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3.7.1.1: Number of functional MoUs with institutions/ industries in India and abroad for internship, on-the-job training, project work, student / faculty exchange and collaborative research during the last five years

Name of the organization with whom

Date of the activity

Year of signing MoU MOU/Collaboration being signed Duration Purpose of MOU/Collaboration List the actual activities under each MOU year-wise R
1 2009 ELO:::S(:: P Kumbhakar, Physics Department, NIT- 13 Years Research on Nonlinear optical devices Research paper 13 Years
. . To provide scholarship First Ranking, MSc 1st Year, Physics . .
2011 ONGC still O Stillo
2 1 Dngoing & Chemistry. (continuing) 1 Ongoing
To protect the fragile microcosm of unique biodiversity glorifying
the Golapb: f The University of Burdwan; addi lue t
Botanical Survey of India, Salt Lake, Kolkata 700 . . To develop the existing herbarium and enrich with digital © ? a.p ag campus of The ""’e.'s' v of Burdwan; a ) |.n.g value to . .
3 2014 064 Still Ongoing . £ olant N (continuing) the existing knowledge base, teaching and research activities Still Ongoing
images of plants specimens. {continuing involving Department of Botany, The University of Burdwan in the
process
2015 N Application Centre, Indian S R h - . . . . A .
pace» pp Ication Centre, Indlan Space Researc IRNSS/NAVIC Navigation Receiver Field Trial and Data One sponsored project, study reports, publications, trained
4 Renewed on 2018 for 3 Organization, Department of Space, Government 5 Years Collecti (continuing) © soft d hard devel ¢ 5 Years
years of India, Ahmedabad — 380 015 ollection. (continuing manpower, software and hardware developmen
To undertake thi ibility and t te and
ICAR-Central Potato Research Institute, Shimla 171 oun . ertake . € responsioll Yan 0 promote an . Foundation seed production and distributions, interactive
5 2015 03 years, Extendable coordinate agricultural and animal husbandary education 03 years, Extendable
001 X . Lo programmes between farmers and growers
and research and in practice. (continuing)
RIKEN Institute, Japan, Bose Institute, Kolkata, BSI,
6 2015 Kolkata, Department of Chemistry, B.U, 08 Years Collaborative research activity / Linkage Research 08 Years
Department of Zoology, B.U.
Department of Zoology, Calcutta University and B.
7 2015 U, VisvaBharati, Santiniketan,Bhagalpur University, 08 Years Collaborative research activity / Linkage Research 08 Years
Bihar
8 2015 Department of Marine Science, Calcutta University 08 Years Collaborative research activity / Linkage Research 08 Years
9 2015 ICAR-CIFA, Institute funded project 06 Years Artificial pltqpagaitlon and nursery rearing of Indian Shad, Ph.D. Program 06 Years
Tenualosa ilisha in freshwater culture system
10 2016 fjgz:i?;z:q’ngz:il Z’\gft:!:g:fal 07 Years Collaborative research activity / Linkage Research 07 Years
11 2016 IISER Tlrupatl, IISER Bhopal, Department of 08 Years Collaborative research activity / Linkage Research 08 Years
Chemistry, B.U
Prof. Houria Triki, Radiation Physics Laboratory,
Department of Physics, Faculty of Sciences, Badji . - .
12 2016 Mokhtar University, P.O. Box 12, 23000 Annaba, 08 Years Collaborative research activity / Linkage Research Paper 08 Years
Algeria
13 2017 Dr: Sachindranath Das, Dept. of Instrumentation 4 Years Collabora_tlve» resea!'ch activity, Electrochemical CV, GCD and EIS Characterization 4 Years
Science, Jadavpur University characterization / Linkage
14 2017 ICAR-CIFA, Institute funded project 3 Years Develop.ment of I_arval _d'et for Ompok bimaculatus, a high- Research 3 Years
valued fish of regional importance
Long-term collaboration for promotion of students' Completed a collaborative project on the ontogeny and larval diet of
ICAR-Central Institute of Freshwater Aquaculture 3 Years, extendable upto 5 Ag. N P! . butter catfish, Ompok bimaculatus Two students are carrying out 3 Years, extendable upto 5
15 2018 training and quality post-graduate research in fresh water . . L
(CIFA), Kausalyaganga, Bhubaneswar 751002 years agaculture (continuing) research for their Ph.D. degree under joint supervision of the years
a 8. scientists from CIFA and faculty members from BU
16 2018 Department of Biotechnology, Ministry of Science 3 Years One sponsored project One sponsored project, study reports, publications, trained 3 Years
& Technology, Gol manpower, software and hardware development
17 2018 Visva Bharati, Santiniketan 5 Years Collaborative research activity / Linkage Research 5 Years




International Crops Research Institute for the
Semi-Arid Tropics, Hyderabad, India, State
Agricultural Biotechnology Centre, Centre for Crop
and Food Innovation, Murdoch University,
Murdoch, Australia, Department of Earth
Resources &

N : . . 5 Years ollaborative research activity / Linkage Researc 5 Years
18 2018 Ye Collaborati h activity / Link: h Ye
Environmental Engineering, Hanyang University,
Seoul, Republic of Korea, Chemistry Department,
BU, Microbiology Department, BU, BIT, Mersa,
Ranchi ; CCSU, Meerut; University of Maule, Talca,
Chile, BSI, Kolkata, NABI, Chandigarh
19 2018 BSI,Kolkata 5 Years Collaborative research activity / Linkage Research 5 Years
. Diversity, biosystematics and management of mites
Department of S & Technology, Govt. of N . N . )
20 2018 erZ:rB:ner;lo clence & fechnology, Govt. o 3 Years infesting tea plantations of Himalayan and sub-Himalayan |Ph.D. Program 3 Years
8 regions of West Bengal, India
NATIONAL INSTITUTE OF BIOMEDIC AL GENOMICS Agreement to collaborative work (ATC) on “Next
2018 1Ye R h 1Y
21 P.0.: N.S.S., Kalyani 741251, West Bengal, INDIA ear Generation Sequencing Service eseard ear
Dr. Lars Leichert, Institute for Biochemistry and
22 2018 Pathobiochemistry Microbial Biochemistry Ruhr 1 Year 2 Monrhs DAAD Sandwich Programme Research 1 Year 2 Monrhs
University Bochum
23 2019 Prof. Ajit Meicap, NIT Durgapur 3 Years Eic:]tzzratlve research activity, Electrical Characterisation / Electrical Characterisation 3 Years
24 2019 Dr. Uma Pada Pal, USA 3 Years Collaborative rese‘arch activity Thermoelectric Thermoelectric Measurement 3 Years
Measurement / Linkage
25 2019 BSI,Kolkata 5 Years Collaborative research activity / Linkage Research 5 Years
26 2019 Department of Biotechnology, Ministry of Science 4 Years One sponsored project One sponsored project, study reports, publications, trained 4 Years
and technology, Gol manpower, software and hardware development
Central Cooperative Bank, Burdwan and different
27 2019 other local industrial organizations in Burdwan 2 Months Summer Internship of MBA Students Summer Internship of MBA Students 2 Months
and Kolkata
28 2019 Prof. Krishnendu Sengupta, SPS, IACS, Kolkata 3 Years Collaborative research activity / Linkage Research Paper 3 Years
. Identification of susceptible genetic variants associated
2019 CSIR, Govt. of Ind 2 Ye X o . . Ph.D. P 2Ye
29 ovt- ofIndia ears with food allergy within population of West Bengal, India rogram ears
30 2020 Tripura University, Agartala, Tripura 799022 And 3 Years Joint Proposaloint proposal under STRIDE-IIl scheme of the |Joint proposal under STRIDE-IIl scheme of the University Grants 3 Years
Tezpur University, Tezpur, Assam 784 028 University Grants Commission Commission has been submitted
31 2020 NTlLabs, Lithuania Technical Collaboration in the field of NavIC Testing of NTLabs NavIC enabled modules and Research
Prof. Qin Zhou, School of Electronics and
32 2020 ltj‘r:io\:;:ittl\;r:/\f;?;;e:;gfiys:s;zggi:tblic of 3 Years Collaborative research activity / Linkage Research Paper 3 Years
China
33 2021 ls:(;\ilaajl University, Kolhapur 416 004, Maharashtra, 3 Years Joint Research on GNSS and NavIC One publication, data exchange, joint research 3 Years
Dr. Suvro Chatterjee has joined in the Department of Biotechnology,
The University of Burdwan as Associate Professor. he has been
e University Grants Commission years, extendable aculty Recharge Program selected by the under its “Faculty Recharge Programme 5 years, extendable
34 2021 The Uni ity G G issi 05 dabl Faculty Rech Pi | d by the UGC under its “Faculty Rech: Pi (FRP)”, 05 dabl
the salary would be provided by the UGC for the tenure of the
programme
35 2021 TU Wein, Germany Collaborative research activity / Linkage Joint research on GNSS
36 2021 Sister Nibedita University 3 Years Collaborative research activity / Linkage Fluoride Hydrogeochemistry and defluoridation 3 Years
37 2021 Central Ground Water Board, ER 3 Years Collaborative research activity / Linkage Uranium Hydro geochemistry effect on health 3 Years
38 2021 Dr: Sachindranath Da?, Delpt of Instrumentation 1 Year Clollaboratlve Research, Photocurrent Measurement / Photocurrent measurement, EIS spectra 1 Year
Science, Jadavpur University Linkage
39 2023 Dr. Sachindranath Das, Dept. of Instrumentation 1 Year Collaborative Research, Electrical Characterisation / Electrical characterisation 1 Year

