to

1758; N
2
O – 0.31 to 1.11) compared to shrimp culture ponds (CH

4
 – 1.88 to 5.14; CO

2

– 423 to 883; N
2
O – 0.07 to 0.35). GHGs emission in terms of CO

2
 eq. emission in kg/ha

ranged from 78 to 190, 118 to 224 and 155 to 245 in the nursery (up to 300 g), grow out



96

1 (up to 1 kg) & grow out 2 (up to 3 kg) of L. calcarifer culture ponds, respectively. High
GHGs emission in grow-out ponds of Seabass compared to nursery ponds indicated the
influence of biomass size on GHGs emission. GHGs emission from different aquaculture
systems in terms of CO

2
 eq. emission in kg/kg production was 0.096 from CFC, 0.022 to

GHGs emission from aquaculture ponds during rainy and
non-rainy days

0.03 from Asian Seabass, 0.04
from P. monodon and 0.042 from
P. vannamei culture ponds. The
emissions were high during the
summer season compared to
winter. The emissions
significantly decreased during
rainfall conditions and
aquaculture ponds acted as sink
during rainy days and low
temperature conditions.

Climate change along the major river basins (CIFRI, Barrackpore)

The trend of changing climatic parameters in selected stretches of the river Ganga revealed
that rainfall in Patna has decreased by 52.58 mm during time period 1976-2015. The

Trends in temperature and precipitation regimes at
Farakka (Soruce: IMD)

mean maximum temperatures at
Patna increased by 0.54ºC and
mean minimum temperature
increased by 0.66ºC in the last
three decades. In lower Ganga
(Farakka), rainfall has decreased
during monsoon (May – August)
but showed increasing trend in
both pre and post monsoon in the
last four decades (1985-2014).
The mean maximum temperature
at Farakka increased by 0.32ºC
and mean minimum temperature
increased by 0.54ºC in the last
four decades.

Thermal tolerance of selected fish species (CIFRI, Barrackpore)

Increase in water temperature due to global warming and climate change may affect the
habitat potential and biological aspects of fishes. Generation of data on upper thermal
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tolerances limit (CTmax) will help to predict thermal survival of fishes from different
aquatic ecosystems and to select thermal tolerant species under future global warming
scenario. Ex situ thermal tolerance of eight inland fishes was assessed during different
seasons. The CTmax value ranged from 37.07±0.0.55 to 42.92±0.46oC with highest
value for Labeo bata and lowest for Clarias magur. Data also revealed more CTmax

Thermal tolerance of the selected fish species

value for fishes collected
from habitat of higher
temperature. Observed
thermal tolerance
(CTmax) of the studied
species indicates their
capacity to thrive at
higher temperature and
they can be grown in the
event of changed climate
due to enhanced
temperature scenario.

Identification, documentation and optimization of climate resilient fishery adaptation
strategies (CIFRI, Barrackpore)

ITKs from four wetlands of West Bengal were studied and climate change adaptation
strategies were documented. All of these indigenous fishery strategies in wetlands have
been developed over time as a form of spontaneous adaptation by the fisher folk community
to cope up with the problems of increasing water stress, sedimentation and aquatic weed
proliferation under present temperature-precipitation regime. Efforts are under way to
optimize these strategies and to make them widely popular.

Climate change related adaptation strategies for wetland fisheries A. Deep pool refuge based
fishery, B. Weed refuge based fishery, C. submerged branch pile based fishery
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4.7  Socioeconomic Impacts and Community Response

Analysis of existing climate change adaptation policies, programs and institutional
mechanisms and identification of synergies (NIAP, New Delhi)

With the objective of understanding how various on-going development programmes in
the country can contribute to the adaptation and mitigation aspects and identifying important
constraints to climate change adaptation, an inventory of all the development programmes
underway was prepared and the programmes were classified into six thematic groups,
viz., Rural Livelihood Security, Natural Resource Management, Production Augmentation
and Productivity Enhancement, Risk Financing, Food Grain Management, and Research
& Extension. Based on the pertinence to these groups, from the total of fifty three of the
Government of India ministries prevailing during 2015-16, the study identified twenty
four ministries associated with the Development-Adaptation continuum responsible for
livelihood support in rural India. Against the backdrop of six identified thematic groups,
a total of 161 developmental schemes/ programmes were selected after reviewing the
annual reports, guidelines, mandate of the programmes, and the outcome budgets of the
selected ministries. The study further disaggregated these thematic groups into 24 sub-
groups and 52 categories. Thus an extended classification is in consonance with the
stated objectives of the identified schemes/programmes across the 24 ministries. Such a
cross cutting and thematic/need based convergence of different programmes will help in
mainstreaming the developmental agenda as per the relevance of the program to climate
change adaptation. Also the budgetary allocations on the selected schemes for the period
2010, 2015 and 2016, were collected from the union budgets of the government and
outcome budgets of the respective ministries to determine the expenditures as per the
thematic groups and sub groups.

