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To meet the challenges of sustaining domestic food production in the face of changing climate and to generate information on 
adaptation and mitigation in agriculture to contribute to global fora like United Nations Framework Convention on Climate 
Change (UNFCCC), the Indian Council of Agricultural Research (ICAR) launched a fl agship network project ‘National Initiative 
on Climate Resilient Agriculture’ (NICRA) during XI Plan in February 2011, and during XII Plan, it was referred as ‘National 
Innovations in Climate Resilient Agriculture’ (NICRA). NICRA is the unique project which brings all sectors of agriculture 
viz., crops, horticulture, livestock, fi sheries, natural resources management and extension scientists on one platform. The 
scheme involved four major components, viz. Strategic Research (41 ICAR institutes) through network as well as Sponsored 
and Competitive Grants Components (51 Projects) mode, Technology Demonstration (121 KVKs, 23 AICRPDA Centers, 7 core 
institutes of ICAR) and Capacity Building. During the past six years of NICRA, best infrastructure was established across the 
country at different institutes to facilitate the climate change research.  

Micro-level agromet advisories to cope with the seasonal climate variability, climate resilient crop varieties/ hybrids for fl ood, 
NUE, heat stress in rice, wheat, maize, black gram and tomato; GHG inventory for different crops and cropping systems, 
livestock, fi sheries and agro-forestry systems; Biochar, Conservation Agriculture practices, water foot prints, emission reduction 
technologies through effi cient energy management, carbon sequestration potential by agro-forestry, effi cient water harvesting 
& water saving irrigation methods, fl ood control, improved drainage for adaptation and mitigation of climate change have 
been developed by different partners institutes. Unique traits for thermal tolerance in livestock mapped, heat care mixture for 
poultry and small ruminants developed. Impact of climate change on crops, livestock and fi sheries have been assessed through 
integrated modeling approach. 

ICAR-CRIDA along with Department of Agriculture & Cooperation (DAC) of Ministry of Agriculture of Government of India and 
State Agricultural Universities and KVKs prepared district wise contingency plans for 623 districts in the country and are made 
available on ICAR / DAC websites. These contingency plans contain information on crop varieties and alternate 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. The plans also contain measures for allied sectors of agriculture in case of contingency scenarios.  

Technology Demonstration Component (TDC) under NICRA aims at demonstration of proven technologies to enhance the 
adaptive capacity and to enable farmers cope with current climatic variability. Village level institutional mechanisms such as 
village level climate risk management committees (VCRMC), custom hiring centers are established for managing resources 
and to improve the timeliness of operations during the limited window periods of moisture availability in rainfed areas and 
enable adoption of climate resilient practices. These interventions helped farmers to reduce the yield losses and enhanced 
their adaptive capacity against climatic variability in NICRA villages. Outcome of this project have been published as technical 
bulletins, book chapters, research papers in high impact journals and policy briefs. 

I compliment all the scientifi c, technical, administrative and contractual staff associated with this project. I appreciate the efforts 
made by Dr. K. Sammi Reddy, Director (Acting), CRIDA and Dr. M. Prabhakar, PI of NICRA, CRIDA for leading the project 
successfully and to the expectation of all stakeholders.  
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(T. MOHAPATRA)Date: 30th July, 2018

Place: New Delhi
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National Innovations in Climate Resilient Agriculture (NICRA)

1. Background

Climate change is one of the important areas of concern 
for our country to ensure food and nutrition security to 
the growing population. The impacts of climate change 
are global, but countries like India are highly vulnerable 
as large population depends on agriculture. As per 
the latest report, the global average temperature rise is 
0.990C (NASA, 2016) since pre-industrial time (1850). 
The year 2016 ranks as the warmest year, 16 of the 17 
warmest years in the 136 year record all have occurred 
since 2001. The predicted temperature rise for India is in 
the range of 0.5–1.2°C by 2020, 0.88–3.16°C by 2050 
and 1.56–5.44°C by the year 2080. Studies in India 
showed signifi cant negative impacts of climate change, 
predicted to reduce yields by 4.5 to 9.0%, depending on 
the magnitude and distribution of warming. Agriculture 
sector is contributing about 17.4% of India’s GDP, a 4.5-
9.0% negative impact on production implies a cost of 
climate change to be roughly up to 1.5% of GDP per year. 
Therefore, Govt. of India has accorded high priority on 
research and development to cope with climate change in 
general and agriculture in particular. The Prime Ministers 
National Action Plan on Climate Change has identifi ed 
Agriculture as one of the 8 National Missions. With this 
background to meet the challenges of sustaining domestic 
food production in the face of changing climate and to 
generate information on adaptation and mitigation in 
agriculture to contribute to global fora like UNFCCC, the 
Indian Council of Agricultural Research (ICAR) launched 
a fl agship network project ‘National Initiative on Climate 
Resilient Agriculture’ (NICRA) during XI Plan in February 
2011, and during XII Plan it is referred as ‘National 
Innovations in Climate Resilient Agriculture’ (NICRA).  

2. Objectives

Considering that the climate change is a continued 
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 XII fi ve year plan. Thus, 
National Innovations in Climate Resilient Agriculture 
(NICRA) has been continuing with these following new 
objectives during current phase. 

 To enhance the resilience of Indian agriculture to 
climatic variability and climate change through 

strategic research on adaptation and mitigation

 To validate and demonstrate climate resilient 
technologies on farmers’ fi elds.

 To strengthen the capacity of scientists and other 
stakeholders in climate resilient agriculture

 To draw policy guidelines for wider scale adoption of 
resilience-enhancing technologies and options

3. Project Components

The overall expected outcome is enhanced resilience of 
agricultural production to climate variability in vulnerable 
regions. The project is comprised of four components.

 Strategic Research through network as well as 
Sponsored/Competitive Grants mode
 Technology Demonstrations on farmers’ fi elds to 

cope with current climate variability 
 Knowledge Management 
 Capacity Building

3.1 Strategic Research
The strategic research has been planned at leading research 
institutes of ICAR in a network mode covering crops, 
horticulture, natural resources management, livestock and 
fi sheries sectors.  

One of the major thrusts of the scheme was to build state 
of the art infrastructure for climate change research at core 
institutes.  In particular, state of the art research facilities 
such as High Throughput Plant Phenomics facilities, Free-
Air Temperature Enrichment (FATE), Carbon Dioxide 
Temperature Gradient Chamber (CTGC), Eddy Covariance 
Towers, a network of 100 Automatic Weather Stations, 
Exclusive Satellite Data Reception System, Rainout 
shelter facility, Animal Calorimeter, CO2 Environmental 
Chambers, Custom designed animal shed, Research 
Shipping Vessel, etc. have been set up to support strategic 
research.  

Signifi cant achievements of the project include extensive 
fi eld phenotyping of germplasm of target crops (rice, 
wheat,  maize, pigeonpea and tomato) to multiple abiotic 
stresses, preparation of fi rst ever Vulnerability Atlas 
of India at district-level for all the 572 rural districts. 
Large number of germplasm screened for drought, heat, 



National Innovations in Climate Resilient Agriculture (NICRA)

2

salinity, submergence tolerance etc. in different fi eld 
and horticultural crops, for identifying donors for stress 
tolerance. Number of advance breeding materials was 
generated and evaluated at multi-locations for developing 
new cultivars. QTL for drought tolerance was introgressed 
into pusa basmati rice varieties. Two rice genotypes for 
submergence tolerance were registered with NBPGR. 
One salinity tolerant variety is in fi nal year of AICRP trials. 
Three superior heat tolerant hybrids were developed.  
Four drought tolerant rice varieties were released for 
Tripura.  Two extra-early (50-55 days) green gram varieties 
were identifi ed for summer cultivation (IPM 409-4, IPM 
205-7) and one multiple stress tolerance redgram wild 
accession (C. scarabaeoides). Five heat tolerant and 12 
drought tolerant genotypes in tomato. Number of mapping 
population in rice, wheat, maize were developed for 
identifying QTL for various abiotic stresses in these crops 
for utilization in MAS breeding. In Horticultural Sciences 
Inter-specifi c grafting technique (tomato over brinjal) for 
fl ood and environmentally safe protocol for induction of 
synchronized fl owering was developed. High Throughput 
Screening of Germplasm using Plant Phenomics, 
Temperature Gradient Chambers, Rainout Shelters resulted 
in two high temperature tolerant tomato hybrids and four 
fl ood tolerant onion accessions. Allometric equations were 
developed to estimate above and below ground biomass 
and carbon in mango. 

The traits identifi ed in indigenous breed viz., heat shock 
proteins, air coat color, wooly hair etc. that impart 
tolerance to heat stress could be used in future animal 
breeding programs to develop breeds that can withstand 
high temperature. Different feed supplements have been 
identifi ed and tested successfully to withstand heat stress in 
cattle. Studies on prilled feeding in cattle showed that they 
help lowering stress levels and methane emission. Custom 
designed shelters system and feed supplementation with 
chromium propionate, mineral supplements (Cu, Mg, Ca 
and Zn) both in feed and fodder signifi cantly improved the 
ability to withstand heat stress. Relationship of temperature 
and spawning in marine and freshwater fi sheries sector 
is being elucidated so that fi sh catch in different regions 
can be predicted by temperature monitoring. A shift in 
the spawning season of oil sardine was observed off the 
Chennai coast from January-March season to June-July. 
Optimum temperature for highest hatching percentage was 
determined in Cobia. A closed poly house technology was 
standardized for enhancing the hatching rate of common 
carp during winter season. An e-Atlas of freshwater inland 
capture fi sheries was prepared which helps in contingency 

planning during aberrant weather. For the fi rst time a 
green house gas emission measurement system was 
standardized for brackish water aquaculture ponds.  Cost 
effective adaptation strategies like aeration and addition of 
immuno-stimulant in the high energy fl oating feed helped 
freshwater fi sh to cope with salinity stress as a result of sea 
water inundation in Sundarban islands. Relationship was 
established between increase in Surface Sea Temperature 
(SST) and catch and spawning in major marine fi sh species. 
Simulation modeling was used to understand the climate 
change and impacts at regional/national level.

Sponsored and Competitive Grants Components

One of the key aspects of NICRA is Sponsored & 
Competitive Grants Components. Research proposals 
addressing critical gaps not covered in the network project 
and highly location specifi c regional climate variability 
issues which have a major bearing on the productivity of 
principal crops in that region are being funded through this 
component. During the past six years 16 Sponsored and 
20 Competitive projects have been completed successfully 
and currently, 2 Sponsored and 13 Competitive grants 
projects are under operation.   

Critical researchable issues like germplasm collection from 
climate hot spots, impact on plant pollinators, fi sheries in 
estuarine habitats, hill and mountain ecosystem and socio-
economic aspects of climate change, etc. were provided 
funding support in the past. In addition, impacts on certain 
economically important crops such as sugarcane, cotton, 
citrus and spice crops which were not addressed through 
Strategic Research Component were taken up in this 
component. 

3.2 Technology Demonstration Component (TDC)
Technology Demonstration Component (TDC) of NICRA 
aims at demonstration of proven technologies to enhance 
the adaptive capacity and to enable farmers cope with 
current climatic variability. Location specifi c technologies 
which are developed by the National Agricultural 
Research System (NARS) which can impart resilience 
against climatic vulnerability are being demonstrated. 
TDC is being implemented in 100 climatically vulnerable 
districts of the country through Krishi Vigyan Kendras 
(KVKs) spread across the country. During the XII Plan, 21 
more districts are being added along with 23 AICRPDA 
villages and 7 core institutes of ICAR. A representative 
village in each climatically vulnerable district was selected 
for implementation. The interventions are broadly divided 
in to four modules, natural resource management, crop 
production, livestock and fi sheries and the creation 
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of institutional structures for sustaining the activities 
envisaged and scaling up of interventions. As a part of 
institutional interventions, 100 custom hiring centres of 
farm machinery have been set up and this became the fi rst 
pan-India pilot 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 fi eld.  
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 
Findings of NICRA are to be disseminated to all 
concerned development departments for upscaling the 
interventions across the country. CRIDA as Nodal Agency 
of NICRA, should be given the mandate and resources 
for capacity building and training workshops targeting 
line department personnel from different agro-climatic 
zones of India. Capacity building on various resilient 
practices/technologies, location specifi c mitigation 
and adaptation strategies, use of farm machinery, seed 
bank, fodder bank etc. are being taken up to enhance 
capacities of communities for better adoption of resilient 
practices.  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
Assessment of vulnerability of agriculture to climate change 
using satellite derived vegetation indices (ICAR-CRIDA)

Variations in satellite based vegetation index were analyzed 
to assess agricultural vulnerability in India owing to climate 
change. The spatial extent of vulnerability of agriculture to 
climate change was estimated using Normalized Difference 
Vegetation Index (NDVI) and validated with the help of 
Standardized Precipitation Index (SPI) for a 30 year period 
i.e., 1982 - 2012. A total of 127 districts in 12 states in India 
were identifi ed as vulnerable to climate change based on 
coeffi cient of variation in NDVI, wherein over 47 million 
ha of net sown area was identifi ed as vulnerable. NOAA – 
AVHRR (8 km, 16 days) & MODIS-TERRA (250 m, 15 days) 
NDVI data composites were used for the study at national 
and district-level respectively. Analysis of changes in land 
use and land cover in identifi ed vulnerable districts was 
carried out to understand the factors causing agricultural 
vulnerability and its impact on agriculture. Change in 
length of crop growing period (LGP) was identifi ed as a 
major driving factor contributing to variations in NDVI. 
Study indicated a decline in LGP in area with < 60 days 
of crop growing period, where prevalent cropping systems 
include fodder, pearl millet and cluster bean. In agro 
ecological sub-regions with 120-150 days LGP (cereals and 
other cash crops), there was an increase in LGP. 

Coeffi cient of Variation (CV) of NDVImax obtained from 
MODIS-TERRA NDVI data composites indicated a change 
in upper-limit of LGP. Study indicated that there was 
a decrease in LGP in 9 districts, increase in case of 65 
districts and no-change in the upper-limit in case of 53 
districts. Further it was seen that there was a decline in 
lower-limit of LGP in 58 districts, an increase in case of 
60 districts and no change in the lower-limit in case of 
9. Output of this study will help in implementation of 
adaptation and mitigation strategies in vulnerable districts.    

 
Near real-time data capture on crop health through 

satellite data reception system

Near real-time data capture on crop health through 
satellite data reception system (ICAR-IARI)

Near real-time crop health monitoring system through 
satellite data reception system established at IARI was 
strengthened by regularly generating crop condition 
indices of greenness (NDVIdev) and moisture stress  (TCI) 
for India at 10 day frequency and at 250 m/1000 m spatial 
resolution. A new vegetation index called Trend Adjusted 
VCI (VCITadj), which has a better ability in capturing the 
anomaly in crop greenness was used for crop monitoring. 
These indices were generated throughout the kharif and 
rabi seasons of 2017-18 and their map products were 
hosted on new web-based Geo-portal (http://creams.
iari.res.in:8080/geoexplorer/composer/). The products 
showed normal crop conditions during kharif season. 
The products captured the delay in sowing and prevented 
sowing in Punjab, Rajasthan and Madhya Pradesh during 
the rabi season.

The schematic diagram of near real-time crop health monitoring 
system through satellite data reception system established at IARI

Monitoring crop residue burning in Punjab and Haryana 
states during Oct-Nov 2017

Real time monitoring of rice residue burning in Punjab 
and Haryana between 10-Oct and 14-Nov-2017 using 
satellite remote sensing data from IARI ground station was 
undertaken. The burning of residue events were compared 
with those monitored during 2016. Up to 5-Nov-17, 
there was about 25% reduction in fi re events over 2016 
in Punjab and 6% reduction in fi re events over 2016 in 
Haryana. 
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Comparison of cumulative number of active fires detected in 2017 and 
2016 in Haryana and Punjab

Analysis of trends in extreme temperatures and heat 
waves over India and its impact on wheat yields

Variability in extremes temperature and heat waves 
over the whole country was analyzed using the daily 
gridded maximum temperature data of IMD for 1951 
to 2014 period. Results showed that the extreme warm 
days (ExWD) have increased throughout India over time 
but were statistically signifi cant in 42% of the area. The 
increase was consistent over all the months in north 
eastern region, southern plateau and both the coastal 
plains.

Trend and abrupt shift years in time series of Heat Waves [i.e. Heat Wave 
Magnitude Index (daily)] over 1951-2014 for India

The analysis of land area affected by several levels of 
extremes indicated signifi cant increase in it during the 
last three decades, with the rate being highest for higher 
extremes. The most-intense heat waves have signifi cantly 
increased over 56% area of the country and are increasing 
in recent times in non-conventional heat wave regions such 
as southern peninsula and north eastern India. The ARIMA 
intervention technique captured the negative impact of 
March, 2010 extreme heat on wheat yield in north India 
which decreased yield by 4.9%, 4.1% and 3.5% over 
Punjab, Haryana and Uttar Pradesh, respectively.

Impact of climate change on potential yield of wheat, 
rice and identifi cation of adaptation strategies

The yield potential of wheat was simulated under future 
climate scenarios of RCP 2.6, 4.5, 6 and 8 for 2020, 2050 
and 2080 periods and compared with that of base line 
(1976-2005) using InfoCrop-wheat model.

Potential yields of wheat under climate change scenarios (RCPs) in India

The results indicated that the climatic potential yield 
of wheat is projected to reduce in future climates with 
signifi cant reduction in central India and in eastern parts. 
A gradual reduction in potential yield is likely in RCP 
4.5 and above with maximum reduction in RCP 8.5. This 
calls for the need for developing heat tolerant varieties 
of wheat, specifi cally for central India as top priority. 
Further, the climate change impact on wheat yield under 
different management conditions is projected to have 
spatio-temporal variations for direction and magnitude of 
impact as well as with enhanced inter-annual variation. 

Adaptation strategies and adaptation gains were 
quantifi ed for wheat crop using crop simulation 
(InfoCrop-wheat) analysis. The analysis indicated that 
adaptation gains have signifi cant spatial and temporal 
variation. Out of 288 combinations of management and 
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varieties, 166 management and variety combinations 
were found to be suitable for at least maintaining current 
yield levels in future climates. This number of options 
is projected to reduce in future climates with just 136 
combinations suitable in 2020 scenario in RCP 2.6 
to just 35 combinations in RCP 8.5 2080 scenario in 
Northwest (NW) India.  In this region, adaptation niche 
options include long duration varieties, organic matter 
addition and irrigation scheduling to improve yield. For 
this region, November fi rst fortnight sowing has lowest 
inter-annual variability for yield.  For central India, short 
duration varieties, organic matter addition  and shifting 
(delay by a  fortnight) sowing time will give improved 
yield in future climates; long duration varieties, early 
sowing, low input farms will lose due to shrink in 
climate-suitability window for wheat crop.

Study on impact of climate change on potential yield of 
rice was conducted using InfoCrop-Rice model. 

Potential yield of rice in climate change scenarios

The simulation study involved 6.2 million simulations 
consisting of various varieties, management, sowing/ 
transplanting time for direct seeds/transplanted rice 
during different seasons (kharif, rabi and summer) for 
various rice growing regions in India. Results indicated 
that the climate potential for rice yield will not change 
signifi cantly in future. However, signifi cant reduction in 
climate potential of current varieties’ yield is projected 
in RCP 8.5 scenario which is an extremely high 
GHG emission scenario. Initial analysis on impact of 
climate change on transplanted rice yield in different 
management conditions indicated that the magnitude 
and direction of impact has high spatial variation. If 
no adaptation is followed, transplanted rice yield may 
reduce in some regions.  Initial analysis indicated that 

the low-input farms are projected to be vulnerable for 
rice yield in changing climates. Short-duration varieties 
with improved management can signifi cantly improve 
the yields despite climate change. 

Impact of climate change on wheat and rice yield in 
Brahmani basin

The impact of projected climate change on grain yield of 
wheat and rice was studied using InfoCrop model using 
RCP scenarios viz., 2.6, 4.5, 6.0 and 8.5 for 2020, 2050 
and 2080. 

Spatial variation in impact of climate change on rice  yield during  
kharif and rabi season. Probabilistic improvement in yield due to 

supplemental irrigation is shown as graphs

Analysis indicated that wheat yield may improve in in 
upper catchment areas even with existing management 
conditions. But in middle and lower catchment areas, 
wheat yield is projected to reduce subtantially, which 
points to the requirement for provision of additional 
irrigation. During kharif season, application of one 
supplemental irrigation provides opportunity to improve 
rice yield from 4.5 Mg ha-1 to 6 Mg ha-1 at a similar 
probability level of 40%.  

Assessment of impact of CO2 level and climate parameters 
on crop water requirement and surface water availability 
and adaptation strategies for Betwa river basin  

Impact of CO2 concentration, rainfall and temperature on 
ET and surface runoff in Betwa river basin was assessed 
using SWAT model. The combined effect of increase 
in temperature by 20C, decrease in rainfall by 20% and 
doubled CO2 level would decrease ET by 3.5%. In case 
temperature increases by 20C and in rainfall by 20%, ET 
would increase 4.2%. Increase in ET may get partially 
compensated by increased CO2 level. 
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Impact of CO2 level and climate parameters on crop ET and surface 
water availability in Betwa river basin

Adapation strategies were worked out using simulation 
study involving RCP scenarios. Rainfall is projected to 
increase during 2050 and 2080, hence medium and long 
term strategies may include construction of rain water 
harvesting structures, enhancement of the capacity of the 
existing storage facilities, adjustment in sowing/planting 
dates, fl ood management during wet seasons, adjustment 
in operating policy of reservoirs and improvement in 
drainage effi ciency.

Assessing the impact of Climate Change in major Maize 
growing districts of India (ICAR-CRIDA)

The impact of projected climate change (RCP 4.5 scenario) 
on maize yield in 146 major maize growing districts 
spread across different states of India was undertaken 
using DSSAT model. Baseline (2010) weather data as well 
as scenarios of weather data viz., near future (2020), mid 
future (2050) and far future (2080) for all the 146 districts 
were considered. 

Impact of projected climate change (RCP 4.5 scenario) on maize yield 
across India compared with baseline yield.

Maize crop simulation under RCP 4.5 scenario showed 
a reduction of 9-10% yield during 2020, 10-19% during 
2050 and more than 20% during 2080 when compared to 
baseline (2010) in major maize growing districts. 

Impact of climate change on potential potato productivity 
in Punjab (ICAR-CPRI)

WOFOST and InfoCrop models were used to assess 
the impact of climate change on potential productivity 
of three potato cultivars, Kufri Badshah (long duration), 
Kufri Jyoti (medium duration) and Kufri Pukhraj (short 
duration) in 13 districts of Punjab. Selection of suitable 
varieities, shifting the planting date and irrgation & 
nitrogen management were considered as adaptation 
strategies. For fi rst two adaptation strategies, WOFOST 
model was used and InfoCrop was used to simulate the 
impact of irrigation and nitrogen management on potato 
productivity. 

Under RCP 4.5, it was observed that productivity of all 
cultivars is projected to increase during 2030 with and 

Change in potato yield over baseline (RCP-4.5)

Cultivars Baseline 
(t ha-1)

2030 2050 2080

Without 
Adaptation (%)

With 
Adaptation (%)

Without 
Adaptation (%)

With 
Adaptation (%)

Without 
Adaptation (%)

With 
Adaptation (%)

Kufri Badshah 55.5 3.4 13.4 -0.7 7.9 -7.6 0.7

Kufri Jyoti 53.9 2.4 12.6 -2.5 5.5 -9.3 -1.7

Kufri Pukhraj 57.7 1.4 10.8 -4.5 3.9 -10.9 -3.6

Mean 55.2 2.1 12.6 -3.0 5.8 -9.4 -1.8

Change in potato yield over baseline (RCP-6.0)

Cultivars Baseline 
(t ha-1)

2030 2050 2080

Without 
Adaptation (%)

With 
Adaptation (%)

Without 
Adaptation (%)

With 
Adaptation (%)

Without 
Adaptation (%)

With 
Adaptation (%)

Kufri Badshah 55.5 3.7 13.8 -0.2 8.6 -1.2 8.5

Kufri Jyoti 53.9 3.9 13.3 0.5 8.9 -2.2 6.9

Kufri Pukhraj 57.7 3.2 12.2 -1.4 4.0 -4.4 5.3

Mean 55.2 3.3 13.9 -0.6 7.7 -2.9 6.7
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without adaptation strategies. The percent increase in 
productivity due to adaptation strategies ranged from 
10.8 to 13.4% across the cultivars during 2030. The 
productivity is projected to reduce below base line level 
during 2050 and 2080 for all the three cultivars without 
adaptation strategies. Highest increase in productivity. 
The percent increase in productivity due to adaptation 
strategies ranged from 4.0 to 8.9% across the cultivars 
during 2030. During 2080, it was observed that even the 
adaptation strategies could not ensure the productivity on 
par with base line. This indicate the need to explore other 
adaptation strategies to sustain the potato productivity 
under late century climatic conditions in Punjab. 

Assessment of impact of climate change on onion yield 
(ICAR-IIHAR and ICAR-DOGR)

The data obtained from the experiments conducted at 
ICAR-DOGR, Pune and ICAR-IIHR, Bangalore on different 
onion cultivars was used for InfoCrop model calibration. 

Simulation of onion yields across locations in India using InfoCrop 
onion model

The calibrated model has performed reasonably well for 
predicting the yield across locations and further calibration 
and validation to fi ne tune the model is in progress.

Inter-comparison of DSSAT, APSIM and InfoCrop crop 
simulation models for climate change impact assessment 
in Sorghum (ICAR-CRIDA)

The fi eld experiment for generating the minimum data 
set for calibrating DSSAT, APSIM and InfoCrop was 
successfully conducted at ICAR-CRIDA using split-plot 
design [Three dates of sowing as main plot treatment 
and three sorghum cultivars as sub-plot treatment]. 
Periodic observations on crop phenology, soil moisture, 
number of leaves, crop height, biomass etc were taken. 
The information generated was used for calibration of 
DSSAT, APSIM and InfoCrop models for sorghum. The 
genetic coeffi cients were generated for DSSAT, APSIM and 
InfoCrop models. 

The results of calibration indicated that all the three models 
could simulate phenology (both days to anthesis and 
maturity) accurately, with least RMSE. In the case of grain 
yield, RMSE was lowest for DSSAT, followed by APSIM 
and InfoCrop. Validation of the models will be conducted 
with experimental data of kharif 2018 and subsequent 
climate change impact studies will be undertaken using 
RCP scenarios. 

Results of calibration of DSSAT (Ds), APSIM (Ap) and Infocrop (Inf) 
crop simulation models for sorghum at Gunegal Research Farm, ICAR-

CRIDA. 
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4.2 Micro-level Agromet Advisory Services for Farm-level Resilience
Weather data acquisition and value addition

AICRPAM was entrusted with the assessment of climatic 
variability in selected 100 most climate change vulnerable 
districts of India under the NICRA project. For meeting 
this requirement, 100 automatic weather stations (AWS) 
were installed in these districts. The 100 locations were 
identifi ed representing various climatic vulnerabilities. 
Solar radiation (Rs) is an important input parameter to 
many crop simulation models (DSSAT, Infocrop, APSIM 
etc), and also an inevitable factor for many applications, 
including evapotranspiration estimates, architectural 
design, and solar energy systems. In the present analysis, 
daily data on maximum and minimum temperature 
recorded at Kangra (32.1 °N, 76.3 °E, 733 m) location 
using NICRA-AWS is used in calibrating, validating and 
comparing the existing models in predicting the solar 
radiation from easily available meteorological parameters 
like maximum and minimum temperature. The data 
from 1-Apr-2012 to 31-Mar-15 was used for calibrating, 
whereas the data from 1-Apr-15 to 31-Dec-15 was used 
for validating the models. The empirical coeffi cients 
presented in Hargreaves-Samani, Bristow-Campbell and 
their modifi ed versions are determined using the Datafi t 
(version 9.0 software) software. The measured and model’s 
predicted global solar radiation data were analysed using 
Root Mean Square Error (RMSE), D-index and Normalised 
Orthogonal Function (NOF). 

Statistical results of H-S, B-C and their modified models

The statistical analysis shows that among the 10 models 
validated, Donatelli-Campbell model (a modifi ed version 
of Bristow-Campbell) gives good result in terms of high 
D-Index value (0.96) and low RMSE (2.58 MJ m-2 day-1) 
and NOF (0.20) values. This implied that, the model can 
be used with confi dence in estimating the solar radiation 
at Kangra location.

Scatter plot between measured and estimated solar radiation using 
different methods

Micro-level agromet advisory services (MAAS)

AICRPAM centers have initiated micro-level AAS based 
on block-level medium range weather forecast provided 
by IMD on pilot basis at 50 villages across India under 
this project since 2014. The Agrometeorologist of the 
AICRPAM center develops the Agromet advisory bulletins 
with the help of Subject Matter Specialists at KVK using 
the fi eld level crop information blended with weather 
forecasts and communicated to the Field Information 
Facilitator (FIFs) by email, who pass on the bulletins to 
farmers. The micro-level AAS is generated in the name of 
Program Coordinator, KVK and is disseminated by multiple 
communication modes, viz., mobile text as well as voice 
SMS, display at public places, personal contact etc.  The 
feedback obtained from the farmers is being evaluated for 
improving as well as expanding services for the benefi t of 
farming community.

Conceptual diagram of Micro-level AAS (MAAS)
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An analysis of Benefi t cost ratio was conducted among 
the farmers who fallowed Microlevel Agromet Advisories 

(MAAS) and those not followed. A comparison of B:C ratio 
of both farmers presented in the following table.

B:C Ratio of the farmers who adopted MAAS and those not adopted 

Region Village Crop 
B:C Ratio

AAS-farmer Non-AAS farmer

2016-17

Akola, Maharashtra Yelgaon Soybean 2.17 1.76

Bangalore, Karnataka Patrenahalli and Nayanahalli Grape 9.21 5.45

Palampur, Himachal Pradesh Dhamrol Maize 2.74 0.73

Parbhani, Maharashtra Shekta Cotton 2.26 1.88

Udaipur, Rajasthan Nakli Maize 1.93 1.28

Anantapur, Andhra Pradesh Yagantipalle Pigeon pea 3.1 2.48

Kovilpatti, Tamilnadu Allikundam Okra 2.41 1.98

2017-18

Ramanathapuram, Tamilnadu Malangudi Chilli 1.99 1.46

Kanpur Dehat, Uttar Pradesh Baghpur Rice 1.71 1.50

Sirsa, Haryana Farwain Kalan Cotton 1.71 1.33

The higher benefi t obtained by farmers who adopted 
MAAS can be mainly attributed to implementation of 
event wise Agromet advisories provided by the AICRPAM-
NICRA centers based on accurate weather forecast. This 
has helped them to save labour cost, input cost such as 
fertilizer, irrigation water, plant protection chemicals 
and timely harvest (which saved the entire produce from 
heavy rainfall). Cases of losses were also reported due to 
erroneous weather forecasts. But, if we take season as a 
whole, MAAS has given more benefi ts than losses.
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4.3 Resilience through Crop Improvement and Adaptation

Rice

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

Marker assisted backcross breeding (MABB) was carried 
out using molecular marker linked to the QTL governing 
drought tolerance, qDTY3.1 into Pusa 44 and qDTY1.1 
into Pusa Basmati 1. A set of 31 Near Isogenic Lines (NILs) 
possessing qDTY3.1 in the genetic background of Pusa 44 
was evaluated in replicated trial under both irrigated and 
drought stress at reproductive stage. These NILs were also 
tested for the presence of qDTY2.1 using QTL linked mark-
ers and they were found to be possessing both qDTY2.1 
and qQTY3.1. 

Field view of the evaluation of Pusa 44 NILs with qDTY3.1 the QTL 
governing reproductive stage drought tolerance along with the check 

during kharif 2017.

Based on the second year of testing, two NILs namely, 
Pusa 1823-12-62 and Pusa 1823-12-82 were found 
promising and have been nominated for testing in the 
AVT-NILs (drought) trials under AICRIP during kharif 
2018. Two more genotypes found to be producing 
higher grain yield under restricted irrigation namely, 
Pusa 1823-12-14 and Pusa 1823-12-55 has been 
nominated in aerobic trials under AICRIP during Kharif 
2018. Another set of 18 NILs possessing qDTY1.1 
into Pusa Basmati 1 was evaluated in replicated trial 
under both irrigated and drought stress at reproductive 
stage along with parents, PB-1, N22, IR 64 and 
IR64+qDTY1.1. Additionally, 86 other NILs were 
also evaluated and based on grain yield and cooking 
quality, a set of 24 NILs have been selected for station 
trial during kharif 2018.

Drought tolerant lines developed under NICRA 

Output Nos. of 
varieties/lines  

Traits (Drought, 
fl ood, salinity etc.) Details

Varieties 
developed and 
its impact 

1   Drought 2018: 
On the basis of 3 years AICRIP trials, TRC 2015-2 / IET 25662 
(Naveen × Kataktara) qualifi ed for CVRC VIC proposal in Aerobic trials 

Lines 
Nominated / 
Promoted 

10  Drought 2017:

TRC 2016-2/IET 25826 (Fulbadam × Naveen) promoted to AVT2 E (H)

TRC 2017-9/IET 26564 (Fulbadam × Swarna)  promoted to  AVT1 E(H)

TRC 2017-1/IET 26573 (Bhalum 3 × Naveen) promoted to AVT1 E(H)

TRC 2016-3/IET 25836 (Bhalum 3 × Naveen)promoted to AVT2 M(H)

TRC 2016-4/IET 25833  (Bhalum 3 × Naveen) promoted to AVT2 M(H)

TRC 2017-4/IET 26585 (Kataktara × Naveen) promoted to AVT1 M(H). 

TRC 2017-3/IET 26602 (Bhalum 3 × Naveen) promoted to AVT1 U(H) 

2016:

TRC 2015-2/IET 25662 (Naveen × Kataktara)  promoted to AVT2 Aerobic

TRC 2015-15/IET 25636 (Swarna × Kataktara) promoted to AVT2 Aerobic

TRC 2015-5/26178 (Naveen × Kataktara) promoted to AVT1 Aerobic 

Tripura KharaDhan 1 produced 21.5% higher yield than the best check MTU 
1010 in zone VII- Southern in Special AICRIP (Late Sown – Early) to identify 
early duration varieties under late sown condition for delayed monsoon 
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Grain and cooking quality of Pusa Basmati 1 NILs 
possessing qDTY1.1, the QTL governing reproductive 
stage drought tolerance along with the recipient parent, 
Pusa Basmati 1 (PB 1) and donor parent Nagina 22 (N22)

Additionally, 6 plants each homozygous for qDTY 12.1 
and qDTY2.1 in the genetic background of Pusa Basmati-1 
with desirable grain and cooking quality have also been 
identifi ed, which will be subjected to further evaluation.

Lines Nominated/Promoted under AICRIP
(ICAR-NRRI, Cuttack)

A salinity tolerant line with waterlogging tolerance, CR 
2851-S-1-B-4-1-1-1-1 (Gayatri/SR 26B) was identifi ed 
with 4400 kg ha-1 grain yield. This line (IET 27051) was 
promoted to AVT-1 in CSTVT (AICRIP) trial in 2017.  A 
new entry IET 26157 (CR 3996-11-240-3-1), developed 
from Mahulata / IR20 cross was nominated in 2016 under 
IVT aerobic trial. As it has outperformed the checks, it 
has been promoted in subsequent years. At present, it has 
been promoted into the third year of testing, under AVT 
2 Aerobic for Zone V. It has out yielded the best varietal 
check by 18% and found to be moderately resistant to leaf 
blast.  The entry IET 26157 belongs to medium slender 
grain type group with 85-90 days 50% fl owering. Further, 
two new entries viz., CR 4116-565-3-1-4-4 and CR 4007-
547-11-2-1-2-3-3 were nominated under IVT aerobic trial 
for the year 2018.

Development of drought tolerant varieties / lines of rice 
(ICAR-RC NEH, Umiam)

The concerted efforts over the years has resulted in 
development of number of drought tolerant rice lines. 
These lines were submitted for testing under AICRP trials 
for identifi cation and release as a variety as given below. 

Identifi cation of germplasm and elite lines for drought 
tolerance (ICAR-NRRI, Cuttack)

During dry season 2018, a panel of 94 lines comprising 
improved and landraces lines were screened in a tank 
under the controlled condition to identify genotypes 
with the deep root in two replications. Seeds were direct 
sown, 35 days after sowing, irrigation was withheld and 
the plants were exposed to stress. Twenty days after stress, 
the soil moisture level reaches to 70-75 kPa, leaves begun 
to roll. Sixty days after sowing plants were uprooted and 
several root parameters were measured and the ratio of 
deep rooting was calculated. Among the 94 lines studied, 
genotypes Dular and Moroberkan were found have deeper 
root with high biomass.

Development of multiple stress tolerant genotype by 
introgression of drought tolerant yield QTL (DTY1.1 and 
2.1), Pup1 and Dro1 into Lalat MAS (xa5 + xa13 + Xa21) 
by MABC approach

Crosses were attempted to generate F1s of Lalat MAS 
(recipient) / CR Dhan 801(donor) and Lalat MAS (recipient) 
/ IR 64-pup1 (donor) to introgress qDTY 1.1 and PSTOL 
1 respectively. During kharif 2017, 15 F1s of Lalat MAS / 
CR Dhan 801 and nine F1 of Lalat MAS / IR 64-pup1 was 
developed and tested for their hybridity. True F1s identifi ed 
and crossed with recipient parent to generate BC1F1.  On 
the other hand, foreground markers were screened between 
donor and recipient to identify suitable markers. For the 
QTL qDTY 1.1, two co-dominant makers RM168 and 
RM12146 were found to be polymorphic and fl anking 
between the target QTL. While, for PSTOL 1, the co-dominant 
marker RM28102 and dominant marker K29-3 were found to 
be suitable between donor and recipient genotypes.

Genetic enhancement for multiple stress tolerance 
(salinity and stagnant fl ooding) of rice in unfavorable 
ecology

Breeding population derived from Swarna/Kamini/
Gangasiuli (F3 lines) was evaluated for submergence 
tolerance. Around 800 submergence tolerant single 
plants were selected for generation advancement. Here, 
Gangasiuli is tolerant to submergence and waterlogging 
and Kamini is salinity tolerant.

Evaluation of mapping population with multiple stress 
tolerance

A RIL (F7) population (150 lines) was developed from 
the cross Swarna/Rahspunjar (a landrace tolerant to both 
salinity and water logging and also tolerant to combined 
stresses). The population was evaluated for chlorophyll 
content and growth traits  at seedling stage under salinity 
stress (EC level of 12 dSm-1). It was observed that standard 
evaluation system (SES) score was signifi cantly and 
negatively correlated with chlorophyll b (r= -0.213), 
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leaf weight/plant (r= -0.304) and shoot weight/plant (r= 
-0.395). Normal distribution was observed for chl a, b, 
shoot and leaf weight.  

Identifying the mechanism of anaerobic germination 
potential in rice 

Flash fl ood is a common phenomenon in rice where 
majority of the cropping areas are low lying and 
fl ood-prone which can severely affect crop stand. The 
physiological and molecular basis of germination stage 
oxygen defi ciency (GSOD) tolerance in rice through 
transcriptional approaches was carried out with two 
contrasting rice cultivars (AC41620 and Naveen; tolerant 
and susceptible to GSOD stress, respectively) differing 
in anaerobic germination potential (AGP). Comparison 
of transcriptome profi les revealed that changes related 
to carbohydrate metabolism, anaerobic respiration 
and oxidative stress tolerance were more signifi cant in 
AC41620, than Naveen. Effi cient nitrogen metabolism 
and better handling of reactive oxygen species (ROS) 
were found to be associated with GSOD in AC41620. 
Increased ethylene production along with action of 
ABA, GA and G-proteins aided in GSOD tolerance of 
AC41620. The differentially expressed genes identifi ed 
in the present study will serve as a useful genomic 
resource for extending our understanding of molecular 
mechanism of anaerobic germination vis-à-vis GSOD 
tolerance in rice.

Evaluation of rice germplasm for drought tolerance 
(ICAR-NBPGR, New Delhi)

A total of 387 rice accessions from different states of India 
and some newly collected rice germplasm were grown 
for screening against moisture stress along with four check 
namely IR-64, N-22, Swarna and Vandana. Stress was 
imposed 40 days after transplanting. Large variability 
was observed among germplasm evaluated for qualitative 
and quantitative characters including grain yield and its 
attributes. Another set of 256 germplasm lines was further 
tested through multilocation evaluation trial during kharif 
2017 at three centres Delhi, Hazaribagh in Jharkhand, 
and Coimbatore in Tamil Nadu. Based on physiological, 
biochemical analyses and agronomic characters for 
drought-stress tolerance 80 rice accessions were identifi ed 
as promising. A selected set of 54 rice accessions were 
evaluated for root traits namely root length, volume and total 
root length, the parameters impart drought-stress tolerance. 
Comparative study of root traits at seedling stage showed 
that surface area and total length was higher in GP 267 
as compared to Nagina-22 and performed better for yield 
under rainfed condition than the best check Nagina-22.

 

Exploration and collection of salinity tolerant rice 
germplasm (NBPGR, New Delhi)

Rice germplasm accessions possessing salinity 
tolerance were collected from hot-spot regions of 
India. A germplasm survey and collection trip were 
undertaken to salinity stress affected areas of Gujarat 
in collaboration with Anand Agricultural University 
(AAU), Anand, Gujarat covering seven districts 
namely Bharuch, Navsari, Kheda, Khambhat, 
Panchmahal, Mahisagar and Anand and a total of 
19 accessions of salinity tolerant rice were collected.

A collection site (farmer’s rice field) showing high salinity in the soil

Genome-wide association study using SSR markers of 
reference sets for drought tolerance in rice 

Under genome-wide association study (GWAS), we 
analysed 60 SSR markers in 256 rice germplasm for 
drought tolerance. High amount of molecular variation 
was observed in the drought reference in rice.

Molecular profiles of 96 accessions of rice collected for drought 
tolerance under NICRA project amplified with microsatellite RM249
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Identifi cation of heat tolerant rice genotypes for north 
eastern region (ICAR RC NEH, Umiam)

A core set of 150 rice genotypes was formed from the 
whole genotypic set of 1100 genotypes representing all 
the states of NE India. The core set was grown in both 
ambient and elevated temperatures (+30C ambient) 
and the data was recorded for yield, yield contributing 
and physiological traits.  In general, plants fl owered 
earlier with smaller length of panicles, less number 
of effective tillers and plant yield. Large variation 
was observed among the genotypes tested. Among 
genotypes tested, Daya (28.62 gm), Bhalum 3 (23.07), 
TRC 2016-301 (22.97 gm), TRC 2016-624 (22.22 gm), 
Bhalum 1 (21.42 gm), TRC 2016-426 (21.11 gm) and 
Manipur (20.74 gm) have shown high yielding ability in 
elevated temperature conditions which can be further 
utilized in breeding program. 

Difference in pollen viability under elevated conditions

The pollens from randomly selected plants were 
collected, stored and number of fertile pollens was 
checked using KI solution.  MEETU-6, RCPL 1-305, 
Saku, RCPL 1-185 and TRC 2016-76 have shown 
highest pollen fertility percentage (>95%) in elevated 
temperature.
Physiological response of rice genotypes to elevated CO2 

and high temperature (ICAR-IARI, New Delhi)

A study was conducted to analyze the response of two 
contrasting rice cultivars (NL-44, high temperature tolerant 
and Pusa Basmati 1121, sensitive) to high temperature 
under elevated CO2 environment. Elevated CO2 resulted 
in increase in panicle and grain weight per hill in both the 
genotypes. In NL44, the rise in grain weight was more in 
comparison to Pusa1121. Under combined environment 
of high temperature and elevated CO2, NL-44 performed 
better in comparison to Pusa 1121, which showed >40% 
reduction in panicle and grain yield per hill. Under 
elevated CO2 there was an increase in photosynthetic 
rate (PN) of both the genotypes at fl owering stage. High 
temperature and CO2 sowed increased in PN rate in 
NL44, whereas in Pusa1121 it decreased by 12% at 
flowering.

List of QTLs and number of introgression lines identified in KMR3/N22 population
 Heat tolerant  QTL/ GENE Corresponding marker No of IL’s
qHTSF 1.1 RM 431, RM 12091 48
qHTSF 4.1 RM 5757 29
HT score RM 3586  39
Rf3 & Rf4 RMS SF 21-5, RM 6100, RMS PRR 9-1 83
qHTSF 1.1 & qHTSF 4.1 RM 431, RM 5757 5
qHTSF 4.1+  HT score RM 5757, RM 3586 1
qHTSF 1.1+ HT score RM 431, RM 12091, RM 3586 13
qHTSF 1.1& Rf3 & Rf4 RM 431, RM 12091, RMS SF 21-5, RM 6100, RMS PRR 9-1 28
qHTSF 4.1& Rf3 & Rf4 RM 5757, RMS SF 21-5, RM 6100, RMS PRR 9-1 20
qHTSF 1.1,  qHTSF 4.1& Rf3 & Rf4 RM 431, RM 12091, RM 5757, RMS SF 21-5, RM 6100, RMS PRR 9-1 5

List of QTLs and number of introgression lines identified in RPHR1005/N22 population
Heat tolerant  QTL/ GENE Corresponding marker No of IL’s
qHTSF 1.1 RM 431, RM 12091 9
HT score RM 3586  12
Rf3 & Rf4 RMS SF 21-5, RM 6100, RMS PRR 9-1 37
qHTSF 1.1+ HT score RM 431, RM 12091, RM 3586 2
qHTSF 1.1& Rf3 & Rf4 RM 431, RM 12091, RMS SF 21-5, RM 6100, RMS PRR 9-1 8
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Effect of elevated CO2 and temperature on photosynthesis rate at 
flowering and post flowering stages in rice genotypes (10 DAF = 10 

days after flowering)

Introgression of QTL for heat tolerance in hybrid rice 
restorers through MAS (ICAR- IIRR, Hyderabad)

Developing heat tolerance in hybrid rice through MAS is the 
way forward to reinforce climate resilient agriculture. Nagina 
22, a potent resource of heat tolerance was taken as donor 
and KMR 3R and RPHR 1005R were chosen as recipient. 
Back cross populations were developed and advanced to 
BC2F7 generation. This back cross population resulted in 
the identifi cation of isogenic lines harboring heat tolerance 
associated genomic regions qHTSF1.1, qHTSF4.1 from 
donor and native fertility restoration from recipient. These 
improved restorer lines may be used for the development of 
hybrids, which are suitable for future climate.

