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From the Director’s Desk:

It is my great privilege to present the Annual Report 2019-2020 of CSIR-Central Salt & Marine
Chemicals Research Institute (CSIR-CSMCRI), Bhavnagar, one of the constituent laboratories of
the Council of Scientific and Industrial Research (CSIR). This year has been marked by
remarkable achievements and significant progress in our mission to develop innovative
affordable technologies and products that serve the nation and address global challenges.

Our vision is to explore, harness, and transform marine resources for the benefit of India's
people, aiming to be creative, result-oriented, responsible, and self-sustaining. In alignment
with this vision, our mission is to work with partners to generate knowledge and innovations for
the efficient use of seawater, coastal wasteland, marine algae, solar power, and silicates. We
strive to contribute to technology development and basic research, addressing the needs of
industry, the scientific community, and society at large.

Our research and development efforts encompass salt and marine chemicals, membrane-
based separation processes, including water desalination and purification, and specialty
inorganic chemicals. Additionally, we have made significant strides in the field of fine and
specialty chemicals through catalysis and carbon capture, utilization, and storage (CCUS). Our
pioneering work in cultivating and processing seaweeds and microalgae into value-added
materials continues to set new benchmarks. Furthermore, our initiatives in saline land
reclamation through biological and biotechnological interventions, including the cultivation of
halotolerant plants, are addressing critical agricultural challenges. We are also developing
sensing and diagnostic probe chemicals for healthcare to enhance public health outcomes.
These endeavours collectively aim to benefit both society and industry. Scientists and engineers
engaged in these versatile spectra contribute very rich knowledge in the advancement of these
disciplines through the development of processes/technologies, patents, and high-impact
research publications.

In 2019-2020, our institute filed 16 patents (10 Indian and 6 foreign from 2 inventions) and
has been granted 28 patents (12 Indian and 16 foreign from 10 inventions). Our scientists
published an impressive 259 research papers in high-impact journals, reflecting our unwavering
commitment to advancing scientific knowledge and innovation. We have successfully produced
22 Ph.D. graduates who are poised to become future leaders in science and technology. In this
context, we appreciate our partnership with the Academy of Scientific and Innovative Research
(AcSIR), which has been awarding Ph.D. degrees to our students and contributing to the
professional development of our staff.



The institute has also played a pivotal role in human resource development. This year, we
trained 108 students from various institutes through short-term programs, providing invaluable
hands-on experience and skill development. These programs are instrumental in nurturing the
next generation of scientists and engineers, equipping them with the knowledge and skills
required to tackle contemporary R&D challenges.

Our skill development initiatives have been diverse and impactful. We conducted 19
programs on Seaweed Cultivation and Processing Technology, 1 program on Microalgal Diversity
and their Biotechnological Potentials, and 1 program on Chemical Process Plants. Additionally,
we organized 2 programs on Solar Salt Production Process and Quality Control Aspects, 1 on Soil
and Water Testing, and 3 on Household Solar Thermal Gadgets. These initiatives have
significantly contributed to building capacities in these specialized areas, fostering innovation,
and promoting sustainable practices. No wonder when SCIMAGO announced its ranking recently
(2019), the institute stood at 8™ position (https://www.scimagoir.com/rankings.php?sector
=&country=IND) in India among the 326 institutions it assessed.

Our institute is supported by a robust team of around 475 individuals, including scientists,
technical staff, supporting staff, and students/research scholars. This dedicated workforce,
along with a world-class centralized instrumentation facility, state-of-the-art information
services, and augmented engineering services with a creative workshop, has been supporting
the R&D endeavors. The institute also saw a significant enhancement in our library resources
with the addition of several English & Hindi books this year, besides online research
publications/database resources. The expansion of all these resources/infrastructures is aimed
at supporting the diverse research and learning needs of our scientists and students, fostering a
rich academic environment. Financially, we have also made significant progress, with an
External Cash Flow (ECF) of 1,000 Lakhs and a closing lab reserve of approximately X1,800
Lakhs, ensuring sustained growth and innovation.

Our achievements this year would not have been possible without our staff members'
dedication and hard work. | extend my heartfelt gratitude to the Chairman and Members of the
Research & Management Councils of CSIR-CSMCRI for their invaluable guidance and support. |
also wish to acknowledge the unwavering support of DG-CSIR and the staff of CSIR
headquarters, which has been crucial to our success.

Looking ahead, with our staff's continued commitment and passion, and the support and
guidance of our mentors, CSIR-CSMCRI is poised to reach even greater heights in the years to
come. | am confident that this annual report will inspire scientific curiosity, foster collaboration,
and drive innovation, reinforcing our position as a leading research institute.

| congratulate and appreciate all those involved in bringing out this comprehensive and
insightful report. We welcome your views, suggestions, and participation as we continue our
journey of nation-building through scientific and technological pursuits.

Dr. Kannan Srinivasan
Director, CSIR-CSMCRI
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CSIR-BRT THe 3R T TR SFTHE F¥A (CSIR-CSMCRI) T8 3R T IR Freb/ster
R+ SUTal & JETET ST 3R Ry 5 Uep forey TR UR AT UTH vl SR 81 HeI
T TfifafRRIT 7Y SfR fbehrarct Tfsharall & ARy R dfed &, T I8 AR T8 bl o 3R
IeUTET Pl JEAR AT &, AT & UIerer 3R AT Sy Jegar s FF1IH1 bl : W1fH BT 8l
CSIR-CSMCRI fdex iR faufiy 3rafere see, Tt arT &Y g: Wi, Teb Bl & eiReiiep=ur 3R
R Sl & ATUDTH ITANT b AT A AR TP DT H el P D (olg Uiiag ol T o
TR ST BT TG PR AR TG, JU-aT 3R $fieT & q1e7 Al -~ JbR & J187 & forg
Iugh AR THe P P ST 3R IamSe A Hecaqul fQverar Ht yeRia i 81 Fwer 4 e R A
A diee ot TS U & d1fs e FHIT 3 Fai<m HeITail T Hfid 5T ST b, e Io4-
&1 AR THe Hienfifepal wR e s fbar 1T 81 CSIR-CSMCRI 7 a9y s & forg
MeATBR THeH (BRI fhaT & 3R ITRISIgs-gdh 1 3R FARDbedel IUFN & oIy Iugwh
BicerRH-Y-HHIR—H U alel THeb b I<UTeH b foTq TaTR HihATY TR T &1 b HfcrReh,
AT AT 9D DI AP U Teal S RS, R iR MIRT I g 3 3R gy
SFTRINT & foTy e fapfac @Rt SOl 81 $h PRI T Uh Hewaqul Use] e 4 Jegafdfa
IUTET BT O e enfiet &, R e [Ifeas e, UIeIiie IdRP (MOP 3R SOP) 3k I=a
TUIERT aTel H1RRM JEIR QMfAet &, St Tl e SeuTe b |ref Whipal &) HeT bl faerseialt
JfFr FferT, T DT P fESITgT SR cIaTST 3R & H Faie Tial dl oIl HRH e thell g3 ol
THEH JENT BT LT BRA 3R 9 &F H IR WIT GART T & fo, CSIR-CSMCRI faft=T
TIfRTEOr BRI ST PR & T SeeT PeeT TTRh IR BT 8l I HRIHA fAftr TRl |
BT T THD TN H ADHEIAT U o [T AT ST AR BILTeT A o1 B & foTy [SoteeT feby Tq
g1 STHYM, TIrR 3R & FHEfr & & J earde JIr $ H1edH W, CSIR-CSMCRI 79 31k
TS D IUTe H TRl fder iR ST WA Bl 9311 ol §Y, I Al D &
HEcqqUl NS AT SIRY I 81 9 Hod A1d & A1, 89 T A 99 2019-20 & SR SR
Tfcifeer bt wep Steteh IR el &




Thematic core competences

CSIR-Central Salt & Marine Chemicals Research Institute (CSIR-CSMCRI) is a globally
recognized leader in research and development related to salt and marine chemical/
biochemical products. The institute's activities are cantered around developing novel,
cost-effective processes aimed at improving the quality and yield of solar salt, as well as
recovering valuable marine chemicals such as potash and magnesium chemicals. CSIR-
CSMCRI is committed to creating value in solar saltworks by leveraging bittern and saline
waste management, freshwater recovery, greening of salt works, and maximizing solar
energy usage. The institute has also demonstrated significant expertise in surveying
saline lands and designing and laying out solar salt works that suit various brine types,
including sea, sub-soil, and lake brines. The institute has established Model Salt Works
across the country to showcase best practices in salt manufacture, with a focus on high-
purity solar salt technologies. CSIR-CSMCRI has developed spherical salt for specialty
applications and has innovated processes for producing iodide-free salt and salt with an
optimal calcium-to-magnesium ratio suitable for the chloroalkali industries. Additionally,
the institute is a leader in fortifying common salt with essential nutrients such as iodine,
zing, and iron, and in developing salt for specialized applications. A key aspect of its work
involves recovering value-added products from bittern, including low sodium salt,
potassic fertilizers (MOP and SOP), and high-quality magnesium chemicals, all integrated
with salt production. The institute’s expertise extends to conducting land surveys,
designing and laying out salt works, and implementing best practices in the field. To
support the salt industry and ensure the continued advancement of the sector, CSIR-
CSMCRI conducts various training programs aimed at generating skilled manpower.
These programs are designed to equip personnel at various levels with the knowledge
and skills necessary to thrive in the salt industry. Through its comprehensive efforts in
research, innovation, and capacity building, CSIR-CSMCRI continues to make significant
contributions to the field of commodity chemicals, driving sustainable development and
industry collaboration in salt and marine chemical production. With this strong
foundation, we are proud to present a glimpse of our activities for the year 2019-20.
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Improving quality and yield of solar salt through scientific intervention for small
scale salt manufacturers

WST@W—WWW 9 IR 9 H CSIR-CSMCRI identified solar salt works at
TorETT # R IR 7 U el T P Seares  Nawa and Didwana (Rajasthan), and Rajula,
3 10 Brfarai e R @) B 9eu < Qe Santhalpur, and Adesar (Gujarat) for improving

. . the quality of solar salt and training salt
& At iR SreamT, 31k ORI & IS, TR

_ ' manufacturers in the production of high-quality
3R ISR F AR T BT P G&AF Dl WA salt. Novel processes for improving solar salt
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AT T, TR FHep T Ul S1ATSTT IS 11 (>98.5
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quality,
applied.

developed by the institute, were

Final product analysis shows a

reduction in impurities, with the quality of the
salt improved to BIS Grade Il (>98.5 wt%). The
whiteness of the salt has also been enhanced
to over 85%.
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Figure: Images showcasing activities to enhance the quality and yield of salt through scientific

intervention.
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Industrial grade salt with reduced level of lodide

FAR-3MeHel! I 3ffeifid I 6 & I
STIRT BT &, ST 3itenfies Isa & Fa-y o Jore
aTelT 81T 81 S S ITURT BT T 100% NaCl &Hr
ST BT &, ST & H ¥ T8 &, 37 el
IS TP BT FAR-3Tedhe! TfshdT A Ugel 1R Mfed
&P (Irafiep SR fciiad) & ToRT gedr &
(ST T 1)) et a15T Yfgadvur & SR 3mRH-
TeReIST HFSI b HTETH W, SRS Hea H JFafad

Chlor-alkali industries are the main consumers
of industrial-grade salt, which is the highest
quality among industrial grades. Since the
industry requires approximately 100% Nadl,
which is not achievable in the field, these
industrial-grade  salts  undergo  further
purification (both primary and secondary)
before the chlor-alkali process (see Scheme 1).
During the secondary brine purification
through ion-exchange membranes, iodine



B 9T 8, RN 82T BT BT § 3R 39 veR
s T THTErRfed Bl b R <l & SR Pt ArT
B QT odT Bl AMRIY, FAR-3Nedhall SeN &l
3fenfies Is 99 F 500 ppb A T ARNSES
JMILYHT BT &1 BTeifap, 3Tfeepier YRR afienfis
TH RS 6 Sod AigeT Bl &, ST 2000 I
5000 ppb T i &, 3R SHISSH ppm TR W &Y
g 39 U W, CREARSaNEgNG RS
(TCCA) I T JTaR{IaRUT Toie & o0 F SYINT fomar
TRIT 37k T8 HCI & AT fHetax deilRie 3T Y ol
Reftsr & forw off SUATT fopam ST Apar &1 TRIRT @
TARTLITAT R R T fBar 1T 3R CSMCRI &
IR 9 B AR R Aee ga=i, MR
seedil foffiics (3ffecy fdselr @Hg), AR,
ORI ¥ ST, fépam am afRere feam & fo 79 3
3TRAISTSS diedT 100 ppb & =T (Jerdi: 530 ppb)
3R SHTgS HigdT 200 ppm J 1T (300 ppm J) HH
B TS, R SmeIss |iar & Ame 4 TCCA
SUUR $I Tergfpamfes 7aET emfier off

At CSIR-CSMCRI ESF

precipitates in the membrane, making it
difficult to remove and thus decreasing the
membrane's efficacy and increasing the overall
cost. Therefore, the chlor-alkali industry
requires less than 500 ppb of iodide in
industrial-grade salt. However, most Indian
industrial salts contain higher concentrations
of iodine, ranging from 2000 to 5000 ppb, and
bromides at ppm levels. In this process,
trichloroisocyanuric acid (TCCA) was used as an
oxidizing agent and can also be combined with
HCl for the faster release of chlorine gas as the
oxidizer. The experiments were verified on a
lab scale and implemented at the experimental
salt farm of CSMCRI and at Singach Salt Works,
Grasim Industries Ltd. (Aditya Birla Group),
Jamnagar, Gujarat. The results show that the
iodide concentration in the salt was reduced to
below 100 ppb (originally 530 ppb) and the
bromide concentration was reduced to below
200 ppm (from 300 ppm) with a stoichiometric
equivalent of 4 TCCA treatments relative to the
iodide concentration.

Singach Salt works, Grasim Industries Ltd.

(Rotor

Cl, gas
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l,+2Br —+ 2CF+Br,|
L+2F - 2CH+1, 1
ry+2I = 2Br+1, *

ot give ST RTTer Aiee o, TR SSCINT ferfics Tl & eprfae ol q9fd g7 iR
Figure: Photographs depicting the implementation of the process at ESF and Singach Salt Works,

Grasim Industries Ltd..
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Process for preparing Pharmaceutical grade common salt from harvested solar
salt

3wl Ie AETH FARGS BT ST Forer],
gHrerIfcTRid, HIRge gRhydration T9® (ORS),
U H AT ST 81 $9fery, Wk e ok Tgm
TP Y e TP b B H IHINT &I AT ST
TR & TP IAD e PH Bl & AR
TTgenifade AT 31 BIdT &1 ETatifdh, AR e,
ST dTlE & 918 W die] aiikiT, &9 de &R
HepfrieheT ATfAFT SIAT f&epRur HfchTall { ToiRell &,
¥ Rt dparet T aTgfEAT I BT Fbell 81 3D
URUITRERY, B Y FHD Bl U gl 3R H3hIT
qh IR ¥ iR YfGaRur H saeaedr et &
e STy AT BT IRT FRA $ foTT SFeg-RAR
T It T ST Febl Eletifeh, YT fepReeetienRul
SRR GTATH AFTC & DRUT T Il &, Afeb I8
I BT & SR gifes qurai STH @ & g
@3 I DT AR BRIT 21 FA(AY, TP HfshAT
{1 TS Sl B Y AHRY THD Bl SYAN
IR 3R Hifere fafert & wbIoe & AT |
FRAT & T IYFEAT BT 8T PR IACG-RAR FHD
ST T ST e, T At 8TepRe argfeat
aitelier SFRINTT o forg i HieT o +fieR 8l &1

Pharmaceutical grade sodium chloride has
many  applications, including injections,
hemodialysis, oral rehydration salts (ORS),
channeling agents/osmotic agents, and dietary
formulations. Therefore, solar salts and rock
salts cannot be used directly as pharmaceutical
salts due to their lower purity and increased
microbial content. Although solar salts, after

harvesting, undergo purifications such as
rainwater washing, heap washing, and
mechanical washing, these methods only

remove superficial impurities to a certain
extent. Consequently, the harvested salts
require further purification in a dust- and
microbe-free  environment to  produce
ultrapure  salts meeting pharmaceutical
specifications. However, recrystallization is
often practiced due to its minimal associated
cost, though it is time-consuming and requires
several cycles to achieve the desired quality.
Therefore, a process was developed that
utilizes harvested common salt through a
combination of chemical and physical methods
to remove impurities and produce ultrapure
salt with all detrimental impurities well within
the prescribed limits for pharmaceutical
applications.

| —— "
Supersaturated = = pH=>11 e Lntrlfuge ,
-2 — 1 & Ultrafiltration
r Insoluble § Metal hydroxides Bfine Neutralization,
Harvested =4 Evaporation
Nacl Brine Pharma-grade
a

NaCl

Ry Sufed AR 79e I 3iuefiT I T 8% SRIR R & UfhaT oT 3R/

Figure: Schematic diagram illustrating the process of converting harvested solar salt into

pharmaceutical grade common salt..
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Studies on the solubility behavior of gypsum in the presence of additives

CaS042H,0 (RTee) &I germefierr asR &l
foMTeT, UOHT, QiR JgaMifUel 3ieplgaT @r
SRR 7 5187 7 FreiRa fopar war 81y mr & {6
T} eTediga Ul-Hiede fohveetianur & URT axa
& 3R CaS04-2H,0 P geelier Bl PIehl & b
% P < &1 CaS04-2HL0 b feheeeT g asR
oft It ST U STeiget & foTg T JH 21
BT Fethe SRERSE (RNTRFT, CaS04-2H,0)
B garellerdm @ uFl § NaCl J@emEl o
gRSaRNfodhe TN wHice menRa e

forfrasd  (Ls)—erssiafivegaufay  wiiee
(HEAA), fSessiadivagauafay  wice
(DHEAA), IT TRERSEITRITSAEIT Tiiee

(THEAA)—aT IURIfT 7 35°C OR SIT@T T 81 ILs
BT SR 7 gerTeiierr I qew@qyl w9 F FgT
fear, FefeiRad %9 o: HEAA > DHEAA >
THEAAI UHT H IL FHTe § RTods &t gef= iy &t
ST T TS, ST =T Rerfcrat & o o fopeeeT
BT BT =TT BT SEM forat & Are 3 i 1]
IL Y TpfeT o STER TR R & ST FrenTiidet 3R
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The solubility behavior of CaSO,-2H,0 (gypsum)
in brines has been determined in the presence
of methanol, ethanol, and isopropyl alcohol. It
has been found that all the alcohols lead to
anti-solvent crystallization and significantly
reduce the solubility of CaSO,-2H,0. The crystal
growth behavior of CaSO,2H,0 is also nearly
similar for all the investigated alcohols.

The solubility behavior of calcium sulfate
dihydrate (gypsum, CaSO,-2H,0) in aqueous
Nadl solutions in the presence of hydroxyalkyl
ammonium acetate-based ionic liquids (ILs)—
hydroxyethylammonium  acetate  (HEAA),
dihydroxyethylammonium acetate (DHEAA), or
trihydroxyethylammonium acetate (THEAA)—
at 35°C has been investigated. The addition of
ILs significantly increased solubility, following
the order: HEAA > DHEAA > THEAA. Dissolution
kinetics of gypsum in aqueous IL solutions have
been investigated, and the morphology of
gypsum crystals obtained under various
conditions has been examined by recording
SEM images. Both classical and non-classical

CasS0o, fmol kg

T T T ! H ;

NaCl/ mol kg

R: (@7 3i) sTEiaversevEaTT THice $ uRefy & R & gorefierar wrasr; (9T 3K)
fre)icT bt SuRelfer 5 1o 1 gerifierall agTR|
Figure: (Left) Solubility behaviour of gypsum in presence of hydroxyethylammonium acetate;
(Right) Solubility behaviour of gypsum in presence of methanol.
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crystallization behaviors of gypsum, depending
on the nature of the IL, have been observed.

The solution property data generated can be
effectively used in industrial applications where
additives are used as anti-solvents for gypsum
precipitation from brines.

J. Chem. Eng. Data 64 (2019) 536-544
J. Chem. Eng. Data 64 (2019) 5132-5141
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Solvent-assisted extractive crystallization for selective salt recovery

3 dicded & fRwar et & 6 7 o
STPTEfTeh TP DI GeTTleTdT Bl BT &€ b DA
PN o §, S GERT Bl gerafierdl W 9gd o7
T ST &l 39 fASdT & HRUT, 37 Aieded dl
ST frs1or & TS Tedh! dHi foveaianor ik
JrFRUl b foTq fopam ST wepa &1 39 deo
AfSTT FARRS (NaCl) iR U™ Jcthe
(K2S04) 7 aqueous THTYTT & IR Gethe &
RITCHD fEheeelioRur & Y dfefiefiel= gt
(PEG) 200 Pt TRINSIdT & UG fdhar -7 81 Hiede

40

Organic solvents have the property of
markedly depressing the solubility of certain
inorganic salts while having little effect on the
solubility of others in aqueous solution
systems. Due to this property, such solvents
can be wused for the crystallization and
separation of selective components from a
mixture. In this context, the applicability of
polyethylene glycol (PEG) 200 for the selective
crystallization of potassium sulfate from an
aqueous solution of sodium chloride (NaCl) and
potassium sulfate (K,SO,) is demonstrated. The
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Figure: A bar chart depicting the amounts of NaCl and K,SO, in the feed solution and the

recovered salt.
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high supersaturation created by solvent
addition leads to primary nucleation and the
formation of fine crystals. After PEG-assisted
salt extraction, the solvent used is recycled to
make the process continuous.
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Thematic core competences

CSIR-CSMCRI has maintained its reputation for excellence in the field of "Fine Chemicals
and Catalysis" during the 2019-20 period. For over three decades, the institute has been
at the forefront of applied research, with numerous scientists contributing significantly
to the understanding and development of catalytic transformations that have practical



applications in fine chemicals, pharmaceuticals, agrochemicals, and the perfumery
industry. Extensive work has been done in developing homogeneous and heterogeneous
catalysts for industrially viable catalytic transformations. Special emphasis has been
placed on CO2 utilization for producing value-added chemicals, specialty chemicals,
hydroformylation, asymmetric transformations, selective oxidation, isomerization,
biomass conversion to fuels and chemicals, and photodegradation. In the area of CO2
conversion, the division has made notable contributions, generating diverse value-added
products such as formic acid, cyclic carbonates, and other essential building blocks. The
organic chemists have also developed efficient processes for synthesizing various APIs
and KSMs, including camostat mesylate and OTBN, which are used in medicinal
applications. The work in asymmetric catalysis, employing various chiral catalysts,
continues to garner international recognition. Furthermore, the division has developed
economically viable and environmentally friendly processes for producing perfumery
chemicals, such as Mefrosol, Raspberry ketone, Campholenic aldehyde, and others, with
several of these processes licensed to industries. Additionally, under the “waste to
wealth” approach, scientists have successfully extracted lithium and other precious
metals from discarded batteries and spent catalysts. The institute’s achievements on Fine
Chemicals and Catalysis are well-rounded, encompassing technology/process/product
developments, quality publications in internationally reputed journals, and active
participation in societal activities. Several developed processes, such as those for Zeolite
A & X, precipitated silica, calcium carbonate, and others, are protected by intellectual
property rights and have been successfully transferred to various industries. Importantly,
some of these catalysts and catalytic processes are currently being commercially
exploited. With this comprehensive overview, we are proud to present some of the
noteworthy work carried out by CSIR-CSMCRI during 2019-20.

TIICHD ST VHIFIBRUT 3R TSI IDRUT b foTQ T T-a1g e &1
T T FHAATT
Preparation of sugarcane bagasse derived metal carbon for selective reductive
amination and hydrogenation

nﬁraﬁr@ﬁs‘qﬁrweqasﬂ Teh 3 ferh EI@'\’HHT‘ET Sugarcane bagasse is a highly abundant
TN &, O 39 SORG IR & folv uep  biomass available on Earth, making it a valuable
Hogd SATET ST &1 ST, 39 i gp resource for catalytic applications. The
13 BT % T ¥ ITIT aaeT & 2R ot ‘utilization of this waste into a‘catz.alytic source
N N S > is therefore necessary. Considering greener
&L, V- _ aspects, bio-derived materials are
IRe 3y faf et siffharen & forg environmentally benign and sustainable for
PS8l Bl o IR ﬁf, T & Eﬁ'sg; Pl U8 various chemical reactions. In this study,

feRces UMt & 91T T, I WY Q@[T [T, 3k sugarcane bagasse was first washed with
distilled water, dried overnight, and milled into




R I IRie urker § 91 mm @S, gRAT ik

NiCl,.6H,0 @ 170 f.eft. ToreA-aTre aret U &
SRmaMREse UMl & 9 fdeR 38l g o
AT T S 1S $T U DY ETZSr 3ffeidetd
5 RIFiARe foar ma, e 5 mm, @ik 210°C )
12 ©el a@ T R T, $9% 9% R P A9EE
dor ST foar e wfcifshar seomm @ fiheex fam
TIT 3R FAfH AT § SRIAMESS UM 3 €T 7]
TTH 3R 3T & BT STHH (Ni@NC-HT) 3T 80°C
R GO 71 R 3 600°C Teb 5 °C/fAe Bl &R
A T TRP 10% Ho/N, admERer § 3 vaE &
T 3 "l A% ogIer vel H @M TN U 3ifH
et yaTef B Ni@NC-DC HaT T TRANT SRS
N IoRG Al #r 50 At uR Ruger #
oag UAHe & fofy wRem 1T, 9 e By
q ANl gelaaiddl, 8le}, SaId dU &l I3,
CISTRR, oMiae, 1 gele, scee iR U@
YTRT dTee ST 31T ATl T AHTI T H, ISR,
qrSSIaoie 3R UeSERS BT THF:HL0 (1:1) fsfor
F G AT BAT BT &M & ol Rugex @ i aR
qEeeE ¥ 9% fear @, e 9T sfesd
gISSIoH Sd1d STl T, 3R Rugex @ 3maeds
AT e T T T uRifsar {8 & 6,
Ruger @ g1 fhar T 3R AR @ 7000
JTRUTH TR HASTRISIL GRT 7T e TRaTl & o
I & b aome SR AW & 31T
TR iR BTSgIoFIeRu & fow T et 3R
e SRS el @ Ui v 2

NO, NH,
¢) H,
A

a fine powder. The bagasse, urea, and
NiCl,.6H,0 were added to deionized water in a
170 mL Teflon-lined and mixed
thoroughly. This vessel was then transferred to

vessel

a hydrothermal autoclave, sealed, and heated
to 210°C for 12 hours, followed by cooling to
room temperature. The reaction mass was
filtered and washed with plenty of deionized
water. The resulting brown carbonaceous mass
(Ni@NC-HT) was dried at 80°C. It was then
reduced by heating to 600°C at a rate of 5 °C/
min in a 10% H,/N, atmosphere with controlled
flow, held for 3 hours in a tubular furnace. The
final black material obtained was termed
Ni@NC-DC. The catalytic activity of the
synthesized catalyst was tested for reductive
amination in a 50 mL Parr reactor, equipped
with a magnetically driven stirrer, heater,
pressure gauge, transducer, thermowell, gas
inlet, outlet, and a sampling valve. In a typical
experiment, the catalyst, nitrobenzene, and
aldehyde were dissolved in a THF:H,O (1:1)
mixture. The reactor was purged three times
with nitrogen to remove air, after which the
desired hydrogen pressure was introduced,
and the reactor was heated to the required
temperature. After the reaction was complete,
the reactor was cooled, and the catalyst was
separated by centrifugation at 7000 rpm.
Notably, the present approach demonstrates
an efficient and sustainable catalytic system for
the reductive amination and hydrogenation of
nitroarenes.
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Figure: General scheme for the reductive amination of furfural and nitrobenzene.

ACS Sustainable Chemistry & Engineering 7 (2019) 3018-3026
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Pd-IURa AfraRicifered FwoT 2,6-fF-ufawenfua arsdiSiA 3k sfrem
[1,2-a] TSNS BT STS-WRISAL

Pd-catalyzed regioselective synthesis of 2,6-disubstituted pyridines and
diarylation of imidazo[1,2-a]pyridines

UATFETT IIRYT & AT I 2,6-HreATUd IS
IR IASHIURISH @1 SIS-3TRISAIT  FHIT0
e fomar T 81 77 faf¥r ST getag M-aM aee
arel Tel (-Me, OMe, tBu) 3R SelagM-@ar arel
T8l (-NOy, Br, F, CF3, CN, 3iR CO,Me) dTel
JRIST BeTISSH P WY ATH! TRE I B BRal B,
I @ w®, 5T SR-gased ot anfie €
fEr g & dhd fHear & fd o
RSN HT FpHd SIgl GR1 & =
AR B T FRAT W9F & T8 RecH
S, 2-a]RRH & JRIIeS  ARAHTHAD
AR &Y FIHTHD TR & foIT 3T are
gl 2,6-ufcRenfia Ui SR dfefl-IRIgecs
SRS, 2-a]uRRIS T SFT $f 7ea9 I 38 Iuo
UTH &F TS| UfhaT &Y AT BT F1=IaT & & fo1g,
IR I B I Thel R e uRRerfoay &
G fopar T

The synthesis of 2,6-substituted pyridines and
di-arylation of imidazopyridines through
palladium catalysis has been developed. The
methodology works well with aryl halides
containing both electron-donating groups (-
Me, OMe, tBu) and electron-withdrawing
groups (-NO,, Br, F, CF;, CN, and CO,Me) at
various positions, including di-halides. Control
experiments suggest that it is possible to install
two different arenes through the sequential

addition of different iodoarenes. This
transformation is highly desirable for the
selective synthesis of arylated structural

isomers of imidazo[1,2-a]pyridines. Moderate
to good yields of both 2,6-substituted pyridines
and poly-arylated imidazo[1,2-a]pyridines were
obtained. To validate the feasibility of the
process, four products were synthesized on a
gram scale under optimized conditions.

R Pd-3RT IforTRIcifared G40 a7 3TN 1T o

Figure: Schematic diagram of Pd-catalyzed regioselective synthesis.

Chem. Commun., 55 (2019) 10888-10891



T WY BT STINT BRP SASTON[1,2-a]ITSISI P STS-Hh-TSAL P {17
SIEESSS IS ERRCERCIRIER I

Copper-catalysed multi-component reactions for disulfenylation of imidazo[1,2-
a]pyridines using elemental sulfur

T FerR 3R TR & STIN  IRD
SRS, 2-a]uTERIS | 3R SSIe™] & IITHD ST3-
FethTgelcs TN & foTu Ueh fafer faepfiaa &1 &,
SS9t C-S—C e fFmor onfiret &1 39 fafer &
UH Fedge NI 7, i I doR &
IRRRITTI Setlame4 effeT 81 89N &1 & 4R,
Ig 3ASTW[1,2-a]aTeIS & SIE-Teth-gecs e
& oIy yep-dic gg-tced Iifehar Hureft &t dgedt
RO 2 oM UMY BT o Heaqul
BRI fdete IifiieT, SN & geled W faraRa
ApTgoics SIS HeIH IuT H UTe by 7

We have developed a copper-catalyzed multi-
component reaction for the selective synthesis
of disulfenylated imidazo[1,2-a]pyridines and
indoles using elemental sulfur and haloarenes
through double C-S-C bond formations. This
method has a broad substrate scope,
accommodating a variety of substituted
haloarenes. To the best of our knowledge, this
is the first report of disulfenylation of
imidazo[1,2-a]pyridine using a one-pot multi-
component reaction system. The present
strategy was extended to other important
heterocyclic compounds, such as indoles, and
under optimized conditions, the corresponding
disulfenylated products were obtained in
moderate yields.

o First di-sulfenylation of IP
© Four C-S bond formations

X
o Multi component (MCR) Y

o Mild reaction conditions
o Intramolecular sulfenocyclisation o 34 examples Up to 98% yield

for: TE-IRT ag-oca AffhaTai Bl Sfcr 8 ARTRT o/

Figure: Schematic diagram illustrating the Copper-catalysed multi-component reactions.

J. Org. Chem., 84 (2019) 14151-14160

ursReEIeISied BT Pd-SeRa SiTf-aaend C-H YTgasitaRiter 3ilv
Pd-Catalyzed ortho Selective C-H Acyloxylation and Hydroxylation of
Pyridotriazoles

3-frsar-ugRelcRiicd & &fier 3ffaf C-H An  efficient protocol for the palladium-
WRicitadie & fow It seifaafera tRie @ catalyzed direct ortho C-H acyloxylation of 3-
WRciierdler T 31 & T F STIRT dxd g¢ phenyl-pyridotriazoles with various carboxylic
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UATIETH-SART Qb Pl Hicipiet faepfae fapa
™T 8 g8 Iffhar uRRekcrmiew & AF-
Wyl & T ercafte ga-Te &, R
PhI(OAc), (PIDA) @1 U& 3ifaxilse 3R arferthfea
IR TRIS T ST fohaT T 81 51 Uffees
VTERSSS Pl URTIe 3 e & vT § ST
T T, Y urgReEICwie™T & KT NufeiT & Aress
q 2-3-1-TR -1 - (U RIST-2-Ten T e
Tficed S e IaTe UTH Y MUl gF wh-die
RIORRT & Area F (2-sTSSfaThTger)(UreRisH-
2-FN) AN BT Joer FIsor ft afvfa fosar, ore
ViAo & a1 gFRITET BTSSICTIRT el ST 8l
I8 & o a9 § & S 2-([1,2,3]gRWI1,5-
amsRiET-3-aenhfad wiice @ eFel
gRefiRer & orfig femr mm, ar 2-
([1,2,3]CRIA1, 5-a]TSRIST-3-Ten)hleT W
B3| AT HAUT b T ifehaT ehl HTeara ol
qIdT S & folg, a1 IRl B | whel (5.0
foreiTer) o) gea uRReerforit & e fomam am

acids as acyloxylation reagents has been
developed. The reaction is highly selective for
the mono-acyloxylation of pyridotriazoles using
PhI(OAC), (PIDA) as an oxidant and aliphatic
carboxylic acids. When acetic anhydride was
employed as the acylation reagent,
interesting product, 2-oxo-1-phenyl-1-(pyridin-2-
yl)propyl acetates, was obtained through the

an

ring opening of pyridotriazoles. We also
describe the direct one-pot synthesis of (2-
hydroxyphenyl)(pyridin-2-yl)methanones  via
acyloxylation followed by basic hydrolysis.

Notably, when 2-([1,2,3]triazolo[1,5-a]pyridin-3-

yl)phenyl acetate was subjected to acid
hydrolysis, 2-([1,2,3]triazolo[1,5-a]pyridin-3-
y)phenol was obtained. To validate the

feasibility of the process for commercial
synthesis, two products were synthesized on a
gram scale (5.0 mmol) under optimized
conditions.

% Pd(PPhg),

DCE, 120°C

| R
N Basic hydrolysis R4 N N
PhI(OAC); R N N NN 4
RCOOH N=N

X

S R
| NG
Acid hydrolysis R
O HO

fRr: Pd-33INT Sireil-zr1cHe C-H VAISASiiandIer 3R BIggiandler @l @9Iid 8V STRE1 fol
Figure: Schematic diagram illustrating the Pd-catalyzed ortho selective C-H acyloxylation and

hydroxylation.

Eur. ). Org. Chem. (2019) 7874-7879
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Azo-arylation of Arenes/Heteroarenes at Room Temperature

PR P JIEHM R FHAT UG-gh AR AR-IH
IRRIRRT § T-8cRITg ey & WISeNdRul &
for ues ey frepfReT bt 15 81 |t IRfYep edged
B RIS ©Y A SUAY Hod AT BT YA
TRG AT far T om FRRT ol S &

A method was developed for the azo-arylation
of azaheterocycles under transition metal-free
and base-free conditions at room temperature.
All the starting substrates were synthesized
using commercially available raw materials. The
synthesized azo dyes were tested for dyeing
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both natural and synthetic fabrics. For dyeing,
the synthesized product was dissolved in an
organic solvent, and both natural and synthetic
fabrics were dipped in the solution and dried at
room temperature or under sunlight. The dyed
fabrics did not require pre-treatment, and no
leaching of color was observed even after
prolonged exposure to sunlight. This new
procedure allows for the installation of desired
functional groups in the base molecule to
produce dyes in varying shades of red, orange,
and yellow. Gram-scale syntheses of two
representative products demonstrate the
practical applicability of the current protocol
for scale-up reactions.

(1) This process is easy and eco-friendly; (2) It
avoids the use of metals and bases; (3) The
process minimizes the generation of waste
effluents; (4) The reactions are performed at
room temperature and atmospheric pressure;
(5) The method is applicable to substrates with
both electron-donating and/ or electron-
withdrawing groups on fused heterocycles; (6)
The product can be obtained in 60-90% yield
with high purity; (7) The dyeing process can be
carried out by simply dissolving the dye in a
suitable solvent at room temperature and
dipping the natural or synthetic fabric in the
solution.
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Figure: Schematic diagram illustrating Azo-arylation of Arenes/Heteroarenes.

ChemistrySelect, 4 (2019) 5740-5744
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Polyethylene Glycol (PEG-400): As Methylene Spacer and Green Solvent in
Organic Synthesis

"Jiefigfrefi "eTgdict 400 (PEG 400) BT SUANRT Udh
&, JNI-NGHINT Hiede & T F iR AT & Th
AR TR & w9 4, AT a1g & aRReft F
BexI SRNIGHISN & g-UTe TN & forg fapam m
g PEG 400 & SUAN el SRR & w9 &

Polyethylene glycol 400 (PEG 400) has been
employed as a green, biodegradable solvent as
well as a methylene spacer for the one-pot
synthesis of hetero diarylmethanes under
metal-free conditions. PEG 400 is used for the
dimerization of both symmetrical and

g iR T SHl YPR &

BeXNITS fheT, ST

Wve
BRITS e 31k VRAT & STgARISIIH & forg famr
Sar 21 39 ufafier @ (SRiieiaRiegense
(PIDA) §RT e 3iTfaRFSe & Y H G §-TRIT 1T Bl
Q%%H—ﬂ?ﬁqﬁﬁaﬁﬁﬁﬁ%, f\lrlﬂﬁsplsﬁ'\'spz—
BRI BT BT AT AT Biar &1 T8 Ay A=
EIESINIRIMNSES

unsymmetrical fused heterocycles and arenes
as a methylene spacer. The reaction is
facilitated by (diacetoxyiodo)benzene (PIDA)
as an oxidant. This reaction proceeds under
transition metal-free, base-free, ligand-free,
and additive-free conditions, involving the
coupling of sp*- and sp*hybridized carbons. The
method is applicable to a variety of
heterocycles, such as imidazopyridines,

N N N . .
MHSIVIRIYMNIT,  gIHSIMIEVIV[e,  $sllcd

farfer fafd= gexaTgiche™t o &1H1- 3IR ee-

NESH
$oIdt, 1R 1H-geIe, N,N-SEHReUFe 3iiR
crgRRifeRfaSi & forq o] &1 TE wifshar smw
SgE B, O g@e aiftivge ok sffenfie
IR o folq ST TTearar U=iefa il 81 I8

imidazothiazoles, imidazobenzothiazoles,
indolizines, indole, 1-methyl-1H-indole, N,N-
dimethylaniline, and trimethoxybenzene. The
process yields good to excellent results and is
scalable to gram-scale synthesis,
demonstrating its potential for commercial and
industrial  applications. The method is
applicable to both homo- and hetero-
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Figure: Schematic diagram illustrating PEG-400 as methylene spacer and green solvent in organic

synthesis.
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dimerization of a wide variety of heterocycles.
Control experiments suggest that the reaction
proceeds through an mechanism.
Polyethylene glycol (PEG 400) plays a dual role
as a green solvent and a methylene source. It is
inexpensive and commercially available.

jonic

Eur. J. Org. Chem. (2020) 3499-3507
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Visible light promoted photocatalytic carboxylation of arenes and hetero-arenes
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Quinoline and its derivatives are widely
recognized as a pivotal structural motif in a
diverse  array of  natural  products,
pharmaceuticals, and functional materials.
Several antimalarial drugs, such as primaquine,
pamaquine, bulaquine, and tafenoquine,
feature an  8-aminoquinoline  scaffold.
Commercial drugs, including imiquimod (an
immune response modifier), anticancer agents,
chloroquine (an antimalarial drug), and
levofloxacin (an antibiotic), contain amino and
carboxylic groups within the quinoline moiety.
In this work, we have developed a visible light-
promoted remote (-5 carboxylation of 8-
aminoquinoline amides or sulfonamides via
direct C-H functionalization using CBr, and
methanol or other alcohols. This carboxylation
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Figure: (A) Photocatalytic C-5 carboxylation of 8-aminoquinoline amides and (B) sulfonamides and



crystal structure of representative product.

