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The challenge of multiple environmental stresses in agriculture is

aggravating evidently with increased frequency, spatial extent and
intensity of the abiotic stresses in the recent decades. The recent
projections made by the Inter-Governmental Panel on Climate Change
(IPCC, 2021) about the increase in extreme weather events in South Asia,
including India, re-emphasised the urgent need for critical outlook and
action by all the nations. The basic and strategic investigations have been
the key enabler in the human pursuit to restore the environmental balance
through realising the decisive framework of adaptation and mitigation
strategies. The ICAR-National Institute of Abiotic Stress Management
(NIASM), has been striving towards this common pursuit through its
incremental scientific explorations aimed at gaining insights and
foresights of the processes and devising sustainable management options
for crop plants, livestock, fish and poultry sectors. Since its establishment
in 2009, the NIASM has complied with the contemporary national and
global objectives such as achieving Sustainable Development Goals (SDGs)
for the people. The multidisciplinary team of researchers at the institute
has the distinct vantage in devising a multi-prong strategy needed to
understand the complex scenarios of abiotic stresses and its sustainable
management.

This Annual Report has detailed the research investigations and the reach-
out activities of the multidisciplinary project teams at NIASM along with
the other supporting activities carried out during 2021. Though many
instances essentially required the inter-school participation owing to the
multidisciplinary project teams, the research findings and the work
progress of the projects of NIASM are briefed school-wise under ‘Research
Highlights’ section for simplifying layout and easy comprehension by the
readers. The chronological gist of these activities can be readily found on
NIASM website in form of our regular publications i.e.,, monthly Project
Coordinator, monthly Farm Coordinator and fortnightly Agro-advisories.
The readers interested in the details are encouraged to retrieve these from
43 research papers, 4 review papers, 1 book, 12 technical bulletins, 11
technical/extension folders, 3 training manuals and 48 popular articles
given under the publication section. Apart from these publications the
research findings have also been presented in several of the national and
international fora by the researchers. NIASM hosted one such research
fora this year at its campus to encourage the scientific discussions, and
also other important activities listed under ‘Major Events’ section of this
Annual Report. The awards and recognition received; external linkages
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and collaborations developed and all other significant activities have been listed under the
pertinent sections of this Annual Report.

I extend my sincere thanks to Dr Trilochan Mohapatra, Secretary (DARE) & Director General
(ICAR); Shri Sanjiv Kumar, Additional Secretary (DARE) & Financial Advisor (ICAR); Shri Sanjay
Garg, Additional Secretary (DARE) & Secretary (ICAR); Dr Suresh Kumar Chaudhari, DDG, NRM
(ICAR); Dr S Bhaskar, ADG, AAF & CC and Dr Adlul Islam, ADG, SWM for their continued support
and guidance. Valuable guidance, encouragement and support received from Dr B
Venkatswarlu, Chairman and other esteemed members of Research Advisory Committee
(RAC); members of Institute Management Committee (IMC) and Institute Research Council
(IRC) of the Institute are sincerely acknowledged. I sincerely thank the Heads of the Schools;
Scientists; and Technical, Administration and Finance staff of the institute for their whole-
hearted efforts and dedication in carrying out the activities of the institute. [ appreciate the
efforts made by the members of the Publication Committee in compiling this Annual Report. [
acknowledge the efforts and commitment of all the staff to serve this national institute.

[ sincerely hope that the Annual Report will be useful for the researchers, policy makers,
development functionaries, farmers and students and help in promoting sustainable

agriculture.
Mg

Date: 31-12-2021 (Himanshu Pathak)
ICAR-NIASM, Baramati
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AHP Analytic Hierarchy Process
BSF Black Soldier Fly
CAM Crassulacean Acid Metabolism
w CART Classification and Regression Trees
CIFS Climate smart Integrated farming system
Z CRBD Completely Randomized Block Design
cv Coefficient of variation
¢ CWs Constructed wetland system
[ DAP Das after planting
h DAS Days after sowing
EC Electrical Conductivity
< FCR Feed Conversion Ratio
_ GEE Google Earth Engine
> GHG Greenhouse Gases
GIFT Genetically Improved Farmed Tilapia
u GOI Government of India
m HCN Hydrogen Cyanide
HPLC High Performance Liquid Chromatography
m [AA Indole-3-Acetic Acid
IBA Indole butyric acid
m ICT Information and Communication Technologies
IMD Indian Meteorological Department
< IoT Internet of things
IW:CPE Irrigation Water: Cumulative Potential Evaporation
LB Lysogeny Broth
LC50 Lethal Concentration 50
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LC-MS

NCBI

NDVI

NDWI

NITI

NOAA

No./Nos.

NUE
PCR
PEG
PGPR
PGR
ppt
PS-11
RF
RWC
SCSP
SDG
SHC
SOP
THI
TNZ
TSP
UHPLC

VIIRS

Liquid chromatography-mass spectrometry
National Center for Biotechnology Information
Normalized Difference Vegetation Index
Normalized Difference Water Index

National Institution for Transforming India
National Oceanic and Atmospheric Administration
Number/Numbers

Nitrogen Use Efficiency

Polymerase Chain Reaction

Polyethylene Glycol

Plant growth-promoting rhizobacteria

Plant Growth Regulators

Parts per trillion

Photosystem-II

Random Forest

Relative Water Content

Scheduled Castes Sub-Plan

Sustainable Development Goals

Soil Health Card

Sulphate of Potash

Thermal Humidity index

Thermo- Neutral Zone

Tribal Sub-Plan

Ultra High Performance Liquid Chromatography

Visible Infrared Imaging Radiometer Suite
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The framework and databases were developed for a
comprehensive, integrated Abiotic Stress Information System
(ASIS) capturing soil, water, climate, crop, animal, poultry, fisheries
and socio-economic parameters at temporal and spatial scales. The
soil nutrient and soil fertility Indices maps at the district level were
prepared for the country utilizing more than 16 crore data points.

Greenhouse gas (GHG) emissions as well as fodder demand and
supply were estimated at the district level using the Tier 1
methodology for India.

Digital geo-spatial layers and maps were compiled for India with
respect to delineating boundaries, land and water use, socio-
economic census, meteorological parameters, soil chemical
properties and breeding tracts of livestock.

A novel technology to prevent flower and immature fruit drop due
to rainfall in dragon fruit was identified and demonstrated. This
technology comprises bagging/covering flowers, sheltering plants,
and supplementary pollination.

For the first time, in dragon fruit, nine different disease-causing
pathogens genera were reported, namely, Colletotrichum spp.,
Fusarium spp. Alternaria spp. Phoma spp. Biopolaris sp.,
Nigrospora spp., Neoscystalidium sp. Curvularia spp. and
Rhizoctonia spp. NCBI accessions were obtained for the identified
pathogens.

Pigeon pea genotypes namely ICP-7375, ICP-7076, ICP-7507, ICP-
7426 1CP-7314,1CP-6128, ICP-6859, ICP-6815, ICP-7148, ICP-6992,
ICP-9414, which exhibited high survival rate, enhanced plant height
under stress, and high chlorophyll content and PS-II efficiency as
compared to the tolerant checks were identified.

Abiotic Stress Gene bank at I[CAR-NIASM was established with 1250
crop germplasm collected from several locations.

Genotypes JG-16 and BGM 408 were identified as potential source
for drought tolerance in chickpea breeding programmes for semi-
arid regions.

A Climate-smart Integrated Farming System (CIFS) model has been
developed in one hectare land at ICAR-NIASM. In the first year, the
overall cost of cultivation of different components was Rs 1,61,315,
gross income was Rs. 1,91,491 and the B:C ratio was 1.18.

Using VIIRS NOAA-20 daily satellite data, fire events for burning
sugarcane trash were identified to target preventive technology
measures in sugarcane growing areas.

A spreadsheet model for spatial assessment of thermal severity for
livestock and poultry was developed.

The adaptability of goat breeds, namely, Osmanabadi, Sangamneri,
Konkan kanyal and Boer, to climatic stress prevalent in the region
was assessed. These breeds were found suitable for rearing in
similar climatic regions (climate analogues).
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The Vertical Constructed Wetland Systems (VCWs) have shown higher metal removal
capacity compared to horizontal VCWs. The metal removal capacity was found in order
for filter materials as Gravel+ Charcoal (GCW) > Gravel (GW) > Gravel+ Brick block (GBW)
> Gravel+Coco peat (GPW) > Control (CW) treatments.

A UHPLC-based analysis of the exometabolites of halotolerant Rhizobium revealed the
presence of putative compounds viz. Gentisic acid, Protocatechuic acid, Gallic acid, Gallic
acid derivatives, Vanillin, and Syringic acid derivatives as the active biochemical
constituents of the exometabolite pool.

An online Cage Culture Directory of India was developed to compile a database on the
existing cage culture locations in the country.

Turmeric genotypes Allepppy Supreme, followed by Rajendra Sonia, Lackdong, Waygoan,
NDH-98, BSR-2 and Roma performed well (based on dry yield per plant) under poor
nutrient and shallow soils.

Fenugreek varieties Afg-3, Co-2, and Rmt-305 were found tolerant to moisture stress and
able to provide higher yield without much reduction in yield due to moisture deficit
stress.

Isolate 52 extracted from saline habitats from Diveagar area (Raigad district) of
Maharashtra exhibited higher siderophore production capability under harsh saline
conditions (3.5% NaCl) and is likely a potential microbe for plant growth promotion
under saline conditions.

A combination of Se-NPs at 0.2 mg kg-1 and EPA+DHA at 0.4 % followed by 0.2% was
found to alleviate temperature stress, bacterial infection and arsenic pollution in fish
(Pangasianodon hypophthalmus).

A Matlab app “Brute force identification of best performing two band spectral Indices”
v2.0 was developed to identify two-band indices in hyperspectral spectroscopy studies
through corelation analysis.

Protocol to identify promising rootstock-scion combinations of tomato for efficient water
use using plant phenomics facility was developed.

Soybean crops under soybean + maize intercropping exhibited a cooler canopy compared
to sole soybean and Soybean + Pigeon pea during flowering, whereas, during pod filling,
soybean plants under soybean + Pigeon pea intercropping showed the coolest canopy
temperature.

Minimum temperature plays a fundamental role in the germination and development of
quinoa. Sowing on the second fortnight of December showed better morphological and
yield attributes (plant population, panicle height & weight, number of panicles per plant,
seed & biomass yield).

Exogenous application of PBRs like irradiated chitosan and sea weed extract could
effectively improve yield and post-harvest quality of eggplant fruit and showed a major
role in alleviating water stress under moderate and severe water deficit conditions.

Development Action Plan for Scheduled Castes (DAPSC), implemented by the Institute,
helped 1600 beneficiaries and 22 Self Help Groups (SHG’s) of 8 Tehsils of Maharashtra
through technology demonstration and input distribution. In the Development Action
Plan for Scheduled Tribes (DAPST), 288 families were extended support and training.
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St 3R Wnfies daM R g, urt, Soaryg, wad, gy, gt are,
e UTeil 3R GrHTISIeh-31fefeh ATUEST & SMYR UR Yok ATUh, Yehlhd
Jroifaeh ITa =1 HoTTett (ASIS) & folg ®uar $ik Serey faenfid fohg
Y &1 & e § 31k e foigait 1 ITTT ek 331 & oIy e TR
R A8 & Uik dc SR ! ht IdRdT Gahion AT dOR fohg T 81

T B19Y 19 (GHG) &SI oh HTY-HTY TR ehl HiTT 3R Yfcf ehl AT
YRd o oIy i TR R femR { ugfa &1 IUAT &k fohat T 1

AU ST, F&T TEmaf-es oM 3R U[eH o TS+ &1 ol fSfoiee o1
oRdl SR AR & denferd fomar mar 21

ST e H auf o hRUT el 3R uRued thell dl iR & Aepet & forg
Uch T3 dehrilch hl UgaTe Y 718 3R fehgrel et Igent uesi= famar mam,
e tell onl Eeht, Uil el ST9RT 3T 3R YRek TRITUT MR &1

ST The | T STelT-31elT T BaT dhet aTet TSIl i Ugelt IR RUte
iz, FeifRfafeas, wdaian sk Tgsiiaet=ar uenfaar i g1
S ATTSTIen] GATetang sidifd dstiepd fomar mam g1

3RER & SfiFlergy AWa: ICP-7375, ICP-7076, ICP-7507, ICP-7426,
ICP-7314, ICP-6128, ICP-6859, ICP-6815, ICP-7148, ICP-6992,
ICP-9414 TgAsftet STial Y gorT & I=a IRsiiiadl &%, I1d & dgd d6!
g3 ttelf Y Fars ok I=a aiRifther Tt SR deg-11 gerdr o1 vesf
forami

HHIU-TATSYYHTH | 3foifdeh a1 ST siep ohl TG i 773 fora®
s W @ Tl fohy 1T 340 el SIS AT & |

SiHIersY Siotl-2 & 3R fiSied Yo P g@ET Gg=fierar & dwifad &a &
w0 H A1 ST GehdT ¢ o IuanT sref-greh &3t & fog == oot
SrderAl § fohar ST gehdT 81

Teh gtk YA H Yeh STelarg-THTE Qehlhd i UuTel! (CISF) Aied
faerfla fovar T 81 39k Ugdt av #, fafa=1 geenl &t @l &l et T
T 3,&3,33%; Yohel 3MTA T §,R%,¥_8 3R ATH SANTA SIUTA 3.3 ¢ UTIT 7T
T A a1t &1 & fRaRes Iural ot Afdid ohea & folg Rieft St &
gaAT3N & SET bl Teher VIIRS NOAA-20 e Iuiig & ST &l
IUAHT hch fohar TaT g1

UL 3R perpe Ter & forg ureT aRE o wifaes fedier & fag g
Tiesfie Arsd fasfia forar mam g1

STMETE!, TR, 0T dheret 3R SR Tt hl FhRai a-Ta b &
G-t 1 o AT uTerd o g Iugh 81 Aehell & (STeiarg 31%) |

11
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Feater [ sy vonferat (esey) = &fast Hieseyg &t o= # sdetgd 1 a1g g
FI erar fe@rs g1 91 g ol &dT fheer Il & forg Soidt + IRela (Siftesey)> ot

(STrese)> FoRY + e dlh (Shieigseg)> ToRt + et Uie (Sfittesey)> fFismm (Hesey) IuarR
FETH U TS B

geilcioRe TSGR & YaIMeEIdEed & Juauigas uiRa fasdwor & géa dfirel Fi
afafer oIk Rk ofdre SRafea gauAeEiense gar & afeha Sa Tarafae geal & U 7 81
WR H HIS[al ASel! [UoRT Ha¢ W] TR ST Hahfeld e o folg “TRd hl Yeh ATers fiorT
Tepfa e faenfla it m 21

goal STiHIersy Totwd! gulte, 39k a1 Asis QA darsh, aid, TISIga-R ¢, dTasiR-R SR AT
A H Uiveh I 3R IYeit gt # sreer uee= forar (ufd die gk Iust & SR WR)|

#reft i fohed Afg-3, Co-R 3R Rmt-30k 78t i et o ufa Tgsfter & ok 7+t dt et o ot
3Iust | 31fdes oY fohu T 3= IuS e e & 9e |

HERTE & IT7Te et & TR &7 & @R Smardt § fAarret 1Y sigdlele «2 3 FoR @Rt uRfefaat
(3.4 % NaCl) & dgd I=T AISSAHR IdTe &HdT ol UeeH fohar 3k aufta uRkfeafaat & die
& faeprd it Irgrar 34 & forg ge dwifaa gaw Sita g1 hl 911 81

GRS gISUIhATeHd Ao oht 0.2 Mefum ufa feheniumd ok $U1g + SIgeg 0.¥% W THs-
QYT T FRSI0T AT 0.3% o AS(0T @ ATUHT TG, STaTu] HehHUT SR THeh UGNl i A foRat
ST endl Bl

Gg-gay faeaivor & A1enm @ geRaee WahIUT Ieqa-l § & §€ gadhihl ol ugar & foig
U Aceld UU "TaHE Ui e dTet &l '€ Werdel S8 ohl §¢ thid UgaH" ol 2.0 fafda
fonar mam g1

UTey A Jfaem o1 IUANT ehd §Q UHTd! STel IuANT & iy THTER & dgaR Telh-a1a
TSI <hl UgaT e h [T Uietehid faenfad fopar mar g1

TIATEA + TRl 3R - B o dgd JIATeI chl haddl § ThA JaTei 3R GHare + 3RgR i
I H el 3114 S SR 8T ShArdt e waxl= forar man, Stafeh thefl R & ERM Fiarefi + sReR
F 3R - O & dgd JHare= & gl 3 I 3T h-rd! aro Ramar g1

IAGH ATUAT fRTeT & gt ok faera & e Hiferd ftent Farar 81 iiHeR & R g@are
# garg 7 SR ®TcHS 3R IS fAiwarst (die &t srend, wifene &t S ofk aw, ufa dig
&Y G, ST SR ST IUST) ht UTdT T B

Heftamr S8 fafaxfra fdam ok Tt dre vaags & feda ST @ §19 et &I 3ust 8fiR
T oh I1G Y TureT H U1 T § YR 81 GehdT 81 38 7egH AR 1R urll &I et i ffa
# Ut & T ot o A A ot g Tk T fdvenT g T €

TR GRT i g sifaal & forg faerrer s astm (DAPSC) & Siarfa tenfiidhr wesf
3R Gt faaRoT & A1emH 8 AERIY o ¢ dgdiell & R&oo ATl 3R 3 W GEraar IHg!
(SHG) &t #ag &l Srgfad SHenfaal & fog faer &Rt atsrr (DAPST) # ¢¢ aRart &t
g SR ufreror far ma|
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The recent report of the Intergovernmental Panel on Climate Change

(IPCC, 2021) revealed that the average surface temperature of the earth
will cross 1.5°C over pre-industrial levels by 2040 and by 2°C by the
middle of the century without any sharp reduction of emissions. Every
additional 0.5°C of global warming is projected to cause discernible
increases in the intensity and frequency of hot extremes, including
heatwaves and heavy precipitation, as well as agricultural and ecological
droughts in some regions. Moreover, the projected climate change is
considered a far greater threat to humanity than COVID-19, because of
its irreversible impacts. Many of the effects of these abiotic stresses like
drought, heavy precipitation, extreme temperatures (both high and low)
are likely to pose a severe threat to the food security of the growing
population. Therefore, there is a need for well-planned basic and
strategic research to manage abiotic stresses in agricultural
commodities, viz., crop plants, livestock, fish and poultry, especially in
arid and semiarid regions. To address these concerns, the ICAR-National
Institute of Abiotic Stress Management (ICAR-NIASM) was established
on February 21, 2009 as one of the national institutes under Indian
Council of Agricultural Research (ICAR). Over the years, the institute has
been working diligently in areas of basic and strategic research for the
management of abiotic stresses.

The present food security challenge has added dimensions due to the
increasing population, with limited scope to overexploit natural
resources and with no provision for indiscriminate human intervention
into the agro-ecology, particularly when adverse effects of climate
change are looming large due to unprecedented carbon load in the
atmosphere. Despite the great potential to contribute to food production
in the present form, the prevailing management practices need to be
tuned to the current trend of weather and agro-ecologies, which are
pretty different from the one that existed in the past same season or
month. The much-needed resilience in agriculture can only be
maintained and enhanced with continued research and extension efforts
that are tailored to tackle the dynamic challenging situations arising
mainly due to increasing climatic aberrations, shifting seasons and
market price fluctuations of agriculture commodities. Considering the
magnitude of the problem, ICAR-NIASM has been engaged in further
strengthening its reoriented academic, research, and extension
initiatives. This should lead to timely management solutions to the
country's few anticipated abiotic stress scenarios. Even amidst the
COVID-19 issues and challenges, several scientific discussions,
stakeholder interactions, farmer awareness and training workshops
were organized. The current Annual Report provides a glimpse of the
research, teaching and extension work carried out during 2021.

Role of the Institute

The institute has a focus on stresses that are caused by excess or deficit
of soil moisture, soil salinity, sodicity, acidity, water logging, declining
water quality, heat stress, cold wave, floods, sea water inundation, etc.

13
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through approaches involving conventional as well as novel techniques for crop improvement,
resource management and policy development. The institute has implemented important
research programmes in a thematic mode through four schools: Atmospheric Stress Management,

Water Stress Management, Soil Stress Management, and Policy Support Research.
Furthermore, the institute has plans for strategic human resource development to manage abiotic
stresses long-term by networking with national and international institutes. While focusing on
abiotic stresses, the institute has been making efforts to complement the ongoing Research and
Development under the National Agricultural Research and Education System (NARES). The
institute also aims to generate intermediate products for tolerance to multiple stresses such as
gene constructs and stress-induced promoters, which other institutes will use to get end products
of the crop, livestock, fisheries, etc.

Mission
Managing abiotic stresses for sustainable agriculture.
Mandate
1. Basic and strategic research to manage abiotic stresses in crops, livestock and fisheries.

2. Repository of information on abiotic and biotic stresses, adaptation and mitigation
strategies and policies.

3. Building sustainable agriculture in multi-stressed agro-ecosystems.

4. Serve as Center of Academic Excellence in managing multiple stresses in agriculture.
Objectives

1. Assess the vulnerability of crops, horticulture, livestock, fisheries and microbes to abiotic
stresses.

2. Develop technologies and policies for adaptation and mitigation of atmospheric, water
and soil stresses with frontier science.

3. Develop repository of information on abiotic stress management for climate-smart
agriculture.

4. Establish Center of Academic Excellence for human resource development to manage
multiple stresses in agriculture.

Strategy

A six-point hexagonal interlinked strategy is adopted to enhance the effectiveness of research,
extension and academic activities (Fig. 1.1). It includes defining targets environments, adaptive
techniques, mitigation strategies, policy support and synergies through networking. The
operational strategy of the institute is to focus on basic research on abiotic stresses faced by the
country, strategic human resource development, robust databases and amelioration approaches
using frontier technologies with the participation of a wide network of national and international
centres. Institute’s comprehensive strategy of prioritizing characterization of the occurrence and
magnitude of various abiotic stresses impacting the agriculture sector provides rationale for basic
and strategic research on agro-ecology specific stress mitigation and adaptation technologies for
crops, horticulture, livestock and fisheries. This will be facilitated by continuing efforts to develop
world-class infrastructures and scientific manpower necessary for the center of excellence in
abiotic stress management. Assessment of available inputs and their use synergistically,
preventing losses, judicious allocation of inputs among the competing demands for maximizing
returns and development of site-specific technologies are the means of achieving high resource

14
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use efficiencies for sustainable agriculture. In addition, joint adaptation and mitigation actions
against climate change that can be implemented today across a wide range of land and water
resource management solutions should provide both adaptation benefits in the short-term and
mitigation strategies on a long-term basis.

A

|
) ICAR
SAU’s Institutes
N Defining Targets >
Adaptive Techniques
Mitigation Strategies
Policy Support
Centre of Excellence
NGO's/ Networking ~ Non-
Industries NARS
| Centres
\ Inter- /
national
Centres

Fig. 1.1. Institute's strategy for achieving the mandate.
Status of the Institute

In the XI Five Year Plan, the Union Cabinet approved the proposal of Ministry of Agriculture, Govt.
of India to establish "National Institute of Abiotic Stress Management (NIASM)" with a legal status
of Deemed-to-be-University under the Indian Council of Agricultural Research at Gat No. 35,
Malegaon Khurd, Baramati, Pune, MS. After being established as a new institute for abiotic stress
management in 2009, NIASM initiated its activities at the camp office at KVK, Baramati. The office
was then shifted to Gat No. 35, Malegaon, Khurd, on November 1, 2010, after the inauguration of
the Engineering Workshop by Hon'ble Union Minister of Agriculture and Food Processing
Industries. Till January 2015, the office and laboratories were housed in this workshop and
specialized cabins. Subsequently, institute staff have shifted to the newly constructed Office-cum-
Admin block and two school buildings. Substantial efforts have been made to strengthen human
resources for carrying out research, administrative and technical activities. Presently, the
scientific, technical and administrative staff strength is 30, 10 and 4, respectively. Thus, the filled-
up cadre strength is 44 against 116 sanctioned posts (Table 1.1). The institute has initiated
research through four schools with a multidisciplinary approach (Figure 1.2).

Table 1.1. Cadre strength of the Institute as on December 31, 2021.

Cadre Sanctioned Filled Vacant
RMP 01 01 0
Scientific 50 29 21
Technical 33 10 23
Administrative 32 04 28
Grand Total 116 44 72

15
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RAC Director QRT
IMC
Academic Head of Administration Farm
PME Cell . .
Programmes Schools & Finance Services
Atmospheric Stress Water Stress Soil Stress Social Sciences &
Management Management Management Policy Support

Figure 1.2. Organogram of the Institute.

Objectives of the Schools

School of Atmospheric Stress Management

1.
2.

3.
4,

Assessing vulnerability of crops, livestock and fisheries to atmospheric stressors.
Unravelling the mechanisms and traits for atmospheric stress tolerance in crops and
animals.

Developing adaptation and mitigation strategies for atmospheric stress management.

Developing decision support systems for optimizing input use and climate proofing.

School of Water Stress Management

1.
2.

Unravelling the mechanisms and traits contributing to water stress tolerance in plants.
Optimizing novel genetic improvement approaches for enhancing resilience of crops to
water stress.

Exploring alternative crops and cropping systems for alleviating water stress.

Developing precision agriculture for higher water productivity in crop, horticulture,

livestock and aquaculture.

School of Soil Stress Management

1.
2.
3.
4,

Exploring mechanisms and traits of soil stress response in crop, livestock and fisheries.
Developing adaptation and mitigation strategies for soil stress management.
Mitigating the adverse impacts of nutrient imbalance and pollution in agriculture.

Developing integrated farming systems for abiotic-stressed regions.

School of Social Science and Policy Support

1.
2.

16

Assessing impacts of abiotic stressors on agricultural income, market and trade.
Evaluating techno-economic feasibilities of multiple stress tolerant adaptation and
mitigation technologies.

Harnessing information and communication technologies for assessment and
dissemination of technologies.

Evolving model capacity building programmes for abiotic stress management.



A
[ICAR-NIASM Annual Report 2021 Héﬁ},

NIASM

Weather information is of paramount importance for abiotic stress

studies and agriculture in general. Observations of weather parameters
are being recorded at institute regularly from January to December 2021,
which are described below.

Temperature

The Long Period Average (LPA) of the annual mean temperature of
Baramati is 26.3 °C. Figure 2.1 depicts the monthly mean temperature
recorded at [CAR-NIASM. The recorded annual mean temperature was
25.6 °C; monthly mean temperatures ranged from 21.5°C (December) to
29.4°C (May). A linear increase in monthly mean temperature was
observed from February to May, followed by a reduction during June to
September due to monsoon wind'’s cooling effect, finally, with 21.5°C in
December. The monthly maximum temperature was at peak in April
(37.5°C) and dipped to 28.2°C in December. May recorded the maximum
(22.7°C), and February recorded the minimum (14.0°C) values (Fig. 2.1
and Table 2.1).

Relative humidity

Relative humidity measured at standard hours (0700 LMT) and (1400
LMT) throughout the year was used to compute monthly statistics. The
monthly mean relative humidity during different months is depicted in
Figure 1. In the morning, relative humidity varied between 63% (March)
and 92% (December). Variation in afternoon relative humidity was
between 19 % (April) to 68 % (July). The mean morning and afternoon
relative humidity was found to decrease from January to April, due to
increasing temperature. It reached the highest value during monsoon
months and rose again in December due to post-monsoon rains in winter.
Annual mean relative humidity averaged over the entire year stood at
63% and ranged between 41-79%. Higher diurnal ranges (more than
45%) in RH were observed in January, February and April. The lowest
diurnal range was observed in July (21%) and August (24%) (Fig. 2.2 and
Table 2.1).

Rainfall

Long Period Average (LPA) annual total rainfall of Baramati is 576 mm,
with an average of 34 rainy days per year. This year, Baramati received
about 91% of its average annual rainfall, distributed among 44
meteorological rainy days, which yielded 523 mm of total rainfall. The
monthly cumulative rainfall during different months recorded at ICAR-
NIASM, Baramati has been given in Figure 2.2. The maximum rainfall was
received in October (114.6 mm) during the monsoon season, followed by
September, June, and July (Table1). In the monsoon season, there were
31 rainy days with total rainfall of 297 mm, which is 74% of the region's
normal rainfall during the monsoon season. The late withdrawal of
monsoon resulted in incessant rains during October. In the post-
monsoon season, the highest rainfall occurred in October (114.6 mm),
and during the summer season, 16 mm of rainfall was received (Fig. 2.2
and Table 2.1).
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Fig. 2.1. Variations of monthly mean temperature, mean morning and afternoon relative
humidity during 2021 at ICAR-NIASM Baramati.
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Fig. 2.2. Variations of monthly total rainfall (TR), total pan evaporation (TPE) and number
of rainy days during 2021 at I[CAR-NIASM Baramati.