Functional characterization of heat stress responsive 
genes in rice

Rice putative To transgenics harbouring heat stress related 
genes, OsFd (Ferridoxin related gene) and CWIP (Cell 
Wall Integrative Protein) with its native promoter in Taipei 
genetic background were characterized at molecular 
level through PCR using 35S promoter specifi c primers 
(Promoter for hygromycin gene in construct). A total 
of 6, 7 positive T0 events from OsFd, CWIP transgenics 
respectively showed the presence of 439bp band and 
were advanced to T1 generation. Further, T1 generation 
plants at 45 days old stage were again screened for the 
presence of transgene using PCR and seeds from positive 
plants were harvested. A total of 71 T1 OsFd plants were 
generated from the 6 positive T0 events and 101 T1 CWIP 
plants were generated from the 7 positive To events. Out 
of 71 T1 OsFd plants, 37 plants from different events were 
confi rmed for the presence of transgene and out of 101 T1 
CWIP plants, 75 positive plants were obtained from their 
respective events.

Screening of T1 Transgenics with 35S promoter specific primers. (a) 
OsFd (b) CWIP

Cloning OsFd and CWIP genes into pGWB5 vector 
having 35S promoter

With an aim to compare the effi ciency of promoters 
(native and 35S) both heat stress related genes (OsFd 
and CWIP) were isolated from the genotype N22 and 
were cloned into plant transformation vector pGWB5 
harbouring 35S promoter and GFP reporter gene. Fifteen 
days old seedlings were subjected to heat stress at 42oC 
for 6 hrs and total RNA was isolated from leaf samples 
and used for cDNA synthesis. PCR amplifi cation using 
OsFd and CWIP gene specifi c primers genes resulted 
in the amplifi cation of 1240bp and 708bp products. 
The amplifi ed gene sequences were cloned into pENTR 
vector for creating att L type of sites, which is the basic 
strategy involved in gateway cloning technology. The 
transformed clones of OsFd and CWIP genes in pENTR 
vector were confi rmed by colony PCR and restriction 
digestion. Both the genes were then mobilized into 
the destination vector pGWB5 by LR reaction. Clones 
obtained after LR reaction were confi rmed by restriction 
digestion with HindIII and SacI enzymes.  The constructs 
were then mobilized into Agrobacterium strain EHA105 
and will be used for transformation. 

 

Confi rmation of transformed clones by colony PCR 
using gene specifi c primers. (a) pENTR+OsFd lane E.P - 
Eluted product of OsFd gene (positive control),  lanes 1-8 
transformed clones (b) pENTR+CWIP  lane 1 Kb - 1 Kb 
ladder, lanes 1-4  transformed clones.
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Confi rmation of transformed clones by restriction digestion 
with NotI and ASCi enzymes. (a) pENTR+OsFd  lanes: 1, 2, 
3, 4, 7, 8- Negative clones, lanes 5, 6- Positive clones, lane 
1kb.L- 1 Kb ladder. (b) pENTR+CWIP  lane 1kb: 1 Kb ladder, 
lanes 1, 2: Positive clones, lanes 3, 4: Negative clones.

Confi rmation of EHA105+pGWB5 (OsFd, CWIP) 
transformed clones by restriction digestion with HindIII 
& SacI enzymes. Lane1: 1 Kb Ladder, lanes 2, 3:  
pGWB5- Uncut,  lanes 4,5: pGWB5- Restricted (3341 
bp), lane 6: 1Kb Ladder, lane 7: pGWB5+OsFd Uncut 
lanes 8, 9: pGWB5+OsFd  Restricted (2914bp), lane10: 
pGWB5+CWIP- Uncut,  Lanes 11,12: pGWB5+CWIP- 
Restricted (2382bp) lane 13: 1 Kb Ladder.

Isolation, cloning and functional validation of heat stress 
specifi c miRNAs from Nagina 22

Based on the genome-wide identifi cation of miRNAs 
in tolerant (Nagina 22) and susceptible (Vandana) rice 
cultivars in 16 samples representing root and shoot of 
13-day-old seedlings, the expression profi le of miRNAs 
was analysed in 36 pairwise combinations to identify the 
genotype, treatment and tissue-dependent expression of 
miRNAs. For the present study, miR1436 and miR5076 
which were expressed in stressed tissue of both genotypes 
and miR1848 and miR1439 which were expressed only in 
N22 were selected for functional characterization. 

Target prediction of the selected miRNA’s was carried 
out using a plant small RNA target analysis program, 
psRNAtarget (http://plantgrn.noble.org/psRNATarget/) and 
two gene targets having a role in heat stress tolerance were 
selected for each miRNA. Fifteen days old seedlings of 
vandana and N22 were subjected to heat stress (42oC/36oC) 
day/ night temperature for 24 hours and small RNAs were 
isolated. Seedlings growing at room temperature were used 
as control. Small RNAs were isolated from both the root and 
shoot tissues using mirVana miRNA isolation kit. The cDNA 
was synthesized using miscript II RT-PCR kit. Also, total 
RNA was isolated from the control and stressed samples for 
target quantifi cation. For qPCR analysis of the miRNA’s and 
their targets, primers were designed and synthesized. 

miRNAs, their targets and mode of inhibition

miRNA Target sequence Inhibition

miR 
1436

cDNA|transmembrane protein, putative, 
expressed

Cleavage

cDNA|tyrosine protein kinase domain contain-
ing protein, putative, expressed

Cleavage

miR5 
076

E2F family transcription factor protein, putative, 
expressed

Cleavage

cDNA|cytochrome P450, putative, expressed Cleavage

miR 
1439

cDNA|membrane associated DUF588 domain 
containing protein, putative, expressed

Cleavage

cDNA|aquaporin protein, putative, expressed Cleavage

cDNA|metal cation transporter, putative, 
expressed

Cleavage

miR 
1848

cDNA|wax synthase isoform 1, putative, 
expressed

Cleavage

cDNA|NB-ARC domain containing protein, 
expressed

Cleavage

Expression analysis of the four miRNAs revealed that 
miR1436 and miR5076 expression levels were higher in 
N22 shoot compared to Vandana shoot. In case of root 
tissue miR1436 expression was observed in N22 while 
miR5076 was observed in Vandana. Expression analysis 
of the targets of mi1436, tyrosine protein kinase domain 
containing protein and transmembrane protein was lower 
in N22 shoot compared to root tissue. Similar was the case 
with miR5076 targets E2F family transcription factor and 
cytochrome p450. miR1848 expression was exclusively 
found in the root tissue of N22 while the expression of 
miR1439 was not observed in any of the genotype. 
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qPCR analysis of (a) miRNAs  (b) Target genes

Cloning of hairpin miRNAs

The full length miRNA sequence was downloaded from 
the miRbase and blasted onto the rice genome to fi nd the 
chromosomal location of the miRNA genes. Primers were 
designed using the fl anking sequences. Amplifi cation of 
miRNAs using miR5076, miR1436 and miR1848 gene 
specifi c primers resulted in 273bp, 299bp and 249bp frag-
ments respectively.  The PCR amplifi ed products were gel 
eluted and cloned into pENTR TOPO-D vector. The trans-
formed clones were confi rmed by plasmid PCR, restriction 
digestion using Not I and ASC I enzymes and sequencing. 
The miRNA was mobilized into plant expression vector 
pGWB17 and pGWB5 by an LR clonase enzyme assay. The 
transformed clones were confi rmed by plasmid PCR and 
restriction digestion using Hind III and Sac I enzymes. The 
constructs pGWB5 – miR5076, pGWB17 – miR1436 will 
be transformed into rice for functional characterization.

Cloning of miR5076 into pENTR TOPO-D-Vector and then 
mobilization into expression vector pGWB5 (a) plasmid 
PCR of pENTR TOPO-D-Vector transformed colonies. Lane 
M: 100bp ladder, Lanes 1-4: colony 1-4, Lane 5 positive 

control, N22 genomic DNA. (b) Restriction digestion of 
pENTR TOPO-D-Vector transformed colonies with NotI 
and ASCI enzymes.  Lane M: 100bp ladder, Lanes 1,3,5,7: 
uncut plasmid of colonies 1-4, Lanes 2,4,6,8: restricted 
plasmids of colonies 1-4. (c) Lane M: 100bp ladder, Lane 1: 
un restricted plasmid of PGWB5, lane 2: restricted plasmid 
of PGWB5 with HindIII and SacI. Lane 3: un restricted 
plasmid of PGWB5-5076, lane 2: restricted plasmid of 
PGWB5-5076 with HindIII and SacI.

Development of high yielding nitrogen use effi cient rice 
genotypes

Eighteen lines selected from the cross combinations 
viz., BPT5204/Varadhan (3); Varadhan/MTU1010 
(2); Sampada/Prasanna (3); Sampada/Jaya(6); Rasi/
Varadhan(2); Rasi/Jaya(2)  were evaluated at low N, 50% 
N and recommended N during rabi 2015 and 2016 and 
two lines from BPT5204/Varadhan found to be stable and 
promising. During kharif 2016, 2017 and 2018, six lines 
from four crosses viz., BPT5204/Varadhan, Sampada/Jaya, 
Varadhan/MTU1010 and Rasi/Jaya along with six parents 
were evaluated at nine locations viz., CBT, IIRR, KJT, KRK, 
MTU, PNR PTB, REWA and TTB and stable lines were 
identifi ed. 

In a trial focusing on “nitrogen use effi ciency” constituted 
under AICRP-rice  during kharif 2016 under soil science, 
RNUE-10 (BPT5204/Varadhan) performed promising 
under 50% of recommended N dose at 3 locations 
among 15 varieties received from six centres tested at four 
locations [Bapatla, Chinsurah, Dharwad and Gangavathi].

During kharif 2017, 150 donors were evaluated in 0, 50 
and 100 N plots and agro-morphological parameters. A 
RIL population (250) comprising BPT5204/Varadhan was 
evaluated at Pantnagar (Kharif 2016) and NRRI (Kharif 
2016) and IIRR (Kharif 2016 and Rabi 2016), promising 
lines across the locations were identifi ed and are being 
multiplied. 

Identifi cation of genomic regions/genes for NUE

Several populations were developed for mapping of 
identifi ed genomic regions for yield under low N using 
the donors identifi ed for NUE. A set of 291 recombinant 
inbred lines between PTB1 (NUE variety) and BPT5204 
(popular variety) were screened under low and 
recommended nitrogen for two seasons. Polymorphism 
survey and selective genotyping showed fi ve genomic 
regions associated with yield (RM1, RM7075, RM9, 
RM13021, RM13197) under low nitrogen. Single marker 
analysis a total of 397 marker trait associations under LN 
level and candidate genes identifi ed viz., dof zinc fi nger 
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domain containing protein, nitrite reductase, amino acid 
transporter family protein, ammonium transporter through 
insilico analyses.

QTL-association mapping studies helped in identifying 
three candidate genes viz., 2-oxoglutarate /malate 
translocator (Os05g0208000), alanine aminotransferase 
(Os07g0617800) and pyridoxal phosphate-dependent 
transferase (Os10g0189600) which showed enhanced 
expression in genotypes with promising yield under low 
N. Marker assisted selection using SSR markers associated 
with three candidate genes was applied in the mapping 
population and two stable breeding lines were identifi ed 
with relatively higher yield under low nitrogen after multi-
location evaluation.

Transcriptome analysis for NUE in rice

Transcriptome sequencing was done of two effi cient 
(Basmati 370 and Thurur Bhog) and two poor genotypes 
(Kola Joha and Suraksha) at recommended and low 
nitrogen at panicle initiation stage using the 454 Roche and 
Illumina HiSeq 2000 platforms. The differential expression 
of transcripts showed more number of up-regulated genes 
in the poor genotypes as compared to that of effi cient 
genotypes. In the effi cient genotypes, the number of down-
regulated transcripts were higher in number than up-
regulated and vice-versa was recorded in poor genotypes. 
The functional classes of transcripts viz., transcription 
factors, transporters, nitrogen metabolism were up 
regulated under low nitrogen than the recommended dose 

in all the genotypes but higher up-regulation was observed 
in the poor genotypes. 

Heat maps generated between combinations of the efficient and poor 
genotypes under low and recommended N

Physiological response of rice genotypes to elevated and 
ambient temperature conditions under CTGC (ICAR-RC 
NEH, Umiam)

One hundred and fi fty rice cultivars evaluated for their 
morpho-physiological traits and climate resilience under 
elevated and ambient temperature using CTGC facility. 
There was signifi cant variation in leaf chlorophyll content 
as refl ected by differential SCMR reading Leaf chlorophyll 
content, leaf area and leaf thickness were reduced and 
plant height has increased under elevated temperature. 
These traits which are known to be sensitive to elevated 
temperature stress tolerance were useful in identifying/
screening better performing rice genotypes under CTGC 
facility. 

Identified rice genotypes with differential leaf chlorophyll, leaf area and leaf temperature

Parameter Temperature 
treatment

Leaf area (cm2) Leaf temperature (oC)

High Moderate Low High Moderate Low

High Chlorophyll
Elevated T

TRC-2016-470 TRC-2016-598 TRC-2016-167 TRC-2016-291 TRC-2016-553 Anjali

(High SCMR) TRC-2016-413 TRC-2016-129 TRC-2016-256 TRC-2016-470 TRC-2016-624 Jyothi

Ambient T
TRC-2016-21 TRC-2016-21 TRC-2016-256 Sukrurd Nania TRC-2016-301

TRC-2016-126 TRC-2016-483 TRC-2016-93 TRC-2016-33 TRC-2016-242 TRC-2016-457

Low chlorophyll Elevated T TRC-2016-280 TRC-2016-33 TRC-2016-304 TRC-2016-291 TRC-2016-622 TRC-2016-33

(Low SCMR) TRC-2016-138 TRC-2016-83 TRC-2016-125 TRC-2016-553 TRC-2016-597 TRC-2016-242

Ambient T
TRC-2016-617 TRC-2016-475 TRC-2016-19 LEMUK TRC-2016-76 BADJHANIA

 TRC-2016-586 TRC-2016-140 TRC-2016-93 RCPL 1-190 TRC-2016-553 TRC-2016-301
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Mapping population development for heat tolerance in 
rice (ICAR-IARI, New Delhi)

Development of new crop varieties with higher yield 
potential and resistant to multiple stresses (heat, drought, 
fl ood, salinity) will be the key to maintain yield stability. 
The Institute screened large number of germplasm and 
identifi ed a NERICA genotype, L44 and N22 as novel 
sources of heat tolerance in rice, which are being used 
in breeding program. In an effort to map the QTLs 
governing heat tolerance recombinant inbred line 
mapping populations are being generated involving heat 
tolerant genotype L44, which is in F6 generation. The RIL 
population will be phenotyped and genotyped during 
Kharif 2018, which will help in mapping QTLs governing 
heat stress tolerance in the NERICA genotype L44.

Identifi cation of major QTLs for yield under drought 
stress in rice using jhum (shifting cultivation) rice of NE 
region (ICAR-RC NEH, Umiam)

Mapping populations were advanced and evaluated 
under field managed drought stress. A set of 452 RILs 
from the cross Bhalum3 x Naveen were also evaluated for 
different physiological parameters. Another set of 1100 
assembled genotypes phenotyped and evaluated under 
field managed drought stress. Parental polymorphism 
studies were completed with 341 SSR markers. Parental 
polymorphism studies in Bhalum 3 and Naveen using 
341 SSR markers revealed 284 polymorphic markers. The 
amplicons of the locus specific primers w ere separated 
on 12% native PAGE and visualized following ethidium 
bromide staining. The gel images were scored using Gel 
Analyzer software (version 2010a). Genotyping of 840 
Recombinant Inbred Lines (RILs) from Bhalum 3 x Naveen 
mapping population at F6 generation is also initiated with 

the polymorphic markers.

SSR markers profile for parental polymorphism in Bhalum and 
Naveen. Lane L: 100bp DNA Ladder; Lanes 1-12

Physiological characterization of mapping population of 
Bhalum 3 × Naveen for drought tolerance 

Four hundred fi fty-six recombinant inbred lines (RILs) 
of a mapping population (Bhalum 3 × Naveen) were 
evaluated at reproductive stage under drought condition 
at ICAR, Tripura Centre. Chlorophyll index, specifi c leaf 
area, canopy temperature, bleeding rate, specifi c leaf 
weight, panicle length and spikelet fertility were recorded 
at the fl owering stage that coincided with a dry spell 
during the experimental period. Signifi cant differences 
were observed between the RILs for panicle length, 
bleeding rate, chlorophyll index, spikelet fertility and 
canopy temperature. Twenty-nine RILs were identifi ed as 
the drought tolerant lines exhibiting high spikelet fertility 
and yield per plant. Among these tolerant lines, 10 RILs 
exhibited lower canopy temperature, high chlorophyll 
index and panicle length including high spikelet fertility 
and grain yield per plant, making them as a strong 
candidate rice breeding lines for drought tolerance and 
needs further evaluation. Whereas, 21 RILs were identifi ed 
as the extreme drought sensitive lines exhibited by very 
low spikelet fertility and grain yield per plant.

RILs representing each groupwith mean and range for spikelet fertility, panicle length, chlorophyll index, canopy 
temperature and grain yield/plant.

Group* RIL nos.
Mean Range

SF (%) PL 
(cm)

CI CT 
(°C)

Yield/ 
plant (g)

SF 
(%)

PL 
(cm)

CI CT 
(°C)

Yield/ 
plant (g)

G1 23, 32, 48, 57, 63, 86, 97, 101, 134, 140, 167, 168, 
181, 183, 197, 198, 232, 272, 291, 297, 304, 322, 
342, 360, 361, 404, 406, 435, 473 

75.9 26 28.5 31.7 12.8 67.9-
91.5

21.2-
30.9

12.6-
34.6

24.8-
36.6

10.4-17.5

G2 32, 48, 70, 97, 168, 181, 297, 322, 435, 473 74% 22.2 25.2 22.7 10.5 67.9-
79.3

22-
28.9

28.3-
30.9

25.2-
29.5

10-15.2

G3 71, 85, 94, 157, 210, 211, 225, 229, 231, 233, 235, 
240, 249, 256, 295, 343, 346, 369, 371, 409, 415

32.80% 22.5 30 30.5 3.3 17-
42.9

16-
27.5

22.7 34.7 1.1-5.7

*G1: RILs espressing higher grain yield under drought, G2: RILs expressing both yield as well as physiological advantage, G3: RILs expressing extreme 
sensitivity to drought
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Physiological studies on Bhalum3 × Naveen RILs

Association of shoot and root traits with yield of rice 
genotypes under irrigated and reproductive drought 
stress conditions

Forty rice genotypes including three checks viz. (Nagina-22, 
Sukhadhan and Vandana) were evaluated under stressed 
free (control) and drought stressed conditions at the 
reproductive stage (booting stage). Signifi cant differences 
were observed between the genotypes and treatments for 
shoot biomass (SB), spikelet fertility (SF), tiller productivity 
(TP), grain yield (GY) and root to shoot (R:S) values. The 
results clearly indicated the importance of optimal root 
distribution as one of the drought adaptation feature 
necessary for maintaining the spikelet fertility and grain 
yield. In addition, higher relative root to shoot ratio was 
also found positively correlated with stress tolerance index 
(R2=0.46) and high relative grain in genotypes TRC-2015-
17, TRC-2015-10, Swarna sub-1, Nagina-22, Vandana and 
Sukhadhan.

Evaluation of rice varieties for semi-deep water (ICAR-
RCER, Patna)

Crop stand of CR Dhan 505 and CR Dhan 500 at reproductive stage

Ten improved rice varieties obtained from NRRI-Cuttack 
were evaluated under semi-deep water situation during 
2017 kharif. Out of these CR Dhan 500 (4.70 t ha-1), CR 
Dhan 505 (4.38 t ha-1) and Varshadhan (3.92 t ha-1) were 
found promising for semi-deep water condition (water 
depth >30 cm). These varieties can be evaluated in farm-
ers fi eld where there is water stagnation goes up to 50 cm 
during crop season. 

Evaluation of rice genotypes for submergence tolerance

Eighteen rice genotypes were evaluated for submergence 
tolerance along with Swarna sub1 as tolerant and Swarna 
as susceptible check in submergence tank. After twelve 
days of transplanting, the crop was completely submerged 
by fi lling water in the fi eld.  The crop was kept submerged 
under 75.0 cm to 1.0 m water depth for 21 days and 
thereafter water was completely drained out of the fi eld. 
During the course of submergence the fi eld was completely 
covered with the growth of Hydrilla.  After removal of 
the weed only three genotypes TP30495, TP30194 and 
TP30505 were found to survive and even the tolerant 
checks Swarna sub1 was found completely damaged. The 
seeds of these surviving genotypes have been harvested 
and stored for further evaluation of their agronomic value.  

Screening of boro rice genotypes for cold tolerance at 
seedling stage

During Boro 2017-18, sixteen rice genotypes under 
IRTON-2017 Set No. 1 obtained from IRRI, Philippines 
along with other popular rice varieties grown in boro 
season were screened for cold tolerance at seedling 
stage. The mean monthly minimum temperature during 
December 2017 was 11.40C which came down to 7.40C 
during January 2018.  Out of these only one genotype 
from IRTON viz, TP30752 (IRTON 103) has been found 
to be highly cold tolerant and TP30106 (IRTON104) 
as highly cold susceptible genotypes at seedling stage. 
The popular rice varieties like Gautam, IR64, Prabhat, 
Chandrama, Naveen and IET4094 had moderate level of 
cold tolerance.

Seedling of cold tolerant genotype 
IRTON 103 (TP30752)

Damaged seedling of cold 
susceptible genotype IRTON 104 

(TP30106)
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Management of cold stress in boro rice though application 
of biofertilizer

For the management of cold stress in boro rice, effect of 
application of different bio-fertilizers viz., Trichoderma 
viridae, Pseudomonas fl uorescens, Azotobacter, Vesicular 
Arbuscular Mycorrhizae (VAM), Azolla along with tea 

leaf waste and zinc were evaluated in boro rice nursery 
of IR64 during boro 2016-17. Application of bio-fertilizers 
improved the seed germination, seedling vigour and 
checked leaf discoloration under low temperature stress 
as compared to the control. However, the overall effect of 
VAM on grain yield in IR64 was better.

Performance of IR64 under different treatment of biofertilizer during Boro season 2016-17

Treatments Plant height 
(cm)

Number of 
tillers hill-1

Number of 
panicle hill-1

1000-grain 
weight (g)

Biological 
yield (t ha-1)

Grains Yield 
(t ha-1)

Trichoderma viride  100.11 23.00 21.67 24.33 7.23 4.34

P. fl uorescens 99.00 22.00 20.67 24.00 6.45 3.85

Azotobacter 97.34 20.22 18.00 23.53 6.69 4.04

 VAM 103.89 25.00 23.67 25.43 7.81 4.70

Zinc 98.56 20.00 19.33 24.67 6.36 3.83

Tea leaf wastes 94.56 16.00 14.67 23.00 6.25 3.75

Azolla 95.78 17.00 15.67 22.00 6.73 4.07

Control 93.00 15.00 12.00 17.90 5.14 3.09

LSD (0.05) 3.35 3.27 3.44 1.75 2.95 2.98

Mapping for QTLs for anaerobic germination of rice 
(RARS, Maruteru, ANGRAU)

Identifi ed QTLs for anaerobic germination qAG3.1 on 
chromosome 3 between RM 15848 (24.68 Mbp) and 
RM 15561 (24.82Mbp) and QTL for stagnant fl ooding 
qSF10.1 on chromosome 10 between RM 304 (18.65 
Mbp) - RM 6100 (18.81Mbp) using new donor AC 
39416 A by adopting QCIM mapping. Results of gene 
prediction revealed that LOC_Os03g42130 gibberellin 
20 oxidase2, putative gene might be responsible for 
anaerobic germination in qAG 3.1 genomic region 
on chromosome 3. It indicated that Gibberellic Acid 
is playing a key role in coleoptile elongation for plant 
survival under anoxia conditions. Fine mapping of 
qAG 3.1 for anaerobic germination narrowed genomic 
region from 140 Kbp to 100 Kbp as major QTL with 
LOD score of 5.36 and phenotypic variance  of 59.08 % 
was identifi ed between RM 15554 (24.72Mbp) to  RM 
15561 (24.82Mbp). Validation of qAG 3.1 QTL linked 
markers for anaerobic germination in BC1F1 families of 
Swarnasub1/AC 39416 A was completed.

QTL for Anaerobic germination qAG 3.1on Chromosome 3.

Marker assisted pyramiding of SCM2, Saltol  and AG QTL 
in rice (RARS, Maruteru, ANGRAU)

Identifi ed 98 polymorphic mar ers between Swaransub1 
and AC39416 A, 87 between Swarnasub1 and MTU 
II110-9-1-1-1-1 and  85 between Swarnasub1 and FL 478 
out of 556 markers used covering 12 chromosomes for 
back ground selection.  At BC1F1 generation, 47 plants 
expressed Sub1+SCM2 alleles out of 208 BC1F1, 24 for 
Sub1+Saltol out of 67, 15 for Sub1+AG out of 134 BC1F1 
plants genotyped. Generated BC2F1 for Sub1+SCM2  (23), 
Sub1+saltol (13) and Sub1+AG (15).
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At BC2F1 generation, selected 19 positive plants with Sub1+ 
SCM2 out of 577 plants genotyped, 21 positive plants with 
Sub1+ Saltol out of 309 for generation of double cross to 
pyramid Sub1+Saltol+SCM2. Whereas, 12 positive plants 
with Sub1+AG were selected out of 265 plants genotyped 
for generation of BC3F1. Generated 16 families of double 
cross using selected 19 plants positive for Sub1+SCM2 
with 21 positive plants for Sub1+saltol for pyramiding 
of submergence, lodging resistance and salt tolerance.  
Generated seven BC3F1 families using 11 plants positive for 
Sub1+AG using Swarna sub1 as recurring parent.

Evaluation of BC2F1 at RARS, Maruteru

Wheat 

Exploration and collection of wheat germplasm for 
drought-stress tolerance (ICAR-NBPGR, New Delhi)
Survey and germplasm collection trip was undertaken 
for collecting wheat accessions tolerant to drought and 
heat-stresses in Shivpuri and Guna districts of Madhya 
Pradesh, and two districts Jhalawar and Baran of 
Rajasthan. The explored areas forms the part of Madhya 
Bharat Plateau and Bundelkhand Uplands (Shivpuri), 
Central Highlands/Malwa Plateau (Guna and Baran) 
located towards north-western part of Madhya Pradesh 
and south-eastern part of Rajasthan states. 

In total 27 accessions of wheat were collected, which 
includes 18 accessions of Triticum aestivum (bread 
wheat) and 9 accessions of T. durum (durum wheat). 
The important landraces collected are Lok-1, Lal Gehun, 
Sharbati/ Sujata, Mishi, Farmy (red), Farmy (Normal), 
Bada Lok-1 and Chhota Lok-1 of T. aestivum, and Kathia 
gehun, Kala Munch Kathia, Desi lal gehun, Kala salkya, 
Lal Kathiya and Safed Kathiya of T. durum.



National Innovations in Climate Resilient Agriculture (NICRA)

23

 
Collecting Sharbati wheat germplasm (KP/PKM-14; left side) and  

farmer  showing  Desi  Lal  Gehun  (KP/PKM-16;  right  side) occurring 
as an off-type in wheat field in Shivpuri district of M.P.

Evaluation of wheat minicore for drought tolerance

The minicore set of 228 wheat accessions were evaluated 
during rabi 2016-17 at ICAR-NBPGR’s Issapur Farm 
Delhi. C306, WR544, HD2967 and Raj3765 were 
used as standard checks for drought-stress tolerance. 
The promising accessions (IC574388, EC 478017, 
IC29002, IC539313, IC539314 , EC414149 (>41.08) for 
chlorophyll concentration index; EC339632, EC414149, 
EC577050, EC578152, EC541159, EC573974 (>62.33) 
for NDVI; IC443766, IC534892, IC128382, EC273814, 
IC574387, IC554661 (>163.00) for tillers / meter;  
IC542051, EC 445157, IC542645, EC578153, IC531862, 
IC252794 (>69.67) for grain per spike; IC539313, IC 
47022B, EC578142, IC539316, EC464070, IC252422 
(>50) for 1000-grain weight) were selected based on the 
performance with respect to important physiological and 
agronomic traits.

Marker assisted backcross breeding for drought and heat 
tolerance in wheat (ICAR-IARI, New Delhi)

Marker-assisted backcross breeding was carried out to 
improve high yielding genotypes, HD2733 and GW322 
for drought and heat stress tolerance. HI1500, WH730, 
C306 and HD2888 were used as donor parents to transfer 
QTLs linked to physiological and agronomic traits. A 
total of 70 lines were obtained in homozygous condition 
after rigorous phenotypic and genotypic selection. The 
improved lines exhibited 70-90% of the background 

genome recovery. Among these, 15 best yielding lines 
were selected on the basis of multi-location yield trials at 
three locations namely, Pusa Bihar, New Delhi and Pune. 
Fifteen MABB derived lines developed in the background 
of HD 2733 and GW 322 were evaluated in station trials 
2017-18 under restricted irrigated (RI) and late sown 
(LS) conditions. Drought conditions were maintained 
by withholding irrigation after fi rst irrigation, heat stress 
was imposed by planting in late-sown condition. Yield 
Component traits and physiological traits NDVI, Canopy 
temp, SPAD chlorophyll readings were recorded. The 
mean NDVI for all the lines ranged from 0.39 to 0.56, 
the derived lines were improved over parental means. 
Improved genotypes were found superior in grain yield 
(9.87-14 %) over parental lines GW322 and HD2733 both 
under RI and LS conditions. The lines namely ADT465 
and SBP16-42 in the background of GW322 and HD2733 
were selected based on yield superiority will be tested in 
coordinated trials during the crop season, 2018-19.

A new improved line HD3296 was promoted from CVT to 
NIVT-5B, derived from the cross of improved germplasm, 
DBW43 (BABAX/LR42//BABAX*2/3/VIVITSI) and released 
variety, HI1500 (HW 2002*2//STREMPALLI/PNC5). 
Genotype was evaluated at three locations namely, Pune, 
Powarkheda and New Delhi in alpha-lattice design with 
two replications each under rainfed (RF) and restricted 
irrigation (RI) conditions. Genotype was selected based 
on the multi-location yield performance under stress and 
also on the number of QTLs analyzed for physiological 
and agronomic traits. During testing in IARI-CVT (Common 
Varietal Trial) trials for timely sown restricted irrigated 
condition, an average yield of 48.39 q ha-1 was recorded, 
which was 9.87% superior to the check, HD3043. HD3296 
carries several positive alleles linked to moisture defi cit 
stress tolerance traits.

Genotypes tolerant to heat, drought and both stresses

Type of materials Karnal Powarkheda Akola

Germplasm acces-
sions

IC252790, IC549449, IC335534, 
KP1862, KP1876, KP1863, KP1860

IC28658, KP 1866, KP 1858, KP 1860, KP 
1855, KP 1862

Breeding lines J31-24, J31-23, J31-102, HGP1-359, 
J31-33, J31-80, RW 3684

J31-80, HTW 67

Cultivars NW2036, DBW14, UAS320, MACS 
6222

HI1563, NW5054, 
DBW90

DBW 90, UAS 428, PBW 590, WH 1080, 
HD 2888

Checks WH 730 HINDI 62, AKAW3717, HTW6, C 306 M10
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A field view of line HD 3296 at IARI research farm

Evaluation of wheat cultivars under heat stress for 
oxidative stress related biochemical traits 

An experiment was conducted to study the activity of 
superoxide dismutase (SOD) activity and lipid peroxidation 
in contrasting wheat genotypes viz., HD3086 and BT-
Schomburgk under control (22±3ºC) and heat stress 
(38ºC, 1h) during pollination and grain-fi lling stages. 
Signifi cant increase in the SOD activity was observed in 
thermotolerant cv. HD3086 in response to heat stress (HS) 
during both the critical stages of growth. Maximum SOD 
activity was observed in cv. BT-Schomburgk in response 
to HS during grain-fi lling stage. Signifi cant increase in the 
malondialdehyde MDA content was recorded in both 
genotype i.e. HD3086 and BT-Schomburgk in response to 
HS at pollination and grain fi lling stages of development. 
While, there was reduction in the soluble starch synthase 
activity in both HD3086 and BT-Schomburgk under 
terminal HS, which was further refl ected in terms of 
decrease in the percent starch content. Percent reduction 
in the starch content was observed minimum in HD3086, 
as compared to BT-Schomburgk. Amylase activity was 
found to be stable in thermo-tolerant cultivar as compared 
to thermo-susceptible. Temperature enhances the activity 
of amylases which in turn degrade the starch and ultimately 
the quality of the wheat grain is compromised.

Evaluation of genotypes for terminal heat and water 
stress tolerance in wheat (ICAR-IIWBR, Karnal)

Fifty-fi ve genotypes along with nine registered genetic 
stocks were evaluated under timely irrigated and rainfed 
conditions, and late irrigated and rainfed conditions 
at three centres i.e. Karnal, Powarkheda and Akola for 
confi rmation. Data was recorded for phonological, 
physiological and grain yield and its components. 
Based on susceptibility index for grain yield, genotypes 
tolerant to drought stress (timely rainfed), heat stress (late 
irrigated) and heat and drought stress (late rainfed) at 
all three locations were identifi ed. Seven genotypes, IC 

59575, KP 1855, NW 5054, J31-80, KP 1863, K 8027 
and KP 1858 were tolerant to drought stress at all three 
locations. Another seven genotypes namely, NW 1067, 
HGP1-20, KP 1862, KP 1876, IC 445365, DBW 90 and 
KP 1860 were tolerant to heat stress at all the locations. 
Nine genotypes namely, IC252790, J31-24, J31-23, 
HGP1-359, WH 1080, IC111905, IC549449, IC128684 
and J31-80 were tolerant to both heat and drought stress 
at all the locations. Genotype J31-80 was tolerant to 
timely and late drought stress at all the locations.  There 
were 18 genotypes tolerant to all stresses at Karnal, 3 at 
Powarkheda and 13 at Akola. 

Another set of  thirty-two new genotypes along with ten 
registered genetic stocks were evaluated under timely 
irrigated and rainfed conditions, and late irrigated and 
rainfed conditions at Karnal, Powarkheda and Akola 
for tolerance to heat/ drought/ both stresses. At Karnal 
under timely rainfed trial stress was given under rainout 
shelter. Based on susceptibility index for grain yield, four 
genotypes namely, SRIL 116, QBP 1608, HTW 67 and 
RWP 2016-18 were tolerant to drought stress and fi ve 
genotypes namely, HTW 64, DWAP 1610, WS 2016-8, 
WS 2016-4 and DWAP 1613 were tolerant to heat stress 
at all the locations. Seven genotypes namely, DWAP 
1608, HTW 65, HTW 64, HTW 66, WS 2016-12, RWP 
2016-10 and RWP 2016-18 were tolerant to both heat 
and drought stress at all locations. Genotype RWP 2016-
18 was tolerant to timely and late drought stress at all 
the locations, whereas genotype HTW 64 was tolerant to 
timely and late heat stress at all the locations. 

Identification of new sources for drought tolerance under rainout 
shelter

Generation of breeding materials under heat, drought 
hot spot 

The identifi ed sources of drought tolerance namely, C306, 
AKAW3717, heat tolerance namely, HTW6, HTW11, 
HTW9, HTW67, DBW150, WH730 and for both stresses 
Hindi62, DHTW 60 were used in crossing program with 
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elite popular cultivars of NWPZ, CZ and PZ. While, F2 
populations of twenty-eight crosses along with eight 
checks were screened under rainfed conditions at Akola 
and Powarkheda and rainout shelter at Karnal.  Promising 
single plants were selected from 15 crosses at Akola 
whereas 17 crosses at Karnal. Another F2 populations of 
twenty-eight crosses along with eight checks were sown 
under late sown conditions at all three centres. Akola 
centre selected 14 crosses whereas Karnal centre selected 
11 crosses. The selection criteria were plant height, number 
of tillers, grain colour, grain weight, early maturing, stay 
green and disease resistance.

Evaluation of wheat germplasm for salinity stress 
tolerance (ICAR-NBPGR, New Delhi)

A panel of 160 diverse wheat accessions including salt-
stress tolerant and susceptible genotypes and fi ve checks 
were grown in two replications both in microplots and 
normal fi eld conditions (control) at ICARCSSRI, Karnal 
during Rabi 2017-18. Salinity stress was imposed via 
irrigation with saline water (Eciw = 10 dSm-1). Wheat 
accessions were phenotyped for chlorophyll content, 
NDVI, Na/K content, physiological and yield associated 
traits and these accessions are also being genotyped with 
35K SNP array breeders chip. 

Association mapping of drought tolerance

A reference set of 343 accessions of wheat for drought-stress 
tolerance was evaluated at three different locations namely 
Issapur Farm, Delhi, Jodhpur (Rajasthan) and Dharwad 
(Karnataka) during Rabi 2017- 18. The augmented block 
design (ABD) was used in the trial using fi ve checks viz., 
C306, WR544, HD2967, Raj3765 and HD3086. Eighteen 
morpho-physiological characters were recorded. The 
postharvest data are being recorded and compiled.

Development of MAGIC populations in wheat  

Four crosses (Pusa T3336  WR544, Iepace Robe  
NW1014, HD2864  UP2338, DL788-2  HD2864) were 
made between parental lines possessing component traits 
of terminal heat-stress tolerance in bread wheat during rabi 
2016-17. The F1 plants were grown at IARI Regional Station, 
Wellington, Tamil Nadu during July-October, 2017. In total 
74 number of F1  F1 spikes were crossed between 3 crosses 
of wheat at Wellington in Sept. 2017. These crosses were 
further inter-crossed to develop MAGIC population for 
heat-stress tolerance at Delhi during rabi 2017-18. 

Development of MAGIC populations in bread wheat at NBPGR field Delhi

Genome-wide association study using SSR markers of 
reference sets for terminal-heat stress tolerance in wheat 

Under genome-wide association study (GWAS), the 
reference set consisting of 381 accessions for terminal 
heat-stress tolerance was analyzed with 48 hyper-variable 
SSR markers having genome-wide coverage. High amount 
of molecular variation was observed in the terminal heat 
stress tolerance in wheat. 

Molecular profiles of 96 wheat accessions of reference set amplified 
with microsatellite wmc285

Identifi cation and validation of novel miRNAs in wheat 
based on the reference genome sequence of Zea mays 
and Sorghum bicolor (ICAR-IARI, New Delhi)

MicroRNAs have emerged as master regulators of plant 
growth and development which play an important role 
in plant stress responses. miRNAs regulate expression 
of functional genes involved in plant development and 
other physiological processes. Ten novel miRNA genes 
were identifi ed using the reference genome of Zea mays 
and Sorghum bicolor. The identifi ed novel miRNAs were 
validated in contrasting wheat cultivars BT-Schomburgk, 
PBW 343 (thermo-susceptible) and HD3086, Raj3765 
(thermo-tolerant) at seedling stage. Most of the novel miRNAs 
showed signifi cant downregulation in all the cultivars under 
heat stress. Candidate_905 and candidate_69 showed 
upregulation in Raj3765 (thermo-tolerant) under HS, as 
compared to control. Candidate_1124, candidate_4424 
and candidate_2549 showed signifi cant upregulation 
in thermo-susceptible wheat cultivars. The variations in 
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the expression of these novel miRNAs in response to HS 
showed their heat-responsive nature in wheat. There is a 
need to identify the target genes of these novel miRNAs in 
order to manipulate the regulatory network associated with 
thermo-tolerance in wheat.

Validation of identified novel miRNAs in contrasting wheat cultivars 
under heat stress. Heat stress of 38°C was given for 2 h. U6 SnRNA 
(Clontech, USA) was used as the internal control for normalizing the Ct 
values; Pfaffl method was used for the calculation.

Develop robust method of wheat genetic transformation 
(ICAR-NRCPB, New Delhi)

Preparation of construct pCAM1302-ZmUbi-GFP 

The GFP CDS was amplifi ed using these sets of primers 
having BamHI and SpeI in forward and reverse primer 
respectively.

ZmUbipro fl  Bam. 
2017 F

CGCGGATCCGGGCGAATTGGCGGC-
CGCTCC

ZmUbipro fl  Spe 
2017 R

CGCACTAGTCCTGCAGAAGTAACAC-
CAAACAA

The vector pCAMBIA1302 was digested with restriction 
enzymes BamHI and SpeI, along with the amplifi ed 
GFP. The products were ligated using T4 DNA ligase 
and transformed to E. coli DH5  cells. The colonies 
were screened using Zm Ubi promoter specifi c 
primers. Further the clones pCAM1302 ZmUbi-GFP 

no. 1, 2, 9 were digested with restriction enzymes 
BamHI and SpeI

pCAMBIA1302-ZmUbi-GFP vector shows main 
component between leaf and right border

The confi rmed plasmid was transformed to Agrobacterium 
strain EHA105 for wheat transformation.

Transformation protocol for wheat developed

Different protocols were followed to transform germinated 
wheat seeds via Agrobacterium. 

Protocol I 
Two days old wheat seedlings were pricked at the 
scutellar meristematic zone and then submerged in 
medium having Agrobacterium with desired gene 
construct. The co-cultivation was carried out for 1 h 
and then placed on basal media for 3 days under dark 
conditions. Thereafter the excess Agrobacterium was 
removed by using cefotaxime at concentration of 250 
mg/L and planted to soilrite.

Two days old seedlings used 
as control

Gus expression of the scutellum region 
after three days of co-cultivation

Gus expression of the coleoptile and coleorhiza region after three 
days of co-cultivation

Seeds 
transformed 

GUS 
performed 

GUS 
positive 

Transformation 
(%)

180 30 8 5.71 

Protocol II
Five days old seedlings were decapitated and pricked in 
the scutellar region meristematic zone and then submerged 
in medium having Agrobacterium with desired gene 
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construct. Co-cultivation was carried out for 1 h and then 
placed on basal media for 3 days under dark conditions. 
Thereafter the excess Agrobacterium was removed by 
using cefotaxime at concentration of 250 mg/L and planted 
to soilrite after 10 days.

Seeds 
transformed 

GUS 
performed GUS positive 

Transformation 
(%)

120 60 22 18.33 

Protocol III

After sterilization, seeds kept at 4oC for overnight then 
transferred at 24oC. The seed surface where a shoot 
would later emerge was pierced twice up to a depth of 
about 1 mm with a needle dipped in the A. tumefaciens 
inoculums.

Seeds 
taken

Seed co-
cultivated

Seed 
germinated Status

120 110 106 T1 Seeds harvested; to be 
screened for presence of 
transgene at T1 generation

 

  
Different stages of In planta transformation method

Protocol IV
To inoculate A. tumefaciens into the embryonic apical 
meristem of the soaked seeds, a region on the seed surface 
where a shoot would later emerge was pierced twice up 
to a depth of about 1 mm with a needle dipped in the A. 
tumefaciens inoculums

Seeds taken Seed co-cultivated Seed germinated Status
120 110 106 T1 Seeds harvested; to be screened for presence of 

transgene at T1 generation

   
Different stages of In planta method

Seeds taken Seed co cultivated Seed germinated Status

120 100 2 T1 Seeds harvested; to be screened for presence of transgene at T1 generation

Protocol V
The sterilized seeds were germinated at 250C in dark for 
2–3 days on the fi lter containing plates, and then vernalized 
at 40C for 30 days. When coleoptiles of the seeds reached 
a certain height (2–4 cm), the vascular bundle was cut 
by a clean knife at a 450 angle in the direction along the 
elongation of the coleoptiles. Then, the upper portion 

of the embryo was cut off in a horizontal direction, and 
thus the basal portions were exposed or wounded. As a 
result, 1–2 cm of the leafl et was left for photosynthesis to 
sustain the growth of the seedlings. Finally, 2–4 μl of the 
resuspended A. tumefaciens was dropped at the wound 
for inoculation
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Response of wheat genotype HD2894 mature embryo to various combinations of plant growth regulators 

Different media composition was tried for callus induction and regeneration to get desirable results

Media combination (mg l-1) Callus 
induction (%)

MS+2,4-D(4 mg/l) + BAP (1 mg/l) + Kinetin (1 mg/l) —5 days, thereafter MS+ 2,4-D(4 mg/l) + NAA (1 mg/l) 37
MS basal, 500 mg/l glutamine, 100 mg/l casein hydrolysate, 100 mg/l ascorbic acid, 1.95 g/l + MES, 40 g/l 
maltose, supplement with picloram 16

MS + Picloram (2 mg/l) 27
MS +200 mg/l casein hydrolysate + 100 mg/l inositol + 2,4-D (2 mg/l) 8
4.3 g/l MS + 30 g/l maltose+ 1.0 g/l casein hydrolysate, 350 mg/l myoinositol, 690 mg/l proline, 1.0 mg/l 
thiamine HCl + 2,4-D (2.5 mg/l) 22

Isolation of heat stress responsive promoter from wheat 

Two different strategies were taken up to isolate the 
heat stress responsive promoter i.e. differential gene 
expressed under heat stress analyzed through qRT-PCR 
and proteogenomics approach. 
Based on differential expression of candidate gene under 
heat stress

qRT-PCR analysis revealed that TapAPX gene was 
upregulated 203.1 folds in cv. Raj3765 (heat tolerant) as 
compared to basal level of expression in cv. HD2967 (heat 
susceptible). Therefore, gene TapAPX from Raj3765 was 
selected for isolation of promoter

In-silico analysis of TapAPX putative promoter region 

   
Seeds taken Seed co-cultivated Seed germinated Status

120 93 93 T1 Seeds harvested; to be screened for presence of transgene at T1 generation

Protocol VI
The shoots and roots of the embryos were cut off with 
blade and then the embryo was cut off with the blade. Em-

bryos were inoculated with Agrobacterium suspension by 
submerging them in the inoculation medium for one hour. 
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The putative promoter region of TapAPX was cloned in 
pORE-R2-gus vector and transformed to tobacco leaf discs 
via Agrobacterium tumefaciens strain LBA4404 

Proteogenomics approach was taken to identify the heat 
stress responsive wheat promoters. In this study two 
contrasting wheat genotypes Raj3765 (heat tolerant) and 
HD2967 (heat susceptible) were given heat stress at four 
essential stages of wheat development. Plan of work was 
given in the table below: 

Putative promoter isolation using genome walking technique

 Genotype Stage Sample Stress Time interval (h) Plan of work

Raj 3765
(heat-tolerant) and
HD2967
(heat-susceptible)

Seedling Shoot; root 35°C ½, 1, 2, 4, 6
(Stressed samples will 
be pooled together)

1D SDS-PAGE, 2D SDS-PAGE, 
unique spots picking, MALDI, 
Identifi cation of differentially 
expressed proteins

Tillering Shoot; root 37°C

Stem elongation Shoot; root 37°C

Post anthesis Shoot; root 42°C

 
Maize

Evaluation of maize genotypes and hybrids for tolerance to 
drought and water logging stresses (ICAR-IIMR, Ludhiana)

One hundred inbred lines and 42 single cross hybrids of 
different maturity groups was evaluated for drought and 
water logging under glass house conditions. Six inbred 
lines DML-221, DQL-593-4, DQL-785-1-8, CML 409, 
CML 40BBB, DQL-621-9-1 were found to be tolerant to 
water logging while, fi ve lines DQL-574-2, CML 420; 
DML-221; VL109126; CAL14138 were identifi ed for 
drought tolerance. 