JeDIEeT D AT [T AT B T8 Hraffaderer fafer
Gy gRRIfR (FR & TT99H, 45W @Tse LED)
T gord 8, R faega edge T 3R et
PRIHD THE ARG BIil 81 3 AR bl Hrsaam
B TSQ, 9 [ (1) & U Feq Pperer fereetl-
fesguiir FARRIC Uied § § U B, Pl tharamaTgore
3R 8-UfFFT fFamifer-5-pEifdRIclc & AW &
oY 3MTSS T T gTTcHD [SHICT FRT Fafie
fopar T B

method operates under mild conditions (room
temperature, 45W white LED) with a wide
substrate scope and good functional group
tolerance. The applicability of the method is
further demonstrated by the functionalization
of TSQ, one of the most efficient membrane-
permeable fluorescent probes for zinc (I1), and
the selective deprotection of the amide group
to synthesize 8-aminoquinoline-5-carboxylate.

J. Org. Chem. 84 (2019) 9869-9896
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Copper-Catalyzed Carboxylation of Naphthalene
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Transition metal-catalyzed direct C-H
functionalization  strategies are  rapidly
advancing for the synthesis of valuable organic
molecules. In this active research area, the
regioselective carboxylation of arenes and
heteroarenes is a significant  organic
transformation for installing a C1 unit in the
aromatic moiety. Naphthalenes are privileged
aromatic compounds that are widely present in
numerous pharmaceuticals, agrochemicals, and
functional  materials such as  organic
semiconductors and electroluminescent
materials. In this context, we have developed a
simple copper-catalyzed regioselective C4
carboxylation of 1-naphthylamine and other
aromatic and heteroaromatic substrates using
CBr, and alcohol, with picolinamide and
analogous amides as directing groups. The
carboxylation method demonstrates a wide
substrate scope, good functional group
tolerance, and ease of scale-up. The
deprotection of the directing group and the
sequential C-H functionalization of the 1-
naphthyl amide moiety to polysubstituted
naphthalene highlight the applicability of our
developed methodology. Control experiments,
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including the trapping of radical intermediates,
revealed that the reaction proceeds through a
single-electron transfer (SET) pathway. This
carboxylation methodology will be useful for
the late-stage modification of pharmaceutically
important molecules and organic functional
materials.
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Figure: (A) Method for carboxylation of naphthalene and (B) crystal structure of representative

product.
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Synthesis of visible light active catalyst and application in organic synthesis
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Herein, we report a simple synthetic protocol
for N-doped vyellow TiO, (N-TiO,) hollow
spheres as an efficient visible light-active
photocatalyst. The synthesized catalyst is
capable of producing active esters of N-
hydroxyimide and alcohol through the

Drug for the treatment of depression and social anxiety
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Figure: (A) Synthesis of moclobemide drug (B) SEM and TEM images of synthesized catalyst.
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simultaneous selective oxidation of alcohol to
aldehyde, followed by cross-dehydrogenative
coupling (CDC) under ambient conditions upon
visible light irradiation. The significance of the
developed strategy ability to
synthesize a wide variety of amides and esters
in a one-pot reaction with excellent yields. The
applicability of the method is further
demonstrated by the gram-scale synthesis of
moclobemide, a drug primarily used for the
treatment of depression and social anxiety.

lies in its

Chem. Asian J. 14 (2019) 3205 - 3212
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Thematic core competences

Over the years, CSIR-CSMCRI has established itself as a leader in the field of materials
science, steadily expanding its research capabilities and expertise in this central theme.
The institute has made remarkable strides in the synthesis and application of a wide
variety of materials, including clays, zeolites, metal oxides, hydrotalcites, carbons, metal-
organic frameworks (MOFs), functionalized inorganic metal complexes, and
nanoparticles. These materials are being explored for their practical and sustainable
applications across various industries, including fine chemicals, pharmaceuticals, and
agrochemicals. During the year 2019-20, CSIR-CSMCRI continued to enhance its research
efforts, focusing on the development of innovative materials that contribute to



sustainable development. Scientists and research groups from diverse disciplines within
the institute have collaborated extensively, both internally and with other national
laboratories, academic institutions, and industries, to push the boundaries of materials
research. The institute's work has led to significant advancements in technology, process
optimization, and product development, all of which are well-documented in over 400
quality publications in reputed national and international journals. The institute's
achievements are also reflected in its active participation in societal initiatives and the
protection of intellectual property rights, with several processes being patented and
transferred to industries for commercial exploitation. The successful application of these
materials in various industrial sectors underscores the practical impact of CSIR-CSMCRI's
research efforts. In the following sections, key highlights of the institute's work on the
theme "Materials" during the year 2019-20 are presented, showcasing the innovative
research and development activities undertaken by the institute.
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Development of macrocyclic ionophore for high lithium loading

TR THE AR I AR P AT, TG el
FIRRMA (8 fidiem) 3R farrm (0.2 didiew) S’y
HeIaH TS T g AT 8, S IR S T
S IRE (Na+, Mgz+, Caz' 3R K+) ¥ 915 arforiias
BY A FHeplel S 81 Telif, 3 ocd Al St § 31eq
qET H OANE B 8, ofdd e S ¥ siHe
aISHGRUT & ATEgH ¥ ATER0 99D D IR P
SR TR 98% &1 AT H &Y Blcft &, foray faet
Y 37 ddi $I Figar 9 ST 8l g, e
yuferdl & § &R AT ARIF-geA! g SRl BT
YIAIHD TSP Wb HFIAT UTH Gkl & difh
$TH 98 o9 STerdeT Hholl Bldl & 3R FH 91
AT i F-arRaca off gl 8, aifds anfefes amy &
PRI TS ATPYD € ST & T8 I T T &
o5 T AT A $7 3T 7T H HISE T AT B
far S ST & g AQ gerlt &t wifer o
GIETYUT & FeblT &, FIfh 9 SIAUDPRT &1
T DY &Y AT uaierT Reerferat 7 HRf o= Fad 2l
39 S2 & fol, T QTfdam e SRR

Apart from common salt and other chemicals,
seawater is a rich source of valuable minerals
like strontium (8 ppm) and lithium (0.2 ppm), in
addition to the four major metal ions (Nat,
Mg¥, Ca*, and K*), which are commercially
extracted. Although these elements are
present in trace amounts in seawater, during
the production of common salt through
sequential evaporation, a significant volume
reduction of about 98% occurs, leading to an
increased concentration of these trace
elements in bittern. However, the selective
extraction of these alkali or alkaline-earth
metal ions from aqueous systems remains a
recognized challenge due to their very high
hydration energy and the coexistence of similar
metal ions. Despite this challenge, the
economic benefits make it an appealing
endeavor. The development of ionophores for
the  detection, extraction, and pre-
concentration of these trace metal ions from
oceanic sources holds promise, as they can
function under dilute conditions without
necessitating the removal of interfering metal
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ions. To address this, an anthraquinone-derived
ionophore was prepared, demonstrating ion-
pair binding with LiCl. Under solid-liquid
extraction conditions, this ionophore exhibits a
high lithium loading capacity of 135% with LiCIO,
and 69.16% with LiCl salt, showing exclusive
selectivity. Furthermore, under liquid-liquid
extraction  conditions, the  macrocyclic
ionophore exhibits a loading capacity of 27%
with a 1 M LiCl source phase concentration and
48.57% with 1 M LiClO,.
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Figure: Macrcocyclic ionophore for lithium ion binding.

Inorg. Chem. 58 (2019) 7209-7219
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Investigations into Room Temperature lonic Liquids
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We have constructed gelatin-based ionogel
films under ambient conditions, utilizing
choline salicylate, a biobased ionic liquid (IL), to
impart antioxidant and antimicrobial
properties. The films achieved IL loading of up
to 100 wt% relative to the gelatin matrix,
demonstrating excellent antioxidant,
antimicrobial, and UV shielding properties,
along with exceptional mechanical strength.
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These films were tested for their food
packaging capabilities using Malus pumila,
where they effectively prevented air oxidation.
Additionally, we developed homogeneous
gelatin-lignin UV shielding films stabilized with
choline citrate, another biobased IL, which also
exhibited  excellent  antimicrobial  and
mechanical properties. The resulting biofilms
showed a sun protection factor (SPF) of up to
~45.0, large elongation (~200%), and tensile
strength (~70 MPa), comparable to those of
organic polymeric films, indicating their
promise as renewable resource-based
materials for UV light blocking.

"\

Gelatin
matrix

) Average thickness 20-25 pm

Gelatin-IL bioactive film
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Figure: Schematic representation of Gelatin-lignin films and Gelation-lonic Liquid films.

ACS Sustainable Chem. Eng. 2019, 7, 8631-8636
Chem. Eur. J. 2019, 25,1269 - 1274
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Studies on morphological transformation of metal salt and conformations of
DNA in a bio-based ionic liquid
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Herein, DNA solubilized in a choline-based ionic
liquid, specifically choline formate, was found
to reduce Ag(l) salt into silver nanoparticles
(AgNPs) with a size distribution of 10-20 nm.
During this process, the interaction of DNA
with the ionic liquid induces alterations in the
secondary structure of DNA, specifically a B-Z
transition. Choline formate was found to
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present different binding sites for its cation
and anion, which promote torsions in the DNA
structure, potentially leading to changes in the
three-dimensional structure of DNA (B-Z
transition). Such Z-DNA has attracted the
attention of structural biologists due to its
characteristic features, including its possible
role in the regulation of gene expression and
genetic instability.

2 31afAen avet o SIvY BT 151 gRad
Figure: B-Z transition of DNA in ionic liquid.

International Journal of Biological Macromolecules, 135 (2019) 926-930
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Green Solvents for Biopolymer Degradation and Processing
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The dissolution and processing of biopolymers
one of the oldest chemical
the
breakthrough inventions have taken place in
However, with the advent of
technological interventions,
improvements have been made in biopolymer
processing technologies to enhance the
the
developed processes. The application of
alternative solvent systems is a popular
strategy in many such cases. The search for

is perhaps

processes in world, and several
this area.

numerous

efficiency and technoeconomics of

alternative solvent systems to solubilize and
process biopolymers is always challenging from
a sustainability point of view. Biopolymers are
conventionally solubilized in aqueous systems
tedious

and processed using multistep,
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protocols. lonic liquids, deep eutectic solvents,
and bio-derived solvents are emerging as
alternative solvents for biomass pretreatment
and the extraction of natural polymers from
resources. The application of bio-derived and
green solvents in various industrial processes
can be envisaged in the near future. Therefore,
studies on such solvents to critically assess
their potential for industrial applications should
be performed. Considering these points, the
present review article compiles recent
literature and reports related to the sustainable
processing of natural polymers using green

solvents for practical applications.
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Figure: Few representative biopolymer based ion gels (a) k-carrageenan (b) Cellulose (c) Guar gum

(d) Chitin (e) Tamarind.

Current Opinion in Green and Sustainable Chemistry 18(2019) 72-78
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Processing of waste human hair for high value products
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Among keratin-containing resources, human
hair is one of the most abundant keratin-rich
natural fibers and is one of the most plentiful
waste materials produced by humans. It is
estimated that around 300,000 tons of hair are
discarded annually worldwide. Keratin can be
extracted from waste human hair in a cost-
effective manner and utilized in the
preparation of biomaterials.
Tetrabutylammonium hydroxide (TBAH, 40%
aqueous solution) has been found to
completely solubilize 25% w/w of waste human
hair. Melanin and keratin, with yields of 20-22%
and 36-38%, respectively, were isolated from
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the solution. Additionally, due to the high
nitrogen content (6.99%) in the waste solvent,
it can be used to fortify nitrogen-deficient
organic fertilizers.
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Figure: Pictorial representation of processing of waste human hair for high value keratin

and melanin.

Green Chemistry, 21 (2019) 3328 — 3333
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Extraction and purification of human antibodies using alginate beads
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Adsorption of IgG

Desorption steps

Antibodies present in mammalian serum are
highly
particularly in passive immunization and the
treatment of certain chronic diseases.
However, their widespread use is still hindered
by the need for multiple purification steps and
the challenges in maintaining antibody stability
to ensure therapeutic efficacy. In this study,

relevant for therapeutic purposes,

Materials reuse
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bio-based, low-cost hybrid alginate—protein
cryogel beads were prepared, characterized,
and applied as novel adsorbent materials for
the purification of 1gG from human serum. The
results demonstrate that these hybrid
materials are more efficient than pure alginate
beads, as the presence of proteins enhances
the material's selectivity for IgG. This increased
selectivity is attributed to specific interactions
between the target antibody and amino acid
residues in the hybrid materials. Various
operating conditions, such as pH, adsorption
time, and serum concentration, were
optimized to improve the recovery yield and
purity of 1gG.

Green Chemistry 22(2020) 2225-2233

Protein-Mimicking Functions of Polysaccharide derivatives
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Alginic acid and agarose were functionalized
with ethylenediamine, resulting in nanosized
monoamido amino acid derivatives. These
nanosized monoamido amino acids exhibited
protein-mimicking functions by interacting with
Salmon testes DNA and bovine serum albumin
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Figure: Agarose and alginic acid derivatives and their interaction with DNA and protein.
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(BSA), showing different complexation and
decomplexation profiles across varying pH
levels. These nanobody polysaccharide-based
protein-like ~ macromolecules  could be
potentially useful in pH-responsive drug
delivery, separations, and chiral sensing
applications.

Macromol. Chem. Phys. 220(2019) 1900201
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Sequential template decomposition to adjust the performance of imperfect
zeolite BEA membranes
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Zeolite membranes offer superior thermal,
chemical, and mechanical stability compared to
polymeric membranes. However, preparing
completely defect-free membranes without
any intercrystalline voids remains a challenge,
which is crucial for efficient gas separation
processes. In this study, zeolite beta (¥*BEA)
membranes on stainless-steel supports were
prepared using the

crystallization technique.

multiple in  situ
The
served as a model system to systematically
investigate the decomposition of the organic
structure-directing agent tetraethylammonium
hydroxide (TEA-OH). The study evaluated
whether the organic decomposition products

of TEA-OH could enhance the membranes’

membranes

RrE: giRfaq forglenge dier fRreoft & fAafur o
CACIECRCHE

Figure: Organic residue to the preparation of
defect-free zeolite Beta membrane.
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selectivity. Post-treatment experiments were
conducted to adjust the surface properties and
pore size dimensions of the zeolitic membrane
layer. The results indicate that membranes
calcined at lower temperatures exhibit higher
gas selectivity.

Chem. Engg. Tech. 91 (2019) 953
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Degumming of crude vegetable oil by membrane separation: Probing structure-
performance and stability of PVDF membranes
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The stability of polymeric membranes in
organic solvents during the degumming
process has been a primary concern. In this
work, various PYDF membranes were prepared
under controlled conditions, characterized, and
tested for their degumming performance on
crude peanut oil The optimally
prepared PVDF membrane exhibited excellent
phospholipid (gum) rejection of 95%, with
hexane and miscella permeate fluxes of 70
LMH and 46 LMH, respectively, when operated
at 10 bar and room temperature. Initially, the
flux declined by about 10% for the best
membrane, but it remained stable afterward.

miscella.

Sep. Sci. Tech. 54 (2019) 360-369
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Structure-property interplay of asymmetric membranes comprising of soft
polydimethylsiloxane chains and hard silica nanomaterials
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Silica nanomaterials modified with
monomolecular C18-alkyl silane or oligomeric
dimethylsiloxane units were incorporated in
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Figure: Structural compatibility
between silica nanomaterials and

PDMS as probed by SANS.

C g-alkyl silylated Silica + PDMS

Polymer coated Silica + PDMS

Silica loading possible up to 30 wt.%

situ during the formation of the PDMS
membrane. A small-angle neutron scattering
(SANS) study was conducted to assess the
structural compatibility between the modified
silica and PDMS. The Ornstein-Zernike (0Z) and
Debye-Anderson-Brumberger (DAB) models fit
excellently to the SANS data, describing
nanoscale structural morphology in terms of
the correlation length scales of the soft and
hard segmental units. The polymeric chain
either stretched or contracted depending on
the type and amount of silica incorporated.
This indicated a limiting amount of silica
incorporation into the PDMS membrane
structure, depending on the structural
compatibility between the silica and PDMS. The
C18-alkyl silylated silica was found to be the
most compatible with the membrane structure.
The membrane with 30% (w/w) C18-alkyl
silylated silica loading exhibited the best
performance in pervaporation separation of
alcohol/water.
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Polyamide nanofilm composite membranes with incorporated porous
nanoparticles
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"Incorporating porous nanostructured
materials into the separation layer of thin-film
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composite membranes can significantly
enhance membrane performance. Therefore, it
is essential to study the impact of these porous
materials on  membrane  performance,
specifically in terms of salt rejection values,
accurate imaging of the separation layer to
confirm the presence of nanostructured
materials, and determining the thickness of the
separation layer. Polyamide composite
nanofiltration membranes with an ultrathin
nanofilm separation layer of approximately 14

nm  were produced via interfacial
polymerization of polyethyleneimine and
trimesoyl chloride. The membranes were

fabricated with the incorporation of various
porous and nonporous nanostructures (e.g.,
ZIF-8, TiO2, Fe203 nanoparticles, graphene
oxide, multi-walled carbon nanotubes, etc.)
within the top separation layer. A high water
permeance of 15.4 L m-2 h-1 bar-1 (an increase
of 33.9% compared to the pure nanofilm) was
achieved, along with a high rejection rate of
MgCl2 (97.6%).
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Figure: Schematic presentation of the interfacial polymerization process for making TFN

membranes.

Adv. Mater. Interfaces, 7 (2020) 2000251
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Thematic core competences

CSIR-CSMCRI has continued its significant efforts in advancing healthcare technologies,
focusing on the development of highly selective sensors for various disease-linked
biomarkers, along with complementary optical and electrochemical devices. Our institute
has successfully developed and refined several sensors at different Technology
Readiness Levels (TRLs), which hold great potential for point-of-care applications,
particularly in the quantification of crucial biomarkers in blood fluids. These biomarkers
include cysteine, homocysteine, glutathione, hypochlorous acid, nitroxyl, Cr(lll), and
spermine, all of which are well-established indicators of diseases such as cardiovascular
disease (CVD), oxidative stress, cancer, and diabetes. In addition, the institute has



developed a bacterial detection kit for water samples, which has been successfully
transferred to an aquaculture company for commercial use. Our expertise extends to the
creation of advanced functional nanostructures, including lanthanide-based
nanoparticles for organelle-specific imaging, and polymeric nanocapsules for targeted
drug delivery. These innovations are poised to make significant contributions to
bioimaging, drug delivery, and image-guided surgery. Furthermore, we have developed a
general-purpose electrode platform, the Patented Plastic Chip Electrode (PCE), for
various electrochemical sensors, demonstrating our commitment to producing cost-
effective and efficient solutions for healthcare. The institute is equipped with state-of-
the-art spectrophotometers, such as steady-state and time-dependent fluorimeters, UV-
vis-NIR spectrophotometers, and CD polarimeters, alongside custom-made low-cost
potentiostats and single-excitation touch-screen fluorimeters, all ready for deployment in
point-of-care settings. These efforts have culminated in the year 2019-20, marking a
significant advancement in our healthcare initiatives.
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Antibiotic-triggered luminescence switching in mixed-linker MOF: Exceptional
turn-on and ultra-fast organo-aromatic detection
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Monitoring toxic and bio-relevant organo-
aromatics requires a system that is quick-
responsive, highly non-interfering, and has an
ultra-low detection limit with regenerative
performance. An analyte-triggered, multi-
responsive system is likely to be practical for
Compared to
various other sensors, such as organic probes,
conjugated  polymers,  oligomers, and
nanomaterials, luminescent metal-organic
frameworks (LMOFs) are promising candidates
due to their structural diversity, adjustable
pore size, and tunable physico-chemical
properties. The strategically functionalized
mixed-linker LMOF CSMCRI-2 is constructed

future sensing applications.

CSMCRI-2 &I T 3SI-thagaliges fofile 3ilR —
NH, g gh fofepdd & TS 9 arIT TR 8, Sit
T Selaeie ®Y ¥ AR HEHG-ARed &
oY Ua Srfecdi FARRIE Uie & B9 F BRI e 2
I8 $ad sulfadiazine (SDZ) WElERIfeH & forgw

using a combination of an azo-functionalized
ligand and an -NH2 group-attached linker,
which functions as a unique fluorescent probe
for detecting three electronically distinct
organo-analytes. This framework represents a
novel "turn-on" sensor for the detection of
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sulfadiazine (SDZ) antibiotic, showing a 30-fold
increase in emission. Notably, the antibiotic-
triggered fluorescence tuning is demonstrated
through highly selective quenching by the
electron-deficient nitrofurazone (NZF) drug. A
reversible "on-off-on" luminescence switching
by SDZ and/or NZF is illustrated using a
convenient paper strip method. Additionally,
the LMOF showcases an unprecedented
nanomolar (10 nM) detection limit for
adenosine monophosphate (AMP), achieved
through a significant fluorescence
enhancement with remarkable selectivity and
ultrafast response.

. .
Bz [ soz
Sulfadiazine S — —

LOD: 65 nM

Intensity (CPS)

350 375 400 425 450 475 500
Wavelength (nm)

Adenosine
monophosphate

LOD: 10 nM

Intensity (CPS)

330 360 390 420 450
Wavelength (nm}

Paper-Strip

—
NZF

Nitrofurazone

I LOD: 0.7 uM

Intensity (CPS)

350 375 400 425 450 475 500
Wavelength (nm)

Computational Validation

o TS 1 RSy Al gIRT UelRlicp-Aiaiia Faie Rafa & forv gg-Hiciaaneier LMOF T Fifdhde

g9 iR Stg-rurfaes Gl

Figure: Graphical view of multi-responsive LMOF for antibiotic-triggered luminescence switching by

paper-strip method and bio-molecule detection.
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Redox-Responsive Nanocapsules for the Spatiotemporal Release of Miltefosine
in Lysosome

ARfIR™T, P dEd-aind §ERT ®, S
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Leishmaniasis, a vector-borne disease, is
caused by the intracellular parasite Leishmania
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Bright field

L. donovani Lyso Red
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donovani. Unlike most intracellular pathogens,
Leishmania donovani resides in
parasitophorous vacuoles and replicates within
the phagolysosomes of macrophages. Effective
vaccines against this disease are still under
development, and the efficacy of available
drugs is being questioned due to their toxicity
from nonspecific distribution in human
physiology and the reported drug resistance
developed by Leishmania donovani. To address
two crucial issues—lower drug toxicity and
higher drug efficacy—a stimuli-responsive
nanocarrier that enables specific localization
and release of the drug in the lysosome has
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Figure: Confocal microscope images of lysosomal Maturation in L. donovani infected Raw 264.7
macrophages (incubated with Rab-7 antibodies and Lysotracker-Red): Raw 264.7 macrophages were
infected with L. donovani at a ratio of 1:10 for 4 h, washed, and treated with MNCs for 24 h. (a) Raw
264.7 macrophages. (b) Raw 264.7 macrophages infected with L. donovani. (c) Miltefosine 8 ug/mL,
as positive control. (d) 20 ng/mL MNCs. (e) 40 ng/mL MNCs. Scale bar 10 um.
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been highly sought after. We have developed
unique lysosome-targeting polymeric
nanocapsules, formed via an inverse mini-
emulsion technique, for the stimuli-responsive
release of the drug miltefosine in the
lysosomes of macrophage RAW 264.7 cell lines.
A benign polymeric backbone, with disulfide
bonds susceptible to oxidative cleavage, is
utilized for organelle-specific release of
miltefosine. The oxidative rupture of the
disulfide bond is induced by intracellular
glutathione (GSH) as an endogenous stimulus.
This stimuli-responsive release of miltefosine in
the lysosomes of macrophage RAW 264.7 cells
over a few hours resulted in a 200-fold
improvement in drug efficacy compared to
pure miltefosine. Such a drug formulation
could contribute to a new line of treatment for
leishmaniasis.
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A BODIPY derivative as a luminescent marker in mitochondria
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Controlled and efficient activation is a crucial
aspect of designing an effective prodrug. Here,
we demonstrate a proof of concept for a light-
activatable prodrug with desired organelle
specificity. Mertansine, a benzoansamacrolide,
is an efficient microtubule-targeting compound
that binds at or near the vinblastine-binding
site in the mitochondrial region, inducing
death through
apoptosis. Despite its efficacy at nanomolar
levels, it failed in stage 2 human clinical trials
due to a lack of drug specificity and significant
systemic toxicity. To address this issue, a
recent trend has been to develop an antibody-
conjugatable maytansinoid with improved
tumor/organelle  specificity reduced
systemic toxicity. Endogenous CO is recognized
as a regulator of cellular function and plays a
crucial role in cell apoptosis. CO blocks the
proliferation of cancer cells and effector T cells,

mitotic arrest and cell

and
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Figure: Proposed photo-induced activation mechanism of Pro-DC.
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with mitochondria reported as the primary
target. We have developed a
mitochondria-specific prodrug conjugate (Pro-
DC) that undergoes a photocleavage reaction
upon irradiation with a 400 nm light source (1.0
mW cm-2), inducing the simultaneous release
of the therapeutic components mertansine and
CO, along with a BODIPY derivative
(BODIPY(PPH3)2) as a luminescent marker in
the mitochondrial matrix. The efficacy of this
process is demonstrated using MCF-7 cells and
can be effectively visualized by probing the
intracellular luminescence of BODIPY(PPH3)2.
This provides a proof of concept for designing
a prodrug for image-guided combination
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Probes for measuring various biomarkers

M4 I F SHIRRCH (Hey) & Sod &R (> 15-20
uM) BT & F 3R B¢ THIRINYN GRT & IRT
(CVD) & SIRIT bl & vT § IUNT 81 fafer
a1 arerRFT ¥ ARIRS axer et § e MIRRE S
& TR 3R Fop FTHIHD BT (MCI) & diar aer

Elevated levels (> 15-20 pM) of homocysteine
(Hey) in human blood have recently emerged
as a cardiovascular disease (CVD) risk indicator,

as identified by the American Heart
Association. Various clinical studies have
confirmed the connection between
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homocysteine levels in body fluids and mild
cognitive impairment (MCl). Given this, there is
a significant drive towards developing a point-
of-care (POC) assay for measuring plasma Hcy,
which could facilitate early detection of CVD
and MCI and aid in individualized therapy
monitoring. We have developed a kit that can
directly measure Hcy in human blood plasma.
Moreover, the kit can detect Hcy selectively,
even in the presence of cysteine and
glutathione. We validated the calibration curve
using known Hcy solutions. In collaboration
with CSIR-CCMB, Hyderabad, we are working
on the clinical validation of our kit.

Rrar: 919 & faf¥= /141 3157 Fleil & Tid Forkiivg
gfafaa

Figure: Fluorescence response of the probe
towards various amino acid solutions.

In a separate project, we developed two novel
biosensors capable of detecting bisulfate in
100% water at a picomolar level with very high
binding typically
consumed through a daily diet, and an excess
level in the body is a serious concern. As a
result, there is an urgent need to monitor

affinities.  Bisulfate s

bisulfate levels in urine, particularly in patients
with kidney defects. We developed 100% water-
soluble HSO4 -selective zwitterion sensors that
can quantitatively detect bisulfate in natural
bio-samples such as medicines, urine samples,
edible vegetables, etc., which is
unprecedented.
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Thematic core competence

CSIR-Central Salt and Marine Chemicals Research Institute (CSIR-CSMCRI) is continuing
its tradition of excellence in energy research, building upon its historical achievements in
solar thermal technologies. The institute has made significant advancements in
improving the performance and efficiency of solar ponds, solar stills, and solar collectors,
including enhancements in solar thermal desalination systems essential for water
purification in arid and semi-arid regions. By integrating new materials and technologies,
CSIR-CSMCRI has achieved greater efficiency in capturing and utilizing solar thermal
energy. Notable progress has also been made in the development of energy storage and
conversion technologies. Research has focused on advancing electrochemical devices
such as batteries, supercapacitors, and fuel cells. Ongoing work on redox flow batteries
aims to address the challenges of large-scale energy storage, enhancing the viability and
efficiency of renewable energy systems. In the field of biofuels and biogas production,
CSIR-CSMCRI has continued to innovate. Research on producing biodiesel from non-
edible oil seeds, such as Jatropha, offers a sustainable alternative to diesel. Additionally,
progress has been made in developing microalgal biodiesel from oil-rich algae, with a
focus on improving yield and efficiency to reduce dependence on fossil fuels. The
institute's efforts in solar-powered water treatment technologies have also advanced.
Notable achievements include the community-scale solar-powered brackish water
reverse osmosis plant established in Tilonia, Rajasthan. Ongoing research aims to
optimize these systems for broader application in rural areas, enhancing access to
affordable and clean drinking water. CSIR-CSMCRI has maintained strong international
collaborations with leading institutions such as ETH Zurich, University of Exeter, Instituto
Tecnologico de Sonora, University of Sydney, Bulgarian Academy of Sciences, and
Technical University of Sofia. These partnerships facilitate knowledge exchange and
contribute to the institute’s global impact in energy research. The solar energy laboratory
at CSIR-CSMCRI is equipped with state-of-the-art testing facilities, including setups for
solar cell and module characterization, thermal imaging, spectroradiometry, and various
other instruments. These advanced facilities support comprehensive research and
development in solar energy technologies, ensuring accurate performance evaluations
and high-quality data. Overall, CSIR-CSMCRI is continuing to excel in the theme of energy
throughout 2019-20. The institute’s advancements in solar thermal technologies, energy
storage, biofuels, and water treatment systems reflect its ongoing commitment to
addressing global energy challenges through innovative and sustainable solutions.
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Electrocatalytic oxygen evolution in acidic and alkaline media by a multistimuli-
responsive cobalt(ll) organogel

SR 3R Raffaer R-pldTeic $ev0ae™ A gdh  Supramolecular metallogels involving dynamic
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and reversible noncovalent interactions offer
advantages over polymeric gels due to their
superior tunability. A stimuli-responsive Co(ll)-
containing, low-molecular-weight metallo-
organogel (CoGel) synthesized on a nitrogen-
rich triazole platform exhibited autonomous
self-healing capabilities, thanks to extensive
hydrogen bonding between the exocyclic
amines of the triazole moiety and the
entrapped solvent molecules. The CoGel-
derived Co-xerogel, which has a crumpled
sheet-like morphology and a large effective
surface area, was calcined in air to produce sea-
urchin-like Cos;0,. This Co3;0, was compared
with the Co-xerogel to assess the beneficial
effects of exposed Co(ll) sites and the
stabilization of Co** and Co3" states by the
ligand in designing efficient electrocatalysts for
the oxygen evolution reaction (OER). Both the
xerogel and Co;0, demonstrated excellent
activity for OER in both acidic and alkaline
media. Combined electrochemical studies
revealed that Cos0, exhibited better activity in
acidic medium, while the xerogel performed
better in alkaline medium. In alkaline OER, the
xerogel showed a high Faradaic efficiency (FE)
of 91.72%, as observed from a rotating ring-disk
electrode (RRDE) experiment. Our results open
up possibilities for developing
electrocatalytic systems in the future.

efficient

fmr: disree (1) AEINier 3Tk U8 Co304 BT SUINT @ gaaciderciicd OERI
Figure: Electrocatalytic OER using a Cobalt(Il) Metallogel and derived Cos0,.
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Seaweed-based All-Solid Supercapacitor Devices: Solvent-Free Approach

T SITT H, T WIal 91T Ulva fasciata @
MR s gV AHURE FIed F gRafcid s o
Uhdl-aR0T Ufhar fAasRia & 8 Ulva SRIMRT &
TRIGRN 7 Wi ®7 A BeRITeH-SICs,
SelFCIBHd B A AT AR FHFraRIe &
ffor feam g7 9t § Soe-oRR ATe-SeR
Al & ATEH A VAP Sod iR R AR
FIRICH Tl i St 81 3 ez H§ SUANT &
TS golacls AFRE 7 AT 9100 mS/m $H ST
eIt ATetepalT 3R 376 me/g ¥ 3fferd BT BET |
&1 ST U T ST GURebURIeR IuawY, o

H3PO4-PVA fhed &I AReR-dH-geideldlise &
w7 3R UF-800 &1 Seiaqiefaed AFell & &7
SYINT far wIT, ¥ 330 Fig & ifa fi S
e HURCT uTd &Y, IR 10 kWikg $HY araR
SRS uehifa Hi g 1fiReh, TR al-gelaeis
URPURICY =T 3] getfdraehel Seael-olaR HURIfce
FIER BT TR T, St 5000 @bt dd ReR T&T
3R 97.5% HuRicd RSem & Arl

In this study, we have developed a single-step
conversion process for transforming seaweed
Ulva fasciata into interconnected nanoporous
carbon. Pyrolysis of Ulva biomass produced an

inherently heteroatom-doped,
electrochemically active graphene
nanocomposite.  This  material  exhibits

relatively high and stable specific capacitance
through a double-layer charge-storage
mechanism. The electrode material in this
study high
conductivity of approximately 9100 mS/m and a
BET surface area of over 376 m?¥/g. An all-solid
supercapacitor device, using an H;PO,-PVA film
as a separator-cum-electrolyte and UF-800 as
the electroactive material, achieved a high
gravimetric capacitance of over 330 F/g with a
power density of 10 kW/kg. Furthermore, the
two-electrode  supercapacitor
ideal double-layer
capacitive behavior, remaining stable up to
5000 cycles with 97.5% capacitance retention.

demonstrated electrical

symmetrical

demonstrated electrical

- 4 Separator cum solid eler.lmly(rt—xg‘b
3 Ulva fasciata STEITRT 8CRIVCH-SICS $eierelS WA &1 SINGIcH YidiHieca) Guvhunicy fSarsd o

BRI SATSISH GRT LED BT SToT7T1

Figure: Schematic representation of Ulva fasciata based heteroatom doped electrode material. Light
up of LED by developed electrodes in supercapacitor device.

ACS Sustainable Chemistry & Engineering, 7 (2019) 174-186
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Small-scale evacuated tube based solar thermal desalination unit

3 UBR P s ey fare mu & S aeser art
& fory Fa i oga &1 ST PR AR SARIT 3Tl
& forg 81 fSSTe |1se WR o7 arelt AR e, arg
afy, oIl aEE, fis-arer & v @ik
3MSTYE UMt HT IS S REIeY W
IMeTRA A Ul fSuleT #, TP Iere-arzd IRk
Reet @1 fafd e Feaed (ETC) & T Thig
fohar T SR Te fawga femur fhar mm s
THIHRU q IeUIEehdl § ST 24% DT g gsl
eI BT U Hecaqui Uge] ETC & T Hls-arex
I T T Tl gaR f$oTs & fof, U oy
TR AR ot Sefdeed sa18 §, ETC Ried &
U QR-os Hoar b AT Teblgl fohdm 1M ETC
T URYR® IR F TIF W AR 3T UoTelt &
IR & ST 7 BRT BT T B IRF BT 90%,
80%, 70% 3TR 60% ThIS-arex AT & aT & T
%&TTI'aTHm?ﬁEéﬁH%?Tﬁ,WWﬁSOppm
& Taur & ARS Ul e 5.47 fahetwm
qicdeT UTHT SITH 3BT TRITl Qg SepTs i 3iRaeT

(A)

Two types of designs for solar distillation units
using evacuated tubes for potable water were
developed. The designs were based on
parameters such as incoming solar intensity at
the installation site, wind speed, ambient
temperature, feed-water characteristics, and
output water requirements. In the first design,
a stepped-type basin still was integrated with
evacuated tube collectors (ETCs), and a
detailed analysis was carried out. The
integration resulted in an average productivity
increase of 24%. The study also focused on the
warm feed-water charging time from the ETC.
For the second design, a small-scale solar
thermal desalination unit, an ETC system was
integrated with an air-cooled condenser. The
ETC functioned as the basin for the solar
distillation system, replacing the conventional
basin. Experiments were conducted with feed-
water charging capacities of 90%, 80%, 70%, and
60% of the basin's capacity. From a 1 m? net
basin area, a maximum of 5.47 kg/day of
potable water with a salinity of 50 ppm was
obtained from seawater. The average

Rr: ETC vabigd WiR 3Te7a $134T - fS91$ 1 371% 21

Figure: ETC integrated solar still units- design 1 & 2.
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TR UR FTRIT TN ART 0T H Goit <A, arfiep
RERGET AT 3R a1fiier gAffsh STrTe SRy Prept
R IR 35T Tam SeT F MR W, ST gH1saT B
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efficiency of the integrated unit was 18.48%.
The economic feasibility of both units was
estimated based on the cost per liter (CPL) of
produced water. Factors such as capital cost,
annual maintenance cost, and annual salvage
cost were considered in the calculations. Based
on the data, a scale-up was carried out for both
units, and they were installed at suitable sites
to provide water to recipients at those
locations.

Solar Energy, 188 (2019) 561-572
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Generation of energy from microalgal feedstock through CO, capture from flue
gases

ST gk fIfics HaT & 9 el drelal (360
R Hiex PeT AHN) F F$ A R AT bl
et Y 1S, RRT 1000 o HieR & BT SUART fawa
T fRFER 2019 F AG 2020 & S IRERT
STEEHAr 8 I UfT af Hiex ufer i & 13 79 ufy
it Hex ufer fo7 & e @ Vigna radiata L. & foQ
g dve d@ AT BT § Sraies TeTe
IRIRT BT A%hel URIEUT fhT TN 59 YT 6T
SeeT Ol I Rl & U S Y ArsgIeet Y
i UIWIgeT BT 3fTehet- HRAT T, b 5 S BT
SYINT TR Afe AN AR IS oie
hlewcle 3R IU-SCUIET &b Uil fdbRT & fory
fopam ST

Pt

——

o g 4AT oR gs-dfaret arersl a1 AT geal

Large-scale cultivation of microalgae in open
ponds (with a total volume of 360 m?) was
conducted near Adani Power Limited Mundra,
utilizing an area of 1000 m2 Biomass
productivity ranged from 8 g m2d"' to 13 g m™
d™ between December 2019 and March 2020.
Successful testing of de-oiled algal biomass as
an organic nutrient source for Vigna radiata L.
was performed. This endeavor aimed to assess
the growth profile of microalgae cultivated
near the flue gas chimney and to use this
knowledge to support the integrated
development of microalgae-based biodiesel
feedstock and by-products at the power plant.

Figure: panoramic view of large-scale microalgal ponds.
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Thematic core competence

CSIR-CSMCRI has been at the forefront of applied research focused on the theme of
"water" for over three decades. In 2019-20, the institute's efforts continued to
emphasize cutting-edge advancements in membrane technology and water purification
processes. Our team has made significant strides in the development of Reverse Osmosis
(RO), Nanofiltration (NF), Ultrafiltration (UF), Forward Osmosis (FO), Microfiltration
(MF), and Electrodialysis (ED) membranes, alongside innovations in polymer synthesis
and membrane rejuvenation techniques. We have advanced the removal of harmful
contaminants such as arsenic, fluoride, and heavy metals from water, and enhanced the
design of electro-deionization (EDI) systems for ultrapure water production. In line with
our mission to address water challenges at the community level, CSIR-CSMCRI has
installed community-scale brackish water desalination RO plants (5000 LPH) and arsenic
removal plants (250 LPH), demonstrating the societal impact of our work. Our
technological developments have not only been recognized through high-impact
publications but also through successful commercialization, with several processes
licensed to industry and protected by intellectual property rights.