Science, Jadavpur University

Linkage




40 2021 . X . 1 Year Collaborative research activity / Linkage Research 1 Year
Gopal Chakrabarti, Calcutta Universit;
41 2021 Dr. Takashi Mori, RIKEN, Tokyo, Japan 2 Years Collaborative research activity / Linkage Research Paper 2 Years
42 2021 Dr. Aklta(_ja Sakurai,National Institute of 2 Years Collaborative research activity / Linkage Research Paper 2 Years
Informatics, Japan
1. Helping students in research activity (Anirban Bhattacharya of
RKM Sikshana Mandira and Arunima Ghosh of the University of
43 2021 RKM Sikshana Mandira, Belur Math, Howrah, West 5 Years Collaborative research activity / Linkage Burdwan); 2. Usmgthe !lbrary of RKM Sikshana Ma.ndlra by the 5 Years
Bengal students of the University of Burdwan; 3. Preparation and
correction of tools of Chandan kumar Sahana of RKM Sikshana
Mandira
44 2022 Professor A K Chaudhary, University of Hyderabad 1 Year Research on Nonlinear optical devices Research Paper 1 Year
45 2022 Amity University 3 Years Collaborative research activity / Linkage Uranium Hydro geochemistry effect on health 3 Years
46 3 Years 3 Years
2023 CSIR-NPL, New Delhi Joint work on GNSS Joint work on GNSS timing, data sharing
AGH University of Science and Technology, Development of a smart scaffold for assisting efficient Bilateral research activities to investigate a smart and efficient
47 2023 o 4 Years ) . . 4 Years
Mickiewicza, Krakow, Poland bone repair scaffold for assisting bone repair
48 2015 Stesalit system ltd. Kolkata 3 Years to form technical colaboration Global satelite system information exchange 3 years
49 i i Collaborative research activity / Linkage Exchange faculties, cooperation research endevors 3years
2014 University of Dhaka 3 Yerars
50 2023 Zoological survey of india 5 years Scientific cooperation Taxonomt research purpose 5 years
51 Research project with icmr Research on hepatic cell trancriptional factor activation 1year
2024 ICMR 1YEAR
52 2020 institute od evolution , Haifa, larael Collaborative research activity / Linkage research program colaboration
53 i i Collaborative research activity / Linkage Research
2023 Botanical Survey of India
54 2022 institute of fisica, Mexico Collaborative research activity / Linkage Research
55 2023 NIT Durgapur Collaborative research activity / Linkage Research
56 2021 M/S NT LAB Belarus Collaborative research activity / Linkage Research
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The paper reports the efficient UV and terahertz generation froma 1,29 mm thick and Typel, # = 28.9° cut BiB; 04
(bismuth triborate, BIBO) crystal using femtosecond and nanoseconds laser pulses. We have employed 800 nm
wavelength pulses of 50 and 140 fs obtained from a Tizsapphire laser amplifier and oscillators at 1 kHz and 80 MHz
repetition rates, respectively. The conversion efficiency of second-hanmonic generation (SHG) was ~ 50% while
that obtained for terahertz (THz) generations was of the order of 1.85 x 107°%. In addition, LDS-698 dyz laser
radiation tunable between 650-700 nm was also used as a source for SHG between the 325-350 nm range. The dye
laser was pumped by SHG (532 nm) radiation from an electro-optically Q-switched Nd:YAG laser having a pulse
repetition rate of 10 Hz and a pulse width of 10 ns. A conversion cfficiency of 4.01% was obtained for generation
of UV at 343.5 nm. Finally, we have measured the transmission, refractive index, absorbance, and conductivity
properties of BIBO crystal in the THz domain, We also ascertained the coherence length, relative permittivity and

reflectivity ofthe crystal.  ©2021 Optical Society of America

hitps://doi.org/10.1364/A0.424241

1. INTRODUCTION

There is a continuous need for growing new nonlinear oprical
materials with improvised linear and nonlinear optical prop-
erties which can cover a wide ranpe of transmission between
the deep-UV to far-infrared range. It is possible to generate
efficient deep-UV to mid-IR radiation by employing differ-
ent types of nonlinear frequency conversion processes such as
second-harmonic generation (SHG), sum-frequency mixing
and difference-frequency mixing (DFM), etc. Some of the
well-known nonlinear crystals such as KH, PO, (KDP), KD * 1}
p-BaB,0; (8-BBO), LiB;Os (LBO), LAR, KTiOPO4(KTP),
BNA, DAST, etc., are widely used for making efficient non-
linear devices. In addition, some of the selected inorganic and
organic crystals such as BBO, KTE DAST, BNA, etc., can
also be used for the generation of powerful terahertz (THz)

radiation using frequency mixing techniques. They have used
Q-switched nanosecond pulse in their study and employed sum
frequency generaton (SFG) and SHG techniques [7-9]. There
are many more groups who have used femrosecond pulse for
powerful UV generation from BBO crystal using the 800 nm
wavelength [10,11]. The same femrosecond laser isalso used for
THz generation and measurement of refractive indices in the
THzdomain [12,13].