Wind speed, Pan Evaporation and Sunshine duration

Monthly averages wind speed, pan evaporation and bright sunshine hours recorded during 2021
are depicted in Fig. 2.3.
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Fig. 2.3. Variations of monthly mean pan evaporation (PE), average wind speed (WS) and
mean bright sunshine hours (BSS) during 2021 at [CAR-NIASM Baramati.
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Monthly average wind speed varied from 4.0 (December) to 11.0 kmph (July), and the annual
average daily wind speed was 7.3 kmph. Wind velocity was higher during May-August (>10.0
kmph) compared to the rest of the months (Table 2.1). Annual total open pan evaporation (TPE)
aggregated to 1967 mm, around four times the total rainfall this year. The evaporative demand
gradually increased from January and achieved its highest value in April (9.1 mm/d). It declined
after that to 5.6 mm/d in June, and from July to December, average daily pan evaporation varied
between 2.7 to 5.0 mm/d. The lowest evaporation rate was recorded in December (2.7 mm/d).
The annual average of daily PE was 5.3 mm. During the year, the daily average of bright sunshine
duration remained 5.8 hrs and monthly average values have been found to vary between 3.0 hrs
(December) and 8.6 hrs (February).

Table 2.1. Mean monthly weather parameters recorded in 2021.

Months
Parameter Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Tmax (°C) 30.7 31.4 360 375 362 319 305 301 30.1 319 304 282
Tmin (°C) 16.7 14.0 17.7 202 227 22.0 220 212 210 189 188 148
RHT (%) 89 76 63 64 71 89 89 88 91 85 84 92
RH I (%) 41 28 20 19 33 57 68 64 66 44 53 51
Avg WS (kmph) 48 51 52 6.7 103 106 110 108 83 53 58 4.0
BSS (h) 63 86 78 82 69 51 32 41 38 78 47 3.0
Totalrain(mm) 106 00 1.4 32 114 824 728 406 101 115 288 56.0
Total rainy days 1 0 0 0 1 7 9 6 9 7 3 1

MeanPE(mm/d) 40 53 73 91 86 56 45 50 38 47 41 27

Extreme weather observation recorded in 2021

The warmest and coldest days in the entire year were obtained based on daily mean temperature
data, and it was found that 11t and 12t May (31.6°C) and February 9 (19.0°C), were the warmest
and coldest days respectively (Table 2). Daily maximum temperature reached up to 39.9°C (May
12), while lowest daily minimum temperature dipped to 8.8 °C (February 9). The warmest and
coldest months were calculated based on monthly mean maximum and minimum temperatures,
respectively. May (29.4°C) was the warmest and December (21.5°C) was the coldest month
during this year (Table 2). The cumulative monthly rainfall was highest in October (114.6 mm).
The highest rainfall, pan evaporation and wind speed events were reported on December 2 (49.8
mm), April 2 (13.6 mm/d) and May 16 (20 kmph), respectively.

Table 2.2. Important meteorological events of the year 2021.

Particular of weather parameter Value Date

Highest daily mean temperature 31.6°C 11 & 12 May 2021
Lowest daily mean temperature 19.0 °C February 9 2021
Highest daily maximum temperature 39.9°C May 12 2021
Lowest daily minimum temperature 8.8°C February 9 2021
Highest monthly mean temperature 29.4°C May 2021
Lowest monthly mean temperature 21.5°C December 2021
Highest daily rainfall 49.8 mm December 2 2021
Highest monthly cumulative rainfall 114.6 mm October 2021
Highest monthly cumulative PE 273.5 mm April 2021
Highest rate of daily PE 13.6 mm April 2 2021
Highest daily wind speed 20.0 kmph May 16 2021
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3.1 Research Programme 1:

Atmospheric Stress Management

The weather aberrations caused primarily due to atmospheric changes
has direct impact on production and productivity of crops, livestock and
fisheries and also indirectly due to associated population dynamics of
biotic factors such as pest and diseases. The research programme on
atmospheric stress management has therefore focused its research
activities broadly on understanding the effects of atmospheric stress and
developing assessment and management strategies in crops, livestock
and fisheries using geo-spatial mapping approaches, basic and strategic
investigations in areas focusing thermal and salinity stress. This included
the compilation of geo-spatial datasets and development of tools
pertinent to mapping of abiotic stresses, thermal severity assessment in
livestock, investigating thermos-tolerance in goats, studies on salinity
environment in fish and exploring insects as novel protein source. The
major research findings emerging out and the progress made under this
programme during the past one year is summarized below.

Compilation/creation of databases and geospatial
mapping of multiple components

The raw datasets of multiple parameters pertinent to Abiotic stress
information system viz. delineating boundaries, Land and water use,
Socio-economic census, Meteorological parameters, Soil chemical
properties and breeding tracts of livestock were sourced from several
open access sources and compiled into databases to create respective
geospatial layers and maps.

Delineating boundary layers: Several of the geographical delineating
boundaries namely, administrative boundaries (village, tehsil/block,
district and state boundaries); Agro-climatic zones; Agro-ecological
zones; Agro-sub ecological zones; Meteorological Sub Divisions; Basins
and Waste lands were collected from different sources, digitized and
converted to GIS layers and subsequently maps (Fig. 1.1 a-h).

Land use and land cover: The land use and land cover raster maps for
the base year 2005 and 2010 are sourced from GOI sites and to create
waste lands map (Fig. 1.1 i).

Inland water bodies: The NDWI derived from multi-temporal sentinel
2A images were used to delineate and aggregate water pixels into water
bodies’ boundaries vector shapes. The union of generated polygons and
point coordinates of reservoirs was used to generate boundary layer of
water reservoirs at country level (Fig. 1.1 j).

Meteorological parameters: The gridded dataset Rainfall, Minimum
and Maximum temperature datasets of IMD from 1901-2020 at 0.5°x 0.5°
and 0.25°x 0.25° resolution were extracted and pre-processed using
custom built python libraries. These datasets were used to generate
geospatial layers of tehsil/block level layers of minimum, maximum,
average temperature and rainfall.
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Fig. 1.1: Maps of delineating boundary layers

Soil chemical properties: The village level datasets on high, medium and low levels of soil
chemical properties viz. soil organic C; pH; electrical conductivity; and available N, P, K, S, Zn, Fe,
Cu, Mn and B were sourced from the Soil Health Card (SHC) programme of the Govt. of India.
These datasets were extracted and pre-processed using custom built python codes to prepare
database and subsequently maps of respective soil properties (Fig. 1.2).

Fig. 1.2: District-wise soil chemical properties of India
Livestock population: The livestock population data was sourced from the 20t livestock census

of India and pre-processed to prepare village level geospatial layers of cattle, buffalo, sheep, goat
and pig population. These datasets were used to prepare the abiotic stress maps for livestock.

Breeding tracts of livestock: The breeding tracts for cattle buffalo, goat, sheep and poultry were
sourced for 752 indigenous species. The dataset was cross checked for anomalies and used to
prepare maps of breeding tracts of respective livestock type (Fig.1.3).
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Fig. 1.3: Breeding tracts of Livestock of India

These datasets and maps will be used to prepare the climate analogues of the indigenous species
across India to alternatively suggest the possibility of adoption in the abiotically stressed and
non-stressed These geospatial layers were used to create the geospatial maps for depiction and
interpretation purpose under Abiotic Stress Information System (ASIS) framework. All the
compiled datasets will further be used in synthesis of products that would simplify depiction and
interpretation of Abiotic stresses and its management options at regional and national scale by
the academic and administrative stakeholders.

Soil Nutrient and Soil Fertility Index maps of Haryana State

With increasing land-use pressure, intensifying abiotic stresses and plateauing yields, soil fertility
assessment is in growing demand. A standard set of procedures to assign a soil fertility index
(SFI) would be beneficial for assessing and managing soil health for sustainable crop production.
In this study, a framework was developed to determine a SFI using the data on soil organic C; pH;
electrical conductivity; and available N, P, K, S, Zn, Fe, Cu, Mn and B. The georeferenced datasets
of soil parameters were collected from soil health card (SHC) programme of the Govt. of India for
the state of Haryana as model state (84 lakh soil samples across years 2015-2019) and screened
for duplicates and out of range values for each individual parameter. The screened dataset was
interpolated using inverse distance weighting (IDW) technique to generate geospatial Soil
nutrient maps. for each soil parameter (Fig 1.4). The resulting maps were integrated into a
weighted sum SFI (Fig 1.4 SFI). The SFI obtained using the method described herein was able to
synthesize the complex information contained in large multivariate data-sets, and therefore
would be useful for application at regional and also at national scales.
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Fig. 1.4: Soil Nutrient and Soil Fertility Index maps for Haryana State
Estimation of GHG emissions and fodder demand-supply for Livestock:

Various factors like human population, livestock population, livestock density, fodder demand,
fodder supply, milk production and GHG emissions were considered for the livestock component.
To arrive at the final values for each factor, calculation was done as per the protocol described for
each of them from different sources. The entire flowchart describing the methodology for each
factor was generated (Fig. 1.5). The final data derived for each factor were integrated into the GIS
environment and maps were generated for each state at the district level. The district level GHG
emission from livestock through enteric fermentation for India is depicted in Fig. 1.6.
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Fig. 1.5: Methodology flowchart for various abiotic factors
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Fig. 1.6: GHG emission from livestock

This data will be subjected to further interpretation and inference for each factor and the inter-
relation between the factors will be arrived at.
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Thermal stress severity assessment tool for livestock

A spreadsheet model for spatial assessment of thermal severity for livestock and poultry was
developed in Microsoft excel. The thermal severity is assessed on the basis of Thermal Humidity
Index (THI). The threshold limits of the THI for classification of thermal
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Fig. 1.7: Screenshots of the worksheets of Thermal stress severity assesment tool for livestock

stress into low medium and high categories have been adjudged on the basis of published
literature. The geo-location can be selected using either PIN code, name of village or the geo-
coordinates of the place to generate the thermal severity of the place based on past decadal
meteorological parameters. The anticipated thermal severity for livestock at the selected geo-
location is also generated based on the forecasted five-day meteorological parameters sourced
form openweather.org. This tool is under further development for generating suggestions on
management options suitable to adopt to the anticipated thermal severity for livestock.

Management Adaptation and mitigation of atmospheric stress in crops,
livestock, poultry and fishes for sustainable productivity and profitability.

An experiment was initiated in four breeds of goat viz. Osmanabadi, Sangamneri, Konkan kanyal
and Boer to assess comparative performance of these breeds exposed to various climate stressors
particularly heat stress during various seasons of year. The monthly average temperature and
humidity data and various daily weather parameters such as temperature (max/min), Humidity
(max/min) and rainfall during the experimental period were collected from Agromet facility of
the Institute. The thermo-neutral zone for goats is between 14 and 24°C.
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Fig. 1.8: The monthly mean (35 years) maximum (Tmax), minimum (Tmin) and average (Tavg)
temperature of study area along with thermo-neutral zone for goats.
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Fig. 1.9: The mean + standard error monthly average temperature and average monthly
temperature during the study period.

Comparative status of growth was assessed by recording weekly body weights of kids of different
breeds. Hemato-biochemical and physiological parameters were recorded monthly, in all four
goatbreeds during July 2020 to till date. The data for kids born in all the groups was also recorded.
All the animals were observed regularly for any parasitic infestations. The preliminary
assessment of various parameters revealed following facts which need further validation with
more number of observations. The monthly average maximum temperature prevailing in the area
is higher than thermos-neutral zone of goats during all the months.

The monthly average mean temperature was higher than TNZ during all the months except
December and January months. This indicated exposure of goats under experiment to variable
degree of stress throughout the year. The monthly average minimum temperature was within the
TNZ of goats throughout the year. This indicated that goats get sufficient time during nights for
adjusting its physiology altered due to exposure to heat stress during day time.

M Sangamnetri m Boer B Summer B Monsoon
m Konkan Kanyal Osmanabadi W Post monsoon Winter

Growth rate (g/week)
o
D
o

T T

Summer Monsoon Post Winter QO
monsoon

Seasons> Breeds>
Fig. 1.10: Growth rate (g/week) in different breeds of goats

The overall growth rate, kidding rate was higher for Boer goats. In all the breeds, the overall
growth rate was higher during winter, post monsoon period followed by summer and monsoon.
Boer goats showed higher growth rate during summer and winter. Sangamneri goats revealed
highest growth rate during monsoon than other breeds whereas Osmanabadi goats showed
better growth rate during post monsoon period. Based on all other growth, physiological,
haemato-biochemical and reproduction parameters it may be inferred that all the four breeds of
goats can sustain the climatic stress prevalent in the region and may be suitable for rearing in
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similar climatic regions. However further studies with more number of animals are required for
validation of these preliminary observations. In order to study prevalence and pattern of
occurrence of anaemia along with its etio-pathology, survey of goat farmers has been planned. A
detailed proforma for farmer’s profile and goat husbandry practices is prepared. Survey was
conducted from Undvadi (Supe) village.

IoT-based system for monitoring abiotic stress in livestock.

A study to develop IoT based monitoring s _
system for abiotic stress in livestock was
initiated. Post preliminary survey of
literature, procurement of micro-
controller and sensor components and its
programming was carried out using / = A e

. ) ) ) o . “ ‘Temperature sensor
compatible Arduino libraries. Verification

. . ' Biocompatible cable
for proper integration of body w
temperature sensor with the micro-

controller unit is being carried out (Fig.
1.11).

Fig. 1.11: Breadboard testing of [oT system

Response of GIFT Tilapia fish to different salinity stress (inland saline water)
exposed to acute and chronic salinity

The study was conducted to assess the effect of salinity stress on growth and hematological
composition of GIFT Tilapia strain, Oreochromis niloticus. The effects of 96 h exposure to
different salinity levels (0, 11, 6, 9 ppt) were adjudged using LCso values. Based on these LCso three
different sub lethal salinities, viz. 0, 5 and 10 ppt were identified to study the long-term effects of
salinity stress on O. niloticus for a period of 60 days. The experiments were conducted using
Completely Randomized Design with 3 Treatments (T0-0 ppt, T1-5 ppt, T1-10 ppt) and 4
replications (6 fishes in each replication). Inland saline water (18 ppt) brought from nearby
farmers field was used to prepare salinity treatments of the experiment and the fingerling O.
niloticus (8.93+ 0.59 g) were used. Fish were fed with 32 % crude protein (CP) diet upto satiety
level on daily basis. Water quality parameters were measured at every 15 days interval. No
mortality occurred in any treatment reveling survival tolerance of GIFT tilapia in inland saline
water upto 10 ppt salinity. No significant difference was observed at P>0.05 in daily weight gain
and daily growth index among the fishes exposed to different salinity stress (Table 1.1). Highest
value of weight gain (8.7475+ 0.94 g), daily weight gain (0.15 * 0.02 g), and Daily Growth Index
(0.93 £ 0.08) were noted in TO (0 ppt) while lowest values were noted in T2 (10 ppt). However,
the total weight gain, specific growth rate and protein efficiency ratio significantly decreased with
increased salinity at 5 ppt level.

Table1.1: Effect of different salinity stress level concentration on growth response of O. niloticus.

Parameters TO (0 ppt) T1(5 ppt) T2 (10 ppt)
Total Weight Gain (g) 8.75£0.94a 6.52+092b 6.03+1.20"
Survival % 100 £ 0.002 100 £0.002 100+ 0.002
Daily Weight Gain 0.15+0.02= 0.11 £0.022 0.10 £ 0.02=
Specific Growth Rate % 1.33+£0.052 0.83+0.140b 0.82 £0.13b
Protein Efficiency Ratio 0.82+0.052 0.44+£0.10° 0.43+0.09b
Daily Growth Index 0.93+0.082 0.66£0.112 0.63+0.112

The values are expressed as mean + Standard Error (+ SE). The values in a row with different

superscript vary significantly (p < 0.05).
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Table 1.2: Effect of different water salinity (ppt) concentration on hematological profile of O.
niloticus.

Parameters To (Control) n=06 T1(5 ppt) n=06 T2 (10 ppt) n=06
WBC (103/uL) 174.68 £ 0.37 a 54.95+21.14>b 72.33+16.70"
RBC (10¢/ulL) 1.61 +0.001 1.03+£0.19" 0.97 £0.18b
HGB (g/dL) 11.37+0.032 712+ 1270 7.53+0.81%0
HCT (%) 24.15+0.062 15.17 £3.10b 15.08 +2.63V
MCV (fL) 150.52 £ 0.092 189.89 + 25.12a 166.14 + 3.432
MCH (pg) 70.18 + 0.05= 57.43 +11.56= 86.38+11.167
MCHC (g/dL) 46.63 £ 0.092 38.27 +7.674 55.07 + 6.954
RDW (%) 18.13 £ 0.052 9.92 +2.322 25.83+7.41a
PLT (103/uL) 25.00 + 0.064 54.17 + 22.88= 93.67 + 30.53=
MPV (fL) 6.63 £0.132 6.12 £ 0.382 6.63 £0.252
PDW 21.2£0.07 4 19.7 £ 0.62" 20.58 £ 0.21ab
PCT (%) 0.02 £ 0.002 0.03 +£0.022 0.06 £ 0.027

The values are expressed as mean + Standard Error (+ SE). The values in a row with different
superscript vary significantly (p < 0.05).

Further, in order to determine effect of salinity on hematological alteration, the WBC (White
blood cells), RBCs (Red blood cells), HGB (Haemoglobin), HCT (Haematocrit), MCV (Mean
Corpuscular Volume), MCH (Mean Corpuscular Haemoglobin) and MCHC (Mean Corpuscular
Haemoglobin Concentration), RDW (Red Blood Cells Distribution Width), MPV (Mean Platelet
Volume), PDW (Platelet Volume Distribution Width) and PCT (Platelet Crit) were analysed by
using Blood cell automated analyser. Significant reduction in WBC, RBC, HGB and HCT counts
were observed at 5 and 10 ppt salinity compared to control treatment (Table 1.2). However, MCV,
MCH, MCHC, RDW, PLT, MPV, PDW and PCT did not significant alter with salinity levels. The
results obtained in the study indicated that, salinity above 5 ppt significantly (p >0.05) affects the
growth, physiological and haematological responses of O. niloticus at juvenile stage.

Identification of farm ponds and storage water tanks using satellite imagery
for targeting farm pond-based aquaculture in rainfed areas of Maharashtra

Limited irrigation is one of the important and critical constraints in agriculture as only 35% of
the net sown area in India is under complete irrigation. To overcome irrigation problems as well
as to boost the agriculture production, significant efforts were initiated by Government of
Maharashtra through schemes popularly known as “Magel Tyala Shet Tale” (Farm pond on
Demand) and Jalyukt Shivar (JYS). These farm ponds have scope for aquaculture without affecting
the water level in farm pond. The farm pond-based aquaculture is potential option to improve
farmer’s surplus income and ensure their sustainable livelihood. Fish culture in such water bodies
can increase fish production and economic returns per unit area of land. To access the potential
of this possibility, methodology for identification of farm ponds using satellite imagery has been
worked out. The sentinel 2A bands (B3 and B8) were used to calculate the NDWI and delineate
the inland water bodies using Google Earth Engine (GEE) platform. Area based filters were used
to eliminate the larger water bodies to create vector polygons of water bodies smaller than 8000
m? (Fig. 1.12). These databases are further subjected to deep learning models for identification
and localization of farm ponds in image. This methodology will generate the database of farm
ponds suited to farm pond aquaculture model in rainfed areas of Maharashtra.
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Fig.1.12: Screenshots of the Identified farm ponds and storage water tanks on GEE platform

Software for automating extraction of geo-server tiles using geojson files

High resolution satellite imagery
is accessible from several of the
free geo-servers in form of vector
and raster tiles wusing web
browsers. These tiles contain the
visual information about the
feature of interest and therefore
can be subjected to image
processing pipelines for generati-
-ng feature polygons of interest.
The dynamic nature of features of
interest in agriculture and allied
domain require quick spatial and
temporal acquisition of the

)

Fig.1.13: Screenshot of the developed software

satellite imagery at different spatial resolutions, in order to develop classification or semantic
segmentation deep learning models. These models help generate database of the features of
interest for consumption in GIS projects like the Abiotic Stress Information System (ASIS) being
developed at ICAR-NIASM. However, the downloading and nomenclature of the geo-server tiles
is complicated due to web browser bindings on client side and limiting measures imposed on
server side. Considering the requirement of geo-server tiles in generating the database needed
for GIS projects like ASIS, a software “Geojson Tiles Downloader” was developed to simplify and
automate the task of downloading the geo-server tiles within the defined geojson boundary file
at predefined zoom level and directory structure. The developed software is forked and modified
independently from the open-source projects written in Python, Javascript, CSS and Html. The
software requires python 3x and a web browser for its execution.
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App for identification of best performing two-band spectral indices

A Matlab app “Brute force identification = s — - - x|
of best performing two band spectral == === Zn s g e e I@WMWW’* \
Indices” v 2.0 has been developed for 7% s ” ' ——
identification of two band indices in | e s .
hyperspectral spectroscopy studies
through co-relation analysis. The
algorithm used has been optimized for
recursive calculations, MEMOTY | K2 o s sl vesa e =
allocation and display of two band ; '51 :2 DZ iqpm:m ' l!lf:w == g;:a.rﬂaf;su%;:s (E:m m
indices for all combinations of spectral

values in user defined range and input
parameters using Ratio (RI),

Normalized difference (NDI) and pre- 1689 BL14 109 0452 518,22
defined Transformations (TI). The co- . szij{::’itmff“i”msm ===
relations between all two band indices

(RI,NDI, TI) and Y- parameter values are
calculated and compared to find the Maximum R2 obtained. The app needs installation in Matlab

environment as an addon for its use. The steps involved depicted in Fig. 1.14 are:

fis

N
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Fig. 1.14: Screenshots of the developed app

Step 1: Select CSV file organized as per defined template of spectra and Y-Parameters;

Step 2: Specify the configuration viz. number of Y parameters to plot, specifying bandwidth for
analysis in terms of number of spectra columns to average (SCA), specifying minimum spectral
distance as multiple of SCA to avoid collinearity, and specifying spectral spacing (n<=SCA) to
perform collinearity calculations only for every nt» moving average values.

Step 3: Calculate and display the R2 contour plot for selection of potential spectral bands in the
upper diagonal area and the respective calculation method used (RI/NDI/TI) in the lower
diagonal area of the plot.

Establishment of Black Soldier Fly Mass Production Unit

In the recent years, insects have received wide attention as a potential source of protein both for
humans and livestock. Insects have high reproductive rate and can be cultured easily, have high
feed conversion efficiency and can be reared on bio-wastes. Aquaculture Industry in India is
rapidly growing with a target of annual fish production to 15 million tonnes by the year 2020.
There is a increase in feed cost ranging from 40-70% has made aquaculture feed a very costly
input in fish production system. Insect species can be a source of high protein when replaced fully
or partially with the fish meal. The P

insects have high nutritive quality,
are easy to reproduce and culture
with higher biomass producers.
Black Soldier Fly (BSF), Hermetia
illucens (Linnaeus, 1758) is an
insect belonging to the order of
Diptera, family of Stratiomyidae.
BSF is a harmless insect with a
potential to solve two of modern
agriculture’s growing problems
namely, serve as an alternative ‘
protein source for animal feeds  Fig. 1.15: Set-up of Black Soldier Fly Production Unit
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(Poultry and Fish) and helpful in converting organic wastes into a fortified, complete manure for
agriculture. BSF is a rich source of protein (32-56%), Chitin (8%), Lipids (38%), Crude fibre
(20.7%), Ash (9.8%).

Establishment of Butterfly Garden at ICAR-NIASM, Baramati

One of the most beautiful & colourful insects easily observed are the butterflies. Observing
butterflies is creatively engaging and enjoyable activity for children and could be a stress buster
for adults as well. Butterfly is one of the indicator species indicating health of our surroundings
and plays a vital role in food chain & ecosystem. Approximately 1500 species of butterflies are
found in India of which about 230 species have been recorded in Maharashtra.Their dwindling
numbers on account of rapid loss of their habitat, necessitates an attempt to create awareness for
their conservation and therefore a butterfly garden was established at ICAR-NIASM.

The host and nectar plants as listed below were grown in the butterfly garden to allow
multiplication and foraging.

Host Plants- Kadipatta (Murraya koenigii), Lemon (Citrus limon), Bel (Aegle marmelos), Panfuti
(Bryophyllum pinnatum), Mussaenda (Mussaenda frondosa, Mussaenda erythrophylla) and Halad
kunku (Asclepias curassavica) are being grown for specific butterfly species to lay eggs and
provide host plant leaves as feed to its caterpillar.

BUTTERFLY % GARDEN

Fig. 1.16: The bulterfly garden established at I[CAR-NIASM

Nectar Plants- Flowering plants such as Pentas (Pentas lanceolate), Periwinkle (Vinca rosea),
Jamaican Spike (Stachytarpheta jamaicensis), Pink Portweed (Stachytarpheta mutabilis), Lantana
(Lantana camara) are being grown for butterflies to suck the nectar. Butterflies species have been
found to feed on overripe fruits, decomposing meat, plant sap, salt from soil etc. apart from flower
nectar.

—Oo AT TF o —
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3.2 Research Programme 2: Soil Stress Management

Soil stresses like salinity, mineral toxicity and nutrient deficiency have emerged as major threats
to crop production, livestock, fisheries and other commodities. Management of these stresses
through advancing basic and strategic research in soil related stresses in crop plants, livestock
and fisheries, has been the focus research areas carried under the school of Soil Stress
Management. The work in areas of unravelling the mechanism and traits of soil stress response
through microbiome-based approach, adaptation strategies through climate resilient integrated
farming systems, and mitigation approaches in soil and water pollution have generated
substantial basic understanding of the underlying processes. The major research findings
emerging out and the progress made under this programme during the past one year is
summarized below.

Exploitation of halophytic plants and associated microbiome for
amelioration of saline agricultural land of arid & semi-arid regions

The halophytic plants adapted to naturally grow under saline conditions can be exploited for
agricultural potential as food/feed/fodder/energy crop and simultaneously ensuring the
increased utilization of the saline degraded lands. The microorganisms associated with such
halophytic plants have been subjected to the same evolutionary forces as that of the halophytic
plants that enabled them to survive under hypersaline conditions as Holobiont (Host + Associated
microbes). Studies are being carried to explore the functional role of halophyte-associated
microbiome consisting of extremophiles, and extremotolerant microbes (that tolerate higher salt
concentration levels toxic to most plants and microorganisms), for imparting agricultural
resilience to saline conditions.

Evolution and distribution of halophytes: The phylogenetic relationship among halophytes
were inferred using the rbcL gene sequences retrieved from NCBI database and a very divergent
evolution of halophytes was noted with halophytes occurring in almost all the major families of
angiosperms with the maximum number of species falling under Amaranthacea and Poaceae
family of angiosperms. The phylogenetic tree also indicated that the peculiar metabolic features
like succulence and CAM (Crusselasean Acid Metabolism) may have first originated in members
of the Agavaceae family.