Socio-economic, technological, institutional and infrastructural barriers to
adaptation strategies (NIAP, New Delhi)

Farmers’ perceptions regarding changing climate, on-going development programmes
and the constraints to adaptation were elicited in a survey conducted in two villages each
from Punjab and Telangana states. The farmers revealed during PRA that there has been
an increase in the annual temperature and reduction in the total annual rainfall along with
greater variability, especially in the last decade. They also highlighted late onset of
monsoons, reduction in the number of rainy days, increased intensity of rainfall and increase
in summer and winter temperatures, eventually causing disturbance to the physiological
and biological process of the crop and thereby affecting both the production and their
livelihood. It was also observed that the farmers at the farm, institutional, technological
and socio-economic level are struggling with various issues which cause hindrance in the
process of adaptive capacity enhancement. Further it was elicited that not only the farmers
but also local institutions like KVKs were unaware about the various welfare programmes/
schemes formulated by the government.
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Adaptive Capacity: Constraints

Types of constraints

 Farm Level ✤ Lack of appropriate technology, non-availability improved

varieties and drought tolerant seeds

✤ Difficulty in supplementary irrigation

✤ Inadequate access to weather information/forecasts

✤ Small farm size, limited capacity for crop diversification

✤ Lack of alternate income sources during stress period

Institutional Level ✤ Poor access to institutional credit

✤ Difficulty in availing risk management instruments

✤ Inefficient co-operatives/association, governance and CPR’s

tackling risks

✤ Lack of efficient market mechanism/access

Technological Level ✤ Lack of improved technology to recharge ground water

✤ Lack of information on water efficient crops, varieties, etc.

Socio-Economic Level ✤ Labor shortage, population pressure

✤ Lack of collective approach

✤ Lack of education

✤ Majority of farmers belong to the small and landless category

Description

Awareness creation and capacity building on climate change and agriculture
(NCCSD, Ahmedabad)

Awareness building and capacity strengthening are the two major goals being addressed
in the project. Communication material such as posters, documentary films, guide books
related to climate change and agriculture were developed in Gujarati, English and Hindi.
The material was prepared in a manner that various stakeholders like farmers, extension
officers, students and teachers of agriculture can find it understandable and useful. Also,

Training programme at Anand

training programmes and interactive
workshops, etc. were conducted for
farmers and other officers concerned
with agricultural development. The
feedback obtained indicated the
usefulness of such programmes and of
communication material in enhancing
the knowledge of farmers in dealing with
changing climate.
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4.8  Technology Demonstrations for Climate Resilience

Technology Demonstration Component (TDC) of NICRA aims at enhancing the adaptive
capacity of farmers to cope with increasing climate variability in different agro-ecosystems.
Demonstration of available location-specific technologies related to natural resource
management, crop production, livestock and fisheries are being taken up in various
climatically vulnerable districts of the country. TDC is being implemented in a farmer
participatory mode in 128 vulnerable districts of the country through 121 Krishi Vigyan
Kendras (KVKs) spread across the country in 28 states & 1 Union Territory, and 7 sites
implemented by premier ICAR research institutes.

The following are the salient activities/achievements under TDC component during 2015-16

• In NICRA village Takali, Amravati district of Maharashtra, renovation of 13 check
dams was undertaken and this helped in recharging 62 open wells surrounding these
check dams during kharif 2015-16. Desilting of these structures increased their storage
capacity leading to increase in water table. Supplemental irrigation provided to crops
resulted in substantial increase in yield of soybean (6.85 q/ha) over farmers’ practice
of rainfed soybean (3.85 q/ha). Renovation of rainwater harvesting structures since
inception of NICRA project resulted in expansion of the area under irrigation in the
village, particularly during the rabi season with wheat and chickpea.