The BiB3O5 (bismuth triborate, BIBO) crystal was intro-
duced by Hellwig et al in 1998 [14-17]. Itis a highly promising
negative biaxial nonlinear optical crystal that belongs to mono-
clinic group C; and apart from having a large nonlinear optical
coefficient and laser high damage threshold, it is nonhygro-
scopic as well. It offers an oprical transparency berween the
160 nm ro 2.7 um region. The UV transmission cutoff of BIBO
is at much deeper wavelength than BBO and it offers large effec-

radiation using DFM, plasma generated from filamentation of
femtosecond laser, and optical rectification techniques [1-6].
Among all the BBOs is the first very promising borate group
crystal which has found potenrtial applications in the generarion
of deep-UV to terahertz radiation due to its excellent oprical
and nonlinear properties. Bhar ez 4/. have reported the best use
of the phase-matching condition for efficient deep-UV-vis

1559-128X%/21/195643-09 Journal @ 2021 Optical Socisty of America

tive nonlinearity (day = 3.2 pm/V). lts nonlinear coefficient
is 3.5—4 times higher than that of LBO and 1.5-2 times higher
than that of BBO. These attractive properties have recently been
explored to demonstrate the portential of BIBO for efhcient
SHG using continuous wave [18,19], long pulse, nanosecond,
picosecond [20,21], and femtosecond pulsed lasers [22-26].
For example, conversion efficiencies of SHG ar 532 nm in the
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ARTICLE INFO ABSTRACT

Keywords: A simple and low-cost approach for producing tunable and low threshold RL emission in the visible region is
Random lasing reported by using a fluorescent laser dyve as gain medium and lisht scattermg 15 achieved in silica nanospheres
Scattering n siliea nancsphere

(8NS) under the pump light of 532 nm, obtained by secoid harmonic generation of a Q-switched Nd: YAG laser
fundamental radiation of 1064 nin wavelength. Depending upon the size (a) of the scatterer particles in com-
pasison to the wavelength (4) of the pump light, the scattering mechanizm can be classified into different cat-
egories. Howewver, to dempnstrate various BL parameters for seatterer particles residing in Rayleigh srattzring (a
< 4) and Geometrical optics regime (a > > i) in RhoG dye doped PVA film, we have deliberately synthesized rwo
different sized SNS (notably, 400 nm and 1000 nm). Alse, to demonstrate the tuning in the RL emiscion by
enhancement in pump photon density the gain medium has been enclosed within two glass slides. The perfor-
mances of developed three BL systems, one made with bare film ($1), one cover with one glass slide (52) and
another one in which the gain medium is enclosed between two glass slides (53) have been compared. It has been
demonstrated experimentally that in the developed RL system with 400 nm SNS particles, RL emission in the
incoherent regime is obtained. On the other hand, in the case of 1000 nm SNS particles, RL emission in the
coherent regime is demonsirated. The unable random lasing emission covering 585-592 nm wavelength regions
with the lowest emission line-width of 4.2 nm and the lowest RL threshold of 1 .59 m./em” is obtained from the
developed RL systems. The demonstrated low cost and simple strategy for the development of tunable RL devices
provided here will find novel applications in laser-based imaging, RL based sensing, and other cptoelectronic
devices.

Tunable visible light emission

1. Introduction

Thanks to the recent progress in the industial applications of CW
and pulsed laser sources. Although conventional lnser sources are
proved to be very effective for their various applieations in fundamental
and applied research fields, but still there exist a lot of challenges [1-6].
Therefore, there is a recent surge in the development of laser sources and
particularly a lot of impetus hac been given in the development of
random lasers (RLs| by employing various luminescent materials as gain
media [1-4]. However, unlike conventional laser sources, which include
(i) a pump source, (i) a gain medium, and (iii) optical resonators, RLs
use a different approach for its operation. Random seattering of light
provided by jumbled nano/mictostuctues present inside o gain me-
dium offers a substitution of optical cavity to achieve lasing [2-6]. The
generation of light in Rls mainly relies on several factors, like

* Corresponding author.,

geometrical configurations, optical properties of gain/scattering media.
structural distinetions of the scattering pasticles ete. However, enclosing
the whole random mediun into 2 waveguide feedback configuration
gives additional degrees of freedom to simultaneously tune the emission
regimes along with decreasing the lasing threshold through various
approaches, such as through pump volume amplification techniques.
increasing the pump photon density via wave guiding. changing the
cavity length (1), or by changing seattering strength [3-0]. Further, the
optical feedback mninly depends on the scattering mean free path (L..)
and transport mean free path {I) of a randomized system. Any change in
l;e may also cause the wansition of RL emission from incoherent to
coherent regime and vice versa [5-9]. However, three distinct scattering
reginies can be defined [7], as given below, depending upon the size of
the nanoparticles/microparticles used as scatterer particles in RL
systems.

E-mail addresses pathik. kumbhalar@phy.nitdgp,ac.in, nitdgpkunbhakar@yahoo,com (P, Kumbhakar),

hips: //dolore 10,1016/, lunin, 2022119252
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Emission peak shifted incoherent random laser
through the combined effects of coupling of
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nanostructure, microbubbles, and the
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The random laser (RL) is now becoming an essential tool for various photonics applications, and a plethora of
rescarch advancements in RL coupled with developments in the ficld of techniques of syntheses of various nanos-
tructured materials is taking place. But the realization of tuning the peak emission wavelength of RL is still very
challenging. However, in this report we have demonstrated an emission peak shifted tunable low threshold inco-
herent RL in the visible region in a gain medium of a commercially available dye laser material and by employing
the rarely used scatterer materials of triangular silver nanoparticles (TSN), microbubbles, and the waveguiding
mechanism. The scattering properties of trapped microbubbles, along with the localized surface plasmon reso-
nance property of TSN of appropriate concentration within waveguided thin films composed of glass substrates,
have been methodically investigated to demonstrate the reduction in lasing threshold and runability in the peal
emission wavelength, A two-fold reduction in RL threshold by addition of TSN in the disordered system, along
with a considerable narrowing down of the emission spectra to a few nanometers, arc obtained. Furthermore, the
pealc emission wavelength shift of 6 nm is reported by suirably changing the system configuration by the addition of
an optimum concentration of TSN along with trap ped microbubbles. The as-developed system shows high-quality
laser performance with the maximum value of § = 0.64, a quantity describing the ratio of the number of stimulated
radiative photons within RL and the total number of emissive photons. We propose that the total internal reflec-
tions from the microbubble surface, along with plasmonic enhancement and scattering from the TSN, mediate
the waveguided RL to achieve the low threshold. Therefore, this report is an early step towards demonstrating effi-
cient RL in a ternary scattering system. Many more avenues for investigating this developing research issue may be
helpful for the future development of affordable and robust optoelectronic devices.  © 2023 Optica Publishing Group

hittps://dot.org/10.1364/J05AB. 481499

1. INTRODUCTION

The fascinating realm of random lasers (RLs), also designared
as “mirror-less lasers,” has inspired remarkable curiosity in the
scientific community, leading 1o deep dives into the novel terri-
tory of the interaction of light with marter having randomness
[1,2]. Since the firse theoretical prediction given by Letwkhov

the gain length /. {/; is defined as the length over which the
intensity of light is amplified by a factor ¢), owing to which the
gain surpasses the overall loss in the system [4]. In contrary to
conventional lasers, in RLs, strong light scattering by random
scatterers present within the gain medium could improve the
confinement of light that may result in the development of