Distribution of Halophytic Plants under Different Families
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Fig. 2.1: (a) A rbcL gene sequence-based phylogenetic tree of prominent genera of
Caryophyllales showing the divergent evolution of halophytes covering wide spectrum of
angiosperm families b) Species distribution of halophytes with in major angiosperm families
showing highest halophytic plants falling under Amaranthacea and Poacea families.
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Halophytes associated microbes and their PGPA potential: A Preliminary survey of the
coastal saline habitats from Diveagar area of Raigad district (Konkan Region of Maharashtra) was
conducted and the samples of mangroves water, mangroves plants, mangroves marshy soil,
seawater were collected for isolation of halotolerant and halophilic microbial isolates. The EC
(Electrical Conductivity) value of the mangrove marshy soil ranged between 10.37 to 23.4 dS/m
whereas the EC of the water from mangroves fields and coastal sea ranged between 74.7-123
dS/m. The pure cultures of microbial isolates have been obtained and glycerol stocks have been
preserved. The in vitro assays for screening of PGPA traits like [AA production, ability to grow in
nitrogen-free conditions, siderophore production, and phosphate solubilization was carried
under high salt conditions (3-5% NaCl (w/v). The quantitative estimation of siderophore
production was done using a CAS-shuttle assay. Interestingly, out of 26 microbial isolates tested
so far, four isolates (Isolates 36, 13, 39, and 16) are found hyper-siderophore producers in the
quantitative assay (Fig 2.2a and 2.2b). The siderophore producing ability of isolates was tested at
ambient (1% NaCl) and harsh saline conditions 3.5 % NaCl (w/v). Siderophore Production ability
decreased under higher salt concentration (3.5% NaCl, w/v) compared to ambient salt
concentration. However, one Isolate (isolate 52) exhibited higher siderophore production
capability under harsh saline conditions (3.5% NaCl) and thus can be a potential candidate for
plant growth promotion under saline conditions and further being tested.
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Fig. 2.2: (a) CAS-shuttle Assay: Siderophore-hyper producing isolates marked with (*) The
Loss of blue-color and development of orange color in CAS-shuttle Assay is indicative of higher
siderophore production. (b) Siderophore producing ability of isolates was tested at ambient
and harsh saline conditions, A- 1% NaCl, B- 3.5 % NaCl (w/v)
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Fig. 2.3: (a) IAA production by microbial isolates as indicated by color development due to
Indole-Salkowski reagent reaction. (b) Estimation of IAA production of halophytes associated
bacterial isolates under moderate (1% NaCl, w/v and High NaCL (3.5%, w/v). (IAA producers
exclusively under high salt conditions 3.5% NaCl indicted with star(=) symbol.

The screening of halotolerant bacterial isolates for IAA production indicated the biosynthesis of
[AA in microbial isolates could be salt-specific. In general, the production of IAA appeared more
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prevalent at a higher salt concentration (3.5% NaCl), indicating an adaptation of isolates to the
surrounding environment (Fig 2.3a, 2.3b). Salt-specific synthesis of IAA within the isolates is
certainly an important trait, typically in saline soils; however keen insights into the underlying
mechanisms are yet to be generated. Microbial isolates showing the ability to grow in nitrogen
source deficient media under high salt conditions (3.5% NaCl) were screened for the presence of
nifH gene (gene encoding the nitrogenase reductase subunit) using PCR with nifH gene primers.
Surprisingly, one isolate (09) exhibited a relatively larger PCR amplicon (~500 bp) than the
reported length of 360 bp; thus, the isolate is being investigated further employing the
sequencing of the corresponding DNA region (Fig-2.4a). A stem endophyte of mangrove showed
high pigment and siderophore production. The culture exhibited prominent fluorescence in UV
light which very closely resembled that of P. fluorescence (Fig. 2.4b). The bacterium has significant
plant growth-promoting potential including siderophore production, phosphate solubilization,
Indole-3-acetic acid production. Other important characteristics such as exopolysaccharide
production, nitrogen fixation, HCN production, and actual in planta performance are under
investigation.

09 15 358347 50

L T
NifH: 360bp

The isolate 09 showed higher sized PCR amplicon of niff{ gene

(a) (b)

Fig. 2.4: (a) Gel image showing the presence of the nifH gene in the bacterial isolates showing
ability to grow in nitrgen free media. (b) A stem endophyte of mangrove showing fluorescence
under UV light, isolate also displayed significant plant growth promoting potential including
Siderophore production, Phosphate solubilization, Indole-3-acetic acid production.

HPLC based detection of active component of the secretome of halotolerant bacterial
isolates from coastal mangrove’s samples: To resolve the metabolites secreted by a
halotolerant microbial isolate of the halophytic origin, the HPLC-based methods are being
optimized. Metabolite production was induced for different isolates in LB medium and secreted
metabolites were extracted employing the organic solvent extraction method.
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Fig. 2.5: (a) HPLC chromatogram of Cinnamic acid standard compared with that of the
halotolerant PGPR isolate Y_10 (b): HPLC chromatogram of cystathionine standard compared
with that of the halotolerant PGPR isolate Y_10.
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The extracted metabolites were then analyzed through HPLC for the presence of different
bioactive compounds using a gradient elution method. Metabolite’s chromatogram of 10
halotolerant isolates has been generated so far. Metabolite chromatogram of the isolates was
compared with that of standard compounds, and UV-spectrum-based comparison of individual
peaks was done for further confirmation of the identity. Finally, based on the literature, the
presence of different bioactive compounds within the metabolites pool is to be correlated with
the PGPR potential and thus the host-stress tolerance. So far biomolecule like cinnamic acid (Fig.
2.5a) and cystathionine (Fig. 2.5-b) has been detected and identified in the metabolites pool of a
halotolerant isolate Y_10 & isolate 2, respectively. The library for reference standards like
salicylic acid, GA3, Kinetin, biotin, IBA have been developed for their easy identification in the
secretome of the microbial isolates of halophytic origin.

Halotolerant Rhizobium and PGPB based biomolecules for mitigation of
salinity and drought stress

Efficient management of drought stress in plants is critical to sustaining crop productivity under
the current climate change scenario. Microbe-based next-gen strategies are increasingly thought
upon particularly due to the exceptional ability of microbes to sustain under a diversity of adverse
environmental conditions and even induce the stress tolerance mechanisms in plants. Thus,
inoculation of resilient microbes having plant growth-promoting traits in crop plants cultivated
in drought-prone areas could induce a general drought tolerance in plants thereby reducing the
overall losses. Although this approach appears to be efficient, inoculum failures are frequently
complained, which is typically due to the competence of inoculants in differing foreign
environmental conditions, and the indigenous microflora. Considering the overall difficulties and
constraints, the concept of direct utilization of microbial products has been proposed. Extending
the same, we developed a bioformulation containing microbial biomolecules from eight bacterial
cultures (Fig. 2.6) and assessed its performance under drought conditions in spinach under
greenhouse conditions. The performance of microbial biomolecules-based bioformulation
towards mounting drought stress tolerance
was evaluated in spinach (Spinacia oleracea
L.). The spinach seedlings grown for 15 days
under normal moisture conditions, were :
subjected to drought-stress by restricting o

the irrigation (2:1 irrigations-normal: —— cytokiin
stress), with the bioformulation applied | Bxtraction H P’"’Ci/-
through the foliar spray at weekly intervals

for four weeks. These plants were harvested [.. stu:!y Formulati }" - v:a:}u
and analyzed for  physicochemical ) ) ) \ '
attributes. The results indicated a significant | ey F ------ . lm::gj:r:]tentJ

influence of bioformulation application on :
the overall growth and development of Fig. 2.6: Development process of microbial
spinach under water deficit conditions. biomolecule based formulation

Biomolecule producing Bacterial strains

Bacillus sp. NIASMS LC467355
Klebsiella sp. NIASMY10N2  LC467354
Nocardioides sp. NIMMe6 LC14096
Kocuria sp. NIMMe5 LC140962

Product development at a glance

Pseudomonas sp. NIASMX  LC027455

—
v Bacillus sp. NIASM32_6 LC467382

Rhizobium sp. NIASMY7  LC467380

Carbohydrate

[ Biomolecules

(PR

An increase in shoot length over the control under the influence of bioformulation treatment
signified the relatively sound phenotypic status of the plants. The root length, though was higher
in control, it remained statistically insignificant. A comparatively longer root length in control
lowered the shoot: root ratio, which could be attributed to the natural strategy of plants to search
for water under limiting moisture conditions. In the case of treatment both the root and shoot
exhibited parallel development, indicating higher efficiency of the seedlings towards coping up
with the induced drought conditions. The canopy temperature is an important indicator of plant
responses to drought stress. Not surprisingly, the canopy temperature of the bioformulation-
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treated spinach seedlings in this experiment also exhibited significant variation over the control.
As anticipated, the canopy temperature of untreated (control) seedlings remained higher when
exposed to drought conditions. However, the bio formulation treatment appeared successfully
reduce the rising canopy temperature of the seedlings even under drought conditions. This
indicated a positive influence of the bioformulation application at the physiological level in
spinach under drought conditions. Similarly, other physicochemical biomarkers also exhibited
significant positive variations in bioformulation-treated seedlings indicating the successful
mitigation of drought stress.

To reveal the biochemical basis of the positive influence of bioformulation on the plant growth
attributes, the HPLC was employed to identify the abundant active components of the
bioformulation. The UHPLC based analysis of the exometabolites in bioformulation revealed the
presence of putative compounds viz. Gentisic acid, Protocatechuic acid, Gallic acid, Gallic acid
derivatives, Vanillin, and Syringic acid derivatives as the active biochemical constituents of the
exometabolite pool as revealed based on their Amaxand retention time. The results are also being
validated by using the reference standards of putatively identified compounds. Encourage by the
results obtained in greenhouse conditions, the formulation is also being tried in Sorghum and
Chickpea under field conditions. The effect of the application of bioformulation on the global
metabolome profile of leaves and developing grains are being studied employing LC-MS.

Designing the climate-smart integrated farming system (CIFS)

Selection and optimization of the components of one hectare model of CIFS for enhanced
productivity, profitability and climate resilience is being carried out from July 2020 at ICAR-
NIASM, by integrating abiotic stress farming system components crop, livestock, horticulture,
agroforestry and fishery. The methodology used is graphically depicted in Fig. 2.7 .

Heat stress

Selection of abiotic stress resilient A
components v d
Minimizing competition and D Q

maximizing complementary effect v

Abiotic
Stressors

Optimization of size of
..... p based flow

l

Diversification of components and within
the to minimize risk

|

Techno-based adoptions for
adaptation & mitigation of CC

Optimization of water, carbon &
energy footprint

Achieving Sustainable ]
ivelihoo
Developminti;]cslti);lls (BIGEIE Sustainable Stability in Improvement & Lower GHGs
P & production income Nutritional Security Emission

Fig. 2.7: Graphical representation of the design of CIFS

This size of the components is judiciously decided to minimize competition across its components
and maximize complementary benefit and their ability to synergistically mitigate the ill effects of
climatic vagaries. Selection and implementation of abiotic stress tolerant horticultural crops,
agroforestry components for boundaries, crop rotation of climate resilient crops, farm pond &
micro-irrigation systems have been carried out. Design and development of structures for
multilayer/multitier farming system is completed. Also laying of HDPE sheet in farm pond,
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rearing of fish in pond, implementation of solar water pump based micro-irrigation facility for
crop and horticulture component has been done. The data pertaining to inputs and outputs are
being recorded for calculating the water, energy and carbon footprints of the climate-smart IFS.
The optimized size of components in the one hectare CIFS model are a) Crop 6250 m?;
Horticulture-3000 m?; Livestock- Indigenous cow-02, Goats-10, Native poultry birds-50 nos.
Fisheries-400 m?; Apiary-five boxes; Agroforestry boundary plantations). The diversification
index of the CIFS Components was calculated as Crop Diversification Index-0.99; Horticulture
Diversification Index-0.84; Animal diversity (Simpson's Diversity Index)-0.46. The economics of
CIFS components is given in Table 2.1.

Table 2.1: Overall economics of CIFS

Cost of Cultivation/ Gross Income (Rs) B:C

rearing (Rs)
Crop 56576 49358 0.87
Livestock 104738 142133 1.35
Overall 161315 191491 1.18

Table 2.2: Component-wise Water Productivity in CIFS

Livestock Water productivity Rabi Crop  Water productivity

Components Rs/m3 Produce unit / m3 kg biomass/m3

Dairy animals 9.62 Milk- 0.29 Chickpea 1.668

Goat 9.11 Meat - 0.027 Sorghum 2.635

Poultry 1.09 Egg- 0.115 Sunflower 0.895

Overall 5.47 - Safflower 0.723
Clusterbean 2.549

The overall cost of cultivation of different components of CIFS was Rs. 161315, gross income was
Rs. 191491 and the B:C was 1.18 of CIFS in the first year of experiment. The water productivity
(Produce unit / m3) for livestock produce for milk, meat and egg was 0.29, 0.027 and 0.155
respectively. The Crop Water productivity (kg (biomass)/ms3) for rabi season crops Chickpea,
Sorghum, Sunflower and Safflower was 1.668, 2.635, 0.895 and 0.723 respectively.

Response of turmeric (Curcuma longa L) to saline water irrigation on
growth, physiology, and antioxidant properties

A pot experiment was conducted to find out the effect of saline water irrigation on growth,
physiology, biochemical signal and economic yield in turmeric crop. with five levels of salinity
treatments (0, 2, 4, 6 and 8 dSm1) replicated four times in RCBD. The salinity levels were
prepared using NaCl, CaClz, MgCl; and MgSO. to maintain Cl:SO4 ratio in 7:3. Salinity treatments
were imposed according to treatment scheduled 30 days after transplanting of seedling and
continued till maturity of the crop. The results showed that saline water irrigation induced
changes in growth and yield parameters in turmeric crop. Plant height of different levels of
salinity stressed was affected significantly with the lowest (37.9 cm) at 8 dS m-! salinity. Slight
increase in salinity by 2 dsm-! reduced the growth of turmeric by 15.7 per cent as compared to
control. The number of tillers leaves per plant and leaf area were also significantly reduced.
Chlorophyll and NDVI of the leaves (Fig. 2.8) also reduced with increase in salinity. The lowest
fresh rhizome yield (19.8 g/plant) was recorded at 8 dSm-! that also resulted in the lowest dry
yield (2.5 g/plant) and dry recovery (12%). In the present study salinity stress had a major impact
on growth through retardation, degradation of photosynthetic pigments, and eventually reduced
yield. This study demonstrated that turmeric is sensitive to saline water stress and it reduces the
yield drastically if saline water >4 dS m-! is used for irrigation.

38



[,
ICAR-NIASM Annual Report 2021 Té%},

NIASM

Table 2.3: Effect of saline water irrigation on growth and yield parameters of turmeric

Treatments Plant No.of No.of Total Fresh Dry Dry
height tillers leaves leafarea rhizome rhizome recovery
(cm) (cm2/plant) yield yield (%)
(g/plant) (g/plant)
0 dSm-! 61.4 1.8 9.4 487.9 55.6 13.5 24.2
2 dSm! 51.7 1.3 6.8 380.2 40.1 9.3 23.1
4 dSm-! 44.6 1.1 6.3 224.5 29.6 5.8 19.8
6 dSm-! 41.3 1.1 4.8 228.3 23.7 4.2 17.5
8 dSm-! 37.9 1.2 4.2 203.6 19.8 2.5 12.0
SEm+ 0.70 0.09 0.43 28.9 2.43 0.60 0.73
LSD (p=0.05) 2.41 0.26 1.26 84.2 7.11 1.76 2.13
0.8 - _ 15 -
062 0.55 0.51 = 10.7 10.1
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Fig. 2.8: Effect of saline water on Plant NDVI and Total chlorophyll in turmeric

Thus, the use of saline water irrigation must be critically considered to avoid yield loss. Suitable
varieties or cultivars tolerant to salinity are required to face the challenge of increasing salinity
to make golden spice tolerant to salinity.

Stress tolerance indices for identification of moisture deficit stress tolerant
genotypes in fenugreek

Moisture deficit stress tolerance was assessed in fenugreek plant using stress indices. Tolerance
to drought is expressed by stress tolerance index (STI) and Stress susceptibility index (SSI). The
higher value of STI indicates higher tolerance to stress, while the lower value of SSI (<1) indicates
the higher the stress tolerance and vice versa. In the present study, cultivar AFG-3 possessed
higher STI (1.17) and lower SSI (0.74) among the genotypes studied. The highest value STI was
recorded for Afg-3 (1.17) followed by Rmt-305 (0.84) and Co-2 (0.83). Similarly, highest
susceptibility index was recorded in Afg-2 (1.24) and Lam selection-1 (1.23) followed by Hisar
sonali (1.15) and GM-1 (1.08) respectively. The higher value of susceptibility index indicates
lesser tolerance to stress. It also denotes that Afg-2, Lam selection-1, Hisar sonali and GM-1 are
identified as susceptible to deficit moisture stress due to a higher percentage of seed yield
reduction under deficit moisture stress conditions. Per cent yield reduction (PYR) indicates stable

Table 2.4: Stress tolerance indices for different genotypes of fenugreek.

Genotypes STI TOL SSI YSI YR PYR GMP
Hisar Sonali 0.80 0.91 1.15 0.68 0.32 32.35 2.70
Lamselan-1 0.56 0.83 1.23 0.65 0.35 34.54 1.89
Co-2 0.83 0.55 0.74 0.79 0.21 20.68 2.77
RMT-305 0.84 0.69 0.90 0.75 0.25 25.18 2.81
GM-1 0.42 0.60 1.08 0.70 0.30 30.12 1.40
AFG-2 0.66 0.91 1.24 0.65 0.35 34.82 2.23
AFG-3 1.17 0.65 0.74 0.79 0.21 20.76 3.92
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performance across conditions. PYR was less in genotypes Co-2 (20.68) and Afg-3 (20.76). Mean
productivity is high in Afg-3, Rmt-305 and Co-2 indicate high tolerance towards moisture stress
at the flowering stage. This attribute may be due to higher productivity under stress conditions
and a narrow reduction in seed yield under stress as compared to non-stress conditions. Moisture
deficit tolerance by fenugreek varieties showed that the highest value of stress tolerance index
(STI) was recorded in Afg-3 followed by Rmt-305 and Co-2. Similarly, the highest susceptibility
index was recorded in Afg-2 and Lam selection-1. Therefore, it is concluded that Afg-3, Co-2, and
Rmt-305 are tolerant to moisture stress and able to provide higher yield without much reduction
in yield due to moisture deficit stress.

Wastewater treatment synergizing with integrated approach of constructed
wetland and aquaponics

Constructed wetland system

The pilot scale constructed wetland system =
(CWs) (Fig. 2.9) established at NIASM for septic

tank wasterwater treatment comprised of three _— o : !
parallel units (i) Gravel based Vertical sub- E..é Se : 51

surface flow based CWs (VSSF-CWs) grown with | §  La e Ee i
typha (TW), vetiver (VW) along with unplanted " . o & =

(Control-CW) system (ii) Horizontal sub-surface

flow based CWs (HSSF-CWs) and (iii) Vertical =%~
sub-surface flow based CWs (VSSF-CWs) filled (
with different growing cum filtration media viz. (AP) (CWs)
Gravel + Brick block (HGB & VGB-TW), Gravel + j _
Coco peat (HGP & VGP-TW), Gravel + Charcoal Fig. 2.9: Pilot scale Constructe'd wetland
(HGC & VGC-TW), Gravel (HG & VG-TW) and along system (CWs) and Aquaphonics(AP) at
with horizontal media less planted control (HPC), vertical unplanted control (VUC) and Vertical
freshwater control (VFC) and grown with commercial floricultural crops.

These units were tested for their potential removal of different metallic pollutants as well as
flower yield of commercial marigold hybrids : Ashtagandha red and Gold-spotyellow during Jan.-
Apr. 2021 and Gold-spot yellow during Sep.-Dec. 2021. These commercial marigold hybrids were
selected due to their best performance during earlier screening process. For this metal mixtures
of Fe, Mn, Zn, Cu, Cd, Cr, Pb, Ni each with 5.0 mg/]l concentrations were prepared by spiking in
NIASM wastewater and then fortnightly applied in these systems in three replications planted
with Ashtagandha red and Gold-spot yellow (five plant each in horizontal and two plant each in
vertical system). Different growing cum filtration media (treatments) has shown average metal
removal capacity of 95.09, 92.50, 94.47, 94.89, 94.80 & 96.47% for Zn, Cu, Fe, Mn, Ni and Cd;
respectively. The Vertical CWs has shown relatively higher metal removal capacity (96.67, 93.11,
95.06, 95.12, 94.83 & 96.74%) compared to horizontal CWs (93.52, 91.89, 93.88, 94.65, 94.78 &
96.19%) for Zn, Cu, Fe, Mn, Ni and Cd, respectively. The metal removal capacity was found in
decreasing order for Gravel+ Charcoal (GCW) > Gravel (GW) > Gravel+ Brick block (GBW) >
Gravel+Coco peat (GPW) > Control (CW) treatments.

During Jan.-Apr. 2021, the marigold flower yield was found in decreasing order for
HSSF-CWs : HGP-CW ~ HGC-CW > HG-CW > HGB-CW > HPC and for
VSSF-CWs : VGC-TW > VG-TW > VGP-TW > VGB-TW ~ VFC.

During Sep.-Dec. 2021, the marigold flower yield was found in decreasing order for
HSSF-CWs : HGB-CW ~ HGC-CW > HG-CW ~ HGP-CW > HPC and for
VSSF-CWs : VGC-TW > VGP-TW > VG-TW ~ VGB-TW.
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Fig. 2.10: Marigold flower yield in CWs treatments
Aquaponics system

Treated water from all the three systems is

collected/stored/fed in aquaponics system Cualiflower m Cabbage mTomato
under following treatments viz. Gravel + Rice Fw

hull (GHW), Gravel + Coco peat (GPW), Gravel + Uw

Charcoal (GCW), Gravel (GW), Typha treated & w

water (TW), Vetiver treated water (VW) along % ™

with Untreated water (UW) and Fresh water E GBW —

(FW) as control. In these aquaponics system GPW

without any nutrient addition hydroponically GCW

four different vegetable crops were grown viz GW —

chilli, cauliflower, cabbage and tomato. Among 0 50 100 150 200
these vegetable crops yield was found in the Yield (g)

order as: Tomato > Cabbage > Cauliflower >>

Chilli Fig. 2.11: Vegetable yield in aquaponics system
illi.

However, among different treatments vegetable yield was found in the order as:

Tomato :UW > GBW > GW > GCW > GPW > FW > TW> VW
Cauliflower : GBW>GW >TW > GPW > VW > GCW ~ FW > UW
Cabbage : GCW > GPW > UW > VW > TW > FW ~ GW > GBW

Vegetables grown in different treatments (other than untreated water) were found safe for
consumption with respect to microbial population (Fecal coliform and E.coli)

During Sept - Dec. 2021 Spinach was grown in these aquaponics system in two different ways (i)
hanging pots and (ii) gravel filled columns. From 24 aquaponics systems and 96 columns 3.29 kg
spinach leaf and from 72 hanging pots kg spinach leaf was harvested. After analysis the harvested
spinach was found safe for consumption.

Flowering crops in field

With these aquaponics treated waters along with fresh water and untreated wastewater six
different flowering crops viz. chrysanthemum, aster, marigold, gladiolas, Jasmine and tuberose
were grown in field in triplicates. Among these flowering crops; from marigold (Gold spot yellow)
after planting of 20 plants per plot in three treatments of nine plots about 36.18 kg flower was
harvested in three picking. Harvested flower yield was found higher with treated water than
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untreated and fresh water. Thus, constructed
wetland system comprising cultivation of
floriculture crops in different composition-based
media could prove a sustainable water treatment
option that generates additional profit in form of
floriculture produce. This option could also
supplement in various mitigation strategies to
circumvent the global water scarcity.

Fig. 2.12: Treatments imposed in open field

Studies on multiple stresses in Pangasianodon hypophthalmus

Mitigating multiple stresses in Pangasianodon hypophthalmus with a novel dietary mixture of
selenium nanoparticles and Omega-3-Fatty Acid

Effects of a novel dietary mixture of selenium nanoparticles (Se-NPs) and omega-3- fatty acids
i.e., Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) on mitigating arsenic pollution,
high-temperature stress and bacterial infection were investigated in Pangasianodon
hypophthalmus. To this aim four isocaloric and iso-nitrogenous diets were prepared: control feed
(no supplementation), Se-NPs at 0.2 mg kg! diet with EPA+DHA at 0.2, 0.4 and 0.6 % as
supplemented diets. Fishes were reared under normal condition or concurrent exposure to
arsenic (2.65 mg L-1), and temperature (34 °C) (As+T) stress for 105 days with eight treatments
in triplicates. Response to various stresses i.e., primary (cortisol), secondary (oxidative stress,
immunity, and stress biomarkers) and tertiary stress response (growth performance,
bioaccumulation and mortality due to bacterial infection) were determined. Supplementation of
dietary Se-NPs at 0.2 mg kg1 diet and EPA+DHA at 0.2 and 0.4 % reduced the primary stress level.
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Fig. 2.13: Secodary stress response (HSP70 in liver & gill and AChE in brain & muscle) across
treatments

Exposure to arsenic and temperature (As+T) and fed with control diet and EPA+DHA at 0.6 %
aggravated the cortisol level. Anti-oxidative enzymes (Catalase, superoxide dismutase,
glutathione peroxidase and glutathione-s-transferase) and immunity (Nitroblue tetrazolium,
total protein, albumin, globulin, A:G ratio, total immunoglobulin and myeloperoxidase) of the fish
were augmented by supplementation of Se-NPs and EPA+DHA at 0.2 and 0.4 %. Neurotransmitter
enzyme, HSP 70, Vitamin C were significantly enhanced (p<0.01) with supplementation of Se-NPs
at 0.2 mg kgtand EPA+DHA at 0.2 and 0.4 %. Whereas total lipid, cholesterol, phospholipid,
triglyceride and very low-density lipoprotein (VLDL) were reduced (p<0.01) with the
supplementation of Se-NPs at 0.2 mg kg1 diet and EPA+DHA at 0.2 and 0.4%. Tertiary stress
response viz. growth performance was also significantly enhanced with supplementation of Se-
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NPs at 0.2 mg kg! and EPA+DHA at 0.2 and 0.4 % reared under As+T. Whereas arsenic
bioaccumulation in fish tissues was significantly reduced with dietary supplementation of Se-NPs
and EPA+DHA. Cumulative mortality and relative percentage survival were reduced with Se-NPs
at 0.2 mg kgt and EPA+DHA at 0.2 and 0.4%. The investigation revealed that a novel combination
of Se-NPs at 0.2 mg kg* and EPA+DHA at 0.4 % followed by 0.2% has the potential to alleviate
temperature stress, bacterial infection and arsenic pollution. Whereas diet containing Se-NPs at
0.2 mg kg1 diet and EPA+DHA at 0.6 % noticeably enhanced the stress in P. hypophthalmus. (For
more information please refer: Scientific Reports (2021) 11:19429)

Omega-3 fatty acids effectively modulate growth performance, immune response, and disease
resistance in fish against multiple stresses

Arsenic pollution and climate change are among the major global challenges threatening the
aquatic environment. Concerted and accelerated scientific efforts are in progress to restrict the
ill- impacts of pollution and climate change in the aquatic ecosystem.
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Fig. 2.14: Mitigation of primary and secondary stress response through dieatry supplementation
of EPA+DHA fed to P. hypophthalmus reared under arsenic and high temperature for 105 days.

In this context, a study was conducted to delineate the effect of omega-3 fatty acids i.e.,
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) in mitigating arsenic pollution and
temperature stress in Pangasianodon hypophthalmus. Four isocaloric and iso-nitrogenous diets
were prepared viz. control feed (no supplementation), and three treatment groups with
combined level of EPA+DHA at 0.2, 0.4 and 0.6 %. Fish were reared under arsenic (2.65 mg L1)
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and elevated temperature (34 °C) (As+T) stress for 105 days with eight different treatment
groups in triplicates. Growth performance, oxidative stress enzymes, stress biomarkers,
immunity, lipid profile, bioaccumulation of the arsenic in fish tissues and bacterial infection in
terms of cumulative mortality and relative percent survival were altered on exposure of arsenic
and temperature stress. Supplementation of combinatorial mixture of EPA+DHA at the rate of 0.2
and 0.4 % in the diet led to improved growth performance, anti-oxidative status, immunity of the
fish and reduced the infection against Aeromonas hydrophila. Neurotransmitter enzyme, HSP 70
and Vitamin C were significantly enhanced (p<0.01) with supplementation of EPA+DHA, whereas,
total lipid, cholesterol, phospholipid, triglyceride and very low density lipoprotein (VLDL) were
reduced (p<0.01) at 0.2 and 0.4% of dietary incorporation of EPA+DHA.

Overall, the present investigation clearly revealed that a novel combination of EPA+DHA at 0.4 %
has the potential to mitigate arsenic pollution, temperature stress and protect against bacterial
infection in P. hypophthalmus. (For more information please refer: Aquaculture 547
(2022):737506)

Dietary riboflavin enhances immunity and anti-oxidative status against arsenic and high
temperature in Pangasianodon hypophthalmus

The present study was conducted to delineate the role of dietary riboflavin (RF) on mitigation of
abiotic stresses due to low dose of arsenic and high temperature (As+T) on Pangasianodon
hypophthalmus. Four diets containing RF at 0, 5, 10 and 15 mg kg! were fed to fishes reared
under low dose of arsenic (2.68 mg L-1 ) and temperature (34 °C) stresses for 90 days. Growth
index viz. weight gain percentage, feed conversion ratio, FCR; protein efficiency ratio, PER; and
specific growth rate, SGR significantly enhanced (p < 0.01) with supplementation of dietary RF at
10 mg kg- 1 diet, whereas growth index of fish treated under stressors (As+T) and fed with
control diet drastically reduced (p < 0.01).
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Fig. 2.15: Effect of dietary riboflavin on weight gain % and AChE in brain ad muscle of P.
hypophthalmus reared under low dose of arsenic and high temperature for 90 days. Values in the
same column with different superscript (a, b, c, d) differ significantly (p < 0.01). Data expressed
as Mean * SE (n=6).