Protein-Functionalized Aerogel Membranes for Gravity-Driven Separation

9 3T ¥, 89 McH-fohamefie wRY St frfeerat
(PFAMs) &I RIRY & uee™ axad &1 PFAMs @1
SEM, FT-IR, Hifers-UV, 3R TGA &7 YA aRP
frrser e &t €1 I fRrfeerat Sefr uRReuferay o
s Rer iR g Iuartt urs TEi o7 ffeemar
P <IeT R 3R FH2T BT [Pl I B
e PITAT H 37T PR b foTq AheTcgaed qRIe
fehaT AT PFAMs T TocdTepdur o de 430 & 605
L-m2h"1 &7 I FelaRT &R &P HT1 T 98% Y&
EIE IR Ay D G CIC I DI I
SN R GATRU-IpA foaqul fifeeri &
T & AT SSTERUN H I U B

In this study, we demonstrate the preparation
of protein-functionalized aerogel membranes
(PFAMs). PFAMs were characterized using
SEM, FT-IR, solid-UV, and TGA. They exhibited
high stability and recyclability under aqueous
conditions. These membranes were
successfully tested for the efficient separation
of oil spills and emulsions using gravity-driven
force. PFAMs achieved ~98% pure water with a
high flux rate, ranging from 430 to 605 L-m*h™
under gravity. This work represents one of the
best examples of developing environmentally
friendly porous membranes from seaweed
biomass.
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Figure: Schematic representation of separation of oil-water mixture through PFAMs.
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Low fouling amphiphilic poly(vinylidene fluoride) membranes

SYTHE!  Ufell(fdAgfeey  weiRigs)  (PVDF)
fofeerat FfaRea AR g/t R & 788 (1)
PVDF, Uiefi(feFiser uRRIfereM) (PVP), 3iR
EISISHERIESIREIERE) (PDMS) I

The amphiphilic poly(vinylidene fluoride)
(PVDF) membranes were prepared by: (1) non-
solvent-induced phase separation of a blend of
PVDF, poly(vinyl pyrrolidone) (PVP), and a
hydrolytically stable segmented amphiphilic



Uil (URI "eTs®lel) (PEG) & T © & Rer
TS SPRAS PR & s it R-cdw
IR =R geEaRuT §RT, 3R (2) Rufdea PVDF
s fRrfeeral Y 98 R FEfEd PEG iR
PDMS GRT g HeNe GRTI DIYIfTR BHIRET et
¥ PVDF & T S o 3fiR fsyor fafeemt &y
AT 7 ReR @ RO Ioder UfhaT & SRM,
PR Fag W i & Srar &, R adg
SYIRHE! I ST & (AT 1) 39 f[AwRId, PDMS
3R PEG U&h hiIfeids Aead AxeHT BT f+Hfor axay
g (AW 2) PDMS SPF fifeetal & a8 wR
T Bl 1.7% wiw PIATR P HIRET 8et ¥ e
3 GIR Y TS fee! 7 ST 280 L-m>h ™" &7 GFT
T TTE &R 3R 99% I 37fereh et T 37eRTY YR
febaT, mer &) 0.35 IR & o] S91d R Fthace-fad
IR Fhace-ReR dof-g9-diey 39T &l fthoex
PR b SIS RTHT 99% b FeTaT Repas! SIUTeT UTH
Il IRe-HNfT ITger fereatt 4 off >98% &
Ty et 3R &9 TS BeforT Jgi Hafid
N 3D AR, e fBrectt 7 TR (CImRefenT
ToT 21 FAYSIOT 3R UIRS-AE H2ATE b HTEH 9 (IR
& S frfoctal it et TCwERSfeRT fearsn’
PEG WHcH & §899M U9 3R PDMS HcH
& BfeiT Refior fagmyarsn’ e S e Sirar 81 59
upR, fRifeetal H Adel i wefert Refist 3iik

copolymer (containing urethane linkages) of
poly(dimethylsiloxane) (PDMS) and
poly(ethylene glycol) (PEG), and (2) surface
modification of the reactive PVDF blend
membrane using functional PEG and PDMS.
The copolymer was compatible with PVDF in
the casting solution and remained stable in the
blend membrane matrix. During the phase
inversion process, the copolymer undergoes
surface segregation, rendering the surface
amphiphilic in nature (case 1). In contrast,
PDMS and PEG form a crosslinked network
structure (case 2). The PDMS domains are
heterogeneously distributed on the membrane
surface, facilitating fouling release properties.
A membrane prepared by adding 1.7% wjw of
the copolymer in the casting solution exhibited
a permeate water flux of approximately 280
L-m*h™ and oil rejection of over 99%, with a
flux recovery ratio as high as about 99% after
filtering  surfactant-free and surfactant-
stabilized oil-in-water emulsions at an applied
pressure of 0.35 bar. The post-modified
amphiphilic membrane also showed >98% flux
recovery and low protein fouling propensity. In
contrast, the pristine membrane exhibited
poor antifouling properties. The good
antifouling properties of the membranes,
prepared through blending and post-surface
modification, are attributed to the hydration
effect of the PEG segments and the fouling
release properties of the PDMS segments.
Thus, the dual effects of fouling release and
hydration are operative on the membrane

Dangling

POMS-Tinked-PEG

PDMS ons
m PEG §60048¢
® Foulant 4 Both-end tathered

Reactive membrane npe  POMSDinked-PEG

R
o g 4838 3

o frs1vr SiR give - faifoeral § PDMS S SR PEG o &RT a5 arquf s & 40T 1 o

Figure: lllustration of formation of heterogeneous surface by PDMS domains and PEG chains in the

blend and post-modified membranes.



EZSIH & SIEx U prfefiet & &

surfaces.

Sep. Purif. Technol. 232 (2020), 115940-115951.

J. Membr. Sci. 583 (2019) 278-291.

Urei (T e TS TS -B-2-3TRpaTRrST-2-A e -1 -Mu=Tewi e TRTS) &
PIATIFS PI-Acdd hiedT Taadl fHfeed: saacsrfaii & fag uge=
ferseor

Crosslinked poly(acrylonitrile-co-2-acrylamido-2-methyl-1-propanesulfonic acid)
conetwork cation exchange membranes for electrodialysis performance

HRIOT UMY F dfefi(UfshelTserger) iR diefi(2-
HRpeTEe)-2-AReT-1-TURTehIed  TRTS) (PAN-
co-PAMPS) & V&H BIUIfeTR & AR T8l P
T BISGIOM BISSC I STIEhia HicIshaT eMfiet 2l
S T AFFRT BT PIUMFRISIHLT PAN & &
ERSDING 3R PAMPS & gssIfthferd amafid
ST & i Frsfigdr o gear 8§ S e
i 7 ATSoIUT JIGHRUT BT RIhT ST 2l fereett
Afca § DIS HATSHIT JIFHRY 7 8 dlet! FHH
vy § GaRT S dicged & are e[S, Pi-
HfCIeRT S1aC @I DSC, DMA, TEM, 3R AFM
frereu & ArerT § gt $ 6 pRifeire HicaT
TaRTaT feifeeral (CEMs) &7 SUANT & HTea & Tt
& QIR R o forq fopar mam

PAN-PAMPS-2

PAN-PAMPS-2

The synthesis strategy involves the sequential
reaction of hydrazine hydrate with the nitrile
moieties of random  copolymers  of
poly(acrylonitrile) and  poly(2-acrylamido-2-
methyl-1-propanesulfonic  acid)  (PAN-co-
PAMPS). Copolymerization of these two
monomers enhances the miscibility between
the relatively hydrophobic PAN and the
hydrophilic ionic PAMPS domains, thereby
preventing microphase separation in the
membrane matrices. The homogeneous, co-
continuous morphology, with no microphase
separation, was confirmed by the uniform
distribution of color solutes in the membrane
matrices, as well as through DSC, DMA, TEM,
and AFM analyses. The crosslinked cation
exchange membranes (CEMs) were utilized for
desalination via electrodialysis.

—

PAN-PAMPS-2

e geaifad PAN-PAMPS-2 1 3iiftcdel ATSHIATS (A) (&, (B) U1 & et, 3R (C) #efidli & S8

3T e 5

Figure: Optical micrograph of representative PAN-PAMPS-2 in (A) dry, (B) water wet, and (C)

methylene blue dye absorbed states.

Polymer 180 (2019) 121680
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Preparation of new CgH,F;-polydimethylsiloxane membranes: Effect of cross-
linker amount

5-50 T9% CIRFARI (WRFRI-iacrgel)Rie &
qr PDMS & Hi-fdfdT aRdp IR & T8
CgH,F ,-UlctiesresaRiciad (PDMS) farfeerar
B I AT WM 17 ISH% Pia-fefex arell
f3reett 7 180 g m™2 h™' & 3IRIT Folay & AT 18
BT IPE /AT fae uries T, Sefdh 5
TT% PiI-fofdx aTett feteell ¥ 345K TR 190 g m™
h™ @1 aAftesad FeradT iR 16 &1 fve ot
effa famam g9ter 3k oMl & uREE & forw
FfRIor St HHM: 29 kJ/mol 3R 25 kJ/mol TS
T, S 9l & fb 78 fereel ey Ruids PDMS
frfoerat &t Jem o Sta-gter Repert & fory arfire
TS &l

C8H4F13-polydimethylsiloxane (PDMS)
membranes, prepared by cross-linking PDMS
with 5-50 wt.% trichloro(perfluoro-octyl)silane,
were investigated. The membrane with 17 wt.%
cross-linker exhibited an excellent
ethanol/water separation factor of 18 with an
average flux of 180 g m™ h™, while the
membrane with 5 wt.% cross-linker achieved a
maximum flux of 190 g m™> h-1 and a
separation factor of 16 at 345 K. The activation
energy for ethanol and water permeation was
found to be 29 kJ/mol and 25 kJ/mol,
respectively, suggesting that this membrane is
more selective for bioethanol recovery than
other reported PDMS membranes.

Sep. Sci. Tech. 54 (2021) 329

ieT-um Rt TR fareeht & shuifgR

End-of-life Reverse Osmosis membrane rejuvenation

& 3id- U Rexd i RT (RO) frfeeral & forw
THTET [IeRICT T &< Ueb HishaT epriteh faehiRyct
T &1 &9 N T$ RO ferfecrall &l grrsiifer v el
& 3fR 372 ifeber T RO, STURTE SfeT T: SUANT, AT
SFGTheGeT ST FHI/ debfedes SIERNT H SUANT
PR T 81 B IR @l S sitenfie ffeeat
@1 Sfrer T RO 3R sregTfhegerd St fRrfeerat o
iRafcie fohar & 3iR Ive TR AT depfede Ao
& fog g s foar 81 @l w8 frfeerar @1
e sy & fog Suarh ferfeet #
gfRafe faar mam &:

1. PH-TAUIIT aTel Sifdper aFT BT fderauiieur 3k

STRIE STeT STAR/YT: SUANT|

We have developed a process technology
aimed at providing a solution for end-of-life
Reverse Osmosis (RO) membranes. We can
rejuvenate discarded RO membrane elements
for the same or alternate applications, such as
brackish water RO, wastewater reuse, or
ultrafiltration. We have successfully converted

various discarded industrial membrane
elements into brackish water RO and
ultrafiltration-like membranes, repurposing

them for similar or alternate applications. The
discarded membranes have been converted
into useful membranes for the following
applications:

1. Low-salinity brackish water desalination and
wastewater treatment/reuse.



2. JaT6 TR TQIaR, olfchd vl SRAIPRT He
IV R §Y, HeT SFSRANT T 311Rreh fereeio|

3. 3regTfthog e St frfoert # ufkad

BT el FHTET 7 et ftfoel & Sita @
IR IR IR J Jer fFHfor v, afed 7Y
frfeerat T AT &R S Icure F I MHerew i
I BT HH PRp TR BT AT AT GgTT]
SENT-faf3re e fAaRyd foe o <8 € arfe 59
TTehiTch T 3TTel TR TFeb of ST ST Teb

T JRIeTC Wi Jfdem CSIR-CSMCRI AR
TRTURACe diec B ¥, e iR HienfieT fmmr
SR T AT TR o e SrTfie &t 718 &1
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2. Partial  substitution for the original
application by enhancing flow rate while
maintaining salt rejection performance.

3. Conversion into ultrafiltration-like membrane
elements

The solution we have developed not only
extends the life of membranes and creates
value from waste, but also benefits the
environment by reducing the demand for new
membranes and the associated greenhouse
gas emissions from their production. Industry-
specific solutions are being developed to
advance this technology to the next level.

A pilot plant facility has been established at the

Experimental  Salt  Farm,  CSIR-CSMCRI

Bhavnagar, through a project funded by the

Department of Science and Technology.

e urifite Hiee B, CSIR-CSMCRI HIaFR 4 URIeic Wiic Gl i &1 g &
Figure: Pilot plant facility created at Experimental salt farm, CSIR-CSMCRI Bhavnagar.

STeT W fder 3= #t ge™ & fAT SIa-31aeny® & w9 § ST SioT Felt BT
3TfRTE SUTRT

Waste of Jatropha seed cake as bio-adsorbent for mitigation of toxic ions
from water

T ST H, SICIHT & IUfE AN Welt A H
AfpT e (@t P & 9E) Y AT fd
IRIRITe Qe b IT & 3TR{fh g™ & forg Sia-
NS (AC-JSC) & BT H SWINT fhar mm
IR I GRT I Fatropha dST Telt &
IR P ARG g & fov w dwifad &
AT 1T e T ST el 81 RIS g™ 6t
EAT BT AP I b forg fART urRifie

In this study, activated carbon derived from
Jatropha waste seed cake (after oil extraction)
was utilized as a bio-adsorbent (AC-JSC) for the
removal of arsenic from water without any
chemical modification. The Jatropha seed cake
waste generated by the biofuel industry can be
considered a potential low-cost sorbent for
removal.  Various

arsenic experimental

parameters such as adsorbent dose, feed



AIUES], ST JEATD DI HAE, Bl Al B
HiedT, pH, 37K T THI T 31ega= T T AC-
JSC 7 AhAYEd TRIFD BT g Pl T

AT (WHO: 10 pg/L) & e & aR fm srgenor
TR Hiset, T SR (b = 146 AsV & fog,
3R b = 96.1 Aslll & forq) 37k Sheforar (Kf = 0.671,
n = 0.350 AsV & foTq, 3R Kf = 0.964, n = 0.250
Aslll & foTa) onfiet €, T STRRT sraenyor iy &t
quie axT & foIv fear wm ad9H uumelt &
SIS 3Ty A Jg Hod e & 6 a8

SFIRITUT TfepT Tl off (AG = -8.58 KJ/mol
AsV & fe1w 3R AG = -8.60 KJ/mol Aslil & foTo)|

solution concentration, pH, and contact time
were studied to evaluate the arsenic removal
efficiency of AC-JSC. The AC-JSC successfully
reduced arsenic concentration to within the
permissible limit (WHO: 10 ug/L). Adsorption
isotherm models, including Langmuir (b = 146
for AsV, and b = 96.1 for Aslll) and Freundlich
(Kf=0.671,n =0.350 for AsV and Kf = 0.964, n =
0.250 for Aslll), were used to describe the
adsorption kinetics. Thermodynamic studies

indicated that the adsorption process was
spontaneous (AG = -8.58 KJ/mol for AsV and AG
=-8.60 KJ/mol for Aslll).

RAr: 3IRITA 9ner & forv Sig-3ra9nses &1 St 37k Suai

Figure: Preparation and application of bio adsorbent for arsenic remediation.

International Journal of Scientific & Engineering Research 10 (2019) 1053
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AR BT 7,500 fbHT el Tev@r o FeT Sarer S Wl BT faeneT FHeN 8, ST8) w@rTds w7 4
840 TATRIAT TS ST &, R4 A 30 T Hecaqul 311Rfeh Hedr 81 CSIR-CSMCRI AR T 2aTet
SR P HC\FCIEP?FT q 3pruft T&T 21 AR 7 Gelidiella spp., Gracilaria spp. 3R Kappaphycus
alvarezii St T SATICrAT bt Wll Tebrilep! b1 fAepIRT fepaT 81 qIfeferirg o Heud H e JR17 Tettet
e T (1967 H TA1MU) T 1,000 F 3R AGIIRT BT TR refifdaTt Uar $T &1 CSIR-
CSMCRI 7 Kappaphycus alvarezii 3TR Gracilaria edulis & I U9 I &P foIT SHded Gad=
3IR SIST IcuTe depeiiept T At R T 81 BTt &Y Ugell H SFeH e UR Al daTet dr Wit ar
oY srgraT et 8, S8l URide R R Kappaphycus alvarezii, Gracilaria edulis 3TR G. salicornia &t
T AT AT 81 8T 81 WA o AT-HT, TR 7 Iod o dTel ScUTal oI WR, WRIST, HesiH,
Ufesie iR RIRCHeICH & I BT IGI & fo1q STSRe HIRARHAT H Y fRIvsidr Te &7 81 37
Tl SENffRaT 1 18 I 31 eI DI AHAIYED BRI bl TAT 8, T 7 PpaeT AT
faeped U Bl &, Ifc TSk &3 B ASFIR & 3R Y UeT oxall €, "Hep 7 SfeaT” Uget o1 aaef
PR BUI 37 e H, CSIR-CSMCRI &1 a¥ 2019-20 H 39T SaTet HTenfifdsal & ot Suetieerr st
ORI Rl 8 TG & BT &, I TRt T Serrer ST faere SiR 9Ra # 31ifefe Wy & ufr S|t
fcragar o gufar g

Thematic core competence

India's 7,500 km coastline offers vast potential for seaweed cultivation, with 840
naturally occurring species, 30 of which hold significant economic value. CSIR-CSMCRI
has been at the forefront of algal technology development, particularly in adding value
to Indian seaweed biomass. Over the years, the institute has pioneered cultivation
methods for key species like Gelidiella spp., Gracilaria spp., and Kappaphycus alvarezii,
ensuring a steady supply of raw materials to India's seaweed industries. The Marine Algal
Research Station (MARS) in Mandapam, Tamil Nadu, established in 1967, plays a central
role in these advancements, developing cultivation techniques and supporting
sustainable livelihoods for over 1,000 fishermen along the Tamil Nadu coast. Notably,
CSIR-CSMCRI has advanced tissue culture and seedling production technologies,
producing elite seedlings for Kappaphycus alvarezii and Gracilaria edulis. Recent
initiatives have expanded seaweed cultivation to the Andaman coast, where pilot-scale
operations show promise for large-scale cultivation of Kappaphycus alvarezii, Gracilaria



edulis, and G. salicornia. Alongside cultivation, the institute has developed expertise in
downstream processing, scaling up the production of value-added products like agar,
agarose, carrageenan, alginate, and biostimulants. These indigenous technologies,
successfully transferred to over 18 industries, not only provide cost-effective import
substitutes but also create employment opportunities in coastal regions through
seaweed farming and industrial applications, supporting the ""Make in India" initiative. In
this context, CSIR-CSMCRI is proud to highlight its achievements in algal technologies for
the year 2019-20, demonstrating its commitment to sustainable seaweed industry
development and economic growth across India.

& arer TR Y- swer

Microalgal based y-linolenic acid
U TR Hieel Pl GeH AT I Sed-ged dlef A sustainable model was developed for the
production of high-value products (y-linolenic

acid, e-polylysine, and protein powder) from

STET (Y-forielfFa e, £-UfefiamgRie 3k WieH
qr3ex) & I & forv fSoimes fbar i, o=y
HET AT F B H NI FEHEAC BT IUIAT
foraT T 200 SfeR 3R 20 Ffed Hiex & T R

microalgae using a greener approach, with
ammonium bicarbonate as the carbon source.
A biomass yield of 1.67 g/L/day was achieved

e ddrer ot g P fory SHIMTH aIgprie o
SHRINT &R §Y 1.67 TH/ATC/ET &Y IR IusT
OTH T TS| Pl forfUs SUST 21% T@ Al gk &
Fef 7 T B TS, R y-foretfa 3pet e
7% G Aol I & FEH F ol feepftia gew Qe
BT AT AT IRIST fTorT 31k arics faferar et
PIACTHTT & AT I Y-oTlel e 37eT T agett &b

fore gferane faar mam
Mass cultivation

Generation of 200 L
inoculum

Purification using argented

y-linolenic acid -

2

-~

silica ge

using ammonium bicarbonate for microalgal
cultivation at scales of 200 L and 20 m?. The
total lipid yield was 21% of the dry cell weight,
with y-linolenic acid constituting approximately
7% of the dry cell weight. The extracted
microalgal oil was further processed through
urea fractionation and argentated silica gel
chromatography to recover y-linolenic acid.

Sundricd Chlorella
Biomass

Microalgal oil

Total lipids.
| chromatography (Tous |p )

Deoiled biomass

o e dlanet iTeRa HT-oricH e 3reT Seure b forg Ferd Fiabal

Figure: Sustainable process for microalgal based gamma linolenic acid production.




Unravelling the mechanism of action of seaweed biostimulants

T Qeret YRS JRIRCHeied | &8 |fehd e
BT &, 31k I8 TS o & qRITReHeied 5 R
SCUTEEHAT JQIT & IR a1 AeAefierdr Ue axd &,
A FHY A 989 BT A9 T&T 81 39 U8 T IR o b
foTq, =erept & TGl IR Ueb SRANT febart T, T Tt
REICEC IR S aes B e o ML I CIS
JRIRTHeIC  (KSWE) &7 SFFRIM  fpam
JeTTTcHe e o forq Sfyer o of s <
TN S $ TNPEM Bl 3 wieh™ BT
SYART PR AT AT TIT 3R R0 g & [rer
T T TSI GROMET o fPIwor I OaT Tt 3 AicA
g wfcifeear, e, fodoe e, s@H
FATR, ST IR felfis Ty, T 3iiR witor
PSS IATTY, YSia ARIfpaTAl, a1y HeeH,
ST TRYS TRITIRT, faeraIeTss gaTTad, SRIY
3R TSI TR I FEfT Ps S KSWE-
SUETRA iR 0T die o R ©0 3 ek 891 SIS
TRl R SERRM W SRS 3R
WRIGRAISW) P FeraT < arer ShAr &Y ety
gig <@ TS, STafch T AR GepIoT o T H BT
3TS1 A AT ey KSWE-ST=TRa dtei 5 T
TG P T dBR IS i, Mo I IuTe,
3R S § ST uve da ArElt SR wurd
ATl A 3TV AE Hel W 2l

Seaweed-based biostimulants contain a variety
of active constituents, and understanding how
these biostimulants enhance productivity and
impart stress tolerance has long been a subject
of debate. To address this, an experiment was
conducted on maize plants subjected to water
stress, with the concomitant application of
Kappaphycus seaweed biostimulant (KSWE).
Appropriate controls were maintained for
comparison. The transcriptome of the roots
was mapped using the lllumina platform and
compared with the control group. Analysis of
the results revealed that several genes involved
in pathways related to protein metabolism, cell
wall development, signaling, transport, stress
response, development, secondary
metabolism, hormone metabolism, DNA and
lipid metabolism, major and  minor
carbohydrate metabolism, redox reactions,
metal handling, amino acid metabolism,
nucleotide metabolism, and TCA and nitrogen
metabolism were differentially expressed in
KSWE-treated versus control plants.
Upregulation of genes promoting enhanced
root growth, gibberellic acid and auxin
signaling, seed development, nitrogen
metabolism, transport, and antioxidant activity
(e.g., glutathione S-transferase and
peroxidases) was observed, along with
downregulation of genes involved in starch and
sucrose degradation. These molecular findings
correlated well with morphological
observations, including improved root growth,
increased grain yield, and higher nutrient
content in the roots of KSWE-treated plants
under drought stress.

Journal of Applied Phycology, 32(2020) 599-613

I ATt T QAaTeT DY ATHRT AT R IANFTRIDPRIZS THT THIS AT

Sugar contents and oligosaccharide mass profiling of selected red seaweeds

PUTRIEHT TR (Doty) Doty ex Silva,

AifergRar  Aexer  (Greville)  Kylin,  ITRTIRAT

The sugar contents and oligosaccharide mass
profiles of Kappaphycus alvarezii (Doty) Doty



difcarer (J. Agardh), 3R MR Piféarer var.  ex Silva, Solieria robusta (Greville) Kylin,
fafeifgdT  Borgesen & od_T AT 3R Gracilaria corticata (J. Agardh), and Gracilaria
INMMAINIZS G UIHISIeRT & 3ed fhar  corticata var. cylindrica Bergesen were studied.
T e Py T FHGl Adrer B Sfg AT H - The sugar contents in the biomasses of these
SART I AHT F I TR WURY & oy Fod  seaweeds indicated their potential as raw
qieT & AYTIT Hd 8 Pl Gobd feam theeMiol  materials for biofuel conversion. Fractionation
T & pifdrer RYRT Tl @Y Soll exep 97dwT ' improved the sugar yield by loosening cell wall
IUST A R g7l fAf=T iferept BT fel T FTIR - components. FTIR analysis of different cell wall

o mrplie gls TRREGTT 5 PUTHRHEd SITanstl, THORAT 1G], TR PicHIeT 3R
TTRICIRET BifcdIcT var. RifeifgaT a1 Sl

Figure: The thallus of K. alvarezii, S. robusta, G. corticata and G. corticata v. cylindrica in natural
growth conditions.



fA R0 I TR ECel H IR DT Gell
aRar 2 PIf¥er kT % MALDI TOF-TOF MS
v & e Sfee @ik nfaefier defR Aead @
gdT Il PERRHT JAIRST T Jad  3fferdh
MNfFIITRTSS SHISAT BT IS BT, 3P a1
Fﬁﬁﬂrﬁ?ﬂ W, TIRIAIRIT  pifcdIer  var.
Rifeifgar, ok mRieRar aifwrer o1 T <& m
ROTHT 7 T QdTer ST AT el qRIRIeT Jedte
& oIy SUINT A BT FHIEHT BT Jo T HR)
SHBRT P SRR, TE LTI ollet Tar ddTet bt
MferMiaxTss Som™ MBI (OLIMPs) &Y
ygell RUTE 81 el =7 atet st Qrarer Sia el
P! TR IUTEA P foTY W Jepfode FATET &
<00 H T PR+ DY & DT fE Y, AR et T
dareT TRt @l &6 Rafege T @RI & ded Y
3N BAett & ©U H ABRIT HReT DY FHIET B
SR famam

fractions revealed structural differences in
their components. A MALDI TOF-TOF MS
analysis of the cell wall demonstrated a
complex and dynamic network of polymers. K.
alvarezii produced the highest number of
oligosaccharide units, followed by S. robusta,
G. corticata var. cylindrica, and G. corticata. The
results suggest the potential of utilizing
seaweed biomass for biofuel production. To
our knowledge, this study is the first to report
the oligosaccharide mass profiling (OLIMPs) of
The findings confirm the
potential of red seaweed biomass as an

red seaweeds.

alternative resource for biofuel production,
highlighting the potential of red seaweed
species to be developed as new industrial
crops under the Blue Revolution program.

Biomass and Bioenergy, 130 (2019) 105392

HRART TRIET H s 169 AaTer b IRBeT (MMBs) & FHTTRIT H1RoT 3iR
THTaT T ot
Finding probable cause and implications of marine microalgal blooms (MMBs) in
Indian Peninsula

AT 20 RIS AR I IR TSR afeRor R
R €, S YRT BT a1 3T F FIFT 7 3RS Sek
P NS < 8 BIefifeh, ¥ TR SRR J&d
darel & STl IR | WA BT &1 1908 H
Ugell IR &5 fhy U FeT ged darel IRpeT A
PR 2017 e, ARG TG D AU T
qeH T IRped (MMBs) $T 106 Raiel @
feaor fopar mT, arfs g9 ST dROT iR
TUTEY BT YT SR ST A1 110 8T & eqdT &
R Pef 154 MMBs &1 fdhU 7T, it 24 SfRT 3R 7
Tt A Ffrd N Noctiluca (Dinophyceae) 3R
Trichodesmium (Cyanophyceae) U¥HeT T
Ueet O, S8 HAM: 34.4% 3R 31.8% RS
f&am TRg e fARIwur (PCA) & Ul Fefl o Seer

Nearly 200 million Indians depend on India's
marine and coastal environments, which also
contribute approximately $7 billion annually to
the national However, these
environments are frequently impacted by
recurrent blooms of microalgae. From the first
documented marine microalgal bloom in 1908
to 2017, 106 reports on marine microalgal
blooms (MMBs) around the Indian peninsula
were analyzed to determine their probable
causes and implications. A total of 154 MMBs,
comprising 24 genera and 7 classes, were
reported during the 110-year study period.
Noctiluca (Dinophyceae) and Trichodesmium
(Cyanophyceae) blooms were the most
dominant, contributing 34.4% and 31.8% of the
total blooms, respectively. Principal

revenue.



TE §dg  dWEH (SST) SR g
Trichodesmium TRgeT & T & HEaqUf PR 2,
Safdh ST aNe dd WR (NO,-N, PO,-P, 3iR
SiO,-Si) 3R 7 Aaurar 7 Prymnesiophyceae,
Raphidophyceae, Bacillariophyceae 3iR 3rferepiar
Dinophyceae & wpe &I IR fHam Noctiluca
TS BT ISITheper 3R RibR Siar T JreRar 4
SIST TIT oM EPRS e IRped (HABs), S
fiC2IRCE] q Dinophyceae @RRT T B o, TR
T, JG [IThelT, TTehaRRe ARg fasTehall, RIgeT
faTehaT iR 8T T b 7oy off enfiret offt YR
UG & STRIYRT SST & Jedd &R 3R AHawId
o9 MMBs (HABs dfed) & gy 98T e &
3R Y SR USRI & I¥IRA DY AT BT qGT
el Bl S TRy Bl YRET & forg I St 3R
T TS Ao H BEDIRIT & WR Bl
R FRr Sy Sfud e SurTr @ feg S
Tzl

o
A e

Component Analysis (PCA) revealed that high
sea surface temperature (SST) and salinity
were significant drivers of Trichodesmium
bloom formation, while high nutrient levels
(NOs-N, PO,P, and SiO,-Si) and low salinity
triggered blooms of Prymnesiophyceae,
Raphidophyceae, Bacillariophyceae, and most
Dinophyceae species. Noctiluca blooms were
linked to both eutrophication and the
abundance of prey organisms. Harmful Algal
Blooms (HABs), primarily dominated by
Dinophyceae, were associated with severe
consequences, including mass mortality of
aquatic fauna, human intoxication, paralytic
shellfish poisoning, ciguatera fish poisoning,
and even death. Rising SSTs and increased
anthropogenic influences around the Indian
peninsula are likely to elevate the frequency of
MMBs (including HABs) and introduce new
causative taxa. To protect public health, proper
safety measures, such as routine monitoring of
phycotoxin levels in coastal waters and local
seafood, must be implemented.
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Figure: Historical records of marine microalgal blooms (MMBs) daround Indian peninsula. a)
Occurrences of MMBs and Harmful Algal Blooms (HABs) along the coastal marine environment are
mapped. b) Dominant group and genera of bloom forming organisms and their frequency of

occurrences around the Indian peninsula.
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R & =1 T 71 7 T3 @mer Tst d1arer Ulva rigida @Y 3=
HET § =T UR STeae
Studies on variation in the proximate composition of edible marine macroalga
Ulva rigida from different coastal zones of India

Ulva (Chlorophyta) STi_T &Y &3 TeTTfcrIT, St faenR
3 u7g STl €, S99 gfg R ofik arefegge, M &R
IGT T oo AMHT D HRUT 371 vy F Fgeqquf &
gletifes, 37 Uit T fepedl ot TroTTfer § eauep fapersor
arfl A% TUT ®Y J AR fhar T 81 39 3reTdT H,
& YRR d¢ & 15 A & Ulva rigida & 109
TIAl BT PraTEIRSe, AICH 3R =T &l 4T & folg
feperoT foha, Tt ST e M R IcUeT &
foTT FqTETRN BT Ut ST ol FrerelESe, M
IR T Y AHT FHH: 16.63 + 1.07% H 65.93 +
0.49% T Ao, 4.14 £ 0.45% ¥ 26.0 + 1.43%
T g, 3R 0.8 + 0.08% A 3.1 + 0.04% I
g9 & dr UT$ TS| YW TS fIREUr (PCA) F
JgaTRIH SeT AS H gHIed I SHeRI B
IS Jdclibd  UeM  fpar, ST e
UGNl BT 72.1% € &Rl &, R 99
HCH 1 Pl URAIT BT 38.7% AR TT ©Th 2
33.4% & foTq ITRERT B 3regd 7 g &Y fh
ORI & YT I WhH Ulva rigida &1 fpe o
Iod PETRIEST TR &b HRUT eNfid ST 6 o
ST &1 39 a7l BT d¢ T IR IR aca
TSRl & AHTIID-3TTeh faeprRT T AT TR &R
HandT Bl

Several species of the cosmopolitan marine
macroalgal genus Ulva (Chlorophyta) are
economically important due to their high
growth rates and substantial carbohydrate,
protein, and lipid content. However, a
comprehensive analysis of these traits in any
species has not been explicitly conducted. In
this study, we investigated 109 samples of Ulva
rigida from fifteen locations along the Indian
coast for their carbohydrate, protein, and lipid
content, with a focus on potential for scaled-up
production. The carbohydrate, protein, and
lipid content ranged from 16.63 # 1.07% to 65.93
* 0.49% dry weight, 4.14 £ 0.45% t0 26.0 £ 1.43%
dry weight, and 0.8 + 0.08% to 3.1 £ 0.04% dry
weight, respectively. Principal component
analysis (PCA) provided an interpretable
overview of the main information encapsulated
in the multidimensional data set, explaining
72.1% of the total variability, with principal
component 1 accounting for 38.7% and principal
component 2 for 33.4% of the total variation.
The study confirmed that the strain collected
from Gopnath, Gujarat, has high industrial
potential due to its elevated carbohydrate
levels. Large-scale cultivation of this alga could
contribute to the socio-economic development
of coastal communities.

J Food Sci Technol 56 (2019) 4749-4755

STeT STTe 3R gewffl & RrerfRrat & Salvadora persica L. & S s ATa=rt
TS BT AT IS eI

Metabolomic insights into key metabolic adjustments in Salvadora persica L.
during water deficit adaptation and recovery

SIeT 3T Ul T SedTadhaT Pl THR By I e
R & 3R AT DY YUITet! & fofT Teh 8T GeRT

Water deficit severely limits plant productivity
and poses a major threat to modern



21 gafery, JT-afesy gl § gEr-srHer IF Bl
THST B diel H el 3T |fesupn faeii
IRT & folg WHEITRAT IR o § JIIMaeTd &l
I ST H, QT aF1d & Ted RIS hISe
Salvadora persica ¥ TRITIRIT FHRIISH T HeATHT
R & foTT GC-QTOF-MS/MS 3R HPLC-DAD &t
SEIT @Rd §Y HCEIfeld  WIBIRion & Tl
NTEIATSE WIS A S. persica @I ufidl # et
68 HCEISed &I GgaM o T3, NFH defHD
31, JIMT 3, STdRT, STIRT SfedIEd, BFIA 3R
feiithAler el 8 aRumT & gar defm 5 g
TIa & SRE Iod DRGNS &
SIRAICTCSH, S AT AR dietialedd (i,
e, AN, Toiger, tRel, e, Reid
3R ARN-3IRICTeT), PIED 3T (TeideTRe 37T,

agricultural systems. Therefore, understanding
drought-adaptive mechanisms in drought-
tolerant plants is essential for developing
strategies to enhance desiccation tolerance in
crops. In the present investigation, metabolic
profiling using GC-QTOF-MS/MS and HPLC-DAD
was conducted to evaluate metabolic
adjustments under drought stress in the
xerohalophyte Salvadora persica. Metabolite
profiling identified a total of 68 metabolites in
the leaves of S. persica, including organic acids,
amino acids, sugars, sugar alcohols, hormones,
and polyphenols. The results revealed that
higher cellular osmolality under drought stress
was accompanied by the accumulation of
several osmoprotectants, such as sugars and
polyols (sucrose, glucose, mannose, galactose,
erythrose, sorbose, glycerol, and myo-inositol),
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Figure: Schematic representation of metabolic pathways showing the differentially changed

metabolites in S. persica leaf subjected to drought stress and recovery. Thepathways were
generated based on information obtained from KEGG database. Red and green denote increased and

decreased metabolite levels, respectively.



asfed  ard), 8k oFMT  eme  (Tenf,
fRTSATRT 31 TRIRIRF) & o & wTer ol S.
persicaﬁWWﬂWﬁTWWﬁWW
U dF St A dreM fam 6 e,
TS, persica aﬁ@&ﬁﬂ?ﬁ@;‘c’ R8T g™ hll KEGG
uRld TERme faewnr 9 fewmr f uRafda

NeEIdTEed e 3R Joplol Heraifersd, felde s

YeEifersd, FNICIT Hhidhe HeEifevy 3R
fFTgeTgen™T AeTaiferss & S AN gAwifY & SR,
TeMe AeEifeled # s HeEIesed H Hew@qul
aRac ST T S 3T $ IR0 AT & fh
T fAfFET ¥ SRIBAIRISE S. persica P J&
I Reerfc H SrJeper PR HETH SR 5 LTI
A U THPRT BT STIRT SHfcdh SoanT iR

ST GRPIUT & HATETH § Bell § G Fiesufr
Il @ & fdsam S

organic acids (galactaric acid, tartaric acid,
malic acid, oxalic acid, and citric acid), and
amino acids (alanine, phenylalanine, and
tyrosine). Upregulation of ABA and JA
contributed to early drought tolerance in S.
persica. Additionally, the accumulation of
coumarin, gallic acid, and chlorogenic acid
provided antioxidative defense to S. persica.
KEGG pathway enrichment analysis showed
that the altered metabolites were associated
with starch and sucrose metabolism, galactose
metabolism, inositol phosphate metabolism,
and phenylalanine  metabolism.  During
recovery, metabolites linked to lysine
biosynthesis and alanine, aspartate, and
glutamate metabolism were significantly
altered. The findings of this study suggest that
coordinated regulation of various metabolites,
metabolic processes, and pathways enables
the xerohalophyte S. persica to adapt to
drought conditions. The knowledge gained
from this study will help develop drought
tolerance in crops through genetic engineering
and breeding approaches.

Plant Physiology and Biochemistry 150 (2020) 180-195
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CSIR-CSMCRI B SFTHR 5 Hecaqui WHTiT &R T &, e 421y s & it darer df Wl 3k
AT Q& ST SHg-HHTERT, WRIDR BABIZSH, b Tl SYANT IR T DSk febaT SiT TeT &1 Feel
BT TR Uep URAT iy HiSeT faepRa et b fem # 8, ST 371fefes w0 & aIrwe 81 3R uafavur &1 gfe
R ofY fepTas Bl Mrer T Jey &1 Ulel Y SAfde T, feryepR efaure, & ufcr demiefierd &l dxst
TR 3ET &, R aMuTfaes a1edae i fob tharereie ST ifa, HISTaifiesT, 3R Hemialiied enfie 8
S AT, Urel BT Incidp HAL Teb1pT IR TTANRID STRITADT DT I~ drT W AT IR T
T 8, i Sifdes T & TfeT d8<iR AeTieAd dTell Bfet fAepfRaeT T ST Aebl A SarreT SATeTRe
IRN-ReHeicd BT IWAM PR Hcll & UINUT JeeH DT qrifiesar f T8, e Ieed IR
ITEDT R ORI H FGER BRAT M AMHTg b FUSUH (IFTIRA) § Ry 7309 Tt Read
T (MARS) 7 ST SHaTel el W1 UR 79T Alehd BRI SIRY I, R e Faral ar TiRreror
IR STRAAT Y& T T3| 31 Hewaqut &5l o Tt arel e arl-Redelied, a9t daret 4
ATSShIe BT SIa-IcATST SMIeT 81 J&H AaTer STETRT ARI-RTgRI & & 5 HT ALATT BT BT Aol
* 3TRY 9T, ST Jefdl iy &b o1&y H ANEH < V8T &l 39 HIEH fqavur & rer, 87 2019-20 &b ERM Y
fry & ST fobT U o I Brif bl IR el 8T HRIT &

Thematic core competence

CSIR-CSMCRI continues to make significant strides in agricultural research, with a strong
focus on seaweed cultivation and the sustainable use of coastal and marine bio-
resources, particularly halophytes. The institute’s efforts are directed towards creating
an agriculture model that is both economically viable and environmentally sustainable.
The research has emphasized understanding plant resilience to abiotic stress, particularly
salinity, through molecular studies, including functional genomics, proteomics, and
metabolomics. Efforts were also concentrated on advancing plant tissue culture
techniques and genetic engineering for developing crop plants with enhanced tolerance
to abiotic stresses. Nutritional management of crops using seaweed-based bio-stimulants
remained a key area of interest, aiming to improve both biomass productivity and crop
quality. The Marine Algae Research Station (MARS) at Mandapam (Ramnathapuram),
Tamil Nadu, continued its active work on seaweed cultivation, providing training and
outreach for coastal communities. Additional focus areas included the development of



seaweed-based plant bio-stimulants,

seaweed-derived feed additives,

and the

bioprospecting of microbes for valuable products like enzymes, pigments, and
polyhydroxyalkanoates. The institute's work on microalgae-based biorefineries also
gained momentum, contributing to the sustainable agriculture agenda. With this
overview, we are pleased to present some of the significant accomplishments under the

agriculture theme for 2019-20.