[3], random lasing action has been investigated in varieties closed optical loops within the gain medium thatare inherent to

of physical arrangements, gain media, and scatterer particles.
Lasing action in a random medium is generally achieved by sig-
nificantly expanding the trajectory of the light inside a volume,
and amplification occurs due to multiple scattering, raising

0740-3224/23/051039-08 Journal © 2023 Optica Publishing Group

coherent RLs [5]. On the other hand, while light gets scattered
multiple times by the scatterers placed within the gain medium,
some selected modes may obrain a higher dwell time within the
medium. Consequently, they can sustain over longer scattering
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Graphene oxide (GO) and silver nanoparticles (AgNPs) are recently been widely employed in various sectors
including in photonics applications due to their fascinating properties. On the other hand, huge interests are
shown by the researchers for devel of 5¢ ials for achieving random laser (RL) with improved
performances. In this work, the GO/Ag nanocomposite material comprising of GO nanosheets and AgNP: have
been prepared and its rkable noali ptical (NLO) propertiez are employed for the first time to
dJdemonstrate RL in the visible region by the inroduction of Jdisorder and multiple scattering within the ampli-
fying medium of Rhodamine B dye. Interestingly by changing the cuvette path lengths, here we have shown that
the gain volume within the amplifying media can be vaned effectively, which directly influence the lasing
threshold. The larger value of NLO coefficients in GO/Ag scatterer induced greater refractive index contrast (4n)
between the scatterer and surrounding fium and thus enhances the light-matter interactions in the GO/Ag
n posite and ¢ ntly the lasing threshold for RL generation is reduced signuficantly by 50 % than
that of bare GO as scattering center. This report opens an exciting prospect of using NLO properties of GO/Ag
nanocomposite for achieving enhanced scattering in different gain media for demonstration of low threshold RL,
which may revolutionize the future Jdevelopment of RLs.

1. Introduction

In recent decades, the field of photonics has witnessed a remarkable
advancement, with a growing emphasis on the development of novel
light sources and laser technologies. Among these developments. the
phenomenon of random lasing has emerged as a captivating and
promising asea of research [1]. In random lasers (RLs), amplification of
light is provided from multiple scattering events within the disordered
configuration of dyve and scattering medium []. Since, the theoretical
prediction by Letokhov in 1967 [3], Rls have gained considerable
attention in the scientific conununity. After the first experimental
demonstration of coherent RL in ZnO [1], rigorous theoretical and
experimental investigations on RLs have been camried out in different
gain media [ 0). The intinsic properties of RL, such as low threshold,
robustness against external perturbations, and potential for compact and
versatile designs for chip-scale optoelectronie devices, have picked up
the interest of researchers of inter-disciplines. Most importantly, the

* Corresponding author.
E-mail adédress: phumbhabas phy@ nitdgp ac.an (P. Kumbhakar).

https/ “doiore /10,1016 ). optinat, 2024, 1 15400

efficacy of RL depends on various nanostructures present within the
disordered media. In this reganl, scattering centess present within an
active media is significant in determining its RL charactenistics such as
the lasing threshold. medal characteristics ete. Particularly, the size,
geometrical shape. concentration of scatterers within the gain medium
greatly impocts its emission characteristics. In recent years, there has
been a growing demand of emploving discrete categories of
nano, micto-structures in gain media. Particularly, these scattering
media including metal [10]. semiconductor [11]. metal organic frame-
work [12], biological structures [12,1 1], liquid ervstals [15], external
feedbacks [ 10,1 7], nucro-bubbles [11] etc., which have been exten-
sively emploved for generation of coherent [19] or white [0] RL
emission, however with some drawbacks. Interestingly. the intrinsic
noalinearity in two-dimensional (2D) materials enables the manipula-
tion of gain and absorption profiles, which plays a pivotal role in con-
tolling the threshold for RLs. These 2D materials can be tailored to
exhibit tunable and highly efficient nonlinear responses, affecting the

Received 10 February 2024; Received in revised form 5 April 2024; Accepted 1S April 2024
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MEMORANDUM OF UNDERSTANDING

This Memorandum of Understanding is made on this the .....7%.... day of
...... “A/azck. ........ 2011 between Oil and Natural Gas Corporation Limited
(ONGC), a company registered under the Companies Act 1956, having its
registered office at Jeevan Bharti Building, Tower-ll, 124 Indira Chowk, New
Delhi-110001 and one of its offices at Dehradun (herein after referred to as
ONGC which expression shall unless repugnant to the context include its
representatives, successors and permitted assignees) of the FIRST PART and

Burdwan University Burdwan established under / registered under
Neat Bg ;_\é a A , {9 5 fi Act, having its office at Burdwan, West Bengal
(hereinafter referred as Burdwan University which expression shall unless

repugnant to the context include its representatives and successors and
permitted assignees) of the SECOND PART.

Whereas the Burdwan University has been established for the purposes, among
others, for imparting education in Science, Arts, and the learned professions and
of furthering advancement of learning and original research.

And Whereas ONGC is engaged in the business of hydrocarbons exploration
and exploitation and has decided to institute ONGC Scholarships in Burdwan
University.

Now Therefore in consideration of the mutual covenants set out in this MoU, the
parties hereby agree on the terms and conditions details hereunder:

1. OBJECTIVE:

To strengthen industry—academia linkage by instituting ONGC Scholarships in
Burdwan University for rewarding, encouraging and assisting meritorious
students for higher studies in the petroleum upstream related education.

2. RESPONSIBILITIES AND COMMITMENTS:

In the spirit and context of the purpose of this MOU the parties agree to assist
each other, to be committed to professional excellence, to communicate on a
regular basis and to encourage open dialogue and cooperation between ONGC

and Burdwan University.
3. SCHOLARSHIP

i) There will be two scholarships in Burdwan University.

i) These scholarships will be called “ONGC Scholarships” and the scholarship
holders will be called as “ONGC Scholars”.

1
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i) The department / course and degreé for which ONGC Scholarships will be
instituted are presented in following table:

SI. | Department/ Course Degree
No.

1 Chemistry M.Sc

2 Physics M.Sc.

V) The criteria for selection of student for award of ONGC

Scholarship, the
scholarship amount and scholarship duration will be as follows:

Sl. | Degree | Yearin which Qualifying criteria Scholarship Scholarship
No. scholarship Amount Duration
will be given (Rs per month)
1 M.Sc. Second Year | First rank in M Sc. 5000 1Year
First Year
-

4. OBLIGATION OF BURDWAN UNIVERSITY BURDWAN:
————————] DU NUWAN UNIVERSITY BURDWAN:

i) The Burdwan University will select the student for award of ONGC Scholarship
as per the criteria detailed in 3.iv) above.

i) The Burdwan University after the selection of student for ONGC
will intimate Head ONGC Academy, Kaulagarh Road, Dehradun

written report giving detail of the student selected. Biodata and photog
selected student will also be enclosed with the report.