Anti-oxidative status viz. catalase, superoxide dismutase, glutathione-s-transferase and
glutathione peroxidase was significantly improved (p < 0.01) with supplementation of dietary RF
at 10 mg kg! diet. Moreover, the immunological status viz. total protein, albumin, globulin,
albumin globulin ratio (A:G ratio), respiratory burst activities, myeloperoxidase, total
immunoglobulin were significantly improved with supplementation of dietary RF in fish reared
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under stressors and non-stressors. The biochemical stress markers as blood glucose and HSP 70
was drastically reduced with dietary RF at 10 mg kg1 diet, however, the level of glucose and HSP
70 were elevated with arsenic and high temperature and fed with control diet.

Aeromonas hydrophilla was inducted to fishes to observe the immunological status of fishes fed
with dietary RF. The protective role of dietary RF was observed in the histopathological study of
liver and gill. Arsenic bioaccumulation in different fish tissues reduced (p < 0.01) with dietary
supplementation of RF. The study revealed that As pollution and high temperature reduced the
growth performance, anti-oxidative status and immunity of the fish but dietary RF mitigated it.
(For more information please refer: Aquaculture 533 (2021):736209).

Metal determination and biochemical status in marine fishes facilitates in
biomonitoring of marine environmental pollution

This study intended to analyse the bioaccumulation of chromium, manganese, cobalt, copper,
zinc, selenium, arsenic, strontium, cadmium, tin, antimony and lead in tissues of 30 different
marine fish species collected from New Ferry Whorf, Sassoon dock and Versova fishing harbour.
The bioaccumulation patterns of 12 elements were determined to assess the pollution
biomarkers based on cellular and oxidative stress. Results revealed that stress biomarkers viz.
catalase, superoxide dismutase and glutathione-s-transferase; glycolytic enzymes viz. lactate
dehydrogenase, malate dehydrogenase, protein metabolic enzymes viz. aspartate transferase,
alanine transferase; and lipid peroxidation were significantly higher in muscle and gill tissues
while the neurotransmitter enzyme viz. acetylcholine esterase in muscle and brain were
significantly inhibited. Overall results indicated that biochemical attributes such as oxidative
stress enzymes, cellular biomarkers, neurotransmitter enzymes and metals and metalloids
contamination even at low concentration could be successfully employed as reliable biomarkers
for biomonitoring of contaminated marine ecosystems. (For more information please refer:
Marine Pollution Bulletin 170 (2021):112682).

Diagnostics of dragon fruit diseases

The farmer’s trend towards dragon fruit cultivation has increased in past decade due to its higher
market price. However, the climatic uncertainties hamper the quality production of dragon fruit
and therefore the profitability as well. Diseases associated with dragon fruit is one of the major
issues affecting dragon fruit quality as well as its cultivation in general. Since dragon fruit is
relatively a new crop introduced in India, growers are unaware about the associated diseases and
its management. The survey done at farmer’s field and at NIASM field depicted presence of several
pathogenic fungi associated with foliar diseases in dragon fruit. Anthracnose, leaf spot/blight,
stem canker, stem rot/soft rot, fruit spot were the common diseases noticed during field survey.
Symptomatic samples were collected for laboratory diagnosis which include tissue isolation,
culture purification, morphological & microscopic characterization and molecular confirmation.
Morphological and microscopic characterization of pure cultures revealed presence of nine
different genera viz., Colletotrichum spp., Fusarium spp., Alternaria spp., Phoma spp., Biopolaris sp.,
Nigrospora spp., Neoscystalidium sp., Curvularia spp. and Rhizoctonia spp., (Fig. 2.16). After
microscopic & morphological characterization, selective isolates of leaf spot pathogens were
confirmed by molecular characterization i.e., rDNA-ITS gene sequencing with universal primers
ITS-1/1TS-4. The resulted sequences were submitted to NCBI. Didymella macrostoma Curvularia
spicifera, Nigrospora zimmermanii, Alternaria macrospora, Alternaria sp., Curvularia lunata
(Cochliobolus lunatus), Alternaria japonica were enlisted among the leaf spot pathogens whereas
Colletotrichum truncatum was responsible for anthracnose disease in dragon fruit (Table 2.5).
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Fig. 2.16: Pathogenic fungal genera associated with foliar diseases in dragon fruit.

Table 2.5: Molecular confirmation of dragon fruit anthracnose and leaf spot pathogens by rDNA-
ITS gene sequencing for Dragon fruit as Host

Disease Pathogen NCBI Accession no.

Anthracnose Colletotrichum truncatum 0K639098, 0K639099, 0K639100

Leaf spot/leaf blight Didymella macrostoma 0K668225

Leaf spot Curvularia spicifera 0K668226, 0K639092

Leaf spot Nigrospora zimmermanii 0K668227

Leaf spot Alternaria macrospora 0K668228, 0K639093

Leaf spot Alternaria sp. 0K668229, 0K639095

Leaf spot Curvularia lunata 0K668230, 0K639094
(Cochliobolus lunatus)

Leaf spot Alternaria japonica 0K668231

Vermicomposting for farm waste management

Vermicomposting is one of the major biodegradable waste management ways already working in
the nature. An investigation on ways of degrading different types of crop residue and farme waste
by vermicomposting was conducted using two earthworm species Red wiggler worm (Eisenia
fetida) and African night crawlers (Eudrilus eugenia) and compared for their nutrient content.
The initial enrichment of the vermicomposting unit was done using (IE1)-cow dung based half
decomposed FYM and (IE2)-cow dung, for composting wheat husk & farm stubble (weeds) and
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coconut leaves & farm stubble. The pH and electrical conductivity of the prepared vermicompost
was found in the range 7.8-8.0 and 3.4-5.6 dS/m while nutrient content in the range; total organic
carbon 13.5-15.4%, nitrogen 0.75-1.3%, phosphorus 0.31-0.51%, potassium 0.92-1.91% and C/N
ratio 12-18. In IE1 vermicompost; pH, EC, C-content, N-content, P-content, K-content, C/N ratio
was found 7.9, 4.36 dS/m, 13.99%, 0.75%, 0.35%, 1.71%, 18.65; while in IE2, 8.00, 4.66 dS/m,
14.69%, 1.1%, 0.42%, 1.00%, 12.72; respectively.

® Wheat husk = Farm stubble m Wheat husk = Farm stubble
12.00 = FYM+Coconut leaf FYM + Farm stubble 200 ™ FYM+Coconut leaf FYM + Farm stubble
10.00 I 160
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Fig. 2.17: The nutrient parameters measured for vermicompost obtained in the experiment

From eight pits of dimension (5mx1mx1m), with three fourth residue filling and 5kg earthworm
loading about 4385 kg of vermi-compost could be harvested after two times residue loading in a
year (2020-21). Among different treatments harvested vermicompost was found in the order
FYM + Farm stubble (300-350 kg/pit) > Cow dung + Farm stubble ~ Cow dung + Wheat straw
(250-300kg/pit) > FYM+ Coconut leaves (200-250 kg/pit).

Potential of sandalwood cultivation under abiotic stressed environment for
adaptability & income generation

Indian sandalwood (Santalum album) is a
tropical hemi-parasitic tree native to Southern
India and Southeast Asia belonging to the family
Santalaceae. It has commercial value for its
fragrance and; medicinal qualities. The wider
distribution of Sandalwood, monopoly in trade &
skyrocketing demand have opened up
opportunities for upscaling Sandalwood
cultivation among farmers. NITI Ayog has B it S A :
brought up recent changes in policy by setting up Fig. 2.18: Nursery raising of Sandalwood
sandalwood development committee to study seedlings at ICAR-NIASM, Baramati
the possibilities to remove certain notions on tree plantation, harvesting and marketing through
single window approach. However, lack of scientific knowledge on nature of parasitism, choice of
host, tree-host ratio, geometry of planting and management practices pose some difficulties
during field establishment. Keeping in view the abovesaid constraints, a research trial on
sandalwood is planned to get better insight into the host-sandalwood interaction favouring
sandalwood plant under water-stress environment; assess impact of planting geometry and host-
species on heartwood yield and oil content in sandalwood and assess the current status of
heartwood yield and oil content in natural and planted sandalwood. Nursery raising and planting
was carried out during 2021. The causality planting of apple ber as host plant was also carried
out in the month of August, 2021. Baseline observations in Mango (variety: Keshar) and Apple
ber was also carried out at Agroforestry block.

hyd &
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Growth and reproductive parameters of dragon fruit plantation

The growth and reproductive parameter data on plant height, canopy spread, canopy height, and
fruit set (%) were recorded. Time required for different sub-principal growth stages of dragon
fruit, and yield per plant in dragon fruit planted with different filling mixtures. Highest plant
growth, number of fruits, fruit weight, and fruit set and yield was recorded in black soils (Table
2.6). Fruit set and fruit weight decreased with the flowering flushes occurrence, however ‘flower
and fruit numbers were observed to increase in later flushes (Table 2.7). Meager differences were
observed in quality of dragon fruit under different soil types. The time required for different
reproductive stages in dragon fruit was quantified as: Bud emergence to flower closing: 20-21
days; Flower closing to Harvesting: 32-33 days; Bud emergence to Harvesting: 52-54 days and no
significant differences were observed across soil types.

Table 2.6: Growth and reproductive parameters of Dragon fruit

%D E 5] ‘2 = ?-D Q E ?.D §
. 2 T 58 g E¥ 2 By .2 S
Soil = =5 £ 2= &8 £E= 4 o i =Y e
- as 8 aE -7 =2 T S 22 9
type S g g © = e g 1] '50 a - 9 b -ED =
FE 83 SE &8 5 E3 Pw B
-)% - -)%’ = E-W N-S =h:z = #F 2 & B S~~~ < 2 o
Native 1.70 0.75 214 2.21 1800 519.85 50 10.13 0.231 75.47
Mix 1.69 0.70 1.88 1.92 1702 375.66 47 7.97 0.222 82.80
(1:1)

Black 1.69 082 227 232 2276 42640 632 11.88 0.227 86.52
*Plant growth = 25 plants each, #Yield data = 36 plants each in 3 soil types

Table 2.7: Number of fruits and weight under different flushes of dragon fruit

Soil

type

Native  No. of fruits 79 85 201 24 68 248 326 23 746

Soil Total weight (kg) 26.36 22.74 63.00 493 16.25 33.83 70.80 479 1223
Avg. fruit weight (g) 333 267 313 205 239 136 217 208 163

Mix No. of fruits 38 42 125 11 39 193 224 11 519

Soil Total weight (kg) 13.31 11.84 37.67 1.49 740 25,53 57.39 2.43 71.6
Avg. fruit weight (g) 350 281 301 135 189 132 256 220 137

Black  No. of fruits 136 91 243 28 98 329 522 16 813

Soil Total weight (kg) 43.37 2593 76.39 574 2257 4468 116.7 349 87.53
Avg. fruit weight (g) 318 284 314 204 230 135 223 218 107

Harvesting I II I IV \" VI VII Vil IX

Table 2.8: Reproductive growth stages and their duration in dragon fruit

St Ti ired
age Name of stage ime require

code (days)

[toll Emergence of flower bud to Bud elongation 4

I1 to 11 Bud elongation to Petal visibility/ball formation stage 15-16

I to IV Petal visibility /ball formation stage to Flower opening (anthesis) 1

IVtoV Flower opening (anthesis) to Flower closing Same day

Vto VI Flower closing to Turning stage 30-31

VI to VII Turning stage to Harvesting 2
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a-b: flower bud emergence; b-d: bud elongation; e: beginning of floral tube elongation; f: petal visibility /ball
formation; g: flower opening; h: flower closing; i: fruit growth; j: colour initiation; k: harvesting stage

Fig. 2.19: Growth stages of dragon fruit
Collection and conservation of planting material

“Jumbo” and “C type” variants of Dragon fruit were collected from farmers field of Solapur region
(Mabharashtra) and replicated at dragon fruit germplasm block at ICAR-NIASM.

The planting material of different Citrus rootstocks were collected from ICAR-IARI, New Delhi
and planted in the nursery at ICAR-NIASM. These rootstocks are Sour Orange, Carrizo Citrange,
Jatti Khatti, Cleopatra mandarin, RLC 1, X639, Rough Lemon, Soh Sarkar, Succatan, Pomeroy. They
are having tolerance to different abiotic stresses. Thus, collection and conservation of these
rootstocks will be helpful in understanding their mechanisms of tolerance and their conservation
at [CAR-NIASM.
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3.3 Research Programme 3: Water Stress Management

Water stress, is one of the most important abiotic stresses faced in Indian agriculture and its
management needs a multipronged approach. The research programme on water stress
management has therefore broadly focused its activities to evolve adaptation and mitigation
options for management of water related abiotic stresses. These include unravelling the
mechanisms and traits contributing to water stress tolerance in plants for generation of climate
smart crops; characterization of genes and understanding mechanisms for designing crops for
adaptation and mitigation to water stress by utilizing molecular and genomic and physiological
tools; optimizing novel genetic improvement approaches for enhancing resilience of crops to
water stress, exploring alternative crops suitable for deficit or excess soil moisture situations and
aggregating potential collections/species exhibiting abiotic stress tolerance. The major research
findings emerging out and the progress made under this programme during the past one year are
summarized below.

Evaluation of soybean genotypes for traits associated with drought stress
tolerance

A total number of 200 soybean genotypes, along with check varieties i.e., ]S-9560, JS-7105, ]S-
9752 (drought tolerant) and NRC 37 (drought susceptible), were evaluated for drought stress
tolerance under greenhouse conditions. Drought stress was imposed by withholding watering for
4 days at flowering stage (R1) stage. Soybean genotypes along with check varieties were
evaluated for photosystem II efficiency, canopy coolness and canopy greenness. Genotype TGX-
539-2D-7 had higher PS-II efficiency, cooler canopy and canopy greenness under non-stress and
also drought stress condition compared to check varieties

Irrigated Drought stress 20 - Irrigated Drought stress

35 = T
30 - =
25 4 |7 T T
20 |
15 -
10 -
5,
0
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COO0O0O0O0000
oL whuoN®O
|
]
]
Canopy Temperature ( °C)

T T T T 1 T T T T
TGX 539-2D-7JS7105 JS 9752 JS9560 NRC 37 TGX 539-2D-7JS 7105 JS9752 JS9560 NRC37

Fig. 3.1: Genetic variability in photosystem II efficiency (Fv/Fm) and canopy temperature under

drought and irrigated conditions in soybean genotypes

Screening and identification of waterlogging tolerant pigeonpea genotypes

Waterlogging becoming major production threat in pigeonpea cultivation in kharif season;
especially in the early phases of crop growth. In order to identify waterlogging tolerant pigeonpea
genotypes a set of 50 genotypes from minicore collections along with tolerant checks (ICP-5028,
ICP-7035 and MAL 15) and susceptible check (Sips2) were sown in a pot experiment with 3
replications. In each pot 7-8 seeds were sown, 10 days after sowing 5 uniform healthy plants per
plot were maintained by removing excess plants from the plants. 20 DAS stress treatment were
given to plots by maintaining waterlogging condition (>10mm of water above the soil surface) for
10 days continuously. After 10 days of stress treatment excess water was drained out from the
plots and plants were allowed to recover. The traits like survival rate, plant height, chlorophyll
content and PS-II efficiency were measured for both control plants and stress treated plants.
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Genotypes namely ICP-7375, ICP-7076, ICP-7507, ICP-7426, ICP-7314, ICP-6128, ICP-6859, ICP-
6815, ICP-7148, ICP-6992, ICP-9414 exhibited high survival rate, enhanced plant height under
stress and high chlorophyll content and PS-II efficiency as compared to tolerant checks. These
results need to be validated further for confirmation of tolerance level.

/ /
2 X . - A
7 - 4 2 ' s N
N ¥ i ‘\ o

" e = o ¥ <
e ICP-7507— 8 ICP-6815 T = 1cP-6128 i cp.7076
Control WT Control WT Control WT Contro WT

Fig. 3.4: Water logging tolerant genotypes of Pigeonpea

Genetic Variability in root system architecture under in vitro conditions in
soybean genotypes

Root traits like root length and root

15 - mRoot Length 6DAI m Root Length 9DAI
biomass are considered wuseful for m Root Length 12DAI  m Root Length 15DAI
improving crop yield. Therefore, root o 12 4
system architecture study is very crucial £ g .
can be studies through root traits. A total )

100 soybean genotypes were evaluated for }i’ 6 -

root traits under in vitro conditions. C‘8:

Soybean genotype PLSO-079 had efficient 3 1

root system in terms of length and biomass 0

compared to check varieties ie. JS-9752 PLS0079 JS 9752 NRC37 JS7105 JS 9560

(drought tolerant), ]S-7152 (drought
tolerant), JS-9560 (drought susceptible)
and NRC-37 (drought susceptible).

Fig. 3.2: Variation in root length of soybean
genotypes under invitro studies

i il

JS 9560 J§ 9752 JS 7105 NRC37  PLSO079 JS9560 JS9752 JS7105 NRC37 PLSO079

Fig. 3.3: Genetic variability in root system architecture

Phenotyping of Seed Traits in Mungbean Minicore Accessions Using Digital
Image Analysis

Phenotyping plays a key role starting form identification of sources for the trait, to selection and
advancement of lines, and evaluation of cultivars prior to release. Grain weight and number per
pod are the routine post-harvest parameters used by crop scientists for assessing performance
of genotypes while other features of grains are often ignored due to constraints in phenotyping.
Recent image analysis techniques offer opportunities to bridge this gap. Such techniques need to
be optimized for high throughput assessment of individual seed which is practically difficult to
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do manually for large number of samples. Image-based phenotyping of seed morphological
features were therefore carried out. Seeds of 296 accessions of Mungbean obtained from the
World Vegetable Centre, Taiwan were subjected to image analysis. For image acquisition, light
illuminated setup was used to capture the images of 12192 seeds. Images were analysed by using
Image], an open-source software. Different seed parameters viz., Roundness, Feret Y, Feret angle,
Feret X, Circularity, Solidity, Raw integrated density, Aspect ratio, Integrated density, Perimeter,
Width, Height, and Feret diameter were calculated using inbuilt functions.
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Fig. 3.5: Genetic variation in different seed parameters
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Fig. 3.6: Clustering of 296 Mungbean genotypes based on seed traits derived from digital imaging

These data could differentiate the origin of the seeds as the originating countries could be
classified into different clusters. Among the seed parameters, roundness, solidity, feret angle and
circularity showed high genotypic variation. Experiments are in progress to establish the
relevance of these parameters to grain yield performance under harsh conditions. The present
experiment could demonstrate that digital images can facilitate breeders attempt to phenotype
large number of seeds in rapid and robust manner. Additionally, results from this experiment
could reveal that seeds originating from the cluster of countries like USA, Australia, and
Philippines were different from those originated from the Afghanistan, Nigeria, Taiwan and
Thailand. Seeds originated from Brazil, France, Kenya, Iran, Iraq, India, Mexico, Netherland, S.
Korea, Turkey were grouped in separate cluster. Thus, the image-based protocol developed by us
offer potential to provide better insights into the genotypic variation as well as origin of seeds,
which needs to be further validated by assessing core collections.

Selection and evaluation of M mutant lines of Quinoa and Chia

Selected 400 M; quinoa mutants were sown in plant to row method for evaluating M, mutants
and subsequent selection. Similarly, around 1500 Chia M; Quinoa mutants were sown in plant to
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row for evaluating and further selection of M; mutants. Preliminary observation at early seedlings
stage in chia confirmed the mutations with respect to chlorophyll and leaf pigmentations. The
frequency of chlorophyll mutations increased with increasing dosage. Leaf pigment mutations
were observed at all three dosage of gamma radiations (300, 400 and 600 Gy), as a change in
cotyledon leaf color from green to yellow, albina spotted and first paired leaf color from green to
light green and yellow. Further, cup shaped and multiple cotyledon leaf (three to four) mutations
were also observed compared to wild types.

ped type
Cause of flower and fruit drop in dragon fruit and cope up strategies

The floral biology study at ICAR-NIASM during fruiting seasons of 2020 and 2021 revealed that
the flowering occurs during May to October in five to six cycles of major flushes and few
intermediate cycles with fewer flowers. Preliminary observation indicated that flower bud
formation coincides with full moon light. A series of experiments were conducted to identify the
cause of flower and immature fruit drop and to prevent subsequent yield loss. It is found that the
continuous and heavy precipitation during anthesis period causes drastic pollen wash and thus
it effects the pollination and consequently the fruit set and development. Even a small amount of
rainfall of 3-4 mm during anthesis period caused reduction in fruit size due to insufficient
pollination and yield loss up to 70% due to flower and immature fruit drop. A technology has
been developed and validated during 2020 and 2021 at ICAR-NIASM, Baramati to prevent flower
and immature fruit drop due to rainfall in dragon fruit. This technology comprises three methods
such as bagging/covering the flowers, sheltering plants and supplementary pollination to prevent
flower and immature fruit drop. This enhanced fruit size and quality upon supplementary
pollination particularly cross pollination compared to natural pollinated fruits. Results from
experiments at ICAR-NIASM and farmers field revealed that supplementary self-pollination
increased the fruit size up to 350 gm (55%) and early maturity/ripening early by 2-3 days.
Whereas cross pollination increased fruit size up to 500 gm (120%) and maturity/ripening one
week early compared to naturally pollinated fruits (225 gm). In addition, fruit quality in terms of
firmness (devoid of spongy flesh), colour and storage also improved. Based on results of farmer’s
field, this technology doubling the yield and also the income by preventing the yield losses that
occurs due to flower and immature fruit drop and improving the fruit size and quality. This
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technology was disseminated to farmers by conducting hands on training and on field
demonstrations.

Fig 3.8b: Fruit formation upon cross
pollination

Fig 3.8c: Comparison of selfed and cross- Fig 3.8d: Cross section of naturally self-
pollinated dragon fruits pollinated, hand cross pollinated dragon fruits

Mode of pollination in Hylocereus species of Dragon fruits

A series of experiments on pollination requirement in different species of dragon fruit revealed
that the Hylocereus undatus (red skin-white flesh) is self-pollinated while Hylocereus polyrhizus
(red skin- red flesh) is cross pollinated. However, mode of pollination within species may be
varying depending on the clonal source and collection.

Soybean based intercropping systems for better productivity and optimum
resource use efficiency

Rainfed agriculture in our country is risk prone due to weather aberrations such as delayed onset
of monsoon and in-season drought/long dry spells. Therefore, selection of crops and varieties,
adoption of intercropping systems based on biophysical environment (rainfall pattern and soil
type) of a specific location is essential requisite for drought mitigation and enhanced productivity
of rainfed crops.

Sole Soybean Soybean + Maize Soybean + Pigeon pea

Fig. 3.9: Canopy temperature of soybean during pod filling under different crop combinations

In order to have a crop combination that is better in mitigating moisture and heat stress
compared to other traditional practices, a field experiment on soybean based intercropping
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systems was carried out in Kharif 2021. Three crop combinations C1 (Sole soybean), C2 (soybean
+ pigeon pea), C3 (soybean + maize) were established in a randomized block design.

The results showed that soybean crops under soybean + maize intercropping exhibited cooler
canopy compared to sole soybean and Soybean + pigeon pea during flowering whereas during
pod filling, soybean plants under soybean + pigeon pea intercropping showed the coolest canopy
temperature. Further, with respect to crop physiological parameters, yield attributing
parameters, soybean equivalent yield and crop water use efficiency, soybean pigeon pea
intercropping had significantly higher values than soybean + maize and sole soybean.

Collection, multiplication and evaluation of the germplasm/ genotypes/
accessions of different crops (Genetic garden for abiotic stress tolerance)

Collection, multiplication and evaluation of the germplasm/ genotypes/ accessions of different
crops was continued during 2021. In all 141, 118, 77, 174, 250 and 296 accessions of pigeon pea,
foxtail millet, finger millet, groundnut, cow pea and mungbean, respectively were collected. With
these collections total number of crop germplasm collections /accessions was 1250. The list of

collected germplasm/ genotypes/ accessions of different crops is given in Table 3.1.

Table 3.1: The list of collected germplasm/ genotypes/ accessions of different crops

SN Crops
1  Safflower
2 Sorghum
3  Stylo
4  Subabul
5 Wheat
6  Chickpea
7  Lentil
8  Pigeon pea
9  Soybean
10 Quinoa
11 Turmeric
12 Brinjal

13 Fenugreek
14 Pigeon pea
15 Groundnut
16 Foxtail millet
17  Finger millet
18 Cow pea

19 Mungbean

Germplasm/ genotypes
NARI-6, NARI-96 & GMU-2369
Madhura-2, Madhura-3 &
Revati

Stylo hamata & Stylo sebrana
Wonder graze & Taramba

KRL 210, KRL 213, KRL 283,
KRL 3-4, KRL 99, KRL 19, KRL
1-4 & Karchia 65

10 promising lines

72 Genotypes

32 Genotypes

4 Genotypes

JS-7105, JS-9752, EC-456556,
TGX 814-78D, TGX 885-44E,
TGX 854-60A

JS-9752, EC-95815

14 Genotypes

16 Genotypes

14 wild species

17 Genotypes

141 Accessions

174 Accessions

118 Accessions

77 Accessions

250 Accessions

296 Accessions

Stress tolerance
Drought
Drought

Drought

Salinity

Drought

Under evaluation
Under evaluation
Water logging
Drought

Water logging

Under evaluation
Under evaluation
Under evaluation
To be evaluated

To be multiplied
and evaluated in
2021-22

Source
NAR], Phaltan

ICAR-CSSR],
Karnal

ICAR-NIASM
[IPR, Kanpur
ITPR, Kanpur
ICRISAT,
ICAR-IISR,
Indore

MPKYV, Rahuri

[THR, Bengaluru
NRCSS, Ajmer

ICRISAT,
Hyderabad

NBPGR, New Delhi

WVC, [taly
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Evaluation of foxtail millet and finger millet accessions under nutrient poor soil

About 118 and 77 accessions of foxtail millet and finger millet were sown respectively in nutrient
poor status soils of genetic garden plots. The foxtail millet with recommended fertilizers of NPK
(40: 20: 20) were applied in controlled blocks and no fertilizers applied in treatment blocks.
Similarly in finger millet controlled blocks applied with recommended fertilizers of NPK
(60:30:30) and no fertilizers in treatment blocks were established. Preliminary observation
indicated initial variation in germination, vigor, greenness and chlorophyll content at seedling
stage. Irrespective of accessions in both crops the lines with no fertilizer showed slow
germination, low vigor, This field experiment was conducted at E3 plot of Genetic Garden where
soil nutrient status is very poor chlorosis and less chlorophyll content.

Fig. 3.10: Variations in seedling emergence and greenness (chlorophyll) in foxtail millet

Differential response of chickpea genotypes under soil moisture stress

An experiment was conducted to identify the plant traits associated with soil moisture stress
tolerance and promising genotype for soil moisture stress tolerance. The experiment was
conducted using a set of 22 chickpea genotypes and Digvijay as check under two water regimes
of well-watered and water deficit. In first experiment plant were grown in pot in natural condition
upto 25 DAS after that plant were shifted to plant phenomics facility. For stress treatment with
holding of water was done after 30 DAS and optimum water was applied for control in alternative
day. For investigation of root traits in vitro experiment was conducted by using MS medium and
5 % PEG was used to induce stress. The genotypes were evaluated by using morpho-physiological
parameters of canopy such as Chlorophyll content, relative water content (RWC), SPAD
chlorophyll meter reading (SCMR), Chlorophyll fluorescence (Fv/Fm), biomass and root traits
like root length, root area, number of secondary roots and root biomass.