BRITCHD TTeT P W H ISUBICTHRT AT AaTeT &Y &R

Potential of tropical seaweeds as a functional food

TS daTe dlellthied], Feldiiaed 3R 3!
TS S $% HedieTeed &l T9% A 8, 3R 578
URIITS <211 H U T & QT yardf a1 @rey gRepi
¥ ®Y ¥ WA fhar Srar W@ 81 SRfTE AR
(ORI, 9Rd) & WRTE O F 18 UgR AHT H
I ey TS AT (AT &, IR R AR A1
ATeT) T fobu U, 3R SHb Blferd, FelaHs
3R arfiFr TRie wxaHTeN @r eruEe fahar
forfaae  pHCHTH/ART TagRDddT F  Fe@qul
UTeATthITeRT 3R Tl Iae™ Bl SURRITT T GeTrT
fhaT BTS-IRWBHH fIfdrrs SHCRTHT ¥ 19 HTpiid
o oirs, &chrw, ArRRNIfes, muemfm,
PFRRIE, FRATCH, YOI 3R egfeT enfiie 2
A 31feh AT § Wehifdad URIS (Ulva fasciata H

26.3 mg g'1 DW) graT =T, 9% 91 Ulva lactuca
(20 mg g ' DW) 3R Grateloupia indica (11.5 mg
g~ DW) H 9T TR Y &Y 3IR efTeT s datet §
etm Qﬁil?; ‘T\\_rl:q’ T, e Amphiroa anceps q
JRT 31fed (9 mg g~ DW), SAP 1€ Caulerpa

racemosa var. macrophysa (8.5 mg g ' DW) 3R

Caulerpa corynephora (4 mg g ' DW) F grRIT =

Pl P TR 31ferd AT A. anceps (14 mg g °
DW) q tﬂ'{f ‘Ts‘ s?:l%ﬁ g C. racemosa var.

macrophysa 3R Spatoglossum asperum (11 mg
g ™' DW) § OIS TEI 3T TS, ST AME STER W

Seaweeds are a rich source of metabolites,
including polyphenols, flavonoids, and amino
acids, and have been used as food or food
supplements in Asian countries since ancient
times. Eighteen abundant tropical seaweeds
(seven green, four brown, and seven red) were
collected from the Saurashtra Coast of the
Arabian Sea (Gujarat, India), and their phenolic,
flavonoid, and amino acid compositions were
analyzed. Liquid chromatography/mass
spectroscopy revealed the presence of
important polyphenols and flavonoids. High-
performance liquid chromatography detected
nineteen natural flavonoids, including ascorbic
acid, gallic acid, catechins, myricetin,
proanthocyanin, kaempferol, quercetin,
apigenin, and lutein. The highest concentration
of ascorbic acid (26.3 mg g™ DW) was found in
Ulva fasciata, followed by Ulva lactuca (20 mg
g" DW) and Grateloupia indica (11.5 mg g™ DW).
All green and red seaweeds contained gallic
acid, with the highest amount (9 mg g™ DW) in
Amphiroa anceps, followed by Caulerpa
racemosa var. macrophysa (8.5 mg g' DW) and
Caulerpa corynephora (4 mg g' DW). The
highest catechin content was found in A.
anceps (14 mg g*' DW), followed by C.
racemosa var. macrophysa and Spatoglossum
asperum (11 mg g DW). Amino acids, essential
primary metabolites in the human diet, were
also measured. Among the green seaweeds,



TN & FHsl 2Tl H, Caulerpa ENIRDIG RIS
(0.2 mg g~ WIEH), @A (0.5 mg g~ WITH),
ARRIFA (0.4 mg g~ MEH), BATA (0.2 mg
g~ Ui, A (1.3 mg g~ UICH), WIS (48
mg g~ ' M) 3R TRRRAA (28 mg g~ M) &hi
T I q1=T fﬂ‘sf ‘Ts‘l ollel @jﬁ’f daTeT Gracilaria
corticata & HR-TH& Y R’ﬁil?&r AfSr (1
mg g ' M) 3R RIS (9 mg g ! W) &
RERKCIRCRIEIRIERIN

Ig eI S € fb Ieurepfeseiy Fst e,

S Caulerpa spp., Spatoglossum asperum,

Stoechospermum polypodioides, Gracilaria
corticata 3R Grateloupia indica, PRTHD GIRT
3reRya AT S SR GRepT & 7 H AHTGIY frgred

gl

the highest levels of leucine (0.2 mg g~
protein), lysine (0.5 mg g™ protein), methionine
(0.4 mg g protein), phenylalanine (0.2 mg g™
protein), valine (1.3 mg g™ protein), proline (48
mg g protein), and tyrosine (28 mg g
protein) were found in Caulerpa species. The
highest concentrations of sulfur-rich amino
acids—methionine (1 mg g" protein) and
cysteine (9 mg g protein)—were detected in
the red seaweed Gracilaria corticata.

This study highlights that tropical seaweeds,
including  Caulerpa  spp., Spatoglossum
asperum, Stoechospermum polypodioides,
Gracilaria corticata, and Grateloupia indica,
show promise as functional food ingredients or
dietary supplements for daily consumption.

Journal of Food Processing and Preservation, 43 (2019) e14266

uiRRrerfidi-frfrnaiforee ufaferamd
Population structure and developmental stages associated eco-physiological
responses in Salicornia brachiata

O~ O

ATfTDTIAT STRRITET (Roxb.) ¥ SR TRTHT 3R
frfornatirmer uffraren @1 sregas far m
T Rrbiepl 7 BelltIsicd Ffdl & dg
Tferep T STRRITET & T4 BT &t wrferpifiar
STfETeT $F cEFRT § P Elel enTaT ulel @ STt
R SR AR U A gocp qRRARIT H =T ebr
PICIAYdD STANT PR H HaG Pecl &l drdl &l
oRugadT & A1 Na+ &7 GO gl T
Tferep T STRRITET & Saelet & SR et el
o IS BilcTl DT HIcIeTd DI f+ieh Tl e Joril
M UrIT T NS &AT N SIS well dr
ANTS Preif-ep EAl DT o H DIl Aferes oM
ABEFD el FRT ST~ AHRIHD ©NeT &Far =

The population structure and developmental
stages associated with eco-physiological
responses in Salicornia brachiata (Roxb.) were
studied. Vegetation indices indicated the
dominance of S. brachiata among halophytic
vegetation. Lower solute potential in the
shoots of S. brachiata helps the plants
conserve and efficiently utilize water under
physiologically dry conditions. The
accumulation of Na+ increased with plant
maturity. The percentage of inorganic solutes
in relation to total solutes was higher
compared to organic solutes throughout the
life span of S. brachiata. The contribution of
inorganic solutes to solute potential was
significantly higher than that of organic
solutes. The negative solute potential
generated by inorganic solutes helped the



& foTy Solf T st Ry o Hag Y, oy aiTeAIfeen
R SHIY TSI Tepl Y eI FHD It
uftpaT # SrpEE Bldl H e iR 39 -
EAIhTSE H FHE SFIGHer UMK Bl FHeT TR I

SRPIVT TS ol 2

fRr: <. STferRITeT @ 1A= fdprRIca® 3/avei- (a)
I[3TT 3R (e) QUf JgTaweT 3Tl

plants conserve water and save energy by
reducing the need to synthesize organic
solutes for maintaining osmotic homeostasis.
This study provides physiological insights into
the role of inorganic solutes in the salt
acclimation process and enhances the

understanding of the salt acclimation strategy
in this euhalophyte.

I, (b) JI&-2RYI-1I, (c) BT, (d) GgTaTeel Bl

Figure: Different developmental stages of S. brachiata— (a) Vegetative-l, (b) Vegetative-ll, (c)
Flowering, (d) Senescence start and (e) Senescence complete stage.

Aquatic Botany, 166 (2020) 103272

T TR ¥ P HadT SR Grer gor

Callus culture and plantlet regeneration in female date palm

TR (Phoenix dactylifera L.) ¥ GTeil & 3igRuT 3R
I T &b ERM ST & bt FHRT T i
&1 v 81 7 el & goo= WErRS e picTe
rcfebl BT SUINT &Rl §U HIGT TR & el e
3R dly gl & fog T Hicieler i faar
T aAAIcd (89.332.67%) 1 0.8% arap-Sicl
aTel HRIRAT 3R TP & YR ATEIH R Bl Pl
S fear, S 100 T TE-1
dfeffarTgeTsRifers, Teaifaed RIS 3R i,
50 T Tet-1 Wrsfoe TS, TS dethe iR Ue-
I & B9 H TNTP; 0.1% AfhT TRDIA (AC);
100 T Tod-1 2 4-STsdaRbIITAesd TRFs
(2,4-D); 3R 3.0 T Te—1 2-3rganeZATS T
(2-iP) aNfEret &1 ST HIE Y 31T 3.0 T Ter—1

In date palm (Phoenix dactylifera L.), the
availability of offshoots and their survival
during plantation are major concerns. A
protocol for culture and plantlet
regeneration in female date palm was
developed using in vitro-derived adventitious
shoot bud tissues as explants. The explants
(89.33+2.67%) successfully produced callus on
0.8% agar-solidified Murashige and Skoog’s
basal medium, supplemented with 100 mg L-1
each of polyvinylpyrrolidone, ascorbic acid, and
glutamine; 50 mg L-1 each of citric acid,
adenine sulfate, and L-arginine as additives;
0.1% activated charcoal (AC); 100 mg L—1 2,4-
dichlorophenoxyacetic acid (2,4-D); and 3.0 mg
L-1 2-isopentenyladenine (2-iP). The «callus
cultures were further amplified on a medium

callus
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Figure: Callus-differentiated adventitious buds under elongation phase (a), rooted adventitious buds
(b), rooted adventitious buds ready for soil transplantation (c) and soil transplanted tissue culture

plants of female date palm.

2-iP 31 50 T U1 2,4-D & AT 2 IR & forg
3fiR O 10 9T Tof-1 2,4-D & AT 2 RIS o foTg
e febarm Tam Hee 7 qeFH gig B, G gu
3R 91 & g[C Hicrprail # g: I &l 7Y el P
EHM-RT AT W 10% Gbior b e il
BB & IY-HaLT gRT fIBRIa fpar mm sa9%
IR P Ul BT ST [epdT TNl 39 HISTDict
B AT, IJog YA &FAT SR THT B A

containing 3.0 mg L—1 2-iP along with 50 mg L1
2,4-D for two passages and 10 mg L-12,4-D for
an additional two passages. The cultures grew
moderately, became organized, and eventually
regenerated into shoot buds. Plantlets were
developed by sub-culturing the differentiated
buds on hormone-free medium containing 10%
sucrose. These plantlets were then
acclimatized through gradual exposure from in
vitro to in vivo conditions. The simplicity of the
protocol, high regeneration efficiency, and the



SFeSR Utel & IcUTeT dT &FaT $H AIGT TR D
IPE STHICIZY P &S T WR YAR & folg 3feferep
SUIRTT ST 2

simultaneous production of rooted plantlets in
a cyclic manner make it highly useful for mass
propagation of elite genotypes of female date
palm.

Physiology and Molecular Biology of Plants, 26(2000) 391-398

ROS W{e 31 getaiaxitsfea 9efFt & dier oivT Sa: Haloxylon
salicornicum &Y ST WE=eNedT

Cross Talk Between ROS Homeostasis and Antioxidative Machinery: Salt
Tolerance of Haloxylon salicornicum

FaurT Py ok w@rer FRem F o va Aot
IR WART & a9 SIS H, &9 xero-
halophyte Haloxylon salicornicum &IRT <IdurdT &
TR 3UTS TS ARG, S /AR 3R SFaiRien
SUIfeRIT T 3rezRie faaml H. salicornicum s T9
TP Iod NaCl FisdT (400 fFHT) BT FHAT R Fhell
8 §IR IROTHT 7 fRIRIT 6 ge T AT SR g
A, g B A, AR e & HH AqueT
(100-200 T4+t NaCl) & d&d ¢ Y, e I
IRFIeR ST FGUdT (300—400 T NaCl) & d&d
uyIfad Y&l H. salicornicum ff, NS i
(SWC%) Tt FAgurdT TRt 0R ReR ® J 917 /G
TS| STUIT HSSULCT Ferehich doei! AUl Wikl b
ATy 8T T, ST Te &Y SAaurT AT &Y &l T
ST 81 BT, AU 7 € H Na+ ARl &1 aaT
fam, At K+ At Ift etaurar TRt o) Rer &
HIIRIARRT (PN), stomatal conductance (gs),
transpiration (E), STeT SUANRT G&rlT (WUE), PSII &1
FaieH ST (OPSII), BIeIbHder FafiT (qP), 3iR
gIFe TRIIIE &R (ETR) & &R & 1durdT (100—
200 fift NaCl) & d&d FRiEvr TRt & F9 T off,
olfchT Joa SquraT (300—-400 A+t NaCl) & d&q
HgcaqUl 9 F T T TG F PSII Dl 3iferhed
Faied ST (Fv/Fm) 3R IR-BIcibEder aaf
(NPQ) R s Feaqul o9 &l STefT, S 91T &
&5 PSIl Saurar-sifa sffa=itsiea arfar & srymrfad
<&l UK & Ted H202 3R NO & WIR Jecayul

Salinity poses a significant environmental
threat to agriculture and food security
worldwide. In the present study, we
investigated the physiological, biochemical,
and anatomical strategies employed by the
xero-halophyte Haloxylon salicornicum in
response to salinity. H. salicornicum can
withstand prolonged exposure to high Nacl
concentrations (400 mM). Our results showed
that both fresh and dry biomass of the shoot,
plant height, and shoot area increased under
low salinity (100-200 mM Nacl), whereas these
parameters remained unaffected under high
salinity (300-400 mM Nadl). In H. salicornicum,
shoot water content (SWC%) was consistently
maintained across all salinity levels. The salt
tolerance index did not decline with increasing
salinity levels, indicating the plant's capacity for
salt tolerance. Although salinity caused an
increase in Na+ content in the shoot, the K+
content remained steady across all salinity
levels. The rates of photosynthesis (PN),
stomatal conductance (gs), transpiration (E),
water use efficiency (WUE), quantum yield of
PSII (®PSII), photochemical quenching (gP),
and electron transport rate (ETR) were
comparable to control levels under low salinity
(100-200 mM Nadl) but decreased significantly
under high salinity (300-400 mM Nadcl). Salinity
had no significant impact on the maximum
quantum efficiency of PSII (Fv/Fm) and non-
photochemical quenching (NPQ), implying that
PSIl remained unaffected by salinity-induced
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Figure: Schematic illustration depicting systematic salinity tolerance mechanism in H.
salicorniucm. Symbols such as (1), (1) and (]) indicates up-regulation, down-regulation and no
significant alteration of different parameters respectively.

HY J g Y, T 02+— P ¥R AR Tqurar TRt
W ATIIRIT 81 H202 3R NO & Iod &R P
RIATRT f¥epT BT FebeT T 81 ferftrs URrerdTSerT T
TR P AdUT (0-300 Y NaCl) & d&d
JURafia &, <ifd srafed ofaurar (400 et
NaCl) & & He<aqul 9 & &6 TT AsA/DHA &1
U (AelR eSiad UICRITeT BT THehelch) Iodl
SAGUIAT (300-400 Y NaCl) & d&d 9 T fafr=
TSITgHic® Teraiiaitecs St SOD, APX, POX, GR
3R CAT &t IRt srgurar & ufer R wfcrferamd
gt & ¥ gRomT wRaTfad axa & 5 dogafes
FI=9T H. salicornicum ¥ ROS TRl @7 FRifyd
FRAT & 3R et RAf, 3T Fer, 3R Pifraprai
bl YSia ReAfeT 97T I@ T 8U PSII BT STauT-SAferel
fa=itefed &ftr & gvTdt AR&0T US™ dRdy Taurd
AfESUT H ANTEH PRAT 8 Iod AT Ferehiap,
IR &, SR wem Gdlstiisiea yumeft g1
xero-halophyte T FTaUI-&floT HY I & AT
& 0 v IuYgh IFEAR FRIT & SR AU
ST aTell BRIl & fJery & foly e Aot

Rl

0N

AR TS & Hehclt 8l

el

oxidative damage. The levels of H202 and NO
increased significantly under salinity, while the
level of O2e¢- remained unaffected across
various salinity levels. The higher levels of H202
and NO suggest their signaling roles. Lipid
peroxidation levels remained unchanged under
low salinity (0-300 mM Nadl) but increased
significantly under extreme salinity (400 mM
Nadl). The ratio of AsA/DHA (an indicator of
cellular redox potential) elevated under high
salinity (300-400 mM Nadl). The activities of
various enzymatic antioxidants, such as SOD,
APX, POX, GR, and CAT, showed differential
responses to salinity. These results propose
that the coordination between enzymatic and
non-enzymatic  antioxidative = components
regulates ROS levels in H. salicornicum,
contributing to salt tolerance by maintaining
water status, ion homeostasis, and the redox
status of cells while providing efficient
protection to PSIl from salinity-induced
oxidative damage. The higher tolerance index,
optimal growth, and robust antioxidative
system make this xero-halophyte a suitable
candidate  for reclaiming  salt-degraded
agricultural lands and a valuable genetic
resource for developing salinity-tolerant crops.

Environmental and Experimental Botany 166 (2019) 103799




Salicornia brachiata %Y W<t 3R Y& TR A Teait T BT frrepeor

Cultivation of Salicornia brachiata and extraction of vegetable salt from dried
biomass

9 dp-1ap & o Taeaed It ¥ Salicornia Gterm
aTfiret 8, e ot a9 89 R Wit &Y wermen &t
M Yot [IeRia fosar T 81 SUaR & arfiyet §:
T1: UTpfcied B A ITRAT AT {41 F<A1S dTett &,
T IR STIPATT iR foT dfeh des

T2: UTpfcies U A STRIT TAT TS arelr &, fomr
IR SIFRAT 3R 37 ufer det

T3: TS aTeTT &, R IR 1 SUANT b rar
& 3R fFT ufeh Ut

T4: TS aTeTT &, R IR 1 SUANT b rar
& 3 ufeh Ut

I8 S Sartanpur (ORI d€) W Salicornia & fofu
@?ﬁﬁqenaﬁ%ﬁwas%mﬁrmﬁ oftl Salicornia
brachiata & HUTHS IRMHICY IR IRB & YN &
TUTAT BT STATD fehaT TRAT| 4TS Y SoarTs 3iiR

Experimental materials for this technology
consist of the Salicornia plant, for which a
standard package of cultivation practices has
been developed on a large scale. The
treatments include:

T1: Naturally grown unploughed area with no
fertilizer application and no row pattern

T2: Naturally grown ploughed area with no
fertilizer application and no row pattern

T3: Ploughed area with fertilizer application
and no row pattern

T4: Ploughed area with fertilizer application
and a row pattern

The investigation was conducted at Sartanpur
(Gujarat coast) to develop cultivation practices
for Salicornia. The effects of fertilizer

application on the morphological parameters

for: <afereplf=arr STfTET 1 Wl IAagR ([ORId de) R fafS= Sedves ST Sk i Fefrsrl & siaid
GRYGIAT TR 5, 37N Gferanlf=T STfeRITeT ST & so! 794 T fepyr

Figure: Salicornia brachiata cultivation at Sartanpur (Gujarat Coast) under different fertilizer
application and agronomic practices at maturity stage and Vegetable salt extracted from the

Salicornia brachiata biomass.



ST & T4 31T IJTART BT Jor T H I@T T4t
& D P By & 7T, YD IR I et D
AT T DT TS| FHD FISepuuT bl HfchaT F F
W@ﬁﬁﬁmaﬂﬂﬁﬂﬁ?wsmicomia giegy ot
IRIRT BT U el PR N ST, AR R -
300 & 600 °C & ATTH W ! H W HRAT AT
& TIfeh PodT STSI-gCT BT THeDb UTH 8l Al 3P 1S
9 o STSI-4CT P THD Pl UHT § HIeTdR, BIFDR
STEl IRSh STS1-geT T Teb TTH fehaT STt &1

T4 7 T 3N [ Ior, IRT DI 7HT 3R Wel &
1S BT IRT Y THT Weffd 6, KRId 918 37 STaR
o

of Salicornia brachiata were observed. Plant
height and canopy area increased in T4
compared to the other treatments. For the
extraction of herbal salt, plant material was
collected from each treatment. The procedure
for salt extraction involves growing Salicornia
plants on saline soils by irrigating them with
seawater, harvesting and drying the plant
material, charring the biomass in an open
container, and incinerating the charred mass in
a furnace at a temperature of 300 to 600 °C to
obtain crude herbal salt. This crude herbal salt
is then dissolved in water, filtered, and
evaporated to yield fine, white, crystalline, and
free-flowing refined herbal salt. T4 exhibited
the highest dry weight, ash content, and post-
furnace ash content, followed by the other
treatments.

fafir=1 frdY 3R ST SU=R (e19urdT) & T&T Salicornia brachiata Roxb. &
WIGTToTde 3R Hifd-siia IRt frfirerang

Phenological and physio-biochemical variations in Salicornia brachiata Roxb.
under different soil and water treatments (salinity)

Salicornia brachiata & &Sl @I I Tqurdr
SUTRT (faftr= gt ok Riars Sier Rerfert) & ded
ST TRIT — NPS: oAUl et + JHel ofef, NPM:
AGUIRT FIET + AT @ UFl, GS: R-aiquiig gt +
TS 91, 3R GM: R-erauii et + et &1 g —
3R SH FAdiNIde IRFER, g IS 3R
Hifcrep ureEf FAT UIyes Teal Pl JET DI BE HE
d AT T NPM SR (FEH @qurdT) § Uil 6t
S, T B FUE AR T H AdE (GM DY
BISAR) P ATI-AY TN 3R b WR H Heaqqul
gfg <31 BT TSI S. brachiata ¥ 41N Tedl R Afep
SULAT T WATSlT F fADRY ST SR ofqurer ST
& AR R gyl B~ I1$ T8i Na+, Cl- 3R
OIS & AET NPS 3R GS SuaTRa ure  a1fee
off, ST STAUIIT 1 BT JebTeAT BRA H g1 Heaqur
Jf¥repT bl GfE el &1 Pt YeirTefier AT, T, b
3rfiHYT TRrs, dietftheiter 3R WetTg Y AT diel &

The seeds of Salicornia brachiata grown under
different salinity treatments (varied soil and
irrigation water conditions) — NPS: saline soil +
seawater, NPM: saline soil + tap water, GS: non-
saline soil + seawater, and GM: non-saline soil +
tap water — were evaluated for phenological
parameters, biochemical and physiological
characteristics, and nutrient content over six
months. Significantly higher growth, including
plant height, shoot height, and root length
(except in GM), as well as fresh and dry
weights, were recorded in the NPM treatment
(moderate salinity). Nutrient concentrations
and biological molecules in S. brachiata showed
significant variations based on the growth
stage and salinity treatment. The Na+, Cl-, and
proline contents were higher in NPS and GS
treatment plants, confirming their role in
mitigating salinity stress. Total soluble sugars,
starch, free amino acids, polyphenols, and



Pl TIdhel RO & AR daf, SR Fe=T 31ferap
HigdT 3ifeH a1 TRl (59 31k 63 TEM) ¥ aof Y T3]
GM IR Utert H Tehrer HHNor dHY e 3iR quie
ST o Aecaqel w7 I i o TS (R X)1 3
ST 4§ & TIE BT & fob Gl b Siia <ish el ORT
R & forg Fraur &t Tecaquf Jfrer 8t &, aTeife
AfIH TG & ETHBRS wa off BT & 39%
AT, T LTI S. brachiata P AT ) ok
Sl SUART & T8 IIER DI TS H TART FHeT
BT S H ERID 8T

proline levels increased with plant phenological
stages, with the highest concentrations
recorded in the last two stages (5th and 6th
months). Photosynthetic performance and
pigment concentrations were significantly
higher in GM treatment plants (Figure X). This
study highlights the critical role of salt in the
plant's life cycle, though excessive salinity has
detrimental effects. Moreover, the findings
contribute to a deeper understanding of S.
brachiata's response to different soil and water
treatments.
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Figure: Effect of different salinity treatments on photosynthesis rate (A), stomatal conductance (B),
intercellular CO2 concentration (C) and transpiration rate (D) in Salicornia brachiata at different
treatments. Different letters on error bars denote significant difference among treatments (P <
0.05). NPS, saline soil + sea water; NPM, saline soil + tap water; GS, non-saline soil + sea water; and

GM, non-saline soil + tap water.




daTe & drel § AINAC1 Zrafpeer thaex Y srcaftr arfireaf & armRoia
SEICKEENIEDI]

The overexpression of AINAC1 transcription factor in tobacco plants showed
osmotic stress tolerance

Aeluropus lagopoides ™ oIdUT AT = arer
EARIZE A AINAC1 NAC cifhee™ Shaex &l
a1 o U § STEiRIP WU A SRR fHaT T,
difs g Nifdd g Fe-efierdr § are &r
STEI oIt ST Thl S CIASI~Ieh cialTep Urel o
3R GSTaifa=iiSe v&m Hurell H JuR <@ 1§
drgl § FRAT q9g BT e § U G |
e S8R AIUGS YT T, fSH Tamer SV <,
I SR, ST SUANT S&T, I ATerddT,
JIRPIADRT CO2 AT (Ci), Toider URIET o,
Fv/Fm, gP, NPQ 3R ®PSIl fier & HPLC
feror § qrg it Rerfar & SR giaore ot &
ABA 3iR fSRIfeT SRY hIgeIe e &t Sod AisdT 3iik
ST & 77 TR UTU 101 9P TTaT, RIS
drel 7 IR P TG b SRM UGl Bbr ST Fdel W)
R digl 6T gerr F a1t g dE <l TS
AINAC1 ZRaSi=ep dTel &1 Jear ge-elierdr 3 gig &
i & aMuifde o7 @ G9sH b U $B qAm-
HefRrT SR ST T RT-PCR faersor faar 1
gRUMEHY, NtCAT, NtSOD, NtP5CS, NtCab40,
NtRCA1, 3R NtLTP SiF # fUeie URIT TR,
Sefes NCKX1 S H SIoR&ele <@r Tl
gleTifes, NUPT1 S & giafiree sftreafs § &g
AT 8T <xGT =TI

The AINAC1 NAC transcription factor from
Aeluropus  lagopoides, a  salt-secreting
halophyte, was genetically engineered into
tobacco plants to study its role in abiotic stress
tolerance. The transgenic tobacco plants
exhibited enhanced osmolyte accumulation,
membrane integrity, and an improved
antioxidative defense system during drought
stress. These plants showed better
photosynthesis-related parameters, including
photosynthesis rate, transpiration rate, water-
use  efficiency, stomatal conductance,
intercellular CO2 concentration (Ci), electron
transport rate, Fv/Fm, gP, NPQ, and ®PSll,
compared to control plants. HPLC analysis
revealed higher levels of phytohormones such
as ABA and zeatin, along with reduced auxin
levels in the transgenics under stress
conditions. Additionally, the transgenic plants
exhibited greater stomatal closure than the
control plants during drought stress on both
leaf surfaces. To further investigate the
molecular  mechanisms  underlying  the
enhanced drought tolerance in AINAC
transgenics, RT-PCR analysis was conducted on
several stress-related downstream genes. The
results showed upregulation of NtCAT, NtSOD,
NtP5CS, NtCab4o, NtRCA1, and NtLTP genes,
along with downregulation of the NtCKX1
gene. However, no change was observed in the
transcript expression of the NtIPT1 gene.

SbMYB15 Zrfihter theaex grif+ie a1 & WY €] e &l &9 HaT

g

SbMYB15 transcription factor mitigates heavy metal tolerance transgenic
tobacco

MYB (RIGIeAREHT) CiRIfshe  Shaex  (TFs)
faftr=r diet N ufearen § aifier e &

The MYB (myeloblastoma) transcription factors
(TFs) are involved in various plant processes,



I, fdrT, difdrer & FRafT, s@= Reafer
uyf 3R aF1T & ufcT ufifehard enfiret 81 & usel
fexgrr o f SbMYB15, ST Salicornia brachiata
D BAIhISC H &, AU 3R J Feefiarar &
o 21 g & H, & UEr & SbMYB15
SIASITTep ey Ul & TR €1 P THTd DT HH bR
9 off 9eE PRaT 8 SbMYB15 S & giRIfehe
e CdCI2 3R NiCI2:6H20 &F Iuffer & 5
T A e &6 T SbMYB15 &l FRAR 3fferes
frefh T giRIafe daTg o hefd oiiR faet
FETeNetdT UaM &Y, SRR fJarT iR FerRifthet &Y
AT § YR §AT S AT, R die J
Cd2+ 3R Ni2+ T & T&d dTses-ergyd (WT) Trer
B ol g gEeNE RS (H202) 3R
iAo (02) ST ufarfsparefier eiferdio o
(ROS) T I &H ATl Sioi-ed - HRT €1
IR”AT & T uptake, UdlIaRASeT  ToTEAT
(ST [CAT] 3R FuRaiaass f$ges [SOD))
(CAT1 3R MnSOD) $I Ioa Trafsree arfiyeafer ot
TS| 3T YBR, TAH NI 91 P SO
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including metabolism, development, cell fate
determination, hormone signaling pathways,
and responses to stress. We previously
demonstrated that SbMYB15 from the
halophyte Salicornia brachiata is associated
with salinity and drought tolerance. Recently,
we found that SbMYB15 also plays a role in
heavy metal mitigation in transgenic tobacco
plants. The SbMYB15 gene exhibited more than
a five-fold increase in transcript expression in
the presence of CdCl2 and NiCl2-6H20.
Constitutive SbMYB15
conferred cadmium and nickel tolerance in
transgenic tobacco, resulting in improved
growth and chlorophyll content. Additionally,
the transgenic plants showed reduced
generation of reactive oxygen species (ROS)
such as H202 and O2 compared to wild-type
(WT) plants under both Cd2+ and Ni2+ stress.
The transgenics also demonstrated
uptake of heavy metal ions,
scavenging activity of antioxidative enzymes
(catalase [CAT] and superoxide dismutase
[SOD]), and higher transcript expression of
antioxidative genes (CAT1 and MnSOD). Thus,

overexpression  of

lower
increased

o T ran-300 pM

H202
800

CAT 02—

SOD

R 0, 100 37K 300 uM CdCI2 (a) TET 0, 100 3R 300 uM NiCI2-6H20 (b) TG SYARI & T&T WT 3iK

CIgSiTep dTgp o st Gelsiiadielcd U Heleld H19es] i et gveb §1Y 77 VSR 3R]
Figure: The radar diagram built by comparing the antioxidative related parameters between WT and
transgenic tobacco under 0,100 and 300 pM CdCl2 (a), and 0,100 and 300 pM NiCl2.6H20 (b) stress

treatments.



&Rl & fb SbMYB15 & hfel dtell H AR &g
SAE2tetdlT T e & foTq STaifares ol
& A1 AT febT ST FeelT 81

the present study highlights that SbMYB15 can
be utilized for developing heavy metal
tolerance in crop plants through genetic
engineering.

AlRabring7 3R AIRab7 Saccharomyces cerevisiae § mafee 3R
siteitsfed a=a wereiierar & 9eId &

The AlRabring7 and AlIRab7 improves ionic and oxidative stress tolerance in
Saccharomyces cerevisiae

RSPt adioT TfieT (ROS) BT, Srsie
IRISRRRT 3R STpel & GAEPT BT G I
AR e Hicfhard €, W fafe sk wifee
e Aead e &) gfafdafeam T gyl
3R Tferd o & ST goaled H uaferur sider
P GRAYSHD ST &1 gOHM ALAIT H, EH
AlRabring7 @7 Fi- T, ST Ua E3 JRfaateT
oISt & IR R ugeT AIRab7 & $erfercT UiéR &

The maintenance of reactive oxygen species
(ROS) homeostasis, membrane biogenesis, and
the recycling of molecules are common stress
responses involving specific and complex
regulatory networks. Ubiquitination is an
important and prevalent mechanism that
facilitates  environmental adaptation in
eukaryotes. In the present study, we cloned

AlRabring7, an E3 ubiquitin ligase previously
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Figure: The in vitro ubiquitination assay revealed that AlRabringy7 function as E3 ubiquitin ligase and

mediates AlRaby ubiquitination.



®Y H YT T 1Ml AlRabring7 H 702 bp T 310
ST B 7, ST 40 TRAT TRTS @Tel RING-HC SFF
& 7T 233 UAAT TRIS aTel WICH @ HIg e 8
MEH-MEN ST Nl 7 AIRab7, AlRabring7
sk gffrafes & diu sevaem & wefia fwm
AlRab7 3R AlRabring7 & gifoheed 7 fafte=
JA9UN, SRY NaCl, KCI, CaCl2, NaCl + KCl 3iR
NaCl + CaCl2, &1 & H202 IUaR §RT URd
SiferdtsSied o=Tg & Uiy SUeIe T el AIRab7
T IR ypt7A =ICT BT T fPAT IR Gfed
degieq @f eI fpam 57 fagr gfafdafeem
AR 7 Ueffid fdur f& AlRabring7 @ E3
IffFafeT forlIsl & WU H BRI PRl & 3R AlRab7
BT YRR T FERRrT HRAT 81 AlRab7 3R
AlRabring7 & 31 1freufd, IFT Faad ©9
3R Fe-uRafdid M W, d9a S ReufcRit & SR
IRe dT ghg P sg@ET fam @b IR,
TR FARAY SHrei e 3RRT o &7 el
Sl MEF & di ScraeM dr uefdid fham gR
iR Geig < & fb AIRab7 3R AlRabring7 e
o T ST T J3T &

identified as an interacting partner of AlRab7.
AlRabring7 has an open reading frame of 702
bp, encoding a protein of 233 amino acids with
a RING-HC domain consisting of 40 amino
Protein-protein  docking analyses
demonstrated an interaction between AlRab7,

acids.

AlRabring7, and ubiquitin. The transcripts of
AlRab7 and AlRabring7 showed upregulation in
response to various salts, including NacCl, KCl,
CaClz, Nadl + Kdl, and NacCl + Cacl2, as well as
oxidative stress induced by H202 treatment.
AlRab7 complemented yeast ypt7A mutants
and restored fragmented vacuoles. The in vitro
ubiquitination assay revealed that AlRabring7
functions as an E3 ubiquitin ligase, mediating
the ubiquitination of AlRab7. Overexpression
of AIRab7 and AlRabring7, both independently
and when co-transformed, enhanced yeast cell
growth under stress conditions. Additionally,
bimolecular complementation
assays demonstrated the in planta interaction

fluorescence

between the two proteins. Our results suggest
that AlRab7 and AlRabring7 confer enhanced
stress tolerance in yeast.

Plant Physiology and Biochemistry, 151 (2020) 689-704

SICERIRIET SITY-T ST STIRTAY TSI T AT & WY H HRf $ar &

JLCuV DNA-A genes function as RNA silencing suppressors

SICIwT T gl H eued I, S SIfEfaRRT &
BRU BT &, ART 3ATRfe THAM BT HRUT &7 2l
SIEIhT tATeeM, CSIR-CSMCRI H ST gy &
FUCT ORI aRRA (JLCUGV) &T T T To
TEAMT TIT 8| IE IRRY B8 3N ST I (ORFs)
Pl DI PRAT &, T T TAD RNA HTSeIRIT o
afcfafer geffd ewar 81§ UeR, I pHA
qISHIRNAs  (amiRNAs)—C1/C4, C2/C3, 3R
V1/V2—3NaRATRT &3 BT SUAT aep feoigT fae
U, 99 & Q% JLCuGV ST DNA & &

The leaf curl disease of Jatropha, caused by
geminiviruses, results in significant economic
losses. A new strain of Jatropha leaf curl
Gujarat virus (JLCuGV) has been identified in
the Jatropha plantation of CSIR-CSMCRI. This
virus encodes six open reading frames (ORFs),
each exhibiting RNA silencing suppressor

activity.  Consequently,  three artificial
microRNAs  (amiRNAs)—C1/C4, (2/C3, and
V1/V2—were designed using overlapping

regions, with each targeting two ORFs of the
JLCuGV genomic DNA. The amiRNAs were



ORFs T TIfarT @ 81 amiRNAs B Ta1g & diar
§ THIGRA fHar T C1/C4 3R C2/C3 amiRNA
i Ol F iRy fwmn, Sefs vive
amiRNA IRI{e dtel 7 JLCUGV & IRT Afesuar
TRIT 6l Seea= T BT H, amiRNAs & ATeT TR
TR IS b fIoRieT Faer F N ST+ U aRRd
HPHUT P SR I8 Jhg foard & 3R JLCuGV
IR & FAAT P UfT S8R UpTT FHIYOIRT Feeht
P I1IT G &, I fb dTges-argd (WT) dlel &t
JerT H 8 ST amiRNA SRS § ACTalelge
T gt F Hecaqul aRec @ gam, WT dial
IRRE FOeM & SRM AN AcElfered 3R
TrghdifaNIld TS (TCA) I § Seal@
gRac S M I8 3 SAfaT § f amiRNA
TRIVIERT JLCUGV & UfT d8aR WfeRty wefdia
R &, TP ST UhTer FHITOT 3R Hemdiferd gl
Y GEFIAT §91C G &, A & Afdrere e Y §
BIFRICRRT §917 I@d &1 JLCUGV DNA-A SiHH
¥ BE ORFs (AV1, AV2, AC1, AC2, AC3, 3iR
AC4) BT IR RNA AT5eiRiT I (RSS) &F
UgaM & oIy pCAMBIA 1301 ¥ @R ®9 I
FA T T

transgenics

transformed into tobacco plants. The C1/C4 and
C2/C3 amiRNA transgenic plants exhibited
resistance, while the V1/V2 amiRNA transgenic
plants demonstrated tolerance to JLCuGV.
Notably, the relative levels of amiRNAs were
inversely related to viral load. The transgenic
plants showed improved growth during viral
infection and maintained better photosynthetic
parameters in response to JLCuGV virus
infiltration compared to wild-type (WT) plants.
While the metabolite contents in amiRNA
transgenics were not significantly altered,
noticeable changes in sugar metabolism and
the tricarboxylic acid (TCA) cycle were
observed in WT plants upon virus infiltration.
This study demonstrates that amiRNA
transgenics exhibit enhanced resistance to
JLCuUGV while efficiently maintaining normalcy
in their photosynthesis and metabolic
pathways, as well as homeostasis in
methylation patterns. The six ORFs of the
JLCUGYV DNA-A genome (AV1, AV2, AC1, AC2,
AC3, and AC4) were individually cloned into
pCAMBIA 1301 for the identification of
potential RNA silencing suppressors (RSS)

» Symptoms observed after 21 dpi
» WT and VA showed curl mosaic symptoms
» No symptoms in C1/C4 and C2/C3 amiRNA

» Mild curl symptoms in V1/V2 amiRNA transgenics

R : areT G & RIciTs miRNA SRISIA BT Hiaiahe

Figure: Response of miRNA transgenic against the viral infection
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THTER H T FargTeferar & ¥ e & ferg st darer aremRe ATk

Seaweed based formulations/sap for reduced disease susceptibility in tomato

T STl b 37 (SWE) Y Icure deM & forw
SIg-IUSIP P HY H T&H FHEA G §, Seh I
QIR0 R EHPRS THG Sl dlel TR &
I T ot BT AR B Wﬁ?ﬁﬂ?ﬁ Sargassum
tenerrimum 3% (S-extract) %I Macrophomina
phaseolina & UfT TR Ueere & wrqraefierdr &1
fqwor fopam M M. phaseolina & 7T 3fdpeT AR
FISH H S-extract (10%) & 3MMaeT o gy fr
Al 3R STel &l ofdTs & Hecaqul g bl oa-
Macrophomina 3R S-extract HI SuRAfy F
Macrophomina STIR & Hableel 31fe U U
(SOD), &cefsl (CAT), TR Reaes (GR),
TPISe WIFAST (APX), 3R Rigfss (POX) 7
gfg P IR P SR FAHT IR P AT 3ffereperd
o fE@TIT Ui TROT & SR, SOD, CAT, APX,
3R POX 7 S-extract STAR & AT ARIBTT HRT
yef3fa fham &9 T fh S-extract SIg-STNId &
0§ df R Fhdr g FAfh Ig THRR N
Macrophomina & Hfcr UfcRIer JeM axar &, oo
wplgcEm 3R GClelledisiea  qomsHl @
A Sere 81T & 31iR 37ad: ScuTe ¥ GUR 8l Bl

Seaweed extracts (SWE) hold great potential
as bio-stimulants for improving agricultural
yield while also reducing the use of chemicals
that can have detrimental effects on the
environment. The efficacy of the brown
macroalgae Sargassum tenerrimum extract (S-
extract) in  managing resistance to
Macrophomina phaseolina in tomatoes was
analyzed. The application of S-extract (10%),
both alone and in combination with M.
phaseolina, significantly enhanced shoot and
root length. Stress-inducible hormones and
growth-related hormones were found to be
higher in the presence of Macrophomina and S-
extract compared to treatment with
Macrophomina alone. Antioxidative enzymes,
including superoxide dismutase (SOD), catalase
(CAT), glutathione reductase (GR), ascorbate
peroxidase (APX), and peroxidase (POX),
showed maximum accumulation with the
combination treatment during the vegetative
stage. In the reproductive stage, SOD, CAT,
APX, and POX  exhibited maximum
accumulation with S-extract treatment. We
observed that S-extract can serve as a bio-

stimulant by  providing resistance to
Macrophomina in tomatoes through the
modulation of phytohormones and

antioxidative enzymes, ultimately improving
yield.