Scholarship
through a
raph of the

iii) The Burdwan University will send a written demand note to Head, ONGC
Academy, Kaulagarh Road, Dehradun for release of the fund for two ONGC
Scholarships in an academic year for disbursement to the ONGC Scholars.

v) The Burdwan University will receive the fund for ONGC Scholarships from
ONGC and will disburse the same to the ONGC Scholars regularly.

v) The Burdwan University will submit the ONGC Scholarship fund utilization
report in respect of an academic year to Head, ONGC Academy, 9, Kaulagarh
Road, Dehradun confirming that the ONGC Scholar has received the entire

ONGC Scholarship amount due to him, before requesting for release of fund for
the next academic year.

b/ d. |




5. OBLIGATION OF ONGC:

i). ONGC will award two ONGC S

cholarships i iversi
detafied below: arships in the Burdwan University as
] 'SJ. Department / Course Degree
0.
1 Chemistry M.Sc
2| Physics M.Sc.

if) ONGC will release the total fund for two ONGC Scholarships (scholarship at a
rate of Rs. 5000 per month) in respect of an academic year after receiving the
ONGC Scholar selection report and a written demand note from the Registrar of

Burdwan University to Head, ONGC Academy, 9, Kaulagarh Road, Dehradun for
release of the total fund for ONGC Scholarships.

6. VALIDITY OF MOU:

This MOU is effective from the academic year 2011-12. The ONGC reserves the
right to terminate this MOU at any point of time.

7. DISPUTE RESOLUTION:

In the event of any dispute or difference between the parties hereto, such dispute
or difference shall be resolved amicably by mutual consultation or through the
good offices of Head ONGC Academy. In case such resolution is not possible,
then the unresolved dispute or difference shall be referred to a committee
consisting or two members each from ONGC and the Burdwan University with
Director (HR) of ONGC as it's head, the decision of the committee shall be
binding upon both the parties. Provided, however, any party aggrieved by such
decision may make a further reference for setting aside or revision of the

decision to the CMD of ONGC whose decision shall bind the parties finally and
conclusively.

8. APPLICABLE LAW AND JURISDICTION:

All question disputes or differences arising under out of or in connection with the
MOU shall be governed by Indian Laws, both procedural and substantive and
shall be subject to exclusive jurisdiction of Courts at Dehradun.

9. AMENDMENT:
This MOU may be amended in writing with the mutual consent of both parties.

b b
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10. OPERATION, CONDUCT AND IMPLEMENTATION:

Burdwan University and ONGC agree to nominate specific personnel for
operational, conduct and implementation of this MOU.

a. Head ONGC Academy, ONGC shall be the sole operator on behalf
of ONGC.

Address :Head ONGC Academy,
KDMIPE Campus, 9, Kaulagarh Road, Dehradun-248195

Phone No. : 0135-2754283
Fax No. : 0135-2758832
b. Registrar, Burdwan University shall be the sole operator on behalf

of the Burdwan University.

Address :Registrar,
Burdwan University, Burdwan, West Bengal
Phone No. :
Fax No. J

The document signed by both the parties constitutes the entire understanding
between ONGC and the Burdwan University, Burdwan.

In witness whereof, the parties to this MOU through their authorized

representatives have affixed their signatures on this MOU on the day and year
first hereinabove mentioned.

Signed: M Signed: M 17!92‘}””

On behalf of Burdwan University Burdwan On behalf of ONGC
Name: Sk m_s ] Mo I,HN _bﬂ'/\[ Name: DR. TARLUN CyAK RASZRT)

Registrar B“rdwaf'ﬂﬁ}"%ﬁi}! _BLgrdyvarq ” Head ONGC Academy, Dehradun
A UNIVERSITY OF BURDWAY
oate: 17-3- 26 Buromangrainy ™ Date: 17.03.200
Place: P w~p W 0—Ro Place: BURDAWAN
Witness:  {, e acanhin Mushopadilny Witness: /E,\MJ,-K»—’J"’ ]
Sl e 17-37 - 201) .
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BOTANICAL SURVEY OF INDIA
£ st sveata gawor | BOTANICAL SURVEY OF INDIA
:&:‘::MENT pop— ot 5f, 371, wredr=m | CGO COMPLEX
RD
T -
F ENVIR! . T & CLIMAT E
MINISTRY O ONMENT, FOREST &C E CHANG 1 e =it 2rzee | DF BLOCK, SECTOR |
arezaT . wrewrar-a/ SALT LAKE, KOLKATA - 700064
Tel.: (033) 2321 4050 [Tech. Section] ; E-mail: tech@ bsi.cov.in
m /File No.:BSI- 295/1 (Misc.)/2025-Tech. !1 2093 Date: Z’ﬂune, 2025

TO WHOM IT MAY CONCERN

This is to certify that Botanical Survey of India, Ministry of Environment, Forest and Climate
Change, Govt. of India, is having a Memorandum of Understanding (MoU) with the Department of
Botany, The University of Burdwan, since 2014 toward scientific and Academic collaboration. As per
the term and condition of the MoU, currently both the Organizations are in the process of renewing the
MoU with renewed objectives. It is also to certify that, during the period of 2019 to till date, both BSI
and The Department of Botany pursued activities which establishes strong linkages and collaboration
between the two institutes

1. Scientists of BSI registered their research students for Ph. D in Botany under the University of
Burdwan.
Conducted several collaborative research works and produced Ph.Ds
Shared research facilities for research.

Shared Herbarium facilities.
Faculty of University of Burdwan worked as expert member for recruitment of research

il

personnel.
6. Organized jointly Botanical Science Congress in March 2024.

The faculty members from the University of Burdwan who have made a strong linkages and
collaboration with BSI are Prof. Soumen Bhattacharjee (Coordinator, UGC Center for Advanced Study),

Dr. Asok Ghosh etc.

The Scientists of BSI, who have made a strong linkages and collaboration with the Department of
Botany, The university of Burdwan are Dr S.S. Dash (Scientist F & Additional Director, BSI), Dr. Tapan
Sil (Scientist E), Late Dr. B. K. Sinha (Scientist F), Dr Avishek Bhattacharjee (Scientist E) etc.

Hope in future we will carry forward our close association for academic and research.
rd
5
W\
TH. aIel/ S. S. Dash)

e TF / Scientist F’
(THTLY, FeheTeh! HTSTT / In-charge, Tech. Section)

L LiFE G2C

y Al

"J Lifestyle Fo :
\z) En‘.-)r':\s'rw"*rer':t MR ooy P


Mantu Saha
Typewriter
SL NO. 03


SL NO. 03

MEMORANDUM OF UNDERSTANDING (MOU) BETWEEN
THE UNIVERSITY OF BURDWAN, WEST BENGAL AND
BOTANICAL SURVEY OF INDIA (BSI) [A NATIONAL BODY
SETUP IN 1890 TO SURVEY THE COUNTRY FOR ITS
BOTANICAL RESOURCES WITH HEADQUARTER AT CGO
COMPLEX, 3" MSO BUILDING, BLOCK-F, SECTOR-I,
SALT LAKE CITY, KOLKATA-64|

Botanical Survey of India, the nodal research organization
supported by Ministry of Environment and Forests, always plays a
significant role in fulfilling nation’s commitment to various
International conventions like Convention on Biological Diversity
(CBD), Convention on International trade in International
Endangered species of wild Flora and Fauna (CITES), etc. It has
ample expertise in exploring, identifying, creating inventories and
documenting the rich diversity of plant resources of the country
with particular reference to protected areas and fragile ecosystems.
[ts activities also include identification of endemic, endangered and
threatened species, conservation of threatened taxa, collection and
identification of ethnobotanically important plant resources, etc.

The University of Burdwan sincerely sought the
collaboration of BSI so that both the organizations can enter into an
understanding in protecting the fragile microcosm of unique
biodiversity glorifying the Golapbag campus of the University and
adding value to the existing knowledge base, teaching and research
activities involving the Department of Botany in the process.