Renovation of check dam increased the water table and storage in open wells for irrigating rabi
crops such as chickpea and wheat in Amaravati district of Maharashtra

• Demonstrated low cost Konkan Vijay Bandhara in NICRA village Haral, Ratnagiri
district  to conserve water at field level covering 11 ha area involving 95 farmers.
Results showed that, on an average water stored per bandhara increased by about
2,70,000 L, resulting in increase in the availability of water in the nearby wells up to
April which brought more area under cultivation of crops like cowpea, groundnut
and Dolichos bean in rabi season which otherwise is monocropped.
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Demonstration of Konkan Vijay Bandhara and supplemental irrigation to crops in
Ratnagiri district of Maharashtra

• In West Tripura district, approximately, 175000 ft3 rainwater storage was created by
water harvesting structures and used for growing vegetables during dry spells in
kharif as well as during rabi summer season in an area of about 5.0 ha. An area of
one ha waste land was converted to paddy using water from community water
reservoirs. Hybrid potato seed (HPS) technology was introduced to the farmers of
North Pulinpur with the harvested water from the pond created as part of NRM
interventions of NICRA. Similarly, kharif paddy fallow land is now successfully
utilized by introduction of second crops like maize var. HQPM 1, vegetable pea var.
Arkel 1 and enhanced the cropping intensity.

Water harvesting structure in NICRA village in
Tripura

Potato variety  HPSII/67 grown with
harvested rainwater

• In D. Nagenahalli village, finger millet yields were low due to uneven rainfall (May-
June), poor management and due to non availability of quality seeds. During kharif,
early season drought occurred due to delay in the monsoon rains. Finger millet variety
ML-365 a short duration variety of 105 days duration, released by UAS, GKVK,
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Short duration finger millet variety ML-365

Bengaluru was introduced to cope
with delayed monsoon in seventy
farmers fields. The performance of
the variety was significantly superior
to local variety..

• In Dunda village in Uttarkashi district of Uttarakhand, considering the lack of
irrigation facilities and uneven rainfall in the area, the drought tolerant pigeonpea
(Arhar) variety V L Arhar -1 was demonstrated during kharif season initially in 2.5
ha area. V L Arhar 1 gave much higher yield (12.50 q/ha) as compared to local
cultivar Tor (8.75 q/ha) and gave better monetary return of Rs 46100/ha with B:C
ratio of 3.81 as compared to local
with B:C ratio of 2.78. Arhar
Diwas (Field day on pigeonpea)
is being organized every year at
Dunda village with an objective
to create awareness about the
performance of drought tolerant
pigeonpea cultivar V L Arhar -
1. The farmers who are
cultivating V L Arhar -1
promised to retain the harvest and
share it with their fellow farmers
as seed material.

Drought tolerant pigeonpea cultivar V L Arhar -1

• Demonstration of in-situ moisture conservation technologies in groundnut and
redgram by subsoiling with chisel plough was taken up in NICRA village Chamaluru,
Anantapur district. The sub soiling breaks the hard pan and helps infiltration of the
rainwater into the lower layer of soil from where it is not easily lost by evaporation,
and aids in deeper rooting, which helps in better exploitation of stored soil moisture
and applied nutrients from the profile. Sub-soiling gave higher pod yield (1330 kg/
ha) and haulm yield (2650 kg/ha) and net returns (Rs.46325/- ha) over farmers’
practice (pod yield 1200 kg/ha, haulm yield 2130 kg/ha, net returns Rs.40045/-ha).
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Subsoiling with chisel plough Groundnut crop after subsoiling

• In Takali village of Amravati, in-situ moisture
conservation practices such as sowing across
the slope, ridge & furrow planting and broad
bed furrow with short duration variety of
soybean (JS-9560) in 187 ha resulted in yield
advantage to the extent of 33% over farmers
practice (no conservation measures).

BBF planting in soybean

• In Umarani village of Nandurbar district,
farmers generally sow the crop along the
slope resulting in runoff and erosion of soil.
Ridge furrow planting using short duration
maize var (GM-6) in 4 ha area resulted in yield
increase of 14% (17.50 q/ha) compared to
farmers practice (15.20 q/ha)

Ridge and furrow in maize

• In Nirmal pimpari village of Ahmednagar
district, demonstration of intercropping
(soybean + pearl millet)  with conservation
furrows in 8 ha area covering 20 farmers
resulted in higher yields of soybean and pearl
millet over farmers practice of sowing without
conservation furrows.