100% 100%

80% 07 35.95 80% 6.83 Ly
60% 60%
40% 40%
0.8 48.53 111 B2

20% 20%

0% 0%

Chlorophyll SCMR Fv/Fm RWC Biomass Root length  No. Root hairs  Root area Fresh weight
content MW control M stress M control M stress

Fig 3.11a: Impact of soil moisture stress on Fig 3.11b: Impact of 5% PEG on root traits
morpho-physiological parameters

Fig. 3.11a and b indicates that, the physiological parameters like SCMR, chlorophyll fluorescence,
total chlorophyll content, relative water content and biomass decreased by 19.24, 10, 30.11, 7.97
and 90.11 % respectively in stressed genotypes as compared to control The root parameters like
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root length, number of root hairs and root biomass decreased by 38.46, 50.46 and 50.56 %
respectively in stressed genotypes as compared to control. JG 16 showed better morpho-
physiological parameters and root system than the local check Digvijay and therefore can be used
as donor of drought tolerance in chickpea cultivars in breeding program for drought prone areas
and also from these experiments. It is concluded that physiological parameters and root traits are
reliable parameters in screening the soil moisture stress tolerant chickpea genotypes
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Fig 3.12: Genetic variation in morpho-physiological parameters under stress and control
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Fig. 3.13: Genotype JG16 and local check Digvijay under control and stress
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Fig. 3.14: Genetic variation in root traits in 5% PEG and control
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Morpho-physio characterization of eggplant species for drought tolerance

Fifteen species of eggplant were planted in field in two replications. Drought like conditions were
imposed by withholding irrigation for 4 weeks (One month) after 60 days from planting till
maturity (peak fruiting) whereas providing irrigation twice a month. During stress period
observation on physiological and morphological traits were recorded and also observed for
recovery of stress affected plants seven days after re-watering. It was found that almost all the
species recovered from stress. The different species adapted different strategies for
avoiding/tolerating the drought condition.

Evaluation and characterisation of turmeric genotypes under nutrient poor
and shallow soils

Sixteen genotypes of turmeric were evaluated to know their performance under nutrient poor
and shallow soils during rabi 2020-21. It was observed that the variety Allepppy Supreme,
followed by Rajendra Sonia, Lackdong, Waygoan, NDH-98, BSR-2 and Roma performed well
(based on dry yield per plant) under poor nutrient and shallow soils. However, the varieties
Prahba, Sudharshan and lackdong recorded high dry recovery which is positively correlated with
piercing force of inner core.

Conventional phenotyping to assess drought responses of chickpea (Cicer
arietinum, L.) genotypes

An experiment was conducted with 33 chickpea genotypes for depleting soil moisture stress
condition with 3 replications. Phenotyping tools such as infra-red thermography, chlorophyll
fluorescence imaging system and canopy greenness were employed to assess the differential
response of genotypes under stressed condition. Advancement of soil moisture depletion was
monitored by gravimetric method. Drought stress was imposed 60 DAS by withholding irrigation.
Growth as well as physiological responses of chickpea genotypes to drought was recorded
periodically. Results revealed that genotypes - GNG 1958, JG-16, BGM 408 maintained their
canopy cooler than check variety under soil moisture stress. Genotypes like Pusa Green 112, BGM
408, GNG 1958 and Digvijay maintained their canopy greenness even under stressful conditions.
Genotypes like JG-16, BGD 103, ]JG-74, PG-5 yield significantly higher than local check variety -
Digvijay. However, genotypes like RSG-896, ]JG-16, BGD-103 produced moderately higher
biomass under stressful condition. It could be concluded that genotypes]G-16, BGM 408 can be
considered as potential source for drought tolerance in chickpea breeding programs for semi-
arid regions.
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Fig. 3.15a: Advancement of soil moisture Fig. 3.15b: Effect of irrigation treatment on
depletion over the period minimum canopy temperature of plants
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Elucidating the influence of rootstocks on drought response of grafted
tomato under high through-put phenomics

Tomato is one of the most important
vegetable crops due to its many fold uses and
high nutritive value. The water shortage
during the drought period has significant
implications on the production leading up to
50% loss in tomato which makes it imperative
to develop strategies to mitigate the adverse
effects of drought. The roots are the primary
and utmost important part of the plant system
which act as a source to maintain soil-water-
plant continuum. In the present study, we

used a high through-put phenomics facility to g Y A b
assess the efficiency of tomato, grafted on the Fig. 3.16: Grafted tomato plants in plant
rootstocks of different genetic backgrounds, at phenomics facility

different levels of moisture in the soil (Fig. 3.16). Rootstocks included tomato cultivars and the
hybrids, derived from the crosses involving wild relatives as donor parents. Among the
rootstocks, an interspecific derivative RF4A was highly efficient in terms of productive use of
water. The RF4A rootstock-grafted plants were more conservative in water use with higher plant
water status through relatively better stomatal regulation and hence were more efficient in
generating more biomass under water stress conditions. These plants could maintain a higher
level of PS-II efficiency signifying better photosynthetic efficiency even under water stress. The
distinct response of interspecific rootstock, RF4A, to water stress can be attributed to the effective
root system acquired from a wild parent (S. pennellii), and hence efficient water uptake. Overall,
we could demonstrate the efficient use of a phenomics platform and could develop a protocol to
identify promising rootstock-scion combinations of tomato for efficient water use.

N-(n-butyl) Thiophosphoric Triamide (NBPT) as a urease inhibitor for
improving nitrogen use efficiency in sugarcane cropping systems

Nitrogen (N) management is among the most widely and intensively studied topics in
contemporary agronomy because of its crucial importance in food production and environment.
Majority of cereals are produced using about 50% of synthetic fertilizer-N produced today.
However, a larger part of this applied N is lost due to volatilization and leaching. In India, since
most of the urea is applied as surface broadcasting, there is a significant loss of N as ammonia
volatilization as a result of rapid hydrolysis and an ensuing increase is soil pH in the close
proximity of the granule. Since, the hydrolysis e Control = 100% urea

of urea is catalyzed by urease enzyme, its —4— 100% agrotain 809% agrotain

regulation can help in reducing the % 10 %60% agrotain o B0%agrotain + flood
volatilization losses and hence improving %g g | ‘\‘\‘
nitrogen use efficiency (NUE). Therefore a field £ @ 6 |

experiment was initiated in February 2021-22 ‘E =

to evaluate the role of enhanced urea (urease & § 5 | * r—
inhibitor N-(nbutyl) thiophosphoric triamide ‘ol -

(NBPT) added to wurea for reducing 2 O o oar | soar oar 1opar

environmental loss and to improving fertilizer Days after fertilization (DAF)
efficiency in sugarcane-based cropping system
in India. A secondary objective is to determine
if atleast a 20% reduction in nitrogen fertilizer

Fig. 3.17: NHs.concenetration (mg kg) in soil
during pre-growth stage of sugarcane
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is feasible without negatively impacting farmer productivity and profit. The experiment was laid
out in a randomized complete block design with six treatments and four replications. The size of
each plot was 88 m? (8 m width x 11 m length). Sugarcane variety Nayana (C0-86032), a
recommended drought tolerant variety for the region, was manually planted on 16t February
2021 with spacing of 120 cm x 60 cm under drip irrigation. Basal application of P (140 kg/ha)
and K (140 kg/ha) was done. Fertilizer N as urea was applied in three split doses to sugarcane
crop at critical growth stages i.e. at Tillering (45 days after planting (DAP)); pre-growth (105
DAP) and grand growth stage (135 DAP). All the recommended package of practices for sugarcane
was followed and N- treatments were applied as per the technical programme. Preliminary soil
analysis indicated that NBPT urea (Agrotain) treated plots had delayed urea hydrolysis at 0-15
cm soil depth.

Effect of sowing date and establishment technique on quinoa growth,
development and yield in native murram soil

Achieving SDG'’s (eradication of poverty, hunger and all forms of malnutrition) require renewed
efforts on productivity and income of P i :
smallholder farmers while conserving the 30| M
natural resource base. One such approach is to w ——1 |
explore non-conventional pathways such as
wider adoption of alternative crops. Alternative
crops are adapted to a range of agro-ecologies,
are nutrient dense, climate resilient and offer i

better prospects in abiotic stress areas with low- i e Tt fe TS EEE o s
input agriculture. However, turning the potential T

of these crops into tangible benefits requires a  Fig. 3.18: Effect of mean temperature on
systematic approach, multidisciplinary analysis, quinoa geljmin‘ation, growth and
multi-stakeholder consultation and cross-sectoral coordination. Optimising agronomy of these
crops in a new agro-ecological region needs strategies related to sowing time and technique,
cropping season, water management, fertilizer management, harvesting, and post-harvest
management. In this backdrop, a field experiment was initiated to assess the effect of sowing date
and technique on quinoa germination, development and yield in native murram soil. The first year
data revealed that minimum temperature played a fundamental role in germination and
development of quinoa. Sowing on second fortnight of December had better morphological and
yield attributes (plant population, panicle height & weight, no. of panicles per plant, seed &
biomass yield). Both flat bed and ridge and furrow method of sowing had comparable seed yields.

Meantemp (°C)
»
3
2

Mitigating water stress effects in vegetable and orchard crop
The results of the four field/lab experiments performed are summarized as below:
Custard apple responses to plant bio-regulators (PBRs)

A field experiment was initiated to assess the custard apple cultivars responses to PBRs at
different growth stages during the year 2021. The experiment was replicated thrice in CRBD with
four custard apple cultivars (cv. Balanagar, cv. Annona-2, cv. NMK-1 (Golden) and cv. Hyderabad
selection). Four PBR treatments viz, irradiated chitosan (IC, 2ml L-1), seaweed extract (SE, 1.5ml
L-1), thiourea (TU, 600 ppm) and control (no PBRs) were foliar sprayed at fruit initiation,
development and maturity stages, respectively. The maximum Qy_max (0.76) was recorded for TU
with NMK-1 irrespective to different fruit growth stages (Fig.3.19a and Fig. 3.19b). While RWC
continuously declined from fruit initiation to maturity stages i.e. 89.1, 63.4 and 57.4% at fruit
initiation, development and maturity stages, respectively. This clearly indicates that foliar use of
PBRs have role for maximizing fruit yields in water stress conditions.

61



&% ICAR-NIASM Annual Report 2021

09 mIC mSE mTH =mC 100 mIC ®mSE =mTH =mC

Balanagar ANNONA 2  NMK-1 Hyderbad Balanagar ANNONA 2  NMK-1 Hyderbad
Selection Selection

Fig. 3.19: (a) Changes in PS-1I (Qy_max) and (b) relative water content (RWC) at fruit
development stage of different custard apple cultivars under foliar application of plant
growth regulators (PGRs)

Effect of soil mixtures and plant growth regulators (PGRs) on fruit size and storage
quality of dragon fruit

The smaller and non-uniform fruit size is one of the ¢
major constraints restricting marketable yields of \ N

dragon fruit. The key reason would be poor water || TR -
retentive and fertile soils. Therefore, interactive effect | 1 150
of three soil mixture [native murrum (N), black (B) and
mixed (1 B: 1 N)] and four plant growth regulators [25
ppm gibberellic acid (GA3), 20 uM salicylic acid (SA),
600 ppm thio-urea (TU) and Control (no PGRs)] for
improving fruit size and storage quality of dragon fruit
was studied. These were applied exogenously at bud '
initiation, after flowering and fruit development stages - - S
in standing crop at field conditions. Fig. 3.20: Storage of dragon fruit

jl

Table 3.2: Interactive effect of soil mixtures and PGR on fresh weight of dragon fruit

Soil type Treatment Mean Fruit weight (g)  Std. Dev CV (%)
Native (N) GA3 339.6 48.5 14.3
SA 331.9 36.8 11.1
TU 338.8 30.4 9.0
Control 301.9 73.5 24.4
Mixed (1B:1N)  GA3 4379 16.1 3.7
SA 394.1 30.8 7.8
TU 422.5 23.8 5.6
Control 362.5 39.0 10.7
Black (B) GA3 364.5 11.9 10.3
SA 345.3 10.0 9.2
TU 359.5 8.7 7.7
Control 303.3 14.4 15.0

Further matured fruits were stored at standard storage conditions (82C and 65 RH) for 32 days
(Fig. 3.20). The preliminary results showed that foliar application GAz improved the mean fruit
weight by 12.5, 20.2 and 20.8% in native, black and mixed soils as compared to control,
respectively. Mean fruit weight of dragon fruits treated with GAz and TU were almost at par.
Irrespective to PGRs, maximum fruit weight was observed in mixed soil than the black and native
soils (Table 3.2). Interestingly, variability in mean fruit weight reduced significantly with PBRs
(CV=13.7-14.3%) as compared to control (CV=10.7-24.4%). Total physiological weight loss (PWL)
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ranged between 3-31.8% for fruits harvested from all PGRs and soils during storage of 32 days.
Minimum PWL was observed in fruits harvested from mix soil with TU, whereas maximum PWL
found in black and native soil with GAs3 treatment.

Okra (Cv. Singham) yield responses to plant bio-regulators (PBRs) for alleviating water
stress

A field experiment was conducted during 2021 to evaluate the interactive effect of plant bio-
regulators (PBRs) viz., 600 ppm thiourea (TU), 20uM salicylic acid (SA), 100 ml/L biopolymer, 5
ml/L irradiated chitosan (IC), 5ml /L sea weed extract and control (no PBRs) and varied levels of
water stress maintained using line source sprinkler system (LSS). The four levels of water stress
were applied based on climate meteorological approach i.e,, IW: CPE 1.0, 0.75, 0.50 and 0.25,
respectively. Preliminarily results revealed that okra pod yield improved by 19.6-26.1% with
PBRs. The maximum water productivity (WP) improved by 12.9-13.5 kg/m3 with PBRs while it
was 11 kg/m3 without PBRs and thereby reduced water usage by 7.9-21.1%. Further highest fruit
firmness was obtained at IW: CPE 0.75 with IC. It is concluded that exogenous application of PBRs
like IC and SWE could effectively improve yield and post-harvest quality of eggplant fruit and
showed a major role for alleviating water stress under moderate and severe water deficit
conditions.

Onion responses to sulphar sources for improving yield and storage quality of onion

A field experiment conducted during 2021
reconfirmed that to bulb yield and quality of
onion varied with sulphur sources (elemental
form) under water stress conditions. Particularly,
bensulf (50%) and SOP (50%) minimized
physiological weight losses by 18-20.7% during
storage. Dry matter, rehydration ratio, TSS,
protein content, total phenolics, pyruvic acid and
antioxidant enzymes activities increased during
storage but in irregular pattern.

Conservation agriculture for enhancing resource-use efficiency,
environmental quality and productivity of sugarcane cropping system

Research activities conducted under CRPCA project are summarized below

Optimizing planting techniques, micro irrigation and residue management practices for
better sugarcane productivity in sugarcane cropping system

During the year 2021, a field experiment was imitated to optimize the effect of zigzag paired row
planting, subsurface drip irrigation and intercropping (groundnut-fenugreek) with aim of
enhancing productivity of sugarcane cropping system. For this 30 days old seedlings of most
popular sugarcane variety Co-86032 were transplanted into eight main plot treatments viz,, M1:
Zigzag Paired Row (ZPR) (60 cm-plant spacing ,150 cm-row spacing) + Sub-Surface Drip
Irrigation (SSDI); M2: ZPR (75 cm, 150 cm) + SSDI; M3: ZPR (60 cm, 210 cm) + SSDI; M4: ZPR (75
cm, 210 cm) + SSDI; M5: ZPR (60 cm, 225 cm) + SSDI; M6: ZPR (75 cm, 225 cm) + SSDI; M7: ZPR
(60 cm,180cm) + SSDI; M8: ZPR (75 c¢cm,180 cm) + SSDI. Two soil cover treatments included S1:
Groundnut residue + sugarcane trash and S2: without residue were accommodated in sub-plots.
An absolute control surface irrigation management practices was also maintained to compare the
treatment effects. The preliminary results showed 39.5 and 51.3% improvement in yields of
groundnut and fenugreek in M5S1 treatments in comparison to M3S2, respectively indicating
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possibility of improving productivity sugarcane cropping system using intercrop. The yields
responses of sugarcane will be recorded at harvest.

Soil cover with groundnu Intercrop-2: fenugreek
residue

Fig. 3.21: Overview of experimental plot

. eV
X o

S e N e I\
Intercrop 1: groundnut

Responses of growth regulators, crop residue and micro-irrigation for alleviating water
stress in sugarcane

A field experiment is being conducted to study the interactive responses of plant growth
regulators (PGRs), crop residues and micro-irrigation for alleviating water in sugarcane (Co-
86032). The main treatments consisting of three water stress levels viz., [1: 50% DI; 12: 75%DI
and I3: 100% (full irrigation) were applied during cropping period. Two soil surface cover
management practices viz., S1: Intercrop (chickpea) residue covering and S2: no residue was
accommodated in subplots. Four PGRs namely thiourea (TU, 1800 ppm), irradiated chitosan (IC,
5 ml/L), nano-urea (4 ml/L), salicylic acid (SA, 25 uM) and no PGRs (control) were applied
exogenously with interval of one month after crop establishment (60 DAT) as sub-sub plot
treatments. The real time crop-soil-water parameters measurements are under process.

Sugarcane responses to tillage, crop residues and nutrient management practices

A field trial is being conducted for optimizing the interactive effects of tillage, crop residues and
nutrients management’s practices in sugarcane (Co-86032) during the year 2021. Three main
plot treatments included combination of tillage and nutrient management practices viz., M1: laser
land levelling (LLL) + conventional tillage (CT) + 10% of recommended dose of fertilizers (RDF,
500:200:200; N:P:K kg ha-1) applied as basal and remaining 90% doses of fertilizers applied
through fertigation; M2: LLL + minimum tillage (MT) + 25% of RDF as basal and 75% through
fertigation and M3: LLL + reduced tillage (RT) + 15% of RDF as basal, 20% through band
placement and remaining 65% through fertigation. In M3 treatment, 20% of RDF was band placed
with MRD machine rather than broadcasting in standing crop at 60 days after planting of
sugarcane. The fertigation was done at 15 days interval started at 15 days after planting as per
the treatments. Two soil surface cover management practices viz., S1: live trash of sugarcane as
mulch and S2: without residue, were accommodated in sub-plots. An absolute control with CT
without LLL, recommended nutrient and surface irrigation management practices was also
maintained to compare the treatment effects. The real time data of crop growth, soil and water
parameters was recorded.

—O- O =T o0 —

64



=
F

A
O ICAR-NIASM Annual Report 2021 éf‘:

NIASM

3.4 Research Programme 4: Social Science and Policy Support

The transfer and adoption of technology through supportive policy framework is considered the
final step in the process of research and technology development. Therefore, an effective
extension system is crucial in the dissemination and successful adoption of technologies among
the end-users. The research programme at the School of Social Science and Policy Support
(SSSPS), NIASM, has focused on addressing abiotic stress management by identifying the bio-
physical and socio-economic constraints in major production systems and subsequent targeting
of the potential technologies to mitigate abiotic induced stress and enhance the farmers’ income.
The major activities of the school were investigations for targeting technologies and policy
suggestions, human resource development, technology transfer and frontline extension along
with developmental programs of SCSP and TSP. The major research and extension activities
under the school and the progress made in the research project during 2021 are summarized
below.

Investigations for geospatial targeting of technologies and policy
suggestions

The geospatial targeting of technologies and policies is aimed at identifying the potential areas at
regional and national scales for dissemination of pertinent technologies by customizing
geospatial tools for collection, depiction and interpretation of datasets from freely accessible data
sources. Several of the open source ICT and software tools are used for web scrapping datasets,
its compilation into digital databases and statistical analysis for meaningful interpretation and
formulation of policies. The identification of areas suitable for technology targeting would be
useful in estimating the market and therefore the value of the technology.

Identification of fisheries cage culture in inland open water bodies using sentinel-2A
satellite imagery for monitoring and technology targeting.

Fisheries cage culture has boomed in India in the past decade and is becoming a significant source
of cultured inland fish for human consumption. However, the perceived and potential
environmental effects on and from fisheries aquaculture in form of abiotic and biotic stresses are
a primary concern in developing an ecologically responsible industry. The absence of a unified
database of cage culture installation sites in India has created a hazy picture of cage culture
growth for state and national agencies concerned with monitoring and formulation of policies
for aquaculture. Generating the database of cage culture in inland open water bodies of India
would be unfeasible by visiting the sites due to the sheer size of its geographical spread and the
growth rate of the sector. Therefore, the remote identification of the cage cultures across the large
water bodies using the multispectral satellite imagery of Sentinel 2A was explored. The bands (B1
to B12) were examined for their ability to distinguish the cage from non-cage features using
Classification and Regression Trees (CART) and Random Forest (RF) classification techniques in
the Google Earth Engine (GEE) platform. The sentinel images for Maharashtra state (India)
corresponding to the latest google earth imagery were subjected to the image processing pipeline
for removing cloud cover; separating water from land; segregating water bodies larger than 1000
ha; generating training and validation datasets; fitting machine learning models and generating
model performance metrics. The overall, producer and consumer accuracies obtained using CART
model for the validation dataset were 0.92, 0.91, and 0.93, respectively; and 0.95, 0.96, and 0.93,
respectively for RF model. RF model performed better than CART in overall, producer and
consumer accuracies and therefore could be used to identify cage culture installations regularly
to create the database useful for the monitoring agencies and for targeting technology.
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Fig. 4.1: Identification of fisheries cage culture in inland open water using Google Earth Engine

Cage Culture Directory of India - = - -
ICAR - National Institute of Abiotic Stress Management ‘%!
=3 An |sm2:1?m.mm . II:I::'.?S’I::

An online Cage Culture directory of India
has been developed to compile database
on the existing cage culture locations in
India based on first hand data collected | < _ _
using open-source Maxar satellite :ﬁ o | i o
images. This directory provides user B | ==
with options for searching and sorting

cage culture sites state-wise and

ndia

Ciation:

provides Geo-tagged location, Google — &iZi.. s

Bhendariar MP (2021),

Plus Code along with cage type and other
additional  details available.  This
directory is first attempt of its type to - T—

of India® s an attempt 1o

provide geotagged locations of cage — omesees |

existing cage cuture tntar

locations In India based on

culture locations in India. The cage — wesmomw

culture directory can be accessed online LTI s .:;m.m.,;,,.w.n.
on the website link  www. &::“":m o e Come
niam.res.in/CageCultureDirectoryof Fig. 4.2: Screenshot of webpage of ‘Cage Culture
India.html and is updated on periodic Directory of India’

basis.

Prioritization of strategies and policy reforms to support fisheries sector during and
post-Covid-lockdowns, using the Multi-Attribute Decision Making (MADM) techniques.

The online snowball sampling done during the Covid-Lockdown period in India, involving 517
respondents revealed the major problems faced by people involved in fisheries as business, viz.
lack of transportation facilities, less demand in the market, non-availability of fish seed, non-
availability of fish meal & other equipment, unavailability of labour, and technical support. The
solutions in form of strategies and reforms, needed to overcome these in the post-covid-lockdown
period, were gathered from the respondents/stakeholders, as a bottom-up approach to problem-
solving. These were further ranked on a seven scale rating scale by group of 30 experts from the
fisheries sector across four attributes of A) Priority of implementation, B) Perceived impact on
implementation, C) Ease of implementation, and D) Funding requirement for implementation. A
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list of strategies and policy reforms to support the fisheries sector in future Covid-lockdowns or
similar scenario were also gathered by same fisheries experts and rated on a seven-point scale
across four attributes listed above. Out of the responses received, the ratings given by 18 experts
were selected based on their completeness, rationality and consistency of ratings among the
group. Four weighting methods viz. SWARA (Stepwise Weight Analysis Ratio Assessment), AHP
(Analytic Hierarchy Process), MWM (Mean weight method) and EWM (Entropy weight method)
were used to assign weight to the attributes which also represented four scenarios as Scenario I)
Highest weightage to the priority of implementation as in case of Extended covid lockdowns
(represented by SWARA weights); Scenario 1I) Equal and higher weights assigned to Priority of
implementation and Perceived impact on implementation as in case of Intermediate covid
lockdowns allowing improvements in subsequent lockdowns (represented by AHP weights);
Scenario III) Equal mean weights as in case of covid as new normal (represented by Mean
weights) and Scenario 1V) Higher weights to funding requirement followed by ease of
implementation as in case of Government/stakeholders facing constraints of funds and
manpower (represented by higher Entropy weights). Seven Multi-Attribute Decision Making
(MADM) methods based on weighted-sum models namely, WSM (Weighted Sum Model) and SAW
(Simple Additive Weighting); out-ranking method namely ELECTRE III; and distance-based
models namely TOPSIS (Technique for Order Preference by Similarity to Ideal Solution), MABAC
(Multi-Attributive Border Approximation Area Comparison), VIKOR (Viekriterijumsko
Kompromisno Rangiranje) and GRA (Grey Relational Analysis) were used using the above listed
four weighing methods to judge the suitability of these methods in ranking the solutions that
allowed explainable rationale of rankings by the analyst. The ranking results under Scenario-I are
given in Table 4.1 & 4.2, while those of four scenarios/weighting methods are shown using the
colour map in Fig. 4.3 along with the cumulative ratings of all experts and the consistency index
which tells about the consistency among expert ratings. The WSM, SAW, TOPSIS, MABAC &
ELECTRE3 ranked the strategies and reforms almost similar and were therefore only considered
to calculate the final ranking of solutions based on the cumulative ranking scores. However, the
VIKOR & GRA ranked only the top & bottom ranks similar to the rest of the methods and deviated
a lot for the intermediate rankings.

Table 4.1: Prioritization of strategies under Covid 19/ similar lockdown situation.

SL. Strategies
No.
Creating modernized hygienic fish marketing hubs in potential zones

2 Policy measures to bring aquaculture industry under essential and priority sector (to
support transportation of inputs, marketing, processing, import and export activities)
Mechanism for doorstep delivery of fisheries input (seed, feed, medicines etc.)

4 Promotion of domestic market by increasing awareness about safety of consumption of fish
products (through ICT awareness campaign/KVK/radio talks/ advt. etc.)
Value addition: Promoting techniques to enhance the shelf life of fish and fish products

6 Digitized tools for e-governance (licencing of fisheries stakeholders and traceability of
produce)
Promotion of Biofloc and Recirculatory Aquaculture Systems (RAS) for enhancing resilience

Development and promotion of e-commerce platform like eSanta for eliminating

middlemen
9 Establishment and strengthening of Fish Farmers Producer Organization (FFPO)
10 Simplified insurance schemes for the fisheries sector
11 Developing fair pricing mechanism for fisheries commodities (similar to MSP in agriculture)
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Table 4.2: Prioritization of reforms suggested by the stakeholders in the post-Covid 19 period

SI. No. Reforms

1 Appropriate training for resource utilization, fish processing and consumption

2 Transparency in implementation of government fisheries schemes

3 Promotion and development of fish hatcheries at the local level

4 Export promotion

5 Promotion of farm pond based fish farming

6 Proper timely advisory services

7 Financial assistance to the individual fish farmer, fishermen and small traders

8 Simplified credit and subsidy support

9 Financial support mechanism to cope with the losses

10 Minimum support prices and price regulation for assured profitability

11 Extension of lease contracts for reservoirs

12 Hassle-free banking/credit support
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Fig. 4.3: Ranking, Cumulative scores and Consistency Index of strategies and reforms across
four scenarios of Covid-19
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Compilation of fire events database for targeting preventive measures in sugarcane
growing areas.

The crop biomass burning has
gathered significant attention in
recent times as event causing air
pollution, GHG emissions and
adversely impacting soil fertility.
Several of the crop residue
management solutions in form of in-
situ mechanized chopping and
microbial decomposition of residues
have emerged for crops like paddy as
preventive measure. However, such
solutions are still limited in crops like
sugarcane which generates highest
biomass above ground per unit area
and is preferably burnt down owing
to constraints of  knowhow,
affordability, availability and
accessibility of preventive measures by farmers. The lack of established methodology that would
allow monitoring of fire events is one such constraint, overcoming which would allow targeting
the preventive measures in such areas by sugarcane factories, custom hiring centres and local
government for suitable monetary support. A methodology to gather the fire events using the
VIIRS NOAA-20 375 m daily satellite data available from January 2020, was developed to compile
fire coordinates from October 2020 to May 2021 coinciding with the harvesting period of
sugarcane in Maharashtra. In all 57,321 fire events were recorded during the duration in area of
study. The sugarcane crop mask based on NDVI profile is being created to classify the fire event
as sugarcane residue burned areas. These targeted areas will be used for estimating the GHG
emissions due to sugarcane residue burning and for formulating strategy and policy suggestions
for dissemination of preventive measures for sugarcane crop residue burning.

Daily Fire Events ((Jct-Nov 202()

Fig.4.4: Fire events recorded in Maharashtra

Bio-physical constraints and Socio-economic profile datasets of farmers of
rainfed and dryland regions of Maharashtra

A survey was carried to identify the bio-

physical and socio-economic constraints of B . 6lakh = <2 lakh

farmers. The survey was conducted in Pune (14%) (10%)

and Satara districts of Maharashtra to obtain

information on abiotic stress in agriculture

and the management practices to mitigate

them. Well-designed questionnaire with a

random sampling technique of data collection B 4to6 B 2to4

was followed with interview and group lakh lakh
(30%) (46%)

discussion tools.