Among the hybrids, the potential hybrids identifi ed for 
drought tolerance are CMH 12-686, CMH 08-292, PMH5, 
DMRH1417, DMRH1419 and water logging tolerance 
are CMH 08-287; CMH 08-282; PMH5; Vivek Hybrid 
51. Further three IIMR hybrids are under testing in AICRP 
rainfed trials. Among these materials one inbred DML221 
and hybrid PMH5 has shown tolerance to both drought as 
well as to water logging stresses.

Inbred line, IMR 27 (DML221) showing high tolerance to water 
logging stress against susceptible ones (DQL-614-5-4).

Generation of breeding materials under drought stress

A set of 500 F3 families derived from crossing between 
elite inbred lines with drought tolerant genotypes as donor 
have been grown, selected and advanced to F4 stage under 
managed drought stress condition at fl owering stage.

Phenotyping of maize genotypes for water defi cit stress 
tolerance (ICAR-CRIDA, Hyderabad)

In kharif 2017, morpho physiological traits related to 
water defi cit stress tolerance such as, canopy temperature, 
SPAD, anthesis silking interval (ASI), photosynthesis, 
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NDVI, stomatal conductance, leaf temperature, plant 
height and ear height were analyzed in 15 selected 
genotypes of maize under both well watered and rainfed 
conditions. Yield contributing traits viz., total biomass, 
cob length, number of kernels per row, number of kernel 
rows, cob weight, seed yield and 100 seed weight were 
also analyzed. The results showed signifi cant genotypic 
differences (p ≤ 0.05) for majority of the traits. Among 
genotypes, HKI7660, NSJ189 and Z101-15 performed 
relatively better for yield and its attributes as compared 
to others, while hybrids TMMH806 and TMMH826 were 
best performers under well-watered conditions. Under 
water stress conditions, genotypes HKI7660 and NSJ189 
performed comparatively better than other genotypes. 

Excised leaf water retention capacity in maize genotypes

Excised leaf water retention capacity (ELWRC) of 
genotypes revealed NSJ189 maintained higher ELWRC 
along with DHM117 and TMMH806. Clustering analysis 
grouped genotypes into three clusters under water stress 
conditions. Analysis of various morpho-physiological traits 
revealed signifi cant positive association of seed yield with 
plant height and yield attributes under both well-watered 
and rainfed conditions. Among the genotypes tested, 
NSJ189, HKI7660 performed better and were comparable 

to checks DHM117, TMMH806 and TMMH826. 

Transpiration effi ciency and water use variations in maize

Transpiration effi ciency (TE) defi ned as biomass 
accumulation per unit water transpired, is a measure of 
examining potential genetic variation in crop water use 
effi ciency. The maize genotypes Z32-87 had higher number 
of stomata (114 mm-2) and RJR-385 had lower number of 
stomata on the lower surface of leaf out of the 100 maize 
genotypes studied for trait stomatal density. Crossing of 
low and high stomata number lines was carried out during 
kharif and F1 was grown in rabi and selfed to obtain F2 seed 
for development of mapping population for trait stomatal 
density in maize. One hundred plants of cross RJR-385 x 

Z32-87 (low and high stomatal density) along with two 
parental lines were raised in rabi and TE was determined. 
Whole plant TE was determined by the gravimetric method. 
Total biomass, root biomass, water transpired were also 
recorded. Total biomass ranged 70.2 to 203.8 g plant-1. 
Water transpired ranged between 20.3 kg plant-1 and 24.8 
kg plant-1. TE varied from 3.42 to 8.2 g biomass kg-1 water 
transpired in F1 plants and parents. F1 plants were selfed to 
obtain F2 seed for developing mapping population.

Impact of elevated temperature and its interaction with 
elevated CO2

A fi eld experiment was conducted under Free Air Temperature 
Elevation (FATE) facility with four maize hybrids- DHM-117, 
DHM-121, NK-6240, 900M Gold to assess the impact of 
elevated crop canopy temperature (eT) and its interaction with 
elevated CO2 (eT+eCO2) on phenological, morphological, 
physiological, biochemical and yield parameters. During the 
crop growth period, the maximum temperature was 35.6°C 
at initial growth stage and the canopy temperature of eT was 
elevated by 3°C ± 0.5°C.

The ASI increased under eT with two public hybrids DHM-
117 (2 days) and DHM-121 (1.3 days) while there was no 
change with NK-6240, and reduced ASI with 900M Gold. 
Among the four hybrids, 900M Gold recorded highest 
net photosynthetic rate (Anet), stomatal conductance (gs), 
transpiration rate (Tr) at aT. The eT reduced Anet, gs, Tr of 
all the genotypes, while eT+eCO2 condition improved it 
to that of aT level in  900M Gold, better than aT in DHM-
117. The gs and Tr reduced under both eT and  eT+eCO2 
conditions, however the magnitude of the response 
differed with genotype. Both DHM-117 and 900M Gold 
registered higher WUE at eT+eCO2 condition due to 
improved response of Anet and higher reduction in Tr. 

Photosynthetic rate, stomatal conductance, transpiration rate and 
WUE of maize hybrids under aT, eT and eT+eCO2 conditions at 

vegetative stage
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At harvest, the total biomass, cob weight, grain weight 
was highest at aT with DHM-117, DHM-121 and NK-
6240 while at eT with 900M Gold.  The eT reduced the 
total biomass while in the presence of eCO2 the reduction 
ranged from nil (900M Gold) to 7.8% (DHM-121). With eT, 
the grain yield reduced by nil (900M Gold) to16% (DHM-
117) and the impact of eT+eCO2 condition was positive 
only with DHM-117, while negative with NK-6240. Both 
eT and eT+eCO2 conditions improved or not impacted 
the harvest index (HI) of these maize hybrids revealing 
that these conditions are impacting more of vegetative 
parameters than reproductive parameters. The presence 
of eCO2 along with eT was not impacted signifi cantly the 
biomass and seed yield of this C4 crop and even further 
reduced the cob and grain weight in NK-6240. The 
variability in response of maize genotypes revealed that 
the genotype 900M Gold was stable performer at eT and 
not responding to eCO2, while DHM-117 was sensitive to 
eT and responsive to eCO2.

 

Field evaluation of maize hybrids under FATE facility with elevated 
canopy temperature (+3°C) and elevated CO2 (550 ppm)

Reduction (%) in biomass, seed yield and yield contributing traits of 
four maize hybrids with eT and eT+eCO2  over T control and 

amelioration (%) of eT effects due to eCO2 for biomass, seed yield and 
yield contributing traits

Physiological and metabolic indices for heat stress 
tolerance in maize

Exposure of crop plants to high temperature stress at 
various phenophases is an important environmental 
stress affecting plant growth and development resulting 
in reduction in crop productivity. Identifi cation/
development of a simple, fast and effi cient screening 
tools/technique will help us to identify promising 
material which can be used as donor to enhance 
high temperature stress tolerance in crop plants.  
Infra-red images of aerial parts of the maize plants 
were captured using a FLIR camera to understand 
the distribution of temperature within the plant and a 
plant population. The image shown below indicates 
that a FLIR camera can be successfully deployed to 
study the distribution of temperature within/ across 
population of maize plants.

Thermal image acquired using a FLIR camera to study the distribution 
of temperature in maize plants raised during Rabi summer season

Genome-wide identifi cation and characterization of 
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miRNA: gene interactions associated with single and 
combined stress tolerance (ICAR-IIMR, Ludhiana)

Total RNA was isolated from root and shoot samples of 
highly tolerant and susceptible genotypes under drought 
and water logging stresses for miRNA sequencing. The 
results revealed that miRNA in root and shoot plays a 
critical role in imparting drought as well as water logging 
stress tolerance in maize. In total, 39 miRNAs (20 up & 
19 down-regulated) in shoot and 21 (12 up & 19 down-
regulated) in root expressed differentially under stress in 
drought tolerant genotype. Similarly, in water logging 
tolerance, 35 (17 up & 18 down-regulated) miRNAs 
in shoot and 9 (2 up & 7 down-regulated) in root were 
found differentially expressed. Interestingly, 13 miRNAs 
of families miR156, miR159, and miR319 in root and 5 
miRNA viz., miR169b, miR397a, miR408b, miR528a, 
miR528b in shoot were identifi ed common for drought & 
water logging tolerance.

Transcriptome analysis in maize under water defi cit 
stress (ICAR-CRIDA, Hyderabad)

Transcriptome profi les of two maize genotypes used 
in developing mapping population drought-tolerant 
SNJ2011-26 and drought-sensitive HKI161 were analyzed 
at well-watered and water defi cit stress conditions to 
elucidate the mechanism of drought tolerance. Fifteen 
days old seedlings were subjected to water-defi cit stress. 
The relative water content ranged about 96% in the control 
(HKI161 - 96.04%, SNJ201126 - 96.33%) and about 
74–78% in water-defi cit stress (HKI161 – 73.75%, 
SNJ201126 – 78.3%), while the soil moisture content 
of the control was around 17% (HKI161–16.83%, 
SNJ201126 –17.13%) and under water defi cit stress it was 
around 11% (HKI161 – 11.12%, SNJ201126 – 11.43%).

Analysis of differentially expressed genes (DEGs) in the 
susceptible genotype under water defi cit stress conditions 
indicated an upregulation of 389 transcripts and 
downregulation of 563 transcripts, while in case of tolerant 
genotype, upregulation of 240 and down regulation of 131 
transcripts in comparison with those under well-watered 
conditions. Comparison of the susceptible and tolerant 
genotypes under well-watered conditions indicated an 

upregulation of 201 transcripts and down regulation of 
242 transcripts. On the other hand, under water defi cit 
stress conditions, 531 transcripts were upregulated and 
305 were down regulated.

DEGs of both the susceptible and tolerant genotypes were 
classifi ed into various gene ontology categories such as 
biological component, cellular function and molecular 
function. The DEGs belonging to macromolecular 
complex, catalytic function and binding were found to be 
signifi cantly upregulated in tolerant genotype compared 
to the susceptible one. Also the exclusive expression of 
salicylic acid induced pathway genes in tolerant genotype 
might be a contributing factor to the tolerance. RNA-seq 
data of Zea mays tolerant (SNJ2011-26) and susceptible 
genotype (HKI161) subjected to water-defi cit stress 
at seedling stage was deposited in SRA database with 
accession number SRP133547.

Significant stress responsive gene ontology terms in HKI161 and 
SNJ2011-26 genotypes of maize.

Green gram

Response of elevated CO2 on photosynthesis in green 
gram (ICAR-IIPR, Kanpur)

Rate of light-saturated photosynthesis Pmax (PFD 1000 
μmol photons m-2 s-1 at 200C) at elevated carbon dioxide 
(500 ppm) increased both at vegetative as well as grain 
fi lling stage. At podding stage when sink demand is high 
both photosynthesis and transpiration tremendously 
increased under elevated CO2 conditions without any 
water-limiting conditions. However, high CO2 level during 
vegetative stage contributed towards increased water-use 
effi ciency as compared to ambient CO2 (300 ppm). High 
photosynthesis accompanied by increased transpiration 
and stomatal conductance under elevated CO2 supported 
high sink demand during grain fi lling.

Relative changes in photosynthetic rates, stomatal conductance and transpiration rate in green gram at vegetative and 
podding stage

Crop stage Conditions CO2 condition
(ppm)

Photosynthetic rate 
(mmol m-2 s-1)

Stomatal 
conductance

Transpiration 
rate Ahs Cs-1 Pn Gs-1

Vegetative Ambient 380 6.45 0.027 0.85 0.006 310.53

Vegetative Elevated 500 8.96 0.030 1.33 0.009 738.71

Podding stage Ambient 380 6.54 0.012 0.40 0.007 750.20
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Generation of breeding materials 

To introgress heat tolerance in elite green gram lines, 
fresh crosses were attempted using elite green gram 
varieties IPM 2-14, Shikha and Virat as the recipients 
and LGG460, HUM16, V. umbellata and V. umbellata 
as the donors. These donors were identifi ed on the basis 
of a comprehensive evaluation of >400 germplasm and 
elite materials in last 3 years. Accordingly, 08 fresh intra-
specifi c and inter-specifi c crosses (IPM 2-14 / LGG-460, 
IPM 410-3 / LGG 460, IPM 2-3 / HUM 16, IPM 2-14 / V. 
umbellate, IPM 2-14 / V. glabrescens, IPM 2-3 / VBG 04-
003, IPM 2-3 / V. umbellate, IPM 205-7 / V. umbellata) 
were attempted.

Chickpea 

Physiological basis of heat tolerance in chickpea (ICAR-
IIPR, Kanpur)

An experiment conducted on chickpea variety JG14 
showed that photosynthetic electron transport rate (ETR) 
was maximum at 250C with increasing irradiance levels. 
However, photosynthetic rates in response to increasing 
PAR demonstrated a broad temperature range 20 to 
400C. Despite decrease in the stomatal conductance, the 
transpiration rates increased at high temperature 400C. 
The results showed higher transpiratory water loss when 
subjected to high temperatures and this led to decrease in 
the water use effi ciency of the crop. 

At low temperature 100C the gaseous exchange including 
carbon fi xation and transpiration were more affected 
than photosynthetic light reaction. Light compensation 
point was much higher at high temperature 400C than 
the lower temperatures indicating poor utilization of 
light at lower irradiance levels. The light compensation 
point is defi ned as the level of PAR irradiance at which 
carbon fi xation stops and CO2 is released as respiration. 
The results indicated that under moderate light intensity 
of about 1000 μmol favours more photosynthetic carbon 
gain. As high temperature and high light intensity often 
are superimposed each other, hence to achieve higher 
carbon gain, more demand of irrigation is required at high 
temperature. 

Thermal images were correlated with canopy temperature 
and transpiration. The image based techniques discriminate 
chickpea varieties in their ability to sustain lower canopy 
temperature under drought. The thermal image-based 
technique therefore could be useful to detect physiological 
effi ciency of crop under stress environment. The lower 
canopy temperature could be associated with deep roots 
or plant having vigorous root system to extract water 
from soil and allowing more transpiration, preventing 
desiccation and keeping canopy temperature cool under 
stress. Another device green seeker enables recording of 
NDVI (Normalized deviation vegetation index) which 
is useful to assess the physiological effi ciency of plant 
both under stressed and non-stressed conditions. The 
genotypes maintaining higher NDVI values at this stage 
are more physiologically effi cient and high yielding types 
as compared to remaining varieties having lower NDVI 
values. Most of the early maturing varieties showed lower 
NDVI values as they complete their life cycle faster and are 
subjected to senescence early, hence NDVI also appeared 
to be related with leaf senescence and chlorophyll 
degradation.

NDVI values of chickpea varieties during podding 

Genotype High NDVI Genotype Low NDVI

ICC-12916 0.72 CSJ-140 0.43

ICC-15868 0.71 PDG-3 0.41

ICC-14880 0.70 BG-276 0.36

RSG-896 0.67 JG-16 0.33

PUSA209 0.67 RSG959 0.30
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Evaluation of genetic resources for heat tolerance in 
chickpea

A total of 190 chickpea germplasms were evaluated 
under timely sown and late sown condition for evaluation 
of various morpho-physiological traits related to heat 
stress viz., pods plant-1, empty pod plant-1, yield plant-1, 
harvest index, NDVI, SPAD, Flavonoid content, nitrogen 
balance index (NBI) and anthocyanin content at post 
anthesis stage. Five promising genotypes viz., ICC 12922, 
IPC11-6-9, IPC11-9-18, ICC15925, ICC 16919 were 
selected based on their high pods/plant and yield/plant 
performance under late sown condition. Two lines such 
as ICC 12922 and advanced breeding line ICC 15925 
outperformed than known heat tolerant check ICCV 
92944. Mapping population for heat tolerance has been 
initiated using KWR108 / ICC92944 (F1) for development 
of genomic resources relevant to heat tolerance related 
traits in chickpea. Marker trait association for various 
traits associated to heat stress using SSR marker is under 
progress. 

Standardizing high throughput screening technique for 
identifi cation of moisture stress tolerant genotypes of 
pulse crops (ICAR-NIASM, Baramati)

Protocol to establish the relations with image parameters 
with stress tolerance traits is being standardized in 
pulses like chickpea, green gram and pigeonpea. Strong 
association between different visible image parameters 
and traits like plant biomass was established in chickpea, 
mungbean and pigeonpea crops. The experiment was 
conducted with 17 different chickpea genotypes along 
with local variety Digvijay and monitored their responses 
to depleting soil moisture. Parameters derived from the 
images were utilised for assessing the genetic variations in 
loss of greenness as indicator of leaf senescence.

Leaf green area in  chickpea cultivars to depleting soil moisture

Trend in leaf senescence in Digvijay and C2013 as revealed by image 
analysis

These values need to be further correlated with fi eld 
performance of these genotypes to validate the utility of 
this trait for large scale screening in future. Alternatively, 
genotypes which retain their greenness for longer period 
under stress condition may serve as genetic resource for 
use in breeding programme. 

Changes in tissue water content of chickpea genotypes as revealed by 
NIR intensity

Excised leaf water loss (ELWL) as a screening parameter 
for drought tolerance in chickpea genotypes

Excised-leaf water loss (ELWL), one of the traits associated 
with water stress tolerance was considered for assessing 
genetic variation in responses of cultivars of chickpea. 
Signifi cant differences among the genotypes were observed 
for this trait. Near Infra-Red (NIR) imaging was used to 
see the possibility to use this as alternate nondestructive 
method. Results indicates that the differences in rate 
of water loss as recorded from physical leaf weight loss 
and also from NIR imaging which showed a signifi cant 
correlation. 
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Rate of water loss in excised leaves of chickpea genotypes from 
physical method and NIR image based method and Correlation 

between leaf water loss (g) and NIR intensity

Protocol standardization to predict plant biomass of 
chickpea genotypes through high throughput screening 

Screening protocol is being standardized based on image 
derived data. Attempts are being made to identify the 
surrogate parameters derived from images. The results 
indicate that plant fresh biomass can be predicted from 
image-based parameters like digital volume and boundary 
point count. 

Fresh biomass vs digital volume (a) and boundry point count 
(b) in chickpea

Field evaluation of chickpea genotypes for moisture stress

Field experiment conducted with 96 genotypes with two 
levels of soil moisture conditions. Digvijay and ICCV-
92944 were used as checks. Genotypes such as D-24, 
D-5 and ICE-10254 had high seed yield. However, higher 
biomass accumulation was observed among D-24, D-10, 
D-5 and D-26 under well irrigated conditions while, D-24, 
D-5 and D-29 under water stress condition.

Genetic variation in seed yield and biomass under normal as well as 
moisture stress condition in chickpea

Lentil 

Phenotyping mapping population for root traits (ICAR-
IIPR, Kanpur)

A mapping population comprising 200 RILs derived from a 
cross IPL 98/193 (long root) × EC208362 (short root) was 
phenotyped in PVC tube for root traits. The observations 
were recorded after 60 days of sowing. The root length 
was 46.3 in IPL 98/193 and 15.0 cm in EC 208362 with a 
ranged from 11.8 cm to 67.6 cm in mapping population. 
The shoot length was 17.0 cm in IPL 98/193 and it was 
13.0 cm in EC 208362. However, it was ranged from 4.7 
cm to 21.5 cm in RIL mapping population. This mapping 
was also evaluated for phenotypic traits at Bhopal location 
where RILs having long roots showed good podding.

Evaluation of lentil RIL for root traits

Identifi cation of SNP markers linked to root traits in lentil

Following bulk sergeant analysis approach DNA samples from 
10 RILs having shortest root length (cm) was mixed together 
and made bulk 1 and bulk 2 was made for longest root length 
(cm) by maxing DNA of 10 RILs. These bulks along with 
respective parents are being genotyped for SNP markers using 
next generation sequencing. Sequencing of these 4 samples 
have been completed and analysis for identifi cation of SNPs 
associated with root traits are under progress.

Development of mapping population for heat tolerance

For generating mapping population for heat tolerance 
in lentil, a cross was made between heat tolerant (IG 
4258) and heat sensitive (IG 3973) genotypes. Total 6 F1 
seeds were harvested from this cross. These F1 seeds will 
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be raised next year for raising F1 generation leading to 
generation of F2 seeds. 

Blackgram 
Physiological basis of salt tolerance in blackgram (ICAR-
IIPR, Kanpur)

In order to assess the sensitivity of blackgram genotypes 
to salinity, graded solution of sodium chloride having 
0EC (control without NaCl), 3EC and 5EC were applied 
at regular intervals to thoroughly washed sand fi lled in 
different pots. Five blackgram genotypes such as SPS-
29, NDU-1, Pant U-30, Pant U-40 and PLU-158 were 
subjected to different levels of salinity.

Retarded growth, smaller leaves, increased succulence 
of leaves and necrosis were the typical visible symptoms 
developed in salinity affected genotypes except SPS-29. 
The leaf chlorophyll and nitrogen balance index (NBI) 
decreased in all the test genotypes at 5EC salinity level, 
however, the genotype SPS-29 had shown signifi cant 
accumulation of epidermal fl avonols over control without 
salinity. The epidermal fl avonols are the polyphenols 
having protective role under salinity stress against damage 
caused by free radicals generated during salinity stress, 
particularly under high irradiance levels. The photosynthetic 
electron transport rate (ETR) remained unaffected at high 
photosynthetic active radiation e.g. 700 μmol photons 
m-2s-1 or signifi cantly increased in SPS-29 when subjected 
to 3 EC while rest of the genotypes showed signifi cant 
reduction in the ETR at the same level of salinity stress. 
The results showed positive association of higher fl avonols 
in SPS-29 maintaining higher photosynthetic electron 
transport rates under salinity stress. Based on the phenotypic 
expression and enhanced epidermal fl avonols leading to 
maintain optimum photosynthetic activity under salinity 
stress, the blackgram genotype SPS-29 appeared to be 
relatively tolerant to salt stress over rest of the genotypes. 

Leaf pigments and polyphenols in control (0 EC) and 
saline stress (5 EC) in different blackgram genotypes

Genotype NBI 
(0 EC)

NBI 
(5 EC)

Chl 
(0 EC)

Chl 
(5 EC)

Flav 
(0 EC)

Flav 
(5 EC)

SPS 29 39.4 31.03 35.22 31.53 0.96 1.45

NDU-1 29.23 25.37 27.3 29.87 1.06 1.18

Pant U30 27.57 23 25.28 23.87 1.1 0.56

Pant U40 26.5 22.67 24.58 30.9 1.35 0.67

PLU 158 28.57 26.53 27.55 32.27 1.12 0.78

Where NBI=Nitrogen balance index, Chl=Chlorophyll index, 
Flav=Flavnols 

Pigeonpea

Genotyping and phenotyping of pigeonpea for enhanced 
tolerance to climatic stresses (ICAR-CRIDA, Hyderabad) 

Twelve medium duration genotypes of pigeonpea 
were evaluated under irrigated and rainfed conditions. 
Genotyping studies were also carried out using 72 
collections of pigeonpea mini core, to identify diverse 
genotypes. Genotyping of minicore collection was done 
using genic and genomic SSRs. The SSR amplifi cation 
profi les were scored based on the size (bp) of the 
amplicons using Biovision Software, USA. Gene diversity, 
heterozygosity and PIC for each of the primer pair 
was calculated using Power Marker v.3.25 software. 
Phylogenetic tree was constructed using UPGMA by 
neighbor-joining method and dendogram was generated 
by MEGA software version 5.0. The STRUCTURE 2.3.4 
software was used to detect population structure and to 
assign individuals to subpopulations.

Clustering based on various morpho-physiological traits in maize 
genotypes under rainfed conditions

Based on overall performance across years the genotypes, 
GRG1761, RVK272 and RVK274 performed better in terms 
yield and its attributes implying that these genotypes were 
relatively more tolerant to drought. Genotyping using thirty 
polymorphic SSR markers revealed considerable genetic 
diversity among genotypes and identifying 66 alleles, 
with an average of ~2.20 alleles per SSR. A maximum 
of 3 alleles were amplifi ed by markers ASSR5, ASSR9, 
ASSR93, ASSR148, ASSR236 and ASSR352. The average 
PIC of SSRs was 0.24 with a range of 0.03 for ASSR100 
to 0.56 in ASSR236. Cluster analysis grouped mini 
core accessions into fi ve clusters. Cluster III and cluster 
II were found to be largest with 35 and 27 genotypes, 
respectively. On the other hand, population structure 
analysis grouped genotypes into fi ve sub-populations, with 
varying degrees of admixture amongst them.  The present 
study provided a good insight of genetic diversity and 
population structure among pigeonpea mini core used in 
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the present investigation. This will be useful in selection of 
diverse genotypes for development of new cultivars with 
adaptation to a broad range of environments.

Model based clustering and structure analysis of pigeonpea mini core 
using SSR marker data

Soybean 
Screening of soybean genotypes for low solar radiation 
(ICAR-IISR, Indore)

Signifi cant negative effect of decreasing light intensity was 
observed on chlorophyll content, specifi c leaf weight and 
leaf photosynthesis in soybean genotypes. The chlorophyll 
content (SPAD Values) was reduced by 9, 17, 25%, the 
SLW was reduced by 30, 42 and 58% and photosynthesis 
was reduced by 18, 30, 45%, respectively when plants 
were grown under 35, 50 and 75% reduced solar radiation 
compared to control. Soybean genotypes also differed 
signifi cantly in these parameters and interaction of solar 
radiation × genotypes was also signifi cant indicating a 
variable response of genotypes to low solar radiation. 

The average seed yield was maximum (31.5 g plant-1) 
in plants grown under control (0% reduction in solar 
radiation) condition. When plants were grown under 35% 
reduction in solar radiation the seed yield was declined 
by 37% (20.0 g plant-1). However, severe reduction to the 
extent of 64 and 76% was observed when plants were 
grown under 50% (11.2 g plant-1) and 75% (7.7 g plant-1) 
of reduced solar radiation as compared to plants grown 
under control condition. Among genotypes, the average 
yield was signifi cantly high in JS 97-52 (29.3 g plant-1), EC 
602288 (24.4 g plant-1), EC 456548 (22.3 g plant-1) and 
RVS 2001-4 (20.7 g plant-1) as compared to genotypes 
such as JS 95-60 (10.9 g plant-1) and JS 93-05 (8.2 g plant-1) 
which gave lowest seed yield. Among genotypes, the 
average yield was signifi cantly high in JS 97-52 (29.3 g 
plant-1), which has also showed minimum reduction in 
physiological parameters under low light intensity. 

Screening of high temperature tolerant soybean genotypes

Based on the yield, one soybean genotype TGX709-7A 
was identifi ed tolerant to high temperature (350C). This 
genotype showed high yield potential at 250C and percent 
reduction at high temperature (350C) was 26%.

Role of microbial strains in mitigating the high 
temperature stress on soybean 

The seed yield was signifi cantly higher in plants inoculated 
with microbial strains compared to un-inoculated control 
plants. The maximum yield was observed in the plants 
inoculated with B. subtilis (12.3 g plant-1) compared to 
uninoculated control (9.2 g plant-1). The interaction of 
temperature × microbial strain was signifi cant indicating 
that there was variable response of these strains at 
different temperatures. However, the maximum yield was 
observed when seeds were inoculated with B. subtilis 
(14.2 g plant-1) followed by AMF incorporated into the soil 
(12.5 g plant-1) at 280C. 

Effect of inculcation by different microbial strains on soybean yield (g plant-1) at different temperatures.  

Temperature (0C)
Seed yield (g plant-1)

Uninoculated (control) B. liaoningense B. subtilis P. fl uorescence AMF Average

24 8.6 10.1 12.7 10.8 10.5 10.5

28 11.8 12.3 14.2 11.6 12.5 12.5

32 7.1 8.9 10.1 10.9 11.3 9.6

Average 9.2 10.4 12.3 11.1 11.4 10.9

LSD (P < 0.05)
Temperature (T)                                                 
Microbial Strain (MS)           
T × MS                                 

1.17  
1.16
1.66
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Tomato 
Identifi cation of drought tolerant tomato for north east 
region (ICAR-RC NEH, Umiam)

Twenty-one different tomato varieties were screened 
under in-vitro draught condition induced by polyethylene 
glycol (PEG 4000). Signifi cant variation in terms of 
(RGR), relative germination index (RGI), relative vitality 
index (RVI) and relative PEG injury rate (RPIR) was 
recorded at 12.5% concentration. Among different 
varieties, maximum RGR (61.03%) was recorded with 
ArkaSaurabh; followed by ArkaMeghali (29.20%), 
Manikhamnu (23.16%) and DVRT-2 (18.75%); whereas, 
maximum RGI (14.88%) was observed with ArkaSaurabh; 
followed by ArkaMeghali (5.65%), DVRT-2 (4.16%) and 
Manikhamnu (4.09%). Similarly, minimum relative PEG 
injury rate (39.00) was noticed in ArkaSaurabh; followed 
by ArkaMeghali (70.08%), Manikhamnu (76.80%) 
and DVRT-2 (81.20%). Two varieties namely, RC 
Manikhamenshinba-2 and ArkaAlok did not germinate 
under induced osmotic stress. 

Germination of ArkaSaurabh 
under PEG induced Stress

Germination of ArkaSaurabh 
under control condition
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4.4 Resilience through Horticulture Crop Improvement and Adaptation
Incorporation of drought tolerance in tomato (ICAR-
IIHR, Bengaluru)

A total of 124 F8 plants of the cross involving large 
fruited HT line (CLN 3125 A) and drought tolerant 
(RF4A) lines were evaluated for drought tolerance and 
high temperature tolerance during rabi 2017. Stress was 
imposed during fl owering stage. Per plant yield ranged 
from 0-1100g.  Among 124 RIL’s, 6 RIL’s recorded high 
yield per plant (>700 g). Highest yield per plant was 
recorded by RxA-F2-193-2-2-1-2-1 i.e. (1100 g) per plant. 
Whereas, the highest average fruit weight was recorded by 
RxA-F2-279-1-1-1-2-2 i.e. 90 g per fruit. A total of 124 RIL’s 
are forwarded for the next generation i.e. F9 generation 
and the 6 promising RIL’s viz., RxA-F2-193-2-2-1-2-1, 
RxA-F2-284-1-1-2-1-1, RxA-F2-124-2-1-1-1-2, RxA-F2- 279-
1-1-1-2-2, RxA-F2-195-2-1-2-1-1 and RxA-F2-267-1-1-1-2-1 
seeds will be raised for replicated yield trial under stress 
and non – stress conditions.

Promising RIL’s identified during rabi 2017-18

Evaluation of grafted tomato to water stress

Study was conducted to evaluate the grafted plants of 
tomato (Arka Samrat) over water stress tolerant hybrid 
SH1 as rootstock under different water stress conditions.  
The grafted and ungrafted plants were grown under fi eld 
conditions. The stress was imposed at fl owering stage 
(35 days from transplanting) as follows: a) irrigation 
every alternate day (T1, control, soil moisture 23.0%), b) 
irrigation once in a week (T2, soil moisture 13.0%) and 
c) irrigation once in two weeks (T3, soil moisture 9.0%). 
Observations recorded were gas exchange parameters, 
canopy temperature, thermal images and plant yield.

Grafted and ungrafted plants in contained field condition (Rain out 
shelter)

Though there was a reduction in photosynthetic rate during 
stress conditions, the grafted plants maintained higher 
photosynthetic rate as compared to ungrafted plants. 
This was attributed to the higher stomatal conductance in 
grafted plants during stress. In the plants where irrigation 
was given once in two weeks (T3),  grafted plants showed 
less reduction in photosynthetic rate (23%) by maintaining 
less reduction in stomatal conductance (16%) as compared 
to ungrafted plants (24% reduction in PN, 36% reduction in gs).

There was a decrease in fruit yield under different water 
stress conditions in both grafted and ungrafted plants. The 
reduction in yield was greater in ungrafted as compared 
to the grafted plants. In control condition, the grafted and 



National Innovations in Climate Resilient Agriculture (NICRA)

40

ungrafted plants had 3490 g plant-1 and 2301 g plant-1, 
respectively. Under water stress condition the yield 
decreased to 1974-1328 g plant-1, whereas in ungrafted 
plants it decreased to 1392-849 g plant-1. The higher plant 
yield was associated with higher fruit number and better 
fruit size in the grafted plant under different water stress 
conditions. 

Fruit bearing in grafted and ungrafted plants

  
Fruit bearing in grafted and ungrafted plants

There was considerable difference in average canopy 
temperature, measured through IR thermal imaging 
camera, in both grafted and un-grafted tomato plants was 
noted. The average canopy temperature was less in grafted 
plants as compared to the ungrafted plants under control 
(T1) as well as stressed (T2 and T3) conditions.

Average canopy temperature and minimum and maximum 
canopy temperatures as influenced by different water stress 
regimes in grafted and ungrafted tomato plants (T1- Irrigated 

every alternate day; T2- Irrigated once in a week; T3- Irrigated 
once in two week)

Response of tomato cv. Shivam to temperature gradients

A study on response of tomato cv. Shivam to temperature 
gradient was carried out in the carbon dioxide and 
temperature gradient (CTGC) facility. The crop was 
exposed to three distinct temperature regimes from 15th 

January till 5th April, 2018 and observations on various 
growth and physiological parameters were recorded on 
6th March, 2018 at peak fruiting stage. The data on yield 
parameters was recorded at each picking from 19th March 
to 5th April 2018.  

The elevation of day time temperature from 28°C to 
32.8°C caused increase in plant height, total plant 
biomass.  The number of branches did not show any 
clear trend. However, the marginal increase in number of 
trusses, fl owers and fruits was observed with temperature 
elevation. The increase in total fruit yield per plant was 
observed at higher temperature of 32.8°C compared to 
other two temperatures.

Tomato plants inside the CTGC

       

Effect of different temperatures on growth, flower and fruit characteristics of tomato cv. Shivam at peak fruiting stage

Temperature 
(°C)

Plant 
height (cm)

Number of 
branches

Number of 
trusses

Number of 
Flowers

Number of 
fruits

Total 
Biomass

Fruit yield
plant-1

28.0 139.33 5.67 27.67 47.33 42.33 204.00 3.10

30.9 147.00 7.67 30.00 58.33 45.00 265.40 2.95

32.8 164.67 5.00 30.00 55.67 43.00 410.33 3.73
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Phenotyping of onion and tomato using Phenomics 
Facility

The studies were carried out in the Plant Phenomics 
facility, Scanalyzer 3D through visual imaging in onion cv. 
Arka Kalyan to develop the relationship between the digital 
feature, projected shoot area (PSA) and the actual total leaf 
area of the plant. The digital images were obtained during 
the course of onion plant development. From an individual 
plant, two side view and one top view images were 
obtained. The PSA was quantifi ed from the pixels obtained 
after the image processing using the following formula- 

PSA=Side00+Side900+Top 

The relationship between PSA and the total leaf area 
was signifi cant with R2 value of 0.72. The standardized 
procedure would help in non-destructive quantifi cation of 
onion plant leaf area using the digital feature, PSA.

Relationship between projected shoot area and actual leaf area in onion

 

A B C 

Images of onion plant during imaging (A and B) and after image 
processing (C)

Capturing response of tomato genotypes to water stress 
through digital imaging

Studies on the response of tomato genotypes to water stress 
were carried out in the Plant Phenomics Facility, Scanalyzer 
3D. The variations in digital biomass of tomato genotypes 
obtained from visual imaging were monitored during 
the water stress period. Twelve tomato genotypes were 
evaluated for their response to water stress by withholding 
irrigation during the study. The digital images were obtained 
during the course of water stress and also after stress release. 
Two side view and one top view images were obtained 
from each plant. The digital biomass was quantifi ed from 
the pixels obtained after the image processing using the 
following formula;

Digital biomass = Side00 ×Side900 ×Top

The differential response to water stress was observed 
among the tomato genotypes. The genotype, 15SBXLA1777 
showed considerable reduction in digital biomass and could 
not recover to its initial digital biomass during the recovery 
period after rewatering. The tolerant genotypes which could 
maintain leaf turgidity during stress conditions did not show 
much reduction in digital biomass. The genotypes, RF4A, 
IIHR 2201 and IIHR 2195 which showed least reduction 
in digital biomass were identifi ed as most tolerant. The 
genotypes, Arka Meghali, Abhinava, IIHR 2336 and 
15SB, which exhibited reduction in digital biomass during 
water stress and attained the origial digital biomass upon 
rewatering, were identifi ed as moderately tolerant. In this 
study the response of tomato genotypes, exhibited through 
the reduction in digital biomass, during water stress was 
very effectively captured through imaging.

Changes in digital biomass of tomato genotypes during water stress 
and recovery

Changes in the convex hull area of tomato plant during water stress 
and recovery period

Assessment of tomato canopy temperature using thermal 
imaging system

The canopy temperatures of fi ve tomato genotypes 
were assessed in the greenhouse where the plants 
were experiencing high temperature stress of 40°C 
during imaging through thermal imaging system. The 
genotypes showed considerable differences in the canopy 
temperatures. The average canopy temperature varied 
from 34.6 to 37.8°C among the genotypes and genotypes, 
IIHR 2202, RF4AX3125A and RF4A showed lower average 
canopy temperatures compared to the Arka Samrat and 
IIHR 2841.
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Thermal images depicting variations in canopy temperatures of tomato 
genotypes

The canopy minimum and maximum temperatures also 
showed the same trend. The study clearly indicated that 
the genotypes, IIHR 2202, RF4AX3125A and RF4A, though 
exposed to 40°C were able to maintain lower canopy 
temperatures as compared to the other two genotypes. The 
thermal imaging could be used for tomato high throughput 
phenotyping for high temperature stress tolerance. 

Average canopy temperature in tomato genotypes

Evaluation of tomato genotypes for water stress tolerance

The evaluation of ten tomato genotypes for tolerance to 
water stress was taken up in the pots. The soil moisture 
content in the pots was maintained gravimetrically 
at 100% (25.6%) and 50% (12.6%) fi eld capacity by 
providing regular irrigation during fl owering stage. The 
performance of the genotypes was assessed using various 
growth and physiological parameters like gas exchange 
characteristics, PS II effi ciency, RWC, leaf water potential 
and root characteristics. Based on the performance of the 
tomato genotypes with respect to several parameters under 
water stress at 50% fi eld capacity, the genotypes, IIHR 4-3-
3, RF 4A Arka Vikas and Arka Samrat were identifi ed as the 
most tolerant genotypes.

IIHR 4-3-3 

100 % (FC)            50% (FC) 100 % (FC)              50% (FC) 

Arka Samrat

Arka Vikas RF4A 

Root growth in tomato genotypes under 100% and 50% field capacity

Morpho-physiological interventions for induction of 
synchronized fl owering in Alphonso mango

Experiments conducted from 2012 to 2016 in the 
experimental orchard at ICAR-IIHR Bengaluru on various 
morpho-physiological aspects revealed that staggered 
fl owering in Alphonso mango is apparently associated with 
inadequate carbohydrate reserves in the trees, necessary 
for allocation to fl owering activity. Biochemical analysis 
revealed that the environmentally-safe protocol appears to 
have helped in mobilisation of the carbohydrate reserves 
and altered the hormonal balance (GA:ABA) in favour of 
fl ower induction in Alphonso mango as refl ected in the 
ratio of GA3 to ABA which was signifi cantly lower (1.25) in 
trees treated with the protocol as compared to the control 
trees (2.25) by bud break.

An environmentally-safe protocol was developed and 
tested for induction of synchronized fl owering in the 
experimental orchard of ICAR-IIHR for three consecutive 
years. Based on the encouraging results the protocol was 
tested on large-scale on-farm fi eld trials in farmer’s orchards 
located in Karnataka and Tamil Nadu with satisfactory 
success in the year 2016-17. The fi eld trial was continued 
in one farmer’s orchard in Krishnagiri of Tamil Nadu during 
the mango season 2017-18. The results confi rmed the 
previous year’s results. The protocol has promoted highly 
synchronized fl owering 4 to 6 weeks after the induction 
treatment as compared to the control trees. The response 
to the fl ower induction treatment was highly encouraging 
irrespective of tree age and its physiological status in the 
previous year. Fruit set and retention were good with the 
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induction treatment as compared to control trees. 

Synchronized flowering induced at ICAR-IIHR(A) & Farmer’s orchard 
in Krishnagiri Tamil Nadu (B) during 2017-18 mango season

Heat/Moisture/water logging tolerance in Tomato (ICAR-
IIVR, Varanasi)

F1 development for heat tolerance 

Eleven heat tolerant tomato lines viz., CLN-1621, CLN-
2026, EC-538380, EC-620421, EC-620438, H-88-78-1, 
PR-161-L, PR-168, PR-180-3, PR-323-1 and Superbug 
were used as donors for the development of F1s tolerant 
to heat stress. All the 11 donors were used as male and 
crossed with 15 agronomically superior (high yield, 
disease tolerance, fruit size, number of fruits, earliness etc.) 
recipient genotypes which were used as females. 165 F1s 
were developed, out of which 139 are under evaluation in 
the fi eld.

Development of F1s for resistance to moisture defi cit 
conditions

During September–December, 2017, 152 F1s have been 
developed using 8 donor parent viz., C-9-1, D-3-1, E-1-1, 
EC-521047, EC-620401, EC-620402, EC-620422 and EC-
620512. Donors were crossed with 19 recipient tomato 
lines in line x tester mating design. F1s will be evaluated in 
September/October, 2018 – February/March, 2019 under 
fi eld condition.

Validation and evaluation of brinjal rootstocks for water 
logging tolerance

8 graft combinations were prepared using Kashi Aman and 
CLN-2026 as tomato scion on brinjal rootstocks IC-111056, 
IC-354557, BR-14, Kashi Sandesh and Surya, during 
September-October, 2017. Out of 8 graft combinations, 6 
were able to survive 72 h of water logging and recovered 
well. Grafts of IC-354557 + CLN-2026 & Kashi Sandesh 
+ Kashi Aman and non-grafted plants of both the tomato 
scions were unable to tolerate the stress. A high level of 
enzymatic activity (SOD, CAT and APX), proline levels, 
higher CCI along with low LPO and H2O2 levels were 
recorded in survived graft combinations in comparison to 
non-grafted control and non-surviving combinations. Data 
were also recorded on few yield related traits on survived 

graft combinations.

 
Graft combinations able to survive 48 & 72 h of waterlogging

Studying the effect of rootstocks on yield, quality and 
physio-biochemical traits

Stionic effects in terms of yield, fruit quality and physio-
biochemical changes, were studied with the help of 17 
graft combinations comprising of 7 brinjal rootstocks viz., 
IC-11105 6, IC-354557, BR-14, Kashi Sandesh, Kashi Taru, 
S. torvum and Surya with 4 tomato scions viz., Kashi Aman, 
Kashi Chayan, CLN-2026 and CLN-1621. Kashi Aman and 
Kashi Chayan grafted on IC-111056, IC-354557 and Surya 
exhibited highest yield over non-grafted control. A decline 
in yield over control was observed in most of the graft 
combinations when CLN-2026 and CLN-1621 were used 
as scion, indicating a differential interaction of rootstocks 
with the scion on yield traits

SNP genotyping for identification of QTLs linked to heat 
stress tolerance

Parental lines were crossed to get F1s (H-88-78-1 x Punjab 
Chhuhara and CLN-1621 x Punjab Chhuhara) in fi eld as 
well as net house conditions. Seeds from the crosses were 
harvested for raising F1 plants. Seeds were sown in nursery 
and transplanting has already been done. The plants are 
kept in controlled glasshouse conditions to get the seed for 
growing F2 populations.

q-Real time PCR expression analysis of heat shock factors

Expression of all the 20 genes studied so far increased 
under increasing duration of heat stress, however, PBC 
showed enhanced expression only upto 32 h. of treatment 
and later it decreased at 48 h. HSF17 showed to be playing 

A B
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major role in heat stress tolerance as its expression was 
highly induced in all the genotypes, being highest in CLN-
1621. Similarly, HSF2, HSF4, HSF16, HSF18, HSF19 and 
HSF20 were highly expressed in both H88-78-1 and CLN-
1621 genotypes indicating their contribution in tolerance 
to heat stress.