Journal of Applied Phycology, 32 (2020) 4373-4384
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HATSIR-HTHTHARATS T TG 3R T AR TF IR eI e S a_al 8Y, 1
yafqRufier AT T FHTE P H U1 I AT bl Godll I AU o 81 e &, Fer
TfeRviT T 3 (EIA) 3reTd=l § 3Rvft J&T §, O fob feReert, Sient are &l sorsar,
IR SR BRR, 3R AHI AURE ITAR TIF (CETPs) SR TFRT &F1 # U<l gRee 9Rd
(NABET) & HI=IdT HTH 81 I eI U TR Sl U8, TR R, 3R gafaRvr vae
AT (EMPs) & 10T BT el T 8, ST GATRUNT T T AT B 8¢ Al AT
feepTe & He<aqul WERIAT UaT R 8 EIA & Jellal, AR Sfel SUaR & fory (e sy sy
SONTRIRT HUTTTRIT T fESTTgT SR PrRIffrad @R 3R T TRl /8 (ZLD) iuTetd ufsharsi &
fareprer o wafehar o0 A QMTfAret 8, SiY Al STel Hee H eh! faQysTar ! &IfdT 81 WA gRT by 1Y
deTep aree ufaRoiia gRem GRMHT ere & g TSR 3iR sl SfeT A g8aH s Tl &t
yedr Bl ot M R 8 ATHATSAR-THHRNREATE & SFTAEF TR I~ &A1 S b
ATShIRIET IRNNATSUE, PRA-ATghIT S iR fHeell ATgsplariarol dd thet 8T 81 3P
ST, A Hecqyul PIefeh FGyeb! cbT UalT TR TR TS STt I o1t @i+l T Y: UTH e
& forg freiyuneaes fRftRrt & ey § Secraiig Wi 6T 81 <eT PfHeded, FRAT, 3R ORI
HCTgH 1S St ST 3R 3178 T TEHUT AT §1S SiR riee I15d Sfiefie ik gt g
faepry A ST WReBRT Fepral & e WHSTEITR-HITAUAAIARGTS b LA gl fcel
qafaR el Pl &l B H FeaqUi {HepT bl Xifhel PR &1 WA o ToRR HR H GRUT
TUrErT 3R AT T2 BT JATeer B dlel HUAR TRAISHT SIRT HEEqUT qRATSHTAT A
IeoE I ARG T 81 59 I8 W, 2019-20 B 37@fy & SR 39 fem & faby 17 po Hecaquf
P =it St &l

Thematic core competence

CSIR-CSMCRI has firmly established its core competency in addressing pressing
environmental challenges with a particular focus on marine and coastal ecosystems. Over
the years, the institute has been at the forefront of Environmental Impact Assessment
(EIA) studies, supported by its accreditation from NABET, Quality Council of India, in key
sectors such as distilleries, ship-breaking units, ports and harbors, and common effluent
treatment plants (CETPs). These studies involve extensive baseline data collection,
environmental monitoring, and the formulation of Environmental Management Plans



(EMPs), providing critical support for sustainable industrial development while
minimizing environmental impacts. In addition to ElAs, the institute is actively involved in
designing and implementing engineered systems like constructed wetlands for
wastewater treatment and developing Zero Liquid Discharge (ZLD) compliant processes,
showcasing its expertise in sustainable water management. Scientific studies conducted
by the institute also include identifying optimal discharge locations in coastal and marine
waters to ensure environmental safety. The research endeavors of CSIR-CSMCRI span
advanced areas such as microbial bioremediation, coral-microbe interactions, and
membrane microbiology. Furthermore, the institute has made notable advancements in
developing analytical methods for detecting critical organic pollutants and recovering
energy minerals from seawater. CSIR-CSMCRI's collaborations with industries, including
Tata Chemicals, Nirma, and the Gujarat Maritime Board, along with government bodies
like the Andhra Pradesh Pollution Control Board and Karnataka State Industrial and
Infrastructure Development Corporation, underline its pivotal role in addressing complex
environmental issues. The institute has also contributed significantly to projects like the
Kalpasar project, assessing environmental quality and social dynamics across Gujarat.
Building on this, some significant activities undertaken in this direction during the 2019-20
period are outlined below.

AGE TI3IIH (MOF) & 3SR MfI-&T Ni-aTféeest & ATl 98K CO,
37eremyoT AR Remre-Teh Rerievor
Ultra-small Ni-nanoparticle inside robust MOF for improved CO, adsorption and
solvent-free fixation
P STZINFATSS (CO,) T AT 3R HYTe=or
BIET IS DT BT IR P (oI A THYD
feTes daid 81 34 TfcRh BRIGHTT UG )l
S QI HE<aquT Uil T fATRIE yurtett # bl &< aeh
UR DT B G¥ eI H, &5 IHIS- PRI,
q5e Hea-3ifife Fadh (MOF) & fosl & ofeR
H-G&H HPR P W dRe F fddRa  Ni

Carbon  dioxide  (CO,) capture  and
transformation is one of the most promising
sustainable technologies for reducing carbon
emissions. By imparting additional
functionality, both of these important
attributes can be significantly improved in a
specific system. In this study, we have explored
the encapsulation of well-dispersed Ni
nanoparticles (NPs) with ultra-small sizes inside

FNfEHeT (NPs) @I Fel @xe &t Hfspar &t
J=INUT {3 Bl IRUM®Y, CO,, TNUT &aT H
35% T Hecqqui JUR §AT &, A1 & fiikeT MOF
BT JoT H ATARCRD Bl 3T TS ¥ 10
kd/mol @1 &1 gfg g¢ & fA9y ®7 4, CO, @ N,
3R CH, & Heldel N0 TI-HDbAT H DIl
YR G & (CO,/N,: 145.7, CO,/CH,: 12.65),

the pores of an amine-functionalized, robust
metal-organic framework (MOF). As a result,
the CO, uptake capacity is remarkably
enhanced by 35%, along with a substantial 10
kJ/mol increase in the isosteric heats of
adsorption, compared to the pristine MOF.
Notably, CO, adsorption selectivity over N, and
CH, shows significant improvement



v Ultra-small and hiyhly-aclive\
Ni nanoparticles inside MOF @i

¥ Largely improved CO, uptake
v Remarkable CO./N, selectivity
v Multicycle CO,adsorption

Catalytic CO, fixation under
mild reaction conditions

> 80 % yield & 99% selectivity
Size selective catalysis

High recyclability

o fdetrere-geh Aivg aRR<IfaR 5 CO, I Arglaere Iaic 3 Sl 3R WYIaRy @ 1oy Ni-NP el

MOF @7 ferur

Figure: lllustration of Ni-NP loaded MOF for capture-cum-transformation of CO, to cyclic carbonate

under solvent-less mild condition.

s g CO, AU sh IPE AR GRIERT
feRamr &1 I gRu CO, TR 3R NPs & &t
SFIgel 3ic:fharell I HHIfRT @=ar 8, i -
Afewge Had & v 918 CO, IAUET & T
JIeT IR 81 39P JfIRh, NP-alrlss MOF fdeTie-
Th CO, WA § qficd ®EiFe o
97.6% SIS 3R 99% TIAHDBAT & AT IPE
yeR awar &, S A uffear aRRefoat & o
fopaT SITaT &1 T8 SORD 3T AMABRIT THDHET HY
qer T 5 Pl 1Mo Afhd & 3R 3 &g IR TT: WANT
T ST FepelT 8, fomT febedt Heeaquf wifeifafey &1 ol
SORS Bl IPT IS AR TIAHBAT 3TfeThied
3R WD warerATgS™ T fage St & g7 It
ST &, STafeh 38 Sugeh Yareif § 10 HUTeRur el
g, Sl IORS B IPE AHR FAHDRT DI I8
AT &

(CO,/N,: 145.7, CO,[CH,: 12.65), while multiple
CO, uptake cycles demonstrate outstanding
sorption recurrence. These results validate the
favorable interactions between CO, molecules
and the NPs, promising superior CO,
sequestration potential for the post-modified
framework. Furthermore, the NP-loaded MOF
demonstrates excellent solvent-free CO,
cycloaddition to cyclic carbonate, achieving a
97.6% yield and 99% selectivity under mild
reaction conditions. The catalyst exhibits
significantly higher activity than its unmodified
counterpart and can be recycled several times
without significant loss in activity. The
outstanding yield and selectivity are
maintained across a wide range of aliphatic and
aromatic epoxides, while larger substrates
show negligible conversion, further
corroborating the catalyst's admirable size
selectivity.

Inorganic Chemistry, 58 (2019) 8100-8110




ST CO, LT 3R T freTeh SiferAT-swura Wags & g N-srferd
JMAfTT MOF

N-functionalized Charged MOF for Moisture-Tolerant CO, Capture and
Colorimetric Toxic Oxo-Anion Sensor

gT-3TIep PHaP (MOFs) 3T AHfIAT T Jerr
Y HeT SERiES (CO,) 3Taenyur iR favRs
Jeuel & cgfHie ST F fafire Srsar fewr &
oy w5 A, g7 SFT fAAYATSN BT FANSH, AT Y
MOF ¥ STeT Rerar 3R fiss riemar & e,
PRV GER SR & fofy Heeaqul &1 Ni(ll)
%Hddh, CSMCRI-3, Serifie Ahed f[AfesT gfted
g, e 31 FARYT 0T 81T 81 I8 JAd e
T, O dgeluRg dFew ¥ ifdeRia
RGN A S BRI &, PoR URFRIcRI
sRITReT Rerar fewret & &R o, ¥FHad
ST § Ao ufcifshar exal &, R N,
(292.5) 3R CH, (11.7) R 31fRIe FI-cd CO,

Metal-organic frameworks (MOFs) exhibit
distinct advantages for carbon dioxide (CO,)
capture and luminescent sensing of toxic
pollutants compared to other materials.
Specifically, combining both features, along
with the development of water stability and
pore functionality in MOFs, is crucial for
environmental remediation applications. The
Ni(ll) framework, CSMCRI-3, is constructed
from a combination of cationic secondary
building units and nitrogen-rich organic struts
with highly fluorescent properties. The non-
penetrated structure, featuring uncoordinated
nitrogen atoms within microporous channels,
demonstrates remarkable stability under harsh
conditions and exhibits strong CO»-framework
interactions, with highly selective CO,

U\u-a-StabIe MOF fo,
snmental Remedj

Hazardous water contaminants
sensing and colorimetric detection

9
&

Ao

Aunandajas jeuondadnxs yum
ayeidn Q) uolpuos-piuny

Establishi; mechanistic insights

Rrt: 741 |l CO, 3adivyr 3R favwpice qei Ay Sifdl-Kuri~e Foiadl o1 da ggar 3 qed

VA5 1deiries-4ch MOF @1 feruT

Figure: Representation of the chemo-robust MOF for moisture-tolerant CO, Capture with acute
detection of explosive and toxic oxo-anionic species.



GNNUT BT &1 fAY ©U 9, TTef a™T & fFRAR G
F CO, IYUT-RefIST Tehi TR PIS T T8 e,
S I8 e RaT & fob feosyul ARemT vy T b
qRIFepRUl P forq FTfae &, fora o Tt el &
5 fh, MOF Wi § o9 fourp eifa=ar-
FOTHT (Cr,0,2, CrO,2, MnO,”) &I 3fd
fafire otk R ufferar & uar o 8, S uds
feraoT & URYeur W TTgerTett TH-3t fifRamen
3R AT T gRacHT & AT Ue i g &l

adsorption over N, (292.5) and CH, (11.7).
Notably, prolonged exposure to water vapor
does not affect the CO, uptake-release cycles,
indicating the potential of the porous structure
for the separation of flue gas containing some
moisture. Additionally, the MOF shows
exceptionally specific and rapid detection of
three toxic oxo-anions (Cr,0,%, CrO,.>, MnOy)
in water, exhibiting remarkable turn-off
responses and sharp colorimetric changes
upon detection of each individual analyte.

ACS Appl. Mater. Interfaces 11 (2019) 40134-40150

3T fRhlee FOX-7 &1 UaT o & forg cferTss Suvievidlstt agars @t fx-
IR A-reficH

Two-dimensional nanosheets of lanthanide coordination polymer for detection
of unfamiliar explosive FOX-7

1,1-SRTEA-2,2-STg 18R a1 FOX-7 &
sfrddeefier S faehied &1 I8 dTgsx fHsur §
RDX & e ¥ 8870 HIRRIDS 6T oAl It
fereepie ey Trefefe el &1 FOX-7 & AIST el 3
T H9emfer ST favwhied YRl & oy &t
"ecaqf Tch A 8, ST I Hl AR
SR § IWIN far ST FhdT & URURSD
foepicepl & IWYh U d & B9 § FOX-7 &l
Sl HIT HId GREM & fofy e o1 fawar 81 g9 Y
fpicer @1 @R 3R P F gl R U
AR BRT 81 39 e H JHEE IR ST
AT HI H FOX-7 & AZHMIGR TR W GaT
TR & foTY TGfFIT cloMTSs PIafifEem ulfer R
&t 2D Fefica el Hf 1€ 39 ermy H
eSS 3R>I, Eu(lll) 3TRAT Th(lll), 3R U@ foa-
cfiRega forffe (L) @ @RS Nfer =t &
G0 & oy fHfoT scifess & w9 § IuanT faar
T S 2D AARNCH BT W IWRH dicde
et § ISTEA WferRl & URAeR 3ugd Bl
UGRThITeTie axd UTH fhar mar, R Aifdpee-

1,1-Diamino-2,2-dinitroethene, or FOX-7, is an
insensitive high explosive. It exhibits a slightly
superior detonation velocity of 8870 m/s
compared to RDX in a binder mixture. The
coarse nature of FOX-7 makes it a critical
component in the development of
vulnerability high-explosive compositions for
further application in weaponry. The growing
demand for FOX-7 as a suitable replacement for
conventional explosives raises concerns for
human security. Achieving rapid and efficient
detection of this new explosive is a challenging
task. This study developed 2D nanosheets of
luminescent lanthanide coordination polymer
for the micromolar-level detection of FOX-7 in
both solution and solid-state. Lanthanide ions,
Eu(lll) andfor Tb(lll), along with a bis-
terpyridine ligand (L), were used as building
blocks for the synthesis of coordination
polymers. Luminescent 2D nanosheets were
obtained by exfoliating the layered precursor
of the coordination polymers in a suitable
solvent system, following a sonication-assisted

low-



TR UFFT & e fopar 1am g7 SefiesT @t
Ie¥eT AMMHR ATZPHIEY T (0.3—1 um) &R EIdT &
3R S 3T AIETS 2-6.5 AR Bl 81 &7
reficE @1 397 ®U F TT T GRGT UV HereT
fafeRoT & SR et SR &R & T H It &, S
Ul SRTIT bt SifhaT & < T He<aquf a1 I & fob
SN S el g Hedqul fawthicsd &t
NG STFATEE ThIfHT b foTq Tep arforfsares &) febe
I RAT R T AT IS Fcll ol

strategy. These nanosheets exhibit lateral sizes
on the micrometer scale (0.3-1 pm) and an
ultrathin thickness of 2-6.5 nm. A visually
distinct color change of the nanosheets, from
red and green to colorless, was observed upon
UV light irradiation during the detection
process. Notably, the solid-state detection
technique opens the possibility for developing
a commercial spray kit for rapid onsite
screening of this important explosive.

SURS §E SqarcTeier Ty Bl qgar 3R ATSTcHeS forwor

Identification and quantification of emerging persistent pollutants

Afca o TRl IgueT & Hedie W B AT 81 37

Afce § Sifde Tyl b Fedied o fory fsedor
3R fereruTeTes faRrT faefaa 6t 18 &1 Fe=ferRaa
vy o forg fafey feprer favam T &: dichrarfiere
WHfeH BESIBE (PAHSs) (16 T J T Sucure

We have worked on the estimation of
persistent pollutants in complex matrices such
as seawater, sediment, soil, air, and fish. For
the estimation of organic pollutants in these
matrices, both extraction and analytical
methods have been developed. Method
development has been achieved for the
following pollutants: polycyclic aromatic

Organics LOD (ppm) with GCMS

Halogenated-
biphenyls

PCB 035
" SPCN 0.89
5PBB 0.29

SHBCDD 0.03

PFOS 0.05

SPBDE 0.1
PAH 0.72

Br
~Hexabromocyclododecane

oo

Figure: Sampling, identification, and quantification of emerging persistent pollutants.



Sl Yg¥e & B9 H HH S &), WReraiRacs fufied
(PCBs) (8 faf¥=T PCB), WRsifimcs foufied
(3 PBB), WRFAIR"CS ATFei (FPCN), 2FT-sH1-
AEFARISPT  (FHBCDD), 3R WR-sifFcs
fSUTgeT $2rf ($PBDE)| UrT 3iR gl & AT 7 &7
SIS BT Jedih e Hecayul &, i & Jfdep
B0 & faefee el 8, oidl g3 e I PR Febel &,
3R gaIfeRoT 7 e T e o T& Bl

hydrocarbons (PAHs) (all 16 derivatives
considered as contaminants), perchlorinated
biphenyls (PCBs) (8 different PCBs),
perbrominated biphenyls (>PBB),
perchlorinated naphthalenes (3PCN), hexa-
bromo-cyclododecane (3HBCDD), and per-
brominated diphenyl ethers (3PBDE). The
estimation of these pollutants in water and soil
samples is «critical, as they are non-
biodegradable, can travel long distances, and
persist in the environment for extended
periods.

ST § TR ITHIfCs YA HiedeH PT ARel ulg-aTqae

Facile biodegradation of hazardous aprotic polar solvents in water

N, N-STSFrersahmHEe (DMF),
SEfergTdlcEEgs (DMAC), 3R N-Herga-2-
TRRITSM (NMP) Wa™-Td e &, S fafr
SN ¥ AUS B9 A ST BT ST & ¥ weft
foemae aly & ey st Msoit 8 €, Sy
ST JURIE el & HTETH A FTERUT HENUT SFTHT
3TaT] &Y ST 81 U 3TUfIE SieT & SuaR & forg

Polymer solution

N,N-Dimethylformamide (DMF),
dimethylacetamide (DMAc), and N-methyl-2-
pyrrolidone (NMP) are hazardous solvents
extensively used in various industries. These
solvents are highly miscible with water, making
environmental pollution through contaminated
effluents almost unavoidable. Biodegradation
is a convenient and cost-effective method for

ted in
enerd Cog
&

casting “@.@ ’é%
&Qx
so\\lvents: §‘?
' ©® Mem brane[_'Q
o coagulation ° - Solvent -
bath Membrane roll Biodegradation
Fabric roll DMF NMP
yd o) FRMAC

Membrane formation:

A
-~
Solvent- non- %

(‘Go,

“ater pack to ™

fRE: Bacillus cereus APS1 % SUIRT GIRT 39197 it & Gax=1ab faeTria! (DMF, DMAc, 3IR NMP) & Sig-
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Figure: Schematic representation of the application of Bacillus cereus APS1 in the biodegradation of
hazardous solvents (DMF, DMAc, and NMP) from wastewater.



SIg-3198eT U Jereie R PRl i 8l
FaerefietdT SHd TG SUANT Bl R HfFd
PR T 8l DMF-IE | 4 URIRId B9 3 31eRT
T AT Bacillus cereus APS1 ATH® GﬂEWUOT Q%A:r
DMF 3iR DMAc @7 NMP SRY 99 THIES
foeTRIe! & TftT I Feefierar uefefa e &l I8
T DMF & U Bl 3R g G & ©
o IUINT e §Y 30,000 mg/L 3R IHY aAferep P
ST TR 39 Aheraydd G (FSEmRergs)
PR &1 3P ITATAT, I8 T DMAC 3R NMP @ off
P 3R ATSTIOF AT & BT H TTE ST I START
FRAT & 3R 37 fIArId! @Y 10,000 mg/L P Figdr
TR GISiiepe BRaT 81 7 [eTep! Pl Soer Higiell IR
GFSilpd R & oy AT Y Bl B4 2l
Sig-3aEeT Ufhar & IRUMHREwY I~ g STel
Sog U dlell Il 81 HANTIET ORI
oRReRRIT &, 39 T: UH ST &7 qhaldydd
fereett fFefor afchar & q: SuaiT fésar

treating such wastewater. However, the
sensitivity of bacterial strains to these solvents
often limits their practical applications. A
bacterial strain, Bacillus cereus APS1,
strategically isolated from a DMF-rich source,
has demonstrated excellent tolerance to DMF
and similar amide solvents such as DMAc and
NMP. This strain is capable of growing in DMF
as the sole source of carbon and nitrogen,
successfully demineralizing it at concentrations
of 30,000 mg/L and above. Additionally, the
strain efficiently utilizes DMAc and NMP as
sources of carbon and nitrogen, achieving
demineralization at concentrations of 10,000
mg/L. The time required to demineralize these
solvents at high concentrations is significantly
low. The treated effluent resulting from the
biodegradation process is of high quality, and
under laboratory test conditions, the reclaimed
water was successfully reused in the
membrane preparation process.

R JAFHROT & foIQ et SIS TR SiailerTse-4A
Uret(STSAATSAfTenaa+) f3reett

High oxygen permeable Zeolite-4A poly(dimethylsiloxane) membrane for air
separation

TI3MeTige 4A-PDMS Tl fBifocral Srefierse 4A
eher foheal @ PDMS feteet! & diferRiaor
ufpT & SR SlegH iR T-80C AledesT Bl U
TR AT PR AR D 75 offl 3ADT SifadiorT
i R 3R gAfTRdT T gar ST T 98
T T 6 frfoerit § Sefiese 4A & Il gg
FGAT Bl FITIT T FeRT 93 T8l 1 wi%
SIRIATSE 4A ST arelt SFT HbR &1 ferfoemt
@IegT 3R F8=H) § Oy URTRIAT 3R 02/N;
JIFPAT A gig <@l T PDMS/SIeYT freetl 7 1
W% SIITTSE 4A ST & AT 2.6 H O4/N,

Zeolite 4A-PDMS composite membranes were
prepared by incorporating Zeolite 4A nanoscale
crystals during the polymerization process of
the PDMS membrane, using toluene and n-
heptane solvents. Their oxygen gas
permeability and selectivity were then
explored. It was observed that the
intersegmental distance between polymer
chains, as well as polymer chain aggregation or
clustering, increased with higher Zeolite 4A
content in the membranes. An increase in O,
permeability and O,/N, selectivity was observed
for both types of membranes (toluene and n-
heptane) with 1 wt% Zeolite 4A loading. The
best performance, with an O,/N, selectivity of
2.6 and O, permeability of 1052 Barrer, was



TIDHAT 3R 1052 R I O, IRTIAT & AT
TR et gedld fhaT PDMS/EIeTT ferfeerat 10

Wi% SIITIATST 4A NS & AT 1245 R 6T O,
URTICT 3R ~1.7 P S O/N, TIAMDBAT B rer
941 88 O, IRTRIT foTel! €, Sefep -8 Wiede
% WTer PDMS fereet! 3 THI ST & A1y Iepe

O, URTHIAT 6773 $"R off, afdT 0,/N, Tafamdr
~1.2 T&N

exhibited by the PDMS/toluene membrane
loaded with 1 wt% Zeolite 4A. The
PDMS/toluene membranes with 10 wt% Zeolite
4A loading showed an increase in O,
permeability to 1245 Barrer, with a fair O,/N,
selectivity of ~1.7. In contrast, the PDMS/n-
heptane membrane with the same loading
exhibited excellent O, permeability of 6773
Barrer but a lower O,/N, selectivity of ~1.2.

Rra: Si37leTise 4A-PDMS Teroof! &t S 3ifadflarT
IR bl JIoTTTd& H%gd?c{?wl/

Figure: A schematic representation of high
oxygen permeability of Zeolite 4A-PDMS
membrane.
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Remediation of pesticides from water through Membranes

Cuz" & T SFehIHeh SCRBTIS UTCTARTSOIL T
SHINT IR TAR &Y TS elett e Uietl(UguRTSh=-
wIgS) WA ferfeert 7 Aecyl oo ey €
(DI )| fadely] 3R Thdely] erqull H ZRaferepa
SR RITET UTfePRIZORM & SR TR Yoicd &l
T R AR vl 81 ploR-gHRIfT fBree!
(Cu+PIP+TMC) SFATPMISIeT JIFaRyl ¥ 91.5%
e FRell &, STt Memb-Il (PIP+Cu(ll)+TMC) 5
I 53.9% &l fhegem UeeM thie Siar Afcass &t
el IR ¥R el 81 Fefer FRTeC &7 3 8: thics
dfex > o dfex > fSeiMEss dfeRl It e
AT 7 SFATP SIS BT JAFHRU FIER eI
fopar mar, f=99 E. coli 3R Bacillus subtilis &
Reretreh Gttt o7 foxamy v &1 1,3-fohfefi

SRERT 3R 1,3 5CRAERS daiNigS 3
SYhRITS UfeTRISOIe & A1egT I sfefrmget

Thin-film  Poly(piperazine-amide) composite
membranes, prepared using sequential
interfacial polymerization with Cu*, have

yielded significant findings (see scheme). The
selectivity for bivalent versus monovalent salts
depends on the sequence of reagents used
during interfacial polymerization. The copper-

incorporated membrane (Cu+PIP+TMCQ)
exhibits higher hexaconazole separation
(91.5%) compared to Memb-II

(PIP+Cu(1)+TMC), which shows a separation of
53.9%. Filtration performance depends on the
nature of the feed water matrix. The flux
decline follows this order: field water > tap
water > deionized water. The separation
behavior of hexaconazole in different water
matrices has been studied, showing
antibacterial properties against E. coli and
Bacillus subtilis. The removal efficiency of 43
pesticides from water by a thin-film composite



IR &Y T T Udlet! fthed TN dlefivdigs et
GRT T 43 HlcARrd o FsaR &Hdr o1
qeaied fear @, S e WRERE difergei
T IR Pic HY TS off

fE: @R wERIfoia fifearal & AegH |
EPITDITSAICT T GIeFepRUT 3R TeTdere e ol

Figure: Separation
antibacterial feature
incorporated membranes.

of hexaconazole and

through copper

polyamide membrane, indigenously prepared
through interfacial polymerization of 1,3-
phenylene diamine and 1,3,5-trimesoyl chloride
coated on an asymmetric polysulfone support,
was evaluated.
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STRI-ave T dter geag Henfireht: gierer, Srefre garef 3R ZLD Ut
Zero-Waste Spent Wash Management Technology: Potash, Organics & ZLD
Compliance

T & Alecid MIRT IR fEReeRisT & i
SteT (RORY e dfer ot @er Siiem &) H 98a 31feiep
TSN oifs BT & 3R g9 U TR il @
HMT ST & (CPCB/Gol RT ‘RED’ 10ff & w0 §
frefRa) deeme $i Y TR SiR-ave e afer
Teee Uienfihr 39 3Mufe S &1 YA grerer
IRF 3R T aeRrm sEf e geref (fs-aierer
fITRY — U SMER dEeR) b HY A a Jegded
IUTET B AV & g @l &, S ST BT
feReert 7 gl 3R greifera fopam ST 81 89N
TrEnfidhr W‘s}ﬂﬂ?, M/s Chem Process Systems
Private Limited 7 3i¥mere feReert fafics,
qTTCTR, HERISE H Ul qiuriogd Jo F1fue
famam 81 399 AT BT 2019 F FHHre f5ar T o @ik
I YT I T 4500 T UICTYT IRD IcUTGT Prt

The effluent from sugarcane molasses-based
alcohol distilleries (also known as Spent Wash)
has a very high pollutant load and is considered
a serious environmental threat (designated as
‘RED’ category by CPCB/Gol). The Institute’s IP-
protected ‘Zero-Waste Spent Wash
Management Technology’ utilizes this effluent
as a resource for the recovery of potash
fertilizer and low-potassium organics (de-
potash vinasse — a cattle feed binder) as two
value-added products, while recovering and
recycling water within the distillery. Our
technology partner, M/s Chem Process Systems

Private Limited, has installed the first
commercial plant at Aurangabad Distillery
Limited, Walchandnagar, Maharashtra. This

plant was commissioned in 2019 and is rated to
produce approximately 4500 tons of potash
fertilizer per annum. The products have been
evaluated and endorsed by apex agencies as



I T AT 81 IUTRT BT He b R STAIH
offf woiRrat &iik ufafda fwaus grT famar T 2
STENfieht & SHRT el o Tt dieTer SeRe (AR
TFORRITG), STeT TTeF SREUT, UMl Scqted §
31 onfireT 81 UTH P© T W 8: (i) 9Rd &
AT TIFEAT A USRT A<, (i) CSIR T
TIFRIR REBR — 2019 (VR b A Isy el GRT
UI), 3R (i) NRDC IER FaMR JREPR -
2019, 3Nfel T8 Hlenfidh Iy e Sy W 7
3fSaT, Taos YRA,' I 1, 3R UNSDGs (2, 6,
8, 13, 14 31X 15) & AT THI ARE I HeT Wil Bl

well as reputed PSUs. The major benefits of the
technology include indigenous potash fertilizer
(import substitution), conservation of water
resources, a boost to ethanol production,
additional revenue streams for both industries
and farmers, among others. Notable
recognitions received include: (i) a message of
appreciation from the Honourable Prime
Minister of India, (ii) the CSIR Technology
Award for Innovation - 2019 (presented by the
Honourable President of India), and (iii) the
NRDC National Innovation Award - 2019,

among others. This technology is well-aligned
with flagship National Missions such as ‘Make
in India,” ‘Swachh Bharat,” ‘Namami Gange,’
and the UNSDGs (2, 6, 8, 13, 14, & 15).

e ]

R simETE 3R forfics, areraeTiR, HeRTSS % G4 &1 foFl
Figure: Photograph of the plant at Aurangabad Distilleries Ltd., Walchandnagar, Maharashtra.

TS ST FRT CATCeh e BT o STqee

Biodegradation of plastics wastes by marine bacteria

-SRI dlefleli (LDPE) s qafeRoT UGN T

Low-density  polyethylene (LDPE) is a



T T AT 81 T aIRRRIRIST & & LDPE @l
IRISIS BT H F&H AR SAQI] FSIfidl Pl T
fepar T 7 SfaTu) SRt @l H-237, H-255, H-
256, 31k H-265 AT T T 3R 16S rRNA S
3FJPHUT & JTIR TR Cobetia sp., Halomonas sp.,
Exiguobacterium sp., 3R Alcanivorax sp. & TS
ST fIebe FHAT TS TS| S SHam[si i 90 =T
d@ Bushnell-Haas A& # LDPE ftheHt & TaHT=
BT AT P BT H IWIT P §Y AT-FeTT
STagIe T I IRIfSIeE Wiewr & SR,
S gl 5 LDPE |dg WR Sifde fthed
(@R fthe) §FTS, ORI fthe &Y enfet R & &t
TS| TGS FAfer & 3 H, H-255 a1y yirfer
GRT LDPE fthe™ T 31ferehed IR g1 1.72% UTIT

significant source of pollution in marine
environments. Four bacterial strains capable of
biodegrading LDPE were isolated from the
marine ecosystem. These bacterial isolates,
designated as H-237, H-255, H-256, and H-265,
were identified through 16S rRNA gene
sequencing and showed close similarity to
Cobetia sp., Halomonas sp., Exiguobacterium
sp., and Alcanivorax sp., respectively. The
isolates were individually incubated for 9o days
with LDPE films as the sole carbon source in
Bushnell-Haas medium. During the
biodegradation assay, the bacterial isolates
formed viable biofilms on the LDPE surface,
which reduced the thermal stability of the film.
At the end of the incubation period, the
maximum weight loss of the LDPE film, 1.72%,
was observed with the bacterial isolate H-255.
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gofcll 81 197 78R FA1 131 & &7 F8qquf 3R (p < 0.05) BT SFIT PRl 81

Figure: Percentage weight loss of LDPE film after treatment with four marine bacterial strains. Error
bars represent the standard error (n=3). Different letters indicate significant differences between

sampling days (p < 0.05).



T LDPE fhed W SfaTY] & Sfe & 39a! Hifid
GG H gl 31T, S JAE T &R, YRR,
IR faged, O hics UM THFT SoaeH
HIShRDIT (FE-SEM) 31R USiHe BIRT ATgghRap T
(AFM) GRT gf¥ &' 7| LDPE ftheH ol I
T N IS BT TN TeUCS cleet Repetere
HIRTR-CRIHH SHRS TFCRPIAT (ATR-FTIR) &7
SUINT dR% fbar mam ATR-FTIR fsisor & C-H
Reama 3R C=C sie Rdara & i F Igera, arer &
C-0 3R —C=C- q1S &I 8 di & T &l famr
T, S @il LDPE fohed &7 et H TUE o
LDPE ftheq & srIfSISe &I M g e
RftFReTgore ok dormgafes Tifafera gry & T3
I8 ey e & fb |gsl Sfamsi gRT LDPE
fOhel T AlhT TRASHST T &, 3R I Siram]
Tl TR H wIREd YU Bl B AR N
HEIS 81 Had B

Bacterial attachment to the LDPE film caused
physical changes, including surface erosion,
increased roughness, and degradation, which
were confirmed through field emission
scanning electron microscopy (FE-SEM) and
atomic force microscopy (AFM). Chemical
changes in the LDPE film were analyzed using
attenuated total reflection Fourier-transform
infrared spectroscopy (ATR-FTIR). The ATR-
FTIR analysis revealed shifts in the peaks
corresponding to C-H stretching and C=C bond
stretching, as well as the formation of new
peaks indicating CO and -C=C- bonds
compared to the control LDPE film. Further
evidence of LDPE biodegradation was provided
by carbon remineralization and enzymatic
activity assays. This study demonstrates the
active biodegradation of LDPE films by marine
bacteria and suggests that these bacteria have
potential applications in reducing plastic
pollution in marine environments.

L5-TM 3R L7-ETM+ =T &T ST b GoM TRINHRIR Rord & HeieTs &g
o TR frerwaTen # ufech &t aar e

Change detection in coastal feature of the Krusadai Island, GoM Biosphere
Reserve using L5-TM and L7-ETM+ images

RHAe ARIT T Tepriiep & RTerep AT & fopsdT v
T Y foHT S B fobaT ST Fepat &1 Refie WRAT
qepiiept 3R IuUE Gl BT IHANT A= Tt
qafeRer S garer ffR, gew dare uegped, iR
Sear] URed iR sdp uiRRefis gl @1
fePerauT foharm ST b1 9 3Te H, Wil 3ith AR
IRIRGRR Rord § R gpFers alu &l aciy T
3R T g fer A gV URecH T &l L5-TM 3R L7-
ETM+ ¥R GRT $R P T8 fefea effai ar
SYANT PR AMII fHaT M 1988 3R 2000 H
s gu uRad=l T udT R SR HIT RN )T
fEPRIauT bt FStT IeelgI UTS TS|

Remote sensing is a technique that enables the
study of objects without physical contact.
Remote sensing techniques and satellite
images are widely used to map various marine
environments, such as coral reefs, microalgal
blooms, and mangrove forests, to analyze
climate change and its ecological impacts. In
the present study, changes in the coastline and
coastal vegetation of Krusadai Island, located
within the Gulf of Mannar Biosphere Reserve,
were mapped using digital images captured by
L5-TM and L7-ETM+ sensors. The changes that
occurred between 1988 and 2000 were
detected and measured. The accuracy of the
analysis was found to be remarkable.
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Figure: Change detection between 1988 and 2000. A) Change detection in total sandy area, coastal
Plant and submerged vegetation. B) Change detection in sandy ared, submerged vegetation, Mud
Bank, Dead Coral, Live Coral, Mangrove shrubs and Mangrove plants.
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T I & f¢ defeus By ughr & IRremiRar smerRea wet darer
TRIRCHeIC BT ITIRT PR P GITARIT ATH

Environmental benefits of using Gracilaria based seaweed biostimulant in an
alternative agricultural practice for sugarcane cultivation

=T W § IRfenRar-emenRa Eﬂ?ﬁﬁtﬂﬁ—d The inclusion of Gracilaria-based biostimulant
(GSWE) T JUYT, 7er & arqeif Sakept &t oz, (GSWE) in sugarcane cultivation, along with the
dter aiie e Baelt F g T 8% TP g A recommended rate of fertilizers, increased the
o o yield by 8% in both plant and ratoon crops. This

ST F I8 Eﬁg eSSl & T B A, T P yield enhancement was primarily due to
aor 3R T aRer 1 bl T g& b BRI increases in cane length, cane weight, and the
number of millable canes. As a result, the




offl $9b URUMHERY ATH-TRIT U 5 goR
3T, ST 5% GSWE & A1 2.17 T 9§ 1T Tb
aifirfh, S qafeRuig o 7 off guR R, S
T wRier fby U Figarel § AU T 18 gHE
ST F J 9 H FPRIHD T TAATY YR TH1
Soft 7 5% GSWE & 31 R 274 fdHamm co,
GHRET Tl gFcaR 2 I IT AT & T & SaTe H
2.17 o™ CO, q9de &1 gig <&l TR AMa
fASTRRdT, 3N 8 B 3R Ty smelfaRid
T SO A off 7 A T 8% Y T S TS|

benefit-to-cost ratio improved, rising to 2.17
with 5% GSWE. Furthermore, this also led to
favorable environmental benefits in 9 out of 18
impact categories measured at all tested
concentrations. The absolute gain in the
climate change impact category was 274 kg CO,
equivalents ha” 2y”, or 2.17 kg CO, equivalents
per tonne of cane production when 5% GSWE
was applied. A reduction of at least 8% was also
observed in the human toxicity, ozone
depletion, and terrestrial ecotoxicity impact
categories.
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Thematic core competence

CSIR-CSMCRI upholds its commitment to societal well-being through impactful science-
driven initiatives. The institute provides access to its advanced scientific instrumentation
facilities, equipped with cutting-edge technologies for molecular spectroscopy,
separation techniques, and surface characterization, to academia, industries, and R&D
organizations on a fee basis, with significant discounts for educational institutions. This
enables the dissemination of scientific knowledge and supports the nation’s academic
and research ecosystem. Through dedicated outreach and skill development programs,
CSIR-CSMCRI focuses on enhancing socioeconomic conditions by promoting the mass
cultivation of microalgae for value-added products, improving salt production standards,
and creating safer and more efficient work environments for salt workers (Agharias). To
address global challenges like climate change, energy crises, and resource depletion, the
institute provides sustainable alternative solutions and policy inputs. CSIR-CSMCRI also
plays a critical role in disaster response by deploying mobile water purification units to



deliver safe drinking water during natural calamities such as floods, cyclones, and
droughts. Furthermore, it prioritizes education and awareness, nurturing scientific
temper among young minds through initiatives like open-day programs and the
“Jigyasa” program, designed to inspire curiosity and interest in science. With this brief
introspection, we are proudly outlining some of our humble contributions toward society
during 2019-20.

g TS IUHROT JfererT (FISTSTH)
Centralized Sophisticated Instrument Facility (CIF)
o @R TafaRor st oI (WUl iR The Analytical

& Environmental Science

DERIPT YR AT (AIATEUD), Hgel Aiee Us
W Piped REd eiege (HTauaeiiarsars),
TR H I=1a fFewoneres daen & e @
SFATYfTeh s b Y H D PRl 81 T e Haret
3R FTHet faIwsii bt Uep S GRT Heferd &, it
deifores G, fafiermery, WweRrl sFdaH gd
fIHRT TRIFTTSTRN TR e B et utemor, fafer
feprer 3iiR faQrvsT oRmel SRAT Jarg e e
YeH @Rl Bl SMYFD fueHd Ul P
fereIeur § fQIveTar Y@ 81 g i Y e
JeNIISE W IUSEY gl A & T8 drfetdr 3 ay
eI URSH SUDRUT JieT GRT Y 10 Huer
fePToT & YHRY Y Tl

Division and Centralized Instrument Facility
(AESD & CIF) at the Central Salt & Marine
Chemicals Research Institute (CSMCRI),
Bhavnagar, serves as a cutting-edge hub for
advanced analytical services. Operated by a
skilled team of experts, this facility supports
educational institutions, universities,
government R&D labs, and industries by
offering sample analysis, method
development, and expert consultation on a
fee-for-service basis. Featuring a
comprehensive suite of modern analytical
equipment, AESD & CIF specializes in spectral
studies, structural determination, and chemical
analysis. For a detailed overview of the facility's
capabilities and services, please visit the
institute's official website. The table below
highlights the types of sample analyses
performed at the Centralized Sophisticated
Instrument Facility during this year.