The finding of the socio-economic profile
shows that the majority of the farmers
belonged to the medium age group (48%) followed by the old (30%) and young age group (22%).
Majority also had upper secondary education (40%) and were small category farmers with 1.00
ha. to 2.00 ha. of agricultural land (56%) while 20% owned land less than 1 ha. 56% of the farmers
stated agriculture as the primary profession along with secondary occupations such as dairy,

Fig. 4.5: Annual Income of Farmers (Lakh Rs.)
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poultry, etc. Whereas 44% of the respondents stated agriculture alone as the primary occupation.
Majority of the farmers had more than 15 years of experience (60%) followed by 18% having 05-
10 years of experience of agriculture. Majority has annual income ranging from Rs. 2-4 lakh per
year (46%), while 30% reported earnings between Rs. 4-6 lakhs annually (Fig. 4.5). The
frequency of contact and usage of information sources data were collected and the finding shows
that Television (48%), Mobile (56%) was used most often or contacted as information source
whereas agriculture officer (26%) was rarely contacted by the respondents.

ENever ®Rarely ®Some time Often m Most often

100
[oe]  [e] O
80 . 12 . 16
: B
40
0 -

Newspaper, Farm Mobile, Internet Agriculture Input agency Progressive
publication Officer farmer

Percentage

Fig. 4.6: The frequency of contact and usage of information sources

Bio-physical and socio-economic constraints faced by the farmers

The information on bio-physical and ® Drought ® Heavy rainfall
socio-economic  constraints has = Uneven rainfall Mid-season dry spell
100

shown that most of the farmers 82
experienced drought in the alternate 80 74 .
year and heavy rainfall occasionally g o 6 60

. . 3]
(Fig. 4.7) which caused 42% & 46% E
loss in yield loss, respectively. 74% £ 40 26 30
of farmers reported that uneven = 2214
rainfall occured regularly, while 20 0 108, 0 0w 00
82% farmers responded to the 0 |
regular occurrence of mid-season Regular  Alternate year Occasional None
dry spells. Fig. 4.7: Abiotic stress weather Events

Constraints faced by the Farmers

The farmers reported low market price
(84%), high input cost (74%) and credit
inadequacy (70%) as the major economic
constraints, whereas the irregular supply of
canal water (68%) and soil salinity (58%) as
the major bio-physical constraints. Most of
the farmers also reported the extension gap
with the agriculture department (78%) and
labour wunavailability (66%) as other
constraints faced by the farmers. Fig. 4.9: Farmer Field survey
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% of respondents 0 20 40 60 80 100

Fig. 4.8: Socio-economic and biophysical constraints faced by farmers

The correlation analysis of selected socio-economic variables with the adoption of conservation
agriculture practices was carried out. The results as shown in Table 4.3.

Table 4.3: Correlation analysis

Sl. No. Socio-economic variables r value
1 Age -0.1759
2 Education level 0.0711
3 Occupation level 0.0456
4 Farming experience -0.2598
5 Land holding 0.4688
6 Annual income 0.2006
7 Extension contacts 0.4884

The frequent extension contacts, facilitate the information on technologies reaching stakeholders
and encorage the adoption of conservation technologies. Therefore, there is a need to strengthen
the extension network through informal education, skilled training and the use of ICT in the
dissemination of technologies.

Compilation of socio-economic databases (Census 2011)

The raw datasets of Socio-economic parameters for level as (No of household, Total population,
Total male population, Total female Population, Population of SC, Population of ST, Population of
literate-illeterate, Total working male-female, Primary schools, drinking water facility, Tap water,
well water, Tank water, tubewell, handpump, River water, canals, lakes, land under forest,
Government canal, well (with and without electricity, basin, sub basin, Settlement extent from
nearest town etc.) Number of households, Irrigation facility (Well, tank, Tubewell, River, Lake);
Unirrigated Area, etc. of Census 2011 were sourced from several open access sources and
compiled into database to create respective geospatial layers. This data will be used for targeting
technology in abiotic stressed areas.
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Scheduled Castes Sub Plan activities

Measures to improve the socio-economic conditions of Dalits were introduced in the 1950
Constitution of India which defines the Scheduled Castes (SC) and Scheduled Tribes (ST) for any
State or Union Territory. Out of a total population in Maharashtra, 11.81% SC and 9.35% ST. The
Scheduled Caste Sub Plan (SCSP) and Tribal Sub Plan (TSP) are the GOI schemes to uplift SCs and
STs communities aiming to promote the economic development of SC families living below
poverty. The main objective is to enhance income by way of various income-generating schemes,
skill development and infrastructure development so as to reduce poverty among the target
population. A multidisciplinary team comprising of Dr NP Kurade (Chairman), Dr SS Pawar
(Member Secretary) and Members namely, Dr DD Nangare, Dr AV Nirmale, Dr BB Gaikwad, Mr
Rajkumar, Mr MP Bhendarkar, Dr Aliza Pradhan and Dr K Ravi implemented the SCSP scheme in
different districts for the year 2020-21.

Distribution of inputs to SCSP beneficiaries.

The SCSP activities were carried in four districts of Maharashtra, Pune, Ahmednagar, Solapur and
Satara. Two types of interventions were carried out involving individual beneficiaries' and self-
help groups (SHGs). A preliminary survey defining livelihood profile was carried out to prepare a
list of beneficiaries and plan suitable intervention. The selection of beneficiaries was based on SC
caste certificate, Aadhar card and ration card (either yellow or saffron). Most of the beneficiaries
were landless casual labourers. Some of them owned livestock (dairy animals, small ruminants
and poultry). The interventions planned included crops, orchards, livestock, fisheries, improving
living standards, promoting health, etc. A sum total of 1619 farmers and 22 self-help groups (SHG)
from 63 villages of 8 tehsils, namely, Baramati, Daund, Purandar, Indapur, Malashiras, Karjat,
Jamkhed and Phaltan were included based on the survey (Table 4.4 and Fig. 4.10).

Table 4.4: Details of inputs provided under SCSP and the number of beneficiaries/SHGs
SL

No. Inputs Provided Beneficiaries
1  Seeds (Jowar, wheat and chick pea) and fertilizers (Urea, SSP and MOP) 82 nos.

2 Goats 300 nos.
3 Poultry cages 150 nos.
4  Water filter 90 nos.

5 Sewing machines 40 nos.

6  Flour mills 100 nos.
7  Dairy Kits (milk can, bucket, milk measure, baskets, mineral mixture, 300 nos.

deworming tablets)
8  Tool kits (khurpi, sickle, koyta, pick axe with chisel and spade + dragon 300 nos.
fruit/light trap)

9  Battery operated sprayers 100 nos.
10 Bicycles 60 nos.
11 Bamboo's with koyata 55 nos.
12 COVID kits 1000 nos.
13  Tractors 2 SHG's
14 Power tiller with trolly 1 SHG's
15 Refrigerated cooling van 1 SHG's
16  Chilli powder making machines 4 SHG's
17  Fish seeds, feed and training 4 SHG's
18 Support for food stalls during Agri-exhibition 10 SHG's
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Organization of Training/Field Day for skill development under SCSP

Skill development is essential in creating trained human resources to initiate revenue generation
activities for individuals/SHGs. Aiming this, various training programmes and Field Days were
organized under SCSP Scheme for the beneficiaries. The details are described below.

1. Field day programme on 'Better Management Practices in Aquaculture' on 234 March
2021

A one-day field day program on 'Better Management Practices in Aquaculture™ was organized at
Kambaleswar village and Malegaon (Kh) village Dist- Pune on 23rd March 2021. The programme
was organized on the farmer's field at Kambaleswar village. SCSP beneficiaries from two villages
participated in the program. Mr Mukesh Bhendarkar, Scientist (FRM) and Programme
Coordinator, guided the farmers on various topics such as acclimatizing the fish to pass fish with
the minimum stresses possible during seed stocking. All the Scheduled Caste Sub-Plan 2020-21
Committee members participated in the event. Mr Mukesh Bhendarkar, Dr Bhaskar Gaikwad and
Dr Sachin Pawar coordinated the program.
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2. Training Programme on 'Farm pond based Aquaculture Model' on 24th March 2021

A one-day training program on "Farm pond based Aquaculture Model" was organized at ICAR-
NIASM, Baramati, on 24th March 2021. At the onset, Dr Himanshu Pathak, Director, ICAR-NIASM
and Chief Guest, briefed the farmers about institute activities and emphasized the importance of
the fish farming business and the need to learn newer technologies in fish farming. Dr Sharad
Surnar, Aquaculture Expert, Pune, guided about artificial feed management and Pradhan Mantri
Matsya-Sampada Yojana. Mr Mukesh Bhendarkar, the Training Coordinator, advised the farmers
on commercially important fish species, freshwater aquaculture, management methods for
modern aquaculture, GIFT tilapia. Dr Nitin Kurade, Chairman SCSP, briefed about SCSP program.
A Technical Bulletin "#c& a9 anfaffer" was released on occasion. The fish seeds and fish feed
was distributed to all the beneficiary trainees. All SCSP Committee members participated in the
event. Dr DD Nangre proposed vote of thanks. The training programme was coordinated by Mr
Mukesh Bhendarkar, Dr Bhaskar Gaikwad and Dr Sachin Pawar.

1\‘”. —— 2 ' B

3. Training on 'Farm pond based Aquaculture: A Business Opportunity’ on 27th March
2021

A one-day training program on "Farm pond based Aquaculture: A Business Opportunity" was
organized on 27t March 2021 at Jamkhed Dist- Ahmednagar. Dr Himanshu Pathak, Director,
ICAR-NIASM and Chief Guest, briefed the farmers about institute activities and the importance of
fish farming business with the adaptation of newer technologies. Dr Sharad Surnar, Aquaculture
Expert, Pune provided guidance on artificial feed management and Pradhan Mantri Matsya-
Sampada Yojana. Mr Mukesh Bhendarkar, the Training Coordinator, guided the farmers on
various topics such as commercially important fish species, freshwater aquaculture, management
methods for modern aquaculture, GIFT tilapia. Mr Mukesh Bhendarkar, Dr Bhaskar Gaikwad and
Dr Sachin Pawar coordinated the programme.

Tribal Sub Plan activities

TSP team has conducted farmers interaction meeting (Kisan Gosti) in several villages such as
Vadadha, Mothekadwan, Karnji Budruk, Vavdhi, Nanagipadha, Vadhkhut, Khokasa, Paati of
Nandurbar district during 26.12.2021 to 29.12.2021. During training and interaction meetings
(Kisan Gosti) with tribal farmers, they got acquainted with the improved technologies in
livestock, fishery, horticulture, agro-processing, etc. The team emphasized the adoption of the
holistic approach (Integrated farming system) in agriculture for the nutritional and livelihood
security of tribal farmers in changing climatic conditions. We have also visited the field plots,
livestock farms and farm ponds of some of the farmers for further planning of horticulture,
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livestock and fishery activities. Demands were received from farmers for the improved varieties
of seeds of several crops such as groundnut, wheat, onion seed, fodder crops etc. Fish farmers
also demanded for fishing nets for harvesting of the fish.

Table 4.5: Details of the training, demonstration and field days at Nandurbar under Tribal Sub
plan

Sl.  Trainings/Field demonstration Team of the Scientist No. of Date of
No. Benefi activities
ciaries
1 Agri-Aquaculture integrated S A Kochewad, Paritosh 53 27.12.2021
farming (Fish Cum Duck Cum Kumar and Neeraj Kumar
Poultry Cum Animal)
2 Backyard poultry practices S A Kochewad, Paritosh 56 27.12.2021
Kumar and Neeraj Kumar
3 Livestock management S A Kochewad, Paritosh 49 27.12.2021
Kumar and Neeraj Kumar
4 Kitchen Gardening and Waste Paritosh Kumar, SA 42 28.12.2021
Management for Manure Kochewad, Neeraj Kumar
production
5 Field demonstration for Fish Neeraj Kumar, SA 40 28.12.2021
culture including feeding Kochewad, Paritosh Kumar
6 Culture of carp in small pond area Neeraj Kumar, SA 48 28.12.2021

Kochewad, Paritosh Kumar

The team has interacted with 21 Women SHG viz. Santosh Mata SHG Groups, Vaishani Mata SHG
Groups, Ujjawala SHG Groups, Aarov SHG Groups, Jijmata SHG Groups, Biswash SHG Groups,
Mahila SHG Groups, Shri Swam Sahayata SHG Groups, Radha Swayam SHG Groups, Aarti SHG
Groups, Nihal SHG Groups, Pragati SHG Groups, Tulsamata SHG Groups, Piyu SHG Groups,
Devmogra SHG Groups, Jyoti SHG Groups, Savitribai SHG Groups, Sumit SHG Group,Suhani SHG
Groups, Parvati SHG Groups, Priti SHG for women empowerment through agro-processing
entrepreneurship activities. The team also disseminated the NIASM technologies among the tribal
farmers.

: o ] \ B¢ E A
Fig. 4.11: Training being imparted under TSP programme at Nandurbar district

Agriculture Technology Week 18th-24th January, 2021

The Technology Week was jointly organized by the Krishi Vigyan Kendra, Baramati, Maharashtra
and ICAR-National Institute of Abiotic Stress Management, Baramati, Maharashtra. The KRUSHIK
- Technology Week had focus on live demonstrations of agricultural technologies and
machineries for farm mechanization, bullock-operated machineries, demonstration of millets,
value-addition in pulses and oil seeds, use of hydro gel technology for maize, hydroponic and
vertical farming, innovations hub, etc. at KVK and live demonstration of dragon fruit technology,
technology for establishing orchards of all fruit crops on shallow basaltic terrain, Climate smart
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integrated farming system, Conservation agriculture and SORF machine for sugarcane, Livestock
and fishery experimental ponds and fish museum, Medicinal and herbal garden, Genetic stock
garden, etc. at NIASM. More than 3000 farmers visited ICAR-NIASM to witness the live
demonstrations and the experimental plots during the technology week.

Fig. 4.12: Glimpses of Agriculture Technology Week held at I[CAR-NIASM.
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Institute Technology Management Unit (ITMU) during the year 2021

processed two new patent applications (Table 4.1) and identified
seventeen potential technologies (Table 4.2) developed by ICAR-NIASM.
It also registered institute publications under ISSN and ISBN for broader
publicity. The institute publications registered under ISBN, are
‘Alternative crops for augmenting farmers' income in abiotic stress
regions’; ‘Conservation Agriculture for Enhancing Productivity, Resource
Use Efficiency’ & ‘Environmental Quality of Sugarcane Cropping’ details
of which are mentioned in Table 4.1. The ITMU also obtained the RNI
reference number (1347075) for ICAR-NIASM, from the RNI office. The

ITMU staff also attended the conference relevant to IPR processing.

Table 4.1. IPRs of ICAR-NIASM.

IPRs

Patent

RNI
registration
for Title
Verification
of
Publication
S
ISBN
registration
of books

Name of Innovation/
Technology/ Product/
Variety (Application/

Registration No.)
Process for one step
synthesis of bactericidal
silver nano-particles from
tissue extracts of
Labeorohita.
(3255/MUM/2012)

A process for the
development of nano-scaled
metallic formulations for
aquaculture.
(202121041218)

Novel Micro-stimulant and
Stress Alleviator for
Aquaculture.
(202121048471)

Abiotic Stress Management
News (Print media)

Annual Report (Print media)

Krishi Stress Patrika (Print
media)

Alternative crops for
augmenting farmers' income
in abiotic stress regions
(978-81-949091-6-3)
Conservation Agriculture for
Enhancing Productivity,
Resource Use Efficiency &
Environmental Quality of
Sugarcane Cropping System
(978-81-949091-7-0)

Date of
Filing/
Registration

09.11.2012

14.09.2021

25.10.2021

14.06.2019

14.06.2019

18.6.2019

Progress

Registered**

Under
Screening &
Classification

Application
not yet
published

In Process

In Process

In Process

Registered

Registered
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Table 4.2. Potential Technologies of ICAR-NIASM

SN.

10.

78

Name of technology
(Inventors)

Micro-blasting and soil-mix technique for sapota
cultivation in abiotic-stressed basaltic terrain.
DD Nangare, VD Kakade, PB Taware, P Suresh
Kumar, Y Singh, PS Minhas, H Pathak
Dragon fruit: wonder crop for rocky barren lands
and water scarce areas.
DD Nangare, Mahesh Kumar, PB Taware, VD Kakade
Deficit irrigation management with plastic mulch
in pomegranate orchard in abiotic-stressed
basaltic terrain.
DD Nangare, PB, Mahesh Kumar, Y Singh, PS
Minhas, VD Kakade, H Pathak
Deficit irrigation management in grape orchard
in abiotic-stressed basaltic terrain.
DD Nangare, PB Taware, Mahesh Kumar, Y Singh, PS
Minhas, P Suresh Kumar, H Pathak
Micro-blasting and soil-mix technique for
pomegranate cultivation in abiotic-stressed
basaltic terrain.
PB Taware, DD Nangare, Mahesh Kumar, H Pathak
Cultivating medicinal and aromatic plants in
shallow basaltic soil.
Harisha CB, DD Nangare, PB Taware
High-density planting in mango for enhancing
yield and resource use efficiency under abiotic
stress conditions.
VD Kakade, DD Nangare, PB Taware, SB Chavan,
RajKumar, H Pathak
Micro-blasting and soil-mix technique for guava
cultivation in abiotic-stressed basaltic terrain.
VD Kakade, Y Singh, DD Nangare, Minhas, PS, P
Suresh Kumar, PB Taware, SB Chavan, H Pathak
Rehabilitation of abiotic-stressed basaltic terrain
with aonla (emblica officinalis).
SB Chavan, DD Nangare, PB Taware, Aliza Pradhan,
P Suresh Kumar, VD Kakade, RS Gophane, H Pathak
Preparation of dragon fruit saplings.
GC Wakchaure, AR Jadhav, DD Nangare, VD Kakade,
] Rane, H Pathak

Technology ID
(Krishi portal)

201628669987978

201628672037221

201628674653663

201628678020305

201628730570552

201629540781386

201629534409748

201629536617536

201633497056286

201633501439931

Year of
Release

2020

2018

2019

2018

2021

2021

2021

2021

2021

2021
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WRd hl Ffaem G977 3% RAder 3% ot i@l ol TorTe ot &t vrer=t fowam
39 ureH feaqq & Syfa # ufday gy Rider ot ‘fe=<dt feaw’ & wu & w=man Siar
g1 Iror9TeT & o Tt ORT @Rl dgrar 4 8 WIRSU-IE Sifde ¥
U T, IRMEAT gRT ¥ RAamR § ¢ {Qamr,20:8 & ERA “f&
ggarel” T IS fohar Tl <) Rag qur ff< waarsT & Ige g%
fOaraR, 018 & fohar maT| TS Shraiaae 9fafd & sreder Ud O &
frderen St fgig] uree A B0 &t agmar &4 g Id ua @t Smig o
DHIIChH h [FIAT B YA h 32T Hgled = ‘Jorrsn ufasm’ et 3gre
TARY # g AfAfY & =g # ST Ffaar Ages-Harae (Fganft ureme,
qulSH AgIfdene, hereul fSidl d1arT) JiSle @1 364 el Al I 3&a
Ud o & IR & gt &) sravd foham iR uRaaret & AR fafae
gfafidrener & i, ey de (B sftaias o/ sifg= anftraias fom),
fewoT See, dhoiad, dTearad, @<t STaTe, dchlel WTVUT, Uiy enfe
ufaaifiar smaifSia &Y 7151 fOas daE & gft gewl 3 so-geax fewr forr
3R ufer ATy Tohet 15 | fg=< TRaaTsT HRIY Ud QREAR faavur 9aRY &1
IS ¢ FATHR Pl TXUM & TRER U GHNR H fohat 7| GHIUS 99RIE
& g JfafY ot a1 o1 gddsht (48 gumEd, IS gRERes e
faerera, ararT) = ufaaifiar fasiar st QR vem s gwfad foran g
Sffafd J g & wu A =< o1 "ga 9t &t sravra fohan srfew &t
STETETAT T o fAd2ren SF f3Hig) UTaeh Sit = &Y | TXUT & IR UHFT & Tl
= 31T 31T fawdt R Tty foRar) S afar arqe (Ve afva, o
Sifaerer A, S uRaly AR onfe & wrdshA o1 smate fohar Ta sRishH
gthel ST

2= riRITe SIrie

IpeR ¥ fGTmeRr 2022 39 fAATe! & e # Gt Wi o $37m9 8g 2 ¢ fem=r
033 ol Ueh feawfia shrd=ITaT 1 SatSi fohat T | ISt shraf-aa gfafa
& He ST U0 dreR A GoAEare oid gy Afafd qur Iufeddl &1 @rra
foRaT| RIS T SRt FgId gU 8t W & w3 & folg d3= € fohg s
aTet TaTH! ot SART U foha| siRieis ueTe aai, agrah e, fa=<il fveor
IS, YOt ASTHTST famT, 78 #3Terd, YR SRR = “a-T Wenfiichl gr
FIR HR AIEA o HATEHH ¥ AR W13t # feziarvT, gdeiad, Seheiad
JoT 3rare 39 fawa wr uferor fEam| 38R T & ux AdgRl # o1 § -
JHTORY gRT ATATcTRI chiHehTST | ) Sl T @ U hn il &hs der-iihal
frErft| TervTeT wrafaae afafa & sreer ofk s fRriyy  urees Sft A
AfAfY 1 T@mTa sea g et s & w3 & forg fohg 71g Amfesfs or gwmem=
STArT| g1 RHATRIT vt 3TdTe- fohdT hl 3 deh-ilichdl ohl UINT Shed §Y
fe=al PP ol TTAfichar <1 59 HRIMTAT BT T & <& HHATRAT =
I ¥ § o1 foram| srirmer &l Juafedal wR == ad gy SThldhs Sit =
TG AU fopaT |

79


http://niam.res.in/A9

&% ICAR-NIASM Annual Report 2021

SHTIRITET §4 T[T 2033
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JETaT & B ST STl hRishHIhT TSI fohT SITdT & | fg=<) ShRiRIer 399 ¥ ek 81 fa=<t ahrdsret &
o fa=dt & daieht depmiien ol THgT ohrdhl 78| fg=<t A/ 37 sg 8q o fawat o a1 39 71egw & fagm
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forar STTQ | 33t a1y &Y SidR-sraiar IaR H 34 vt &t oft Iught R
4, GuTg & Ak T Uesy S o1 Ueed WR ford Sird ¢ I9H Ay wu @ wrafalRe st
IUYh AT T FHTA R |
5. TSTTST AT &t &Ry 3(3) & Sidifd STHaTet TSI ot Sifard 0 @ fgurdht &g & SRy
o STTY| den-itehl STFeRt +ff R gEusr & @1y Toma @i | $0e R fohy ST arel TR o
3id 7 fordt Sareht dafthes STHeRRT fg=<t at fgemdt w1
6. TXIM & TN UehIRIT <Al STTICHY HTEHH Y HINIARUT ehi ohl U e | St T ‘SifSal gen’
FAIY 7 36 ¢ I8 oy =0 & Gt 7 s91g S 3R I8 T o ‘eRgeiR-famas’ 8y & iRy
IUASY TR |
7. 'FRISR-FATA’ o Sered g Akl STHGRT FRTST, fg=<t 3R SiTsit 3 =T e § o= STt
T AT ITH SR o IR TN | QU & Gare ST g R-fAee o fafeat fig=h & an
gt = & g=man sd|
8. =l '®H ufFenr’ o1 Hehe TRT o §Y UehiRM & foly STeg dOR e | (GRT-Ge= i TeprRe
gfafa)
9. T & HHARAT F Bl HY SHHRT o IR H FaT FIR e 3R TR & IR hRIETER
T U HH I TATH e | (GRI-TSTHTST Shrafaa Fiafd)
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10th Institute Management Committee (IMC) Meeting

The 10th meeting of the Institute Management Committee of ICAR-
NIASM was held on February 17, 2021, through online mode. The
meeting was attended by: Dr Himanshu Pathak, Chairman of IMC &
Director, ICAR-NIASM; Dr S Naresh Kumar, Professor & Principal
Scientist, ICAR-IARI, New Delhi; Dr M Prabhakar, Principal Scientist &
Project Investigator, NICRA, ICAR-CRIDA, Hyderabad; Dr RM Sundaram,
Principal Scientist, ICAR-IIR], Hyderabad; Dr Jagadish Rane, Principal
Scientist, ICAR-NIASM and Shri B K Sinha, Member Secretary & CAO,
ICAR-NIASM. Chairman welcomed the members and presented scientific
achievements, ongoing research, future plan of the institute, account of
physical infrastructural facilities and the academic programme
commencing from the current academic year. The Member Secretary
presented current staff position and utilization of fund. The Scientist
members, namely, Dr S Naresh Kumar, Dr M Prabhakar, Dr RM Sundaram
and Dr Jagadish Rane, gave suggestions on the futuristic role of the
institute with regard to basic and strategic research in abiotic stress
management as well as the academic programmes. The meeting
concluded with a vote of thanks.

11th Pre-Institute Research Council (Pre-IRC) Meeting

The 11t Pre-Institute Research Council (Pre-IRC) meeting of ICAR-
NIASM was held on April 08-13, 2021. Dr Himanshu Pathak, Director
ICAR-NIASM, chaired the meeting. All the [/c Heads, Scientists of schools,
and the institute's senior technical staff attended the meeting through
physical and video conferencing hybrid mode. The meeting included
brief presentations by I/c PME, I/c Head of Schools and Scientist of SASM,
SWSM, SSSM, and SSPR followed by discussions on the research
highlights presented. Director, ICAR-NIASM also presented his activities
and achievements during 2020-2021 and the pipeline targets. The
scientific staff participating in the meeting were given the opportunity to
provide their comments and suggestion.

11th [Institute Research Meeting (IRC) Meeting

11t Institute Research Council (IRC) meeting of ICAR-NIASM was held
on June 22, 2021, through a web conferencing system. The meeting was
chaired by Dr Himanshu Pathak, Director, ICAR-NIASM. Dr SR Gadakh,
Director Research, MPKV Rahuri; Dr M Maheshwari, Former Head,
Division of Crop Improvement, ICAR-CRIDA; Dr KN Bhilegaonkar,
Principal Scientist and Station In-charge ICAR-IVRI, Pune; Dr Pradip Dey,
Principal Scientist and PC (STCR), ICAR-IISS, Bhopal and Dr M S Meena,
Principal Scientist, [CAR-ATARI, Jodhpur participated in the meeting as
resource persons. Dr Pathak briefed Institute’s achievements. Heads of
the Schools presented respective school research programmes and
Institute Flagship projects. Principal Investigators presented the
progress and targets of the Umbrella projects and In-house projects. The
Chairman invited suggestions from resource persons to further
improvement. Dr Neeraj proposed vote of thanks.
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9th Research Advisory Committee (RAC) Meeting

The 9th Research Advisory Committee (RAC) Meeting of ICAR-NIASM was held on July 03, 2021.
Dr Himanshu Pathak, Director, ICAR-NIASM, extended a warm welcome to Dr B. Venkateshwarlu,
Chairman of the 9th RAC, and the other distinguished members. Dr SMK Naqvi, Dr N Sarangi, Dr
DK Pal, Dr C Viswanathan, Dr BB Barik, Dr PK Ghosh, Director, NIBSM, Raipur (special invitee)
and Dr Jagadish Rane (Member Secretary) attended the meeting. A comprehensive report about
the overall research and development activities during 2020-21 was presented by Dr Pathak. This
was followed by the presentation of the Action Taken Report by Dr Rane. The Heads of the Schools
comprehensively presented the achievements and targets of the respective Schools. Dr Ghosh
highlighted the scope for collaboration between NIASM and NIBSM. Dr Pathak expressed his
gratitude to all the members of RAC for their suggestions and guidance. The meeting ended with
the vote of thanks by Dr Rane, Member Secretary, RAC.

e S .
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Dr Himanshu Pathak, Director, ICAR-NIASM received the prestigious
“Dr NS Randhawa Memorial Award (2019-20)” of National Academy
of Agricultural Sciences, New Delhi on November 13, 2021.

Dr Himanshu Pathak, Director, ICAR-NIASM was included in the
Reuters top 1,000 global climate scientists who had significant
impacts on the climate change research and development.