• In Haral village, Ratnagiri district, farmers
generally face prolonged dry spell in paddy
causing water stress during tillering &

Rice variety Karjat-8 performed better
under dry spells



104

flowering stage resulting in  reduced yields. Lodging & water stress resistant rice
varieties (Sahyadri-3, Karjat-8) were demonstrated in 7 ha area covering 35 farmers.
These varieties performed well under water stress conditions and Sahyadri-3 and
Karjat-8 recorded 45 q/ha and 33 q/ha as compared to local variety Jaya (28 q/ha).

• In Yagantipalli village of Kurnool, climate resilient crops served as an insurance
against crop failure due to drought. Farmers traditionally grow cotton which gives
lower yields during drought years leading to losses due to higher cost of cultivation.

Short duration foxtail millet variety SIA-3085

Short duration foxtail millet varieties
(SIA-3085 and Suryanandi) were
demonstrated in farmers’ fields. An
average yield of 19.5 q/ha with net
returns of Rs. 11,820/ha were obtained
apart from the biomass used as fodder.
The short duration varieties matured
early by 10-15 days compared to local
check and reduced the adverse impact
of terminal drought condition. More
than 60% of farmers in the village have
adopted this practice during the project
period.

• In Sirusuwada NICRA village of Srikakulam district, paddy is the main crop and
farmers are growing varieties like BPT 5204 (Samba mahsuri), MTU 7029 (Swarna),
MTU 1001 (Vijetha) which are susceptible to flooding despite high yield potential
and market demand in the district. Hence, flood tolerant paddy varieties, PLA 1100
(Badava Mahsuri), RGL 2537 (Srikakulam sannalu), MTU 1061 (Indra) and MTU
1064 (Amara) were introduced and demonstrations were taken up in farmers’ fields.

Performance of flood tolerant varieties - no
lodging (right side) compared to farmers

practice (left side)

The performance of these flood tolerant
varieties was found to be very
satisfactory not only in terms of giving
higher yield but also having non-
lodging trait. The variety, MTU-1064
recorded the highest yield (52.4 q/ha)
followed by RGL 2537 (50.5 q/ha),
PLA-1100 (50.4 q/ha) and MTU-1061
(49.3 q/ha) when compared to that of
check varieties (MTU-7029/ MTU
1001/Puja/BPT 5204) (38.8 to 51.0q/
ha) which showed severe lodging.
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• Wide spread unseasonal rains over an extended period during 9-15 March, 2016
adversely affected wheat, mustard and chickpea crops. Wheat sown timely with
happy seeder in combine harvested rice fields in Punjab (Fatehgar Saheb, Ropar,
Faridkot and Batinda) and Haryana (Yamunanagar) escaped crop damage due to
lodging or water stagnation while conventionally sown fields suffered water logging
up to 7 days which caused significant damage. Recovery of the lodged plants in
happy seeder sown plots was faster due to less water stagnation.

Lodging in wheat (conventional practice)           Wheat sown with happy seeder (no lodging)

• Workshop on kharif review and rabi progress 2015-16 of Zone V NICRA KVKs
was organized at KVK Aurangabad,
Maharashtra, during 20-21 November,
2015. Dr. B.Venketswarlu Vice-
Chancellor, VNMKV Parbhani was the
chief guest of the workshop. The
meeting captured the salient
achievements, success stories and rabi
action plan for technology
demonstration in 15 NICRA KVKs.
Each NICRA KVK also presented the
details about kharif progress report and
climate resilient agricultural practices.

Workshop on kharif review and rabi progress
2015-16 at KVK Aurangabad

• CRIDA organized a three day workshop on assessing the impacts of NICRA TDC
interventions for KVKs from various zones of the country during 10-12th March,
2016 along with the Nodal officers from ATARIs and Program Coordinators from
KVKs. The purpose of the workshop was to quantify the impacts of various
interventions (under different modules: NRM, crop production, livestock interventions
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and custom hiring centres) being taken
up in the NICRA villages, using
appropriate formats. Interventions are to
be quantified using these formats at the
individual farmer level and comparison
has to be made with the farmer’s
practice.