Heat map representation and hierarchical clustering of 20 tomato Sly 
HSF genes in twelve samples from leaf in 0, 16, 32 and 48 h of high 

temperature exposure (420C).

The tolerant genotypes H-88-78-1 and CLN-1621 exhibited 
greater potential of maintaining tissue water than Punjab 
Chhuhara (PBC). Total chlorophyll degradation was higher 
in PBC (39.1 to 20.2) compared to H88-78-1 (43.1 to 
35.1) and CLN-1621 (41.2 to 29.9). Similarly, carotenoid 
degradation was higher in PBC (14.4 to 6.3) compared 
to H88-78-1 (14.9 to 10.9) and CLN-1621 (14.7 to 8.4).
Osmoprotectant proline was highly increased in tolerant 
lines to maintain osmotic potential. CAT, SOD and APX 
activities rapidly increased in tolerant genotypes as the 
exposure to high temperature increased whereas the 
increase was slow in PBC. Overall, CLN-1621 was found 
to be better genotype in managing oxidative stress under 
high temperature stress.

Effect of precipitation extremes on Kharif onion 
production (ICAR-DOGR, Pune)

Onion is an important bulb crop grown worldwide as a 
vegetable crop. India is the second largest onion producer 
in the world after China. Kharif (monsoon), late kharif and 
rabi (winter) are the three main onion growing seasons 
contributing 20%, 20% and 60%, respectively, to the total 
production in India. Among these, kharif onion production 
is highly infl uenced by the spatio-temporal variability of 
precipitation. Variation of precipitation extremes during 
kharif season and its impact on kharif onion yield in Pune 
district were assessed with available yield and rainfall 
data (2009-2016). For this, several indices of observed 

precipitation extremes, in terms of frequencies and 
intensities, have been computed for the period 2009–2016 
using daily data of Rajgurunagar, Pune. Correlation analysis 
between the precipitation extremes and kharif onion yield 
has been made using a SAS software version 9.3. Correlation 
analysis revealed that strong negative relationship between 
the yield and indices of extreme precipitation observed in 
studied area, signifi cant at 5% level. Correlation coeffi cient 
between onion yield and total rainfall during growing season 
was r = -0.741. Correlations with the indices of frequencies 
defi ned as seasonal count of days when rainfall exceeds 40 
mm (r = -0.724) and 30 mm (r = -0.709) showed highly 
negative correlation with kharif yield which indicated that 
heavy rainfall and frequency of rainfall intensity with more 
than 30 and 40 mm had an adverse effect on kharif onion 
production. This could be confi rmed from the yield and 
rainfall data recorded during kharif 2015, 2016 and 2017. 
We recorded 5.57-14.54 tonnes of onion bulb yield ha-1 
during kharif 2015 and 2017 with corresponding total 
rainfall of 535 and 523 mm, respectively during growing 
season. Whereas, the bulb yield was higher (35-50 t ha-1) 
during kharif  2016 and the total rainfall received during 
growing season was 199.6 mm. 

It was observed that the dry matter yield in the leaves were 
higher (1.5-2.0 t ha-1) during 2015 and 2017 compared to 
2016 (0.8-1.0 t ha-1). The dry matter yield in bulb were 
signifi cantly lower during kharif 2015 and 2017 compared 
to dry matter yield recorded during kharif 2016. This 
indicated that the excess rainfall during growth period 
affects bulb development and bulb yield. 

Extent of yield loss could be reduced by raising suitable 
kharif onion genotypes on raised broad bed furrow method 
and by providing proper drainage system.

Correlation coefficient between rainfall and kharif onion 
yield at DOGR during 2009-2016

Parameters r value 

Total rainfall during growing season (Planting to harvest) -0.741 

Total rainfall during vegetative stage (0-60 days) -0.628 

Total rainfall during bulb development and maturity 
stage (60-120 days) 

-0.640 

Rainy days during growing season -0.493 

Rainy days with >10 mm RF -0.549 

Rainy days with >20 mm RF -0.535 

Rainy days with >30 mm RF -0.724 

Rainy days with >40 mm RF -0.709 
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Dry matter yield of onion cv. Bhima Super during Kharif 2015

Dry matter yield of onion cv. Bhima Super during kharif 2016

Dry matter yield of onion cv. Bhima Super during kharif 2017

Screening of onion entries for water logging tolerance
Screening of 143 onion entries against water logging stress 
was carried out in controlled condition during kharif, 
2017. Artifi cial water logging condition was created in 
tank. The 45 days old seedlings were planted in plastic pots 
and allowed to grow for 30 days. After 30 days the plants 
were subjected to water-logging treatment by placing the 
pots in tank containing water to a level of 3 cm above 
the soil surface. Water-logging treatment was imposed 
continuously for 10 days. After 10 days of water logging 
treatment, plants were removed from water and kept for 
recovery. Plants were monitored daily for evaluating its 
growth and number of survival days under water logging 
condition. The entries were categorised on the basis of 
number of days survived under water logging condition 
and its recovery percentage. Out of the total 143 entries 

screened, nine onion entries viz., Red Gene pool 5, RGP 
4, RGP 3, Acc 1629, DOGR Hybrid 7, UHS 8, Acc 1666, 
W 208, W 355 were found moderately tolerant for water-
logging stress with survival percentage (50-70%). Entries 
viz., Acc 1416, Acc 1630, Acc 1395, Acc 1639, Acc 1270 
UHS 1 and W444 were recorded with maximum survival 
percentage (70-90%) hence identifi ed as tolerant entries 
for water logged condition 

Screening of onion entries for drought stress

One-hundred eight onion entries were screened for drought 
stress during 2016-17. Drought stress was imposed 55 days 
after transplanting by withholding irrigation continuously 
for 25 days. While in control, recommended irrigation 
schedule were followed throughout the growth period. The 
major indicator of drought susceptibility is the reduction 
in plant water content (RWC %), leaf greenness and yield. 
Signifi cant reduction in RWC (65-70%) was recorded in 
stressed plants in comparison to controlled plants (75-
85%). All the studied accessions were screened for drought 
tolerance on the basis of their percent change in bulb weight 
and accordingly categorized as tolerant, intermediate and 
susceptible entries. The onion entries, Acc 1656, Acc1630, 
Red Gene pool 2, Bhima Super, W 448, W 340, W 414, 
W 419, W 043, W 397, W 504, Arka Pitamber and W 441 
were recorded with less than 30% reduction in bulb weight 
and identifi ed as drought tolerant entries. 
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Identified water logging tolerant onion genotypes

Effect of climate change and climatic variability on 
phenology, quality and productivity of apple and walnut 
[ICAR-CITH, Srinagar (J&K)]

Four different locations viz., ICAR-CITH, Srinagar 
(altitude-1644 m), Regional Station CITH, Mukteshwar 
(altitude-2286 m), Uttarakhandand two location at 
Himachal Pradesh i.e. Kullu (Seobagh) (altitude-1315 m) 
and Kinnaur (Sangla) (altitude-2580 m) were selected. 
The data recording on various phenological stages in fi ve 
cultivars of apple according to BBCH scale for pome fruit 
are in progress. To understand phenology of different 
apple cultivars 10 plant of each variety with 10 shoots on 
each direction has been selected for continuous recording 
of data on apple phenology. Observations on fl owering 
phenological stages i.e. 61 to 69 were taken on the basis 
of tree observation and trees were considered in full bloom 
when 50% fl ower open on trees. Growth of selected shoots 
were measured at one week apart to fi nalize phenological 
stages related to shoot development i.e. 31 to 39. Diameter 
of selected fruits were measured with the help of Vernier 
caliper at weekly interval to fi nalize phenological stages 
related to development of fruit i.e. 71, 72 and 74 to 79. 
After getting long term data on phenology we will correlate 
phenological events with various climatic variables.  

Duration received for fruits development (71-79) during 2015, 2016 and 2017

To fi nd out the effect of climatic variable on the productivity 
and quality of apple and walnut; total fi ve cultivars of apple 
i.e. Red Delicious, Golden Delicious, Royal Delicious 
and Oregon Spur grafted on MM-106 rootstock and 
planted at spacing of 2.5 x 2.5 m and trained in modifi ed 
central leader system and Coe Red Fuji grafted on M-9 
spaced at 1.5 m between row and 3 m in a row under 
Espalier training system were selected for investigation. 
Two walnut cultivars i.e. CITH-Walnut-1 and CITH-
Walnut-2 spaced at 10 x 10 m. The investigation was 
set up in randomized block design with fi ve replication 
and two trees per replication for a total of 10 trees per 
cultivar. The plants were given uniform cultural treatment 
(Recommended package of practices). Observation on 
major growth parameters were recorded once in a year 
during dormancy before pruning and expressed in meter. 
Plant height was measured from ground level to the plant 
terminal. Trunk girth was measured by measuring tape 
by wrapping around the trunk at a height of 20 cm above 
ground level. The plant spread from north-south and east-
west direction were measured through measuring tape 
and expressed in meter. The trunk cross-sectional area of 
tree was calculated by using formula TCSA = Girth 2/4π. 
Total number of fl ower which is set into fruits (20 days 
after petal fall) was counted and per cent fruit set was 
calculated. The per cent fruit retention was calculated on 
the basis of initial fruit set and fruit reaches to maturity. 
Fruit length and equatorial diameter were taken with the 
help of vernier caliper. Average fruit weight was recorded 
with the help of electronic balance. Mature fruits were 
harvested periodically and the weight was recorded 
with the help of electronic balance and then the yield 
per plant was calculated. Estimated yield per hectare was 
calculated by multiplying the yield plant-1 with number 
of plants per ha-1. Ten fruits were randomly selected from 
each tree and pooled as per replication in all treatments 
for quality analysis. The total soluble solid (TSS) of fruit 



National Innovations in Climate Resilient Agriculture (NICRA)

47

was estimated by hand refractometer and present in term 
of Brix (°Bx). To estimate TSS, fruit pulp was crushed in 
a pestle and mortar and then squeezed through a muslin 
cloth for extraction of juice. Total acidity was determined 
by diluting the known volume of pulp and titrating the 
same against standard N/10 sodium hydroxide using 
phenolphthalein as an indicator and was expressed in 
terms of percentage malic acid. Ascorbic acid (mg 100 
g-1 pulp) was also determined by following standard 
procedures. 

Evaluation of apple productivity at three different 
locations of temperate regions

As far as physical attributes of different cultivars to 
concern a year to year variation during the last three 

years was revealed. The fruit length, diameter and 
weight decreased during 2016 compared to 2015 in 
all cultivar except Oregon Spur and Royal Delicious in 
which fruit weight and diameter increased during 2016. 
This probably might be due to 3.31°C rise in cumulative 
average temperature during fruit developmental stages 
i.e. May to July. Moreover, the fruit length, diameter 
and weight further decreased during 2017 compared to 
2016. Cooler period during late winter or early spring 
i.e. January to 15th April, 2017 (5.78°C cumulative 
drop in average temperature compared to 2016) may 
lead to smaller fruit size by affecting growing period as 
well as pre-bloom cell division. However, TSS content 
increased during 2016 compared to 2015 and during 
2017 compared to 2016.

Physical characteristics of fruits of different apple cultivars during 2015, 2016 and 2017 at ICAR-CITH, Srinagar  

Cultivar
Fruit Length (mm) Fruit diameter (mm) Fruit weight (g)

2015 2016 2017 2015 2016 2017 2015 2016 2017

Red Delicious 75.86 72.43 54.46 69.37 75.78 62.49 207.94 184.46 123.75

Golden Delicious 73.19 61.57 56.02 66.81 73.46 65.06 166.05 159.51 126.66

Royal Delicious 78.01 73.97 54.46 73.69 80.32 63.76 210.14 222.51 149.94

Oregon Spur 72.66 69.93 55.75 68.34 75.49 61.33 169.45 206.77 120.33

Coe Red Fuji 72.12 68.16 51.13 66.4 74.09 61.3 185.55 170.44 112.35

Evaluation of walnut productivity under temperate climatic conditions of Kashmir

Nut Characters
CITH-W-1 CITH-W-2

2015 2016 2017 2015 2016 2017
Nut length (cm) 39.71 41.05 47.82 35.82 36.01 35.30
Nut width (cm) 36.01 37.55 38.98 36.01 36.58 31.55
Nut thickness (cm) - - 41.83 - - 33.72
Shell thickness (mm) 2.15 2.10 1.90 2.02 2.11 1.59
Nut weight (g) 22.41 23.56 20.18 16.19 17.16 12.97
Kernel weight (g) 10.52 11.89 10.14 5.56 5.53 6.37
Kernel percentage (%) 48.46 48.86
Yield (kg/tree) 4.25 7.95 2.86 4.67

Signifi cance of microbial community & physio-chemical 
properties of apple & walnut growing soils
In a short term duration there may be a slight increase in 
microbial biomass initially, but over the long term under 
more temperature, microbial biomass will decrease. This 
occurs due to effi ciency of microbial growth to change at 
elevated temperatures. Here the soil temperature is seen 
to have variations in relation to depth as well as with 
atmospheric temperature. In the month of December 
2017 when the atmospheric temperature is less,  in both 
soil samples of apple and walnut there is an increase 
in temperature depth wise, and this trend continues in 
January 2018 too , but then as the atmospheric temperature 
increase in February 2018, the depth wise temperature 

in both block shows decrease. It was also observed that 
though at same atmospheric temperature, apple block soil 
depths showed lesser temperature than that of walnut soil. 
Thus it’s evident that the temperature differs depth wise 
and this also infl uences the microbial growth, It is observed 
throughout the experiment that as depth increases 
microbial biomass in all three genera decreases. This 
change in microbial biomass may be because the microbial 
cell requires an optimum temperature to maintain its cell 
membrane permeability and fl uidity.
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Soil temperature in response to depth

It is studied earlier that diversity and composition of soil 
microbial community (bacteria) has strong infl uence on 
soil pH. Soil pH was found to be in the range of 7 to 7.85 
to the maximum in the months of December, January and 
February. It is observed that pH increased depth wise, 
indicating a shift to more alkaline nature of soil in relation to 
depth in both blocks. pH also varied according to months. 

Temperature changes are often related to soil moisture, 
which explains few of the inconsistent results on how 
microbes respond to climatic change. The soil moisture 
relationship to microbial growth is more variable and 
complicated than other soil factors and also is less explored. 
Soil moisture content will vary negatively with rise in 
temperature. They vary with time, spatial scales of water, 
wet- dry cycles, fl ooding and drought. Microbial biomass 
or activity may increase during wet seasons, or sometimes 
it may increase only microbial activity than biomass. This 
study showed moisture content was more or less similar in 
both blocks, but varied after snow fall or rain.

Soil moisture in response to depth

Effect of regulated defi cit irrigation (RDI) and partial root 
zone drying (PRD) on fruit yield and quality of sweet orange 
(citrus sinensis) cv. Mosambi. (ICAR-CRIDA, Hyderabad)

Maximum number of fruits set per shoot, number retained 
per shoot, fruit set (%), number of fruits per tree and yield 
was noticed in I2 (100% irrigation) followed by I6 (75% 
partial root zone drying). The maximum total chlorophyll, 
chlorophyll a and b contents was noticed with I2 (100% 
irrigation) followed by I3 (75% control defi cit irrigation) 
representing that there were signifi cant reductions in 
chlorophyll content under water stress compared to the 
fully irrigation. The highest leaf chlorophyll fl orescence was 
noticed with I2 (100% irrigation) throughout the irrigation 
period whereas the lowest leaf chlorophyll fl orescence was 

found with I1 (No irrigation). Proline, free amino acids and 
leaf total soluble sugars of leaves gradually increased with 
stress compared to full irrigation. The maximum number of 
fruits set per shoot, number of fruits retained per shoot and 
fruit set (%) was noticed in T18 (Azatobactor + Azospirillum 
+Trichoderma + Phosphate solubilizing bacteria + 75% 
RDF) which was at par with T19 (100% RDF) during two  
seasons representing that biofertilizers along with reduced 
recommended doses of fertilizers improved the fruit set 
parameters in sweet orange. Highest per cent of fruit set 
(75.77%) was noticed with T4 (10 mg L-1 GA3) followed 
by treatment T5 (20 mg L-1 GA3). Signifi cantly the highest 
number of fruits retained per shoot (10.48) was observed with 
treatment T1 (10 mg L-1 2,4-D). Whereas, lowest number of 
fruits per shoot was recorded with control treatment (2.85). 
Highest number of fruits per plant (440.40) was recorded 
with treatment T1 (10 mg L-1 2,4-D) followed by application 
of 20 mg L-1 NAA i.e. T8 (436.20). Highest yield per tree (Kg 
tree-1) (75.65)   was recorded with treatment T1(10 mg L-1 2, 
4-D) followed by T8 (73.00).

Effect of RDI and PRD on relative water content (%) of sweet orange 
leaves cv. Mosambi

Effect of RDI and PRD on free amino acids

Effect of RDI and PRD on leaf TSS
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Phenological studies with respect to weather parameters 
in citrus (ICAR-CCRI, Nagpur) 
Data indicates various weather parameters during the 
corresponding meteorological weeks during fl ower 
initiation after alleviation of water defi cit stress in second 
week of January to fi rst week of February, 2017. Water 
defi cit stress was imposed in fi rst fortnight of December 
to January for different orchards with duration of stress 
varying from 22-39 days in different orchards. Alleviation 
of water defi cit stress (the date of resumption of irrigation) 
varied from second to third week of January to fi rst week 
of February in different orchards. The full bloom appeared 
from third week of February to third week of March in 
different orchards. The maximum and minimum day 
temperatures during the corresponding fl owering period 
varied from 31.1 to 35.6oC and 15.4 to 24.5oC, respectively 
at different places. The relative humidity varied from 47.8 
to 80.4% in different orchards. The heat units recorded 
during this period were 10.9-15.8 in different orchards. 
The moisture content at all the orchards was in the 
available range (19.43 to 23.27) with corresponding leaf 
water potential being in the range of -1.49 to -2.14 i.e. 
optimum for fl ower initiation due to availability of soil 
moisture either due to rainfall occurrence or through 
irrigation water.

There was a wide variation in date of harvesting between 
different orchards ranging from second week of November 
to last week of December in different orchards. In terms 
of no. of days taken for harvesting it varied from 261-286 
days in different orchards. The yields on per hectare basis 
varied from 13.56-22.00 t ha-1.

Extent of month wise fruit drop in Nagpur mandarin
Maximum fruits dropped immediately after fruit set in the 
month of March in the range of 21.76-37.23% followed 
by April in the range of 7.98-27.68% with coeffi cient of 
variation being 27.32% in the month of March and 41.93% 
in the month of April. However, in the month of June 
there was wide variation in extent of fruit drop at different 
places with CV being recorded as 62.81%. In the orchards 
at ICAR-CCRI, Khumari, Ajangaon and Paratwada the fruit 
drop in the month of June was in the range of 2.62-15.62% 
with coeffi cient of variation as 62.81%.  It could either be 
due to injudicious irrigation scheduling indicating that it 
is very much crucial to maintain the water balance in the 
plant tissues to sustain the growth of developing fruits in 
high evaporative hot weather conditions. The pre harvest 
drop in the months of September through November 
ranged from 1.76 to 4.93 in different places with the 
coeffi cient of variation ranging between 40-45%.
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4.5 Pest and Disease Dynamics and Pollinators
Climatic variability induced pest scenario (ICAR-NCIPM, 
New Delhi)

Real time pest dynamics studies continued during 2016-
18 across eight locations from six states belonging to seven 
different agro climatic zones and agro eco regions.  

In Pigeonpea early vegetative stage was infested with 
tingid bug (Urentius sp) at Warangal (TS) with incidence of 
leaf webber (Grapholita critica) noticed from August fi rst 
week onwards with overall status of other insect pests and 
diseases minimal. Incidence of pod fl y, Melanagromyza 
obtusa was the highest 68% in 2016-17 in relation to 
signifi cantly increasing and decreasing maximum and 
minimum temperature by 2.3°C and 0.3°C over respective 
normal’s of 33.7 and 24.1 at Vamban (TN). 

In groundnut, suffi cient rains from sowing to vegetative 
phase followed by low intermittent rains with dry spells 
or no rains during reproductive stage led to higher build 
up of white grubs in areas across districts of Gujarat viz., 
Junagadh, Porbandar, Gir, Somnath, Rajkot, Amreli,  
Jamnagar and Bhavnagar. Dry spell of 40 days during 
late crop stage resulted in outbreak of whitegrubs. Thrips 
abundance was signifi cantly highest with signifi cantly 
higher maximum and minimum temperatures during 2015 
over 2011-15 and 2017 kharif on groundnut indicated the 
trend of climatic variability induced thrips at Jalgaon (MH). 

Seasonal variability of groundnut thrips abundance and 
temperature at Jalgaon (MH)

Particulars 2012 2013 2014 2015 2016 2017

Thrips (nos/3 
leaves/plant)

3.9 d 8.3 c 10.0bc 16.6a 9.6bc 10.9 b

Max. T (°C) 32.8 bc 31.3 d 33.1 ab 34.4 a 31.7 cd 32.6bc

Min. T (°C) 21.0 b 19.9 b 20.9b 23.2 a 21.6 ab 22.4 ab

Means compared using DMRT based on one way ANOVA; In a row, 
means followed by same letter are not signifi cantly different.

In case of tomato crop, heavy rainfall in September and 
October 2017 (513 mm) led to severe Phytophthora fruit rot 
at Shamshabad and Moinabad mandals of Hyderabad (TS) 
and reduced the productivity through reduced pickings. 
Surangal, Sriramnagar and Lakshmi Thanda villages were 
severely affected with no fruit harvest.

Effect of climatic variability on rice insect pests

Association of variability of weather variables of kharif 
differed for a given pest across locations indicating 
heterogeneous and differential effects of weather on 
insects. Nevertheless, the signifi cant impact of changing 

weather (increase or decrease) was negative across 
insects for all study locations but for Raipur (CG) where 
all associations were positive, and only for leaf folder at 
Aduthurai (TN) where signifi cant variation in distribution 
from normal had positive infl uence. 

Rice stem borer infestation at tillering was in moderate to 
high intensity during August, cloudy weather and showers 
of October 2018 supported rapid multiplication of brown 
and white backed plant hoppers in medium to late 
duration varieties of rice at Raipur (CG). All insect pests of 
rice caught in light trap in 2018 were double or more than 
double in their population over 2016. 

Association of major insect pests of rice with weather 
deviations

Insect Location
Mean nos/ 

week in light 
trap

Kendall’s ‘r’ & 
signifi cance

Tmax Tmin Rain

Yellow 
stem borer

Aduthurai 59.1 -0.11 -0.25* 0.09

Chinsurah 155.7 -0.08 -0.26* -0.04

Karjat 13.3 -0.07 0.08 0.10

Raipur 74.2 0.22* 0.14* -0.11

Kampasagar 28.2 0.01 0.03 -0.03

Ludhiana 2.07 -0.03 0.05 -0.00

Leaf folder Aduthurai 5.5 -0.16* -0.18* 0.16*

Chinsurah 18.0 -0.17* -0.31* -0.05

Karjat 8.9 0.05 -0.06 0.05

Raipur 5.8 0.18* -0.07 -0.05

Kampasagar 8.1 -0.05 -0.15* -0.04

Ludhiana 53.9 -0.12* -0.08 0.05

Brown 
plant 
hopper

Aduthurai 61.1 -0.01 -0.13 -0.05

Chinsurah 141.7 -0.06 -0.27* -0.04

Kampasagar 135.6 -0.13* -0.26* -0.02

Ludhiana 1052.0 -0.11 -0.09 0.08

While YSB population had negative associations with 
declining MinT at Aduthurai (TN) and Chinsurah (WB), 
increasing MaxT and MinT at Raipur (CG) had positive 
relations. Signifi cantly increasing Max T having positive 
infl uence and negative effect of rains on white stem 
borer at Mandya (KA) was noted.  Declining leaf folder 
with decreasing MaxT and MinT at Aduthurai (TN) and 
Chinsurah (WB) was obvious.  Increasing rainfall had 
positive impact on leaf folder at Aduthurai (TN). While leaf 
folder relations were positively signifi cant with increasing 
temperature at Raipur (CG) it was negative at Ludhiana (PB). 
MinT-leaf folder relations were negative at Kampasagar 
(TS). Declining MinT had signifi cant effect on decreasing 
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GLH at Aduthurai (TN) and Chinsurah (WB). Signifi cantly, 
increasing rainfall at Kampasagar (TS) had reducing GLH.  
Signifi cantly, increasing MaxT and reducing rainfall at 
Mandya (KA) had negative association. Nevertheless both 
increasing MaxT and MinT of Raipur (CG) had positive 
effects on GLH. Analyses on climatic variability and its 
effect on abundance, species associations of insect pests, 
and severity diseases of target crops (rice, pigeonpea, 
groundnut and tomato) using database of 2011-16 were 
made using different statistical tools. Mann Kendall’s Tau 
statistic for 23 locations for weather variables of maximum 
and minimum temperature and rainfall indicated 
signifi cance of variability for summer>rabi>kharif. 
Signifi cant trends for decreasing rainfall in kharif and 
increase for rabi and summer was noticed. Number of 
locations with increasing trends of MinT for kharif (12), 
rabi (16) and summer (19) were higher over MaxT. Summer 
had more locations for increasing MaxT (14) and MinT 
(19). Decreasing trends of MaxT at Vridhachalam (TN) and 
MinT at Mandya (KA) were noted during all three seasons. 
While Warangal (TS), Aduthurai (TN) and Chinsurah (WB) 
had increasing trends of rains, Kampasagar (TS), Ludhiana 
(PB) and Vridhachalam (TN) had decreasing rains. Trends 
for deviations from normals measured using ‘t-test’ 
for maximum and minimum temperatures and rainfall 
indicated each location showing change at least for one of 
the three weather variables during anyone season affi rming 
climate change. Signifi cantly highest increase of MaxT was 
by 3.8, 3.9 and 2.2°C at Mandya (KA), Karjat (MH) and 
Mandya (KA) in respect of kharif, rabi and summer. MinT 
increase was 0.74 to 1.7, 1.5 and 0.8°C for kharif, rabi 
and summer, respectively.

Signifi cant impact of changing weather (increase or 
decrease) of temperature was negative across rice insects 
among study locations but for Raipur (CG) during kharif. 
Effect of rainfall was signifi cant only at Aduthurai (TN) 
for leaf folder that was positive. Association of green 
mirid bug with white backed plant hopper (WBPH) in 
kharif and rabi was negative and signifi cant indicates the 
predatory signifi cance of former on later at Kampasagar 
(TS). Multispecies associations among rice insects showed 
positive signifi cance during kharif at seven study locations 
with exceptions of yellow and white stem borer at Mandya 
(KA) and of yellow stem borer (YSB) with brown plant 
hopper (BPH) and WBPH and green leaf hopper (GLH) 
with WBPH at Kampasagar (TS). Co-existence among 
rice insects is largely space neutral even with signifi cant 
differential climatic variability across locations among 
seasons indicating the adaptation of insects in their 
respective environment to changing climate.

Modelling insect pests and diseases

Thrips abundance, infestation and PBND (Kadiri–AP)   
Kharif data sets of 2011-16 of Kadiri, Anantapur (Andhra 
Pradesh) revealed signifi cant associations of abundance of 
thrips with infestation and PBND. Current week infestation 
signifi cantly infl uenced PBND implying signifi cance of 
concurrent population in disease transmission.  Weather 
variables of signifi cance in respect of thrips abundance, 
infestation and PBND are given in Table.

Weather based models for thrips abundance, infestation 
and PBND

Forecast variable Model equation R2

Thrips abundance
(Nos./3 leaves/
plant) 

-2.12 +0.076 ***Min T-1 -0.012*** 
MRH-1+0.1257*** MinT-2

0.37 

Thrips infestation 
(%) 

0.758-0.241 ***Max T-1+0.438*** 
Min T-1 -0.004 ** MRH-2 -0.024*** 
RF-2+0.364 **RD-2

0.28 

PBND (%) -0.437 +0.013*MinT-1+0.005*** 
MRH-2-0.016*** Wind -2

0.36

Validation of predictions made using weather based models 
for thrips population (nos/3 leaves/plant), infestation (%) 
and PBND (%) incidence considering observed dynamics 
of 2015  indicated 90.3, 43.6  and 70.4% agreement, 
respectively.  

Accounting the signifi cant associations of thrips 
abundance, infestation and weather variables with PBND,   
models were generated  for forecast of PBND using (1) 
thrips abundance and (2) infestation  lagged by one week  
combined  with weather variables lagged by one as well 
as two weeks.

PBND (%) = -0.0385 + 0.034 thrips abundance -1 + 
0.003 MRH-2 -0.014 Wind-2; R

2 :0.39** [1]

PBND (%) = -0.14+ 0.004 thrips infestation -1 + 0.003 
MRH-2 -0.014 Wind-2;   R

2 :0.53** [2]

Combined model considering thrips abundance and 
weather had a mean PBND (% incidence) prediction 
accuracy of 46.9% lesser by 43.4% of only weather based 
prediction. On the other hand, the model (equation [2]) 
incorporating thrips infestation and weather led to over 
prediction by 71% indicating the relative insignifi cance 
of thrips infestation with PBND incidence. Validations 
suggested the possibility of weather based prediction of 
individual attributes of thrips per se and better prediction 
of PBND using thrips abundance over infestations along 
with weather.
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Sterility Mosaic disease at Banaskantha (GJ) 

Correlation analyses of SMD incidences with weather 
parameters of current, one and two weeks prior indicated 
signifi cant and negative infl uence of minimum temperature 
(r = -0.34*; p<0.05) and evening humidity (r = -0.48*; 
p<0.05) of current to two lagged weeks on mean and 
maximum SMD.

The prediction models for SMD forecast are:  

SMD mean severity = -0.037 + 0.005 MinT.-1- 0.003 
RHE.-1 + 0.024 SS.-1 + 0.058 RD.-1 (R

2 = 0.74)

SMD maximum severity = -0.879 + 0.004 RHM.-1 + 
0.015 SS.-1 + 0.018 MaxT.-2+ 0.001 RF.-2 + 0.013 SS-2   (R

2 

= 0.86)

Advanced statistical models namely autoregressive 
integrated moving average (ARIMA) model, ARIMA with 
exogenous variable (ARIMAX) model, support vector 
regression (SVR) model and artifi cial neural network (ANN) 
were used for predicting the mean and maximum SMD. 
Statistically, SVR models proved better over ARIMAX, 
ANN and MLR for forecasting of sterility mosaic disease of 
pigeonpea. MLR brought out signifi cance of four variables 
viz., MaxT and RHE of previous one week besides SS 
and RD of previous two weeks in refl ecting mean SMD. 
Maximum SMD had similarity with mean SMD for RHE, 
SS and RD. Day temperature (MaxT) of previous and two 
weeks prior had signifi cant effect on mean and maximum 
severity of SMD, respectively. ARIMAX brought out 
importance of SS on mean SMD severity and singled out 
RHM as the trigger for maximum SMD.  

Digital tools for pest management

PESTPREDICT-EMS (rabi), a mobile app developed 
consists capability to predict six insects, four diseases and 
two benefi cial of groundnut across locations of Anantapur 
(AP), Junagadh (GJ), Dharwad (KA) and Cuddalore 

(TN) for rabi. Mobile apps on insecticide and fungicide 
calculations (IFC) and IPM for pigeonpea and groundnut 
were developed.  IFCs have been hosted for 16 crops on 
google play accessible at: https://play.google.com/store/ 
apps/developer?id=ICAR-NCIPM,+New+Delhi.

Real time pest dynamics, analysis and mapping of pest/ 
pathogen shifts (ICAR–RCER, Ranchi)
Data on real time pest dynamics (RTPD) of mango pests 
were collected at weekly interval at six different centres. 
The status of mango pests and diseases incidence was 
recorded for forewarning model development and 
validation. From real time pest dynamics, incidence of red 
banded fruit borer (Deonalis albizonalis) was observed 
in Vengurla region of Maharastra in the month of January 
2018 from one orchard. It is a new pest incidence in this 
particular region. Red banded fruit borer is the major 
pest of mango in the coastal region of Odisha. Fruit 
borer, Citripestis eutraphera incidence was found to have 
increased as compared to previous year in the Vengurla 
and Paria region where it was reported as invasion pest. 
Unidentifi ed species of whitefl ies and hemipteran bugs 
were noticed to be sucking the sap on fruit, twigs and leaves 
in mango orchards of Benagluru. The incidence of thrips 
in infl orescences was observed very high in unprotected 
orchards of Lucknow and Ranchi. The peak incidence of 
the pest was recorded during 11th and 12th SMW (2018) 
with average population 10.33 thrips/tap in roving survey. 
Thrips population was found positively correlated with the 
maximum temperature (r = 0.510), sunshine hour (r = 
0.716), wind speed (r = 0.921) evaporation (r = 0.828) 
and negatively correlated with minimum relative humidity 
(r = -0.856).

Weather data and anthracnose per cent disease ratio were 
used to calculate humid thermal ratio. Humid thermal 
ratio (HTR) is the ratio between relative humidity and 
mean temperature. The signifi cant positive correlation 
was found between HTR and anthracnose incidence and 
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Inter model variation in number of generations of fruit flies (A= B. correcta; B= B. dorsalis; C= B. zonata) during future climate change periods 
across ten mango growing locations of India

severity during observed years. Results showed signifi cant 
positive correlation between humid thermal ratio and 
disease incidence and severity. The best fi t polynomial 
second order regression had explained up to 92-94% of 
variations in incidence and severity. Hence, this clearly 
indicates that humid thermal ratio may serve the purpose of 
forecasting and agro advisory for timely control measures 
of the disease.

y = -1.1462x2 + 13.837x + 1.605
R2 = 0.9255

y = -0.6181x2 + 7.4985x - 2.1505
R2 = 0.9386
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Prediction of Pest Scenarios (ICAR-RCER, Ranchi)

Spatio-temporal variations in voltinism of fruit fly, 
Bactrocera species on mango based on markSim 
multimodel data 

The tephritid fruit fl ies (Diptera: Tephritidae), are the 
most serious economic insect pests of mango in India. 
Nearly 48 species of fruit fl ies have been reported to 
attack/ infest on mango. Among them, Bactrocera dorsalis 
(Hendel), Bactrocera correcta (Bezzi) and Bactrocera 
zonata (Saunders) are the most widespread fruit fl y species 
found  infesting mango in India. Voltinism of these three 
economically important fruit fl y species were predicted 
using well established degree day models through 
software ‘ingen’ (Insect Generations). Daily minimum 
and maximum temperature data were generated by using 
seven General Circulation Models (GCMs) along with 
their ensemble, in conjunction with the four representative 
concentration pathways (RCPs) scenarios (RCP 2.6, RCP 
4.5, RCP 6.0 and RCP 8.5) generated from MarkSim® 

DSSAT weather fi le generator. Historical data from 1969-
2005 of each locations were considered as baseline 
period. It was predicted that higher number of generations 
of fruit fl ies (1-2 additional generations) with 15-24% 
reduced generation time would occur during the three 
future climate periods over baseline. Analysis of variance 
revealed that ‘geographical locations’ explained 77% of 
the total variation in voltinism followed by ‘time periods’ 
(11%). Under future climates, model outputs indicate that 
all three fruit fl y species will produce more generations 
with reduced generation time. Such increase in the 
voltinism of fruit fl ies and the consequent increases in the 
infestation of mango fruits are likely to have signifi cant 
negative impacts on mango protection and production.

Invasion potential of indigenous restricted mango fruit 
borer, Citripestis eutraphera in India

Mango fruit borer Citripestis eutraphera (Meyrick) 
(Lepidoptera: Pyralidae, Phycitinae), major pest of mango 
fruits was originally confi ned to Andaman Islands.  The 
larvae cause damage to mango and cashew fruits through 
boring and feeding inside the soft piths of young fruits. 
This species recently invaded and spread in mainland of 
India and infested mango, Mangifera indica L., in the states 
of Karnataka, Tamil Nadu, Kerala and Gujarat. Efforts were 
made to delineate the potential distribution of invasive 
C. eutraphera in India under different climate change 
scenarios using modeling approach in MaxEnt. Data 
on current climatic and future conditions (HADGEM2-
AO GCM) of 19 ‘bioclimatic’ variables were extracted 
from the World Clim database, version 1.4 (http://www.
worldclim.org/) at a spatial resolution of 2.5 arc min. The 
potential distribution of pest was defi ned by integration 
of point data on current occurrence of pest in India and 
corresponding bioclimatic variables in the MaxEnt. 
Spatial analysis tool in ArcGIS (version 10.1) was used 
for mapping the predicted distributions. Isothermality 
(mean diurnal range/ temperature annual range) (BIO3) 
and temperature seasonality (BIO4) were the most 
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predominant variables affecting C. eutraphera distribution 
The predicted probability of C. eutraphera was negatively 
correlated with precipitation in wettest month (BIO13). 
Overall, it appeared that seasonality of thermal regimes 
and precipitation conditions played an important role in 
determining the probability of C. eutraphera distribution. 
It was found that mango growing pockets of South-
Western part of Gujarat, part of Kerala and Tamil Nadu 
states were moderately to highly suitable for C. eutraphera 
distribution in the year 2050 and 2070. The fi ndings of the 
present study could be an important guide for selecting 
monitoring and surveillance sites and designing integrated 
pest management policies in the context of climate change 
against this invasive pest insect of mango.

Predicted potential impact of climate change on habitat 
suitability for Bactrocera correcta 

Anthropogenic climate change is a major factor driving  
shifts in the distributions of pests. Fruit fl y, Bactrocera 
correcta (Diptera: Tephritidae), is the one of most 
economically damaging insect pest of mango, and its 
management is a key priority for plant protection. Species 
distribution model (Max Ent) was used, to map suitable 
habitat for this fruit fl y under current climate and for 2050 
and 2070 climate change scenarios. Only ten bioclimatic 
variables and the model predictions matched with the 
available data of B. correcta occurrence. Temperature 
seasonality, precipitation of driest month and annual 
precipitation were the strongest contributors for prediction 
of B. correcta. The environmental variables with higher 
training gain were isothermality and temperature 
seasonality, which therefore appears as important for 
prediction.

The AUC shows that the temperature seasonality had 
the highest impact and was the most effective single 
variable for predicting the distribution of the occurrence 
data that was set aside for testing. Results highlight that 
south-western India and some part of northern India are 
currently suitable for B. correcta. There is an agreement 
that currently suitable area will remain so until 2070 
along with part of north India will be increase moderately 
suitable. The research outputs highlighting the need for 
long-term vigilance across northern part of India to prevent 
further range expansion of this species.

(A) (B)
Current (A) and future (B) distribution map of Bactrocera correcta in 
India based on presence data and bioclimatic variables using Species 

distribution model.

Impact of Elevated CO2 and Temperature on Aphis 
craccivora Koch. on Groundnut and Prediction of Pest 
Scenario during Future Climate Change Periods (ICAR-
CRIDA, Hyderabad)

Studies were conducted to quantify the direct effects of 
temperature and indirect effect of elevated CO2 (eCO2), 
on Aphis craccivora Koch. on groundnut (Arachis 
hypogaea L.). The future daily temperature (maximum 
and minimum) for 11 groundnut cultivating regions of 
the country was obtained using PRECIS model. Future 

(A) (B) (C)
Distribution models map of C. eutraphera in India under present (A) with climate change scenarios RCP 8.5-2050 (B) and RCP 8.5-2070 (C). Gray 
= unsuitable habitat area; Green = low habitat suitability area; Orange = moderate habitat suitability area; Red = highly habitat suitability area.



National Innovations in Climate Resilient Agriculture (NICRA)

55

pest status in terms of predicted life table parameters of 
A. craccivora at 11 locations was estimated. The per cent 
variation in predicted rm & T during Near Future (NF) and 
Distant Future (DF) climate change periods over baseline 
were calculated and represented across locations. The per 
cent change in ‘rm’ was predicted to be signifi cantly higher 
at all locations during both NF (up to 79.75%) and DF (up 
to 98.75%) periods. At majority of locations substantial 
shift was noticed over baseline and also between NF and 
DF periods. The highest reduction of generation time ‘T’ 
is expected to be in DF (up to 37.86%) than NF period 
(up to 26.95%) and shift was also noticed. At majority of 
locations,  and Ro was expected to increase in both NF 
(23.29%) and DF (27.12%) periods. 

Per cent change in ‘T’ of A. craccivora on peanut in NF & DF periods over BL

Impact of eCO2 on Tritrophic interactions in Cowpea- 
A.craccivora-coccinellids (ICAR-CRIDA, Hyderabad)

Direct and indirect effects of temperature and elevated 
CO2 (eCO2), on tritrophic interaction in cowpea (Vigna 
unguiculata subsp. unguiculata L.) (First Trophic), 
legume aphid Aphis craccivora (Second Trophic) and 
coccinellid predator Menochilus sexmaculatus Fab. (Third 
Trophic) were quantifi ed. Data on change in biochemical 
constituents of cowpea foliage and Development Time 
(DT), fecundity of aphids and predation capacity and grub 
duration of coccinellids were recorded. Reduction of the 
leaf nitrogen (6%), amino acid (6%) and protein (7%) of 
cowpea foliage with increased carbon (13%) and C:N 
ratio (21%) at eCO2 over aCO2 indicated the dilution of 
biochemical constituents at fi rst trophic level. Shortened 
DT and increment of reproductive rate (RR) at eCO2 
over ambient CO2 (aCO2) was signifi cant with increase 
in temperature from 20 to 35°C. Reduction of the mean 
degree day (DD) requirement of both nymphal (75.79 
± 15.163) and adult stages (157.15 ± 67.04) at eCO2 
over aCO2 and same was refl ected in the summation DD 
for both the stages at eCO2 (232.96 ± 80.32) and aCO2 
(247.07 ± 64.77) across six temperatures. The ‘rm’ and ‘Ro’ 
increased gradually with increase in temperature followed 

the non-linear trend and reached maximum values at 
27°C with shortened ‘T’ across 20 to 35°C temperatures 
at eCO2 indicating the signifi cant variation of growth and 
development at the second trophic level . Decreased grub 
duration (23%) with increased predation capacity (19%) of 
M. sexmaculatus on A. craccivora at eCO2 over ambient 
was noted, indicating the incidence of A. craccivora is 
likely to be higher with increased predation in the future 
climate change periods.

Impact of CO2 on life table parameters of A. craccivora

Impact of eCO2 on M. sexmaculatus 

Interactive effect of elevated CO2 and temperature on 
insect pests using CTGC facility

Groundnut crop was sown in CTGC chambers during kharif 
season and crop was maintained at four set conditions viz., 
i. Reference, ii. Chamber with temperature gradient of 5 ± 
0.5°C over reference and referred as elevated Temperature, 
- ‘eTemp, iii. Chamber with Temperature gradient 5 ± 
0.5°C over reference with elevated CO2 concentration of 
550 ± 25 ppm – ‘eTemp+ eCO2’ and iv. Chamber with 
elevated CO2 concentration of 550 ± 25 ppm which serve 
as -‘eCO2’. Experiments were laid out in CTGC facility by 
sowing groundnut crop and data on insect pest incidence 
was recorded as per the standard procedure to understand 
the interactive effect of elevated CO2 and temperature on 
insect pests. The data on incidence of Spodoptera litura, 
Aphis craccivora and other insect pests were recorded 
at weekly intervals in a standard data format. The mean 
population of S. litura showed the signifi cant temporal 
variation and severe incidence was at eTemp and eTemp+ 
eCO2 conditions.
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  Crops stand in CO2 + Temperature Gradient Chamber (CTGC)

The CTGC facility was inaugurated by Hon’ble Secretary, 
DARE and Director General, ICAR, Dr. Trilochan 
Mohapatra (Plate). This facility is the major one in Climate 
Change Research Complex at Hayatnagar Research Farm, 
ICAR-CRIDA. 

Inauguration of CTGC by Hon’ble DG, Dr.Trilochan Mohapatra

Impact of eCO2 on plant pathogens and biocontrol agents

Plant pathogens and their biocontrol agents have co-evolved 
and hence any impact on crops will also have signifi cant 
bearing on plant pathogens and biocontrol agents. 
Trichoderma sp. is one of the most popular biocontrol 
agents used for management of soil-borne plant pathogens. 
The biocontrol agent exhibits several modes of action 
against plant pathogens viz.,  production of hydrolytic 
enzymes, mycoparasitism, production of antibiotics and 
competition. Isolates of Trichoderma sp. were evaluated 
for these traits under elevated CO2 conditions. 

Thirteen isolates of Trichoderma sp. and Fusarium 
oxysporum f.sp. ricini were cultured onmaltose dextrose 
agar and spores were harvested into sterile distilled water. 
Suspension of 1x107 spores/ml was maintained to co-
inoculate the antagonist and phyto pathogen in maltose 
dextrose broth. After 72 h of incubation; mycelium was 
separated by fi ltration followed by centrifugation at 4°C to 
obtain the supernatant which was used for the enzymatic 
assays. All the experiments were carried out at elevated CO2 
(550 ppm) condition, ambient as control and in triplicates.