Dr Himanshu Pathak, Director, ICAR-NIASM delivered the “Dr RV
Tamhane Memorial Award Lecture” of Indian Society of Soil Science
on November 17, 2021.

Dr AK Singh, Principal Scientist received Best Scientist Award by
ICAR-NIASM on the foundation day.

Dr BB Gaikwad, Scientist, recognized as university teacher and
research guide of MPKV, Rahuri for M.Tech/PhD in the discipline of
Farm Machinery and Power.

Dr Boraiah KM, Scientist received “Young Plant Breeder Award-
2021” in International Conference on “Advances in Agriculture,
Environmental and Biosciences for Sustainable Development
(AAEBSD-2021)” held on August 05-07, 2021.

Dr Boraiah KM, Scientist received Life Membership in Agro
Environmental Development Society.

Dr GC Wakchaure, Senior Scientist recognized as expert member of
Consultative Group by Ld. Registrar, Geographical Indications
Registry, Ministry of Commerce and Industries, Govt. of India

Dr GC Wakchaure, Senior Scientist recognized as Faculty and
research guide of IARI, New Delhi (Discipline: Agricultural
Engineering) and also as teacher/ research guide of MPKV, Rahuri
for M.Tech/PhD in the discipline of Agricultural Structure and
Process Engineering and Irrigation and Drainage Engineering.

Dr Pratapsingh Khapte received "Young Scientist Award-2021" by
Indian Society of Plant Physiology at National Conference of Plant
Physiology organized by the society in collaboration with ICAR-
NIASM, Baramati, Pune from 9-11 December, 2021.

Dr SA Kochewad, Scientist recognized as Editor for Agri Journal
World a monthly e-newsletter and also as Subject Specialist Editor
for Agriallis a monthly e-newsletter for the year 2021.

Dr SB Chavhan, Scientist recognized as Editor for forestry and
agroforestry in Agri-science journal.

Dr SB Chavhan, Scientist recognized as Faulty for Dr BSKKV Dapoli
& IARI, New Delhi.

Dr SB Chavhan, Scientist, Elected as Member of Indian Society of
Agroforestry Jhansi for 2021 to 2022.
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Dr SS Pawar received “Young Scientist Award” by Society for Scientific Development in
Agriculture and Technology (SSDAT) during VIth International Web Conference on
Global Research Initiatives for Sustainable Agriculture & Allied Sciences (GRISAAS-
2021), Bikaner from December 13-15, 2021.

Dr VD Kakade, Scientist was identified as committee member (state level) for deciding
guidelines of dragon fruit cultivation in Maharashtra by Maharashtra State Horticulture
& Medicinal Plant Board (MSHMPB), Pune.

Mr Harisha CB, Scientist awarded Young Horticulturist Award-2021 by Agro
Environmental Development Society (AEDS) during International Conference on
“Advances in Agriculture, Environmental and Biosciences for Sustainable Development
(AAEBSD-2021)” held on August 05-07, 2021.

Mr MP Bhendarkar, Scientist, received the Best Oral Presentation at 4t International
Conference, Global Approaches in Natural Resource Management for Climate Smart
Agriculture (GNRSA-2020) during Pandemic Era of COVID-19 from February 26-28,
2021.

Raj Kumar, Dinesh Ginger, Vijay Kakade, Dhakshanamoorthy, Dinesh, Gaurav Singh and
Sneha Dobhal (2021), Best Paper Award in International Web-Conference on Smart
Agriculture for Resource Conservation and Ecological Stability organized online on
October 29-31, 2021.
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Organization
Agharkar Research Institute, Pune
Agri-tourism Development Corporation, Pune
Banaras Hindu University, Banaras
Chhattisgarh Kamdhenu Vishwavidayalaya, Chhattisgarh
College of engineering Malegaon
Cytozymes, Mumbai
Dr Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli
Dr Panjabrao Deshmukh Krishi Vidyapeeth, Akola
ICAR-Indian Institute of Pulses Research, Kanpur
ICAR-National Bureau of Agriculturally Important
Microorganisms, Mau Nath Bhanjan
ICAR-Central Arid Zone Research Institute, Jodhpur
ICAR-Central Arid Zone Research Institute, Jodhpur
ICAR-Central Inland Fisheries Research Institute, Kolkata
ICAR-Central Institute of Brackishwater Aquaculture, Chennai
ICAR-Central Institute of Fisheries Education, Mumbai
ICAR-Central Institute of Freshwater Aquaculture,
Bhubaneshwar
ICAR-Central Research Institute for Dryland Agriculture,
Hyderabad
ICAR-Directorate Of Onion And Garlic Research, Rajgurunagar
ICAR-Indian Agricultural Research Institute, New Delhi
ICAR-Indian Grassland and Fodder Research Institute, Jhansi
ICAR-Indian Institute of Agricultural Biotechnology, Ranchi
ICAR-Indian Institute of Soybean Research, Indore
ICAR-Indian Institute of Wheat and Barley Research, Karnal
ICAR-National Bureau of Plant Genetic Resources, New Delhi
ICAR-National Institute of Biotic Stress Management, Raipur
ICAR-National Research Center on Pomegranate, Solapur
ICAR-National Research Centre for Grapes, Pune
Indira Gandhi Krishi Vishwavidyalaya, Raipur
International Center for Agricultural Research in the Dry Areas
International Crops Research Institute for the Semi-Arid Tropics,
Hyderabad
International Rice Research Institute
Maharashtra Rajya Draksha Bagaitdar Sangh, Pune
Mahatma Phule Krishi Vidyapeeth, Rahuri
Privi Life science, Pvt Ltd, Mumbai
Punjab Agricultural University, Ludhiana
Sher-e-Kashmir University of Agricultural Sciences and
Technology of Jammu, Kashmir
Space Applications Centre- ISRO, Ahmedabad
Tuljaram Chaturchand College, Baramati
University of Agricultural Sciences, Bengaluru
University of Agricultural Sciences, Dharwad
University of Agricultural Sciences, Raichur
University of Delhi, New Delhi
University of Horticulture, Bagalkot
Vasanth Dada Sugar Institute, Pune
Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani
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Bal SK, Wakchaure GC, Potekar S, Choudhury BU, Choudhary RL,
Sahoo RN (2021) Spectral Signature-Based Water Stress
Characterization and Prediction of Wheat Yield under Varied
Irrigation and Plant Bio-regulator Management Practices. Journal of
the Indian Society of Remote Sensing. 49: 1427-1438.
https://doi.org/10.1007/s12524-021-01325-6.

. Basavaraj PS, Gireesh C, Muralidhara B, Manoj CA, Ishwarya VG,

Honnappa, Ajitha V, Senguttuvel P, Sundaram RM and Anantha MS
(2021) Stress tolerance indices for the identification of low
phosphorus tolerant introgression lines derived from Oryza
rufipogon Griff. Plant Genetic Resources: Characterization and
Utilization. 1-11. https://doi.org/10.1017/S1479262121000381.

. Bhendarkar MP, Gaikwad BB, Ramteke KK, Joshi HD, Ingole NA,

Bhramane MP, Gupta N (2021) Anticipating the impact of the COVID-
19 lockdowns on the Indian fisheries sector for technological and
policy reforms. Current Science.121:752-757.
https://doi.org/10.18520/cs/v121/i6/752-757.

Chatterjee D, Nayak AK, Datta SC, Panigrahi ], Paul R, Kumar A, Shahid
M, Kumar U, Lal B, Gautam P, Pathak H 2021a Transformation of
crystalline and short-range order minerals in a long-term (47 years)
rice-rice cropping system. Catena. 206: 105488.
https://doi.org/10.1016/j.catena.2021.105488.

. Chatterjee D, Nayak AK, Mishra A, Swain CK, Kumar U, Bhaduri D,

Panneerselvam P, Lal B, Gautam P, Pathak H 2021b Effect of Long-
Term Organic Fertilization in Flooded Rice Soil on Phosphorus
Transformation and Phosphate Solubilizing Microorganisms. J Soil Sci
Plant Nutr. 21: 1368-1381. https://doi.org/10.1007/s42729-021-
00446-8

Chatterjee S, Stoy PC, Debnath M, Nayak AK, Swain CK, Tripathi R,
Chatterjee D, Mahapatra SS, Talib A, Pathak H(2021)Actual
evapotranspiration and crop coefficients for tropical lowland rice
(Oryza sativa L.) in eastern India. Theor Appl Climatol. 146: 155-171.
https://doi.org/10.1007 /s00704-021-03710-0

Chavan SB, Dhillon RS, Ajit RH, Rizvi, Sirohi C, Bharadwaj KK (2022)
Estimating biomass production and carbon sequestration of poplar-
based agroforestry systems in India. Environ Dev Sustain.
https://doi.org/10.1007 /s10668-021-01996-8.

Choudhary RL, Minhas PS, Wakchaure GC, Bal SK, Ratnakumar
P(2021)Effect of IW:CPE-Based Irrigation Scheduling and N-
Fertilization Rate on Yield, Water and N-Use Efficiency of Wheat
(Triticum aestivum). Agric Res. 10: 243-254.
https://doi.org/10.1007 /s40003-020-00489-w.

Debnath M, Tripathi R, Chatterjee S, Shahid Md, Lal B, Gautam P,
Jambhulkar NN, Mohanty S, Chatterjee D, Panda BB, Nayak PK,
Bhattacharyya P, Shukla AK, Pathak H, Nayak AK (2021) Long-Term
Yield of Rice-Rice System with Different Nutrient Management in
Effect of Air Temperature Variability in Dry Season. Agric Res.
https://doi.org/10.1007 /s40003-021-00541-3.
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Gedam PA, Thangasamy A, Shirsat DV, Ghosh S, Bhagat KP, Sogam 0OA, Gupta AJ], Mahajan V,
Soumia PS, Salunkhe VN, Khade YP, Gawande SJ, Hanjagi PS, Ramakrishnan RS, Singh M
(2021) Screening of Onion (Allium cepa L.) Genotypes for Drought Tolerance Using
Physiological and Yield Based Indices Through Multivariate Analysis. Front. Plant Sci. 12:
600371. https://doi.org/10.3389/fpls.2021.600371.

Gopalakrishnan, B., Sugumaran, M.P., Balaji, K., Thirunavukkarasu, M., & Davamani, V. (2021).
GIS-based approach for mapping the density and distribution of crossbred cattle. The Indian
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/1JAnS /article/view/113273

Khapte PS, Kumar P, Panwar NR, Burman U, Rouphael Y, Kumar P (2021) Combined
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of onion (Allium cepa L.) cultivars in a shallow basaltic soil of water scarce zone. Agricultural
Water Management. 249:106824. https://doi.org/10.1016/j.agwat.2021.106824

Kumar R, Harikrishna, Barman D, Ghimire OP, Gurumurthy S, Singh PK, Chinnusamy V,
Padaria JC, Arora A (2021) Stay-green trait serves as yield stability attribute under combined
heat and drought stress in wheat (Triticum aestivum L.). Plant Growth Regulation 96(4):3
DOI:10.1007/s10725-021-00758-w

REVIEW PAPERS

1.

Kochewad SA, Sanjeev Kumar, Kurade NP, Pawar SS, Nirmale AV (2021) Colostrum
Management in New-Born Dairy Calves. Agri Journal World 1 (2): 50-54.

Pawar SS, Mohanapure PA, Brahmane MP, Bhendarkar MP, Nirmale AV, Kurade NP (2021)
Metagenomics: A Novel Tool for Livestock and Poultry Improvement: A Review. AG.
https://doi.org/10.18805/ag.R-2167.

Rane ], Singh AK, Kumar M, Boraiah KM, Meena KK, Pradhan A, Prasad PVV (2021) The
adaptation and tolerance of major cereals and legumes to important abiotic stresses. Int. J.
Mol. Sci. 2021, 22, 12970. https://doi.org/10.3390/ ijms222312970.

Rane ], Singh AK, Tiwari M, Vara Prasad PV, Jagadish K (2021) Effective use of water in crop
plants in dryland agriculture: Implications of reactive oxygen species and antioxidative
system. Frontiers Plant Sci. doi:10.3389/fpls.2021.778270.

TECHNICAL BULLETINS

1.

90

Bhendarkar MP, Pawar SS, Gaikwad BB, Rajkumar, Kurade NP, Nangre DD, Nirmale AV,
Pradhan A (2021) A €aei AFGfiehr. Technical bulletin no. 31. ICAR-National Institute of
Abiotic Stress Management. Baramati, Pune, Maharashtra, India, pp 45.

Boraiah KM, Basavaraj PS, Harisha CB, Rane ], Kochewad SA, Rajkumar, Taware PB and
Pathak H (2021) Establishing a Genetic Garden for Abiotic Stress Tolerance: Concept,
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Planning and Activities. Technical Bulletin No. 35. ICAR-National Institute of Abiotic Stress
Management, Baramati, Pune, Maharashtra, India, pp 22.
Boraiah KM, Basavaraj PS, Harisha CB, Kochewad SA, Khapte PS, Bhendarkar MP, Kakade VD,
Rane ], Kulshreshtha N and Pathak H (2021) Abiotic Stress Tolerant Crop Varieties, Livestock
Breeds and Fish Species. Technical Bulletin No. 32. ICAR-National Institute of Abiotic Stress
Management, Baramati, Pune, Maharashtra, India, pp 83.

Chavan SB, Kakade VD, Nangare DD, Kochewad SA, Kumar R, Khapate PS, Shinde A (2021)

gAY 3MYd IT—TaT @A, Technical Bulletin No. 27. ICAR-National Institute of Abiotic
Stress Management, Baramati, Pune, Maharashtra, India, pp 44.

Kochewad SA, Rane |, Kurade NP, Singh AK, Wakchaure GC, Vanita S, Boriah KM and Pathak
H (2021) Abiotic Stress Management in Maharashtra Agriculture: Technologies and Policy
Needs. Technical Bulletin No.34. ICAR-National Institute of Abiotic Stress Management,
Baramati, Pune, Maharashtra, India, pp 17.

Kurade NP, Chavan PL, Pawar SS, Gaikwad BB, Nirmale AV, Kumar N and MP Brahmane
(2021) Impacts and Management of Abiotic Stresses on Livestock in the Drought Prone Areas
of Maharashtra. Technical Bulletin No. 30. ICAR-National Institute of Abiotic Stress
Management, Baramati, Pune, Maharashtra, India, pp 35.

Pradhan A, Rane ], Pathak H (2021) Alternative crops for augmenting farmers’ income in
abiotic stress regions. Technical Bulletin No. 29. ICAR-National Institute of Abiotic Stress
Management, Baramati, Pune, Maharashtra, pp 26.

Pradhan A, Rane ], Pathak H (2021) Alternative crops for augmenting farmers’ income in
abiotic stress regions. Technical bulletin no. 29, ICAR-National Institute of Abiotic Stress
Management. Baramati, Pune, Maharashtra, pp 27.

Wakchaure GC, Pradhan A, Choudhary RL, Meena KK, Singh Y, Biswas AK, Rane ] and Pathak
H (2021) Conservation Agriculture for Enhancing Productivity, Resource Use Efficiency and
Environmental Quality of Sugarcane Cropping System. Technical Bulletin No.33. ICAR-
National Institute of Abiotic Stress Management, Baramati, Pune, Maharashtra, India, pp 40.

10. Wakchaure GC, Satish Kumar, Meena KK, Rane | and Pathak H (2021) Dragon Fruit

Cultivation in India: Scope, Constraints and Policy Issues. Technical BulletinNo.27.
ICAR-National Institute of Abiotic Stress Management, Baramati, Pune, Maharashtra,
India, pp 47.

TECHNICAL/EXTENSION FOLDER

1.

Bhendarkar MP, Gaikwad BB, Kalbande SR, Pawar SS, Kurade NP, Nirmale AV (2021) Farm
pond based Aquaculture Model for Rainfed Areas. Technical Folder No. 47. ICAR-National
Institute of Abiotic Stress Management, Baramati, Pune, Maharashtra, India.

Bhendarkar MP, Kalbande SR, Brahmane MP, Pawar SS, Gaikwad BB, Kurade NP, Rajkumar
(2021) GIFT Tilapia: A gift for fish farmers. Technical Folder No.:34 ICAR-National Institute
of Abiotic Stress Management, Baramati, Pune, Maharashtra, India.

Brahmane MP, Bhendarkar MP, Pawar SS, Rajkumar, Gaikwad BB, Kochewad S (2021) 3c&
Li<iiclter 3rsifares dToT: SRUE 3MIfOT @RI, Technical Folder No: 37. ICAR- National Institute

of Abiotic Stress Management, Malegaon, Baramati. 413 115. Pune, Maharashtra (India).

Gopalakrishnan B, Rajkumar, NP Kurade (2021) Azolla - an alternate feed resource for farm
animals. Technical Folder No: 46. ICAR- National Institute of Abiotic Stress Management,
Malegaon, Baramati. 413 115. Pune, Maharashtra (India).
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Gopalakrishnan B, Rajkumar, NP Kurade, Nirmale AV, Gadave R, Chavhan P (2021) 3f&fie -
STHTERIGTST Ueh Uit Wrersid. Technical Folder No: 48. ICAR- National Institute of Abiotic

Stress Management, Malegaon, Baramati. 413 115. Pune, Maharashtra (India).

Harisha CB, Nangare DD, Taware PB, Chahande PR, NP Singh 2021 Model Medicinal and
Aromatic Garden for Shallow Basaltic Lands Technical Folder No. 48 ICAR-National Institute
of Abiotic Stress Management, Baramati, Pune, Maharashtra, India

Jinger D, Kakade V, Dinesh D, Bhatnagar PR, Singh G, Jat RA, Singh AK, Kaushal R, Singhal V,
Singh C, Damor DG, Makwana BC (2021) Propagation and planting techniques of Melia dubia.
Extension folder, ICAR-Indian Institute of Soil and Water Conservation, Research Centre,
Vasad, Anand, Gujarat, India.

Kakade V, Jinger, D, Dinesh D, Singh G, Bhatnagar PR, Pande VC, Ram A, Jat RA, Singh AK,
Singh C, Makwana BC (2021) Nursery and propagation techniques of Dragon fruit. Extension
folder, ICAR-Indian Institute of Soil and Water Conservation, Research Centre, Vasad, Anand,
Gujarat, India

Singh G, Rao BK, Kakade VD, Jinger, D, Dinesh D, Jat RA, Singh AK, Kumar G, Pande VC, Singh
C,Kumar A (2021) Sapota (Achras zapota) based Ecological Engineering Measures for Ravine
Slope Stabilization and Sustainable Productive Utilization in Semi-Arid Regions of Gujarat
(Technology extension folder).

Singh G, Rao BK, Kakade VD, Jinger, D, Dinesh D, Jat RA, Singh AK, Kumar G, Pande VC, Singh
C, Kumar A (2021) Sapota (Achras zapota) based Ecological Engineering Measures for Ravine
Slope Stabilization and Sustainable Productive Utilization in Semi-Arid Regions of Gujarat.
Extension folder, ICAR-Indian Institute of Soil and Water Conservation, Research Centre,
Vasad, Anand, Gujarat, India.

BOOKS
1.

Atul D Gonde, Rajkumar, Santoshkumar A More, 2021. An Outline of Beneficial Insects (Book)
Published by AgriBioVet Publishers New Delhi (ISBN No: 9788194532750)

BOOK CHAPTERS
1.
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Kakade Vijaysinha, Amrut Morade and Darshan Kadam Dragon Fruit (Hylocereus undatus) in
Tropical Fruits: Theory to Practical (2021) by SN Ghosh and RR Sharma, pp. 240-257.
Kaushal, R,, Chavan, S.B., Handa, A.K., Dhiman, R., Mandal, D., Sirohi, C. and Chaturvedi, O.P.,
2021. Agroforestry for Sustainable Intensification in Agriculture Necessary Structural
Reforms for Self-Reliancy. Innovations in Agriculture for a Self-Reliant India, p. 371.

Kumar S, Kumar M, Wakchuare GC, Bhushan B, Meena KK, Singh AK, Gurumurthy S, Rane ]
(2021) Microbial management of crop abiotic stresses: Current trends and prospects. In:
Microbial Management of Plant Stresses: Current Trends, Application and Challenges. Pp.
251-260.D0I:10.1016/B978-0-323-85193-0.00017-6.

Kumar S, Wakchaure GC, Meena KK, Kumar M, Singh AK, Rane ], Bhushan B and Dukare AS
(2021). Metagenomic Insights into the Microbial Communities of Desert Ecosystems.
Metagenomics and Microbial Ecology. 1st Edition, CRC Press. eBook ISBN 9781003042570.
pleé.

Kumar, Satish, G. C. Wakchaure, Kamlesh K. Meena, Mahesh Kumar, Ajay Kumar Singh,
Jagadish Rane, Bharat Bhushan, and Ajinath Shridhar Dukare. "Metagenomic Insights into the
Microbial Communities of Desert Ecosystems." In Metagenomics and Microbial Ecology, pp.
47-62. CRC Press, 2021.

Kumar, Satish, Mahesh Kumar, G. C. Wakchaure, Bharat Bhushan, Kamlesh Kumar Meena,
Ajay Kumar Singh, S. Gurumurthy, and Jagadish Rane. "Microbial management of crop abiotic
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stresses: Current trends and prospects.” In Microbial Management of Plant Stresses, pp. 251-
260. Woodhead Publishing, 2021.
Neeraj Kumar, Bhushan S, Gupta SK, Kumar P, Chandan NK, Singh DK, Kumar P. (2021). Metal
determination and biochemical status of marine fishes facilitate the biomonitoring of marine
pollution. Marine Pollution Bulletin 170; 112682.
Pandiyan K, Kushwaha P, Kashyap P. L, Bagul S.Y, Karthikeyan N and Saxena A.K.(2021).
Phyllosphere microbiome: Modern prospects and application. Editor(s): Manoj Kumar
Solanki, Prem Lal Kashyap, Rizwan Ali Ansari, Baby Kumari, Microbiomes and Plant
Health,Academic Press,2021,Pages 345-366.
Prabhu Govindasamy, Rajarajan K, Manoj Choudhary, Mukesh Chaudhary, Mahendra Prasad,
Sonu Kumar Mahawer, Keerthi M C, Hanamant M Halli, Dibyendu Deb, V C Tyagi, Srinivasan
R, Rajagopal V, Bholuram Gurjar, Suresh and Ramanan S. “Agroforestry System for
Biodiversity and Conservation; Sustainability, CRC press, Dec, 2021.
Rampal, P, Pradhan, A, Panda, A. K, Raju, S., Bhavani, R. V. 2020. Millets in farming systems
in support of nutrition and social safety net programmes In: Orphan crops for sustainable
food and nutrition security: Promoting neglected and underutilized species (Eds. Padulosi S,
Oliver King ED, Hunter D, Swaminathan MS). Earthscan-Bioversity International. Pp. 319-
327.DOI: 10.4324/9781003044802.
Ramya Rathod, Basavaraj P.S. and Shivani D (2021) Genetics & Genomic Approaches to Cope
with Climate Impacts & Developing Climate Resilient Agriculture. In Book Advances in
multidisciplinary current research. Weser Books (ISBN: 978-3-96492-277-9): 25-41.
Ratnaparkhe MB, Satpute GK, Kumawat G, Chandra S, Kamble VG, Kavishwar R, Singh V, Singh
], Singh AK, Ramesh SV, Kumar V, Sudhakaran S, Srivastava MK, Shesh N, Jajoo A, Gupta S,
Singh M, Xu D, Bhattacharya M, and Nguyen HT (2021). Genomic Designing for Abiotic Stress
Tolerant Soybean. In: Genomic Designing for Abiotic Stress Resistant Oilseed Crops (Ed:
Chittaranjan Kole). XXV, pp. 283, Springer International Publishing.
Singh AK, George P, Lalitkumar Aher, Kumar M and Rane ] (2021). Genomics, molecular
breeding, and phenomics approaches for improvement of abiotic stress tolerance in wheat.
In: Improved Cereal Productivity through Climate Smart Practices (Eds. Sareen S, Sharma P,
Singh C, Jasrotia P, Singh GP, Sarial AK). Woodhead Publishing Series in Materials. Pp 99-122.
Singh AK, Kumar M and Rane ] (2021). Enhancement of water stress tolerance in crop plants
employing genetic engineering tools. In: Climate Resilient Agriculture for Sustainable
Production. (Eds. Singh NP, Kumar M, Singh Y and Singh NV). 2021. Today & Tomorrow
Printers and Publishers. Pp.247-259.
Abhilash, Rani, A., Kumari, A., Singh, R. N., & Kumari, K. (2021). Climate-Smart Agriculture:
An Integrated Approach for Attaining Agricultural Sustainability. In V. K. Hebsale Mallappa &
M. Shirur (Eds.), Climate Change and Resilient Food Systems: Issues, Challenges, and Way
Forward (pp. 141-189). Springer Singapore. https://doi.org/10.1007/978-981-33-4538-
6_5
Chaudhary A., Singh R.N,, Rai V.K, Dubey S.K,, Kumari K. (2021) Introduction to Drone
Technology for Natural Resource Management in Agriculture. In Soil Science: Fundamentals
to Recent Advances. Springer, Singapore. https://doi.org/10.1007 /978-981-16-0917-6_27
Basu PS, Datta D, Jha UC, Sharma K, Gupta S, Gurumurthy S, Das A, Bohra A, Singh IP, Singh F,
Naik S (2021) Combined Tolearance to Heat and Drought for Improving Climate Resilience
in Pigeon pea (Cajanus cajan L.) Physiological Interventions for Developing Climate Resilient
Pulses & 0il Seed Crops International Books & Periodical Supply Service ISBN: 978-93-
90425-54-9 Pp 1-52.
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Basavaraj PS and Boraiah KM (2021) Vertical Farming: A Novel Approach Revolutionizing
Agriculture. Agriculture & Environment eNewsletter. 2 (9): 9-11.

Basavaraj PS, Boraiah KM (2021) Vertical Farming: A Novel Approach Revolutionizing
Agriculture. Agriculture & Environment eNewsletter. 2 (9): 9-11.

Basavaraj PS, Rathod R, Boraiah KM, Gurumurthy S (2021) Direct Seeded Rice: A New Water
Saving Technology for Climate Resilience. Krishi Science - eMagazine for Agricultural
Sciences. 2 (7): 60-63.

Basavaraj PS, Rathod R, Boraiah KM, Gurumurthy S (2021) Direct Seeded Rice: A New Water
Saving Technology for Climate Resilience. Krishi Science - eMagazine for Agricultural
Sciences. 2 (7): 60-63.

Bhendarkar M, Brahmane M (2021) Gift for Aquaculture: GIFT Tilapia. Aquastar,(1): 46-47.
Bhendarkar MP, Brahmane MP (2021). fiioe fa@rdiar. Shetkari, 10, pp. 46-47.

Bhendarkar MP, Kalbande SR (2021). AgdteT Tﬂﬂ?:\%r Hgdd, Agrowon, 13 December, p 12.
Chavan SB, Vishnu R, Kumar N, Kumar D, Sirohi C, Handa AK (2021) Melia dubia an
indigenous tree species for industrial agroforestry in India. Indian Farming.;71(6): 7-11.

Chavhan S, Deshmukh H (2021) S&1Td &7 g=1=idt Tioi-die aead. Agrowon, 27 April.
Chavhan S, Kakade V (2021) Ir=ar&idl a=idmed sisH, Magi. Agrowon, 5 March.

Chavhan S, Kakade V (2021) Sifa==ar UhRIIAR gasidd s, Agrowon, 8 January.

Chavhan S, Kakade V (2021) sig @GS gioHdiel geeh. Agrowon, 29 January.

Chavhan S, Kakade V (2021) gsidiHed IrT fUeniell mTas wraesiR. Agrowon, 26 February.
Chavhan S, Kakade V (2021) g Trfga @CFH%T Hgd. Agrowon, 13 August.

Chavhan S, Kakade V (2021) g==idirdt JUg<h fr@or. Agrowon, 9 April.

Chavhan S, Kakade V (2021) g-sidamét Aferr §fﬁ'€ﬂ?ﬁ <IfTds. Agrowon, 2 April.

Chavhan S, Kakade V (2021) 2d 309161 a2idid A, Agrowon, 22 January.
Chavhan S, Kakade V, Kochewad S (2021) gA=idHed 3o, TIRY, T, Tadrd 3fiardie.
Agrowon, 19 March.

Chavhan S, Kochewad S (2021) it T=arardY Y5, @'cﬂ, e, Agrowon, 13 March.
Chavhan S, Mane P, Kakade V (2021) g=idHed a1 aivTareid fAatsi=1. Agrowon, 3 September.