Workshop on impact of TDC-NICRA
interventions, 10-12 March, 2016 at CRIDA,

Hyderabad

• In view of the unfolding aberrant monsoon in kharif 2015, monsoon contingency
action plans, primarily late planting (after mid July) and crop-soil moisture and nutrient
management measures in standing crops experiencing dry spells, were prepared and
implemented in 50 NICRA KVKs in states vulnerable to drought.

• In capacity building activities, 118 training programs were conducted in NICRA
villages during the months of June-August, 2015 under the modules of natural
resource management, crop production, livestock & fisheries in Maharashtra, Punjab,
Haryana, Himachal Pradesh, Gujarat, Rajasthan, Madhya Pradesh, Odisha, Bihar,
Uttar Pradesh, Karnataka, Tamilnadu and Telangana.
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4.9  Contingency Planning for Current Climate Variability

District agricultural contingency plans – Preparation and implementation (CRIDA,
Hyderabad)

Based on the suggestion of The Parliamentary Consultative Committee on Agriculture,
Food, Civil Supplies and Consumer Affairs, Government of India (GOI), the Indian
Council of Agricultural Research (ICAR) took the responsibility of preparing contingency
plans at district level for all the 126 agro-climatic zones of the country to deal with weather
related aberrations. A standard template was developed in consultation with all
stakeholders to cover prevailing agro-ecological situations in the district, possible in-
season contingencies and suggested strategies to overcome them. The template consists
of two parts dealing  with a) district agricultural profile with information on resource
endowments, dominant crops and cropping systems along with their sowing windows,
livestock, poultry and fisheries information, production and productivity statistics, and
major contingencies faced by the district, and (b) the detailed strategies for weather related
contingencies anticipated in crops/cropping systems such as delay in onset of monsoon
of different durations; mid-season monsoon breaks resulting in drought, both in rainfed
and irrigated situations, and adaptation strategies for weather related extreme events. These
contingency plans contain information on alternate crop varieties/ crops to be chosen in
case of delay in onset of monsoon or early season drought and also on agronomic measures
for mid and terminal season droughts. Further, strategies for contingency situations in
livestock, poultry and fisheries have also been included.

The district contingency plans were prepared by CRIDA (nodal institute) along with
other institutes of NRM Division of ICAR and State Agricultural Universities and KVKs
under the overall guidance and supervision of ICAR and Department of Agriculture and
Cooperation (DAC). Five regional orientation workshops were conducted for nodal officers
of state agricultural universities to sensitize them about the standard template developed
for the purpose. Vetting workshops were organized there after in different states to scrutinize
and finalize the plans in the presence of ICAR institutes and respective university
authorities.

Availability of plans

The district based contingency plans are prepared for 600 districts in the country and
hosted on ICAR/DAC websites (http://farmer.gov.in/, http://agricoop.nic.in/acp.html, http:/
/crida.in and circulated to all state agriculture departments.



108

Region-wise district agriculture contingency plans developed till 31 March, 2016 (state-wise)

Status of district agricultural contingency plans on 31 March, 2016

Implementation of DACPs

Operationalization of contingency plans requires extensive planning both at district and
state level. Sensitization of district authorities to respond to various weather aberrations



109

impacting the agriculture sector is an important activity. As part of systematic sensitization
exercise, the ICAR and DAC organized interface meetings with concerned line departments
of the State Governments before the commencement of kharif, 2014 in Patna (Bihar),
Ahmedabad (Gujarat), Jaipur (Rajasthan) and Bengaluru (Karnataka).  During the year
2015, following the forecast of India Meteorological Department in April, 2015 about
the possible deficit rainfall during south-west monsoon, a high level national consultation
meeting was held at ICAR-CRIDA, Hyderabad on 24th May, 2015 followed by state-
wise interface meetings (a total of 10 states) with department of agriculture, KVKs, SAUs,
seed agencies and other stakeholders during May- June 2015. As part of imparting
awareness among district authorities, seven interaction meetings were organized at regional
workshops of Pradhan Mantri Krishi Sinchayee Yojana (PMKSY) to the IAS/IFS officials
and state officials about contingency crop plans and their operationalization  during
droughts, floods, etc.