378t 2019 - ATE 2020 & IR AT T o1 fora=or
Details of the samples analysed during April 2019 — March 2020

ferseteror SYBRUT fepseroT fopT TRy AT BT WRAT | P ART
Analysis Instruments No. of samples analyzed Total
4. « 13 « 31p_ « 51\/_
R ke, | 20 SRRV
NMR Analysi P e e o0 ) 22
nalysis 500 MHz) External: 'H-32; 3C-8; 3'P-1
FT-NMR (JEOL 'H-850; 3C-468; 3'P- 14; >'V-4; 1847




ECZ600R, 600
MHz)

'9F-19; 2D- 37; DEPT-11

Solid State: 'H-26; '3C-224; 3'P-

17; 29Si- 19; >N- 6; 2D-1

External: 'H-116, 3C-19; 2D- 3;

BC-solid-5; *’Al-5; 3'P- 3

FT-NMR (Bruker

'H-1333; BC-610; 3'P- 5; 2D- 3;

200MHz) DEPT-10 1961
Magnet-TECS MS-
EPR Spectrometer
P 5000 376
FT-IR
Infrared Spectra spectrometer 1802
(Perkin Elmer)
FT-IR, Carry 680 &
IR Imaging and Microscope Carry | |maging-0, ATR-347
ATR 620 (Agilent Solid/Liquid-o0 37
Technology)
Raman LabRam HR Not working
Spectrometer Evolution HORIBA
XRD (single Bruker Smart Apex
crystal) o 114 (solved 106) 14
Philips X’pert MPD
XRD (powder
G ) System Empyrean 1142
_ JEOL, Model JEM
TEM Analysis 2100 506
FE-SEM analysis JSM-7100F 1485
NT-MDT, Model:
AFM Ntegra Aura 469
NETZSCH TGA-548, DMA & DSC-40
Thermal Analyser >4 407 1050
(TGA, DSC, DMA) | Mettler Toledo 95 >
CHNS/O Analysis Elementar, Vario
Micro Cube 556
Inductive Coupled | Perkin Elmer,
773 (extra elements - 509) 773

Plasma (ICP)-OES

Optima 2000




Inductive Coupled

ICAP R -
Plasma (ICP)-MS Q 4281
lon Thermo Fisher
Chromatography (ICS-5000" DC- >>4
Dionex)
Surface area 3Flex Surface ,
Analysis Analyzer 329
. . Mastersizer
Particle size .
e Particlesize 105
distribution
Analyser
LC (Waters), MS
LC-MS (Q-TOFF) (Micromass) 2397
ABSCIEX
MALDI-TOF/TOF ;
OF[TO Model:4800plus 158
Horiba Jobin 6317
Luminescence (Fluoro-log)
spectra i
Edinburgh Inst. (uF 102>
920H).
Varian cary 500 4554
SP611madzu, UV- 764
UV-VIS-NIR 30600
Advanced
Photonics 82
(Portable UV)
Isothermal
Titration Microcal iTC 200 00
Calorimetry
Circular Dichroism
(CD) Polarimeter Jasco, Model J-815 75
Shimadzu 1414
HPLC
Waters 982
ac Thermo, model Not working

Trace GC-Ultra




Shimadzu, Model 1214
GC-MS 2010, MS QP2010
TQ 8040 1978
Elementar, Model
TOC !
Liquid TOC 374
TCSPC (Time Edinburgh
Correlated Single | Instruments, 59
Photon Counting) | Model: OB920
Anton Paar,
Rheometer Mod.Physica-MCR- 50
301
Rancimat Biodiesel Rancimat
Matrohm >

BTN WP HrRiHH: foramar
Student Outreach Program: JIGYASA

ORI § TpHH & &$ w9 H, CSMCRI
"RTSTAT" BRIHH P AT J TPl R W JaT 741 5
I gfeepiT fAfid v & fory de~e Ter™
BT RFERT @I qRT &R ¥ Hewaqul IR & &)
9 BAE-JSD FaE U8l & ded, CSIR-CSMCRI
T o a¥ 2019-20 & SRM B FRIGAT BT
STRITST el 37 PIIHHT BT ek BHI BT FTHL
3R yawTee emenRd Affafml F oArIT J
RN 3FIHd T BT Tl ORI &b =T
el & &R B 3R Adhe! e T oT SRT
T MY, RS 8T MARS HSTHHT 861 g &t ot SRT
famam 20 WReRT 2020 @I, CSMCRI &RT "Ry
BRI BT MR TR et Red FeoH, HeSTH
e fobaT T HRRI H, BT Pl WS ST,
T IcaTe Hfshamen, iR acy uiRfRRfadt o=
T & IR H AHBRT & TE, R Saie &
SR & AT forar 3R araifdep s Afcw
SHIRT U S atel dTHds SUARUN BT <&@l &7

As the sole institute in Gujarat, CSMCRI has
significantly contributed to fulfilling the
scientific community's responsibility to foster
scientific temper among young minds at the
school level through the “Jigyasa” Program. As
part of the implementation of this Student-
Scientist Interaction initiative, several
programs were conducted by CSIR-CSMCRI
during the fiscal year 2019-20. These programs
aimed to engage school students by providing
them with a hands-on experience in research
and laboratory-based activities. Thousands of
students and hundreds of teachers from
various parts of Gujarat visited the institute, as
well as the MARS Mandapam field station. On
20th February 2020, the ‘“Jigyasa” Program
was organized by CSMCRI at the Marine Algal
Research Station, Mandapam Camp. At
Institute, students were exposed to marine
research, salt production processes, and
coastal ecosystem studies, engaging in field-
based experiments and observing scientific
equipment used in real-world research settings.




SRT & SRM, BET 3fR Rigrl 7 dvere & At
Tt & Jemfat QIR APl HHATRAT F Freaia
&N FFATRAT = BT  Afoh T I 9T foram 3k
I IR Siie F AT IUART BT Heef 3iik
SR WA & Aredd ¥ WeRid feam s
TP I~ JUDPRVI BT IR HFH & MY 3R
TRINT =T T FaTeT I8 o folg IcTe o TRiaD
1| DRISHH T AT ATl &1 TS ATferepT § IR febarT
Tl

During these visits, students and teachers
interacted with scientists and technical staff
from various disciplines of the institute. The
staff actively participated in the program,
demonstrating the basics of scientific
activities/projects and their fascinating real-life

applications through demonstrations and
hands-on  experiments.  Students  were
captivated by the highly sophisticated

instruments, enthusiastically volunteering to
conduct experiments and ask questions. The
summary of the program is provided in the
table below.

Date Program Name No. of No. of KV No. of No. of
days Schools students | teachers
09.07.2019 Jigyasa: Stude.n't-Smentlst Interaction 01 Ahmedabad Cluster 75 12
Program 1st visit
Jigyasa: Student-Scientist Interaction Gandhinagar
19.07.2019 Program 2 visit 01 9 75 12
X Cluster
Gandhinagar group
Dantiwada
Jigyasa: Student-Scientist Interaction Mehsana,
31.07.2019 Program 3rd visit 01 Gandhidham, 7 10
Bhuj group
Naliya, Porbandar,
Jigyasa: Student-Scientist Interaction Rajkot, Junagarh,
06.08.2019 Program 4t visit 01 Diu, Dharangadhra 7 12
and Bhavnagar
91.08.2019 Jigyasa: Studgnt-Smentlst Interaction 01 Jamnagar and 75 10
Program 5t visit Jetpur group
. ) I . Darjipura, Cambay,
04.09.2019 Jigyasa: Studgnt-Smentlst Interaction 01 VV Nagar, Godhra 75 10
Program 6t visit
and Dahod group
. . - . Surat (03 schools),
13.09.2019 Jigyasa: Studgnt-Smentlst Interaction 01 Ankleshwar and 75 1"
Program 7t visit .
Silvassa group
Visit of schools and colleges students
26.09.2019 to CSMCRI on the occasion of open 01 43 schools and 1258 90
day organized as part of CSIR colleges
Foundation day function
Kendriya Vidyalaya,
Mandapam 50
- (Morning Session)
Visit of class 8 & 9 students at MARS T
20.02.2020 Mandapan field station 01 Govt. Girls Higher
Secondary School, 50
Mandapam
(Afternoon Session)




TRT TRA&TOT FIRTLIIEAT ST SGTe

Inauguration of Soil Testing laboratory

CSMCRI SRR HRd H FH I & fqpry 3iR
TJepeihT WIfT & foly BRF @R <&T &, e 9e
Ieg FHep fFEfre R I T bl orerr
31IR IUTE &l § GER BRAT &1 39 A3 JaT URIE0T
TRITTRITET & ST TaTierd 3R H7g3TeT SURUI BT
ST v AT TR JE ger aler feg
TG S qRIEUT H HaT BT AR g8 &, FTensT,
Al I O, A Tocd, dEl ReE <,
RIARIe GRET BT 3TTeber AT &l 3 FHT JaT o7
3R AT TRI&T TS D IRAISHTAT & IR 3R
HIS[ET TP BT bl ST AR IUTE &I DT TG

CSMCRI is consistently working towards the
development and technological advancement
of the salt industry, focusing on improving the
quality and vyield of salt produced by
manufacturers in India. In this new soil testing
laboratory, various Indian Standard soil tests
will be conducted using advanced automatic
and manual equipment. These tests include
assessments of soil's load-bearing capacity,
classification,  permeability,  grain  size
distribution, compactness, porosity, moisture
content, dry density, specific gravity, field
percolation rate, shrinkage limit, plasticity and
liquidity, fineness, and chemical composition.
All these soil properties and sample tests are
crucial for developing new salt works and



& foTq 31T HEeayuf 81 CSIR-CSMCRI, HIGTR ¢
e, €. 3rffdmEr ST = 9arT fr g8 vamTeen
IR TTer 3Teher (EIA) 31eai+ & folv amaeads
THRT 9T 3R Set feleor oRterort & ot gfer ver
R 81 3T WK § v, Sfcrreredr, faegd
refepel, Hiqd, el gferd 3 (TDS), S IR
A FF (BOD), RIS o dRT
(COD), H&T &l AI9HH, 3R el @l TRIGT S
% AT 81 T8 T8 fABRIT TN iR S1d
SYFRYT GG TP e &b I H T Hewaquf
fyepr e, Ry e FEfaret & e Pt
& SMYTBIARUT 3R FefIRr 7 FeryaT fArer

enhancing the efficiency and production
capabilities of existing salt operations. Dr.
Amitava Das, Director of CSIR-CSMCRI,
Bhavnagar, stated that this laboratory also
facilitates major soil and water analysis tests
essential for environmental impact assessment
(EIA) studies. These tests include parameters
such as salinity, resistivity, electrical
conductivity, pH, total dissolved solids (TDS),
biochemical oxygen demand (BOD), chemical
oxygen demand (COD), soil temperature, and
water brackishness. This newly developed
laboratory and its advanced equipment will
play a significant role in uplifting the salt
industry by supporting salt manufacturers in
the modernization and mechanization of salt
works.

Y fReHROT 3R TLRHIEHRUT & fIg TR e F97e i & def~ip fSars iR

T3 B uefH

Showcasing Scientific Design and Layout for Modernizing and Mechanizing
Experimental Salt Farms

AR 96 BRI & IS (SR 3R A3MST Bl
SYANT &Y TSR TfhAT DT G AR TS I H
A &F Y 96 IS §G™ BT THHH aidT &l
TIIET 9% BT BT FAIT PR 3R Y T BRIt
DI fABRIT axT & ol v wRuEg Jsi+ap fSoirgH
Tfehar UeT BT TS &, FRIpT S Y fFaevur 3R
TR & AT TS IcdTeT IR orET H
gfg F=AT 81 CSMCRI @7 U SRAINTHD & BT
(ESF) 9FR d¢ & Ui R 81 dlgar 79d B
fESTTgT & ugart T A=reT @1 ¥ fopar m SR
JeTTfes eI Sa Rifder Fmfor daiiet o1 SuamT
NP STDT SHAT DT ISRAT T 37 Tebeilepl F MMt
&

o THEH DA P dlcgH-sRIC] FIYT B AER W

ISSIERERSI

o UfRT AN @ 7 P_eT IR FEd RO IMR
fohedieoR ¥ IR o1l @7 Ifftdd ST
SSIRIESEZSII

o AT BT BT AT 3R fehecaligor ¥ WISl g

The scientific design and layout of solar salt
works is the key to enhancing the evaporation
process, thereby increasing salt yield from the
same area of coastal land. A step-by-step
scientific design  procedure has been
introduced for modifying existing salt works
and developing new ones to boost salt
production and quality through modernization
and mechanization. CSMCRI operates an
Experimental Salt Farm (ESF) near the
Bhavnagar Coast. Limitations in the existing
salt farm design were identified, and its
capacity was enhanced using advanced
scientific and civil construction techniques.
These include:

e Designing salt compartments based on
volume-density relationships.

e Minimizing pumping costs and maximizing
solar energy utilization through circulation at
the condensing stage and in crystallizers.

e Reducing percolation losses and preventing
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the dilution of concentrated brine in

crystallizers  for  improved  rainwater
management.
e Proper management of value-added

byproducts such as gypsum and bittern.

This model salt farm is designed to increase
productivity per acre by protecting salt works
from  structural damage, implementing
advanced flood management, and reducing
annual maintenance costs, all while supporting
mechanized operations. Additionally, it serves
as a training platform to demonstrate scientific
design and layout to salt manufacturers from
Gujarat and across India.

R "”“"-nuw’{

Jea-Brine Jysten

RS- CSMCRI & TP T8 B 3 Gisel 796 PrRf @ 13T & o1y AN dsiifes 1$971s, o) Scurqedr

37N T&IaT I TG P Torv etarrae 37N i & S=ifr bl g fafd Bvar 81

Figure: Scientific design prepared for the development of a model salt work at the Experimental Salt
Farm, CSMCRI, showcasing advancements in layout and construction to enhance productivity and

efficiency.

Udie: U SoiacIbitiael Raati-T

LapPot: An Electrochemical toy

UICRRIRCE faege e faeior § SuhT fopam
M dTT U JfETd IR ol T
UICRRIRET Ioer URYET 3R FTebal YS &R &,
EIAID T ©F I 399 AN W ST 35,00,000/-
X ¥15,00,000/- qH & FHT Bl AcioraH,
SUGHRUT R H SIS HS AT AT 3T URMAS e
T H ATqD YN P ol T Iueteer

Potentiostat is an essential instrument used in
electrochemical analysis. Commercial
potentiostats deliver high precision
accuracy, although at equally high cost which
varies from %5,00,000/- to over 15,00,000/. As
a result, these instruments are not easily
accessible for widespread use in academic
settings or other initial research studies in
India. Therefore, there was a need for an easily

and
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manufactured potentiostat circuit that is cost-
effective while still providing respectable
precision and accuracy. The LapPot is a solution
to the above problem. The advanced and non-
essential features of a typical potentiostat are
removed to bring the price of the device low. It
is anticipated that the price of this tailored
device will be around 15-20 times lower than
the existing potentiostat. Further, several
modifications have been made to make the
device highly robust considering the fact that
the primary users of the instrument are novice
students. It has 3D printed electrochemical cell
having concealed electrode connections, which
can be connected to the LapPot through an
USB connector. Apart from secure connection
the USB connector reduced the noise and the
iR drop. LapPot can be connected to PC/ laptop
for monitoring the data using serial
communication.

LAPPOT 1.1.2

A0 CsIR-CSMCRI
CENTRAL SALT AND MARINE CHEMICALS RESEARCH INSTITUTE
BHAVNAGAR (GUJARAT)

ferr: eiudic &1 vep awiiv
Figure: A photograph of LapPot.




CSIR-CSMCRI &7 3MifSe 'Y o Gifsdt & ufer e aamy
CSIR-CSMCRI responds to the Odisha “Fani” cyclone victims

I FhaTd BT ¥ ST by foa, o g
i & art T SR ot afer aR T ik g fver
o 3 ATl 3R Pl T UG R feam 3 75 2019
BT THATT T IAMSAT P AT AT BT IATIT b,
3R bl PRATS BT 8¢ CSIR P HETAD
CSIR-IMMT & {21 3R CSIR-CSMCRI, HGTR
& e & WM R aHr & e gfHe @
@R oY W I DR b e few & 7 95 2019
BT RWSS (3NTSe) P AT T H e R ggdt
3R PIHAR, ST PITH ¥ Po fFaame R R
o, ¥ I8 e AT & T8 9 e 7 Ul T
SRTHT 17,000 SR T MR fobarr iR Fsharey &
HRU G TRE A fISTEA! TRIT I b BRI IS o1
UTeR 0R Ry hr & offl g¥t Sfafer & fostell Sueteyr
T8l offl BPIaYR sclfep A & foT T & o 9., gfHie
B! [ el & Fee! I 9RId & Jresie Mg H
MR R fr 11, ST & & § fharier )/
o Iy Y FSH (WHO) & T & o 8RR
oIl T SRT fpaT 3R Ut &t Ui & srfie
ST g, ST o iR = off ek faa e dr
AheTdIgdeh I b d1e, ST+ 15,000 4 17,000
offex gt wifcy foet faaive fevam mam, o9 de Reerfer
AT 21 81 TSl

F3r1: =igparct i1 b1 TR TR wsparl TIfd TgeTal bl GErdl 5 CSIR-CSMCRI @ FRITl
Figure: Images of cyclone Fani and CSIR-CSMCRI's cfforts in assisting the cyclone-affected
communities.

As Cyclone Fani struck Odisha, it paralyzed the
drinking water supply and contaminated many
ponds and wells, especially in the severely
affected Puri district. On May 3, 2019, the
cyclone reached the coastal part of Odisha, and
immediate action was taken by the DG of CSIR,
in consultation with the Directors of CSIR-
IMMT and CSIR-CSMCRI, Bhavnagar, for the
quick deployment of a water desalination unit.
The team arrived at the site on May 7, 2019, in
coordination with RWSS (Odisha), and the unit
became operational at Kakatpur, a block a few
kilometers away from Konark. The desalination
unit supplied nearly 17,000 liters of water per
day to those in need, functioning on engine
power due to the absence of electricity caused
by the cyclone. The power was unavailable
throughout the operation. After serving the
Kakatpur block for two days, the unit was
relocated to Badahat village under Satyabadi
G.P. in Puri district, a few kilometers from Puri.
A team from the World Health Organization
(WHO) visited the site and expressed immense
satisfaction with the quality of the water, a
sentiment shared by the villagers. After
successfully completing the mission,
approximately 15,000 to 17,000 liters of water
were distributed per day until the situation was
restored.




e Srarer afdreror drimy

Seaweed training programme

NFDB, &REE GRI UG gRINHT & d&d,
dferTg & AT SR RPIRT e & aredior
T AT & 250 AT TGIART DT T aret Wt
&1 ufrer fam T, S AIPRIKIESE & Wl w®
PferT o 3R SFRIBIECH Wl & ATed™ A G
3T UM &1 TS| I 2019-2020 & SR, "o 3iTh
R (TOT) PRIPA & ded 40 TIIRRI & T
HTE T HYal darel Wil Tfreir e febar
3NTET TI<eT pieret fapy 7T, fasrrarsT gRT wrRifora
uRAISHT & dEd, M W & & dcl fa
(frerRaT SiR gdT TieTeRt) & i ack Tar F
629 I TERT TRIEAT (98 TV 31k 531 AfREATT)
GRS UG BRGS0 B e
frorRaTT Rfet & FIFRIYer § 24-25 RideR
2019 & SRM 23 ATHIRAT (8 YoV 3R 15 HZa)
1 yfRrerr feT mam @t MiereRt Rt & SRaurerT §
19-20 fEHaR 2019 & SRM 535 ATHIRRAT (86 T2
3R 449 AfZe) BT uirawr &7 T, Safh Eff
METERT et & JeTer 7 21-22 fRfaR 2019 & SR
71 ATIRRAIT (4 T 1R 67 AfSTT) BT Hfreror i

[A]l

Under the NFDB, Hyderabad-sponsored
project, seaweed cultivation training was
provided to 250 coastal fisherfolk from rural
coastal villages in the Ramnad and Tuticorin
districtcs of Tamil Nadu, focusing on
agarophytes cultivation and ensuring assured
income through agarophytes farming. During
the year 2019-2020, a one-week seaweed
cultivation training was conducted for 40
beneficiaries under the Trainers of Trainee
(TOT) programme. As part of the Andhra
Pradesh  Skill Development Corporation,
Vijayawada-sponsored project, seaweed
cultivation training was imparted to 629 coastal
rural individuals (98 males and 531 females)
across three coastal villages in two districts
(Visakhapatnam and East Godavari) of Andhra
Pradesh. In Mangamaripeta, Visakhapatnam
district, training was given to 23 beneficiaries
(8 males and 15 females) from September 24-
25, 2019. In Bhairavapalem, East Godavari
district, 535 beneficiaries (86 males and 449
females) received training from December 19-
20, 2019, while in Mulapeta, East Godavari
district, training was provided to 71

beneficiaries (4 males and 67 females) from

53 k -

et [A] g5 daret Gl BT & Feed, R TR ST STer @) giba few@rs T8 8; [B] 38 9a9 &
faerrETeT fo7et o FMHRIICT 5 Gt Sfarer Tioe i

Figure: [A] A Field demonstration of seaweed farming showing initial seeding process; [B] Seaweed
training programme at Mangamaripeta, Visakhapatnam district, Andhra Pradesh.
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December 21-22, 2019. Additionally, seaweed
cultivation training was given to 10 coastal rural
beneficiaries in Suryalanka, Bapatla, Guntur
district, Andhra Pradesh, and Kappaphycus
farming was established at 10 tube net levels.

AT SaTer HATEl 9” W&o

Survey on seaweed resources

T 3T AR ! SiaHeel 3TRfrT & & sl 4
TS TSl FATEA] BT FAAU R BOAThIgH
fCARSITATS bl IUREAFT T gaT R & foTT T
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31T H~TR & 19 Gl & SIR &7 F el 137 Tl
SlarTet TRt &1 el 718, RI 48 &, 48 alel 3R
41 R T Y goiferdt et 81 Ppaerg §ia H s
daret Y FeRT 31re MTAROT UfTLATAT (84%) UTS TS,
Sefs Tt 3R 3odT gd § e Sarer B
TR 3N TSR ST 1 TEi daR 3R fheraadRTg
ST B F FIR 3R TApINT 1T g bl Jorr J
3fferes Tt Aaret ffdedr gefifd b AR 998 &
Sl § AR TSRl T Iod A1E Mgy &
e ifer wET O T g fud, welt o
ATt ST H Xeflelt 3R hrersgth STTER b HROT
T QeTeT T ATERYT SR USTIRHRAT Dl AT P UTS
TS| HTR T8 & Gl H TS P YT A Givep el b
AT 37D TS TS| < FIEON P SR, 19 FfiT
gal § F et & off IR 8§ pummRed
SeaRSTaS P JuRART af T8l Bl TS b
ST, SIS GlY UR AT o & SR STeT fa’or
3iR S=IRAT & PIs Aebel a1 UTg T

A survey was conducted to assess seaweed
resources and determine the presence of
Kappaphycus alvarezii in the islands of the Gulf
of Mannar Marine Biosphere Reserve. Three
surveys were carried out during 2019-2020,
bringing the cumulative total to five surveys. A
total of 137 seaweed species were recorded
across the intertidal regions of 19 islands in the
Gulf of Mannar, including 48 green, 48 red, and
41 brown species. Krusadai Island had the
highest percentage of seaweed cover (84%),
while Nallathanni Island and Appa Island
recorded the maximum number of seaweed
species. The Vembar and Kilakkarai groups of
islands exhibited greater seaweed diversity
compared to the Mandapam and Tuticorin
groups. The Mandapam group of islands had a
higher abundance of Sargassum species,
characterized by a high relative frequency. In
contrast, Manali and Manaliputti Islands
showed lower seaweed cover and fewer
species due to sandy and muddy substrata.
Seawater nutrient content was found to be
higher in the Mandapam group of islands.
Across all three surveys, the occurrence of
Kappaphycus alvarezii was not observed in the
intertidal regions of any of the 19 islands.
Additionally, no signs of coral bleaching or
disease were observed during sampling on
Krusadai Island.
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1. MYTF [Research Papers]

2. %] QI H AL [Book/ Chapters in Books]

SRR Uce/ Wi Uce [Patents- Filed/ Granted]
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Vadakke Puthoor

JO

3345

Preparation of AC@MOF
composite with enhanced
methane storage capacity

Bajaj Hari Chand,
Somani Rajesh
Shantilal, Rallapalli
Phani Bs, Patil
Dinesh, Prasanth
Karikkethu
Prabhakaran, Raj
Manoj C, Thakur
Rajendra Singh,
John Mathew,
Newalkar Bharat
Lakshman,
Chaudhary Nettem
Venkateswarlu

EP

2691171

GB

2691171

DE

2691171

KR

10-2050608

Integrated process for
potash recovery from
biomethanated spent wash
with concomitant
environmental remediation
of effluent

Pratyush Maiti,
Krishna Kanta
Ghara, Soumya
Haldar, Neha Pratap
Patel, Subarna
Maiti, Prasanta Das,
Charola
Samirkumar
Kanjibhai

PK

142996

An integrated process to
valorize seaweed biomass
for a spectrum of
bioproducts

Chennur
Radhakrishna
Reddy, Ravi Singh
Baghel, Nitin
Trivedi, Puja
Kumari, Vishal
Gupta, Kamlesh
Prasad, Ramavatar
Meena

AU

2014374908

A facile synthesis of
seaweed polysaccharides
based hydrophobic
biocompatible crosslinked

Ramavatar Meena,
Naresh
Dharmashibhai
Sanandiya, Jai

JP

6567513




composite porous materials | Prakash Chaudhary,

for energy-efficient Dibyendu Mondal,

separation Nataraj Sanna
Kotrappanavar

Low fouling thin film
composite reverse 0smosis
membranes with improved
chlorine resistance and a
process for preparation
thereof

Alamuru Venkata
Rami Reddy, Saha
Nirmal Kumar,
Jewrajka Suresh
Kumar, Jitendra
Jaydevprasad
Trivedi, Paramita
Ray, Nagendra
Pathak, Gaurang
Shambuprasad
Trivedi, Temubha
Bhupatsinh Gohil,
Rahul Shubhash
Patil

us

10384171

Novel ion exchange
membrane and the process
of preparation thereof

Uma Chatterjee,
Suresh Kumar
Jewrajka,
Sreekumaran
Thampy

JP

6605465

10

A novel method for the
production of graphene
sheets with tunable
functionalities form
seaweeds using deep
eutectic solvents

Kamlesh Prasad,
Mukesh Sharma,
Dibyendu Mondal,
Arka Saha, Nripat

Singh

us

10549997

4. A. Tl F Hife® | divex UIRT [Oral/ Poster presentation in

conferences]

Presentation: Heteroatom doped carbon catalyst for the electrochemical reduction of carbon
dioxide to useful fuel and chemicals., Authors: Kirti, Amravati Singh, Ankush V. Biradar, Divesh
N. Srivastava; Conference: National seminar on catalysis for fine chemicals; Venue: CSIR-
CSMCRI, Bhavnagar; Date: 25 Jul 2019.

Presentation: A Biodegradable Polymer Composite Electrode Platform for Capacitive Energy
Storage.; Authors: Kirti, Rajiv Gupta, Divesh N. Srivastava Conference: International
Conference on Electrochemistry in Industry, Health and Environment EIHE-2020 Venue: BARC,
Mumbai; Date: 20-25 Jan-2020.

Presentation: Tunable heterojunction using conducting polymer for Photovoltaic Application
Authors: Sunil Luhar, Rajeev Gupta, Divesh N. Srivastava Conference: International
Conference on Electrochemistry in Industry, Health and Environment EIHE-2020 Venue: BARC,
Mumbai; Date: 20- 25-Jan-2020.



10.

11.

12.

13.

Presentation: Thin film Polyamide composite membranes, the milestone in water purification;
Authors: A. Bhattacharya; Conference: National Webinar; Venue: Alipurduar College, W.
Bengal; Date: 07 August 2020.

Presentation: Metabolite profiling, and Biochemical activities of abundant tropical green seaweeds
from Saurashtra coast of Gujarat reveal the nutraceutical potential of Caulerpa spp. Authors: Babita
Choudhary, Bhakti Tanna, Avinash Mishra Conference: International Conference on New
horizons in Biotechnology; Venue: CSIR-National Institute for Interdisciplinary science and
Technology (CSIR-NIIST) and The Biotech Research Society (India) at Thiruvananthapuram,
Kerala, India; Date: 20-24 November 2019.

Presentation: Metabolomic and physio-biochemical analysis of groundnut under different
combined abiotic stress conditions; Authors: J. Patel, Avinash Mishra, Conference: International
Conference on New horizons in Biotechnology; Venue: CSIR-National Institute for
Interdisciplinary science and Technology (CSIR-NIIST) and The Biotech Research Society (India)
at Thiruvananthapuram, Kerala, India; Date: 20-24 November 2019.

Presentation: Salt and Drought responsive gene (SbSDR1) from Salicornia brachiata acts as
molecular switch and considered potential candidate for genetic transformation of groundnut
(Arachis hypogaea L.); Authors: J. Patel, Avinash Mishra, Conference: International Conference
on Panorama of Life Sciences; Venue: Department of Life sciences at M.K. Bhavnagar University,
Bhavnagar, Gujarat, India; Date: 28 January 2020.

Presentation: Lipid content and fatty acid profiling of halophytes for renewable energy; Authors:
J. Koshiya, Avinsah Mishra; Conference: International Conference on Panorama of Life Sciences;
Venue: Department of Life sciences at M.K. Bhavnagar University, Bhavnagar, Gujarat, India;
Date: 28 January 2020.

Presentation: Isolation and cloning of antiporter gene promoter from extreme halophyte Salicornia
brachiate; Authors: D. Hapani, Avinash Mishra; Conference: International Conference on
Panorama of Life Sciences; Venue: Department of Life sciences at M.K. Bhavnagar University,
Bhavnagar, Gujarat, India Date: 28 January 2020.

Presentation: Extraction of sodium alginate from Indian alginophytes: Focus on plant stimulant
and cellulose; Authors: Mansi Gajjar, Paritri Upadhayay, Kamalesh Prasad; Conference:
Advances in Chemical Sciences and Technology for Environment and Sustainability (ACSTES -
2020); Venue: Sardar Vallabhbhai National Institute of Technology (SVNIT) Surat; Date: 27
February 2020.

Presentation: Extraction of sodium alginate from Indian alginophytes: A biorefinery approach;
Authors: Paritri Upadhayay, Mansi Gajjar, Kamalesh Prasad; Conference: Advances in Chemical
Sciences and Technology for Environment and Sustainability (ACSTES - 2020); Venue: Sardar
Vallabhbhai National Institute of Technology (SVNIT) Surat; Date: 27 February 2020.

Presentation: Processing of waste human hair in an ionic liquid in a biorefinery mode; Authors:
Nripat Singh, Kamalesh Prasad; Conference: Su-CHEM YUVA 2019; Venue: CSIR-Indian
Institute of Chemical Technology, Hyderabad; Date: 24-26 July 2019.

Presentation: Processing the animal wool using green solvent and it’s application: A biorefinery
concept; Authors: Tapan Kumar Maity, Nripat Singh, Sanju Singh, Pradip Vaghela, Pramod B.
Shinde, Arup Ghosh, Kamalesh Prasad; Conference: National Seminar on Catalysis and Fine
Chemicals (NSCFC-2019); Venue: CSIR- Central Salt and Marine Chemicals Research Institute,
Bhavnagar; Date: 25 July 2019.



14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Presentation: Isolation and Characterisation of Gracillaria dura Associated Microbes for the
Identification of Bioactive Potential; Authors: Doniya Elze Mathew, Sanju Singh, Pankaj Kumar,
Vishal Ghadge, Vaibhav. A Mantri, Pramod B. Shinde; Conference: Bioprospecting of Algae:
Resources, Conservation and Utilization; Venue: Central University of Kerala, Kasargod, Kerala;
Date: 01-02 August 2019.

Presentation: Endophytic Actinomycetes as a Source of Bioactive Compounds; Authors: Pankaj
Kumar, Vishal Ghadge, Sanju Singh, Doniya Elze Mathew, Pramod B. Shinde; Conference:
International Workshop on Biology and Applications of Actinomycetes; Venue: University of
Mysore in association with Helmholtz Centre for Infection Research & Technical University of
Braunschweig, Germany at Mysore; Date: 310ctober — 01 November 2019.

Presentation: Composite film of 4,4-bis(5-methyl- thiophen-2-yl)pentanoic acid, a biomass-
derived plasticizer, and PVA with improved physicochemical & biological properties; Authors:
Sreedhar Gundekari, Kannan Srinivasan; Conference: National Seminar on Catalysis for Fine
Chemicals (NSCFC-2019); Venue: CSIR- Central Salt and Marine Chemicals Research Institute,
Bhavnagar; Date: 25 July 2019.

Presentation: Selective preparation of renewable ketals from biomass-based carbonyl compounds
with polyols using B-zeolite as reusable catalyst; Authors: Sreedhar Gundekaria, Mariappan M,
Kannan Srinivasan; Conference: National Workshop on Catalysis — Catalysis for Clean Energy
and Sustainable Future; Venue: Indian Institute of Technology-Delhi; Date: 31 May-01 June
2019.

Presentation: Direct synthesis of diethyl carbonate from carbon dioxide and ethanol over Pd/C
catalyst; Authors: Mariyamuthu Mariyaselvakumar, Kannan Srinivasan Conference: National
Workshop on Catalysis — Catalysis for Clean Energy and Sustainable Future; Venue: Indian
Institute of Technology-Delhi; Date: 31 May-01 June 2019.

Presentation: Selective Oxidation of aliphatic alcohols by using ruthenium supported on MnCo0,04
under base-free condition; Authors: Dakhara Bhavesh, Kannan Srinivasan, Conference: National
Workshop on Catalysis — Catalysis for Clean Energy and Sustainable Future; Venue: Indian
Institute of Technology-Delhi; Date: 31 May-01 June 2019.

Presentation: Humin furanic polymers as UV-shielding material in the transparent thin-film
composite; Authors: Rajathsing Kalusulingam, Sampath Gajula, Koilraj Paulmanickam,
Shanthana Lakshmi Duraikkannu, Kannan Srinivasan; Conference: Energy, Functional Materials
and Nanotechnology & Sustainable Environment Management (ICEFN & SEM 2019); Venue:
Nanotechnology Centre, Department of Chemistry, Kumaun University, Nainital; Date: 24-26 May
2019.

Presentation: Heterogeneous catalysis for biofuels production; Authors: Sreedhar Gundekari,
Krishnan Ravi, Sivashunmugam Sankaranarayanan, Churchil A. Antonyraj, Sampath Gajula,
Kannan Srinivasan; Conference: Bioenergy Urja Utsav, Pune; Venue: Pune; Date: 07-08 July
2019.

Presentation: Guest-Induced Ultrasensitive Detection of Multiple Toxic Organics and Fe*" Ions in
a Strategically Designed and Regenerative Smart Fluorescent Metal-Organic Framework,
Authors: R. Goswami, S. Neogi; Conference: CSIR- Inter Institutional Students Conference on
Sustainable Chemistry for Heath, Environment and Materials (Su-CHEM YUVA 2019); Venue:
CSIR - Indian Institute Chemical Technology, Hyderabad; Date: 24-26 July 2019.

Presentation: Development of Robust Metal-Organic Frameworks and their Post-Synthetic
Modifications for Improved Selective CO, Adsorption and Size Selective Efficient CO, Fixation



24.

25.

26.

Under Mild Conditions; Authors: M. Singh, S. Neogi; Conference: XVIII Modern Trends in
Inorganic Chemistry (MTIC); Venue: Indian Institute of Technology-Guwahati (IIT-Guwahati),
Guwabhati; Date: 10-14 December 2019.

Presentation: Unravelling Mechanistic Insights of Ultrafast and Regenerative Detection of Diverse
Organic Pollutants in Strategically Devised Multiresponsive MOFs: A Smarter Approach for
Environmental Safety; Authors: R. Goswami, S. Neogi; Conference: XVIII Modern Trends in
Inorganic Chemistry (MTIC); Venue: Indian Institute of Technology-Guwahati (IIT-Guwahati),
Guwabhati; Date: 10-14 December 2019.

Presentation: Diverse Engineering of Pores in Robust Metal-Organic Frameworks for
Sustainability: Acute Monitoring of Multiple Water Contaminants and Capture Cum Conversion of
CO: to Valuable Chemicals; Authors: M. Singh, S. Neogi; Conference: Advances in Chemical
Sciences and Technology for Environment and Sustainability (ACSTES-2020); Venue: Sardar
Vallabhbhai National Institute of Technology (SVNIT), Surat; Date: 27 February 2020.

Presentation: Seaweed cultivation and its potential in India; Authors: M. Ganesan, K. Eswaran,
V. Veeragurunathan, S. Thiruppathi; Conference: National Conference on Seaweed cultivation and
Open sea Cage Culture; Venue: Port Blair; Date: 08-09 August 2019.