The Department of Botany of the University of Burdwan,

established in 1964 under the leadership of the eminent teacher and
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scientist, Prof. P. N. Bhaduri, Ph. D (London), is one of the pioneer
institutes of Plant Science with apt reputation in both teaching and
research. Since then the department has successfully completed
DSA phase I, I, IIT and COSIST. In fact, it is the first Department
of this University which was considered as a Centre for Advanced
Study (CAS) by the UGC in the year 2007 and presently
department is in the second year of phase Il of CAS scheme. As a
mark of record of excellent research, members of the faculty of this
Department have published more than 1600 research papers in
various peer reviewed journals of national and international repute.
More than 200 research students have been admitted to PhD degree
under the guidance of faculty members of this department. Apart
from teaching, the department is trying to strengthen R & D
linkage with different Scientific Institutions with the objective to
enhance collaborative research work and develop knowledge base
with non commercial application.

So, for fulfilling the objective as stated the authorities of
both the organizations decided to collaborate in the following
issues for mutual benevolence in matters of phytodiversity
conservation and development of research and academic activities
based thereupon.

l. Acharya Jagadish Chandra Bose Indian Botanic Garden, BSI
will help in preparing a proposal by the Botany Department,
University of Burdwan for inclusion of the Golapbag
campus of the University as ‘Protected Site’ by the state

government for conservation of its plant diversity in the



greater interest of the society since this area together with
Ramnabagan Wildlife Sanctuary which constitutes a green
patch in the periurban area to sustain a wide diversity of
fauna and abate pollution to optimize the environment of
Bardhaman city has been experiencing threats of biodiversity
impoverishment especially of the rare species. Moreover
aesthetic attributes of the campus emanating from variation
in microhabitats (terrestrial, semiaquatic and aquatic),
occupancy by both indigenous and exotic species of trees,
herbs, shrubs and vines, ornamentals and  the faunal
diversity especially of birds (migratory waterfowls sustained
by the wide variety of aquatic plants) is highly praiseworthy
deserving periodic surveillance for protection.

_ BSI will help the Department of Botany, University of
Burdwan to develop its existing herbarium and enrich with
digital images of plant specimens especially from Type
section of Central National Herbarium (CAL), and provide
other related infrastructural facilities. For developing the
existing departmental Herbarium, its integration with the
activities of BSI is deemed essential.

_ BSI will help the Department of Botany, University of
Burdwan for developing a Botanic garden in Golapbag
campus of the University, where BSI will take active role in
sharing its expertise to develop the garden.

_ BSI shall train the technical staff and research scholars of the

University for Taxonomic Documentation.



. BSI will organize trainings, workshops on collection, processing of

specimens, their preservation etc.

Both BSI and the Department of Botany, University of Burdwan, West
Bengal can exchange plant specimens, especially of the Flora of West
Bengal.

Both the BSI and Department of Botany, University of Burdwan, West
Bengal can be involved in faculty exchange programme.

BSI will facilitate and sponsor research in some common thrust areas
where faculties and scientists from both the Institutes can work in

collaborative projects.

In its turn, the University of Burdwan will contribute through its Botany

Department in the following issues:

L.

2

University will recognize the BSI scientist as research guide and will
recognize BSI as a research organization for Ph. D. programme as per the
existing statutory norms of the University of Burdwan.

Department of Botany will collect medicinal plants from the district and
the adjoining areas where the local healers use them for therapeutic
purpose and share the same along with the data-base of ethnomedicinal
plants (which are not the part of any codified, classical traditional Indian
medicinal system) with BSI.

Department will also submit the proposals to DST, Govt. of West Bengal
and other Central agencies for getting appropriate funding in order to
carry out the assigned responsibilities to be undertaken by the
organization.

Department shall donate the duplicate herbarium specimens for
preservation in CAL and other herbaria of BSL.

Department will assist in carrying out advanced biochemical and

molecular characterization of plant specimens.



6. University will

give priority access to BSI scientists for availing

University Science Instrumentation Centre (USIC) facilities

7. University and Department in particular shall simultaneously identify its

own Taxonomists and the Taxonomists of its affiliated Colleges for

identifying plants and submitting authenticated samples.

8. Any other academic responsibility which may be assigned to the

Department based on its expertise, available resources and feasibility for

mutual benefit shall be discharged as far as practicable.

o e
G \“"’
0 e ‘ -
D2 - 3" ‘
DIRECTOR VICE-CHANCELLOR
BOTANICAL SURVEY OF INDIA UNIVERSITY OF BURDWAN
Witness: _— Witness:
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Memorandum of Understanding

For

IRNSS Navigation Receiver Field Trial and Data Collection

Between

Space Applications Centre
Indian Space Research Organization
Department of Space, Government of India
Ahmedabad - 380015

And

THE UNIVERSITY OF BURDWAN
RAJBATI, BURDWAN, WEST BENGAL, 713104
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This MOU is entered into unﬂday of DeLewrbii— 2015

BETWEEN

Space Applicalions Centre, Jodhpur Tekra, Ambawadi Vistar P.O., Ahmedabad, 380015,
a centre of Indian Space Research Organization, Department of Space, Government Of
India (hereinafter called "SAC" which expression shall where the context so admits
include its successors and permitted assignees) of the one part,

AND

THE UNIVERSITY OF BURDWAN, RAJBATI, BURDWAN WEST BENGAL. 713104

1.0 Preamble:

Whereas, Space Applications Centre (hereinafter referred o as "SAC” which exprassion
shall where the context so admits include its successors and permitted assignees) of the
one part and “THE UNIVERSITY OF BURDWAN" (hereinafter referred to as "BU" which

expression shall where the context so admits include its successors and pemitted
assignees) of the one part BU, both are parties 1o this MoU;

Whereas, SAC s involved in design and development of space-borne instruments for
ISRO missions and development and operationalization of applications of space
technology for national development. The applications cover communication,
broadecasting, navigation, disaster monitoring, metecrology, oceancgraphy, environment
monitoring and natural resources survey, SAC designs and develops all the transponders
for the INSAT and GSAT series of communication satellites and the optical and
microwave sensors for IRS series of remote sensing satellites, Navigation payloads for
IRNSS and CAGAN programme. Further, SAC develops the ground transmit/receive
systems (earth stations/ ground terminals) and data/image processing systems;

Whereas, The University of Burdwan is a leading University in West Bengal engaged in
teaching and research in different fields of knowledge and learning. One of the fields of
training and research of the University is use of space based technologies and satellite
based navigation systems (GNSS, hereinafter). The University has a GNSS laboratory

used for training and research purposes and is willing to extend the activities using
IRNSS and GAGAN.
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2.0 Effective Date and Duration of MoU: This Mol is effective from the date of its

signing and is valid for a duration 2 (Two) years from the date of signing. It may be
extended further in writing based on mutual consent.

3.0 Scope of MoU:

Scope of the MoU involves Site identification, site preparation, and Installation of the
IRNSS receiver. IRNSS Navigation Data collection and analysis to be carmied out on
regular basis for verification and for other mutually agreed topics of research for both
parties. Depending upon the requirement certain scientific experiments can be planned
and executed within overall MoU umbrella. With mutual consent, both the Parties can
extend the period of data collection and observation locations (sites),

4.0 Methodology:
4.1 Suitable Site Selection
4.2 Instaliation and commissioning of IRNSS Receiver
4.3 Continuous IRNSS and GPS data logging, analysis of the data

4.4 Transmission of IRNSS and GPS data to SAC as and when demanded by SAC
Data transmission mechanism can be mutually worked out.