Real-time contingency planning (AICRPDA network)

Interventions to cope with delayed onset of monsoon and seasonal drought (early, mid
season and terminal) were demonstrated in 1050 farmers’ fields covering about 400 ha in
33 villages in 24 districts across 15 states during kharif  2015. The onset of monsoon was
delayed by more than two weeks in NICRA villages of Rajasmand and Solapur districts.
Further, there were 4-6 dry spells at different stages of crops in NICRA villages of
Lakhimpur, Garhwa, Kandhamal, Vijayapur and Solapur districts. The specific
interventions implemented at different locations, and the positive outcomes of the
interventions are summarized below.

Delayed onset of monsoon

• At Kumbhi and Bankheta villages (Garhwa district, Jharkhand), under delayed onset
of monsoon by 13 days, drought tolerant and short duration varieties gave higher

Drought tolerant short duration sesame
variety (Shekhar)

yield and net returns as compared to local
checks, viz. rice cv. Arize Tej (3067 kg/ha,
Rs 35071/ha); maize cv. Kanchan (3194 kg/
ha, Rs 19954/ha); fingermillet cv. A-404
(1621 kg/ha, Rs 11687/ha); sesame cv.
Shekhar (487 kg/ha, Rs 11867/ha) and
blackgram cv. Birsa Urd-1 (1235 kg/ha, Rs
44578/ha).
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• At SK Nagar, under delayed onset of monsoon by 31 days, pearlmillet hybrid GHB
558 recorded higher grain yield (445 kg/ha) than GHB 538 (395 kg/ha).

Early season drought

In-situ moisture conservation with
conservation furrows in castor

• At Vannedoddipally village (Anantapuramu
district, Andhra Pradesh), in-situ moisture
conservation with opening of conservation
furrows improved yield of groundnut (5%),
castor (11%), pigeonpea (9%) and cotton
(6%) compared to without conservation
furrows.

• At Babulgaon village (Parbhani district, Maharashtra), foliar spray of KNO
3
 @ 2%

in soybean recorded 11% higher seed yield (484 kg/ha), net returns (Rs. 5544/ha),
B:C ratio (1.44) and RWUE (1.69 kg/ha) over control (435 kg/ha).

Midseason drought

• At Kavalagi village (Vijayapur district, Karnataka), foliar spray of KNO
3 
@ 0.5%

during dry spell and urea @ 2% immediately after receipt of rains gave 19 and 27%
higher yield of greengram (328 kg/ha) and pigeonpea (1000 kg/ha), respectively
compared to without foliar spray (275 and 788 kg/ha, respectively).

• At Hardoiya village (Faizabad district, Uttar Pradesh), mulching with green leaves
of subabool @ 10 t/ha in maize recorded 28% higher grain yield (1450 kg/ha) over
farmers’ practice of no mulching.

• At Kochariya village (Bhilwara district, Rajasthan), foliar application of 2% KNO
3

in maize gave 25% higher seed yield (878 kg/ha) over farmers’ practice (704 kg/ha)
with higher net returns (Rs.14600/ha) and B:C ratio (1.21).

• At Lapsiya village (Rajsamand district, Rajasthan), higher maize grain yield (518
kg/ha), RWUE (1.98 kg/ha-mm) and B:C ratio (0.90) were recorded with foliar
spray of 2% KNO

3
 over farmers’ practice of no foliar spray (405 kg/ha).

• At Nignoti village (Indore district, Madhya Pradesh), foliar spray of chlormequat
chloride (VAM-C)  50 SL @ 375 ml/ha  and thiourea @ 250 g/ha using  400 lit
water/ha increased seed yield of soybean by 6-8% and 3-5% respectively over without
foliar spray. Among the soybean varieties, JS 95-60 gave highest yield (950 kg/ha),
net returns (RS.14100/ha) and B:C ratio (0.86) with  the spray of VAM-C 50 SL
@375 ml/ha.
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• At Pata Meghpar village (Jamnagar district, Gujarat), life saving irrigation of 30 mm
applied in cotton increased seed cotton yield (2280 kg/ha), net returns (Rs.43300/
ha), B:C ratio (1.36) and RWUE (2.21 kg/ha-mm) compared to rainfed crop (1330
kg/ha).

Terminal drought

• At Kalimati/Dholiya village (Banaskantha
district, Gujarat), two supplemental irrigations
given at flowering and capsule formation in
castor recorded higher seed and stalk yields of
1170 and 2315 kg/ha, respectively over no
irrigation. The highest net returns (Rs. 26488/
ha), B:C ratio (1.83) and RWUE (1.20 kg/ha-
mm) were also recorded with supplemental
irrigation (485 kg/ha).