B. BIILTEAT 3R TR Aell § UgefHt [Demonstrations at workshops and
trade fairs]

Venue
Title of the Title of the (Name of
SN Presentation/ Demonstrator workshop, hosting Dates
Demonstration tradefare institute, city
name)
Showcasing Indian Science Knlyerity of 2-8
1. | CSMCRI, activities | Aneesha Singh | Congress Sgrlcu ure January
and products (ISC-2020) c1ences, 2020
Bengaluru
5. T IR [Invited Talks]
SN Title of t!le Conference Details Venue Speaker
Presentation
Sensors @ CSIR- 7 th Asian Network for | Gujarat Divesh N.
CSMCRI Natural & Unnatural University, Srivastava
1. Materials (ANNUM Ahmedabad
VII)
(28 Sept 2019)
Plastic Chip Electrode: | International Bhabha Atomic Divesh N.
A General-purpose Conference on Research Center, Srivastava
Electrode Platform Electrochemistry in Mumbai
2. Industry, Health and
Environment EIHE-
2020
(20-25 Jan 2020)




3 Membranes coming of | Invited Talk Tata Steel, A.
" | age (5th Sept, 2020) Jamshedpur, India | Bhattacharya
Membranes- the trend | Invited Talk Regional Science | A.
4. | in water purification (10 Oct, 2020) Centre and Bhattacharya
Planetorium
Thin film Polyamide 7 th Asian Network for | Gujarat A.
Composite Natural & Unnatural University, Bhattacharya
5. | Membranes- the path Materials (ANNUM Ahmedabad
finding solution in Vi)
water purification (28 Sept 2019)
Inorganic Materials for | 7 th Asian Network for | Gujarat Govind Sethia
Energy, Environmental | Natural & Unnatural University,
6. | and Industrial Materials (ANNUM Ahmedabad
Applications VII)
(28 Sept 2019)
Value Added Inorganic | Conference on Indian Gujarat Mineral Govind Sethia
7 Materials from Industrial Minerals (20- | Industries
" | Industrial Waste 21 Feb 2020) Association,
Ahmedabad
Colloidal Formulations | National conference on | NIT, Jalandhar Arvind
Based on Ionic Liquids | Innovation in Applied Kumar
] and Their Applications | Science and
' Engineering (NCIASE
2019)
(26-27 April 2019)
Scientific Aspects of Skill development Vallinokkam, Arvind
9 High Purity Salt program on Solar Salt Tamil Nadu Kumar
" | Production and Marine Chemicals
(11 Jun 2019)
Sustainable approach 7 th Asian Network for | Gujarat Kamalesh
on efficient processing | Natural & Unnatural University, Prasad
of bio-mass and natural | Materials (ANNUM Ahmedabad
10.
polymers for Vi)
generating new and (21-23 Sept 2019)
functional materials
Biomass processing: A | National Conference on | Om Science Kamalesh
green and sustainable Advances in Modern College, Junagad | Prasad
11. | approach with special | Science
reference to seaweed (18 Jan 2020)
biomass
Feasibility of ionic Advances in Chemical Sardar Kamalesh
liquids and deep Sciences and Vallabhbhai Prasad
eutectic solvents as Technology for National Institute
12. | platform solvent Environment and of Technology
systems for product Sustainability (SVNIT) Surat
design and separation | 28 Feb 2020

of biomolecules




Helicate - A Smart Invited special lecture Karunya P.S.
Material for (8th Nov 2019) University Subramanian
13. | Solvatochromism, Coimbatore
Sensing and
Asymmetric Catalysis
Bioactive Macrolides International Workshop | University of Pramod B.
from the Actinomycete | on Biology and Mysore in Shinde
Dactylosporangium Applications of association with
aurantiacum Actinomycetes Helmholtz Centre
(31 Oct-01 Nov 2019) for Infection
14. Research &
Technical
University of
Braunschweig,
Germany at
Mysore
Endophytes as Rich National Level Seminar | St. Xavier’s Pramod B.
Source of ‘Bioprospecting for College Mapusa, Shinde
15. | Bioprospecting Sustainable Goa
Development
(24-25 Jan-2020)
Advances in Microbial | National Level Seminar | St. Xavier’s Pramod B.
Drug Discovery ‘Bioprospecting for College Mapusa, Shinde
16. Sustainable Goa
Development
(24-25 Jan-2020)
Natural Products State Level Seminar PDVVP College Pramod B.
Research: A Journey ‘Quality Assurance of of Pharmacy, Shinde
17 from Plants to Marine | Herbal Medicinal Ahmednagar,
" | Organisms to Products: Past, Present, | Maharashtra
Microorganisms & Future
(06- Feb-2020)
Transition Metal International Hotel Holiday Inn | Sukalyan
Catalyzed a- Conference on Resort, Goa Bhadra
Heterofunctionalization | Organometallics and
of Aliphatic Carboxylic | Catalysis 2020
18 | Acid Equivalents Jointly organized by IIT
Bombay, IISc
Bangalore and IISER
Kolkata.
(07-10 March, 2020)
Biomass to Chemicals | International CSIR-Indian Kanann
and Polymers — Conference on Institute of Srinivasan
19 Opportunities & Advances in Catalysis Chemical
Challenges Industrial Outlook 2019 | Technology,
(ACIO-2019) Hyderabad
(01-02 August 2019)
Biomass to Chemicals | 17th National Workshop | Indian Institute of | Kanann
20. | and Polymers — on Catalysis: Catalysis Technology Delhi, | Srinivasan

Delhi




Opportunities &
Challenges

for Clean Energy and
Sustainable Future
(31 May-01 June 2019)

pathways-an approach
towards circular
economy

(17-18 Oct 2019)

Functionalized Metal- | Modern Trends in Indian Institute of | S. Neogi
Organic Frameworks Inorganic Chemistry- Technology-
as Smart Scaffolds for | XVIII Guwabhati (IIT-
71 Guest-Responsive (10-14 Dec-19) Guwahati)
" | Luminescent
Monitoring of Toxic
Organics and CO;
Valorization
Safe Disposal of Sustainable SRM Institute of | Subarna Maiti
Industrial Spent Technologies for Science &
2 Solvents and Chemical | Industrial Hazardous Technology,
" | Wastes using Thermal | Waste Management and | Chennai
Plasma Technology Bioenergy Production
(07- 09 Aug-2019)
Energy and fertilizer Solar Thermochemical German Subarna Maiti
from crop-residues Technologies for Green | Aerospace Center
through and Sustainable (DLR) Cologne,
23. | thermochemical Development Germany

6. AT HATEA fI®T [Human Resource Development]
6A. T AT FIRT TRTET0T BRIHHT § HTTERY
[Training Programmes Attended by Staff Members]

SN

Title of the
Programme

Organizer

Start
Date

Number of
Days

Name of the Staff

Professional
Training Program on
“Recycling of
Metallurgical Wastes
(4RWASTE-2019)

CSIR-NML
Jamshedpur

27-11-
2019

3

Subhadip Neogi

Workshop on Design|Indian
Institute, Kolkata

and Analysis of
Experiments for
Scientists,
Engineers, Faculty
members, Phd.
Students: DOEWS-
2019

25-11-
2019

Statistical

V.Veeragurunathan




6B. NvTST Ue o =am

[PhD Conferred]
SN Name of the | Conferment Title of thesis Name of University
Student date Supervisor
Ms. Sweta 22-04-2019 |Bacterial Attachment |Dr. S. Haldar
Binod Kumar on Polymeric
1. Membranes: AcSIR
Strategies and
Applications
Mr. Jackson 29-04-2019 |Isolation and Dr. Pradeep
Melvinbhai characterization of  |K. Agarwal
Khedia stress responsive
2. AINAC4 AcSIR
transcription factor
from halophyte
Aeluropus lagopoides
Mr. 20-06-2019 |Hydrophobic Dr. Puyam S.
Ankitkumar Poly(alkyl)siloxane |Singh
3. |Maheshbhai Membranes for AcSIR
Kansara Organic Selective
Separation Process
Mr. 20-06-2019 |Characterization of |Dr. S. Haldar
Raval Ishan harmful bacteria
4. Hareshbhai from coastal AcSIR
resources of Gujarat
Mr. 02-07-2019 |Microbial community|Dr. Avinash
Raghawendra structure and Mishra
Kumar functional genes
5. (Lac, alkB, xyl) AcSIR
analysis from
seawater using
metagenomic
approach
Ms. Manali 02-07-2019 |Synthesis and Dr. S. Basha
Jagdishbhai characterization of
Rathod nanocellulose-TiO:
composites and their
6. application in AcSIR
removal of
pharmaceutical
compounds from
aqueous streams
Mr. Ashesh 23-07-2019 |Designing of Dr. Ramavtar
Mabhto Materials Targeting |Meena
7. Separation and AcSIR

Energy Storage
Applications




Mr. Menapara | 06-08-2019 |Chiral Catalysts for |Dr. R. L.
8. Tusharkumar Asymmetric'C—C Kureshy AcSIR
bond formation
reactions
Ms. Mitali 26-11-2019 |Study of WRKY Dr. Pradeep
Dabi transcription factor |K. Agarwal
9, from biofuel crop AcSIR
Jatropha curcas
towards stress
tolerance
Mr. 18-12-2019 |Ionic liquid based Dr. Arvind
10. Krishnaiah D colloidall Kumar AcSIR
formulations and
their applications
Mr. Nripat 31-12-2019 |[Sustainable Dr. Kamlesh
Singh processing and Prasad
11. functionalization of AcSIR
biopolymers using
ionic media
Mr. Balar 09-01-2020 |[Strain improvement |Dr. Vaibhav
Nikunj of Ulva through Mantri
12. Bharagbhai conventional ¢ AcSIR
breeding
Mr. Jitkumar 10-01-2020 |Functionalization of |Dr. Kamalesh
Hareshbhai biopolymers in Prasad
13. Bhatt neort)erii/: solvents for AcSIR
targeted applications
Mr. Jacky H. 10-01-2020 |Synthesis of chitosan |Dr. Ankush
14. Adwani based catqusts and |Biradar AcSIR
its catalytic
applications
Mr. 05-02-2020 |Development of Dr. S. C.
Harshvardhan Nanostructure Metal |Ghosh
Singh Oxides as Efficient
15. Heterogeneous AcSIR
catalyst for C-H bond
Actication and
Functionalization
Ms. Bhakti 11-02-2020 |Non-targeted Dr. Avinash
Tanna metabolite profiling |Mishra
16. of selected seaweeds AcSIR
along the Gujarat
coast
Mr. Parmar 11-02-2020 |Structural and Dr. E. Suresh
Bhaveshkumar Functional Studies on
17. Multidimensional AcSIR
Coordination

Polymeric Networks




18.

Mr. Arindam
Kr Das

11-02-2020

Acid/Base stable lon-
exchange Membranes
for Electrolysis and
Electrodialysis

Shahi

Dr. V. K.

AcSIR

19.

Ms. Geetanjali
Shukla

20-02-2020

High Performance
Acidic and Alkaline
Charged Membranes
for Electrochemical
Processes

Shahi

Dr. V. K.

AcSIR

20.

Mr. Abhisek
Joshi

28-03-2020

Transannulation of  |Dr. S.
triazoles and
pyridotriazoles for
the synthesis of fused

heterocycles

Adimurthy

AcSIR

21.

Mr. Md Haque
Intesaful

21-08-2019

Cloning and
characterization of
NADP-Malate
dehydrogenase
(NADP-MDH) and
NADP-Malic enzyme
(NADP-ME) genes
from Suaeda species

Dr. Prof.
Bhavnath Jha

Bhavnagar university

22.

Ms.Monisha
N.

2019

Studies on Ulva spp. |Dr.
from Indian waters -
Cultivation,
Chemical and

Nutritional properties

M.Ganesan

Madurai Kamraj
University

6C. fIfir=T vl & uraash & dgd oy rafer ufireror

[Short Term Training under Curriculum of various Institutes]

Name of the Name of the Mentor . .
SN Student Degree/ Stream University/ Sponsor
Mr. Prashant M. Tech. Dr. Amal Kumar . S .
1. Kumar Biotechnology Mandal Amity University, Noida
Ms. Sapna Dr. Asish Kumar SPC Govt. College, Ajmer,
2. Kumari M.Sc. Botany Parida Rajasthan
Ms. Aruna Dr. Anil Kumar M SPC Govt. College, Ajmer,
3. Kanwar Naruka M.Sc. Botany Rajasthan
4. [Ms. Srishti Gupta|M.Sc. Botany Dr. Avinash Mishra SPC Govt. College, Ajmer,
Rajasthan
5. [Ms. Sangam M.Sc. Botany Dr. Monica G. Kavale SK Girls College, Sikar,
Rajasthan
6 Ms. Navapara  |M.Sc. Dr. Mangal Singh Vellore Institute of
* |Radha Biotechnology Rathore Technology, Tamilnadu
- Mr. Chodvadiya |M.Sc. Dr. S. Haldar MS University, Vadodara,

Jaimin

Biotechnology

Gujarat




Ms. Shyama M.Sc. Dr. Dineshkumar R
8. Ramakrishna Microbiology Cochin University, Kerala
9 Ms. Priyanka M.Sc. Dr. Pramod Shinde  |Govt. Girls College,
* |Sharma Microbiology Chittorgarh , Rajasthan
10. |Ms. Rimjim M.Sc. Chemistry |Dr. Kamalesh Prasad |IIT, Gandhinagar
1 Mr. Chetwani M.Sc. Dr. Mangal Singh M.S. University, Vadodara,
* |Krunal Biotechnology Rathore Gujarat
12 Ms. Neelam M.Sc. Chemistry |Dr. R. Meena Govt. Dungar College,
* |Kanwar Bhati Bikaner, Rajasthan
13, Mr Tushar -y p o0 Chemistry [P B- Ganguly 1IT, Delhi
Taneja
14. IMr. P. Karthival Dr. P. Subramanian Ma'dural' Kamraj'
University, Tamilnadu
B. Tech Fiber & |Dr. R. Meena .
15. |Ms. Amritha T. |Textile Processing ICT Mumbai, Maharashtra
Technology
16. Ms. Bhattu M.Sc. Chemistry Dr. R. Meena SVNIT, Surat, Gujarat
Swapna
17. |Ms. Ankita Ray |M.Sc. Chemistry |Dr. Vaibhav Mantri  |SVNIT, Surat, Gujarat
18 Mr. Vikas H. M.Sc. Organic Dr. S. Adimurthy Savitribai Phule University,
* |[Kale Chemistry Pune, Maharashtra
Mr. Akshay . Dr. Govind Sethia Manipal University, Jaipur,
19. Gajanan Bhatt M.Sc. Chemistry Rajasthan
Mr. Shubham B.Tech. Dr. Sandhya Mishra |Institute of Advapce
20. Gheeva Biotechnolo Research, Gandhinagar,
Y &y Gujarat
21 Ms. Pranchi M.Sc. Dr. Pramod Shinde Atmiya University, Rajkot,
* |Parekh Biotechnology Gujarat
Mr. Nitish M.Sc. Chemistry |Dr. R.K Nagarale Manipal Univerity, Jaipur,
22. .
Kumar Sharma Rajasthan
Mr. Nandkishor . Dr. S. Neogi Guru Nanak Dev University,
23. Singh M.Sc. Chemistry Amritsar, Punjab
Ms. Durgesh . Dr. Govind Sethia Manipal University, Jaipur,
24. Nandini Gaur M.Sc. Chemistry Rajasthan
25, Mr. Karan M.Sc. Chemistry Dr. S. Adimurthy Gurq Nanak Dev University,
Bansal Amritsar, Punjab
2 Ms. Shri B.Tech Dr. M. Ganesan Anna University,
* |Poornima Microbiology Tiruchirappalli, Tamilnadu
M.Sc. Plant Dr. M. Ganesan .
27. |Mr. Ebenezer G. |Biology & Madras ‘Chrlstlan College,
. Chennai
Biotechnology
Mr. Naresh . Dr. Sukalyan Bhadra |Sikkim Manipal University,
28. Chettri M.Sc. Chemistry Sikkim
29, Mr. Roshan M.Sc. Chemistry Dr. Sukalyan Bhadra S%kk%m Manipal University,
Sarmah Sikkim
Ms. Suhasi B.Tech Dr. S. Haldar
30. Mehrotra Biochemical H.B.T.U., Kanpur, UP




31. glarr.nlilrslhanta M.Sc. Chemistry gﬁl;ﬁi}ﬁg Gauhati University, Assam
32 Ms. Stuti M.Sc. Dr. Dineshkumar R |Nirma University,
* [Madhvani Microbiology Ahmedabad, Gujarat
Ms. Meera M.T'ech. Dr. R.B. Thorat Marwadi University, Rajkot,
33. . Environment .
Keraliya . . Gujarat
Engineering
Mr. . M.Sc. Bioscience Dr. Parinita Agrawal Indrashil University,
34. |Vyanjankumar Mehsana, Gujarat
Jitendrabhai ’
35 Ms. Parmar M.Sc. Dr. Parinita Agrawal |Indrashil University,
° |Manisha Microbiology Mehsana, Gujarat
. [M.Sc. Dr. PK Aarwal Indrashil University,
36. |Mr. Krunal Joshi Microbiology Mehsana, Gujarat
37 Mr. Balram M.Sc. Botany Dr. Arup Ghosh University of Rajasthan,
* |Singh Pundir Jaipur, Rajasthan
38 Mr. Prashant M.E. Thermal Dr. Subarna Maiti Dr. Jivraj Mehta Inst. Of
* |Nair Engineering Technology, Anand, Gujarat
39 Mr. Nijith M.E. Thermal Dr. Subarna Maiti Dr. Jivraj Mehta Inst. Of
* [Mathew Engineering Technology, Anand, Gujarat
40. |Ms. Anjali Nair M.E. Thermal Dr. Subarna Maiti Dr. Jivraj Mehta Inst. Of
) ) Engineering Technology, Anand, Gujarat
41 Mr. Deepanshu  |M.Sc. Dr. Dineshkumar R.  |University of Rajasthan,
' |Kumavat Biotechnology Jaipur, Rajasthan
Ph.D. Polymer & [Dr. Vinod K Shahi
42. |Ms. Priya Goel  |Process IIT, Roorkee, Uttarakhand
Engineering
Mr . Dr. Shobhit Singh Indrashil University,
43. Umang.K.Patel M.Sc Chemistry Chauhan ¢ Mehsana, Gujarat ’
44 Mr. Mohammad |M.Sc Chemistry |Dr. Alok Ranjan Paital {Indrashil University,
* |Taslim N. Ansari Mehsana, Gujarat
Mr. Raghav D. . Dr. Beena Tyagi Indrashil University,
45. Patel ¢ M.Sc Chemistry e Mehsana, Gujarat '
46 Mr. Dhruvkumar [M.Sc Chemistry |Dr.subhash Chandra |Indrashil University,
* |A. Barot Ghosh Mehsana, Gujarat
47 Mr. Sarthak C.  |[M.Sc Chemistry |Dr.sumit B Kamble |Indrashil University,
* |Kothiya Mehsana, Gujarat
Mr. Bhavdip D. . Dr. Parul Sahu Indrashil University,
48. Patel b M.Sc Chemistry Mehsana, Gujarat ’
49 Ms. Salmita R.  |M.Sc Plant Dr Mangal S. Rathore |Indrashil University,
* |Gamit Biology Mehsana, Gujarat
Mr. Krunal C. . Dr. Soumya Haldar  |Indrashil University,
50. Joshi M.Sc Chemistry Y Mehsana, Gujarat ’
51 Ms. Manisha K. ﬁiffobiology Dr. Soumya Haldar Indrashil University,
* |Parmar Mehsana, Gujarat
52. [Mr. Vignesh M. |B.Tech Dr. Vaibhav A Mantri |Sree Sastha Institute of

engineering &




Technology(affiliated anna
university)

53 Ms. Havishya M.Sc Organic Dr. B. Nisar Ahamed |Marwadi University, Rajkot,
* |Bhatt Chemistry Gujarat
Ms. Hiral A. M.Sc Organic Dr. Hitesh T. Saravaia |Marwadi University, Rajkot,
54. . . .
Gami Chemistry Gujarat
Vo Mow s [T o Mt S
55. |Pritidevi Microbiology & ar yalayd, &
Laxmanbhai
56 Ms. Anjali g’lgﬁlg:gamc Dr. B. Nisar Ahamed Marwadi University, Rajkot,
* |Arambhadiya y Gujarat
Mr. Rajan M.Sc Organic Dr. Hitesh T. Saravaia |R.K University, Rajkot
57. . .
Ramanuj B Chemistry
Mr. Keval J. M.Sc Organic Dr Sanjay Pratihar R.K University, Rajkot
58. .
Malam Chemistry
59 Mr. Hiren D. M.Sc Organic Dr. Govind Sethia R.K University, Rajkot
* |Jungi Chemistry
Mr. .. M.Sc Dr.S. Adimurthy Marwadi University, Rajkot,
60. (Dharmrajsinh B. )
Gujarat
Parmar
Mr. Dhruv H. Dr Saravanan S Marwadi University, Rajkot,
61. M.Sc .
Patel Gujarat
62 Ms. Payal A. M.Sc Organic Dr. Rajendra S. Marwadi University, Rajkot,
* |Kaneria Chemistry Thakur Gujarat
63 Ms. Nirali R. M.Sc Organic Dr. Arun Kumar Das |Marwadi University, Rajkot,
* |Bhalodia Chemistry Gujarat
64 Mr. Abhay K. M.Sc Chemistry  |Dr. Joyee Mitra Harivandana College,
* |Naliyadhara Saurashtra University
Mr. Piyush L. M.Sc Chemistry  |Dr. Ketan R Patel Harivandana College,
65. g e
Kanani Saurashtra University
66 Mr. Vipul R. M.Sc Chemistry  |Dr. Amal Kumar Harivandana College,
* |Chopda Mandal Saurashtra University
67 Ms. Niharika M.Sc Dr. D. R. Chaudhary |Lachoo Memorial Collage of
°* |Mehru Biotechnology Science and Technology
68 Ms. Ananya M.Sc Dr.Asish Kumar Siksha 'O' Anusandhan
* |Pattanaik Biotechnology Parida University
69 Ms. Anushka M.Sc Life Dr. Sourish School of Life
* |Bajaj Sciences Bhattacharya Sciences,Indore
Mr. Chintan B.  |M.Sc Dr. D. R. Chaudhary |Veer Narmad South Gujrat-
70. ; . S
Gajera Biotechnology University
Ms. Reshma M.Sc Dr. Amit Bhattacharya|Veer Narmad South Gujrat-
71. . S
Borda Biotechnology University
Ms. Hapani M.Sc Dr. Avinash Mishra  |Veer Narmad South Gujrat-
72. |~ . S
Divya Biotechnology University
M.S Dr. Anilkumar M Veer Narmad South Gujrat-
73. [Ms. Mansi kikani | >0 University

Biotechnology




Ms. Koshiya M.Sc Dr. Avinash Mishra  |Veer Narmad South Gujrat-
74. |.. . S
jignasha Biotechnology University
75. |Ms. Sayana K v | WS¢ Blopolymer |Dr. Rajaram Krishna | ppr pr g ochi
Science Nagarale
76. Ms. Nayanthara M..Sc Polymer Dr. Rajaram Krishna CIPET-IPT Kochi
P.S Science Nagarale
Ms. Trivedi Dr. Sanak Ray K'fldl Sarya
. M.Sc VishvaVidhyalaya,
77. [Krutika Microbiolo Gandhinahar
Dineshbhai 4
Ms. Mansi P. M.Sc Dr. R. B. Thorat K'fldl Sarya '
78. . . . VishvaVidhyalaya,Gandhinah
Joshi Microbiology ar
79 Ms. Sumra Disha \M.Sc B[re'msdfilr foumer 5?(111 Sai/r;/ciah alaya,Gandhinah
* |Becharbhai Microbiology ar SV yaayd,
. M.Sc Dr. Asish Kumar Shri A.N Patel PG Institute of
80. |Ms. Nisha Ram Biotechnology Parida Science and Reserch,Anand
81 Mr. Chetankumar|M.Sc Dr. Vaibhav A Mantri |Shri A.N Patel PG Institute of
* M. Thanth Microbiology Science and Reserch,Anand
82 Ms. Gangotri A. |M.Sc Dr. Vaibhav A. Mantri|Shri A.N Patel PG Institute of
* |Mathukiya Biotechnology Science and Reserch,Anand
83 Mr. Shubham M.Sc Dr. Asish Kumar Shri A.N Patel PG Institute of
* |Rathod Biotechnology Parida Science and Reserch,Anand
84 Ms. Shivani A.  |M.Sc Dr. D. R. Gangapur  |Shri A.N Patel PG Institute of
* |Patel Biotechnology Science and Reserch,Anand
85 Mr. Anand K. M.Sc Dr. Dineshkumar R |Shri A.N Patel PG Institute of
* |Dave Biotechnology Science and Reserch,Anand
36 Mr. Deep M.Sc Dr. Subir Kumar Shri A.N Patel PG Institute of
* |Rajeshbhai Gajra |Biotechnology Mandal Science and Reserch,Anand
87 Ms. Darshita M.Sc Dr. Anilkumar M St Xavier
* |Pandya Biotechnology College,Ahemdabad
88 Mr. Saksham M.Sc Pr. Soumya Haldar ztoﬁgvz:ej%hemdabad
* |Doshi Biotechnology g%
Ms. Desai Hirali IM.Sc Dr. Soumya Haldar DY Patil School Of
89. A Biotechnolo Biotechnology and
&y Bioinformatics,New mumbai
90 Ms.Maheshwary |M.Sc Dr. Soumya Haldar  |{Shree M&N Virani Science
* |ba Jadeje Biotechnology college, Rajkot
91 Ms. Bansari M.Sc Dr.Mangal S. Rathore |Rai University,Ahemdabad
* |Rajyaguru Microbiology
L M.Sc(Enviroment |Dr. Sanak Ray Institute of Science and
Ms. Nirali .
92. Goswami al Science and Technology for Advance
Technology) Studies and Research
Mr. Niravkumar |M.Sc Chemistry |Dr.Ramavatar Meena (Indrashil University,
93. .
Patel Mehsana, Gujarat
04 Mr. Akashkumar [M.Sc Chemistry |Dr.Kamalesh Prasad |Indrashil University,

Prajapati

Mehsana, Gujarat




Mr. Jaykumar ~ |[M.Sc Chemistry |Dr.Pramod B.Shinde (Indrashil University,
95. P \
Prajapati Mehsana, Gujarat
. Dr.Vaibhav A.Mantri |Department Of Life Sciences
96. IJ\/Ir. Depani Parth M.Sc Botany Bhakta Kavi Narsinh mehta
) University
Mr. Ruturajsinh |M.Sc Chemistry Dr.Sum.1t Kumar Mawadl University, Rajkot,
97. Pramanik Gujarat
N. Parmar
98, Mr. Divyesh M.Sc Chemistry Dr. Sanjay Pratihar Mawadl University, Rajkot,
Patel Gujarat
. M.Sc(Enviroment [Dr. Kamlesh Prasad |Institute of Science and
Mr. Shivam .
99. Rachuvanshi al Science and Technology for Advance
& Technology) Studies and Research,anand
Ms. Rutwa A. BZSC Dr. Arup Ghosh School of Sciences P.P Savani
100. Biotechnology . .
Monpara University
Ms. Pooja N. B'.SC . Dr. Arup Ghosh School of Sciences P.P Savani
101. . Michrobiology . .
Savaliya University
102 Ms. Himadri J. giitcechnolo Dr. K.G Vijay Anand School of Sciences P.P Savani
‘|Lathiya &y University
Ms. Parthvi N. B'.SC . Dr. Aneesha Singh Isolation of bacteria from
103. Michrobiology
Bodar algal sample
104 Ms. Zeel B.Sc Dr. K. G. Vijay Anand|School of Sciences P.P Savani
‘|Dhameliya Michrobiology University
105 Mr. Rohit Sam  |B.Tech Dr. Sumit Kumar Amity Institute of
‘|Ajee Biotechnology Pramanik Biotechnology, AUMP
106 Mr. Anshula B.Tech Dr. Sumit Kumar Amity Institute of
‘IKishan Biotechnology Pramanik Biotechnology, AUMP
107 Ms. M. Priyanka |M. Tech. Dr. K. Eswaran St. Michael College of Engg
) Biotechnology & Tech. Kalayarkoil
108.Ms. N. Aganthini M. Tech. Dr. M. Ganesan St. Michael College of Engg

Biotechnology

& Tech. Kalayarkoil

6D. Piere fIdRT uger [Skill Development Initiatives]

S.N. Name of the Training Programme Number of Number of trainees
programs

1 Seaweed Cultivation and Processing 19 1078
Technology

) Micro algal diversity and their 1 71
biotechnological potentials

3 | Chemical Process Plants 1 5

4 Solar Salt production process and quality ) 23
control aspects

5 | Soil & Water Testing 1 5




6 | Household solar thermal gadgets 3 66

Total 27 1198

1. Seaweed Cultivation and Processing Technology:
o Empowering trainees with a comprehensive understanding of seaweed basics,
distribution, and cultivation.
o Contributing to sustainable farming practices, providing income, and supporting
livelihoods.
e Aligning with Sustainable Development Goals (SDGs) for resource conservation.

2. Microalgal Diversity and Biotechnological Potentials:
o Focusing on microalgae as a biofuel feedstock and valuable resource.
e Creating awareness about microalgae's applications in various sectors.
e Empowering participants to explore entrepreneurial opportunities in the field.

3. Chemical Process Plants:
e Imparting basic knowledge and hands-on experience in chemical engineering.
e Focusing on industrial safety, hazard management, and workforce development.
e Facilitating field assembly, testing, and monitoring to meet industry needs.

4. Solar Salt Production Process:
e Addressing challenges in salt-related industries and developing skills to manage
solar salt works.
e Ensuring professionals are industry-ready through collaboration with industry
associations.

5. Soil & Water Testing Lab Analyst:
e Equipping participants with the skills to conduct soil and water tests and analyze
results.
e Enabling the recommendation of fertilizer doses for enhanced soil productivity.
o Empowering individuals to establish their soil and water testing laboratories.

6. Household Solar Thermal Gadgets:
e Addressing rural energy needs by training individuals to design and fabricate solar
gadgets.
e Supporting socio-economic development through decentralized solutions.
o Fostering entrepreneurship in the renewable energy sector.

7. GREDR IR T [Awards and Honors]
SN Awards and recognition Awardee(s)
1 Technology Award for Innovation by Pratyush Maiti, Subarna Maiti, Soumya
* |CSIR Haldar
2. | National Innovation Award by NRDC Er;lt(ﬁsh Maiti, Subarna Maiti, Soumya
IGCW Green Chemistry Award
3 (Knowledge Community Academia Pratyush Maiti, Subarna Maiti, Soumya
* |Researchers) 2019 by Green ChemisTree | Haldar
Foundation
4. India Institute Fellowship; University of A. Bhattacharya

Birmingham, UK.




Stanford  University’s among 2%

Topmost Scientists worldwide

A. Bhattacharya

Member for Board of Studies (BOS);

Department of Chemistry, Pandit
Deendayal Petroleum University,
Gandhinagar.

Kamalesh Prasad

CSIR-CSMCRI best Technology Award
2019 in Biological Sciences.

Kamalesh Prasad and Team

8.

Distinguished  Lectureship ~ Award
(Polymer) -2019 by Japan Chemical
Society.

Kamalesh Prasad

9.

DST-Early Career Research Award

S. Neogi

8. U el &Y ASIAT [Membership of Professional Bodies]

SN

Name of the Staff

Name of the Society/ Body/ Committee

1.

S. Neogi

American chemical society (Honorary
membership) 2019-2020

2.

V. Veeragurunathan

Life time membership (Seaweed Research
Utilization and Association)

3.

V. Veeragurunathan

Membership, World Aquaculture Society

9. A figer# Hﬁﬁ{lﬁﬁ [Deputation Abroad]

SN | Name | Date (From) | Date (To) | Country Visited
Staff Member:

1. |Amit Bhattacharya 14.02.2020 14.05.2020 | United Kingdom

2. |Vinod K. Shahi 24.05.2019 03.06.2019  |Russia

3. |Vaibhav Kulshreshta 24.05.2019 03.06.2019  |Russia

4. |S. C. Upadhyay 28-07-2019 07-08-2019 |Zambia

5. |R.J. Sanghavi 28-07-2019 07-08-2019  |Zambia

6. |P. M. Parckh 28-07-2019 07-08-2019 |Zambia

7. |Arvind Kumar 15-10-2019 17-10-2019  |Iran

8. |S. C. Upadhyay 15-10-2019 17-10-2019  |Iran

9. |Subarna Maiti 22.06.2019 28.06.2019 |Mexico

10. |Subarna Maiti 16.10.2019 19.10.2019 |Germany




B. fareft rffrat &Y I [Visit of foreigners]

Faculty/ Purpose/ .
SN Name Studnet/ Host at Date Fellowship/ Affiha.tl?n of
. . CSMCRI . the visitor
Designation Funding
Egyptian
Prof. Amit 14-02-2020 Petroleum
1. [Hassan Professor Bhattacharva to RTF-DCS Research
Hefni 1Y8114-05-2020 Institute
(EPRI)
Tribhuvan
Dr. Dipak Amal Kumar 21-08-2019 Un¥ve.3rs1ty,
2. |Kumar Mandal to Kirtipur,
Gupta 18-08-2020 Kathmandu,
Nepal
Tribhuvan
Mr. Sanjay Amal Kumar 21-08-2019 Un?ve.trsrcy,
3. Sineh Mandal to Kirtipur,
ng andal118.08-2020 Kathmandu,
Nepal
Delivering a
Department
Lecture and .
. . of Chemistry
Interaction and
Prof. Lukas Sukalyan 10-03-2020 . W.lth Biochemistry,
4, 1. Goossen Professor Bhadra to scientists and Ruhr-
' 12-03-2020| scholars for . -
. Universitat
possible
Bochum,
future Genman
collaborations Y
10. TffSe 3iges ofiR AT [Distinguished Visitors & Lectures]
SN Date a.nd N?me & Affiliation Topic of talk
Occasion Designation
Technol D Dr. Purnima Jalihal, |National Institute
CENOIOEY LAY g cientist-G & Head |of Ocean
1. Lecture Energy & Fresh Technology
27 May 2019 Water. Chennai.
Prof. B. C. Ranu; Indian Association | Environmental Acceptability
INSA Senior for the Cultivation |and Cost Efficiency - Two
2. 21 Aug. 2019 |Scientist and J. C.  |of Science, Vital Parameters for a Clean
Bose National Kolkata and Green Synthesis
Fellow.
Dr. Shruti Mishra  |Indian Institute of |Novel nano-based advanced
3. 27 Aug. 2019 |DST Young Technology, technologies for the removal
Scientist. Kanpur of hazardous radionuclides




and heavy metal ions from
water/ground water

Conclusion Prof. H. N. Vaghela, | Hindi department,
4, |ccremony of Head MK Bhavnagar
* | Hindi week. University
24 Sept. 2019
Conclusion Mr. Prateek Divisional Rail
5, |ceremony of Goswami, Manager,
| Hindi week. Bhavnagar
24 Sept. 2019
77™ CSIR Dr. Ramesh V. National Institute | Biotechnology in Crop
6 Foundation Day |Sonti, Director of Plant Genome |Improvement
* |Lecture Research, Delhi
26 Sept. 2019
Dr. Amit Ghosh, National Institute |Creativity and Life in
J.C.Bose of Cholera and Science
Distinguished Chair |Enteric Diseases
1. DR Profes?gr, National |(ICMR), Kolkata
Academy of
Sciences ,
Shri VN Sarma, State Bank of Integrity — Way of Life
8. | OINov.2019 D0 on i gHty — Wway
Dr. S. CSIR-Indian Chemistry and Translational
Chandrasekhar, Institute of Research
9. 14 Nov. 2019 | Director, Chemical
Technology,
Hyderabad
DST & ACS Dr. Narayan Indian Association
Workshop Pradhan for the Cultivation
Master the Editorial Advisory |of Science.
10 Publishing Board, Kolkata
* |Process ACS Energy
15 Nov. 2019 |Letters, Chemistry
of Materials
DST & ACS Prof. Ashok Ganguli | Indian Institute of
Workshop Editorial Advisory |Technology, Delhi
1 Master the Board,
* |Publishing ACS Materials
Process Letters
15 Nov. 2019
Dr. Sakya S. Sen, CSIR-National Small Molecule Activation
Senior & INSA Chemical and Catalysis (?) Using
12. | 26 Nov. 2019 young scientist, Laboratory, Pune |Silylene: A Transition Metal
Alternative
Dr. Samir Chikkali, |CSIR-National Metal Catalyzed
13. | 29 Nov. 2019 |Principal Scientist, |Chemical Phosphination,

Laboratory, Pune

Polymerization and




Hydroformylation: From
Revelations to Relevance

Dr. Susmita Translational Tackling Antimicrobial
Chaudhuri, Health Science Resistance: Insight into
14. 16 Dec 2019 | Assistant Professor, |and Technology |mechanisms, alternatives to
Institute (THSTI), |antibiotics and innovative
Faridabad rapid diagnostics
Sriman Sanatana teacher of Higher |Self-Improvement Skills
Dharma Das, Vedic Sciences & |from Master-Mind Behind
15. | 20 Dec. 2019 Studies at Mysterious Universe’
ISKCON, NVCC
Pune.
Prof. Samir Kumar |Department of Application Driven Basic
Pal, Chemical, Research: An Urgent Need
Biological &
16. | 23 Dec.2019 Macromolecular
Sciences,
S.N.Bose National
Centre for Basic
Sciences, Kolkata.
Dr. Smita Biological Significance of pico-
Mitbavkar, Principal | Oceanography phytoplankton in marine
17. 03 Jan 2020 Scientist, Division, CSIR-
NIO, Goa.
Prof. S. Dept of Chemistry |Electron Paramagnetic
Subramanian, INSA | & Sophisticated | Resonance (EPR) Imaging
Senior Scientist; Analytical and Quantitative in vivo
18. | 24 Feb. 2020 Presidept, Nuclear Inst.rl.lment Oximetry : Implications in
Magnetic Facility, IIT- cancer research
Resonance Society |Madras, Chennai
(NMRS) and
Former Professor,
Prof. Lukas J. Department of Inventing Reactions -
GooBen, Evonik Chemistry and Catalytic activation of C-C,
Chair of Organic Biochemistry, C-0, C-N, and C-H bonds
19. | 11 Mar. 2020 Chemistry, Ruhr-Universitét
Bochum,
Germany.
Prof Debasis Koley, | Computational Computational Assessment
Chemistry and on Main-group Mediated
Molecular Reactions: Two Case Studies
Modelling
20. | 11 Mar. 2020 (CCMM) Lab,
Department of
Chemical
Sciences, IISER,
Kolkata
Dr Vinod Catalysis and Recent advances and
21. | 13 Mar. 2020 |Prabhakaran, Inorganic applications of X-ray
Principal Scientist, |Chemistry Photoelectron Spectroscopy




Division, CSIR-
NCL, Pune.

11. ST-21fth WRTeT [Manpower Summary]

Person on Roll as | Person on Roll as

Category Group on 01-04-2019 | on 31-03-2020
Regular Manpower
Scientists Group IV 81 87
Group III 29 28
Technical Group 11 45 50
Group | 09 08
Total Technical 83 86
Non-Technical
Group A 03 04
Group B 16 15
Group C 22 22
Group D 00 00
Total Non-Technical 41 41
Total Regular Manpower (A) 205 214

Fellows/ Ad-hoc/ Project Staffs

Scientist Fellow

(QHS) 00 00
DST INSPIRE 00 00
Faculty

Project Advisor 00 00
Emeritus Scientist 02 03
Woman Scientist 02 01
CSIR-TWAS Fellow 01 01
Senior Research 01 01
Associate (CSIR Pool)

CSIR Nehru PDF 02 00
DST Young Scientist 00 00
Research Associate

(CSIR) 02 06
Research Associate

(Project) 04 06
Senior Research

Fellow (CSIR/UGC 53 38
NET)

Senior Research

Fellow (DST/DBT/ 06 13
BANRF)

Senior Research 04 02

Fellow (Project)




Junior Research
Fellow (CSIR/UGC 14 31
NET)
Junior Research
Fellow (DST/DBT/ 08 05
BANRF)
Junior Research
Fellow (Project) 12 15
Project Associate 01 06
Technical Assistant
(Project) 01 00
Project Assistant
HLILI 61 06
Assistant Engineer 00 00
Project Technician 02 00
Shift Incharge 00 00
Electrician 00 00
Plant Supervisor 00 00
Data Entry Opertor 00 00
Technical Consultant 00 00
Summer Research 00 00
Fellow
Executive Assistant
(AcSIR) 01 01
Total 177 225
Apprentice 34 34
Total Temporary Manpower (B) 211 259
Total Manpower (A+B) 416 473
12. frgfepat [Appointments]
S
Date of
Joining
SN Name Designation CSIR- Remarks
CSMCRI,
Bhavnagar
1. Mr. Anshul Scientist | 26.04.2019 i
Yadav




Dr. Sanak Ray Scientist 29.04.2019
Dr. Saravanan S Scientist 20.06.2019
Mr. Pankaj D Scientist | 28.06.2019
Indurkar

Dr. Sumit Kumar Senior

Pramanik Scientist 19.07.2019
Dr. Pabitra Baran Principal

Chatterjee Scientist 29.07.2019
Dr. Sanjay Senior

Pratihar Scientist 01.08.2019
Dr. Sumit B Scientist | 30.09.2019
Kamble

Dr. (Ms.) Parul | giontist | 18.10.2019

Sahu




Mrs. Nisha

10. Mojidra Technician (1) | 25.11.2019
Mr. Soham M ..

11. Gohel Technician (1) | 02.12.2019

12. Mr. Shabirhusen | . ician (1) | 04.12.2019
Saiyad

13 Mr. Jayeshkumar | . oician (1) | 04.12.2019

: C Vankar T

14. Mr. llyas B Technician (1) | 11.12.2019
Belim

15. Dr. Lakhya Jyoti | goioniist | 11.12.2019

Konwar




16. Mr. Parag R Vala| Technician (1) | 27.12.2019 -
Dr. (Mrs.) Senior
i Moutusi Manna | Scientist 17.03.2020 )

¥ i

13. Sarfrgfy waftes dafafta wemmiaron ge=giy o

[Superannuation/ Voluntary retirement/ Transfer/ Dismissal/

Resignation]
Date of
SN Name Designation | Retirement/ Remarks
_ Relief
1. Dr. Paramita Ray Ch_1ef . 30.06.2019  |Retirement
Scientist
2. Dr.NHKhan  |Shef 31.07.2019  |Retirement
Scientist
Principal
3. Mr. P A Patel Technical 31.07.2019 |Retirement
Officer
Dr. Sandhya Sr. Principal .
4. Mishra Scientist 30.09.2019 Retirement
5. Dr. Amitava Das | Director 31.12.2019 Retirement




6. Mr. J K Solanki Lab Assistant 29.02.2019 Retirement
Princioal Transferred to
7. Dr. Rajesh Patidar | P 13.03.2020 | CSIR-AMPRI,
Scientist
Bhopal

14. Q’ﬂﬁ-l’-‘?l‘q [Always in Memories]
AT o 39T UF FHATT o9 GgHadl & g@a Mee T¥ g 9% 7% Fd g

The Director and the staffs of the institute deeply mourn the sad demise of their colleagues.