5.0 Deliverables:

51 SAC deliverables { i, li & iii through ACCORD Soflware & Systems Pvt. Ltd }
i IRNSS receiver and data processing systems as detailed in Annexure-1.
(Delivery @ site)
ii. Number of receiver units allocated as per SAC recelver Allocation

committee's recommendation in view of your response to EQOI for IRNSS
Recsiver deployment

fii. User and operations manual (Delivery @ site)
iv.  Format for Quarterly (Every Three months) status report

5.2 BU deliverables

I All necessary logistics so thal IRNSS Receiver shall be established to
callect positional data in raw and RINEX formal received from IRNSS, GPS
constellation with 1 sec update rate

il. Send a Quarterly status Report on usage/performance of receiver to SAC in
a prescribed format.

iii. Send the Receiver data to SAC as and when asked for

#—
M
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6.0 Guidelines on Receiver / Data Usage:

The data is to be used strictly for internal research purpose only. The Receiver is for
experimentation and field trial only and should not be used for any operational purpose.
IRNSS constellation is evolving and has not been declared operational for Position

Navigation and Time. So the resultsiperformance of IRNSS should be viewed in that
context.

7.0 Responsibility of Each Party:
SAC and BU shall jointly work towards IRNSS system verification using data collected
from IRNSS receivers. In addition, following are the specific responsibilities.

7.1 BU:

711 All the logistics support, site identification, site preparation, required for
selting up of IRNSS Receiver will be provided by BU.

712 Installation of the IRNSS Receiver at the site will be carried out by ACCORD
SYSTEMS

713 Utmost care to be taken in handling the IRNSS Receiver,
714 Send the Receiver Data to SAC when asked for

7.15 Safety and security of the IRNSS Recalver

716 IRNSS data reception, processing, archival to be done by "

7.2 SAC:

721 SAC will provide IRNSS Receiver Unit(s) and Recelver operation manual(s)
on returnable basis (As detailed in Annexure-1)

722 SAC will provide technical assistance to BU in working out modalities of
« Data collection, data sharing, etc.

723 SAC will provide technical assistance to BU in proper operation and
maintenance of IRNSS Receiver

724 SAC will provide technical assistance to BU in identifying appropriate
research areas considering capabilities of this Receiver

8.0 Project schedule:

8.1 Selection of Suitable Site(s) within 10 days from the date of signing MolJ by BU
8.2 |Installation and Commissioning of IRNSS Receiver by M/S ACCORD.

Hs—
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8.3 Regular data collection and analysis will be carried out for the duration of the MaoU
from the date of Installation and Commissioning of IRNSS Receiver

9.0 Training:
M/IS ACCORD will provide necessary training and guidelines for site identification,

recelver operations. SAC will provide guidelines for data collection, processing and data
transfer

10.0 Project Monitoring:

104 SAC and BU shall identify focal person(s) who shall be responsible for
organizational matters and interfacing for day to day operation, such as functioning
of IRNSS Receiver, security etc. Each party shall pursue its independent research
using data from these IRNSS Receiver, with mutual consultation.

10.2 A periodic Quarterly status report should be generated by BU regarding Receiver

operations. A User meet lo share results, experience will be held at SAC every six
months.

411.0 Functionaries

2. Dr Joydee I le
e i1 Physics, The Un '

6 L

—i

ferst

1. ATUL P. SHUKLA, Group Head, DCTG/SNAA, (SAC Focal persons)
2. YAGNESH R. PATEL, Sci/Engr-SF, SNTD/DCTG

12.0 Confidentiality:

121 During the tenure of MoU and thereafter both parties undertake on their behalf and
on behalf of their employees/representatives to maintain strict confidentiality and
prevent disclosure thereof of all the information and data exchangedigenerated
pertaining to this agreemenl. However, the data may be published and shared
jointly for scientific publication after mutual consent in writing.

12.2 BU will not disclose any research resuit and Foreground information, generated oul
of or involving the data. its derivative or information thereof from the IRNSS

B
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Receiver established (at given site) as per terms of this Mol to any third party
without seeking prior written permission.

13.0 Intellectual Property Rights :

All the research resulls and foreground information as well as foreground Intellectual
Froperty Rights, generated out of or involving the data, its derivative or information
thereof, from IRNSS Receiver and sites established as per lerms of this MoU whether or
not legally protected, shall be owned by SAC. BU will be free to use such data for their
internal RED purposes with intimation to SAC,

Notwithstanding any provisions mentioned above or any future licensing agreements,
SAC shall be deemed to have all rights including non-exclusive, irrecaverable and royalty-
free license for the unlimited development and use of any and all Foreground information
and Foreground Intellectual Property Rights, generated out of or involving the data, its
derivative or information thereof, from the IRNSS Receiver established (at given site) as
per terms of this MoU, whether or nol legally protected. for the purposes of s own
applications.

14.0 Change In Scope of Work:
Any change in scope of work would be with mutual consent of both the parties in writing.

15.0 Modifications to MoU:
15.1 Any amendment or modifications of this MOU shall be in writing by both parties.

15.2 The modifications/changes shall be effective from the date on which they are made/
executed, unless otherwise agreed to.

16.0 Force Majeure:

Neither party shall be held responsible for non-fulfillment of their respective obligation
under this MoU due to circumstances beyond their control but not limited to war, flood,
cyclones, riots, strikes ete. If such condition continues beyond six months, the parties
shall then mutually decide about the future course of action. Either party shall intimate
each other of any such event.

17.0 Indemnity:

BU shall exercise reasonable skill, care and diligence in the performance of this MoU
activity and indemnify and keep indemnified SAC in respect of any loss, damage or claim
howsoever arising out of related to breach of MoU. statuary duty or negligence by BU or

Page b nf R
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its employees, agents or subcontractors in relation to the performance or otherwise of the
services to be provided under this MoU.

18.0 Termination of Mol:

181 During the validity of the Mol if it is found that if the IRNSS system is not in use,
misuse or due care is not taken, SAC has right to dismantie/uninstall the IRNSS Receiver
established as per terms of this Mol with intimation 1o BU.

8.2 Similarly If BU considers it necessary to dismantle the IRNSS Receiver established
as per terms of this MoU for unavoidable reason at a given site, BU will try to provide an
alternate site for the IRNSS observations and facilitate SAC to relocate IRNSS Receiver.
If however, BU fails in providing such alternate. SAC will be free to dismantle/uninstall

and remove the IRNSS Receiver established as per terms of this Mol along with
accessories.