Supplemental irrigation in castor

• At Babulgaon village (Parbhani district, Maharashtra), supplemental irrigation (5
cm) from harvested rainwater with sprinklers increased pigeonpea seed yield by
78% (494 kg/ha) with net returns of Rs. 17016/ha, B:C ratio of 1.97 and RWUE of
1.73 kg/ha-mm over no irrigation (290 kg/ha). Similarly, higher seed cotton yield
(1124 kg/ha), net returns (Rs.25318/ha), B:C ratio (2.00) and RWUE (3.94 kg/ha-
mm) was recorded with supplemental irrigation compared to without irrigation (632
kg/ha).

Preparedness

In the beginning and during crop season, risk resilient technologies/practices were
demonstrated as preparedness to cope with weather aberrations and the highlights are
presented below.

• At Nagla Dulhe Khan village (Agra District, Uttar Pradesh), maximum grain yield
of pearlmillet was recorded by sowing with ridger seeder (1320 kg/ha) as compared
to sowing without ridger seeder (1008 kg/ha). Higher net returns (Rs.7343/ha), B:C
ratio of 1.45 and RWUE of 4.83 kg/ha-mm were also recorded with sowing by
ridger seeder over farmers’ practice.

• At Nignoti village (Indore district, Madhya Pradesh), sowing of soybean with broad
bed furrow (BBF) planting system gave maximum yield (600 kg/ha) with a net
returns and B:C ratio of Rs. 3200/ha and 0.20 respectively compared to flat method
of sowing (560 kg/ha).

• At Chikkamaranahalli village (Bengaluru rural district, Karnataka), pigeonpea (BRG-
1) + field bean (HA-4) recorded higher pigeonpea seed equivalent yield (1030 kg/
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ha), RWUE (1.48 kg/ha-mm), net returns (Rs. 72773/ha) and B:C ratio (3.40)
compared to farmers’ practice of pigeonpea sole crop (795 kg/ha). Sowing of
fingermillet with modified bullock drawn seed drill recorded higher grain yield (2500
kg/ha), net returns (Rs. 33072/ha) and B:C ratio (2.31) compared to Farmer’s practice
(2356 kg/ha).

• At Kalimati/Dholiya village (Banaskantha district, Gujarat), greengram sowing with
Rototill drill recorded significantly higher seed (665 kg/ha) and stover yield (1560
kg/ha) with higher net returns (Rs.43402/ha), benefits cost ratio (5.53) and RWUE
(0.68 kg/ha-mm) followed by strip till drill (590 kg/ha).

Village seed bank

During the year, about 42000 kg seed of different rainfed crops was available with the
farmers in different NICRA villages.

Fodder bank

In order to meet the fodder scarcity during weather aberrations, community lands and
some of the famers’ fields were brought under fodder production in NICRA villages. In
such efforts, S. hamata was established on the field bunds as a source of perennial fodder
and to stabilize the bunds in Chikkamaranahalli village, Bengaluru Rural district. Live
fodder bank in NICRA village, Jhansi has more than 2000 q fodder. In NICRA village of
Ballowal Saunkhri, hybrid napier has been planted to increase the availability of green
fodder. In NICRA village of Jagdalpur, Stylosanthes, napier, berseem and sorghum based
fodder systems were established in farmers’ fields. Three species of perennial fodder
varieties viz., hybrid napier (CO 2 and CO 4), congo signal and Setaria were planted in
fodder bank at Chamua village, Lakhimpur district.

Agro-advisories

Real time contingency measures were advised for implementation in all the villages through
display of weather information and agro-advisories on black boards, SMS service through
mobiles, and All India Radio.

Linkages for operationalizing district agriculture contingency plans

During 2015-16, the scientists of the centres were actively involved in updating the district
level crop contingency plans, involving scientists and officials from KVKs and line
departments in respective states. Further, the scientists from centres also participated in
state level meetings organized in 11 states (Karnataka, Andhra Pradesh, Telangana,
Madhya Pradesh, Maharashtra, Rajasthan, Gujarat, Uttar Pradesh, Haryana, Jharkhand
and Chattisgarh) for operationalization of district agriculture contingency plans and
contributed in developing action plans.