Dinesh Jinger, Vijaysinha Kakade, Rajesh Kaushal, D Dinesh, P R Bhatnagar and Vibha Singhal.
(2021) Rehabilitation of degraded lands through different planting techniques in Melia dubia
Cav. Food and Scientific Reports. 2, Issue: 1 7-9.

Harisha CB, Chavan SB, Nangare DD (2021) Indian Linaloe- aromatic tree as an option for dry
land regions, Van Sangyan 8(6):5-8.

Harisha CB, SB Chavan, DD Nangare and RY Karde (2021) Guggul-A critically endangered
medicinal plant of dry lands, Van Sangyan, 8(9):5-8.

Jadhav S, Kakade V, Chavhan S (2021) aA=idHgg 3desT TGS, Agrowon, 10 September.
Kakade V, Chavhan S (2021) 3IRFacrRt g4 <. Agrowon, 14 August. 10.

Kakade V, Chavhan S (2021) S0F %< ANTaSId a3, Agrowon, 06 August. 10.

Kakade V, Chavhan S, Nangare DD (2021) g9 %</ @HeH. Marathi vishvakosh.

Kakade V, Nangare DD (2021) $fiH %< Jufafddt. Agrowon, 06 August. 10.

Kakade V, Salunkhe V, Chavhan S (2021) 70T %he Ueh ATd=aquf thasUten. Shetakri. 8: 40-42.
Kakade VD, Chavan S, Salunkhe V (2021) Dragon fruit: Is it the next big thing in Indian
horticulture. Down to Earth. https://www.downtoearth.org.in/blog/ agriculture/dragon-
fruit-is-it-the-next-big-thing-in-indian-horticulture-78017
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Kakade VD, Chavan S, Nangare DD (2021) Dragon fruit-Kamalam. Marathi Viswakosh.
https://marathivishwakosh.org/56834/
Kochewad SA, Kumar S, Kurade NP, Pawar SS, Nirmale AV (2021) Colostrum Management
in New-Born Dairy Calves. Agri Journal World. 1:50-54.
Kumar P, Khapte PS, Panwar NR, Saxena A, Burman U, Kumar P (2021) Technology package
for high vegetables production through innovative way of grafting and protected cultivation.
New Age Protected Cultivation, 7(1): 28-30.
Patil S, Kakade V, Chavhan S (2021) aﬁzearg' SIfAAed de s, Agrowon, 20 August.

Patil S, Kakade V, Chavhan S (2021) gstdiHeg i @m@<. Agrowon, 23 September.

Pawar SS, Nirmale AV, Bhendarkar MP, Gaikwad BB, Kurade NP (2021) ﬂﬁ'ﬁff 7 it 1 I -
3UT U4 UseH. Sufalam. Issue 3: 33-36.

Pradhan A, Chaudhary A, Singh RN, Aher L, Rane ] (2021) fermtam [E<h &l & %’Q dpfan
8ol Krishi Jagaran (https://hindikrishijagran.com/rural-industry/quinoa-is-an-alternative-
crop-for-arid-regions/).

Salunkhe V, Gedam P (2021) W‘@thﬁﬁ i SFaRATIA, Agrowon, 14 may 12 .
Shankarprasad KS, Kulkarni SN, Hegde L, Harisha CB (2021) Sigandhini: A Black Pepper
Uadety ftom Uttata Kannada, Spice India, 34(6):17-19.

Shinde S, Nangare DD (2021) 3ifqReq i fhaa a=ommdt Iuraals . Agrowon, 16

September 16.

Shinde SP (2021) Indigenous Technical Knowledge (ITK) for Sustainable Farming. Project
coordinator a monthly update. Vol (14): 7.

Wakchaure GC, Bhosale P (2021) Safefa ii=ht 13_?[ Agrowon 21 (2021) pp 9.

Wakchaure GC, Bhosale P (2021) Haféfq sidiq @lear &9 egaemg=. Agrowon 21(2021) p 12.
Mohanty PK, Vyshnavi RG, Ramakrishnan RS, Gurumurthy S (2021) Ridge grown chickpea
shows enhanced productivity under drought stress condition Krishi Science e Magazine for
agricultural Sciences. pp 12-16.
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28.

Event

ICAR-NIASM launched QR-NIASM Application
Drought Action Network (DAN) Meeting
KRUSHIK - Technology Week - 2021
Celebration of 72nrd Republic Day

Institute Management Committee (IMC) Meeting
2nd Foundation Day lecture and Panel discussion
of NIASM-NAAS Pune Chapter

Celebration of 13th Foundation Day
Celebration International Women'’s Day

11t Pre-IRC Meeting

Celebration of World Environment Day-2021
11th [RC Meeting

9th Research Advisory Committee

Initiation of 'NIASM Associate Course’
Establishment of the Naxatra Udyan
Celebration of 75th Independence Day
Celebration of Azadi Ka Amrit Mahotsav

fet feew gd fe=<t uarer

Germplasm Awareness Programme and
Germplasm Field Day (Kharif 2021)
Celebration of Rashtriya Ekata Divas:

Special Swachhta Campaign

Field day on "Management strategies for
Bacterial blight and Wilt in pomegranate”

Observance of Vigilance Awareness Week

Celebration of World Soil Day 2021

National Conference of Plant Physiology-2021
Hon'ble Prime Minister's address during the
Conclave on Natural Farming.

fa=al srdaret

Field Day-cum-COVID 19 Awareness Programme
under Scheduled Caste Sub Plan

Swachhata Pakhwada 16-31 December 2021.

Date

01.01.2021
18.01.2021
18.01.2021
26.01.2021
17.02.2021
20.02.2021

21.02.2021
08.03.2021
08 to 13.04.2021
05.06.2021
22.06.2021
03.07.2021
15.07.2021
16.07.2021
15.08.2021
26.08.2021
14 to 28.09.2021
06.10.2021

31.10.2021
02 to 31.10.2021
21.10.2021

26.10.2021 to
01.11.2021
04.12.2021

09 to 11.11.2021
16.12.2021

18.12.2021
28.12.2021

16 to 31-12-2021
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Joining of New Staff at ICAR-NIASM

Name of the staff Date Previous Institute

Dr Hanamant M Halli 29.11.2021 ICAR-IGFRI, Jhansi

Scientist, Agronomy

Transfer of Staff from ICAR-NIASM

Name of the staff Date Transfer Institute
Dr Mahesh Kumar 24.12.2021 ICAR-IARI, New Delhi
Shri BK Sinha 17.07.2021 ICAR-CIFA, Bhubaneswar

Promotion of Staff at ICAR-NIASM

Name of the staff Date Promoted Post

Dr Pravin B Taware 03.09.2019 Assistant CTO (T7/8)
Mrs Noshin Shaikh 13.07.2020 Technical Officer (T5)
Mr Santosh Pawar 16.07.2020 Technical Officer (T5)
Mr Pravin More 17.09.2020 Technical Officer (T5)
Mr Rushikesh Gophane 30.06.2021 Technical Officer (T5)
Mr Aniket More 01.03.2021 Technical Assistant (T3)
Mr Dayanand P Kharat 23.06.2021 AAO

Mr Girish V Kulkarni 18.09.2021 AAO

— SO+ —
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Head/Sub-head Allocation Expenditure
Grants in aid-Capital 66.12

Works 0.00
Equipment 41.39
Information Technology 19.71
Library 0.00
Furniture and Fixtures 5.02
Vehicles and Vessels 0.00
Livestock 0.00
Sub Total-1 66.12 66.12
Grants in aid-Salary

a) Establishment Charges 620.86 620.85
Sub Total-2 620.86 620.85
Grants in aid-General

Pension and other retirement 4.85 4.85
Benefits

Travelling allowance 618.41 2.20
Research and Operational 186.10
Expenses

Administrative Expenses 424.40
Miscellaneous Expenses 5.71
Sub Total-3 623.26 623.26
Tribal Sub-Plan

Grants in aid-Capital 8.87 8.87
Grants in aid-General 29.53 29.53
Sub Total-4 38.40 38.40
Scheduled Castes Sub-Plan

Grants in aid-Capital 82.06 82.05
Grants in aid-General 45.40 45.40
Sub Total-5 127.46 127.45
Grand Total 1476.10 1476.08

(Financial Year 2020-21)
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UMBRELLA PROJECTS

S.N. Project Name

UP1 Abiotic Stress
Information System
(ASIS): Geo-spatial
digital maps of multiple
abiotic stresses,
management options
and future scenarios
(IXX15659)

UP2 Germplasm
Conservation and
Management (GCM):
Genetic garden and
gene bank for abiotic
stress tolerant plants,
animals and fisheries
for food security and
sustainability
(IXX15674)

UP3 Model Green Farm
(MGF): Environment-
friendly, economically
viable, state-of the-art
model farm for abiotic
stressed regions
(IXX15700)

UP4 Climate-smart IFS
(CIFS): Climate
resilient integrated
farming system in
semiarid region

(IXX15697)
FLAGSHIP PROJECTS
S.N. Project Name

FP1 Adaptation and mitigation of
atmospheric stress in crops,

PI

BB
Gaikwad

KM
Boraiah

DD
Nangare

SA
Kochewad

livestock, poultry and fishes for
sustainable productivity and

profitability (IXX15676)

NP
Kurade

Co-PI

Himanshu Pathak,

DD Nangare,

NP Kurade,

SS Pawar,

Gopalakrishnan B,

MP Bhendarkar,

SV Potekar,

Pravin More

AK Singh, Basavaraj PS,
Mahesh Kumar, Satish
Kumar, Rajkumar,
Karthikeyan N, Paritosh
Kumar, SA Kochewad, MP
Bhendarkar, Harisha CB, PS
Khapte, ] Rane, Neeraj K, PB
Taware, Aniket More,
Rushikesh Gophane,
Lalitkumar Aher

Himanshu Pathak, GC
Wakchaure, BB Gaikwad,
Vanita Salunkhe, Rajkumar,
Paritosh Kumar, Aliza
Pradhan, Amresh
Chaudhary, MP Bhendarkar,
SB Chavan, VD Kakade, PS
Khapte, PB Taware,
Rushikesh Gophane, Noshin
Shaikh, Santosh Pawar, AV
Nirmale

GC Wakchaure, Vanita
Salunkhe, Rajkumar, MP
Bhendarkar, Aliza Pradhan,
SB Chavan, VD Kakade, N
Subash, Laxman Meena, PB
Taware, P Chahande

PI Co-PI

SS Pawar, BB Gaikwad,
SA Kochewad,
Gopalakrishnan B,
Rajkumar, MP
Bhendarkar, RN Singh,
DD Nangre, AV
Nirmale, SV Potekar



http://niam.res.in/A14

ICAR

FP2

FP3

FP4

ICAR-NIASM Annual Report 2021

New Crops: Exploiting under-utilised
crops (ex. quinoa) for augmenting
income in water scarce regions
(IXX15656)

Bio-saline Agriculture: Exploitation
of halophytic plant and associated
microbiome for amelioration of
saline agricultural land of arid &
semiarid regions (IXX15657)
Targeting prospective technologies
for abiotic stress resilience in rainfed
and dryland region (IXX15699)

EXTERNALLY FUNDED PROJECTS

S.N.
EAP1

EAP2

EAP3

EAP4

EAP5

EAP6

EAP7

EAP8

100

Project Name

Genomics strategies for improvement of yield and
seed composition traits under drought stress

] Rane

Satish
Kumar

DD
Nangare

AK Singh, DD Nangare, GC
Wackchaure, Mahesh Kumar, Satish
Kumar, Karthikeyan N, Boraiah KM, SA
Kochewad, Aliza Pradhan, Amresh
Chaudhary, RN Singh, Basavaraj P,
Harisha CB

AK Singh, Vanita Salunkhe, SA
Kochewad, Mahesh Kumar, Paritosh
Kumar, Neeraj Kumar, Aliza Pradhan,
Amresh Chaudhary, Kartikeyan N,
Himanshu Pathak

SS Pawar, BB Gaikwad, SA Kochewad,
Boraiha K M, Kartikeyan N, Rajkumar,
MP Bhendarkar, Himanshu Pathak

conditions in soybean (0XX4929) (Funded by:

ICAR-NASF)

Phenotyping of pulses for enhanced tolerance to

drought and heat (Funded by ICAR-NICRA)

Climate smart management practices (0XX4928)

(Funded by: IRRI)

Conservation agriculture for enhancing resource-

use efficiency, environmental quality and

productivity of sugarcane cropping system

(Funded by: CA Platform ICAR)

Establishment of model herbal garden for
medicinal and aromatic plants (0XX4927) (Funded

by: NMPB, New Delhi)

Development of Nano-based delivery system to

mitigates arsenic pollution, ammonia and

temperature stress on growth and immune related
gene expression in fish (0XX5181) (Funded Under

LBS Award)

Studies on N-(n-butyl) Thiophosphoric Triamide

(NBPT) as a Urease Inhibitor for Improving

Nitrogen Use Efficiency in major cropping systems

in India (0XX4926) (Funded by: CIMMYT)
Characterizing sugarcane and citrus stress

responses to abiotic and biotic stresses through

PI Co-PI
A K Singh Mahesh Kumar,
] Rane
] Rane Mahesh Kumar
Mahesh ] Rane,
Kumar Amresh Chaudhary,
Himanshu Pathak
GC Aliza Pradhan,
Wakchaure Amresh Chaudhary,
Paritosh Kumar,
Himanshu Pathak
Harisha CB DD Nangare
Neeraj -
Kumar
Aliza Amresh Chaudhary,
Pradhan Himanshu Pathak,
] Rane
BB Gaikwad -

hyperspectral remote sensing (0XX3595) (Funded

by: DST)
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IN-HOUSE PROJECTS

S.N.

Project Name

Mitigating water stress effects in vegetable and
orchard crops (IXX14250)

Assessment and detoxification of heavy metals in
aquatic water bodies using nutritional approaches
(IXX12494)

Nutrient and gene interaction approaches through
nutrigenomics in response to multiple stressors
(IXX15014)

Wastewater treatment synergizing with integrated
approach of constructed wetland and aquaponics
(IXX14228)

Genomics, genetic and molecular approaches to
improve water stress tolerance in soybean and
wheat (IXX15660)

Spectral delineation of moisture and nutrient
stresses in vineyards through hyperspectral
spectroscopy (1XX14265)

INTER-INSTITUTIONAL PROJECT

S.N.
1.

Project Title
Evaluation of extrinsic and intrinsic parameters
for sustainable breeding and culture of Clarias
magur in captivity.
(Collaboration with ICAR-Indian Institute of
Agricultural Biotechnology, Ranchi)

- > ;\( ’ \/\

Pl

GC Wakchaure

Neeraj Kumar

Neeraj Kumar

Paritosh
Kumar

AK Singh

BB Gaikwad

Pl

Neeraj Kumar

NIASM

Co-PI

DD Nangare,
Satish Kumar,
Aliza Pradhan,
K M Boraiah,

PS Khapte,

] Rane

Paritosh Kumar

AK Singh,
Satish Kumar

Neeraj Kumar,
Harisha CB

] Rane,
Mahesh Kumar

DD Nangare

Co-PI
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SCIENTIFIC STAFF

Dr Himanshu Pathak, Director

SCHOOL OF ATMOSPHERIC STRESS MANAGEMENT

N ok w o

Dr Nitin P Kurade, I/c Head & Principal Scientist (Veterinary Pathology)
Dr Sachinkumar S Pawar, Senior Scientist (Animal Biotechnology)

Dr Bhaskar B Gaikwad, Scientist (Farm Machinery and Power)

Dr Gopalakrishnan B, Scientist (Environmental Science)

Mr Rajkumar, Scientist (Agricultural Entomology)

Mr Mukesh P Bendarkar, Scientist (Fisheries Resource Management)

Mr Ram Narayan Singh, Scientist (Agricultural Meteorology) (Study
leave)

SCHOOL OF WATER STRESS MANAGEMENT

s W N

© 0 N

Dr Jagadish Rane, I/c Head & Principal Scientist (Plant Physiology)
Dr Ajay Kumar Singh, Principal Scientist (Agricultural Biotechnology)
Dr Dhananjay D Nangare, Principal Scientist (Soil & Water Cons. Engg.)

Dr Goraksha C Wakchaure, Senior Scientist (Agricultural Structure &
Process Engg.)

Dr Boraiah KM, Scientist (Genetics and Plant Breeding)

Dr Aliza Pradhan, Scientist (Agronomy)

Dr Pratapsingh Suresh Khapte, Scientist (Vegetable Science)
Dr Basavaraj PS, Scientist (Genetic & Plant Breeding)

Dr Gurumurthy S, Scientist (Plant Physiology)

SCHOOL OF SOIL STRESS MANAGEMENT

1.

© 0O N o W N

Dr Sanjivkumar A Kochewad, I/c Head & Scientist (Livestock
Production Management)

Dr Vanita N Salunkhe, Scientist (Plant Pathology)

Mr Rajagopal V, Scientist (Soil Chemistry/Fertility/Microbiology)

Mr Satish Kumar, Scientist (Plant Biochemistry)

Mr Karthikeyan N, Scientist (Agricultural Microbiology)

Dr Neeraj Kumar, Scientist (Fish Nutrition)

Dr Paritosh Kumar, Scientist (Environmental Science)

Mr Harisha CB, Scientist (Spices, plantation, medicinal & aromatic plants)

Mr Amresh Chaudhary, Scientist (Soil Science) (Study leave)

10. Dr Vijaysinha D Kakade, Scientist (Fruit Science)

11. Dr Sangram Bhanudas Chavan, Scientist (Agroforestry)

12. Dr Hanamant M. Hallj, Scientist (Agronomy)
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SCHOOL OF SOCIAL SCIENCE AND POLICY SUPPORT
Dr Dhananjay D Nangare, [/c Head &Principal Scientist (Soil & Water Conservation Engg.)
Dr Sachinkumar S Pawar, Senior Scientist (Animal Biotechnology)

Dr Sanjivkumar A Kochewad, Scientist (Livestock Production Management)

1.
2.
3
4. Dr Bhaskar B Gaikwad, Scientist (Farm Machinery and Power)
5. Dr Boraiah KM, Scientist (Genetics and Plant Breeding)

6. Mr Karthikeyan N, Scientist (Agricultural Microbiology)

7

Mr Ravi Kumar, Scientist (Agricultural Extension)

TECHNICAL STAFF

Dr Ainash V Nirmale, Chief Technical Officer (Animal Science)

Dr Pavin B Taware, Assistant Chief Technical Officer (T 7/8) (Farm)
Mrs Noshin Shaikh, Technical officer (T5) (Civil)

Mr Santosh Pawar, Technical officer (T5) (Electrical)

Mr Pravin More, Technical officer (T5) (Computer)

Mr Rushikesh Gophane, Technical officer (T5) (Horticulture)

Mr Lalitkumar Aher, Technical officer (T5) (Biotechnology)

Mr Sunil Potekar, Technical officer (T5) (Agro-Meteorology)

© ® N o 1ok WD e

Mr Patwaru Chahande, Senior Technical Assistant (Agriculture)

10. Mr Aniket More, Technical Assistant (T3) (Farm)

ADMINISTRATIVE STAFF

1. Shri Anil Kumar Sidharth, Finance & Accounts officer

2.  Smt Purnima S Ghadge, Assistant Administrative Officer
3. Mr Dayanand P Kharat, Assistant Administrative Officer
4

Mr Girish V Kulkarni, Assistant Administrative Officer

- > ;\‘\( ’ ‘/\ C =%
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Institute Management Committee

1.

Dr Himanshu Pathak, Chairman IMC & Director, ICAR-National
Institute of Abiotic Stress Management, Baramati, Maharashtra.

. Dr RM Sundaram, Director, ICAR-Indian Institute of Rice Research,

Hyderabad, Telangana.

. Dr S Naresh Kumar, Professor & Principal Scientist, Centre for

Environment Science and Climate Resilient Agriculture, ICAR-
Indian Agricultural Research Institute, New Delhi.

Dr M Prabhakar, Principal Scientist & Project Investigator, NICRA,
ICAR-Central Research Institute on Dryland Agriculture, Hyderabad

. Dr Jagadish Rane, Head, SW SM, ICAR-National Institute of Abiotic

Stress Management, Baramati, Maharashtra.

Smt. Purnima S Ghatge, Asstt. Administrative Officer, I[CAR-National
Institute of Abiotic Stress Management, Baramati, Maharashtra
(Member Secretary).

Research Advisory Committee

1.

Dr B Venkateswarlu, Chairman RAC & Ex- Vice Chancellor,
Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani,
Maharashtra.

. Dr SMK Naqvi, Former Director, ICAR- Central Sheep and Wool

Research Institute, Avikanagar, Rajasthan.

. Dr N Sarangi, Former Director, ICAR- Central Institute of Freshwater

Aquaculture, Bhubaneswar, Orissa.

Dr DK Pal, Former Principal Scientist, ICAR- National Bureau of Soil
Survey and Land Use planning, Nagpur, Maharashtra.

. Dr C Viswanathan, Head, Plant Physiology, ICAR- Indian Agricultural

Research Institute, New Delhi.

Dr BB Barik, Former Director, Vaikunth Mehta National Institute of
Co-operative Management, Pune, Maharashtra and Former
Principal, BVRI, Bichpuri, Agra, Uttar Pradesh.

Dr Adlul Islam, ADG (S&WM), NRM Division, KAB-II, Pusa, New
Delhi.

. Dr Jagadish Rane, Head, SWSM, ICAR- National Institute of Abiotic

Stress Management, Baramati, Maharashtra (Member Secretary).
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Research Output

¢ Management adaptation and mitigation of
atmospheric stress in crops, livestock, poultry and
fishes for sustainable productivity and
profitability.

o Response of GIFT Tilapia fish, to different salinity
stress (inland saline water) exposed to acute and
chronic salinity stress.

e Compilation/creation of databases and geospatial
mapping of multiple components.

o Soil nutrient and soil fertility index maps for
Haryana State.

o Identification of farm ponds and storage water
tanks using satellite imagery for targeting farm
pond-based aquaculture in rainfed areas of
Maharashtra.

o Thermal stress severity assessment tool for
livestock.

o Software for automating extraction of geo-server
tiles using geojson files.

e App for identification of best performing two band
spectral indices.

e JoT based system for monitoring abiotic stress in
livestock.

e Studies on Black Soldier Fly Mass Production Unit.

o Establishment of Butterfly Garden at ICAR-NIASM,
Baramati.

e Exploitation of halophytic plants and associated
microbiome for amelioration of saline agricultural
land of arid & semi-arid regions.

o Evaluation of halotolerant Rhizobium and PGPB
based biomolecules for mitigation of salinity and
drought stress.

o Methodology for designing climate-smart
integrated farming system (CIFS).

® Response of turmeric (Curcuma longa L) to saline
water irrigation on growth, physiology, and
antioxidant properties.

e Stress tolerance indices for identification of
moisture deficit stress tolerant genotypes in
fenugreek.

o Wastewater treatment synergizing with integrated
approach of constructed wetland and aquaponics.

o Studies on multiple stresses in Pangasianodon
hypophthalmus.

e Diagnostics of dragon fruit diseases.

Team

NP Kurade,
SS Pawar

MP Bhendarkar

BB Gaikwad,

NP Kurade,

SS Pawar,
Gopalakrishnan B,
MP Bhendarkar,
DD Nangare

BB Gaikwad,

H Pathak

BB Gaikwad,

MP Bhendarkar

BB Gaikwad,

SS Pawar,

NP Kurade

BB Gaikwad

BB Gaikwad
Gopalakrishnan B

Rajkumar

Rajkumar

Satish Kumar

Satish Kumar

SA Kochewad

CB Harisha

CB Harisha

Paritosh Kumar
Neeraj Kumar

VN Salunkhe
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Research Output

Metal determination and biochemical status in marine fishes facilitates
in biomonitoring of marine environmental pollution.

Vermicomposting for farm waste management.

Assessing the potential of sandalwood cultivation under abiotic stressed
environment for adaptability & income generation.

Studies on growth and reproductive parameters of dragon fruit
plantation.

Collection and conservation of planting material.

Evaluation of soybean genotypes for traits associated with drought
stress tolerance.

Genetic Variability in root system architecture under in vitro conditions
in soybean genotypes.

Screening and identification of waterlogging tolerant Pigeon pea
genotypes.

Phenotyping of Seed Traits in Mungbean Minicore Accessions Using
Digital Image Analysis.

Selection and evaluation of M2 mutant lines of Quinoa and Chia.

Cause of flower and fruit drop in dragon fruit and cope up strategies.
Soybean based intercropping systems for better productivity and
optimum resource use efficiency.

Collection, multiplication and evaluation of the germplasm/
genotypes/accessions of different crops (Genetic garden for abiotic
stress tolerance).

Morpho-physio characterization of eggplant species for drought
tolerance.

Evaluation and characterisation of turmeric genotypes under nutrient
poor and shallow soils.

Conventional phenotyping to assess drought responses of chickpea
(Cicer arietinum, L.) genotypes.

Elucidating the influence of rootstocks on drought response of grafted
tomato under high through-put phenomics.

Studies on NBPT as a Urease Inhibitor for Improving Nitrogen Use
Efficiency in sugarcane cropping systems in India.

Effect of sowing date and establishment technique on quinoa growth,
development and yield in native murram soil.

Mitigating water stress effects in vegetable and orchard crop.
Conservation agriculture for enhancing resource-use efficiency,
environmental quality and productivity of sugarcane cropping system.
Identification of fisheries cage culture in inland open water bodies using
sentinel-2A satellite imagery for monitoring and technology targeting.
Cage Culture Directory of India.

Prioritization of strategies and policy reforms to support fisheries sector
during and post-Covid-lockdowns, using the Multi-Attribute Decision
Making (MADM) techniques.
Compilation of fire events database for targeting preventive measures
in sugarcane growing areas.

Bio-physical constraints and Socio-economic profile datasets of farmers
of rainfed and dryland regions of Maharashtra.
Compilation of socio-economic databases (Census 2011).
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Team
Neeraj Kumar

Paritosh Kumar
SB Chavan

VD Kakade

VD Kakade
AK Singh

AK Singh
Basavaraj PS
Basavaraj PS

KM Boraiah
KM Boraiah
Aliza Pradhan

KM Boraiah

PS Khapte

CB Harisha
Mahesh Kumar
PS Khapte

A Pradhan

A Pradhan, ] Rane

GC Wakchaure
GC Wakchaure

BB Gaikwad,
MP Bhendarkar
BB Gaikwad,
MP Bhendarkar
BB Gaikwad,
MP Bhendarkar

BB Gaikwad,
DD Nangare,
Ravi Kure,
SS Pawar
Ravi Kure

BB Gaikwad,
Ravi Kure



The three symbolically interlocking
radial hands represent (a) the cyclic
anthropogenic pressures of
livestock (blue), agriculture (green)
and fisheries and other water
related activities (aquamarine
blue) and (b) human of various
creeds and colours, under taking for
livelihoods on the land scape which
needs consideration not in a
sectional approach but a holistic
way to provide customized
technologies and (c) asking for
forging  unrelenting extensive
linkages of peers through global co-
operation to pact against our
surmountable problem by
collective action, thus generating
new material represented by
emerging seedling in the centre.

The central triangular open space
created by hands around the
raindrop institutionalizes creation
of unique facility under single
umbrella with growth for (a)
specially focused high quality
research  facilities embedding
frontier sciences, and (b) choicest
capacity  building through a
cutting-edge education.

Black color text wswws represents
the name of the institute in Hindi

RET omifded ¥ gEEd IR
NIASM is acronym for ‘National
Institute of  Abiotic Stress
Management'.

S RSB A NS

Raindrop in the center indicates the driving force of life but is
threatened by (a) stresses of climate change and (b) associated
various anthropogenic actions reflected by symbolic hands around.

The clouds crossing
raindrop are (a) like Asian
Brown Clouds indicative of
looming climate change (b)
from greenhouse effects or
pollution which needs
undeviating attention.

The seedling in green
colour connecting earth
with raindrop expresses
the efforts of the scientists
to tackle all the pressures
through screening and
developing through
biotechnology or other
futuristic tools to evolve
abiotic stress tolerant and
or adoptable plants,
animals, fishes etc. and the
undying optimism towards
ever regenerating life
regardless of  forever
mounting pressures of
human beings.

The brown colour surface supporting seedling represents earth is
the endangered ‘nature’ consequential to (a) unabated land
degradation resulting in edaphic stresses like drought, floods,
salinity, soil acidity pollution etc. due to the forces of varying rainfall
confounded by the plaguing climate change and (b) a shrinking
greenery by deforestation related activities needing attention of all
dwellers of ‘spaceship earth’ on resource conservation.

NS
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