Activities of chitinases and glucanases of Trichoderma 
isolates have a signifi cant role in determining their biocontrol 
potential. Any impact on these enzymes will not only 
impact disease management schedules but also biocontrol 
industry. Thirteen isolates of Trichoderma sp.and Fusarium 
oxysporum f.sp. ricini were cultured on maltose dextrose 
agar and spores were harvested into sterile distilled water. 
-1,3-glucanse activity was determined using laminarin as a 

substrate at 0.75% (w/v) in sodium acetate buffer (50mM), 
pH 5. Chitinase activity was determined using colloidal 
chitin at 0.5% (w/v) in acetate buffer (50 mM), pH 5.5 as 
a substrate. The amount of reducing sugar was determined 
at 540 nm for both enzymes. Exposure of the Trichoderma 
isolates to eCO2 (550 ppm) conditions altered glucanase 
and chitinase activities. Only in T13 isolate, there was a 
marginal increase in activities of both enzymes. In T10, 
there was increase in gulcanase activity whereas decrease 
in chitinase activity. Most of the isolates showed an increase 
in glucanase activity under eCO2conditions, whereas 
decrease in chitinase activity was observed in most of the 
isolates with drastic reduction in T1, T2 and T6 isolates. 
Hence, while choosing the potential biocontrol isolates, 
care should be taken to pick isolates which do not show 
fl uctuations in these enzyme activities.

Specific activities of -1,3-glucanse and Chitinase of Trichoderma isolates

Siderophore production is a mechanism employed by 
biocontrol agents where the free iron availability to 
the pathogens is curtailed by producing siderophores. 
Quantitative assay for siderophore production showed that 
isolates again varied in their response to eCO2 conditions. 
Quantitative estimation was carried by CAS shuttle assay. 
Culture supernatant was mixed with CAS reagent and 
absorbance was read at 630 nm. Siderophore content was 
calculated. Out of 13 isolates, 8 isolates showed increase 
in siderophore activity whereas remaining isolates showed 
reduction. Interestingly, in T2 and T1, there was maximum 
increase in siderophore production.

Trichoderma isolates
Variability among isolates of Trichoderma for siderophore production in vitro
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Effects of elevated CO2 on biology of brown planthopper, 
Nilaparvata lugens (Stal) (ICAR-IIRR, Hyderabad)

Present study was envisaged to assess the interactive effects 
of eCO2 and temperature on BPH populations collected 
from Punjab (Ludhiana district), Andhra Pradesh (West 
Godavari district) and Telangana (Nalgonda district) states 
of India. Three levels of CO2 concentration and temperature 
combinations viz., ambient CO2 @ 380 ppm and ambient 
temperature (aCO2+aT & 30°C), elevated CO2 @ 500 
ppm and ambient temperature (eCO2+aT & 30°C) and 
elevated CO2 @ 500 ppm and elevated temperature 
(eCO2+eT & 33°C) were continuously maintained under 
specially designed CO2 chambers at Indian Institute of 
Rice Research. The BPH populations were individually 
reared on young rice seedlings (cv TN1) in fl exi cages to 
avoid intermingling of populations. The experiment was 
conducted in 1st, 5th and 10th generations. Observations 
were recorded on nymphal duration, % wing dimorphism, 
longevity, fecundity and honeydew excretion.

All the BPH populations responded similarly and nymphal 
duration was prolonged in advanced generations i.e., 1, 5 
and 10 at elevated CO2 levels whereas it had not shown 
signifi cant difference at aCO2+aT in 1 and 5th generations 
but it was prolonged only at 10th generation. Across the 
treatments it was prolonged with advanced generations at 
eCO2+aT whereas it was prolonged only at 10th generation 
at eCO2+eT and aCO2+aT. Among the populations, 
shorter nymphal duration was noticed in West Godavari 
population compared to Ludhiana and Nalgonda BPH 
in 1st generation whereas it did not show any signifi cant 
difference in 5th & 10th generations. 

All BPH populations across the treatments responded 
similarly regarding adult longevity. Longevity of 
adult female, male, brachypterous female and male, 
macropterous female and male was prolonged with 
advanced generations at elevated CO2 levels whereas 
at aCO2+aT, it was prolonged only in 10th generation. 
Among the populations, there was no signifi cant difference 
in their response to different CO2 levels.

Fecundity of BPH population obtained from West 
Godavari was signifi cantly decreased with advanced 
generations at eCO2+aT whereas it was vice versa 
in eCO2+eT where higher fecundity was noticed in 
5th generation again declined in 10th gen. However, at 

aCO2+aT, across the generations fecundity did not 
show signifi cant difference. Higher fecundity (Ludhiana) 
was noticed in 1st and 5th generations but it decreased 
in 10th generation at eCO2+aT whereas at eCO2+eT 
higher fecundity was observed only in 10th generation 
but it was not signifi cantly different from that of 1st and 
5th generations. However, at aCO2+aT, higher fecundity 
was observed in 1st generation and it decreased in 5th 
and 10th generations. In case of Nalgonda BPH, higher 
fecundity was observed at eCO2+aT and eCO2+eT in 5th 
generation which is not signifi cantly different from that in 
1st and 10th generations. Fecundity is different across the 
generations at aCO2+aT. Higher honeydew excretion of 
adults was noticed in 1st generation and it decreased in 
5th and 10th generations in all CO2 levels viz., eCO2+aT, 
eCO2+eT and aCO2+aT. Among the populations 
Ludhiana BPH showed higher honeydew excretion in 1st 
generation compared to West Godavari and Nalgonda 
BPH populations whereas signifi cant difference in 
honeydew excretion among BPH populations was not 
observed in 5th and 10th generations.  

Impact of elevated CO2 and temperature on tomato 
moth, Tuta absoluta (ICAR-IIHR, Bengaluru)

Keeping in view the impact of elevated temperatures 
and CO2 on the biology of the insect pests, at a constant 
temperature of 31oC and elevated CO2 condition (550 ppm) 
the experiment was conducted for studying the biology 
of tomato moth, Tuta absoluta for three consecutive 
generations. Ambient (400 ppm) and elevated (550 ppm) 
CO2 concentrations were maintained. The results revealed, 
there was a negative impact on the biology of T. absoluta 
i.e. increase in larval and pupal duration, reduction in 
larval survivability and adult longevity when compared to 
ambient CO2.

Under CO2, with the progress in generation, the larval 
survival reduced from 84.23% (I generation) to 53.78% (III 
generation). Similarly, adult longevity was reduced from 
9.40 and 5.98 days during I generation to III generation, 
respectively.  Regarding pupal stage, not much change in 
developmental time required was observed during II and 
III generations. However, during fi rst generation, the pupal 
period in eCO2 was extended by 50% when compared to 
ambient CO2.
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Biology of T. absoluta on tomato under elevated CO2

Generations (G) CO2
 

(ppm) Larval duration (days) Larval survivability (%) Pupal Duration (days) Adult longevity (days)

G-1 400 10.2 ± 0.5 87.3 ± 2.1 6.2 ± 0.3 12.0 ± 0.8

550 12.2 ± 0.8 84.2 ± 4.6 9.2 ± 1.3 9.4 ± 1.2

G-2 400 9.4 ± 0.5 82.0 ± 7.3 7.0 ± 0.6 11.0 ± 0.8

550 14.0 ± 0.8 60.0 ± 3.1 7.2 ± 0.4 7.6 ± 0.4

G-3 400 8.0 ± 0.6 92.0 ± 3.7 7.6 ± 0.7 8.8 ± 0.8

550 16.2 ± 0.6 53.7 ± 5.8 7.7 ± 0.5 5.9 ± 0.4

Response of larvae and pupae of Tuta absoluta to gradient 
temperatures

The tomato crop cultivar cv. Shivam was raised under 
the Carbon dioxide and temperature gradient chambers 
(CTGC) during February-March 2018. The chambers were 
classifi ed into 4 zones based on the additional temperature 
maintained over ambient from one end to the other.  The 
trial was conducted in two chambers. Natural incidence of 
T. absoluta was encouraged in both the chambers without 
giving any insecticide sprays. In order to assess the impact 
of rising temperatures on the biology of the insect pest, 
T. absoluta, observations on larval and pupal duration 
were monitored till their complete development. In both 
the chambers, as the temperature increased the larval 
and pupal durations were reduced i.e. 15.8 days of larval 
duration at 27oC to 9.35 days at 31oC and  Pupal duration 
of 9 days at  27oC  to 6 days at  31oC.

Influence of gradient temperatures on the biology of T. 
absoluta under CTGC

Temp. Gradient 
zones (oC) 

Larval duration 
(days) 

Pupal Duration
(days)

27.00 15.8 9.00
28.00 13.5 8.33
29.00 11.5 7.75
31.00 9.4 6.00

In order the assess the  infl uence of different temperature 
regimes  (29-34oC) on the incidence and damage by T. 
absoluta, the tomato crop was raised in CTGC facility and 
observations on the incidence, eggs laid, adult activity and 
per cent damage were recorded. The pest was allowed 
to multiply in the CTGC facility without subjecting to 
any insecticide spray. Observations revealed that the 
incidence of the pest was more from the temperature 
zones of 29.8 to 31.4oC, whereas in other zones, the 
incidence and per cent damage were less.  This clearly 
indicates that T. absoluta favours regions up to 31oC and 
above this temperature; it may not prefer to establish. 
Highest incidence was recorded in zone II with average 
day temperature of 31.4oC and lowest was in the zone of 
IV with an average day temperature of 34.4oC.

Impact of gradient temperatures on the incidence and 
damage by T. absoluta on tomato

CTGC 
temperature

 zone

No. of 
larva / 3 
leaves

No. of Eggs /
Leaf

Adults 
Activity 

(No)

% 
Damage

I    (29.82) 9.13 23.73 8.07       78.33

II   (31.36) 10.00 39.00 10.67       84.00

III  (32.31) 7.33 23.33 9.80       82.00

IV  (34.36) 5.33 15.07 5.53        1.33

Effect of Temperature and CO2 on Population Growth of 
South American Tomato Moth, Tuta absoluta on Tomato

The effects of different temperatures (26, 28, 30, and 32°C) 
and CO2 concentrations (380 and 550 ppm) on the life table 
of Tuta absoluta were evaluated. The life history raw data 
of T. absoluta were analyzed by using the age-stage, two-
sex life table. Results showed that increase in temperature 
reduced the larval developmental time of T. absoluta, 
whereas the elevated CO2 concentration (eCO2) extended 
the larval developmental time. Highest fecundity rate was 
recorded at 30°C at ambient CO2 (aCO2) condition (88.10 
eggs). Total fecundity signifi cantly reduced under eCO2 
at 28°C and 30°C. There was a 5–10% higher mortality 
observed under eCO2 than aCO2 condition. With rise in 
temperature from 26–30°C, T. absoluta reared under 
eCO2 condition showed lower net reproductive rate, 
intrinsic and fi nite rate of increase in comparison to aCO2. 
However, these parameters started decreasing at 32°C 
under both eCO2 and aCO2 conditions. 

Insect plant interactions under moisture stress: A case 
study with Tomato and leaf miner, Tuta absoluta 

The study was carried out to understand how insect pests 
will be interacting with host plants under moisture stress 
conditions.  Plant volatiles from different treatments (T1: 
plants irrigated on alternate days treated as control; T2: 
plants irrigated once in a week treated as moderately 
stressed; T3: plants irrigated once in 15 days treated 
as severely stressed) were collected and subjected to 
olfactometer analyses using gravid female moths of T. 
absoluta to understand the moth preference. Females 
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signifi cantly attracted towards tomato plant volatiles 
that are subjected to different levels of moisture stress 
(T2: t = 7.134,  df = 9, P <0.0001; T3: t = 2.564,  df = 
9, P = 0.0305; T1: t = 3.472, df = 9, P = 0.0070) by 
spending more time as compared to their solvent controls
(T1: 3.73±0.43 min, control: 1.91±0.10 min;  T2: 
4.60±0.30 min, control: 1.80±0.10 min; T3: 3.70±0.48 
min, control: 2.08±0.18 min, mean ± SEM). However, 
there was no signifi cant difference for number of entries 
made by moths between treated and control regions (T1: t 
=1.413, df = 9, P = 0.1914; T2: t = 1.623,  df = 9, P = 
0.1390; T3: t =1.831; df  = 9, P = 0.1004). 

Further dual choice assays were carried out between 
T1 vs T2 and T2 vs T3 to check the preference of gravid 
female moths among the different levels of moisture 
stressed plant volatiles. In T1 vs T2, the adult females of T. 
absoluta were signifi cantly attracted to volatiles of tomato 
plant that received weekly irrigation (T2) over volatiles of 
tomato plants that were irrigated on alternate days (T1). 
The gravid female moths spent signifi cantly less time in T1 
treated region (2.16±0.24 min; mean ± SEM; P= 0.0125) 
compared to T2 (4.08 ±0.49 min).  However, no signifi cant 
difference was noticed between the treatments for the 
number of entries made. Further, signifi cant difference 
was noticed with the time spent by gravid female T. 
absoluta moths when dual choice was given between 
T2 and T3 for the amount of time spent (T2: 3.27 ± 0.30 
min; T3: 3.26 ± 0.27 min, mean ± SEM; P <0.0001) as 
well as number of entries made (T2: 4.80 ± 0.55 min; T3: 
4 .00  ±  0.69 min, mean ± SEM,  P = 0.0011) compared 
to solvent control. However between the treatments 
T2 and T3,  no signifi cant difference in the attraction of 
female T. absoluta  moths was observed.

The multiple choice assays with all three treatments along 
with solvent control revealed similar trend in the attraction 
of T. absoluta females towards host plants with different 
moisture stress.  They spent signifi cantly more time in T2 
followed by T3 and T1 (T2 = 3.43± 0.20; T3 = 2.80 ± 0.20; 
T1 = 2.31 ± 0.14; Control=1.52 ± 0.13 min, mean ± 
SEM). This clearly sh ows that tomato plants under moisture 
stress are highly susceptible to T. absoluta.

Identifi cation of climatic and agronomic factors triggering 
whitefl y outbreaks (ICAR-CICR, Nagpur)

The data collected under All India Coordinated Research 
Project in Cotton for 15 years were analyzed to study 
the change in dynamics of the whitefl y. In Hisar the 
population dynamics of whitefl y from 2004-05 to 2016-17 
from the AICRP data found that the peak occurrences of 

infestation has transitioned. Between 2004-05 and 2009-
10 peak occurrence was experienced in 40th and 41st 

standard meteorological weeks, whereas it was 31st and 
32nd standard meteorological week (SMW) during 2010-11 
to 2016-17. Also the average infestation per three leaves 
was 3.98 between 2004-05 and 2009-10, whereas it was 
13.70 during 2010-11 to 2016-17.

Shift (SMW) in whitefly population from 2004-05 to 2009-10 and 
2010-11 to 2016-17

At Faridkot also transition in the peak occurrences of 
whitefl y infestation was recorded. Between 2004-05 and 
2009-10 peak occurrence was experienced in 39th and 40th 

standard weeks, whereas it was 32nd and 34th standard week 
during 2010-11 to 2016-17. Also the average infestation 
per three leaves was 2.33 between 2004-05 and 2009-10, 
whereas it was 7.84 during 2010-11 to 2016-17.

Shift (SMW) in whitefly population from 2004-05 to 2009-10 and 
2010-11 to 2016-17 in Faridkot

Similarly in Sriganganagar the peak occurrences of 
infestation have transitioned. Between 2004-05 and 2009-
10 peak occurrence was experienced in 36th and 38th   
standard weeks, whereas it was 29th and 33rd standard 
week during 2010-11 to 2016-17. The average infestation 
per three leaves was 12.85 between 2004-05 and 2009-
10, and 15.88 during 2010-11 to 2016-17.
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Shift (SMW) in whitefly population from 2004-05 to 2009-10 and
2010-11 to 2016-17

Correlation between whitefl y infestation with minimum 
temperature and evening relative humidity was observed. 
Higher temperature and humidity induces more whitefl y 
populations. Also observed negative correlation between 
whitefl y infestations and rainfall.

Cotton thrips outbreak in 2017-18

Cotton thrips infestation was very severe in many of 
the locations in Haryana, Rajasthan and Punjab. Thrips 
samples were collected and identifi ed as Thrips tabaci 
(Thysanoptera: Thripidae) and further identity of the 
species was confi rmed through DNA barcoding at 
ICAR-NBAIR. Infestation and damage symptoms mostly 
observed in young leaves, buds and squares. Typical 
symptoms like curled and distorted leaves, and silvery 
appearance on underside. Severely infested plants showed 
excessive branching and delaying plant growth. Thrips 
population was observed to the extent of even above 100 
thrips/leaves and most of the farmers sprayed insecticides 
for the control of thrips. In 2017, whitefl y infestation 
was signifi cantly low; this might be due to inter-specifi c 
competition between thrips and whitefl y. Thrips emerged 
as major pest in cotton and infested leaves further not 
suitable for colonization of whitefl ies.

Emerging of thrips infestation in cotton in North India

Whitefly ecology

In north cotton growing zone of India, direct count 
method from abaxial side of three leaves of upper, middle 
and lower  canopy preferably  before 10 a.m. is generally 
practiced for sampling of whitefl y adults but adherence to 
time protocol is diffi cult when the sampling is required 
over a large area. The activity spectrum of whitefl y in the 
north cotton growing zone of India is infl uenced by climatic 
and other abiotic as well as biotic factors thus infl uencing 
the distribution of whitefl y in the plant and its dynamics 
too. As information regarding seasonal and diurnal rhythm 
of whitefl y in cotton plant are scanty thus we studied 
within plant distribution of the whitefl y throughout the 
entire cotton season under unprotected regime on four 
G. hirsutum genotypes ie RCH650 (Bollgard-II hybrid), 
HS-6, Ganaganagar Ageti and RS 2013 (non-Bt hirsutum 
varieties) during 2017-18.

The data recording on whitefl y were started one month after 
sowing. Ten plants from each genotype were tagged and 
observed for whitefl y adults and nymphal counts. The plants 
were divided into three strata i.e. upper, middle and lower. 
Two leaves from each stratum were selected for observation. 
The observations were recorded at weekly intervals thrice 
during the day i.e. morning (6-8.00 am), noon (12.00 noon 
-2.00 pm) and evening (5.0-7.00 pm) during the cotton 
season whereas data recording for nymphs were done 
during morning as the nymphs are static in nature.

Within plant distribution of whitefl y indicated that the 
whitefl y prefers to feed on lower canopy of the plant 
as compared to middle and upper canopy. Population 
of whitefl y was initially observed on all these four Bt 
genotypes from 21st SMW. In cotton fi elds moderate 
population, exponential, stabilized and decline growth 
stage has been observed however its peak activity occurred 
in 31st SMW & 32nd SMW during the year. Mean  whitefl y 
adults population/leaf recorded during the entire season 
of 2017-18 on upper, middle and lower strata was 4.77 
(2.99-6.63), 12.07 (7.63-21.79) and 15.15 (7.50-33.06), 
respectively during different part of the day in RCH650BG-
II, 4.09 (2.52-6.11), 9.90 (5.29-20.25), 13.75 (6.73-30.17) 
in HS-6, 4.49 (2.11-8.23), 10.51 (5.75-20.43),12.74 (6.54-
26.92) in Ganganagar Ageti, 5.56 (3.78-8.26), 11.57 (6.28-
25.05), 15.87 (7.67-38.52) in RS-2013. Though whitefl y 
prefer to lay eggs on the fresh leaves but  the nymphal 
pattern indicated  the  equal preference both for middle 
and lower strata leaves as compared to upper strata leaves. 

The life table analysis of whitefl y starting from 34-41SMW 
on its nymphal stage indicated maximum natural mortality 
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due to fungal/bacterial infection (17.93-23.71%) followed 
by dislodgement (9.33-19.59%) and parasitism (4.77-
18.60%). The total natural mortality obtained was 36.81-
53.59%.

Within plant distribution of whitefly nymphs during the cotton season 
under unprotected conditions during 2017-18

Status of whitefl y resistance to insecticides in India with 
special reference to North zone

With their introduction, the  new chemistries has been  
employed for the control of sucking pests in India, as  they 
are  providing effective control   due to novel mode of 
action. Information collected in north India during survey 
on pesticide use pattern indicated a major shift from old 
to newer insecticides especially the neonicotinoids and 
insect growth regulators. Resistance monitoring in whitefl y 
to commonly used and label claimed insecticides was 
conducted during 2017-18 from 4 different locations of the 
zone. The resistance ratio was calculated based on the LC50 
values obtained at ICAR-CICR Nagpur whitefl y population, 
taken as reference population having minimal exposure to 
insecticides. The results obtained are discussed as under.

Varying levels of resistance to triazophos has earlier 
been recorded in Asian genetic groups of B. tabaci from 
India (resistance ratio = 3) and 2.28-6.10 in 2015-16. 
The change in resistance ratio is affected not only by the 
insecticide use pattern in main crop (cotton) but on other 
alternate hosts also. Similarly the resistance ratio obtained 
in case of ethion (2.62-7.38 & 1.84-11.04), chlorpyriphos 
(3.64-11.26 & 7.56-10.46) and triazophos (23.42-43.15 
& 11.84-54.56) during 2016-17 and 2017-18 was also 
attributed to the pesticide use pattern in cotton as well as 
in other alternate hosts crops.  

Signifi cant resistance to imidacloprid recorded in this 
study could be attributed to the long term exposure of this 
compound in the cotton ecosystem of this country. Based 
on the recent surveys of the zone neonicotinoids especially 

the imidacloprid, acetamiprid and thiamethoxam are used 
in cotton ecosystem either alone or as a tank mixture. The 
high resistance recorded in our study at CICR Regional 
Station, Sirsa in thaimethoxam (12.8-58.96 & 10.34-51.48  
fold resistance ratio recorded during 2016-17 & 2017-18) 
at different locations of the north zone but low resistance 
in acetamiprid, and imidacloprid might be associated with 
insecticide use pattern. Low resistance ratio was recorded 
in our study at CICR against dinotefuran (0.96-17.80 & 
1.46-9.80 during 2016-17 and 2017-18), thiacloprid, and 
clothianidin indicate their further incorporation in whitefl y 
management program. 

Though practically not in use or being discouraged 
through the awareness programs now, low to moderate 
resistances to cypermethrin have earlier been reported in 
the B. tabaci populations . Very low or minimal resistance 
in fenpropathrin in the studies conducted by CICR is again 
a resultant of insecticide use pattern in cotton and other 
crops. Among the newer insecticides difenthiauron (70.67-
163.30 & 33.33-128 fold resistance ratio during 2016-17 
& 2017-18) was found with highest resistance ratio.

Pest Surveillance in Onion (ICAR-DOGR, Pune)

The pest scenario in onion under changing climate during 
kharif and rabi, 2017-18 was studied with fi xed plot and 
random fi eld survey. The fi xed plot survey was conducted 
at DOGR research farm and random survey at nearby 
villages of Pune. Irrespective of growing seasons, onion 
thrips, Thrips tabaci Lindeman reported as major pest of 
onion. Occurrence of other minor pest including Tobacco 
caterpillar, Spodoptera litura, Army worm, Spodoptera 
exigua, Greasy cutworm, Agrotis ipsilon, Green looper, 
Chrysodeixis sp. and Leafminer, Liriomyza sp. also 
documented in this survey. The level of incidence of these 
minor/occasional pests was negligible to moderate. In 
Kharif onion, the incidence of onion thrips was recorded 
from 36 SMW. The pest population load was very low 
(<5 thrips plant-1) during 37-42 SMW of September and 
October months. However, a steep increase of thrips 
population observed during 44-47 SMW of November. 
The highest peak (26 thrips/plant) recorded during 47th 
SMW. The continuous dry spell coupled with decline 
in temperature during November favours population 
build up. The average maximum temperature (Tmax) 
and minimum temperature (Tmin) experienced during 
November was 29.8°C and 10.9°C, respectively. The 
precipitation occurred during September and October 
month suppressed the thrips population.
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Onion thrips incidence in kharif onion Vs temperature

Onion thrips incidence in kharif Onion Vs Rainfall

Thrips dynamics in rabi onion Vs Temperature

During rabi, the thrips load in onion was much higher and 
almost double when compared with kharif. Throughout 
the survey the population level was > 25 thrips plant-1. 
The highest peak (62 thrips plant-1) recorded during 4th 
SMW of January. Increase in temperature maximum 
coupled with long dry spell prevailed during January and 
February seems to be conducive for thrips emergence 
during rabi. Overall temperature and precipitation 
appears as major factors regulating thrips incidence in 
onion.

Fixed plot and Random survey during 2017-18 also 
reported occurrence lepidopteran defoliators (Spodoptera 
sp. and Chrysodeixis sp.) in onion. The report suggests that 
host expansion of these polyphagous pests. Spodoptera 
sp. incidence was recorded in both kharif and rabi onion; 

maximum during the month of December and February. 
Average temperature during peak infestation was 9.4 
(Tmin) to 29.9°C (Tmax). Green looper, Chrysodeixis sp 
reported only in kharif onion; maximum incidence 
during November.

Seasonality onion defoliators during 2017-18

Daund Khadki of Pune: A hot spot of black cutworm 
Agrotis ipsilon onion

Black cutworm, Agrotis ipsilon (Hufnagel) is a pest that 
infesting numerous agricultural and horticultural crops. 
Occurrence of this pest in onion with moderate to severe 
form at farmer’s fi eld of Daund Taluk of Pune District 
was reported through a random pest survey, which was 
conducted last year during rabi 2016 (December). To 
ascertain the occurrence and status of this pest in onion 
during rabi 2017 (December), a survey was carried out 
in Daund Taluk, Pune District of Maharashtra. Survey 
revealed that an average number of 1.8, 1.0 and 2.0 
cutworm larva per sq. m area of onion planted fi eld 
with infestation level of 9.96%, 7.31% and 15.13% at 
the surveyed villages Ravangaon, Patas and Rajangaon, 
respectively. The age of attacked onion plants were 35-40 
days old and 3-4 leaves stage. The pest population trend 
of this year (2017) was similar that of last year (2016). The 
typical mark of cutworm attack including complete stalk 
cut and loss of plant stand in batches was noticed in the 
attacked fi eld. Over the year occurrence of black cutworm 
in this packet suggest that, this location could be a hot spot 
for this notorious pest.
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Fruit borer (Citripestis eutraphera)

Red banded Fruit borer (Deanolis albizonalis)

Population dynamics of insect pests of Mango in Konkan 
region (BSKKV, Dapoli)

Idioscopus niveosparsus was found to be the major species 
among mango hoppers of the region. The peak period of 
mango hopper was observed during December-January 
corresponding to fl owering. Three peaks of mango hopper 
population were recorded during 2017-18. The fi rst peak 
was observed during 43rd SMW (8.16 hoppers/panicle) 
corresponding to vegetative fl ush in the month of October 
2017. The second peak recorded during 2nd SMW (18.46 
hoppers/panicle) corresponding to the peak fl owering in 
the month of January 2018. The third peak was recorded 
during 9th SMW (14.18 hoppers/panicle) corresponding to 
late fl owering. The maximum incidence of mango hopper 
was recorded during second week of January (18.46/
panicle). The thrip incidence was recorded from November 
2017 to March 2018 on vegetative fl ush, panicles and 
fruits. Six different species of thrips have been recorded 

(Scirtothrips dorsalis, Thrips fl avous, T.  hawainsis, Bathrips 
jasminae, T. fl orum, Haplothrips ganglbaureri). (Source of 
identifi cation: IIHR, Bengaluru). Midge (Erosomiya indica) 
and shoot borer (Chlumetia transversa) were observed as 
minor pests during September-December 2017. 

Two species of fruit borer (Citripestis eutraphera and 
Deanolis albizonalis) have been recorded. The incidence 
of fruit borer (Citripestis eutraphera) was found increasing 
as compared to last year. The red banded fruit borer, 
Deanolis albizonalis was reported as new emerging 
pest in Konkan region. The incidence of anthracnose 
was observed on the vegetative fl ush during September-
December 2017. The incidence of anthracnose was 
observed on the panicles in the month of December 2017 
after “Ockhi cyclone”. Incidence of anthracnose was 
observed on the mango fruits in the month of March–April 
2018.

Pollinator activity on mango in relation to temperature: 
(ICAR-IIHR, Bengaluru)

Earlier studies clearly indicated that temperature is the 
single most important abiotic factor that infl uences 
pollinator activity to a greater extent under fi eld conditions. 
Temperature has a profound effect on pollinator activity. 
At lower temperatures (20 -25oC), there was a positive 
correlation between pollinator activity and temperature 
but a higher temperatures (>32oC) pollinator density 
was signifi cantly less indicting a negative impact. Species 
specifi c response was studied with four major species 
viz., Apis fl orea, Chrysomya megacephala, Tetragonula 
irdipennis and Stomorhina discolor. Wild honey bee, 
A. fl orea activity was more affected with increase in 
temperature (r = -0.54) compared to dipterans which 

showed non signifi cant correlation with temperature. 
The thermal foraging range was analyzed and calculated 
in terms of Levin’s Measure of Thermal Niche Breadth 
using the temporal data on pollinators collected during 
the mango blossom period at three locations.  Among the 
pollinators, Chrysomya megacephala showed a broader 
thermal foraging range (Niche index 0.58) followed by 
Stomorina discolor (0.52) indicating their ability to forage 
in wider temperature ranges.

Effect of elevated temperature on the biology of Chrsomya 
megacephala

Effect of four levels of temperature i.e. 30, 32, 34 and 36oC 
on the biology of mango pollinator, C. megacephala was 
studied in the laboratory.  Insect culture was maintained in 
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the temperature controlled growth chamber on an artifi cial 
diet.  At 32 and 34oC, egg, larval and pupal periods had 
come down resulting in shortening of total life cycle period 
from 10.8 days in control to 8.9 days at 34oC. However at 
36oC, about 25-40% larval mortality was observed. Studies 
are in progress.

Foraging activity of stingless bee, Tetragonula iridipennis 

In situ observations were recorded from three natural nests 
of stingless bee on number of bees going out for foraging 
and coming in at different hours of the day coinciding 
with different temperatures. Correspondingly observations 
were also recorded in fi eld on the number of Tetragonula 
foragers at different temperature regimes. It was observed 
that there was no signifi cant correlation between bees 
moving out and in at different hours but in the fi eld, 
foraging actvity was signifi caty negatively correlated ( r 
= -87). The lower thermal niche index (0.48) calculated 

for this species also corrobrates the present observation. 
It indicates that stingless bee is vulnerable to higher 
temperature. Studies are in progress.

Foraging activity of stingless bee in relation to temperature in field



National Innovations in Climate Resilient Agriculture (NICRA)

65

4.6  Measurement of GHGs and Adaptation and Mitigation through Soil, Water, Nutrients and Energy 
Management

GHG mitigation potential of fertiliser management 
practices in rice-wheat system (ICAR-IARI, New Delhi)

A fi eld experiment was conducted in rice – wheat system 
to assess the GHGs mitigation potential of fertiliser 
management practices including irrigation practices. 
Nitrifi cation Inhibitor Coated Urea (NICU) reduced the 
emission of N2O by 10-13% in rice. Intermittent irrigation 
reduced methane emission by 11-17% and increased 
N2O emission by 15-22%. NICU decreased the Global 
Warming Potential (GWP) by 8-10% over Neem Coated 
Urea (NCU). In Intermittent Flooding (IF), crop yield was 
reduced by 6-9%. NICU 8 increased the yield by ~10%. 
In wheat, NICU 8 reduced emission by 11% over NCU, 
whereas NICU 9 was at par with NCU. Use of 5 irrigations 
increased the N2O emission by 8-10% compared to 3 
irrigations. In rice-wheat system, the inhibitor coated urea 
decreased the GWP by 20%. Wheat yield with NICU-8 

was increased by 8.5- 8.9%.

GHG emission study in lowland rice ecosystem in 
Meghalaya (ICAR-RC, NEH, Umiam)

Gas samples were collected periodically using closed-
chambers between 10 am to 12 noon at different time 
intervals (0, 20, 40, 60 mins) and at different growth stages 
of rice. Results revealed that seasonal variation in both CH4 
and N2O-N fl ux was maximum during initial vegetative 
growth phase (during the tillering and panicle initiation) 
and to a considerable extent during the fl owering stage. 
Highest (84.31 μ gm m-2 hr-1) CH4 fl ux was observed in 
treatment with 50% NPK + WB (weed biomass (Ambrosia 
artemisiifolia) applied @ 10 t ha-1 on fresh weight basis) in 
conventional tillage while lowest (15.787 μ gm m -2 hr-1) 
fl ux was observed in 50% NPK in zero tillage. In general, 
higher N2O-N fl ux was observed in all the tillage practices. 
A decreasing trend in emission was recorded at maturity 
stage in all the treatments and in all the tillage practices.
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GHG measurement under rice-wheat cropping system 
under different strata of soil organic carbon (ICAR-IIFSR, 
Modipuram)

A fi eld experiment was started in 2017-18 at Modipuram 
under irrigated conditions to assess the quantum of 
greenhouse gases emission from rice-wheat system under 
different organic strata (medium and high) under different  
crop establishment methods (puddled transplanted rice 
and direct seeded rice;  wheat under zero tillage and 
conventional tillage) and different sources of nitrogen 
[control, neem coated urea, vermicompost and application 
of 3,4-dimethylpyrazole phosphate/dicyandiamide 
(DMPP/DCD nitrifi cation inhibitor)]. Methane and nitrous 
oxide emissions under high and medium organic carbon 
strata were different in both direct seeded and transplanted 
rice.  There was higher reduction  in methane emission 
under medium C situation (32.0 kg ha-1) compared to 
higher C status (33.6 kg ha-1). In direct seeded rice, the 
methane emission was relatively less (30.9 kg ha-1)
compared to transplanted rice (34.6 kg ha-1).   

GHG measurement under different crop establishment 
methods and different sources of Nitrogen 

Methane and nitrous oxide fl ux was monitored by using 
the manual closed chamber method. The methane 
emission from direct seeded rice (wet) with the application 
of neem coated urea showed less emission of 27.1 kg 
ha-1 and conventional puddle rice with ordinary urea 
showed highest emission of 39.99 kg ha-1. Signifi cantly 
lower N2O emissions (16.4%) were recorded following 
the application of neem coated urea in conventional 
methods of paddy cultivation, when compared to the 
other treatments. The emission of N2O from SRI+Urea, 
DSR (wet) + sulphur treated urea and DSR (Dry) + 
sulphur treated urea were statistically at par.  The study 
revealed that the Global Warming Potential (GWP) of rice 
production can be reduced by 35.9% by adopting direct 
seeding of rice with the application of neem coated urea 
compared to puddled transplanted rice with normal urea 
under irrigated situation.  

Reduction % of CH4 & N2O under different crop establishment 
methods and different sources of nitrogen

Seasonal greenhouse gas (GHGs) emission in long-term 
experiment of resource conservation technologies (rice-
green gram system) (ICAR-NRRI, Cuttack) 

In this study, the experimental setup was under rice-
rice system from 2012-2014, which was subsequently 
shifted to rice-green gram system. Based on the seasonal  
emission fl uxes of methane, nitrous oxide and carbon 
dioxide,  measured from soils under four different 
treatments, Global Warming Potential (GWP) was  found  
to be higher under TPR-CP (Power tiller driven puddling 
+ manual transplanting + 100% RDF + manual weeding 
and harvesting, 2793.3 kg ha-1) and lower under  DSR-
ZT (Zero tilled dry direct sowing + residue retention (30 
cm above the ground) + 100% RDF + chemical weeding 
(Bispyribac sodium) + mechanical harvesting, 2213.8 kg 
ha-1). However, in DSR-ZT, minimum disturbance and 
residue retention might have reduced GHGs emission as 
compared to the other treatments. 

Seasonal GHGs emission and global warming potential 
(GWP) of rice-green gram cropping system.

Treatment CH4
(kg ha-1)

N2O
(kg ha-1)

CO2
(kg ha-1)

GWP
(kg ha-1)

DSR-CP 63.91 
(±5.1)

1.16 
(±0.09)

547.40 
(±43.8)

2707.72 
(±216.6)

DSR-ZT 49.94 
(±4.0)

1.14 
(±0.10)

452.08 
(±36.2)

2213.78 
(±178.41)

TPR-CP 72.72 
(±5.8)

0.87 
(±0.07)

480.58 
(±38.5)

2793.25 
(±223.5)

TPR-ZT 63.88 
(±5.1)

0.78 
(±0.06)

354.65 
(±28.4)

2392.36 
(±191.4)

Mitigation of climate change through conservation 
agriculture in rainfed regions of India (ICAR-CRIDA, 
Hyderabad)

An experiment was conducted with different in situ 
conservation practices, tillage practices, and mulch 
treatments to identify the climate resilient resource 
conservation practices. GHG emissions were recorded 
in different treatments with closed vented static chamber. 
The CO2 fl uxes in different treatments ranged from 0.87 to 
15.58 kg C ha-1 hr-1. It was observed that when there was 
a continuous rainfall of high intensity, the CO2 emissions 
were lower in conventional tillage as compared to zero 
tillage. N2O fl uxes in conventional and reduced tillage 
were on par with each other but these two treatments 
recorded 20% higher fl uxes as compared to zero tillage. 
Higher CO2 and N2O fl uxes were observed in 10 cm 
anchored residue height but in case of 30 cm harvest 
height, CH4 absorption was observed.  Conservation furrow 
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and paired row conservation furrow recorded 15 and 16% 
higher yields, respectively as compared to fl at sowing 
without conservation furrow. Mulch treatment (growing 
of daincha crop between pigeonpea rows and application 
of daincha at 45 DAS as mulch in pigeonpea) recorded 
higher yields as compared to no mulch treatment. Among 
the nutrient management treatments, application of RDF 
and RDF+FYM recorded 20 and 12% higher pigeonpea 
yields as compared to control. Rotavator, cultivator and 
disc plough + harrow recorded higher GHG emissions 
and GWP, whereas animal drawn implements recorded 
lower emissions and energy.

Conservation agriculture for productivity enhancement 
and mitigating GHGs emissions

A fi eld experiment on maize-horsegram cropping sequence 
was started since 2010 in sandy loam soils. Higher yield 
was obtained through balanced fertilization with NPKSZnB 
(4390 kg ha-1) which was at par with the yield obtained 
through K, S and B omission. Signifi cantly higher CO2 

emission was observed in CA (5069 kg ha-1) as compared 
to CT (4060 kg ha-1) during maize growing season. Among 
nutrient management, higher CO2 emission was observed 
in NPKSZnB (7510 kg ha-1) followed by N omission (3258 
kg ha-1) and control (2927 kg ha-1). Signifi cantly higher 
N2O omission was observed in CT (2437 g ha-1) compared 
to CA (1889 g ha-1). Higher N2O emission was observed in 
NPKSZnB (3657 g ha-1) followed by N omission (1472 g 
ha-1) and control (1361 g ha-1).

Maize crop grown in CT and CA under different nutrient management practices

Adaptation and mitigation through improved crop 
management, enhanced water productivity and nutrient 
use effi ciency and carbon and nutrient budgeting in rice-
wheat system (ICAR-IARI, New Delhi)
Field demonstrations were carried out in farmers’ fi elds. 
About 120 farmers belonging to Mumtazpur, Lokhra, 
Bokharkha and Hedahedi participated. It was observed that 
conventional Transplanted Puddled Rice (TPR) resulted in 
higher rice yield, which varied from 4.6 to 5.2 t ha-1. The 
Direct Seeded Rice (DSR) yield varied from 3.7 to 4.4 t ha1. 
But, reverse was true for zero till wheat. Farmers saved 4-5 
tillage operations costing Rs 6000-9000 per ha and fuel.

Comparative assessment of zero-till wheat (ZTW) and 
conventional till wheat (CTW) in Pataudi Block, Gurgaon, 
Haryana

Variety ZTW yield
(t ha-1)

CTW yield
(t ha-1)

Increase in yield due to 
ZTW over CTW (q ha-1)

HD 2967 5.7 4.9 8
HD 2967 5.9 5.2 7
HD 2967 5.8 4.9 9
HD 2967 5.5 4.8 7
HD 3086 5.8 5.1 7
HD 3086 5.6 4.8 8

Quantitative assessment of potential positive impacts of long-
term conservation agricultural practices on climatically resilient 
soil parameters in rainfed alfi sols (ICAR-CRIDA, Hyderabad)

An experiment with surface application of 4 levels of 
sorghum residues @ 0, 2, 4, 6 t ha-1 in combination with 
recommended dose of N and P under minimum tillage, 
was initiated during 2005 at ICAR-CRIDA. Signifi cantly 
higher sorghum grain yield (1858 kg ha-1) was recorded 
with surface application of sorghum  residue  @ 6 t ha-1 
followed by @ 4 t ha-1 (1667 kg ha-1) and 2 t ha-1 (1513 
kg ha-1) compared to control (no residue) (1434 kg ha-1). 
The increase in grain yield due to application of sorghum 
residue @ 6, 4 and 2 t ha-1 was to the extent of 29%, 16% 
and 5%, respectively over no residue application. Residue 
application @ 6 t ha-1  resulted in  signifi cantly  higher 
amount of soil organic carbon (7.2 g kg-1), ammonical N 
(29.88 mg kg-1), nitrate nitrogen (45.44 mg kg-1), microbial 
biomass carbon (158.96 mg kg-1) and soil labile carbon 
(295.29 mg kg-1) compared  to other treatments.  

Resource conservation practices for greenhouse gas 
mitigation (ICAR-IARI, New Delhi)

Greenhouse gas emissions from resource conservation 
technologies like direct seeding in rice (DSR), and zero 
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tillage in wheat (ZTW), were quantifi ed from soils in 
rice-wheat system. Direct seeded rice (DSR) reduced the 
methane emission as compared to transplanted puddled 
rice, however there was increase in nitrous oxide emission 

under DSR and ZTW. The ZTW decreased the CO2 

emissions. Overall, the GWP of rice-wheat system can be 
reduced by 23% by the practice of shifting to DSR-ZTW 
system.

Effect of DSR and ZTW on global warming potential of soil in rice-wheat system

Treatment Rice Wheat
GWP (kg ha-1) Year 1 Year 2 Year 3 Average Year 1 Year 2 Year 3 Average
TPR-CTW 3579 3215 3330 3375 3873 3368 3853 3698
DSR-ZTW 2409 2182 2667 2419 3282 2758 3073 3037

Assessment of carbon sequestration potential of 
agroforestry systems existing on farmer’s fi eld in different 
agro-climatic regions (ICAR-CAFRI, Jhansi)

The assessment of carbon sequestration potential (CSP) 
was undertaken in three and two districts of Odisha and 
Jharkhand, respectively. Tree population in these districts 
varied from 7.5 to 16.0 trees ha-1 and medium growing 
trees were more as compared slow and fast growing tree 
species.  The results of this study clearly revealed that the 
tree density play an important role in biomass production 
as well as carbon sequestration. The CSP of agroforestry 
system in Jharkhand was  about 0.17 t C ha-1 y-1 and in case 
of Odisha, it varied from 0.12 to 0.20 t C ha-1 y-1 .

Carbon sequestration of agroforestry systems in western 
Rajasthan (ICAR-CAZRI, Jodhpur)

The mean values of pH, EC and bulk density of entire 
sampling sites from Sirohi (0-15 cm depth) ranged from 
7.4-9.0, 35-395 uScm-1 1.31.-1.57 g cm-3, respectively. 
The above and below ground tree biomass carbon 

from different land use systems ranged from 0.48-
84.9 t C ha-1 and 0.11-20.32 t C ha-1. The soil CO2 fl ux 
ranged from 1.21±0.42 to 3.28±1.26 kg hr-1 ha-1 in 
different land use systems. In Barmer district, the above 
and below ground tree biomass carbon from different 
land use system ranged from 0.99-25.58 t C ha-1 and 
0.25-20.32 t C ha-1, respectively. Arid soils of Bikaner and 
Kutch differed remarkably in origin and physicochemical 
properties and indicated that the average contribution 
of particulate C towards total C was 15.5% in soils of 
Bikaner and 12.5% in the soils of Bhuj, therby refl ecting 
that on regional level, carbon content in Bikaner soils 
was more prone to erosion. Total vegetation carbon 
stock at Jaisalmer varied from an average of 28.26 t ha-1 
under canal belt plantation to 1.07 t ha-1 under grassland.  
Further, to facilitate the development of proper allometric 
equations, wood specifi c gravity of stem and branches of 
21 tree species of hot semi-arid region of western India 
was also determined. 

    
Depicting different land use systems with Ailanthus excelsa, Acacia tortilis and P juliflora as dominant tree component in Barmer

Soil organic carbon sequestration under different nutrient 
management practices-NPOF experiment (ICAR-IIFSR, 
Modipuram)

Application of organic manures to raise the crops 
organically is one of the management practices to enhance 
carbon buildup keeping other management practices 
constant. Assessment of soil C sequestration potential was 
made after 10 years of continuous organic cultivation of 
different crops at ICAR-IIFSR, Modipuram. Four cropping 
systems (CS1- Basmati rice – duram wheat – GM (Sesbania); 

CS2- Coarse rice – barley (malt) – green gram; CS3- Maize 
(pop corn) – potato – Okra+Sesbania and CS4- Maize 
(sweet corn)- mustard – GM (Sesbania)) were evaluated 
under organic, integrated and chemical fertilizer nutrient 
management practices.  Higher carbon buildup of 74 t ha-1 
was recorded under CS4 in organic management compared 
to 40.9 t ha-1 under CS1 in chemical management. Maize 
(sweet corn)-mustard-GM (Sesbania) cropping system 
under organic cultivation sequestered more carbon (3.95 t 
ha-1 y-1) compared to all other cropping systems as well as 
integrated and chemical treatments.
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Carbon sequestration potential of various organic 
management practices in rice-wheat systems (ICAR-
CSSRI, Karnal)

Rice-wheat cropping system being a very energy 
intense and resource exhaustive, results in depletion of 
soil organic carbon (C) which ultimately leads to low 
productivity. In experiments at CSSRI, relationships were 
established between the C input to soil (in-situ & ex-
situ) and crop yield, C assimilated in the system and C 
sequestration in soil under seven different management 
systems. With the increased C return to soil in rice-wheat 
systems, the most signifi cant contributions were to very 
labile carbon (C) fractions. C stock showed decreasing 
trend with increase in depth and was found maximum at 
0-15 cm depth in case of   green manuring  (GM) (1724.14 
g m-2). Green manuring, addition of FYM, paddy straw 
(PS) and wheat straw (WS) incorporation led to benefi ts 
accrued in terms of soil carbon sequestration compared 
to application of inorganic fertilizers alone.