SN Name De51gnat10f1 at the time of
Retirement
1. |Dr. E.R.R. Iyengar Ex-Chief Scientist 10/1935-07/2019
2. |Dr. K. Subbaramaiah Former Scientist-in-charge, 02/1935- 07/2019
Mandapam
3. |Dr. R M Kava Scientist Gr. IV(4) 01/1939 - 11/2019
4. |Mr. P B Vithalpura Assistant (G) 08/1940 — 11/2019
5, |Mr. A V Shah TO-B 03/1931 - 01/2020

15. 3ICRETAT WY [Interagency Linkages]

Project Amount
SN Nf) Project Title Funding Agency Name of PI received in
’ 2019-20 ®)
Grant-in-Aid Projects
Isolation, characterization | Ministry of Earth Dr. D.R.
L GAP- apd diversity.of marinq Science, New- Chaudhary 3,28.400/-
2012 |biofilm forming bacteria Delhi
from Gujarat
Clonal propagation of SERB, New- Dr. Mangal
GAP- |elite female genotype of Delhi Singh Rathod
2. 2013 |date palm (Phoneix 3,62,094/-
dactylifera L.).
Development of organic- | DST, New-Delhi Dr. Saroj
GAP- |inorganic beaded Sharma
3. 2034 | polymeric network for the 5,00,000/-
defluoridation of water
Design and synthesis of| SERB, New Dr. Subhadip
GAP- |functionalized metal- Delhi Neogi
4. 2036 |organic frameworks for 2,00,000/-
selective gas adsorption




and
catalysis

heterogeneous

GAP-
2044

Copper-Catalyzed
denitrogenation of 1,2,3-
triazoles and
phridotriazoles for the
syntheses of fused N-
heterocycles.

SERB, New
Delhi

Dr. S.
Adimurthy

15,00,000/-

GAP-
2046

Designed Synthesis of
fluorogenic task-specific
ionic liquids for transition
and heavy metal ion
sensing and removal/
extraction

SERB, New
Delhi

Dr. Alok
Ranjan Paital

2,50,000/-

GAP-
2049

Genetic engineering of
groundnut using a novel
salt and drought
responsive4  gene  for
enhanced abiotic stress
tolerance

SERB, New
Delhi

Dr. Avinash
Mishra

7,00,000/-

GAP-
2050

Antitubercular
metabolites from
endophytic microbes of
Salicomia brachiate — a
halophyte of  Gujarat
coast.

SERB, New
Delhi

Dr. Pramod
Shinde

8,00,000/-

GAP-
2052

Molecular recognition
receptors for biomarkers
and probing Bio-
chemicals & molecular
processes.

SERB, New
Delhi

Dr. Amitava
Das

12,00,000/-

10.

GAP-
2054

Directing-Group-Assisted
C (sp’)-H Activation and
Functionlization.

SERB, New
Delhi

Dr. Shubhas
Chandra Ghosh

11,00,000/-

11.

GAP-
2057

Studies on macrolide
antibiotics: Application of
genetic approaches for
drug discovery

SERB - New
Delhi

Dr Pramod
Shinde

5,50,000/-

12.

GAP-
2059

Diversity, Stress Status &
Adaptive Potential of
Indian  Corals  under
Climate Change Scenario.

SERB - New Delhi

Dr S Haldar

Nil

13.

GAP-
2060

Design development and
demonstration of solar
dryer suitable for drying
natural rubber sheets in
North East India.

Ministry of new
& Renewable
Energy, New

Delhi

Dr. Subarna
Maiti

9,20,000/-

14.

GAP-
2063

Multifunctional catalysts
based on silica and

SERB, New
Delhi

Dr. Ankush
Biradar

5,00,000/-




carbon for enhanced

applications.
Ionic liquids and deep |SERB - New Delhi Dr Arvind
eutectic solvents based Kumar
GAP- colloidal  formulations:
15. Applications towards light Nil
2065 .
harvesting and gas
adsorption/storage
materials.
Heteroatoms induced SERB, New Dr Ramavatar
GAP- | functionality of seaweed- Delhi Meena
16. 2068 | polysaccharides for 10,00,000/-
potential applications.
Development of high SERB, New Dr. Subarna
throughput solar Delhi Maiti
GAP- distillation unit suitable
17. 2069 for production of potable 9,00,000/-
water from seawater in
households of coastal
regions and islands.
Farming of red seaweed National Dr Monica G
Gracilaria dura on Fisheries Kavale
_ | Gujarat coast for Development
18. (2}0A71:) promoting inclusive Board (II\)IFDB) 60,45,600/-
economic growth in SVPNPA Post,
coastal rural settings. Hyderabad
Designing Fluorescence- (DRDO), Dr B. Ganguly
1. GAP- based.n'aolecular sensors (ER&IPR). 7.58.805/-
2071 |for military and New Delhi
commercial explosives
Self-Assembled Actively SERB — New Amitava Das
GAP- Targeting Organic- Delhi
20. 2077 Inorganic Protein-DNA 4,40,000/-
Hybrid Nanocluster for
Theranostic Applications
Development of Gujarat State Dr Mangal
51| GAP- improved tissue culture Biotechnology | Singh Rathod | o~ ¢no/
| 2080 |protocol for elite Mission (DST, T
genotype of Castor Govt. of Gujarat)
GAP- JC Bose Fellowship SERB — New Dr. Amitava
22. (Transferred to IISER, Delhi Das 14,14,000/-
2081
Kolkata)
GAP- Electroosmotic Pump SERB — New | Dr Rajaram K
23. 2082 Based Insulin Pump for Delhi Nagarale 11,00,000/-
Diabetes Management
GAP- Studies on the current GOMBRT, DrV
24. 2083 seaweed diversity and| Ramanathapuram |Veeragurunathan| 1,00,000/-
their ecology in islands of |  (Tamil Nadu)




Gulf of Mannar Biosphere
Reserve

25.

GAP-
2085

Mass  cultivation  of
spores: An approach to
vigorous seed
development for
commercial farming of
Gracillaria dura

National Fisheries
Development
Board - Hyderabad

Dr M Ganesan

27,80,000/-

26.

GAP-
2086

Small angle neutron
scattering ~ studies  on
micellization of surface
active bio based ionic
liquids and deep eutectic
solvents

UGC-DAE CSR,
BARC, Mumbai

Dr Kamlesh
Prasad

57,344/-

27.

GAP-
2087

Synthesis and
characterization of
nanostructured proton
exchange membranes
(PEMs) for fuel cell
applications

UGC-DAE CSR,
Indore

Dr Vaibhav
Kulshreshtra

4,67,104/-

28.

GAP-
2092

To examine the folding
and unfolding of
riboswitch ~ with  the
binding of ligands by the
aptamer domain for the
discovery of antibacterial
drug candidates: In silicio
and experimental studies

SERB - New Delhi

Dr Bishwajit
Ganguly

7,00,000/-

29.

GAP-
2093

New Ion-conducating
hybrid membranes for
electromembrane
processes and energy
applications [Indo-
Russian joint project]

DST - New Delhi

Dr Vaibhav
Kulshreshtra

Nil

30.

GAP-
2095

Identification of elite
germ plasm and
development of molecular
markers in Gracilaria dura

SERB - New Delhi

Dr Santlal
Jaiswar

Nil

31.

GAP-
2096

Discovery of bioactive
therapeutics from
microorganisms
associated with untapped
marine bio-resources

SERB - New Delhi

Dr Pramod
Shinde /Dr
Yedukondalu
Nalli

Nil

32.

GAP-
2097

Mitigation of salinity
stress in Sesamum
indicum L. using a novel
ABA-dependent
SbMYB44 transcription
factor from halophyte
Salicornia brachiata

SERB - New Delhi

Dr Pradip K
Agarwal

11,81,320/-




33.

GAP-
2098

Development and
evaluation of  rapid
phenotypic antimicrobial
susceptibility  test for
clinical use

Biotechnology
Industry Research
Assistance Council
(BIRAC)

Dr Amitava Das/
Dr Sumit
Pramanik

2,40,000/-

34.

GAP-
2099

Impart training on
seaweed cultivation and
dissemination of farming
along the Tamil Nadu
Coast, India.

National Fisheries
Development
Board - Hyderabad

Dr K Eswaran

19,23,743/-

3s.

GAP-
2100

Mass seedling
producation of
Kappaphycus  alvarezii
through tissue culture
technique and supply of
tissue cultured seedlings
to the farmers of Tamil
Nadu coast

National Fisheries
Development
Board - Hyderabad

Dr M Ganesan

17,36,000/-

36.

GAP-
2101

Design,Development, and
application of  novel
functional nanofilteration
membrances for
processing of vegetable
oil

Ministry of Food
Processing
Industries

Dr Puyam Singh

30,57,500/-

37.

GAP-
2103

Phase change material
based thermal energy
accumulators in  solar
thermal and waster-heat

recovery systems

DST - New Delhi

Dr Subarna
Maiti

591,175/-

38.

GAP-
2104

Indigenous polymer
electrolyte membranes for
energy devices: redox
flow battery and reverse
electrodialysis

DST - New Delhi

Dr R K Nagarale

16,34,040/-

39.

GAP-
2108

Adsorption and separation
of CO2 by porous carbon
obtained from  agro-
resideues through cost-
effective, clean energy
methodology.

DST - New Delhi

Dr Subarna
Maiti

53,18,481/-

40.

GAP-
2109

Development of transition
metal  based  porous
hollow  structures for
superior energy
conversation and storage
applications.

BRNS - Mumbai

Dr Asit Panda

11,53,800/-

41.

GAP-
2111

Metabolomics,

antioxidant, scavenging
and cytotoxicity study of
tropical seaweeds for their

DRDO - New
Delhi

Dr Avinash
Mishra

12,10,000/-




food and nutraceutical
potential.

Two-Dimentional porous

SERB - New Delhi

Dr Amal Kumar

4. GAP- organig ' nano-sheets .for Mandal 20,01,500/-
2113  |recognition and separation
of organic micropollutants
Electro  spun  solvent| DST - New Delhi |Dr R K Nagarale
GAP- sintered anion exchange
43. membrane for acid 23,61,960/-
2115 . .
recovery from industrial
effluents
Decentralized  domestic | SERB - New Delhi | Dr Sanak Ray
GAP- wastewater treatment of
44, small communities using 8,54,440/-
2116 .
multistage  constructed
wetland
GAP- Acid recovey from acidic| DST - New Delhi Dr Vaibhav
45, 2117 waste strams from nuclear Kulsheshtra 10,53,400/-
waste
Charged copolymer | SERB - New Delhi Dr Uma
GAP- conetwork membranes for Chatterjee
46. 2118 waste water treatment and 7,94,550/-
different electrochemical
separation application
Development of simple,| SERB - New Delhi| Dr AB Panda
cost-effective and scalable
GAP- |spray drying  based
471 2119 synthetic ~ strategy  for 10,36,300/-
inorganic nanostructured
materials
Selection of  superior| SERB - New Delhi DrV.
strain from unexplored Veeragurunathan
GAP- carrageenophytes for
48. 210 |carrageenan producation 7,35,410/-
and other value added
products in a biorefinery
mode
Consultancy Projects
cNp. | Environment monitoring (GMB), Dr. S.Haldar
1. 1110 |& Alang & Sosia ship Gandhinagar 26,55,000/-
Recycling yard, Alang
Marine environmental for|M/s Kadam| Dr S. Haldar
) CNP- |proposed LNG terminal at | Environmental Nil
) 1426 |Hazira, Gujarat Consultants,
Vadodara
Expert  Analysis  and|Tamil Nadu Salt Dr Arvind
3 CNP- |necessary technical inputs | Corporation Ltd - Kumar 2.75.000/-
’ 1427 |to increase salt yield at salt | Chennai T

works of TNSC operating




in the  Vallinokkam
Village of
Ramanathapuran District
of TN

CNP-
1428

Assistance in commecial
implementation of CSIR-
CSMCRI's precipitated
silica technology

POWERTECH -
Kolkata (West
Bengal)

Dr Pratyush
Maiti

14,16,000/-

Sponsored Projects

SSP-
1440

Farming of Seaweeds in
Andhra Pradesh: Pre-
feasibility studies and
hands on seaweed
cultivation

Andhra
State
Development
Corporation
(APSSDC) -
Andhra Pradesh

Pradesh
Skill

Dr. V.
Veeragurunathan

6,83,504/-

Collaborative

Projects

CLP-
1205

Scale-up of I-S, EED &
ED based membrane
processes for production
and concentration of HI as
Hydrogen source [with
OECT - Central Govt.
PSU].

ONGC Energy
Centre Trust
(OECT), Delhi

Dr V. K. Shahi

83,61,131/-

CLP-
1206

Catalyst Development for
Propylene
Hydroformylation
reaction

Greater
(Uttar

BPCL,
Noida
Pradesh)

Dr Ankush
Biradar

39,79,152/-

CLP-
1207

Produced water treatment
from outlet of ETP,
ONGC, Mehsana
Optimization of
pretreatment protocol and
membrance fouling

ONGC Energy
Center Trust - New

: | Delhi

Dr Suresh
Jewrajka

2,20,000/-

CLP-
1208

Proof of concept and
feasibility studies on the
development of alginic
acid and its derivative
based thin films for
flexible packaging
applications

Unilever Industries
Pvt. Ltd - Mumbai

Dr Kamlesh
Prasad

12,03,600/-

Technical Service Projects

TSP-
1407

Fabrication, installation,
testing and
commissioning of 6 RO
based desalination plants
(5 of 1500 LPH and 1 of
1000 LPH capacity in
different  villages  of

ONGC Energy
Center Trust - New
Delhi

Dr Puyam Singh

Nil




Ramanathapuram District,
Tamil Nadu

TSP-
1409

Analysis of  different
environmental parameters
(air, water, soil, sediment
and noise) for Shree Ram
Group, Alang Project Ex
tation by Shree ram
Vassel Scrap Pvt Ltd R K
Industries (Unit IT) LLP

(1) Shree ram
Vessel Scrop Pvt.
Ltd (2) RK
Industries (unit-II),
Alang, Bhavnagar
(Gujarat)

Dr Shilpi
Kushwaha

13,21,600/-

TSP-
1413

EC and CRZ clearance for
CETP expansion from 15
MLD to 25 MLD along
with submarine pipline
with diffuser outfall for 25
MLD capacity at Arabian
Sea, Village-Tadgaon,
Umargaon.

M/s
Clean
Sarigram

Sarigram
Initiative,

Dr Soumya
Halder

7,08,000/-

TSP-
1414

Performance evaluation of
CrystaCIL adsorbent for
fluoride and arsenic

M/s Aeon Procare
Pvt. Ltd, Bhuyj
(Gujarat)

Dr Saroj Sharma

97,232/-

TSP-
1415

Empowerment of fisheries
in seaweed cultivation and
by product development
in Ramanathapuram
district.

Directorate of
Fisheries, Govt. of
Tamil Nadu,
Chennai

Dr Eswaran
(Retired) Dr
Pratap Bapat

28,98,750/-

TSP-
1416

of salinity
mitigation
and

Preparation
ingress
measures
implementation plan.

UltraTech Cement
Ltd Unit, Jafrabad
(Gujarat)

Dr Anil Kumar

3,54,000/-

TSP-
1417

Marine environmental
monitoring for prevailing
condition and site
selection  for  marine
outfall of Ahmedabad
CETP.

Ahmedabad Mega
Clean Association
(AMCA),
Ahmedabad
382445

Dr Soumya
Haldar

17,70,000/-

TSP-
1418

project  on
development,
testing,

Turnkey
design,
fabrication,
installation,
commissioning and
maitanining of 0.1 MLD
capacity brakish water
desalination RO Plant.

The office of
executive engineer,
PH Mechanical
Division, Gujarat
Water Supply &
Sewerrage Board,
Bhuj (Gujarat)

Mr. Sanjay Patil

29,38,880/-

TSP-
1419

Rapid marine
environmental monitoring
of Alang area with respect
to water, sediments and
ambient air.

Ship Recycling
Industries
Association
(India), Bhavnagar

Dr Anil Kumar
M

6,01,800/-




Science behind action of|SNAP Natural & Dr Arup Ghosh
TSP- Sargassum seaweed based | Alginmate Product
10. 1420 plant biostimulant | Pvt. Ltd, Ranipat 5,90,000/-
towards improving crop|632403 Tamil
productivity and quality. |Nadu

16. SISIC WRILT [Budget Summary]

CSIR Allocation (X in Lakhs)

A. Revenue (National Labs.)
Total Salaries 2757.323
Budget (Including P04/P05/P06/P-70-Staff Qtr.) 507.966
P-07 Chemicals/Consumable & Other Research 447.000
(A) Total Revenue Budget 3712.289

B. Capital (National Labs.)
Budget (Including W & S/ Staff Qtrs. Capital) 100.000
P-50 Land Cost 0
P-50 (App. & Equipment/Computer Equipment/Office Equipment) 343.490
P-50 (Furniture & Fittings/ Workshop Machinery) 0.000
P-50 (Library Books/Library Journals) 213.197
P-50 Vehicles 9.500
P-26 (ICT) (Infrastructure/ Facilities) 0.000
(B) Total Capital 666.187
Total Rev. + Cap. (A+B) 4378.476
C. Total Networking & RSP Projects 1343.273
Total National Lab. (A+B+C) 5721.749
P-61 NMITLI 0.000
Revenue other than CSIR Allocation
Sponsored R &D 5.792
Collaborative/Cooperative R &D 119.730
Grant-in-Aid R &D 670.620
R &D Consultancy 54.531
SMM/TSP 158.689
SUB TOTAL (ECF) 1009.362
Analytical/Tech Services 36.314
Knowhow Transfer/ Royalty 15.000
Sale of Lab Products 0.000
Conference/Seminar/Workshop 0.000
SUB TOTAL (Credited to CSIR/ Lab Reserve) 51.314
Amount collected as service tax (Repaid to Government) 59.440
GRAND TOTAL 1120.116
Laboratory Reserve

Opening Cash Balance 1237.967
Receipt during the year 773.914
Investment encashment on maturity 500.000
Total Receipt (A) 2511.881
Expenditure during the year 195.794
Reinvestment 500.000




Total Expenditure (B) 695.794

*Closing Cash Balance (A-B) 1816.087

* Closing Balance Including Accrued Interest

17. 3T IR¥E [Research Council]

SN Name and Affiliation
1. |Prof. Jayesh Bellare, IIT-Bombay, Mumbai Chairperson
2. |Dr.R. V. Jasra, Reliance Industries Ltd., Vadodara Member
3. |Dr. Parthasarathi Dastidar, IACS, Kolkata Member
4. |Mr. P.N. Rao, GHCL Ltd., Ahmedabad Member
5. |Dr. Anil Kumar Kruthiventi, TCIC, Pune Member
6. |Dr. Anil Kumar, CSIR-NCL, Pune Member
7. |Dr. Rajeev Kandpal, Salt Commissioner, Jaipur Member
8. |Dr. Vipin C. Kalia, CSIR-IGIB, Delhi Member
9. |Prof. Alok Bhattacharya, INU, Delhi Member
10. |Dr. B. Chandrasekaran, CSIR-CLRI, Chennai Member
11. |Dr. Anjan Ray, Director, CSIR-IIP, Dehradun D (1;/[ ]ifglnt;?rrzee )
12, Dr. .Vijz.lymohanan K. Pillai, Director, CSIR-CECRI, Member
Karaikudi
13. |Dr. Amitava Das, Director, CSIR-CSMCRI, Bhavnagar Member
14. |Dr. (Mrs.) Paramita Ray, CSIR-CSMCRI, Bhavnagar Secretary, RC
15. |Dr. Kannan Srinivasan, CSIR-CSMCRI, Bhavnagar Secretary, RC
18. "&e gR¥g [Management Council]
SN | Name and Affiliation
Up to 31-12-2019
1. |Dr. Amitava Das, Director, CSIR- CSMCRI, Bhavnagar. Chairperson
5 Dr. N. H. Khan, Senior Principal Scientist, CSIR- Member
*  |CSMCRI, Bhavnagar.
Dr. Arvind Kumar, Principal Scientist, CSIR-CSMCRI,
3. Member
Bhavnagar.
Dr. Soumya Haldar, Senior Scientist, CSIR-CSMCRI,
4. Member
Bhavnagar.
5. |Dr. Shibaji Ghosh, Scientist, CSIR-CSMCRI, Bhavnagar. Member
6 Mr. A. A. Patel, Principal Technical Officer, CSIR- Member
* |CSMCRI, Bhavnagar.
7. |Prof. Rakesh Kumar, Director, CSIR-NEERI, Nagpur Member
Dr. Kannan Srinivasan, Senior Principal Scientist, CSIR-
8. |CSMCRI, Bhavnagar Member
N Controller of Finance & Accounts/ Finance & Accounts Member
* | Officer, CSIR-CSMCRI, Bhavnagar.
10 Controller of Administration/ Administrative Officer, Member Secreta
* |CSIR-CSMCRI, Bhavnagar. ry




From 01-01-2020
Dr. Kannan Srinivasan, Director, CSIR- CSMCRI, .
1. Chairperson
Bhavnagar.
Dr. B. Ganguly, Senior Principal Scientist, CSIR-
2. CSMCRI, Bhagnagar. P Member
Dr. Avinash Mishra, Principal Scientist, CSIR-CSMCRI,
3. Member
Bhavnagar.
Dr. Ankush Biradar, Senior Scientist, CSIR-CSMCRI,
4. Member
Bhavnagar.
Dr. (Ms.) Bhoomi Andharia, Scientist, CSIR-CSMCRI,
5. Member
Bhavnagar.
6 Mr. A. B. Boricha, Principal Technical Officer, CSIR- Member
* |CSMCRI, Bhavnagar.
7. |Dr. Sunil Kumar Singh, Director, CSIR-NIO, Goa Member
8 Dr. Ankkur Goel, Senior Principal Scientist & Head, Member
*  |BDIM, CSIR-CSMCRI, Bhavnagar.
9 Controller of Finance & Accounts/ Finance & Accounts Member
* | Officer, CSIR-CSMCRI, Bhavnagar.
10 Controller of Administration/ Administrative Officer, Member Secretary
* |CSIR-CSMCRI, Bhavnagar.
19. derfoas [RIfAT [Statutory Committees]
T / g & forg Rrerra frramor @iy
[Grievance Redressal Committee for SCs/STs]
SN Name and Designation
1. |Liaison Officer for SCs/STs Ex-Officio Chairman
2. |Dr. R. B. Thorat, Principal Scientist Member
3. |Dr. V. P. Boricha, Sr. Tech. Officer (2) Member
4. |Mr. B. A. Sharma, Sr. Technician (2) Member
5. |Mrs. Sarla M Solanki, Technician (2) Member
6. [COA/AO Member-Secretary
AT R wfif
[Local Grievance Committee]
SN Name and Designation
1. |Dr. (Mrs.) Paramita Ray, Senior Principal Scientist Chairman
2. |Dr. D. N. Srivastava, Principal Scientist Member
3. |Mr. R.J. Sanghavi, Senior Technical Officer (2) Member
4. |Mr. Bharat B. Parmar, Senior Technician (2) Member
5. |Mr. T. Rambabu, Section Officer (G) Member
6. |Dr. (Mrs.) Beena Tyagi, Principal Scientist Member
7. |Dr.R.J. Tayade, Senior Technical Officer (2) Member




8. |Mr. Brindesh B. Modi, Technician (2) Member

9. |Mr. K. N. Rana, Junior Security Guard Member

10. |Mr. Satish Chandra, Store & Purchase Officer Member

11. | Administrative Officer Member-Secretary
12. |Liaison Officer [SC/ST] Ex-Officio Member
13. |Liaison Officer [OBC] Ex-Officio Member

R frerra wfifa

[Internal Complaints Committee]

SN Name and Designation Remarks
Dr. (Mrs.) Paramita Ray, Chief Scientist. |Up to 08-08-2019

1. ]S)r: (Mrs.) Beena Tyagi, Principal From 08-08-2019 Presiding Officer

cientist.

Mrs. Umaben Trivedi, Secretary, RD Gardi Stree Kelavani

2. |Mandal & Trustee, Bhavnagar Grahak Suraksha Mandal, Member
Bhavnagar.

3. |Dr. J. R. Chunawala, Senior Principal Scientist Member

4. |Ms. H. H. Deraiya, Principal Scientist Member

5. |Dr. Arvind Kumar, Principal Scientist Member

6. |Dr. (Mrs.) Saroj Sharma, Scientist Member

7. |Dr. (Mrs.) Anjani K Bhatt, Sr. Technical Officer (3) Member

8. |AO/ SO (Vigilance) Convener-(Ex-Officio)

ISTITST pRITaa- Affa

[Official Language Implementation Committee]

SN Name and Designation

1. |Dr. Amitava Das, Director Chairperson

2. | Dr. Kanti Bhushan Pandey, Scientist Coordmgtor & Rajbhasha

Adhikari

3. |Dr. Vinod Kumar Shahi, Senior Principal Scientist Member

4. |Dr. Divesh N. Srivastava, Principal Scientist Member
Dr. Ankkur Goel, Principal Scientist |Up to 17-06-2019

5. Dr: (Mrs.) Shilpi Kushwaha, From 17-06-2019 Member
Scientist

6. |Mr. Sandip Vaniya, Scientist Member

7. |Mr. Rajesh Patidar, Scientist Member

8. | Administrative Officer Member

9. |Store and Purchase Officer Member

10. |Finance and Accounts Officer Member

11. |Mr. T. Rambabu, SO Member




20.

ITRETT AT HRIF=aI [Reservation Policy Implementation]

As on 01 January 2019
Category/ Level of Total No. of Numb’er of Number of Number of
Posts filled up posts SC’s ST’s OBC’s
(Percentage) (Percentage) (Percentage)
Scientists Gr IV 56 07 05 12
(Pay band 3 & 4) (12.50%) (8.92%) (21.42%)
Technical Gr III 8 07 03 05
(Pay band 2,3 & 4) (25.00%) (10.71%) (17.85%)
Technical Gr II 44 07 05 07
(Pay band | & 2) (15.90%) (11.36%) (15.90%)
Technical Gr I 09 03 00 00
(Pay band 1) (33.33%) (0.0%) (0.0%)
Administration
Group-A 03 00 00 00
(Pay band 3 & 4) (0.0%) (0.0%) (0.0%)
Group-B 16 01 04 04
(Pay band 2) (6.25%) (25.00%) (25.00%)
Group-C 19 02 01 03
(Pay band 1) (10.52%) (5.26%) (15.78%)
Safaiwala 03 03 00 00
(Pay band 1) (100%) (0.0%) (0.0%)
As on 01 January 2020
Category/ Level of Total No. of Numb,er of Number of Number of
Posts filled up posts SC’s ST’s OBC'’s
(Percentage) (Percentage) (Percentage)
Scientists Gr IV 88 08 05 13
(Pay band 3 & 4) (9.09%) (5.68%) (14.77%)
Technical Gr III 8 07 03 05
(Pay band 2, 3 & 4) (25.00%) (10.71%) (17.85%)
Technical Gr II 50 07 05 09
(Pay band 1 & 2) (14.00%) (10.00%) (18.00%)
Technical Gr I 09 03 00 00
(Pay band 1) (33.33%) (0.00%) (0.00%)
Administration
Group-A 03 00 00 00
(Pay band 3 & 4) (0.00%) (0.00%) (0.00%)
Group-B 16 00 03 02
(Pay band 2) (0.00%) (18.75%) (12.50%)
Group-C 19 02 01 05
(Pay band 1) (10.52%) (5.26%) (26.31%)
Safaiwala 03 03 00 00
(Pay band 1) (100.00%) (0.00%) (0.00%)




21. AREIATS ITATer [RTI Compliance]

. Openin Receipts Received in . Closin
Period B::lanceg Under Ié(3) the quarter Disposal Balancge Remarks
Apr — Jun 22 14 14 40 08
Jul — Sept 08 11 04 14 08
Oct — Dec 08 06 04 08 10
Jan — Mar 10 06 06 15 07
22. ST {1 [Knowledge Resources]
. Available as on 01 .. Total Collection as
SN Particulars April 2019 Addition on 31 March 2020
TUg/ Collections
1 Books (English) 12348 36 12384
* | Books (Hindi) 692 55 747
2. |Back Vols. 27446 - 27446
3. |Translation 427 - 427
4. |Photocopy 2149 - 2149
5. |Patents 340 - 340
6. |Standards 761 - 761
7. |Micro-cards 67 - 67
8. |Microfilms 1326 - 1326
9. |Maps/Charts 265 - 265
10 |Reprints 2698 - 2698
Total 48,519 91 48,610
ISl / SETae / S-9TahTell i gaeqar
Journals/ Database/ E-Journals Subscriptions
SN.
1. |Derwent Innovation
2. | Web of Science
3. |ASTM
4. |Sci-Finder
5. |Cambridge Structural Database
6. |ACS Journals
7. |ICDD (Intl. Center for Diffraction Data)
8. |Nature Online
9 |ProQuest Thesis & Sci. Tech E-Books
10. |Science Online

23. IOTYTNT TR [Official Language Dissemination]

HTHHATSH - HCHUHHTSRSTE | GeTieh TSI 1 o ST o || e uef
qeptehl TTfcrfarferart skt femal o SrehTer e WS ST ATHSHAT deh Tg=T o SATH TR ST
) T o Tt ForTT el et & foreeh TS ohT et U e SURINT o W7ol Sh! SIS



o Heh W91 o &9 H Yeg TR o TATH H HIEE gl ¥ 2019-2020 % I fe=t fom gra
frfaiad e o forg )

YISTHTYT T=-TE8

o &t FrIf-ae o SN H TEHATCH, TSTHTNT fImT, YR §RR g7 a9 2019-2020 & forr
TTYeh HrishH Tt forvTTeTeT/Aas=Tehd! Tt TSTHTNT hii-aa T o He& sl ANd
foarm T STR el ST o Yo fora )

o Tt foam & 1@ W i 16/09/2019 & 20/09/2019 o SR &<t THTE TSeet® AT
| o<t wTe o SR Tt afeifiraredt S T ST Sher, ShierdT 918 qe oI sierd!
22, TTSATIE, STATERT T Afeer TR T SRS foharT e Sfafed s arT siters
SR o1 T SArrTS foper e, o et 4 Scareqesh Wit foran

o 24 fdsT, 2019 I &=t wuTe THY= guTE | fafire eifafer & wa & sft ydier Teamdt, Auea
T e, WTER Ud iR Sfier & &9 # qieR gRatie o g6 forfd ud st
I, TERIST FOTHARIHEST TR Ifafid, .o, T, arer Smia ) 7o 39 T9rE
T et wHTE o SN RIS SfaeRarett o forsiarett st qreshe foram T

o  iftifed Eeere o il srHiaEt i ggme g feumd (ferel-iaistt) a1ret 1 glo=r ue wree”
AT T

&= wforeror

o 3o T T WITEAT & 7 31 W, 2019 T T AT o fowdl J1 Ferelf Uk STera
[ERIRIRI

® TRHATCTA o SATCITAR FATOTaT STH HH=TE]/SferehTi i fowdt # sl st =g Atk
37T ST fof T2 37N 372 g8eh oI | Wivfaret febert T |

o  fo=dt T WeTet HfEA SR fo o TRR-SHR = 25/06/2019 i TS SHRITCAT-H8-SfRrefor
SHTASHH T STASH TR M)

® feish 16/09/2019  20/09/2019 Tk ferat wHTe Ferf-eret ferferer SfcrRTTaTaAl o SAreH & qof
Tt wrer | ardY, foT forericor, S qer amer s 9T wrtesi fean mm ada gides §
YSTTETh T H 3T STavIehdl, WTNT e, SaamRl forfy, ea=amehan, Sqmfear, fewdt o
feqof} <t ferererar, o=t oh ST 3 WTHeh AT=AATSTY T 3eRT T 3T1E & IR H forqa Siehmd
R



TR — ety ftreqor shreishn § Sierd faeieg wa wmT eid gt

] =3
\”‘
|- e |
| > | y

et swrdvTTeT

fewdt formT grr w3 et sttt o fowdt & ot &t o o siietfed a3 =g
HHI-HHT T HRASATAN o1 SIS fomam |

HET o T H USTHTST foral o STUERTTYe: SIRT 3l SGTal o AT Sl oh el +ch oITiehi
=1 fewat o el T o SR U T ATIeRi o o foTu faieh 18/06/2019 31 Tah RISl
T HATASH oRT TRIT| 36 HRITeN § 3T THRT FAT, i, T TSI Hrlieare |t o
TSTTST SATRRTEY, T Ytel, HTeTR ahl J&d HATarer Tef TiRTeavr arar o &9 § STt forar
|

HEAT o AT H (ST o ST TSN 1 SGTaT o T Te= T STTE T L 8
ATt < o fore f&=dt o g femiek 06/09/2019 =T T2 R YohIE | T oot JehaiTg
T TS foham T

HITETE R -FamTaell/SITHehT STRIaTeRuT Ud Hrferdiy F TaeiE! €N o aua A/ &
T ox 3o T & TehdT SITeshar wHTE o SR feish 29/10/2019 T T HTISITET-HH-
ST FHTASHH T TS TohT TTAT| EETH o §[8 | AT foham )

fetieh fatish 22/01/2020 % ST alrer o wah Starsrenfiehl forsmt & weh Fdeqor-sm-
I I ST HATATSH T2t 7T



TR — SHTRITeAT ST SR H 37 T qHenel o =i ud ArieR
LESICARER IR L
o g i HIEl, ST, A, TH.3F, i, TREfe FHi, i fvmit & denfdafafda

T ST STERAFHATIER STTATE T ST 1 fohAT T

o TN Trenfieht foom TamiE - 2019 & SATEX W AWAV, S, JG-AIE, THYE, TS H7
fovrefieror ot s femam Tam|



=t e wet wnfer oo

et o 31T o W o I feeet § T 31 WIS o Wil oh 3o fewel | 7ere fewe & 91
T

T faATel § Heer & auf) faramm & SRRl Tehiad qeim Genferd ohieh Wfd fare qam 6t
TS I TSI Frsmr, aferm &5, Hars ohi AT a1 HIHSTEeTR, FEATerd i Hsil 15| T
TISTATST ShTT-a HiHTe, T ot sHTE e 9=f 8 |

Y o T TSI TRt shrdemertan st {die qem TSTT shi—aa Gt ot S3ehi ot

FRITd HTHTSAR T G JARTTATAT Tk R ST - |t ST & 9a8]
HEITT ol SN foram =)

o=t Sk

¥ & A TR fouTeT TS SRt wfufd st Sesh fesren Y sregerdr § §u i TSl
TAT Teh IR TR TSTHTST iA1= A TH I, T I AR Teiariteh sdehl H I T
yfafafere fram

et

¥ 2019-2020 3 SR GEAT Sl TSTHTNT HTI a2 FTHTT FRT TTTHTE T & Teh 9T &l
TISTHTST ST geieft Tiafen Fdierr forar mam fsrees sfdrta, fawm & fe=dt wmr & sref
T H ST e THEITHAT o QT o |1 TSI o S AT b 13T o4 o G+ fed
T QT T H STaTEhaTgar B, i, et 3ie anife deet fewt srgane off fe=t
TorTT T Uty ShTT T

TreaTe

feiter 27 STet 2020 T weAT H SeERd BT H GROTHIATE I T AT F O g
T H TSI Tl o STIET =Rl Si@rat o 2q fewm o e weqfer Sfaefiran st st
| 39 fRfar § HueerEerrets ¥ sy @ THTHeTEeR o o1 faaformet §
TSfierd BT = ST <1 38 SfeRnfirar & i ferema 3 forsiaet st qeespa fopam mrm)
Tt foere wHTE o STer T aheT 1610 ok fewdt forsy o wTiferen 37eh ST st aret shefret
o SFedll ol R foharT Tl

et foore amTiIE o 1T 9T E€T & SHHATRAT ohl TSTHTNT & Sfd SR ST Td SATehdd
T AT o % I F S TR SRS oY 1 ST fersrarett st wwf
IERIRIRH



o T ¥ gl TRITT U Sai=ai ohl YeAeT 3Tea WIe] &9 6 SGTaT o o . SIS IATareT,
Torammerer-ufera fesie wa SShifafar favm, €. fRawr sara, S wtei fogm
T we et SRt gfere, #ft foet pum, fort v o stfrenmy, ot amet e, st
AfereRr -SRI o, #ff swiore AR, ST AT, der 3 36 favmT s geaTia fora
e

&= o fogm =1 TmR-wEr

o T ST shit-ara FHfd, 9., MR T S TehTiSTd aTfSeh TSTHTST qfiehT “Tsaifa’ §
AT o HHATEIT gRT oG TehTIRTd]

o  TUHIEAN-HUOUHHIARATS & AT Tiatarer, foemfad S, de-iewt sate
HTASH I H =R o Aol o fewel 2ok THTemas/afemratl/=Is wied # JehTira)

forotw suefour

Tt et ETrst Rt ST

fordt o, wereT FwrEpHRRtEST e frafmer, WeR U Hiede s T §
TG T ST HEAH, TSR o 3 deamad™ # 12-13 s, 2019 1 <amwya a0 §
ferfirer &t & femft s, wnfcr am STgRivT ferser ot weh Treder feswet it ot Sreitor ot ram
T8 HIET 397 9% 3 fagT ST s 3§ wiatiar

—

e

P ——



24. A/ BRIQNATY/ BRIHH/ S3PT BT AT
[Seminars/ Workshops/ Events/ Meetings Organized]

Hroguae e, wImaeT f<a9/ CSMCRI Foundation Day
10 379 2019 (16 =151 2019 T HATAT A7)
10 April 2019 (Celebrated on 16 April 2019)

et fea@ == / Technology Day Lecture
27 W</ May 2019




Ta=rar fxa9/ Indepencance Day

S

T =T Grsi/ National Hindi Symposium
12-13 f&rawa¥/ September 2019




gt fead/ Hindi Day
24 ffara¥/ September 2019

Hrugrsene T 99/ CSIR Foundation Day
26 ffrara¥/ September 2019




AT FaA g A=A g 1 @a

Prelude of India International Science Festival

FAhdT STT&hAT a8 g/ Vigilance Awareness Week
29 A aT-01 F9%Y/ 29 October-01 November 2019




STTHEY 3T THuH werer wraenen/ DST & ACS Publishing Workshop
15 a7/ November 2019 7

2019 3 Tl TRERRIT 9 BT g7 Teqiadl/
Presentations by the students on 2019 Nobel Prizes
27 =/ January 2020




T AT AAUPT GaT darer TFadT 3T fore v« 2020

3rd India international seaweed expo and summit 2020
30-31 s=a<i/ January 2020

DA;:':‘?EQE‘ - 3rd mﬁ?&iﬁﬁ?
e DIA INT RNATm\'AL , Supported by
{ SR WEED Ej -
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