Assessment of CO2 sequestration through rice based 
cropping system, gross primary productivity and net 
ecosystem exchange (NEE) using eddy covariance 
technique (ICAR-IIWM, Bhubaneswar) 

Gross primary productivity, ecosystem respiration, net 
ecosystem exchange in relation to phenology and leaf area 
index in rice crop was studied during kharif 2017.  Study 
revealed that rice crop behaved as net CO2 sink from tillering 
to milking stage and the seasonal NEE at the end of growing 
period was recorded as -308 g C m-2. The daily variation of 
NEE revealed that maximum net ecosystem exchange (-21 
μmole m-2 s-1) at 1130 hour and it was highly infl uenced by 
leaf area index (LAI). It showed a daytime uptake (negative 
NEE, i.e. uptake of CO2 due to photosynthetic assimilation) 
and night-time release of CO2 (positive NEE, i.e. emission 
of CO2 due to respiration in the absence of photosynthesis) 
from the canopy. Diurnal NEE reached its maximum during 
panicle to boot leaf stage and the value ranged between 
about 12-16 μmole m-2 s-1 during this period. The ratio of 
latent heat fl ux to net radiation, LE/Rn, reached a maximum 
value (0.71-0.76) during the panicle initiation to boot leaf 
stage.  The ratio of sensible heat fl ux to net radiation, H/
Rn was maximum (0.58-.65) at initial vegetative stage and 
reached a minimum value at boot leaf stage. 

Long-term effects of manuring and fertilization on SOC 
sequestration in Indo-Gangetic alluvial plains (ICAR-
IARI, New Delhi)

Balanced application of NPK and 25% or 50% substitution 
of N by either FYM, wheat straw (WS) or Sesbanea green 
manuring (SGM) on long-term basis (32 years) in rice-
wheat cropping system was studied in Incpetisols of upper 
Gangetic (Kanpur, UP), middle Gangetic (Varanasi, UP) 
and lower Gangetic (Kalyani, WB) plains. The total soil 
organic carbon (SOC) stock estimated to a depth of 0-60 
cm was recorded higher in the treatments where 50% 
of N was substituted either by farmyard manure (FYM), 
wheat straw (WS) or Sesbanea green manure (SGM) 
in soils of Kanpur and Varanasi, while soils of Kalyani 
recorded highest SOC stock in 100% NPK which was at 
par with 50% NPK + 50% N-SGM treatment. The SOC 
sequestration rate across various treatments varied from 
0.16 to 0.27, 0.01 to 0.15, and 0.14 to 0.32 Mg ha-1 y-1 at 
Kanpur, Varanasi and Kalyani, respectively. 

Impact of interaction of elevated carbon dioxide (CO2) 
and ozone (O3) on crop growth and productivity in rice

Experiments were conducted in free air ozone and carbon 
dioxide enrichment rings (FAOCE) by growing four rice 
varieties for studying the impact on productivity and 
GHG emissions. The experiments were conducted under 
ambient and elevated CO2 (550 ppm) and elevated ozone 
(70 ppb) conditions. Elevated ozone led to 8 to 13% 
decline in rice yield (N22 to Pusa 44). The 550 ppm CO2 

level was able to counter the negative impact of ozone in 
PRH 10 and N 22 rice varieties.
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Impact of elevated O3 and CO2 interaction on rice yield

Impact of extreme rainfall and eCO2 and e temperature 
on green gram and maize (ICAR-CRIDA, Hyderabad)

An experiment was conducted with test crops of green gram 
(MGG 347) and maize (DHM 117) to study the impacts of 
extreme rainfall in soil bins under rainfall simulator. A100 
mm hr-1 rainfall intensity was imposed on the crop during 
fl owering stage in the green gram in different slopes of 0, 
2 and 4%. 
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Maize growth in rainfall simulator and precision lysimeters with CO2 and temperature controls

The seed yield was infl uenced by the slope and varied from 
100 to 150 g m-2 as the slope increased from 0 to 4% . The 
experiment on impact of eCO2 and etemp on green gram 
in the lysimeters indicated that the crop responded well to 
eCO2 at 550 ppm with maximum yield of 35 g m-2 followed 
by eCO2 + etemp (1oC) over the ambient temperature. The 
yields of green gram obtained in the open top chambers in 
other treatments were 26.55 g m-2 in CO2 + etemp, 22.12 
g m-2 in etemp and 17.7 g m-2 in control. The maize crop 
was grown at three different slopes 0, 2 and 4% of soil 
bins and the extreme rainfall intensity of 100 mm hr-1 was 
imposed at the tasselling and silking stage. The impacts 
were drastic in terms of size of cob and yield reduction. 
The maximum reduction (94%)  in the yield was recorded 
in 4% slope (soil bin slope) followed by 2% and 0% slopes 
as compared to control,  and the physical dimensions of 
cob were also reduced due to extreme rainfall.

Estimation of national level carbon stocks under mango 
vegetation using the allometric equation developed for 
grafted mangos (ICAR-IIHR, Bengaluru)

During the period from March to May, the Konkan region 
which represents one of the major mango regions of the 
country has been covered for this study. Allometric data, 
litter and soil samples were collected randomly from 104 
trees in Konkan Maharashtra, 76 trees from Konkan Goa 

and 40 trees from Konkan Karnataka region. Within the 
region, Konkan Maharashtra mango trees sequestered 
higher carbon (100.26 kg tree-1) followed by Govan Konkan 
Region (89.64 kg tree-1) and Karnataka Konkan region 
(88.43 kg tree-1). The Konkan region having 1,06,210 
hectare of productive mango orchards sequestered a total 
of 1,07,922 tons of carbon.

Climate change impact analysis on soils and crops and 
soil organic stock estimation using  APSIM  model (ICAR-
IISS, Bhopal) 

A long-term simulation analysis was done using APSIM 
model to estimate SOC concentration change in surface 
soils. Results revealed that maize-wheat cropping system 
registered an increase of 31% and 9% over soybean-
wheat and maize-gram systems, respectively. The amount 
of carbon sequestered in the surface (0-15 cm depth) soil 
as predicted by the APSIM model under maize-wheat, 
maize-gram and soybean-wheat systems were: 247, 
197 and 100 kg C ha-1 y-1, respectively. The results also 
revealed that conservation tillage helped in stratifi cation 
of SOC at the surface and it was observed that under no-
tillage condition, the carbon stratifi cation ratio (CSR) was 
the highest where the highest amount of N was applied. It 
was also observed that CSR and carbon pool index (CPI) 
increased with increase in SOC stock.
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Water footprints of diversified crops in rainfed upland

Among land management treatments, cumulative SOC 
mineralization decreased in the order (reduced tillage) 
RT-T4 > RT-T1 > ( no tillage) NT-T4 > NT-T1 across 
aggregate size class at 25°C, RT-T1 > NT-T4 ≈ RT-
T4 > NT-T1 at 35°C and NT-T4 ≈ RT-T4 > RT-T1 > 
NT-T1 at 45°C. The Q10 values of soil C mineralization 
were signifi cantly affected by the main effects of land 

management, aggregate size class and their interactive 
effect. The Q10 values of soil C mineralization were greater 
for the low temperature ranges 25-35°C than the high 
temperature range 35-45°C. In RT treatment Q10 was lower 
than NT treatments and application of FYM increased the 
Q10 of soil C mineralization in both RT and NT.

Effect of tillage and nutrient management on average Q10 of soil C mineralization in different aggregate size classes at 0-15 cm soil depth 
for 25-35°C and 35-45°C temperature range

Climate change variability and water foot prints of 
different crops (ICAR-IIWM, Bhubaneswar) 

A comparative assessment of water footprints was made 
under alternative improved crops and crop management 
practice. Among the crops, the lowest water footprints 
were obtained from maize (1100 m3 t-1), whereas from rice 
the amount was 2450 m3 t-1. Water footprints of rice was 
likely to increase by 2.5, 4.3-7.1 and 9.4-11.3% in 2050, 
2070 and 2090, respectively under RCP 8.5 scenarios in 
the 3 selected states. Micro-irrigation is another option 
for reduction of water footprints in agriculture. Through 

dug well based drip irrigation system in hard rock areas 
of Dhenkanal, 51.5, 63.8 and 63.9% water footprints 
were reduced when drip was applied at 80% ETc than 
that of surface irrigation system. Adoption of suitable 
agro-techniques for crop cultivation is need of the hour 
to produce more crops with less water so as to check the 
decline in surface and ground water resources in India.   

Water footprints of vegetable crops under drip and 
surface irrigation
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Climate change adaptation and mitigation through 
improved crop management, crop diversifi cation, 
enhanced water productivity and nutrient use effi ciency

To improve the water and nutrient use effi ciency under 
drip and surface irrigation, on-farm experiments on drip-
fertigation were continued on vegetable crops viz., cowpea 
and okra during 2017-18. The irrigation was applied 
through drip under 80% ETc along with soluble fertilizer 
(19:19:19 N, P2O5, K2O) at different doses. Study revealed 
that drip + 100% RDF through fertigation was the best 
practice to improve the yield but statistically at par with 
the treatment of drip + 80% RDF fertigation. Enhanced 
crop productivity of 53.6-68.9% was obtained in okra and 
cowpea, respectively under drip + 100% RDF (fertigation) 
over surface irrigation + 100% RDF (soil application).

View of drip-fertigaton in cowpea

Runoff potential availability in rainfed areas in different 
agro-ecological regions of india for rainwater harvesting 
under changing climatic scenarios (ICAR-CRIDA, 
Hyderabad)

The irrigation requirement of different crops was 
determined for Indore district. The SWAT model was 
calibrated (1990-1994) and validated (1995-1998) for 
Malwa region of Madhya Pradesh. Runoff was estimated 
spatially and temporally for the domain districts of 
AICRPDA Indore Centre under changing climatic scenarios 
(RCP 2.6, RCP 4.5, RCP 6.0 and RCP 8.5) using SWAT 
model and ENSEMBLE data. Around 2% increase in runoff 
was predicted by 2050’s, whereas 3% increase in runoff 
was predicted by the end of the century under medium 
emission scenarios. An increase in rainfall and runoff are 

expected at Indore under changing climatic scenarios 
hence, there is a probability of   increased potential for 
rainwater harvesting. 

A spatial runoff estimation model was developed for 
estimating the daily runoff using SCS-CN method coupled 
with GIS and the model was validated using recorded 
data for AICRPDA Vijayapura Centre.  Model estimates 
reveal that by 2050’s, runoff is expected to increase by 
2.5% under high emission scenarios, 2.0% under medium 
emission scenarios and negligible under low emission 
scenarios. The runoff from major portion of the area was 
below 32% of the rainfall in above normal year, below 
15% in normal year and below 10% in drought year.

Spatial variation of runoff (%) in the domain districts of Vijayapura

Rainwater harvesting impact under land shaping 
management for coastal area of West Bengal (ICAR-
CSSRI, Karnal) 

A study was conducted to assess the rainwater harvesting 
potential under different land confi gurations and land 
shaping systems in  West Bengal. The  results of the study 
revealed that in the coastal region of west Bengal, the 
total rainfall which can be harvested through farm pond 
(FP), deep furrow and high ridge (RF) and paddy cum fi sh 
(PCF) land shaping systems was 4069, 3970 and 2006 m3, 
respectively (based on 2012, 2013 and 2014 rainfall data). 
Around 42, 26 and 39% of harvested rainwater in case of 
FP, RF and PCF system can be used for irrigation.
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Layout of different land shaping techniques
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Development and characterization of biochar based slow/
controlled release N fertilizer (CRFs) (GBPUAT, Pantnagar)

Biochar based slow released fertilizer (Biourea) was 
produced by intercalating the urea with biochar in different 
ratios with different types of biochar (rice husk and rice straw 
biochar). The pH and electrical conductivity of biourea was 
recorded between 8.5-10.9 and 0.89-0.97, respectively 
which decreased with the increase in nitrogen content. As 
the proportionate ratio of urea increased with respect to 
biochar in biourea, N content also increased from 20.16 to 
28.45% N in rice straw biochar and 19.31 to 26.28% N 
with rice husk biochar. Carbon content of different biourea 
ranged between 27-32%, which decreased with the increase 
in proportionate ratios of N within different fertilizers of rice 
husk and rice straw based biochar.  Product with higher H:C 
ratio and lower O:C ratio gave the stable biochar production. 
Thus, the biourea (1:1) of rice straw and rice husk may be 
more stable as compared to others. SEM images of biourea 
showed the disordered porosity of biochar particles which is 
supposed to be occupied by urea molecules.

Urea intercalated single grain of rice husk biochar

 Urea intercalated single grain of rice straw biochar

Biochar amendments for improving the performance 
of maize in dry lands as climate change adaptation and 
mitigation strategy (ICAR-CRIDA, Hyderabad)

Biochar management may provide a signifi cant opportunity 
for sustainable improvements of soil health and hence 
increase the growth and yield of maize in rainfed systems. 
Seven years of experimentation on effect of different types of 
biochar in Alfi sols under maize revealed that the application 
of biochar prepared from maize stalks was proved better than 
biochar from castor, cotton and pigeonpea in infl uencing 
the maize yield. Application of maize stalk biochar @ 4.0 t 
ha-1 with RDF+FYM to maize produced comparatively less 
yield in the fi rst year (23% increase over RDF alone) but it 
gave higher yield in the consequent years i.e., seventh year 
(143% increase over RDF alone) after application. Biochar 
applications have strong potential to, improve soil health, 
carbon storage in the soil and maize yield in rainfed Alfi sols 
over a period of time. 

Effect of controlled release fertilisers (crfs) on growth, 
yield and nutrient use effi ciencies in rice–wheat system 
(PAU, Ludhiana)

Based on fi eld experimentation under rice-wheat system, 
highest grain yield of rice and wheat (6.88 and 6.11 tha-1) 
respectively were reported in T3 (rice straw based biourea 
@ 100% RDN) which was 3.3 and 4.27% more over the 
T2 (commercial Urea @ 100% RDN) and 82.98 and 455.1 
% over T1(Control). Highest agronomic and partial factor 
productivity of rice-wheat were recorded under T7 (rice 
straw based biourea @ 75% RDN) followed by T8 (rice 
husk based biourea @ 75%RDN) and T10 (DMSO +rice 
straw based biourea @ 75%RDN) and lowest (18.93 and 
44.00 Kg gain yield per kg N applied) under T2 (Urea 
@100% RDN).

Different biomass and their biochar images both raw and after grinding

Development of mango based integrated farming system 
model for sustainable  productivity and profi tability 
(ICAR-IIHR, Bengaluru)

A mango based integrated farming system model is 
being developed with identifi cation of suitable crops 
for intercropping. Mango + sweet corn system yielded 
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signifi cantly higher system productivity (8, 733 kg mango 
equivalent yield ha-1), net returns (Rs.1,92,632 ha-1) and 
benefi t cost ratio (3.78) followed by mango + red gram 
(6492 kg mango equivalent yield ha-1, Rs. 1,30,014 ha-1 
and 3.01, respectively). However, the analysis of soil with 
different intercropping systems revealed that although 
available N content of the soil increased, both available 
P and K content of the soil decreased drastically (from 
38 to 6.6 kg ha-1 and 385 to 154 kg ha-1, respectively) 
with sweet corn intercropping indicating that additional 
supplementation of P and K nutrition is required with the 
recommended dose of fertilizers for the crop.

Intercropping mango with sweet corn

Finger millet (Cv. GPU-28)  as intercrop in mango based system

Effect of fallow period and slopes on runoff, soil and 
nutrient losses in Jhum fi elds of North East India 
(ICAR-RC NEH, Umiam)

Runoff plot installed at 60 degree slopes in various Jhum fields

Five units of runoff plots were established for the study 
of sediments, runoff, nutrients and organic carbon losses 
from 16, 25, 40, 50 and 60% slopes gradient under Jhum 
fi eld at Langol experimental farm. The sediments, runoff, 
nutrients and organic carbon losses increased with the 
increase in rainfall and slopes gradients. During 3 months 
period (January to March), total runoff losses of 4211, 
7345, 11735, 12776, 13431 litters ha-1, total sediments 
losses  of 14.5, 18.2, 30.8, 39.2 and 42.1 kg ha-1, Available 
P losses of 1.6, 9.0, 17.2, 19.2 and 45.6 g ha-1, Available 
K losses of  3.5, 4.4, 6.9, 8.3 and 43.9 g ha-1 and organic 
carbon losses  of 17.7, 15.2, 21.4, 38.6 and 37.5 g ha-1 

were recorded at 16, 25, 40, 50 and 60% gradient slopes, 
respectively.

Potential of organic crop production as a climate change 
adaptation and mitigation strategy in rainfed agriculture 
(ICAR-CRIDA, Hyderabad)

A fi eld experiment was conducted during kharif 2017 
to evaluate the performance of three crops under three 
production systems. The seed yield of sunfl ower was 14 
and 7% higher in the plots under integrated management 
than that under inorganic and organic management, 
respectively. However, plots under organic management 
gave marginally higher seed yield of greengram and 
pigeonpea. Different production systems had no signifi cant 
effect on soil pH, available N and Mn. However, plots 
under organic management recorded signifi cantly higher 
soil organic C (0.67%). Plots under organic management 
being on par with integrated production systems also 
recorded signifi cantly higher available K (263.1 kg ha-1), Cu 
(2.54 ppm), Fe (7.92 ppm) and Zn (0.57 ppm) compared to 
inorganic production system. 

Performance of crops under different production systems

Studies on thermotolerance in multi-purpose (MPTs) trees 
of agroforestry importance (ICAR-CAFRI, Jhansi)

Experiments were conducted with Albizia procera 
(safedsiras) and Azadirachta indica (neem) by growing 
the seedlings in polybags under elevated temperature 
inside a temperature gradient tunnel (TGT) and under 
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ambient condition outside the TGT. Alarming effects of 
elevated temperature on the leaf physiological status 
were observed. Thus, the temporal change in canopy 
temperature depression (CTD) was clearly noticed in both 
the tree species under ambient and elevated temperature. 
With increase in temperature, there was obvious reduction 
in leaf chlorophyll content index (CCI) in both neem and 
safed siras under elevated temperature.  Temporal change 
in CCI was also prominent and it was adversely affected 
under elevated temperature. Thus, dynamics of CCI 
exhibits its functional importance in relation to increasing 
atmospheric temperature in tree species. 

Feasibility study on use of broad-bed and furrow (BBF) 
and mole drainage system for crop sensitive to water 
logging in Vertisols (ICAR-CIAE, Bhopal)

Field experiment comprising of eight treatments of BBFs of 
varying depths, BBFs coupled with mole drains at 4 m drain 
spacing at a 0.5 m depth were carried out. The increase in 
subsequent wheat crop yields under treatments comprising 
BBFs and mole drainage over the control (4.5 t ha-1) varied 
from 8 to 10% during rabi 2017-18. This was because of 
the effect of sub-surface (mole) drainage on sequential rabi 
season crop due to improvement of soil health. 

Development of real-time uniform rate spraying system 
for soybean-wheat cropping pattern

Real-time uniform rate spraying system was developed for 
soybean-wheat cropping system. The developed system 
was evaluated in the fi eld for application rate of 300 l ha-1 
at 2 kg cm-2 pressure. The error of speed measurement 
with Hall Effect sensor was found 0.64±0.08%.  With 
change in forward speed between 2.43 to 4.5 km ha-1, the 
application rates were found in the range of 293.8 to 298.4 
l ha-1 corresponding to the targeted application rate of 300 
l ha-1. The effective fi eld capacity of the machine was 0.45 
and 0.7 ha h-1 at 1.79 and 3.13 km h-1, respectively.

Integration of different components of the uniform rate spraying system

Herbage productivity and its   nutritional quality  under  
different kinds of pastures  (ICAR-IGFRI, Jhansi)

A long–term fi eld experiment was started during kharif 
2015 with three types of pastures viz. sown pasture, 
improved pasture and natural pasture. Maximum herbage 
yield was attained in sown pasture (6.57 t DM ha-1) as 
compared to other pasture systems. The crude protein (CP) 
content of herbage biomass was in the following order: 
sown pasture (6.74%) > improved pasture > natural 
pasture. NDF, ADF cellulose and ADL contents of herbage 
mass were comparable among the pasture stands, but the 
values of these attributes (fi ber fractions) were relatively 
lower in sown pasture, indicating its better quality. 

Generation and modeling of carbon datasets in different 
agro-ecosystems for climate resilient agricultural 
planning (ICAR-NBSSLUP, Nagpur) 

To assess the temporal changes in soil carbon in three 
benchmark sites, the present values (2017) of soil carbon 
was compared with soil carbon values of 1979 and 
2005 years. It was observed that over a period of 38 
years (1979-2017), there was signifi cant increase in the 
soil organic carbon (SOC) in all the three sites. In case  
of soil inorganic carbon (SIC), effect of land use systems 
on temporal changes was evident. In Linga benchmark 
site with horticulture land use system, initially there was 
signifi cant increase in SIC, thereafter, there was signifi cant 
reduction in SIC values. In the Jamkhandi benchmark site 
with irrigated agriculture, a signifi cant increase in SIC value 
was observed from 1.01% in 1979 to 1.96% in 2017 for 
0-30 cm soil depth, however, for 0-100 cm a reduction in 
SIC value was observed during the corresponding period 
(1979-2017). 

Simulation of soil organic carbon under climate change 
scenarios 

The experiment included different combinations of 
inorganic and organic nutrient sources. Century carbon 
model was used to simulate soil organic carbon (0-23 cm 
soil depth) for sorghum-wheat cropping systems under 
two nutrient management treatments. The climatic data, 
viz., rainfall, maximum temperature (Tmax) and minimum 
temperature (Tmin) of four representative concentration 
pathways (RCPs: RCP 2.6, RCP 4.5, RCP 6.0 and RCP 
8.5) was used and the simulation was carried for two 
time periods, viz., 2050 and 2080. From the results of 
simulation, it was observed that for the periods of 2050 
and 2080, there was signifi cant increase in soil organic 
carbon under 100% NPK plus FYM treatment for RCP 2.6, 
RCP 4.5, RCP 6.0 and RCP 8.5. However, under control 
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treatment, there was slight decrease in soil organic carbon 
under four RCPs. Therefore, addition of inorganic fertilizer 
in combination with FYM could be an important strategy 
in maintaining the soil organic carbon and thus, the soil 
quality under climate change scenarios.

Energy balance in tropical low land   rice-rice system 
(ICAR-NRRI, Cuttack) 

A fi eld experiment was conducted in 2017 to study the 
surface energy components and energy balance closure 
(EBC) in tropical low land rice-rice system. The average 
sensible heat fl uxes were highest  in the period of fallow than 
cropping period but the  average, latent heat fl uxes were 
highest in cropping season than fallow period.  In the  Eddy 
covariance based CO2 fl ux measurement,  the season-long 
integrated net ecosystem energy (NEE) value was observed 
to be  -751.6 g C m-2 and highest cumulative NEE was found 
in  wet season i.e -416.87 g C m-2 . However, during the 
study period, 59-65% of the energy was balanced (using 
energy balance ratio).

Evaluation of portfolios of climate smart agricultural 
practices in rice-rice systems of climate vulnerable 
district of Eastern India 

Demonstration fi eld trials were conducted to evaluate 
climate smart agriculture practices in rice-rice system. 
Adoption of a single climate smart practice i.e. wet direct 
seeding with drum seeder (T2) enhanced  the yield by 
5.4% over farmers’ practice i.e., broadcasting (T1). The 
yield increase was 10.66% over T1, when improved 
variety was included along with wet direct seeding 
with drum seeder. The highest yield increase (17-19%) 
was observed in T4 and T5, where all the three climate 
smart agricultural practices (Wet direct seeding  using 
drum seeder) +improved variety+ improved nutrient 
management) were included. 

Grain yield of rice under different climate smart agricultural practices 

Studies on soil loss and glacial cover (S.K. University 
of Agricultural Sciences and Technology of Kashmir, 
Shalimar, Srinagar)

Statistical downscaling model (SDSM) was used to 
downscale the climatic variable (precipitation) from coarse 
resolution GCM data to fi ne resolution at a point scale. 
The point scale represents the local weather as the model 
was calibrated and validated with the data obtained from 
the weather station located in the watershed. The soil loss 
estimated by Universal Soil Loss equation (USLE) revealed 
that in both the watersheds, there was soil loss ranging from 
low to high. In Kargil watershed, the soil loss estimated 
was 5 to 30 t ha-1 y-1 and in Pheyong it ranged from 5 to 
20 t ha-1 y-1, depending upon topography, adverse climatic 
conditions and increased anthropogenic infl uence on 
land resources, posing great threat to ecosystem. Average 
productivity of the principal crops was low due to loss 
of fertility, lack of irrigation facilities and erratic rainfall. 
Glacier melts has not only increased the risk for crop 
failure but also resulted in loss of fertility by runoff and 
soil erosion as most of the nutrients get eroded with fertile 
top soil.

Studies on change in glacial  cover  indicated that  the 
Himalayan glaciers are both growing and shrinking with 
respect to global climate change. Glacier cover status 
over the past 25 years (1993 to 2017) of Murdok top was 
monitored on multi-temporal satellite images of the years 
1993, 2000, 2010 and 2017. The area covered under 
snow in 1993 was 4.11 km2 while as the minimum area 
covered was recorded in 2000 (2.93 km2). There was a 
decrease in the area from 4.11km2 (1993), to 2.93 km2 

(2000), 3.98 km2 (2010)  and further to 2.97 km2 (2017). 
The year 2010 experienced a good snowfall. The glaciers 
retreated signifi cantly due to change in temperature and 
snowfall pattern, which resulted in change in hydrology 
and seasonal water availability during fi rst months of 
sowing. Unpredictable increase of melt water resulted in 
runoff and soil erosion. The uncertainty increased the risk 
for crop failure as crop season is limited from March/April 
to September/October.
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Soil loss

Change in glacier melt and their effect on soil erosion

Generating climate change scenarios using modeling 
(S.K. University of Agricultural Sciences and Technology 
of Kashmir, Shalimar, Srinagar)

Multiple linear regression (MLR) was used to study the 
climate change in three futuristic phases. Artifi cial Neural 
Networks (ANN) was used to project the trends for future. 
From the simulation, it was found that in ‘Near Future’, 
the average maximum and minimum temperatures  will 
increase up to 8.5% and 41.7%, respectively. The 
precipitation will decrease up to 30.6%. For ‘Mid Future’, 
average maximum temperatures will decrease to 15.8% 
while average minimum temperatures will increase by 

145.2%. Precipitation will decrease by 22.8%. For ‘Far 
Future’, average maximum temperature will decrease by 
4.4% while average minimum temperatures will increase 
by 60.1%. Precipitation values will decrease by 24.3%. 
ANN scatter models presented an increasing trend for 
maximum and minimum temperatures and decreasing 
trend for precipitation. When compared with average 
of baseline period, the average maximum temperatures 
indicated an increase of 1.32oC, average minimum 
temperatures refl ected an  increase by 0.86oC, while 
precipitation  was found to decrease  by 85.76 mm. 
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Physiographic features and water requirement (S.K. 
University of Agricultural Sciences and Technology of 
Kashmir, Shalimar, Srinagar)

The slope map and hillshade map of the study area were 
prepared from DEM in ArcMap 10.4.1 software by using 
spatial analyst tool and these maps revealed that most of 
the study area was plain with slope ranging from 0-30%  
in the  upper reaches of Leh city, and Hemis region had  
steep slope of 60-70%. The land use/land cover map 
of the study area was prepared by interpretation and 
classifi cation of LISS-IV image. Out of total 17929 ha 
of the study area, 53.87% consists of barren and fallow 
land, 37.01% agriculture and utility, 8.97% is build up 
and 0.16% of land consists of water bodies. The contour 
map of the study area which was prepared from DEM in 
ArcMap 10.2 using hydrology and surface analyst tools 
revealed that the elevation of study area ranged from 

3141-3961 m above mean sea level. Based on the 
Hydrometric method  used to determine the texture of 
the study area, it was observed that   most of the study 
area had fi ne sand and fi ne sandy loam soil texture. 
The groundwater simulation carried out in the region 
indicated that the total fl ow in and total fl ow out during  
the present time slice was found to be 362196.2 m3 day-1 
and 324141.5 m3 day-1, respectively. This  indicates  that 
38054.7 m3 day-1 could  be the overall addition of water 
to the groundwater system from all sources and sinks. The 
water requirements of two major crops grown in the area 
like wheat and barley were calculated as 421.5 and 389.3 
mm respectively. The water requirements under 20C rise in 
temperature were found to be  473.6 mm and 448.7 mm, 
respectively. Thus, an increase of 15-20%  was observed 
in  the water requirements of these crops.

Hillshade map of the study area          LISS-IV image of the study area

Frozen water harvesting tank for ground water harvesting
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4.7 Impact and Adaptation Strategies in Livestock and Poultry

Identifi cation of molecular markers in indigenous 
livestock which make them resilient to climate change 
(ICAR-NDRI, Karnal)

Proteome profi ling of serum samples of Karan Fries 
(n=10) and Tharparkar (n=10) exposed to summer, 
thermoneutral and winter season identifi ed a total 
of 57 signifi cantly up regulated (≥2.0) and 85 down 
regulated (≤0.5) differentially expressed proteins (DEPs) 
in Tharparkar cattle in summer season. Further, using 
Venny analysis common DEPs were identifi ed among 
the two breeds of cattle. The gene ontology analysis using 
PANTHER categorized the DEPs based on the molecular 
function into binding (43%), catalytic (33%) activities 
and other proteins involved in the transport, receptor, 
signal transduction and antioxidative activities. Further, 
KEGG analysis revealed that most of the identifi ed DEPs 
were involved in the complement and coagulation 
cascade due to the activation of immune system during 
heat stress. The cytoscape analysis of DEPs identifi ed 
four major pathways including complement activation, 
RAN GTPase binding, T cell migration and regulation of 
lipoprotein oxidation. 106 DEPs identifi ed in the serum 
samples from Karan Fries and Tharparkar were found to 
provide climate resilience in Tharparkar as compared to 
the Karan Fries during high temperature. These proteins 
were found to be involved in the various functions 
such as T- cell migration, chaperons, antioxidative and 
apoptotic activities. Among the differentially expressed 
proteins, 4 proteins namely Fas- associated protein with 
death domain (FADD), Nucleolysin TIAR, Thiamine 
transporter SLC35F3 and Importin 7 (IPO7) were seems 
to be potential candidates for the heat resilience.

Table depicting the number of DEPs among different 
seasons and species (T vs KF). S- Summer, TN- 
Thermoneutral, W- Winter, T- Tharparkar, KF- Karan Fries

Group Up regulated 
DEPs (≥2.0)

Down regulated 
DEPs ( 0.5)

Total 
DEPs

S vs TN (KF) 43 130 173

S vs W (KF) 44 59 103

W vs TN (KF) 34 95 129

T vs KF (S) 57 85 142

Metabolic, immunological and infl ammatory related 
genes profi ling in transition Sahiwal and Karan Fries 
cows during hot humid and winter season showed higher 
(P<0.01) proinfl ammatory cytokines (IL-6, TNF- ) and 
acute phase protein (SAA) in summer season as compared 
to winter season. The up regulation of infl ammatory 
related parameters around or on the day of calving was 
higher in Karan Fries cattle as compared to the Sahiwal. 
The results indicate that Sahiwal may be less susceptible to 
periparturient diseases during postpartum period.

   
Expression of TNF-  genes in Sahiwal and Karan Fries cattle during 

hot-humid and winter season

Somatotropic axis gene expression studies on transition 
cows under metabolic stress during summer season 
showed relatively higher GH mRNA expression in Karan 
Fries than Sahiwal cows. Haptoglobin mRNA expression 
was higher around the day of parturition compared to 
prepartum in both the breeds. Expression of stress 
biomarkers was higher in Karan Fries compared to 
Sahiwal cows during peripartum period and extreme 
climatic conditions. The fi ndings indicate that Sahiwal 
cattle could be less susceptible to postpartum stress and 
able to sustain their productivity during the anticipated 
climate change scenario in near future.
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Expression of GH mRNA genes in Sahiwal and Karan Fries cattle 
during summer and winter season

Effect of astaxanthin supplementation on immunity, 
antioxidant status and production performance in pre and 
postpartum Murrah buffaloes during summer and winter 
seasons
Astaxanthin supplementation @ 0.25mg kg-1 body weight 
from 30 days prior to the expected date of calving to 30 
days post-calving decreased (P<0.05) mRNA expression 
of various immunity related genes (NFkB p65, IL-6, TNF- , 
IFN- ), heat stress related genes (HSPs) and apoptotic genes 
(Bax) in Murrah Buffaloes from prepartum to postpartum in 
both summer and winter seasons. The mRNA expression of 
NFkB p65, IL-6, TNF- , IFN- , HSPs and Bcl-2 were higher 
(P<0.05) in summer than in winter season. Plasma level 
of IgG and PON1 was higher (P<0.05), where as IL-6, 
TNF- , IFN- , catalase and TBARS was lower (P<0.05) in 
supplemented than control in both the seasons. Astaxanthin 
supplementation in Murrah buffaloes improved the milk 
production performance (7%) by changing the energy 
markers and decreasing the SCC due to improvement in 
immunity, antioxidant status during summer and winter 
seasons, however milk yield change was not infl uenced by 
supplementation during winter season.
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Milk Yield in Murrah buffaloes during summer and winter season 
supplemented with astaxanthin

Amelioration of metabolic heat stress in Karan Fries 
heifers with prilled fat

Supplementation of prilled fat @ 2.5% of DMI animal-1 
day-1 in Karan Fries heifers resulted in alleviation of 
metabolic heat stress by restricting the increase in rectal 
temperature and lowering the cortisol levels at 40 and 
42°C exposure levels with 50% relative humidity  for a 
period of 3 hours daily for 7 days. The supplementation 
also reduced the haptoglobin level, an acute phase protein 
and methane energy loss as percent of total metabolic heat 
production.

Metabolic heat production of Karan Fries heifers with or 
without prilled fat

Parameters Control 
heifers

Supplemented 
heifers

Body wt (kg) 178.7 181.0
Metabolic body wt (kg) 48.9 49.4
Mean% CH4 0.014 0.013
VO2(STPD) lt min-1 0.85 0.95
VCO2(STPD) lt min-1 0.76 0.8
VCH4(STPD) lt min-1 0.056 0.051
CH4 (lt day-1) 80.2 73.4
Hp min-1 (kcal) 4.2 4.6
Hp day-1 (kcal) 6049 6653

Seasonal variation in milk composition of different breeds

The seasonal variations (spring and summer) in milk 
composition of 3 different breeds (Sahiwal, Tharparker 
and Gir) were studied. The results indicated that there 
is an increase in milk fat, SNF, non casein nitrogen and 
non protein nitrogen per cent in summer compared to 
spring season in all the breeds. Whereas, lactose remained 
constant in all the breeds in both the seasons.  The seasonal 
variability was less pronounced in Tharparker, whereas  
more pronounced in Sahiwal as compared to Gir breed. 

Seasonal variation of  fat, SNF, protein and non casein nitrogen in 
different breeds

Factors infl uencing thermo-tolerance and adaptability of 
native and cross bred cattle (ICAR-IVRI, Izatnagar)

Study on thermo-tolerance and adaptability among 
native breeds and cross bred cattle (aged 4 to 5 years) 
showed higher respiration rate and rectal temperature 
(P<0.01) in Vrinadavani (crossbred), followed by 
Sahiwal and Tharparkar (native) breeds during summer 
season.  No signifi cant differences were noticed in 
T3 and T4 hormones among breeds during different 
season, however in Vrinadavani cattle, T3 level varied 
signifi cantly between summer and winter seasons with 
higher level during winter. The serum cortisol level was 
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higher in Vrinadavani and lower in Tharparkar in both 
summer and winter seasons. The AST and ALT levels 
were signifi cantly higher in Vrinadavani than Sahiwal 
and Tharparkar during winter. The total antioxidant 
capacity (TAC) was higher in Tharparkar and lowest 
in Vrinadavani. In all the breeds, the TAC activity was 
signifi cantly higher during summer as compared to 
winter. The catalase activity was signifi cantly higher in 
Tharparkar as compared to Vrinadavani during summer. 
The phagocytic index (PI) was signifi cantly higher during 
winter in Tharparkar cattle as compared to summer 
season. However, the LPA was signifi cantly higher 
during winter in Vrinadavani as compared to summer 
season. Expression of HSP70 was highest and very well 
correlated with Temperature Humidity Index (THI). 
Further, HSP70 expression was signifi cantly (P<0.05) 
higher in Vrindavani as compared to Tharparkar and 
Sahiwal in both the seasons. The IL-6 expression data 
indicated that the Tharparkar group had signifi cantly 
(P<0.05) higher expression as compared to Vrindavani 
group and a non-signifi cant difference existed among 
Tharparkar and Sahiwal breeds. The study  indicated 
that stress during summer due to severe heat has more 
deleterious effect on the health status of animals than 
the winter and also by observing the physiological and 
biochemical responses of the native and crossbreed 
cattle, it was evident that the native cattle has a higher 
thermotolerant adaptability than the crossbred animals.

 

Impact of water deprivation on gene expression- 
microarray analysis 

Among the common differentially expressed genes (cDEGs) 
in both Tharparkar and crossbred cattle maintained 

on 25% or 50% water deprivation (of the normal water 
intake) in the months of mid-September and October, 18 
genes were identifi ed to be down-regulated in crossbred 
in comparison to the Tharparkar. The TRAF and TNF 
involved in TNF signaling; TRAF1, ICAM1 and NFkB2 
involved in NFKB signaling; NOS2 involved in calcium 
signaling; and several MAP kinases were down-regulated 
in crossbred and up-regulated in Tharparkar. The down-
regulation of these genes in crossbred and up-regulation in 
Tharparkar indicated better acclimatization of Tharparker 
than the crossbred on the 5th day of 25% water deprivation. 
However the dysregulation was found to be similar in both 
the genetic groups at 10th day of 25% water deprivation 
and at 5th and 10th day of 50% water deprivation.

Heat stress and gene regulation 

Tharparkar and crossbred bulls of approximately 3 years 
of age and exposed to 42°C in psychrometric chamber 
identifi ed 2706 and 3492 differentially expressed genes 
in crossbred and Tharparkar, respectively on the 7th day of 
heat stress. Out of these, 1464 and 1242 genes were up- 
and down-regulated in crossbred and 1782 and 1710 genes 
were up- and down-regulated in Tharparkar, respectively. 
To deduce meaningful interpretation, knowledge based 
approach was followed and pathways governed by genes 
that having direct and indirect role in heat stress were 
selected. These genes included SPDEF, TRAF1, BCL2A1, 
PTGER, TNFAIP3, MAP3K8, HSP, HERUD1, CANX, TP53, 
and DNAJ that were reported to play role in heat stress.

Climate change and prevalence of vector borne and 
zoonotic diseases

Examination of 222 blood samples of cattle collected 
during winter season (Nov. 2017 to Feb., 2018) 
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from selected agro-climatic zones for detection of 
haemoparasitic infection showed the prevalence of 
Theileria annulata (16.04%) in cattle. Faecal samples 
examination of 512 of cattle showed prevalence of 
amphistomes infection (5.1%). Screening of different 
genera of snails (n=533) recorded 5.8 per cent prevalence 
of the larval trematodes, 2.6 per cent amphistomes and 
1.1 per cent schistosomes infections in snails. Further, 
Rhipicephalus (Boophilus) microplus infestation was 
recorded most common in cattle in all the agro-climatic 
zones under the study.

Amelioration of heat stress in sheep through cold water 
drinking (ICAR-CSWRI, Avikanagar)

Avishaan sheep exposed to heat stress (38-42°C) 
and offered cold water (24-28°C) reduced the stress 
response with non-signifi cant increase in dry matter 
intake and modifi cation of physiological and behavioral 
response.  The hormonal profi le showed increase in T4, 
which came down to normal with cold water. There 
was decline in live weight of rams exposed to heat stress 
(HS), which also partially recovered with drinking of 
cold water. 

Cont= Control; HS= Heat stressed; HSC= Heat stressed and 
provided cold water

Solar radiation and performance of Avishaan and 
Malpura sheep

Avishaan and Malpura sheep exposed to 28.3 to 41.1°C 
ambient temperature with THI ranging from 25.6 (0800 h) 
to 34.1 (1500 h) exhibited higher water intake due to the 
solar radiation. Critically, water intake per kg dry matter 
(DM) intake was less in Malpura, and the increment in 
water intake was 8.81% in Avishaan compared to 3.84% 
in Malpura. Avishaan sheep seems to cope-up with solar 
radiation effect as evidenced from physiological responses 
and blood-biochemical and enzymatic profi le. 

Blood-biochemical metabolite levels in Malpura and 
Avishaan sheep 

Groups 
Hb

(%)
PCV

Glu-
cose 

(mg/dl)

Total 
protein 
(mg/dl)

Albu-
min 

(mg/dl)

Choles-
terol 

(mg/dl)

Urea 
(mg/
dl)

AC 7.98ab 28.81a 43.31 6.54 2.01 20.32 18.45
AS 7.14a 29.81a 42.36 6.80 2.26 17.18 16.52
MC 9.13b 35.87b 38.39 6.01 2.30 22.06 18.05
MS 8.06ab 34.29b 44.12 6.97 2.33 18.90 15.92
SE 0.02 0.09 1.91 0.32 0.13 1.67 1.50
P value <0.01 <0.01 0.15 0.17 0.29 0.20 0.59

Plasma/serum enzymes profiles in Malpura and Avishaan 
sheep

Groups ALP (IU/L) SGPT (IU/L) SGOT (IU/L) TOS (mMol/L)
AC 105.03 2.51 1.81 15.31
AS 77.96 1.94 1.19 17.04
MC 111.27 2.11 2.19 15.46
MS 92.57 2.49 2.06 19.75
SE 16.99 0.40 1.70 1.83
P value 0.54 0.69 0.23 0.29

AC= Avishaan control; AS= Avishaan solar radiation; 
MC= Malpura control; MS= Malpura solar radiation

Conserved monsoon herbage as silage during scarcity 
period

Jungli Cholai after monsoon showers observed to be 
an important forage biomass to store as silage so as to 
feed during scarcity period. As sheep foraging on other 
succulent grasses during rainy season, this huge biomass 
gets matured during the course of monsoon and often 
remains unutilized in the fi eld. The humid weather and 
insuffi cient sunshine do not allow making it as hay. 
Making as silage by mixing Jungli Cholai (50%)  + Bajra 
kutty (50%) improved its palatability when compare to 
100 per cent Jungli Cholai as evidenced by higher dry 
matter consumption and maintenance of body weight in  
Malpura sheep.
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Mitigation of cold stress in lambs through herbal pellet 
supplementation

Three months old Magra lambs exposed to winter cold 
stress in arid–climate region during December 2017 to 
January 2018 and supplemented 100 g of herbal pellets 
(20% CP and 2500 Kcal kg-1 ME) continued to accumulate 
body weight with additional gain compared to the lambs 
without supplementation and or with only shed provision.

Growth performance of experiment lambs

Parameters Initial B.Wt 
(kg)

Final B.Wt 
(kg)

Gain 
(kg)

ADG 
(g d-1)

Group I
Shed with no 
supplement 

20.44 24.85 4.41 66.81

Group II 
Shed+herbal 
supplement

19.42 24.64 5.22 79.01

Group III
Open+herbal 
supplement

20.18 25.56 5.37 81.36

Group IV
Open with no 
supplement 

20.05 20.80 0.755 11.43

Development and evaluation of lamb incubator as a 
means to protect lambs from cold stress

A lamb incubator was developed using local materials that 
includes i) umbrella, ii) coarse wool mat, iii) parachute 
cloth iv) other accessories like iron rods, angle iron, 
thermometer etc. The dome is insulated with a mat of 
coarse wool imbedded inside two layers of parachute 
(nylon) cloth that fi tted to a big umbrella frame. It has 
a central stand to keep upright on the ground and the 
outer area is closed by relatively thick mat of coarse wool 
enclosed by parachute cloth that fi tted with iron rods to 
fi x as outer guard to the umbrella. Under preliminary 
observation, the lamb incubator has a relatively comfort 
environment with a 4-5 degrees higher temperature than 
the outer open coral. 

Short duration humid stress and performance of growing 
goats (ICAR-CIRG, Makhdoom)

Post monsoon humid stress (temperature ranged from 29.3- 
37.7°C in the shed and 33.4-38.1°C in the open fi eld with 
THI ranged from 77.7-88.5 and 77.9-88.5, respectively) 
has no signifi cant impact on production potential and 
stress of the goats maintained either under shed or 
grazed in the open fi eld as indicated by the comparable 
body weight gain, per cent DPPH, antioxidant, AST, ALT 
and total protein levels in plasma along with heart and 
respiration rate of animals. However these values were 
relatively lower in the goats maintained in shed than the 
grazing in open area. 

Micro-climate parameters inside lamb incubator vis-à-vis open coral 

Attributes Time Maximum Minimum Dry bulb Wet bulb

Outside
Morning 21.2 3.9 5.8 4.3

Evening 32.9 5.2 24.1 15.3

Shed
Morning 23.8 8.2 11.3 8.0

Evening 25.5 8.8 25.2 11.0

Lamb incubator 
Morning 19.9 15.6 19.4 14.0

Evening 29.5 16.4 29.3 15.0
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Performance of growing goats under short duration post 
monsoon humid stress

 Particulars Shed Open fi eld
Initial body wt. (kg) 7.95±0.50a 7.81±0.41a

Final body wt.  (kg) 9.68 ±0.64a 9.48±0.67a

Total weight gain (kg) 1.73 1.67
Growth rate (g day-1) 36.80 35.53
Dpph (% ) 52.41±2.25a 50.59±2.16a

Anti oxidant (mM) 0.18±0.022a 0.14±0.02a

AST (IU L-1) 80.05±5.66a 77.20±4.06a

ALT(IU L-1) 27.27±2.19a 16.31±1.62a

Total protein (g dL-1) 6.81±0.26a 6.90±0.20a

Short duration (three hours d-1) cold stress (temperature 
ranged from 7.5-18.70C with THI of 46.9-63.8) has a non-
signifi cant negative impact on body weight gain and ADG. 
However, it did not adversely affect the per cent DPPH, 
antioxidants, AST, ALT and total protein levels in plasma 
along with heart and respiration rate of animals.  

Parameters Shed Open fi eld

Initial Body wt (kg) 9.20±0.49a 9.28±0.70a

Final Body wt (kg) 12.75±0.35a 11.71±0.96a

ADG (g/day) 59.16 40.44

Mitigation of cold stress in grower piglets through feed 
formulation (ICAR-RC NEH, Umiam)

Feeding of formulated feed with mustard oil (10%) having 
high energy content (ME of 3611.2 vs 3320.6 KCal kg-1) 
in 8 weeks old crossbred grower piglets (Niang Megha x 
Hampshire) under cold stress showed  signifi cantly higher 
body weight gain (294±15.90 vs. 267±14.78 g day-1) 
and better feed effi ciency (1:4.56 vs. 1:4.83) than normal 
grower ration fed piglets. 

Impact of herbal powder supplementation on stress 
biomarkers in indigenous and improved grower chicken 
during winter

Supplementation of Turmeric @ 1 per cent and Roselle 
@ 0.5 per cent through basal commercial grower mash 
to indigenous naked neck, normal feathered and Vanaraja 
grower chicks during peak winter months resulted in 
lower serum cortisol as compared to the control group. 
Similarly, the serum superoxide dismutase (SOD) levels 
in indigenous naked neck, normal feathered and Vanaraja 
were found to be higher with supplementation of Turmeric 
and Roselle powders compared to the control. Moreover, 
the expression of HSP20, HSP40, HSP70 and HSP90 levels 
were noted to be higher in the supplemented compared 
to the control chicks. The results of the present study 
indicated that the dietary supplementation of Turmeric 

and Roselle powder could mitigate the impacts of cold 
stress in grower chicken. 

Evaluation of various deep litter materials during cold 
months

Average body weight (kg) of pigs at 25 months old was 
recorded  highest (133.6 ± 0.26) with rice husk, followed  
by cement concrete (122.2 ± 0.37), saw dust (119.5 ± 
0.30), koyom leaves (117± 0.29) and pine (115 ± 0.33) 
as a litter material in deep litter housing systems. It was 
observed that the temperature was consistently above the 
ambient temperature with rice husk as deep litter material, 
which was comfortable for the pigs during cold months. 

Comparison of monthly mean ambient temperature with substrate 
temperature

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

Species Distribution Modelling (SDM) is an innovative 
GIS-based method used to produce predictive maps of 
where species are likely to occur and likely not to occur. 
Transmission of three economically important livestock 
diseases (Anaplasmosis, Babesiosis and Theileriosis) in 
10 agro climatic zones of Karnataka and Kerala through 
different species of ticks were analyzed. The results 
indicate that  Rhipicephalus is more prevalent species 
followed by Haemaphysalis in most of the agroclimatic 
zones in both Kerala and Karnataka.

Zone wise prevalence of tick species in Karnataka state during 
September 2017-March 2018
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Zone wise prevalence of tick genus in Kerala state during October 
2017-March 2018

Blue tongue disease risk maps were prepared for 
Karnataka using eleven variables like rain precipitation 
rate, soil moisture, potential evaporation rate, wind speed, 
total precipitation rate, temperature, specifi c humidity, 
pressure, NDVI-normalised difference vegetative index 
and LST-Land Surface Temperature). Similarly  nineteen 
variables (Air temperature, cloud cover, diurnal 
temperature, potential evapotranspiration, precipitable 
water, precipitation pressure, relative humidigy, sea level 
pressure, soil moisture, minimum temperature, maximum 
temperature, zonal wind, vapour pressure, meridional 
wind, wetness, NDVI and LST) were used for preparation 
of Blue tongue disease risk maps of Tamil Nadu. Adaptive 
Boosting Model (ADA) and Random Forest (RF) modelling 
seems to be best fi t models for prediction of Bluetongue 
disease outbreak in Karnataka and Tamil Nadu among 
the 11 different models under study as these models had 
Cohen Kappa (Heildke Skill Score) > 0.60, Receiving 
Operating Characteristics (ROC) >0.90 and True Skill 
statistics (TSS)>0.80 score. 

Risk maps of bluetongue in 
Karnataka state (2015-16 average 

score)

Risk maps of bluetongue in 
Tamilnadu state (2000-16 average 

score)

Seasonal variations are an important characteristic for 
disease occurrence. Periodic regressions are used to assess 
the signifi cance of the risk factors for disease incidence or 
an outbreak as well as prediction and forecasting. Periodic 
Regression was developed for Normalized Difference 
Vegetative Index (NDVI) and Land Surface Temperature 
(LST) risk factors in 10 agro climatic zones of Karnataka. 
It was observed that the trend of NDVI in Central zone 
was increasing whereas in North Eastern Dry Zone, 
Northern Dry Zone, Eastern Dry Zone, Southern Dry 
Zone, Northern Transition Zone,  Coastal Zone zones the 
prediction is decreasing. The increase in the NDVI is due 
to afforestation in that zone.  LST in  Northern Dry Zone, 
Central Dry Zone, Eastern Dry Zone, Southern Transition 
Zone, Northern Transition Zone, Coastal Zone was 
increasing while in North Eastern Dry Zone, Southern Dry 
Zone, Hilly Zone  zones was decreasing. The result of this 
study is signifi cant in respect of present scenario of Global 
Climate Change and this Climate variability infl uences the 
changing risk patterns of disease outbreaks.  

Trends of NDVI in different agro-climatic zones of Karnataka Trends of LST in different agro-climatic zones of Karnataka
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Coping strategies for minimizing impacts of extreme 
climatic conditions on sheep production in Thar Desert 
(ICAR-CAZRI, Jodhpur)

Supplementary feeding of sewan (Lasiurus sindicus) 
grass @ 500 g animal-1 along with balanced concentrate 
feed @ 200 g animal-1 could able to maintain body 
weight of Jaisalmeri sheep breed under extreme hot arid 
region during lean period. The haemoglobin and blood 
glucose levels were maintained higher in comparison 
to no supplementation even during scarcity periods of 
grazing material (October onwards), showing the effect of 
nutritional management. 

Impact of climate change on emergence of vector borne 
infectious diseases in mid hills of Western Himalayan 
Region (CSK HPKV, Palampur)

Climate change is increasing the likelihood of emergence 
and reemergence of various infectious diseases especially 
vector-borne diseases, which will directly or indirectly 
affect the animal and human health. Screened a total of 
403 samples (292 arthropod vector (ticks) and 111 blood 

samples from tick infested animals) for prevalence of 
vector borne pathogens and their geographical distribution 
in 151 villages/places of 53 tehsils of 11 districts in 
Himachal Pradesh. Among the screened samples through 
PCR, 65.4 per cent of the samples were found positive 
for at least one of the vector borne pathogen. Among the 
total samples, 75.7 per cent blood samples and  60.7 per 
cent samples from vectors (ticks) were found positive for at 
least one of the vector borne pathogen. Haemoprotozoan 
were detected in 40.2 per cent, bacterial pathogens in 
29.0 per cent and rickettsiae in 24.3 per cent samples. 
Among heamoprotozoans, 47.5 per cent samples were 
found positive for babesiosis including Babesia bigemina 
(44.4%) and Babesia bovis (15.9%). 8.9 per cent positive 
for Theileriosis that includes Theileria spp (unidentifi ed) 
(7.03%) and Theileria annulata (1.8%). 

In case of bacterial pathogens, 31.27 per cent were positive 
for Anaplasmosis with Anaplasma phagocytophilum 
(25.0%) followed by Anaplasma spp. (unidentifi ed) 
(10.5%) and  A. marginale (6.5%). Further, 37.5%  tick 
samples collected below 1500 m msl altitude were 
positive for vector borne pathogens as compared to 30.4% 
above 1500 m msl altitude. It was also observed that 61.8 
per cent ticks and 41.7 per cent animal blood samples 
were harbouring more than one pathogen. These results 
are confi rming that arthropod vector ticks, which infects 
many animal species and harbouring multiple pathogenic 
agents including zoonotic agents that can cause serious 
health hazard issues for animals and humans in climate 
change scenario. Similarly, detection of multiple vector 
borne pathogens in animals’ blood further confi rms the 

Geographical distribution of 
haemoprotozoans

Geographical distribution of bacterial 
pathogens

Geographical distribution of rickettsial 
pathogens
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transmission of these agents to livestock population that 
can be a serious health and production deterioration 
problem in animal husbandry sector.

Development of statistical models for estimating GHG 
emission from smallholder large ruminant production 
systems (KVAFSU, Hassan)

Computed carbon footprint (CF) of milk by following the ISO 
standardized methods (ISO 14040 2006; ISO 14044 2006) 
and the IDF (2010) guide on standard LCA methodology 
for the dairy sector. The GHG emissions were estimated 
using the Tier 2 approach of the Intergovernmental Panel 
on Climate Change (IPCC 2006). The small scale semi 
intensive dairy farms across Karnataka produced CF in 
the range of 0.8–5.84.0 kg CO2-eq/kg fat-and protein-
corrected milk (FPCM). In all categories of animals, CH4 
emission from enteric fermentation and CO2, CH4 and 
N2O emissions from feed production were the two major 
hotspots. Green house gas (GHG) emissions from manure 
management contributed least to the total emissions in all 
the categories of animals. The combined GHG emissions 
from off-farm and on-farm feed production indicated that 
CO2 was the major hotspot (44.8–54%) in total feed-
related GHG emissions for lactating and replacement 
animals. For aged (8 years) and unproductive animals, 
comparatively lower CO2 emissions were recorded than 
for any other category of animals. The results of CF of milk 
production differed depending on the allocation method 
applied. When all the GHG emissions were allocated to 
a single product, i.e. 100% allocation to milk, the CF of 
cow milk was 2.24, 1.81 and 1.91kg CO2-eq/kg FPCM on 
mass, economic and digestibility basis, respectively. When 
the milk, manure, fi nance and insurance were considered 
as economic functions of the smallholder system, average 
78.8% of emissions were allocated to milk and remaining 
were allocated to other functions (i.e. 4.2% to manure, 
12.5% to fi nance and 4.5% to insurance). Thus, the CF 
of milk based on economic allocation to co-products or 
functions was 1.54 kg CO2-eq/kg FPCM in cows. 

The weighted mean CF of cradle-to-farm gate milk 
production of smallholder farms in different agro-climatic 
zones of Karnataka state was 2.58 kg CO2-eq/kg (FPCM). 
In the studied small scale semi intensive cattle production 
system, manure has an economic importance for the 
farmers and, therefore, after applying co-product allocation 
to manure and other economic functions (fi nance and 
insurance), the CF of milk decreased by 22.5% (i.e. 1.63 
kg CO2-eq/kg FPCM). And this indicates the role of other 
economic functions (i.e. manure, fi nance and insurance) 
in a multi-functional smallholder system. Results indicated 

that with increasing FPCM yields, the GHG emissions 
decreased per kilogram of output (FPCM). Also, it was 
observed that with increasing digestibility of rations, the 
GHG emissions decreased per unit of FPCM.

Allocation method
Cow Farm

kg CO2-eq/kg 
FPCM

kg CO2-eq/kg 
FPCM

Without co-product allocation

Mass allocation 2.24 2.58

Economic allocation 1.81 2.1

Digestibility allocation 1.91 2.2

With co-product or economic function allocation

Economic allocation 1.54 1.63

Carbon footprint (CF) of milk production under 
smallholder production system

Impact of replacing dietary energy with microbial 
enzyme on performance and egg weight in layers  reared 
during summer season (ICAR-DPR, Hyderabad)

Enhancement of metabolizable energy (ME) by 100 kcal/
kg feed or supplementation of fi bre degrading microbial 
enzymes improved the performance of White Leghorn 
(WL) layer chicken (60-67 weeks of age) interms of egg 
production, egg mass and feed effi ciency besides improving 
eggs shell quality during summer season (April and May 
months) under mean maximum and minimum temperature 
(35.5 and 25.4oC) and humidity (51.1 & 22.1%).

Effect of supplementing graded concentrations of Lysine 
on performance and egg weight in layers during summer 
season

Supplementation of graded concentrations (0.65, 0.70, 
0.75 and 0.8%) of digestible lysine improved the 
performance of WL layer chicken (33 to 40 weeks of age) 
fed guar meal based diet (10%) interms of egg production, 
egg mass and feed effi ciency during summer season (April 
and May months) under mean maximum and minimum 
temperature (36.2 and 27.9oC) and humidity (45.8 and 
21.5%). 
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Effect of inclusion of alternate protein sources on 
performance, immune responses and anti-oxidant variables 
in Vanaraja chicken reared during summer season 

Feeding of diets containing  alternate protein sources 
(cotton seed meal or rape seed meal or distillery dried 
grain with soluble from rice) at 20% level to Vanaraja 
chicken (1-42d of age) resulted in lower immune response 
and oxidative stress, besides reducing the performance 
variables (body weight and feed effi ciency) during heat 
stress condition. Stress responses (lipid peroxidation, super 
oxide dismutase, glutathione peroxidise) were signifi cantly 
(P<0.05) higher and humoral immune response were 
signifi cantly lower in chicks fed the alternate protein 
sources compared to the chicks fed with soybean meal as 
protein source. Among the alternate protein sources, the 
performance and immune responses were lower in chicks 
fed 20% rape seed meal compared to other 2 alternate 
sources of protein. The oxidative attributes (LP and GSHP) 
were signifi cantly higher in chicks fed with cotton seed 
meal compared to other 2 alternate protein sources.

Mitigation of summer stress in Vanaraja chicken through 
supplementation of OxyCure

Among the 5 variants of  OxyCure products supplemented 
to Vanaraja chicks from d 1 to 42d of age during summer 
season (April and May months) with mean maximum and 
minimum temperature (34.5 and 22.4 oC) and humidity 
(58.4 and 27.1%),  3 variants of OxyCure improved the 
feed effi ciency and HI response (P>0.05) compared 
to the control diet at the end of experiment. Activity of 

anti-oxidant enzyme (glutathione peroxidise) improved 
in all OxyCure combinations compared to the control 
group. The results demonstrate the potential benefi ts of 
supplementing OxyCure in chicken diet during summer 
season in terms of feed effi ciency and immune responses 
besides reducing anti-oxidant stress. 

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

Supplementation of Chromium propionate @ 200 ppm or 
300 ppm through concentrate mixture to grazing Nellore 
ram lambs (126.3±5.6 d, age)  during March to June 
months (mean maximum ambient temperature and THI 
of 26.0-42.0°C and 86.8-95.7, respectively) increased  
weight gain and average daily gain (ADG) in lambs when 
compared to the lambs fed without supplementation.  The 
body temperature and rectal temperature were almost 
normal and comparable among the lambs at 0600 h, 
however relatively higher values were observed at 1800 h 
in lambs irrespective of supplementation.

A similar trend was also observed in respiration and pulse 
rate of lambs. Increase in body and rectal temperature 
as well as respiration and pulse rate were signifi cantly 
(P<0.05) higher in May compared to other months 
and relatively lower in lambs received chromium 
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supplemented concentrate mixture. Mean blood glucose 
and triglyceride concentrations were slightly lower, HDL 
cholesterol levels were higher in chromium supplemented 
lambs.  Concentration of total and LDL cholesterol, total 
protein, albumin levels were comparable among the 
lambs.  Slightly lower creatinine and blood urea nitrogen 
was observed in lambs supplemented with chromium.  
In conclusion, chromium supplementation could alter 
carbohydrate and lipid metabolisms and help in mitigation 
of heat stress in grazing lambs.

Live weight gain dynamics of lambs with or without Chromium 
supplementation

Mean blood urea and creatinine levels in lambs with or without 
Chromium supplementation
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4.8  Impact and Adaptation Strategies in Fisheries
Effect of climate variability on phenology and distribution 
of marine fi shes (ICAR-CMFRI, Kochi)

Analysis of larvae collected within 20-50 m depth areas 
with oceanographic variables indicated that the presence 
of crustacean larvae had a good correlation (0.35) with 
Sea Surface Temperature (SST). A negative correlation 
coeffi cient of (-) 0.26 was observed between crustacean 
larvae and sea current. The main type of larvae seen was 
that of  mysis and post larval stages of the shrimps, alima 
stages of the stomatopods and crab zoea and megalopa 
stages. The main type of fi sh larvae was seen was that of 
croakers, puffer fi sh, ribbonfi sh, Carangids and Polynemids 
with croaker larvae dominating the samples. Fish eggs 
with embryonic development inside and Jellyfi sh (either 
small or big sizes) were collected in all the months.

 

The catch composition in relation to upwelling clearly 
showed a difference in the species during post-monsoon 
and pre-monsoon season. Most of the species (37 Nos) 
found rich during post-monsoon were the signature 
species of upwelling reported at the southern part of India.

Six species of jellyfi shes (Chiropsoides sp. Aequorea 
sp, Lychonorhiza sp., Chrysoara sp, Rhopilema sp, 
Rhizostoma sp.) were identifi ed from Maharashtra 
coastal waters and its bloom in certain seasons affects 
the commercial fi shing activities and livelihoods. It was 
observed that jellyfi sh abundance is high during October, 
November and December months. Pair plot of jellyfi sh 
abundance and selected explanatory variable shows 
maximum correlation with salinity (-0.86) followed by 
bottom surface temperature (BST) (-0.78).  

Pair plot of Jellyfish intensity and environmental variables

Impact of the marine fi shery on climate change

Life cycle assessment of fi shing operations for three phases 
pre-harvest, harvest, and post-harvest were done for Kerala 
coast and fi shing harbours. Carbon (C) stock assessments 
of mangrove ecosystem were carried out for Dharmadon 
Estuary, Kerala. Carbon sequestration potential of 
commercial seaweed biomass was assessed from the Gulf 
of Mannar. 

The mean combined carbon stock (above ground, root, 
and sediment) of mangrove ecosystem were found to be 
240.58 t C ha-1 and 137.45 t C ha-1  for the study areas 
of Kerala at Dharmadom and Thalassery, respectively. 
The highest C stock was recorded for above ground 
followed by sediment carbon stock and root biomass. 
The analysis of carbon assimilation potential of important 
seaweed biomass along Gulf of Mannar revealed the 
highest potential for Sargassum sp. (6736 tons of standing 
biomass) with the CO2 absorption of 379.9 t/day. Life 
cycle analysis of fi shing operations for Kerala coast shows 
highest emissions during harvest phase (74.37%) followed 
by post-harvest (13.85%) and pre-harvest (11.78%) phases. 

Climate resilient technologies and products developed 
for marine fi shes

Multivendor e-commerce website and mobile app

A multivendor E-commerce website hosted at www.
marinefi shsales.com and associated android application 
‘marinefi shsales’ for use in android mobile phones has 
been developed. This has been done in the context of 
mitigating the direct impact of climate change on coastal 
communities’ livelihoods. The platform is an interface 
with administrative control panel, vendor panels and 
user storefront with ICAR-CMFRI in an administrative 
role, multiple coastal fi shermen SHGs as vendors and 
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consumers as users. The solution got wide coverage in 
national and regional print as well as visual media.

Low cost feeds for Integrated Multi-Trophic Aquaculture 
(IMTA) species

Performance of blue swimmer crabs, Portunus pelagicus 
to formulated low cost feeds showed signifi cant difference 
in growth parameters such as weight gain percentage 
(WG%), specifi c growth rate (SGR), average daily growth 
(ADG) and feed conversion ratio (FCR) among the different 
treatments in both male and female sex (p<0.05). Male 
crabs showed higher ADG, WG% and SGR than female 
crabs. Blue swimmer crab, Portunus pelagicus can be 
successfully cultured using pellet feeds with less FCR.

Water hyacinth based biochar as feed and soil mixture to 
representative paddy-fish system

Conversion of water hyacinth to climate resilient product 
‘Biochar’ endorses the sustainable concept of waste to 
resource conversion and ensures cheap substrate as raw 
material. The biochar incorporation on a representative 
pokkali-tilapia system resulted in improved growth 
performance of Tilapi fi sh, Pokkali paddy growth 
enhancement and water quality improvement. 

Biochar produced from water 
hyacinth

Pokkali growth in biochar 
amended soils

Impact of climate change on freshwater fi shery (ICAR-
CIFA, Bhubaneswar)

The thermal threshold of different developmental stages of 
tilapia, O. niloticus was different for each developmental 
stages. The survival rate of the different age groups of 
tilapia plotted against the duration of hours at various 
water temperature (35-40°C) revealed that no spawn was 
survived beyond 24h at 37°C, similarly 36h for fry at 39°C 
and 50h for fi ngerlings at 40°C. At 36°C, food intake by 
the fry and fi ngerlings was reduced by approximately 
50%. The food intake by the hatchlings/spawn was almost 
stopped at 36°C while the same for fry and fi ngerlings was 
39°C.

The survival rate of a spawn of tilapia reared at different temperature 
regimes (n=100)

The growth and survivability of  Labeo bata fry (0.0988 ± 
0.0012 g) were studied at six different salinity levels, viz., 
control (0.3), 1.3, 3.5, 4.8, 6.6 and 7.1 ppt for four weeks. 
The results showed that, the growth in terms of body 
weight was optimum at 0.3 ppt salinity but after that the 
growth reduced signifi cantly at a higher level of salinity 
tested up to 7.1 ppt level. The survivability was 80 and 
60 percent at 6.6 and 7.1 ppt salinity levels, respectively.

Breeding performance of fi shes viz. Catla catla, Labeo rohita 
at different water temperature for 14 breeding cycles were 
collected from Dhanisagar Fish Farm, Udaipur, Tripura 
between April and August 2017. Temperature effect on 
latency period, Spawning, fecundity, Fertilization rate (%), 
Hatching rate (%) were evaluated. Though variations were 
found in breeding performances, any conclusion cannot be 
drawn from the data collected till date as variable breeding 
performances were noted even at the same temperature.

Twenty fi ve fi sh disease cases of different aetiology have 
been studied during June 2017 to February 2018 in fi shes 
collected from Rahara and Kalyani farm, East Kolkata 
Wetlands and Farmers fi eld of West Bengal. Out of the 
25 fi sh disease cases, 17 types of diseases occurred above 
30 0C. Ulcer, Haemorrhages, Myxoboliasis, Lymphocystis, 
deformities were found more at a temperature above 30 0C 
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and Columnaris, protrusion of eye were recorded in many 
cases below 300C. 

Impact of aquaculture on climate change

The carbon footprint analysis was conducted for the fi sh 
production in Purulia, Bankura, East Medinipur districts 
of West Bengal and Vijayawada and Kaikaloru of Andhra 
Pradesh. The results showed that the sustainability index 
(output/input ratio) was more (5.20 to 7.04) in polyculture 
of Indian major carps with silver carp, grass carp, and 
common carp than either monoculture or the three species 
of Indian major carps culture (1.72 to 3.89) in different 
districts of West Bengal. This study indicated that a 
polyculture with more number of fi sh species is desirable 
for near neutral carbon footprint. The carbon footprint 
analysis of the carp culture practices in Vijayawada and 
Kaikaloru of Andhra Pradesh showed that the total input 
as carbon equivalent was 5362±2230 kg ha-1 while the 
output of live fi sh production was 10181±3032 kg ha-1. 
The output/input ratio was 2.04±0.64 which indicated 
that the culture systems are near carbon neutral system.

The carbon footprint analysis showed that the sustainability 
index (output/input ratio) was more (5.20 to 7.04) in 
polyculture of Indian major carps with silver carp, grass 
carp, and common carp than either monoculture or the 
three species of Indian major carps culture (1.72 to 3.89) in 
different districts of West Bengal. This study indicated that 
a polyculture with more number of fi sh species is desirable 
for near neutral carbon footprint. The carbon footprint 
analysis of the carp culture practices in Vijayawada and 
Kaikaloru showed that the total input as carbon equivalent 
was 5362±2230 kg ha-1 while the output as live fi sh 
production was 10181±3032 kg ha-1. The output/input 
ratio was 2.04±0.64 which indicated that the culture 
systems are near carbon neutral system.

The total carbon storage (Mg C ha-1) of these ponds soils 
varied from 12.99±3.07 in Purulia, 14.99±10.26 in 
Bankura, 14.88±8.56 in Tamluk, East Medinipur, 15±6 
in Vijayawada, and 36±19 in Kaikaloru, respectively. 
Considering 1.0 cm depth, the carbon storage (Mg C 
ha-1) was 0.90±0.37 in Purulia, 1.13±0.58 in Bankura, 
1.01±0.42 Tamluk, East Medinipur, 0.37±0.13 in 
Vijayawada and 0.81±0.42 in Kaikaloru, respectively.

Carbon storage in some aquaculture ponds

Climate change impacts for aquaculture (ICAR-CIBA, 
Chennai) 

The state-wise risk assessment of CC events showed 
that without implementation of adaptation measures, i) 
extreme weather events like heavy rain, fl ood and cyclone 
are rated under high-risk category  due to their extremely 
negative to disastrous impacts (50 to 100% loss) on the 
aquaculture production systems and ii) Seasonal changes 
like late onset and early withdrawal of monsoon, extension 
of summer/winter seasons beyond their stipulated period 
had moderately negative impact (20 to 40% loss) and are 
reported as the second highest risk. 

The effect of three different temperature phases (Control – 
29±1oC; Tr I- 31±1oC and Tr II- 33±1oC) on the maturation, 
spawning, and hatching rate of Penaeus monodon (180 
gravid females and 90 males) were investigated under 
controlled hatchery conditions. Signifi cantly low ovarian 
maturation and spawning were observed with high 
elevated temperature (Tr II). The cellular parameters like 
total haemocyte count and phenoloxidase activity reduced 
signifi cantly at Tr II. Out of the various genes analyzed, 
Vitellogenin showed maximum up-regulation in control 
samples and marginally expressed (0.4 fold decrease) in 
samples at highly elevated temperatures. Similar profi les 
were observed for Hsp70 and Hsp21. Hsp 21 mRNA 
transcripts were up-regulated (1.2 fold) at 30oC and slightly 
decreased at elevated temperature (0.68 fold).  Lysozyme 
and crustin had no signifi cant change in the expression 
pattern. Shrimp juveniles reared in thermostatically 
controlled re-circulatory aquaculture system showed 
decreased growth rate after 340C.
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∆ Map not to scale

Aquaculture vulnerability to climate change

The vulnerability of BWA to CC was operationalized as 
the susceptibility of aquaculture to climate disturbances 
determined by its exposure and sensitivity to perturbations, 
and the farmers’ capacity to adapt. Majority of the 
aquaculture farms in the east coast (TN-66%, AP-66%, 
OD-51% and WB -57%) were moderately vulnerable, 
whereas around half of the farms in the west coast (KL-
39%, KA-48%, GA-43%, MH-55%) were moderately 
vulnerable to CC. About 63% and 45% of farms in Guj 
and KL, respectively showed very low vulnerability 
because of scientifi cally constructed farms and adoption of 
better management practices in the former and negligible 
economic impact of CC due to traditional farming systems 
in the later. 

Based on the vulnerability indexes, maps of aquaculture 
vulnerability to CC were prepared for the coastal districts, 
which are useful to policymakers in making decisions. 

Maps depicting the vulnerability of BWA to climate change: A) 
Nagapattinam, B) West Godavari, C) Alappuzha and D) Maharashtra

CC impact on sea level rise (SLR) or storm surge will be 
a potential threat for aquaculture in the low lying coastal 
areas. The percent area inundated under different land 
use categories in the selected coastal districts due to 
two projected SLR scenarios viz., 0.5 m and 1 m were 
quantifi ed using GIS and RS techniques and the maps 
were prepared.

Life cycle assessment (LCA) in shrimp production systems

Category-wise impact: A) for every ton of shrimp feed production 
from feed mill, and B) for every ton of shrimp production

The data collected through structured questionnaires 
from farms was fi tted into LCA software to estimate the 
contribution of aquaculture production sector to global 
warming potential and other impacts. Category-wise 
impact for every ton of shrimp production revealed that 
except for eutrophication due to feed use, all the other 
impact categories are mainly due to feed preparation in 
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feed mill and energy use by water pumps and aerators. 
Fish meal and its transportation (ocean freight) contribute 
to maximum percent for all the impact categories 

Carbon sequestration in shrimp culture ponds

The total carbon concentration varied from 18.65 to 50.29 
ppm and 8.39 to 48.8 ppm in water and 0.19 to 3.44% 
and 0.314 to 3.24% in soil under P. monodon and P. 
vannamei culture ponds, respectively. Organic carbon 
(OC) content was higher than in-organic carbon content 
in soil and it was a reverse trend in water throughout the 
culture period. OC accumulation in shrimp culture pond 
soil over a period of eight crops in four years indicated 
no signifi cant difference with respect to the OC content 
of pond soil after pond preparation over a period of four 
years, though a slight increase was observed at the end of 
four years period. An amount of 2.4 tons of carbon/ha was 
sequestered over a period of four years due to the increase 
in soil carbon status.

Water footprints of aquaculture systems

The methodology was developed for water footprint 
calculations (Blue, green and grey water footprints) in 
aquaculture and tested in shrimp culture ponds using 
fresh/low saline water. The water footprint (blue and green 
water footprint only, assuming that grey water footprint is 
zero) for a typical 120 days Pacifi c white-legged shrimp, 
Litopenaeus vannamei culture in 1 ha pond area stocked 
with 60 nos. m-2  is 0.44 m3 kg-1 production (80% survival 
and 11.5 t ha-1 production) with  initial water depth of 100 
cm and assumptions of rainfall of 6 cm, evaporation loss 
@ 0.5 cm day-1, and 20% water exchange at fortnightly 
intervals after one month  of crop. If there is no water 
exchange (practicing zero water exchange farming), then 
the water requirement is 0.47 m3 kg-1 production. Under 
similar situations, for Tiger shrimp, Penaeus monodon 
farming (Stocking density - 10 nos. m-2; Survival - 80%;  
Production -  2.72 t ha-1), the water foot print is 1.9 m3 
kg-1 production with 20% water exchange at fortnightly 
intervals after one month and 2.1 m3 kg-1 production with 
zero water exchange.

Adaptation measures in aquaculture

Changes in the mineral composition of shrimp under 
abiotic salinity stress environment

Effect of salinity (0 to 60 ppt) for 45 days on mineral 
profi les of whole shrimp of  Tiger shrimp, Penaeus 
monodon (P.m), Pacifi c white shrimp, P.vannamei (P.v) 
and Indian white shrimp, Fenneropenaeus indicus (F.i) 
showed signifi cant (P<0.05) infl uence of salinity on the 
mineral profi le of whole shrimp in all the species. Higher 

calcium and phosphorous contents were observed in 
shrimp reared in 10 ppt saline water and the lowest in 
60 ppt water.  The Ca: P ratios decreased in all other 
salinities above 30 ppt whereas Ca:Mg ratios increased 
in the salinities below 30 ppt and decreased in shrimp 
reared above 30 ppt. This data along with bioavailability 
of mineral mixtures will be useful for further mineral 
supplementation studies.

Effi ciency of commercial mineral products at varying 
salinities

There is no information on the release of the amount of 
mineral from commercially available mineral products 
into the water phase. An experiment was conducted by 
dissolving four commercial mineral products in waters 
of varying salinity from 0 to 30 ppt. A steady increase 
in the minerals concentration was observed for all four 
products with the increase in water salinity. However, 
the increase in the availability was not uniform for all the 
minerals and varied with each product. Even though some 
of the minerals (Cu, P, Zn, Se and Fe) are present in the 
products, availability of such minerals was not observed 
with all the products. Based on releasing effi ciency of 
minerals and their availability in different saline waters, 
products are suitable for supplementation of minerals. 
These fi ndings are useful for mineral supplementation 
calculations in shrimp culture ponds varying in water 
salinity.                        

Seasonal wetland productivity (ICAR-CIFRI, Barrackpore)

The present study showed plankton abundance of 0.56 
×105 to 1.02 ×105 units/l during post-monsoon season 
in Bhomra, Mathura, Chandania wetlands. Analysis of 
samples revealed 40 genera & plankton density @ 744 
units/l; 42 genera & plankton density @ 1878 units/l; 
30 genera & plankton density @ 1667 units/l during the 
study in Mathura, Bhomra and Chandania wetlands, 
respectively. Microcystis colonies containing 110-385 
cells/colony were observed in Mathura. The Gross Primary 
Production (GPP) rates ranged from 150 to 1000 mgC/m3/hr 
Community Respiration (CR) rates ranged from 0 to 812.5 
(mgC/m3/hr). CR also followed the similar trend with GPP 
in all the wetland which indicates higher rate of carbon 
assimilation during metabolic activities by phytoplankton 
cells. The estimation of Carlson’s trophic state index (TSI) 
showed that the selected wetlands are categorized under 
oligotrophic to mesotrophic in nature. 
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Gadusiachapra 
reared in Pens           

Trends in TSI values of three 
wetlands in West Bengal

Vulnerability of wetland fi sheries to climate change

Analysis of 15 years fi sh production data (2000-2015) 
of Bhomra wetland, West Bengal when collated with 
downscaled climatic grid data of the area (1985-2015) 
and fi sh stocking data (1999-2014) indicated that if better 
management protocols are consistently maintained, 
fi sh production from the wetland may likely increase in 
future without much detrimental impact caused due to 
local trends of changing climate (0.18°C rise in mean 
air temperature and 185 mm decrease in total rainfall). 
Results revealed a positive relationship between fi sh yield 
and stocking (r= 0.589, p<0.05, 2-tailed), fi sh yield and 
mean air temperature (r=+0.517, p<0.05, 2-tailed while 
harvesting effi ciency had an inverse relationship with 
rainfall (r= -0.543, p<0.05, 2-tailed). 

Fish production trend in Bhomra wetland

Based on a recent SWOT analysis carried out through a 
rapid survey of some fl oodplain wetlands in West Bengal, 
we found that the open wetlands support richer fi sh 
diversity and bear more resilience in terms of diversity 
even under climatic variability. Fish diversity in closed 
wetlands, on the other hand, is more sensitive to changes 
in regional thermal-precipitation patterns manifested 
quickly through water stress.

Geomorphologic vulnerability of fl oodplain wetlands

Geomorphologic vulnerability of Mathura beel

Preliminary efforts have also been made to fi nd any 
connection of climatic variability on shrinking of the 
wetlands. Historical (1970-80s) Eco-geomorphology data 
of selected wetlands from three districts of West Bengal 
(North 24 Parganas, Nadia and Murshidabad) were 
acquired from the toposheets. The historical dimensions 
of the selected wetlands have been compared in GIS 
software with their time series satellite images including 
the most recent satellite image (1984-2017). 

The percentage change in a total water spread area have 
been quantifi ed for some wetlands and collated with - 
(a) CIFRI’s published historical data and, (b) real-time 
local fi sherfolk perceptions. Almost half of the surveyed 
wetlands till now (n=6) have demonstrated shrinkage with 
the percentage of reduction ranging between 15-40%. 

Ecosystem vulnerability mapping of Gangetic fl oodplain 
wetlands of West Bengal

The TSI of fl oodplain wetlands in West Bengal was 
estimated based on secondary data (1985-2017) from 52 
wetlands and it ranges between 29.76-51.77 units that 
cover oligotrophic to mildly-eutrophic. Out of 52 wetlands 
mapped, a majority (~75%) of the wetlands in West 
Bengal was found to be under ‘mesotrophic’ category 
(40-50 units TSI). Inter-annual variability of trophic state 
index values among wetlands of West Bengal seemed to 
be signifi cant (p<0.01). Both linear and non-linear trends 
of TSI have revealed that the wetlands in West Bengal are 
showing signs of progressive eutrophication; change over 
the last decade (2008-09 onwards) being more intense - as 
evident from the non-linear model. 

Carlson Trophic Status Index (TSI): Synthesis from 52 wetlands in last 
3 decades (1985-2017)
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Vulnerability assessment of Puntius sophore

Information on various aspects of reproductive traits of P. 
sophore from middle-lower stretches of River Ganga was 
generated for the fi rst time in relation to climate change. 
Rainfall followed by water temperature found to be the 
key drivers regulating gonadal maturation and breeding. 
Availability of a threshold rainfall of >50 mm within a 
wide temperature range (20-30°C) seems necessary for 
threshold breeding GSI (>10.5 units) in the species. Fish 
seem to maintain requisite pre-spawning fi tness (1.61-1.67 
units Fulton condition factor) both during low-mild rainfall 
(50-150 mm) and high rainfall (400-700 mm) conditions 
across a broad thermal window (15-35°C) during which 
mere availability of breeding cues may induce successful 
spawning decisions. The biological thresholds (K spawn50, 
sizes at maturity, threshold GSI for breeding), may serve 
as baseline data for future references while assessing 
climate-driven changes on reproduction and evolutionary 
adaptations in minnows.

Carbon sinking and trading capabilities of wetland 
fi sheries 

Experiments were being conducted to fi nd out the potential 
of primary C capture and ultimate C accumulation in 
the sediments of Bhomra, Mathura and sewage-fed east 
Kolkata wetland (Jhagrasisa of West Bengal). 

Carbon accumulation in sediment

The net primary productivity (NPP) of Jhagrasisa was 
much higher (312.5 mg C/m3/hr) than that of Bhomra 
(181.25 mg C/m3/hr) and Mathura beel (225 mg C/m3/
hr). Measurement of algal biomass indicated that the 
phytoplankton population was much more in Jhagrasisa 
than in Bhomra and Mathura beels. Aquatic macrophytes 
in wetlands also play a vital role in C accumulation as 
during degradation of the dead plants, a substantial 
undecomposed carbonaceous material is deposited and 
accumulated in the sediments. In the wetlands being 

studied, Jhgarasisa has lowest (10%) macrophyte coverage, 
followed by Mathura beel (20%) and highest in Bhomra 
beel (40%).  

The C accumulation up to 0-15cm layer in one hectare of 
wetland sediments was estimated around 30.54 Mg C/ha 
(1Mg=1tonne) in Jhagrasisa, 40.09 Mg C/ha in Bhomra 
and 74.7Mg C/ha Mathura wetland. 

Improving water use effi ciency in aquaculture system 
(ICAR-DCFR, Bhimtal)

Two small-scale re-circulatory aquaculture systems were 
indigenously designed, fabricated and commissioned to 
evaluate its use as a climate-resilient technology which 
can drastically minimize the volume of water, land and 
time used in rainbow trout production. The effi ciency 
and maturation of the gravel-bed biofi ltration system 
were ascertained by continuously examining the nitrogen 
cycle dynamics (ammonia to nitrite to nitrate). Further 
optimization of rearing conditions such as carrying 
capacity, feed application, water recycling methods and 
temperature control, as well as up-scaling of the RAS from 
experimental to commercial scale, is in progress. In this 
way, after optimization and up-scaling, trout productivity 
can be increased from the existing 20 kg/m3 to 60-100 kg/
m3 using less water and land.

Dynamics of TAN, nitrite, and nitrate in the RAS biofilter

Thermal programming of trout

A study on the thermal programming of rainbow trout 
using its developmental plasticity was started. This study 
examines the appropriate development window in which 
thermal stimulus should be given to the fi sh for eliciting 
a positive physiological response to high-temperature 
exposure in later life stages. Initially, eyed ova of rainbow 
trout from the same genetic lineage were incubated at two 
different temperatures, low (LT, 10 ± 1oC) and high (HT, 18 
± 1oC). Post-hatching, half of the LT sac fry was transferred 
to 18oC (LHT) and half of HT sac fry was transferred to 15oC 
(HLT) and reared in the respective temperature until 45 
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dph. At 45 dph, randomly selected individuals from all the 
four treatments were examined for their thermal tolerance 
limits and other performance indices. LHT group was 
found to exhibit higher upper thermal tolerance (CTmax: + 
1.5 to 3oC), weight gain and condition factor as compared 
to the other groups. During this stimulus phase, whole 
fi sh samples were also collected for morphometric and 
histological analyses at regular intervals post-hatch and for 
molecular analysis at the end. Subsequently, fi shes in all 
the treatment groups were shifted to ambient temperature 
(17 ± 1oC) and maintained for a 75 days latent period. 
After which, they were subjected to a high-temperature 
challenge phase (23 ± 1oC) for one month to study the 
impact of the thermal conditioning during early life on 
their later thermal and metabolic adaptation.

CTmax at the end of the stimulus phase

Results of the thermal programming study indicated the 
potential to elicit thermal resilience in rainbow trout 
towards upward shifting thermal regime by subjecting 
them to early life thermal stimulus after hatching. After 
validation of its long-term effect, this could form the basis 
for a hatchery management strategy which imparts thermal 
tolerance in rainbow trout.

Adaptation studies in Tsunami affected areas of Andaman 
(ICAR-CIARI, Port Blair)

Three different sites in each tsunami-affected districts were 
identifi ed for intervention. In South Andaman, the area 
of the farmer, Mr. Abdul Khader, which was left fallow 
following tsunami was developed into broad and furrow 
system with fencing, fodder, and poultry shed. 

Broad band furrow, pond and fodder development in Tsunami affected 
area

Coconut orchard and brackish water aquaculture pond 
development were carried out at Ograbraj site of Malabar 
co-operative society, that was an abandoned coconut farm 
with only fronds left after tsunami sea water inundation 
was cleaned of coconut fronds and to prevent ingress of 
sea water, broad bed and furrows were created. Pond-
based farming system was developed at Rampur site of N 
& M Andaman adjacent to the sea which was abandoned 
due to tsunami damage. Fish and other agro-enterprises 
will be added to it in this season.

Impact of heat waves on shrimps (Sathyabama University, 
Chennai)

Preliminary work on immunological parameters, immune 
and stress gene expression studies were carried out when 
Litopenaeus vannamei was transferred from 28oC (control) 
to 32 and 34oC, 35 and 37oC and 38 and 40oC. 

Temperature anomalies studies in the culture of Litopenaeus vannamei



National Innovations in Climate Resilient Agriculture (NICRA)

100

Development of functional feed as climate resilient 
technology (Sathyabama University, Chennai)
Synthesis of nano-nutrients such as copper, zinc, iron, 
selenium, phosphorus nanoparticles were prepared via 
green chemistry approach using marine seaweeds and 
preliminary physico-chemical properties was characterized 
using various spectroscopic and microscopic analysis. FE-SEM image and EDAX spectrum of nano-particles
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4.9  Socio Economic Impacts and Community Response
Forecasting Estimation 

Adaptation and sustainability indices for different agro-
climatic zones in India (ICAR-NIAP, New Delhi)

Crop productivity data for agro-climatic zones was estimated 
from VDSA database. Daily 1*1 grid data of rainfall and 
temperatures were obtained from India Meteorological 
Department of India. Potential evapotranspiration data 

was obtained from India Water portal for the period 1966-
2011. Further, by using greenhouse gas scenario estimated 
by IPCC in the fi fth assessment report (AR5) for south 
Asia, it is predicted that temperature would increase up 
to 1.5 degree centigrade and rainfall decline by up to 10 
millimeter. Forecast impact of rainfall and temperatures 
for 2025, 2030 & 2035 for both kharif and rabi season is 
given below.

Agro-Climate Zone wise forecasting results for 2025, 2030 & 2035 

Agro- Climatic 
Zone

Name of 
the Crop Percentage of cropped area in the respective state

Kharif Season (In Percentage)

Marginal 
Effect 2025 2030 2035

Western 
Himalayan 
Region (1) 

Rice Himachal Pradesh (15), Jammu & Kashmir (33), 
Uttarakhand (36)

-0.31 -1.71 -2.48 -3.57

Maize Himachal Pradesh (55), Jammu & Kashmir (44), 
Uttarakhand (10)

-0.24 -1.31 -1.91 -2.85

Eastern 
Himalayan 
Region (2)

Rice Arunachal Pradesh (73), Assam (91) West Bengal (8) -0.14 -0.78 -1.14 -1.63

Maize Arunachal Pradesh (23), Assam (9), West Bengal (6) -0.06 -0.35 -0.51 -0.73

Lower 
Gangetic Plain 
Region (3)

Rice West Bengal (59) -1.27 -6.96 -10.12 -14.55

Maize West Bengal (5) -0.01 -0.03 -0.05 -0.07

Middle 
Gangetic Plain 
Region (4) 

Rice Uttar Pradesh (11), Bihar (45) -0.39 -2.14 -3.11 -4.48

Maize Uttar Pradesh (10), Bihar (11) 0.89 4.87 7.09 10.19

Pigeon pea Uttar Pradesh (11), Bihar (12) -0.95 -5.25 -7.63 -10.97

Upper 
Gangetic Plain 
Region (5)

Rice Uttar Pradesh (13) -2.46 -13.55 -19.70 -28.32

Maize Uttar Pradesh (15) -0.68 -3.73 -5.43 -7.80

Trans 
Gangetic Plain 
Region (6)
 

Rice Haryana (29) Punjab (59), Rajasthan (1) -0.15 -0.83 -1.20 -1.73

Barley Haryana (14), Punjab (10), Rajasthan (12) 0.00 0.00 0.00 0.00

Rape Seed Haryana (15), Punjab (10), Rajasthan (5) -0.07 -0.41 -0.60 -0.86

Eastern Plateau 
and Hills 
Region  (7)

Rice Chhattisgarh(69), Jharkhand (86), Madhya Pradesh (4), 
Maharashtra (5), Orissa (32), West Bengal (60) 

0.66 3.60 5.24 7.54

Maize Chhattisgarh(12) Jharkhand (6), Madhya Pradesh (10), 
Maharashtra (1), Orissa (5), West Bengal (6)

1.00 5.52 8.02 11.53

Pigeon Pea Chhattisgarh(5), Jharkhand (6), Madhya Pradesh (5), 
Maharashtra (9), Orissa (8), West Bengal (8)

0.10 0.55 0.80 1.16

Central Plateau 
and Hills 
Region (8)

Maize Madhya Pradesh (12), Rajasthan (4), Uttar Pradesh (21) 0.515 2.83 4.12 5.92

Sorghum Madhya Pradesh (5), Rajasthan (7), Uttar Pradesh (10) -1.107 -6.09 -8.86 -12.73

Pearl Millet Madhya Pradesh (3), Rajasthan (8), Uttar Pradesh (10) 0.042 0.23 0.34 0.49

Western 
Plateau and 
Hills Region (9)

Maize Madhya Pradesh (3), Maharashtra (8) 0.014 0.08 0.12 0.17

Sorghum Madhya Pradesh (8), Maharashtra (10) 0.484 2.66 3.87 5.57

Southern 
Plateau and 
Hills Region
(10)

Rice Andhra Pradesh (3), Telangana (14), Karnataka (9), Tamil 
Nadu (13)

0.24 1.31 1.91 2.74

Sorghum Andhra Pradesh (5), Telangana (5), Karnataka (7), Tamil Nadu (9) -0.04 -0.23 -0.34 -0.48

Maize Andhra Pradesh (1), Telangana (5), Karnataka (6), Tamil Nadu (4) -0.04 -0.21 -0.30 -0.43
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East Coast 
Plains and 
Hills Region
(11)

Rice Andhra Pradesh (16), Orissa (20), Tamil Nadu (21) 1.00 5.53 8.04 11.56

Sorghum 0.67 3.70 5.38 7.73

Maize Andhra Pradesh (16), Orissa (5), Tamil Nadu (6) 0.98 5.39 7.85 11.28
West Coast 
Plain Hills 
Region (12)

Rice Karnataka (4), Kerala (11), Maharashtra (2), Tamil Nadu 
(3)

0.78 4.27 6.21 8.92

Gujarat Plains and 
Hills Region
(13)

Maize Gujarat (5) 1.58 8.69 12.64 18.17

Western Dry 
Region (14)

Barley Rajasthan(1) -0.12 -0.67 -0.98 -1.41

Source: estimated from VDSA database and Indian Meteorological 

Department of India

Adaptation is a plausible option for increasing the 
resilience of marginalized communities, who have a 
high dependence on natural resources. Thus, a better 
understanding of current adaptation measures and their 
determinants will be important to inform policy for future 
successful adaptation of the agricultural sector and for 
mainstreaming adaptation into development agenda. 
Moreover, regionalization of agriculture economy forms 
an effective pathway for sustainable resource-based 
planning and development/adoption of location-specifi c 
policy interventions via prioritization of vulnerable or 
disadvantaged regions / less developed regions. Keeping 
this in view, using district level data the study developed 
a Sustainable Livelihood Security Index (SLSI) using 
several indices like infrastructure, nutrition, economic, 
health, sanitation, workforce, agriculture and environment 
to identify and understand the relevance of various 
indicators for adaptation and the current resiliency status 
of 14 (excluding island region) agro-climatic zones in 
India. Based on the indices, the agro-climatic zones were 

classifi ed into four different clusters namely Very low, Low, 
Medium and High SLS. The calculated SLSI indicate that 
majority of the agro-climatic zones have lower livelihood 
status largely attributed to the infrastructural, nutritional, 
health, sanitation and environmental factors. Regions like 
Gujarat Plains and Hills region show higher infrastructure 
security whereas Western Plateau and Hills region is least 
developed. Most of the agro-climatic zones recorded 
medium economic security status. Environmental index 
scores show that West Coast Plains and Ghats are healthier 
in terms of environmental quality. 

The agricultural status index refl ects that majority of agro 
climatic zones have either very low or low status, which is 
largely attributed to vagaries of nature; climatic parameters 
(rainfall and temperature). The calculated agricultural 
status index scores indicate that Upper Gangetic Plain 
potentially is more secure in terms of agriculture, whereas 
Eastern Himalayan Region has the lowest security. 
Calculated composite sustainable livelihood security 
index score shows that Southern Plateau and Hills have 
highest livelihood security, whereas Eastern Himalayan 
region has the least.

Status of Various Agro-climatic Zones with respect to different Indices
Index Very Low Low Medium High

Infrastructure Status Index - 2,3,4,5,6,7,8,9, 11,12,14 1,10 13

Economic Status Index - 1,6,14 2,3,4,5,7,8, 9,10,11,12,13 -

Nutritional Status Index - 1,2,3,5,6,7,8,9,10,12,13,14 4,11 -

Health Security Index - 1,2,3,4,5,7,8,9, 11,14 6,10,12,13 -

Sanitation Status Index 1 1,2,3,4,5,6,7,8,9, 10,11,12,13 1,2,3,4,6,7,8,9,14 -

Workforce Status Index - 5,10,12,13 -

Environment Status Index 2,3,4,5,13 1,6,7,8,10,11,14 9,12 -

Agricultural Status Index 1,6,7,11,12,13,14 3,4,5,8,9,10 2 -

Sustainable Livelihood Security Index 5,6,8,13 1,2,3,4,5,6,7,8,9, 10,11,12,13,14 - -
Note: See above table to identify the zone by number

The study also identifi ed 165 districts out of 637 having 
lowest agricultural security with maximum districts lying 

in the states of Uttar Pradesh, Madhya Pradesh, Arunachal 
Pradesh, Rajasthan and Maharashtra. Based on critical 
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Agro-climatic Zones specifi c constraints, responsible 
for deceleration in the productivity of agriculture and 
horticulture sector in particular and allied sector, the 
study suggested some region-specifi c adaptive capacity 
indicators and attempted to estimate the Adaptive 
Capacity Index (ACI) for the agro-climatic zones. The 
adaptive capacity index was found to be highest in Eastern 
Himalayan Region and least in the Western Himalayan 
Region.

Adaptive Capacity index of Agro-Climatic Zone 

Agro-climatic Zone Adaptive Capacity Index (ACI)

Western Himalayan Region 0.2876

Eastern Himalayan Region 0.5671

Lower Gangetic Plain Region 0.3258

Middle Gangetic Plain Region 0.4369

Upper Gangetic Plain region 0.5413

Gender Specifi c Adaptation Programmes in Response 
to Climate Change in Coastal Eco- Systems (ICAR-CTRI, 
Rajamahendravaram)

It is observed that the frequency of occurrence of cyclonic 
storms and cyclones has increased in the Bay of Bengal 
in the recent decades resulting in considerable damage to 
the livelihoods and physical assets of people, especially of 
fi shermen, living along the coast. Keeping this in view, a 
need assessment and vulnerability assessment was done 
for the coastal fi shing communities in the selected villages. 
Assessment of needs was done for different domains, viz., 
domestic, personal, health, livelihoods, socio-economic, 
technological as well as in climate change domains. 
The assessment of needs of the fi sher folk revealed that 
the most important essential needs are found to be clean 
and safe drinking water and sustainable livelihood. 
Advanced fi shing and storage equipment, fi sh existence 
and availability of information, improved market facilities 
have a profound infl uence in improvement of livelihood 
opportunities and hence the technological needs were 

moderately prioritized. Among the climate change 
related problems were the disappearing of certain fi sh 
species, fl uctuations in fi sh productivity, pollution with 
toxic sludge, decreasing fi sh taste. A more explicit fi sh 
management and protecting the reserve areas, involving 
communities in biodiversity preservation and protecting 
water bodies from industrial pollution were reported as 
adaption measures. 

Need prioritization indicators of fishing community

The vulnerability assessment was done y constructing 
Human Vulnerability Index (HVI) by combining different 
component indices viz., livelihood, socio-demographic, 
climate variability, health economic. Each of these 
component indices was computed by aggregating data on 
various indicators. The livelihood index of the community 
in the area affected by Hudud was found to be 0.6 and 
health index 0.42.

Indices of various dimensions of vulnerability

Based on the problems, needs and vulnerability 
assessment, gender specifi c capacity building programmes 
on diversifi ed livelihood progremmes specifi c to different 
categories were organized for the benefi t of fi sher women 
at  Kothuru,  Matlaplem & Laksmipatipuram villages of  
Tallarevu Mandal. Also, specifi c diets were formulated 
using the locally available grains and fi sh products to help 
women during vulnerable periods.
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Risk minimization in drought prone Telangana districts 
through millets based crop diversifi cation (PJTSAU, Palem)

Enhancing resilience of agriculture to climate risk through 
promotion of millets cultivation is the main objective of 
this project. During 2017-18, promoition and adoption 
of high yielding and drought tolerant pearl millet and 
sorghum cutlivars and short duration redgram varieties 
through large scale demonstrations in drought prone 
Telangana districts was conducted as the main activity 
under this project.  The comparison of cost analysis 
between the millet demonstrations and other crops viz., 
cotton and maize are worked out and tried to convince 

the farmers about the potential of millets cultivation under 
rainfed situation and marketability.

A preliminary survey was conducted to assess the crop 
situation under rainfed situation in three districts viz., 
Mahabubnagar, Nalgonda and Ranga Reddy. The rainfall 
pattern, crop condition and expenditure put up by the 
farmers to cotton/maize and to millet demonstrations was 
collected during the survey in the selected villages. Further, 
to promote millets based cropping system under rainfed 
situation in the three districts on pilot basis, the following 
villages were selected to take up the demonstrations.

District Village/mandal No. of demonstrations Type of demonstration

Mahabubnagar Rusumpally, Gandeed 50
50

Sorghum + Redgram (4:1)
Pearl millet + Redgram (4:1)

Ranga Reddy Gadda mallaiah guda, Yacharam 50
50

Sorghum + Redgram (4:1)
Pearl millet + Redgram (4:1)

Nalgonda Kollur, Aler 50 Pearl millet + Redgram (4:1)

Total 250

*The above mentioned villages were selected by taking into account the low rainfall situation, increased cultivated area of cotton, maize and frequent 
crop failures of these crops.

The inputs along with printed literature on recommended 
practices of millets was distributed to the farmers in all 
the selected villages during 1st week of June 2017. The 
demonstrations plots were monitored at three stages i.e., 
at vegetative growth stage, fl owering and maturity stage. 
During the season, a severe and prolong dry spell was 
experienced at two stages of the crop growth i.e., during 
3rd week of July and 1st FN of August (14-17 days). Crops 
like maize and cotton grown under rainfed situation during 
kharif 2017 were severely affected and resulted in 50 to 
90 per cent crop failure in both these crops. Whereas the 
millets demonstrations under similar conditions survived 
the dry spell and with subsequent rains recovered resulting 
in reasonably good yields.

In all the villages where millets demonstrations were 
organized, three fi eld days were organized during 4th week 
of August and a total of 1600 farmers were participated 
in these awareness programmes. Further, certifi ed seed 
production of sorghum cultivar PYPS 2 and pearl millet 
hybrid PHB 3 was also organized in about 13.0 acres to 
promote the quality seed to all farmers in the pilot study 
villages. About 30 q of sorghum cultivar PYPS 2 and 16.0 
q of pearl millet hybrid PHB 3 was produced during the 
year for supply to selected villages and surrounding areas 
of the three districts.
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4.10  Real Time Contingency Plan (AICRPDA Network)
During the fi rst phase of the Technology Demonstration 
component of National Initiative on Climate Resilient 
Agriculture (NICRA), the AICRPDA-NICRA programme 
was undertaken at 23 centres. During the year, the on-
farm programme was extended to 22 more adjoining 
villages to the existing 32 villages (total 54 villages) in 24 
districts across 15 states. The real-time contingency plan 
(RTCP) was implemented with two pronged approach i.e. 
preparedness and real-time contingency measures to cope 
with delayed onset of monsoon and seasonal drought 
(early, mid and terminal) in more than 1000 farmers’ fi elds 
in these villages during 2017-18. The salient achievements 

are summarized below.

Real–time contingency measures

On-station

Delayed onset of monsoon

At Anantapuramu, in Semiarid Alfi sols, among different 
contingent crops sown in August, foxtail millet recorded 
higher grain yield (1468 kg ha-1), net returns (Rs.20413 ha-

1), B:C ratio (3.91) and RWUE (3.22 kg ha-1 mm) closely 
followed by horsegram with seed yield of 768 kg ha-1, net 
returns of Rs. 20078 ha-1 and B:C ratio of 3.68.

Foxtail millet Horsegram

At Rajkot, the onset of monsoon was delayed by 18 
days (4th July). Among different semi-spreading varieties 
of groundnut evaluated in Semiarid Vertisols, GG-20 
recorded higher pod yield (1883 kg ha-1), net returns (Rs 
68657 ha-1) and B:C ratio (3.67) as compared GJG-22 
(1627 kg ha-1) and Kaushal (1597 kg ha-1). 

Mid-season and terminal drought

At Arjia, in Semiarid Vertisols, foliar application of macro- 
and micronutrients during dry spell (>10 days dry spell) 
coinciding with grain fi lling of maize signifi cantly enhanced 
the grain yield (2730 kg ha-1) by 13.6% compared to foliar 
application at suffi cient moisture just after dry spell (2403 

kg ha-1). Further, foliar application of water soluble NPKS 
complex fertilizer (18:18:18:6) @ 0.5% + ZnSO4 @ 0.5% 
increased grain yield (2961 kg ha-1) by 36.4% compared 
to control (2171 kg ha-1), with higher net returns (Rs 41179 
ha-1), B:C ratio (3.24) and RWUE (5.0 kg ha-1mm).

On-farm

Delayed onset of monsoon

Short duration or drought tolerant varieties of different 
crops were demonstrated on farmers’ fi elds. On an 
average, these varieties gave about 4-22% higher yields 
compared to local/farmers’ varieties. 

 Interventions for delayed onset of monsoon
Zone /Centre/Delay in 
onset of monsoon Intervention Performance 

Central, eastern and 
southern dry zone in   
Karnataka (Bengaluru) 
(Delayed by 9 days)

Drought tolerant varieties of fi ngermillet 
(MR-6, GPU-28 and GPU-48)

MR-6 recorded 4-5% higher grain yield over GPU-28 (2520 
kg ha-1) and GPU-48 (2490 kg ha-1)

Transplanted fi ngermillet Gave 22% higher grain yield (2625 kg ha-1) compared to 
direct sown fi ngermillet (2152 kg ha-1)

North Saurashtra zone 
in Gujarat (Rajkot) 
(Delayed by 24 days) 

Short duration varieties of groundnut (GJG-
9)

Gave 16% higher pod yield (2250 kg ha-1) compared to var. 
GG-20

Short duration varieties of cotton (Bt. cotton 
variety G.Cot. 8 BGII)

Gave 14% higher seed cotton yield compared to different Bt 
cotton research varieties (1950 kg ha-1)
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Early season drought

Early season drought conditions were addressed through 
demonstrations on in-situ moisture conservation, 

supplemental irrigation etc. These interventions helped in 
adaptation of crops to early season drought and improved 
crop yields by 13-21% compared to farmers’ practice.

Performance of different interventions under early season drought conditions

Zone /Centre/dry spell Intervention Performance 

Scare rainfall zone   (Rayalaseema)  of 
Andhra Pradesh (Anantapuramu) (21 days)

Supplemental irrigation (10 mm depth) from 
harvested rainwater in groundnut and castor

Gave 13.3% higher in groundnut (1672 kg 
ha-1) and 13.8% higher in castor (692 kg 
ha-1) 

Central, eastern and southern dry zone in   
Karnataka (Bengaluru) (20 days)

In-situ moisture conservation  through 
conservation furrows in fi ngermillet (MR-6) 
+ pigeonpea (BRG-2) intercropping (8:2)  

Gave 20.9% higher fi ngermillet equivalent 
yield (2483 kg ha-1) compared to no 
conservation furrows 

Transplanted fingermillet Direct sown fingermillet

Fingermillet + pigeonpea (8:2) with conservation furrow Fingermillet + Akkadi system

Mid season and terminal drought

Different interventions including foliar sprays of KNO3 
and supplemental irrigation demonstrated for mitigating 

midseason and terminal drought/dry spells gave 11-35% 
higher crop yields compared to farmers’ practice.

Performance of different interventions under mid season and terminal drought conditions

Zone /Centre/dry spell Intervention Performance 
Northern dry zone in Karnataka (Vijayapura)
 (56 days)

Foliar spray of KNO3 @ 0.5% Gave 25, 26 and 20% higher yields in pigeonpea, 
chickpea and sorghum, respectively over farmers’ 
practice

Scarcity zone in Maharashtra (Solapur) (28 
days)

Supplemental irrigation at 
fl ag leaf and grain fi lling 
stages of rabi sorghum

Gave 35% higher grain yield over without irrigation 
(780 kg ha-1)

Southern zone in Rajasthan (Arjia) (15 days) Supplemental irrigation in 
maize + blackgram (2:2) 
intercropping system

Gave 26% higher maize equivalent yield over no 
supplemental irrigation (1737 kg ha-1)

Low altitude subtropical zone in Jammu & 
Kashmir (Rakh Dhiansar) (41 days)

Supplemental irrigation in 
maize

Gave 11% higher grain yield compared to without 
supplemental irrigation (2260 kg ha-1)  
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Preparedness

Rainwater management

At Achalpur village (Hoshiarpur district, Punjab), sowing 
of maize on ridges produced 11.7% higher grain yield 
(3646 kg ha-1), net returns (Rs. 28971 ha-1) and RWUE (9.4 
kg ha-1mm) followed by bed sowing (3482 kg ha-1). 

At Vannedoddi village (Ananthapuramu district, Andhra 
Pradesh), in rainfed Alfi sols, deep ploughing with chisel 
plough after receiving pre-monsoon showers recorded 
higher pod yield of groundnut (1611 kg ha-1), net returns 

(Rs.43567 ha-1), B:C ratio (2.39) and RWUE of 3.16 kg 
ha-1 mm compared to the farmers’ practice of no deep 
ploughing (1371 kg ha-1).

At Nagla Dulhe Khan village (Agra district, Uttar Pradesh), 
in-situ moisture conservation with summer ploughing by 
MB plough and sowing by ridger seeder in pearlmillet 
produced 33% higher grain yield (2302 kg ha-1) with 
higher net returns (Rs.22036 ha-1), B:C ratio (2.40) and 
RWUE (6.65 kg ha-1 mm) as compared to conventional 
tillage + broadcasting (1729 kg ha-1).

Pearlmillet under ridge sowing Pearlmillet under farmers’ practice (broadcasting)

Cropping systems

At Chikkamaranahalli village (Bengaluru rural district, 
Karnataka), in loamy sand soils of uplands, pigeonpea 
(BRG-1) + cowpea intercropping system (1:1) recorded 

higher pigeonpea equivalent yield (1221 kg ha-1), net 
returns (Rs.11151 ha-1) and B:C ratio (1.29) compared to 
sole pigeonpea (523 kg ha-1).

Pigeonpea + cowpea (1:1) Pigeonpea + field bean (1:1)

At Nagla Dulhe Khan village (Agra district, Uttar Pradesh), 
pearlmillet + sesame strip cropping system (4:4) gave 
higher pearlmillet equivalent yield (PEY) of 2996 kg 
ha-1, net returns of Rs. 24441 ha-1 and B:C ratio of 2.79 
compared to sole pearlmillet (1621 kg ha-1).

At Varkhed village (Akola district, Maharashtra), among 
cotton based intercropping systems demonstrated in 
medium black soils, the increase in cotton equivalent 
yield was 20, 55 and 28% (1452, 1882 and 1555 
kg ha-1) with cotton + greengram (1:1), cotton + cowpea 
(1:1) and cotton + clusterbean (1:1) intercropping systems 
as compared to sole cotton (1212 kg ha-1). 

Effi cient energy management

At Narotewadi village (Solapur district, Maharashtra), in 
medium black soils, sowing of rabi sorghum with two 
bowl fertilizer seed drill increased grain yield (1010 
kg ha-1), net returns (19260 ha-1), B:C ratio (2.4) and RWUE 
(12.78 kg ha-1 mm) compared to farmers’ practice of local 
seed drill (820 kg ha-1).

At Khaner village (Samba district, Jammu & Kashmir), in 
medium black soils, sowing of maize with maize planter 
gave 27% higher grain yield over farmers’ practice with 
net returns of Rs 24278 ha-1 and B:C ratio of 2.31. The 
energy input was 6893 MJ ha-1 and energy output was 
89903 MJ ha-1.
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Alternate land use

At Khaner village (Samba district, Jammu & Kashmir), in 
shallow soils, the yield of mixed fodder under aonla + 
mixed fodder system ranged from 23000 to 24800 kg ha-1 
with mean yield of 23900 kg ha-1,  RWUE of 47.5 kg ha-1 

mm, net returns of Rs 17794 ha-1 and B:C ratio of 2.49.

Village Level Institutions

Village Climate Risk Management Committee (VCRMC)

VCRMCs established in each NICRA village proved to be 
an effective village level institution in implementation 

of various climate risk resilient interventions such 
as contingency crop planning, soil and crop based 
interventions and effi cient functioning of custom hiring 
centers etc.

Custom Hiring Centre (CHC): During 2017-18, the CHC 
facilities were also extended to farmers of new villages 
adopted by the centres. CHCs helped in hiring the need 
based implements/machinery by resource poor farmers at 
affordable cost and carrying out land preparation, timely 
and precision sowing covering large area in short time and 
other agricultural operations with high energy effi ciency. 

Power tiller Paddy thresher Power sprayer

Implements available in CHC at Budhadani, Kandhamal district, Odisha

Village Seed Bank

During the year, about 330 tons seed of different rainfed 
crops was produced/maintained in different NICRA 
villages.

Fodder Bank

To strengthen the availability of the green fodder in the 
NICRA villages of Naiwan and Achalpur, Hoshiarpur 
district, seed of improved variety of pearlmillet (FBC 16) 

was provided and hybrid Napier cuttings were planted 
on the fi eld bunds of the farmers. At Chikkamaranahalli 
village, Bengaluru Rural district, farmers were supplied 
with seeds of Stylosanthes hamata for sowing on the bunds 
to establish perennial fodder source and to stabilize bunds. 
At Tahakpal village, Bastar district farmers produced seed 
of Stylosanthes (62.7 kg), hybrid Napier bajra (22.4 kg), 
berseem (53.75 kg) and fodder sorghum (95.2 kg).

Fodder maize in Chikkamaranahalli village, Bengaluru Rural district Making silage in Kadesara Kala village, Lalitpur district 

Agro-advisories/Agromet advisories

During 2017-18, timely agromet advisories were given in 
collaboration with AICRPAM centres in adopted villages of 

Akola, Anantapuramu, Bengaluru Rural, Parbhani, Solapur 
and Vijayapura districts.
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Agromet advisory in Tandpal village, Bastar district, Chhattisgarh

Trainings/Field Visits/Field Days

During the year (2017-18), 61 trainings and 22 fi eld days/

exposure visits were organized by the centres which 
benefi tted 11611 stakeholders including farmers. 

Balawas village, Bhiwani district, Hisar Kalimati/Dholia village, Banaskantha 
district, Gujarat 

Vannedoddipally village, Anantapuramu district, 
Andhra Pradesh

Linkages for operationalizing district agriculture 
contingency plans

During 2017-18, the scientists of the centres were actively 
involved in updating the district level crop contingency 
plans, involving scientists and offi cials from KVKs and line 
departments in respective states. Further, the scientists from 
centres also participated in state level meetings organized 
in 5 states (Karnataka, Andhra Pradesh, Telangana, 
Maharashtra and Rajasthan) for operationalization of 
district agriculture contingency plans and contributed in 
developing action plans. 

Agromet advisories from common centres of AICRPDA-
AICRPAM viz., Akola, Anantapuramu, Bengaluru, 
Vijayapura, Parbhani and Solapur were issued by 
AICRPAM centres in AICRPDA NICRA villages. Successful 
RTCPs from AICRPDA-NICRA villages will be up-scaled 
in AICRPAM-NICRA villages by the AICRPAM. Similarly, 
NICRA-KVKs in the domain districts of AICRPDA centres 
were given technical inputs on real time contingency 
planning and doable technologies.
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5. Technology Demonstrations in Climatically Vulnerable Districts 
Technology Demonstration Component (TDC) of 
National Innovations in Climate Resilient Agriculture 
(NICRA) is being implemented in 121 climatically 
vulnerable districts of the country in a farmers’ 
participatory mode, through 121 Krishi Vigyan Kendras 
(KVKs) spread across the country in 28 states and 1 
Union Territory. Demonstrations of proven location-
specifi c resilient technologies related to the natural 
resource management, crop production, livestock and 
fi sheries are being taken up in these villages for imparting 
resilience against climatic vulnerabilities like drought, 
fl ood, cyclone, heat stress, cold stress, coastal salinity, 
etc. These technologies are spreading in the NICRA and 
adjoining villages and reaching several households. 
The proven climate resilient crop varieties are being 
promoted through state agricultural departments so as to 
reach large number of farmers in the vulnerable districts. 
Besides, technology demonstrations are being takenup 
by the strategic research institutes of ICAR addressing 
climatic vulnerabilities.

During kharif 2017, about 31 NICRA villages have received 
an annual defi cit rainfall of 30% or more, in 10 villages 

the defi ciency is between 20-30% and in 26 villages the 
defi ciency is up to 20% and at several locations defi cit 
rainfall was observed during the months of August and 
September adversely affecting crops due to moisture stress 
at maturity stage.

Salient activities and achievements under TDC of NICRA 
during 2016-18 are as follows:

In D. Nagenahalli village of Tumakur in Karnataka a total 
of 10 farm ponds were desilted during the year which 
increased the storage capacity of the ponds that helped in 
providing critical irrigation to groundnut, aerobic paddy 
and china aster crops. The yield of groundnut has increased 
from 1050 to 1625 kg ha-1 and aerobic paddy from 2453 to 
3128 kg ha-1 due to the critical irrigation from farm ponds. 
Farmers are also growing china aster fl ower crop to get 
higher returns from the harvested rain water. The average 
net returns from china aster crop were Rs 78420 ha-1 with 
a B:C ratio of 3.4.

In Takali village of Amravati district in Maharashtra, 13 
checkdams were renovated which could harvest runoff 
water, helped in recharge of ground water resulting in 
raising the water level in the surrounding 62 wells. This 
helped in irrigating an area of 132 ha for growing crops, 

involving 220 farmers. The yield of soybean crop (variety 
JS-9305) with the irrigation from the checkdams and wells 
has increased to the extent of 77%, compared to the fi elds 
without irrigation.  

Renovation of farm ponds increased the storage of water and helped in increasing yields of groundnut, aerobic rice and china aster crops

Renovation of checkdams increased the ground water level in wells helped in providing irrigation to crops and increase yields
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In Harigaon village of Aurangabad district in Bihar, 
renovation of ahars (irrigation channel) was taken up 
which increased the water availability in the channel and 
also raised the water levels in the wells in the vicinity 
of the channel which helped in increasing the crop area 
under wheat, lentil and chickpea to the extent of 37 ha.  
Besides, signifi cant increase in the yields of lentil and 
chickpea was observed up to 66 and 58% with the help of 
sprinkler irrigation system at critical growth stages. 

Desilting and renovation of ahars increased the water availability 
which was used for wheat, lentil and  chickpea

Low cost water harvesting structures, jalkunds, were 
promoted in Umjalasiaw village of Jaintia hills district in 
Meghalaya. The rain water in the undulated landscape 
is quickly lost through runoff, leaving the crops affected 
by dry spells. To overcome this situation low cost water 
harvesting structures called jalkunds are demonstrated to 
provide critical irrigation to crops and to increase cropping 
intensity there by helping the farmers to become resilient 
to prolonged dry spells. Cabbage crop grown in the fi elds, 
with the harvested water from jalkunds, which otherwise 
are left barren, has recorded an average yield of 198 q ha-1, 
net return of Rs. 93220 ha-1 and a B:C ratio of 2.42.

Low cost water harvesting structures (Jalkunds) helped in storing rain 
water in the undulated terrain which was used for growing high value 

vegetables

In Khagri bari village of Coochbehar district in West 
Bengal, plastic mulching was demonstrated for growing 
winter cucumber which increased soil temperature in 
the night, reduced the water requirement of crop, early 
fruiting, reduced fl ower drop, extended fruiting period 
and fruit yield. The yield of cucumber grown with plastic 
mulching has yielded 29.8 t fruits ha-1, with net return of 
Rs 112823 ha-1 and a B:C ratio of 2.7, as against 26.2 t 
fruits ha-1, Rs 91690 ha-1 and 2.4 of yield, net income and 

B:C ratio, respectively, without mulching. 

Plastic mulching helped in protecting crop in winter, conserving 
moisture and increasing fruit yield in cucumber

In Fatepura village of Banaskantha district in-situ water 
conservation measures such as deep summer ploughing 
and use of rotavator was demonstrated and farmers have 
grown castor and pearl millet in these fi elds. Castor crop 
with deep summer ploughing has resulted in 7% increase 
in seed yield compared to farmer’s practice with a net 
return of Rs 46340 ha-1 and B:C ratio of 2.89. Pearl millet 
was grown in the fi eld where residues were recycled with 
rotavator and in-situ water conservation in summer season 
has resulted in 9% increase in seed yield, with net returns 
of Rs. 19300 ha-1 and a B:C ratio of 2.17.

Deep summer ploughing and residue recycling helped in increasing 
crop yields

In Chomakot village of Kota district in Rajasthan, furrow 
irrigated raised bed (FIRB) planting was demonstrated in 
wheat to save water and reduce damage from hail storms 
during crop growth. The FIRB planted wheat yielded 52.5 q 
ha-1 of seed with 22% less water requirement compared to 
conventional method. The net return from this system was 
Rs 61950 compared to Rs 58710 ha-1 from conventional 
sowing method. It has also recorded an increased BCR of 
2.26 compared to that of conventional method of sowing 
(2.19).

FIRB planting of wheat crop saved water and increased the crop yields

In Radauri village of Yamunanagar district in Haryana,wheat 
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sowing with happy seeder was demonstrated in farmers’ 
fi elds, which helped in residue recycling of the previous 
paddy crop and in-situ conservation of soil moisture. The 
paddy residue management is a problem in this area and 
farmers burn the paddy straw to facilitate timely sowing 
of wheat after the paddy harvesting. Happy seeder sown 

wheat has yielded 56.3 q ha-1 of seed with a total net 
return of Rs 61887 compared to that of traditional broad 
casting method with Rs. 51172 ha-1. Happy seeder sown 
wheat has resulted in a higher BCR of 3.09 compared to 
the traditional practice.

Zero till cultivation of wheat is being demonstrated in 
upper and mid gangetic regions by IARI, New Delhi. In 
upper gangetic regions demonstrations were taken up 
in Haryana and in mid gangetic region demonstrations 
were takenup in Varanasi, Uttar Pradesh and Gaya, Bihar. 
Signifi cant savings on tillage as well as higher benefi t-
cost ratio were observed in case of zero-tillage than 
conventional system.

Table-Impact of zero-till and raised bed planting in wheat 
in Gaya, Bihar

Technology Cost of 
cultivation

Yield 
(q ac-1)

Gross in-
come (Rs)

Benefi t-cost 
ratio

Zero-till 14560 19.37 29052 1.99

Conventional 18850 18.12 27186 1.44

Zero till sowing in paddy harvested fields in the states of Haryana and 
Gaya, Bihar 

In Bisrekhi village of Sonbhadra district, Uttar Pradesh, 
short duration drought escaping wheat variety HD-2967 
was demonstrated. The variety has yielded 36.2 q ha-1 as 
against 28.2 q ha-1, with net returns of Rs 36604 as against 
Rs 10193 ha-1and a B:C ratio of 2.4 as compared to 2.1 
with the farmers’ practice.  Similarly, the improved variety 
of mustard, Vaibhav, yielded 8.28 q ha-1 of seed which is 
1.8 q higher than that of local variety. Net returns from the 
Vaibhav variety were 24688 Rs ha-1 and B:C ratio was 3.9. 

Short duration drought escaping wheat and mustard varieties resulted 
in higher yields compared to the traditional varieties

Short duration drought tolerant paddy variety Naveen, 
which also requires less water was demonstrated in 
farmers’ fi elds in Dulsulma & Murma villages in Palamu 
district of Jharkhand. This variety has yielded 32 q ha-1. 
This has resulted in a net return of Rs. 24000 as compared 
to local variety (Rs 4000 ha-1). The B:C ratio recorded for 
Naveen variety was 2.4 compared to 1.4 for local variety.      

Short duration and drought tolerant paddy variety Naveen produced 
higher yields and income compared to the conventional varieties

In Chhachhamau village of Pratapgarh district in Uttar 
Pradesh, soils are diagnosed with high sodicity resulting 
in poor crop stand, crop growth and low productivity. To 
overcome this situation, demonstrations of salt tolerant 
mustard variety CS-56 were taken up, which resulted in 
higher seed yield of 18.3 q ha-1 compared to 14.5 q ha-1 
with local variety. The net returns from variety CS-56 
were Rs 30000 ha-1 with BCR of 3.65, whereas net returns 
and BCR from local variety were Rs 20960 ha-1 and 2.7, 
respectively.

Wheat sowing with happy seeder in the paddy harvested field helped in straw recycling, soil moisture conservation and helped in reducing 
burning of paddy residues
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Saline tolerant mustard variety CS-56 with good crop stand has performed better than conventional varieties under sodic soil conditions                      

Intercropping systems of cotton with greengram and 
blackgram were demonstrated in Sitara village of 
Aurangabad district in Maharashtra to minimize the risk 
of crop failure and to provide stable income from crops in 
the rainfed conditions of the area. Intercropping of cotton 
with greengram and blackgram has resulted in higher net 
returns of Rs 63960 and Rs 62680 ha-1 than that of traditional 
practice of cotton sole crop cultivation with Rs 52945 ha-1 of 
net returns. The BCRs of cotton + greengram and cotton + 
blackgram were also higher with 3.44 and 3.45, respectively, 
than that of cotton sole crop with a BCR of 3.13.

Intercropping of cotton with greengram and blackgram yielded higher 
yields of cotton in addition to the pulse yields 

In the drought prone Melakunda village of Kalaburagi 
district in Karnataka, intercropping of pigeon pea with 
blackgram was demonstrated to increase resilience of the 
system to drought and increase the income of farmers. 
Blackgram introduced as intercrop with pigeonpea  
resulted in higher net returns of Rs 73560 compared to the 
pigeonpea sole crop with Rs 41050 ha-1. Grain yield and 
net return of pigeonpea crop in the intercropping system 
was higher than that of pigeonpea sole crop, indicating the 
resilience due to intercropping with blackgram.

Intercropping of pigeonpea + blackgram resulted in higher yields of 
pigeonpea with additional yields of blackgram

High yielding fi nger millet variety ML-365 was introduced 
in drought prone D.Nagenahalli village of Tumakur district 
in Karnataka. Intercropping of fi nger millet with pigeonpea 
was demonstrated to provide stability in income and 
increase resilience and income to farmers. This has 
increased the net returns of farmers to Rs. 36940 as against 
sole crop of fi nger millet with Rs 33810 ha-1. The BCR of 
intercropping system was 2.6.

Intercropping of fingermillet with pigeonpea resulted in higher yields 

and increased returns

Integrated farming system was demonstrated in Umjalasiaw 
village of Jaintia hills in Meghalaya with components of 
vegetables, piggery and fi shery to increase the resilience of 
farmers towards climate vulnerabilities and increase their 
income from farming. Farmers in the village were growing 
fi sh alone. In an area of 0.15 ha, farmers could earn a net 
return of Rs 28200 with a BCR of 1.89 by adopting an 
integrated farming system module. 
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Integrated farming system with vegetables, piggery and fishery components has benefitted farmers with higher incomes 

In Marapara, Soananggre and Rongbokgre villages of 
West Garo hills, erratic rainfall and prolonged dryspells 
are commonly experienced. To improve the resilience of 
farmers and increase the income of farmers, integrated 
farming system with three components of fi shery, duckery 

and banana was demonstrated, which has resulted in 
higher income. The net returns from the unit with IFS 
model of 16×14×2.5 cubic meter size were Rs 25345 
per year with a B:C ratio of 3.82.   

A one day workshop was conducted on 18th May, 2017 at 
ICAR-CRIDA, Hyderabad, to fi nalize the programme for 
technology demonstration component (TDC) of NICRA for 
the next three years which was chaired by Dr. A.K. Singh, 
Deputy Director General (Agricultural Extension)-ICAR. 
The focus in the next phase will be to enhance resilience at 
farm level by facilitating the spread of promising resilient 
technologies to as many farmers as possible in the NICRA 
villages and adjoining villages, making NICRA villages as 
model villages.

Technical programme finalization workshop (2017-2020) was 
organized at ICAR-CRIDA, Hyderabad on 18th May, 2018  

Annual review workshops for the year 2016-17 were 
organised in concerned ATARIs to discuss the progress 
of the work during 2016-17 and action plans for the 
year 2017-18. The details of annual review workshops 
organised is given in the below table:

Annual workshops being organised at various ATARIs 
during the year 2017-18

Zone 
(No. of 
KVKs)

ATARI Place of the 
workshop Date of meeting

I (13) Ludhiana ATARI Ludhiana, 
Punjab 

18
th
 August, 

2017
II (7) Jodhpur ATARI Jodhpur, 

Rajasthan
5

th
 July, 

2017
III (13) Kanpur ATARI Kanpur, UP 1

st
 July, 

2017
IV (13) Patna KVK Coochbehar, 

WB
30-31

st
 May, 

2017
V (9) Kolkata KVK Coochbehar, 

WB
30-31

st
 May, 

2017
VI (9) Guwahati AAU Guwahati, 

Assam
10-11

th
 July, 

2017
VII (14) Barapani AAU Guwahati, 

Assam
10-11

th
July, 2017

VIII (13) Pune KVK Baramati, MH 3
rd
 July, 

2017
IX (12) Jabalpur ATARI Jabalpur, MP 13-14

th 

November, 2017
X (11) Hyderabad ATARI Hyderabad, 

Telangana
13

th
 July, 

2017
XI (7) Bengaluru ATARI Bengaluru, 

Karnataka
29

th
 July, 

2017

Integrated farming system with fishery, duckery and banana plantation components considerably increased the income of farmers over the fishery alone
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Annual review workshops were organized at all the 11 ATARIs to review the work done by the KVKs and to finalize the future plan of work 
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6. Third Party Evaluation of NICRA – A Brief Summary

As per the suggestions of ICAR a Third Party evaluation 
of  NICRA Project was conducted during December, 2016 
- March, 2017. The contract was awarded to Ms Interco-
Operation Social Development India, Secunderabad. 
Evaluation of the Strategic Research Component (SRC) 
of NICRA has been carried out in 10 ICAR core Institutes 
representing all sectors viz., crops, horticulture, natural 
resource management, fi sheries and livestock & poultry. 
Similarly, 18 KVKs representing all the 8 ATARIs also have 
been evaluated.

Evaluation of Strategic Research Component addressed 
various aspects of the project viz., Progress of relevant 
research, salient achievements; Status of Infrastructure 
facilities assessment of their quality; Quantum of fund 
sanctioned and expenditure; Documentation of research 
and technical fi ndings in the form of publications; 
and Identifying constrains and bottle necks in the 
implementation of NICRA project. Whereas evaluation of 
Technology Demonstration Component (TDC) involved 
assessing the impact and usefulness of the technology 
interventions; Usefulness of capacity building and training 
programmes organized and Identifying best practices for 
up scaling them through other development programmes

Overall Recommendations for NICRA
At Implementation Level:

• The program planning and the structure of strategic 
research needs to be based on thematic approach 
rather than institute based, for better interaction 
between institutes and to avoid duplication of 
works and competition for funds.

• Since the ‘state of the art’ facilities/equipment/ 
instruments have been already installed during 
the fi rst phase of NICRA, the next phase of NICRA 
should put emphasis on strengthening the human 
resource component for making use of the existing 
facilities and infrastructure for advancing strategic 
research towards realizing NICRA objectives.

• Given the ‘state of the art’ technology/equipment/ 
instruments etc., most of the facilities are turn-key in 
nature and highly sophisticated. Due to inadequate 
technical expertise and lack of prior experience 
to run the equipments, skill development and 
hands-on training for project personnel need to 
be adequately strengthened through international 
exposure visits and capacity building activities.

• Considering the ‘state of the art’ nature of 
equipment/facilities, it is suggested that a separate 
budget for repair and maintenance needs to be 
considered during the budget planning stage. 
Wherever, the equipment and instrument costs are 
not substantially high, budget provision for annual 
maintenance contract may be explored.

• While the number of KVKs may be optimized in line 
with the availability of project funds, the emphasis 
may be given towards reaching more farmer groups 
in the villages. 

• Substantial reduction of funds under the Heads 
RC and NRC in RE compared to the BE (2016-17) 
was found to derail the procurement/purchase 
process and contractual services. The possibility 
of establishment of contingency fund to deal with 
situations may be explored.

• The present projections of climate change impacts 
on agriculture are still based on wide climate 
modelling scenarios; therefore, they are not reliable. 
For effective and area-specifi c interventions, down-
scaling of climate modelling is essential. Hence 
research on down-scaling climate modelling should 
be strengthened.

• For advanced knowledge management on climate 
modelling, climate change impact, projections and 
mitigation & adaptation measures in agriculture 
sector, the tie-ups with reputed international 
organizations/Universities should be streamlined.

• The possibility of retaining and continuation of 
contractual staff of the project who have been well 
trained in the various themes of climate change 
may be explored.

• Besides livestock feed management, the manure 
management should be given adequate focus for 
GHG emission reduction from livestock sector.

• While there has been a broad convergence between 
NICRA and the National Mission for Sustainable 
Agriculture (NMSA), convergence with department 
offi cials of Agriculture and Allied Sector is the need of 
the hour for technology dissemination. The respective 
ATARIs may take proactive role in this regard.

• A national level platform should be created for 
disseminating the NICRA fi ndings to all concerned 
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development departments for upscaling the 
interventions across the country. CRIDA as Nodal 
Agency of NICRA, should be given the mandate 
and resources for capacity building and Training 
workshops targeting line department personnel 
from different agro-climatic zones of India. 

• ICAR Institutes should continue to focus on 
research and technology innovations for climate 
resilient agriculture, whereas, large scale execution 
and up-scaling of such interventions should be 
assigned to the line departments like agriculture, 
animal husbandry, fi sheries, irrigation, groundwater 
departments etc.

At Policy Level:
• NICRA should continue to receive the necessary 

policy and other support to sustain the research 
on climate change which is essentially long-term 
and resource intensive in nature, given the long 
gestation period that agriculture sector requires to 
yield the expected outcomes.

• NICRA has achieved the twin objectives of (i) 
Piloting the innovative technologies for climate 
resilient agriculture under its Strategic Research 
Component (SRC) and (ii) Deployment of 
technology in farmers’ fi elds under its Technology 
Demonstration Component (TDC). It is now for 
the development departments to take the cue 
and upscale the interventions across the states, 
in pursuit of achieving India’s goal of doubling 
the farmer’s income by 2022 on one hand, while 
simultaneously making agriculture climate-resilient 
and resource/energy effi cient, and minimizing the 

GHG emissions from agriculture sector.

• The achievements of NICRA should be globally 
publicized by MoEFCC and PMO on UN platforms 
like UNFCCC, besides the Ministry of Agriculture. 
NICRA achievements should also be highlighted in 
India’s Nationally Determined Contributions  (NDC) 
to Climate Change, National Communications 
(NatComs), Biennial Update Reports (BUR) to the 
UNFCCC, and at Conference of Parties (CoP) series 
of UNFCCC and its sector specifi c side events.

• The experiences gained in NICRA in abating the 
impact of climate change on agriculture may be 
shared with other developing countries through 
regional platforms like SAARC or through direct 
bilateral treaties.

• Given its technical expertise and experience 
in climate resilient agriculture, ICAR can offer 
consultancy services to international clients.

• Funding for Strategic Research&Technology 
Demonstration in agriculture can be tapped from 
international agencies like IFAD, FAO etc.

• Ministerial convergence between MoA, MoEFCC and 
Ministry of Panchayat Raj and Rural Development 
is necessary for making agriculture climate 
resilient and sustainable. For example, funding for 
mechanization of agriculture through custom hiring 
centers can be facilitated by integrating agricultural 
needs under the Gram Panchayat Development 
Plan (GPDP) which has huge resource envelope 
after the devolution of funds under the Fourteenth 
Finance Commission.
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7. Publications

During the past two years (2016-18) a total of 497 
publications have been made from NICRA project. Among 
these 99 research papers were published in Journals 
with International Impact Factor.  There are about 19 
research papers published in High Impact Factor Journals 
(> 2.0). Besides research papers there are several other 
publications under NICRA project from different partner 
institutes. The details are as below:

Research Papers published under NICRA with impact factor (2016-18)

Type of Publication Number

Research Papers with IF 99

Research Papers without IF (NAAS Rating) 68

Books and Book chapters 58

Papers presented in Seminars/Conferences/
Workshops

112

News letters 8

Technical bulletins/Articles 75

Pamphlets/Folders 34

Popular articles 43

Research Papers in Peer Reviewed Journals
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Reproduction in Domestic Animals. 53(1):  249–255. 
DOI: 10.1111/rda.13100. (IF: 1.42)

Abeysingha, N.S., Singh, M., Islam, A., Khanna, M., 
Sehgal, V.K., Pathak, H. 2017. Impacts of climate 
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India. Journal of Agricultural Engineering. 54(4): 49–
63. (NASS Rating: 5.59)
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Bhat, N.M., Ahmad, M., Vennila, S., Singh, G., Sardana, 
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blight of tomato for eastern dry zone of Karnataka. 
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