19.0 Arbitration:

In the event of any dispute or difference between the parties hereto, such disputes or
differences shall be resolved amicably jointly by Director, SAC and Registrar, BU

20.0 Jurisdiction: Ahmedabad shall be the jurisdiction.

In witness whereof. the parties hereto have signed this MOU on the

lﬁ?%“\-b G

F_F_ 5
Fin |l D
(Shri TAPAN MISRA) (Dr D K Pan/g)
Director, Registrar,
Space Applications Centre (SAC), The Univarsity of Burdwan
o Burdwan
T M
: :m mu X REGISTRAR
iy o firhiniy : THE UNIVERSITY OF BURIwWA
TR | Arient o ke *  BURDWAN-213104
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Annexure-1

List of deliverabies for (1 set of) IRNSS/GPS/SBAS Receiver

—_—

Sl. No. Item Description ,

g

IRNSS/GPS/SBAS Receiver |

AC-DC Adapter
DC-DC Adapter

Antenna

Antenna base plate

bl Bl B Bl Ll

Antenna mounting rod

Battary

Charger for battery

TNC [M) to TNE (M), 15 m low-loss RF cable

20|~

0. | TNC (M) to TNC (M), 2 m low-loss RF cable

11. | SMA (M) to SMA (M), 2 m RF cahle ~

12, | Cat5E Ethernet cable

13. R5232-USB converter cable

14. | DC-DC adapter input cable

15. | DC-DC adapter output cable

16. | Battery to receiver power cable

17. | Car Cigarette connector to receiver power cable

18. | 3 Pin AC power cable for charger

19. | User Guide

20. | CD containing GU| & other drivers

21, | M3 Allen key

22. | Adjustable Spanner

23. | M4 Allen screws with nuts for receiver

24. | M4 Allen screws with nuts for DC-DC adapter

25. | M4 Allen screws with nuts for antenna

Lol BN RN B o8 el ol ol Ot vt B el Sl S P Y ) S N [P IS PR [P PR PO Y (P

26. | Carry Case
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TBITU~TRIG A, ST G
N74
N/ RrreT-171001 (Raw)
e [CAR < CENTRAL POTATO RESEARCH INSTITUTE
Shimla-171 001, BP (Indiu)

No.F 8771812015 Dated: 22™ February, 2016
— Fede

la — )

r Jai Prakash Keshi

Professor & Incharge, CRSFM.

Coordinator, DBT, HRD Programme, S L N O . _O 5

Centre of Advanced Studies in Bouny, ’

The University of Burdwan,

Burdwan 713 104 (W

FAX: 91-0342-2556260/64452. ¢ il Keshnjpagmail.com, keshri_jp@yahoo.com
Subject: Alloiment of breeder seet. re sarding

Sif,

Phis has reference to vy letter duted 0] Februnry, 2016 addressed 1o Director,
ICAR-CPRI Shimla In this repd please find enclosed herewith Xerox copy of Mol for
vour record. It is to inform you that the Dircetor, CPRY, Shimla has sllowed 15 Wtls of breeder
seed of Kufti Jyoti from CPRS. Jalandhar You may contact Head, CPRS, Jalandhar (Mob
no.- B465820837) for further nece ssury information,

Yours faithfully,

Y
b
{Sanj;t/{;m:ma} W

Aeting Head. Divigion of Seed Fechnology

Lnel. As above

Copy 10: The Head, CPRS, Post Hapg No.|, Model Town, Julamdthnr, (Punjab) (Mob no -
B365820837 ) for information please

'---‘—--\—.‘.-I-l-'“li--'m--h--—'-r TR s b e e e s e ——

Telephones: EPABX: 2624831 'h25182. 2625074, 2625073, 2621480, 2625181,

2624575, 2624501 Fax: O177-2624460. ¢-mall: ﬂmmwl_gp_g@;r_nm Websire:
httpi/feprieret in
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MEMORANDUM OF AGREEMENT
BETWEEN
THE IHDIAH{ COUNCIL OF AGRICULTURAL RESEARGCH
P AND
PRIVATE SEED PRODUCERS
FOR

ENHANCEMENT OF SEED PRODUCTION CHAIN OF POTATO IN THE COUNTRY

{&% 2018 belween the Indian Councll of Agroultural
ltesearch (ICAR), Kiishi B

an, New Dalhl, a sociely reqistered undar the Socielies

i

]

i 1. This MOU signed on }U
Registration Acl, 1860 and 1o be Implement at Central Polate Research Institute

¢ Shimia (Ihrough ls Director) harainafier referred 10 as ‘GPRI' which Is an Inslitute of
ICAR in the first Instance and M/s Crop Research & seod Multiplication Farm here

i In after referred as CRSMF a lirm engaged in potalo sead praduciion.

Pije 1 2|8
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2 ng;?::l;h: ICAR s charged wilh the responsibility to undertake, aid gamnte and
el gricullural and Animal Husbandry education and research and Jis
pplication in practice, and to do things as it may consider necessary incidental and
conductive to the attainment of these objectives while the CPRI, Shimla is an apex
level national institution charged with the responsibllity lo underake research and
development in all aspecls of potato cultivation including production of nucleus and
blegi:er seed of polata through conventional and high-lech systermn at five various
regional stations/centres situated in different states in India.

3 And whereas M/s (CRSMF, The Universily of Burdwan, PO-Rajbati, Burdwan-
713104, West Bengal) owns minimum of 15 acre land and Is engaged in production of
potato seed for the past llree years and maintains farms In good condition with all
necessary infrastructure where large scale multiplication of breeder seed in
subsequent twofthree stages [e. Foundation Seed-| (FS-1), Foundation Seed-|| (FS-1l)
and Cerlified Seed (CS) is o be undertaken.

4. And whereas in the case of cooperatives (socleties), # should have a minimum core
strength of 25 members. In case of NGOs it should be a registered NGO, having clear
cut mandated activities related (o Agriculture Sector, Besides it should awn a minimum
of 15 acre fand for undertaking seed production in three clonal cycles,

5. And whereas the CPRI| and Privale Seed Organizalion/Progressive Polate
Growers/NGOs/Cooperative Soclely inspired by their commen objectives of pramoting
alternate seed production chain for polato to maximize the avaliability of
certified/guality seed in the country have decided 1o enter (o this agreement

§ And whereas Mis CRSMF 15 desirous of collaborating with CPRI in potato seed
mulliplication in three clonal cycles viz. foundation seed-| (FS.), foundation seed-li
(FS-1I) and certified seed (CS) with a view (o enhance availabllity of potato quality seed

io the polato cultivators of the couniry,

7. And whergas M/s CRSMF will undertake all aclivitles/steps that are required for
production of FS-1, FS-2 and cerlifled seed as per seed certification standard CPR|
will not be responsible for any lapse on their part leading 1o rejection by the seed

certification agency

8 And whereas M/s CRSMF will ascertain guallly of the seed al CPRI premises at the
time of its lifting Any complalnls regarding seed quality, thereafler will ngt be

enlefained al all,

Y And wheresas M/s CRSMF is bound lo multiply \he breeder seed supplied by CPRI In
three clonal generalions (FS-1, FS-2 and ceilified sead). He will dispose-off anly the

cerified seed and nol of earlier clonal generation viz. FS-1 and FS-2

10 And whereas M/s CRSMF will keep record of seed production at each stage (e F§-1
FS-2 and certified The seed inspection report/cerificate from the seed cerilying
agency will be submilled to CPRI that will Include area carilied and seed produced

annually

11 And whereas M/s CRSMF will be solely responsibile for digpose-off the cefied seed
and CPRI in no way will be helg responsible In case ol non-disposal of the sead
slogks

'3 etranaaT sAAE SRSl g dmme o LERE

14 And whereas the Interested puesifirmefanmersiINGO wil apply Tul aliotinent of
breeder seed o CPPI by furpshing the delalls aboul thelr establishmeant viz laid

holding, farm infrastructuie, invesiment capaclly, technical knowhow i the area of
Page 2ol 3
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potato seed production (with supporting document). The NGOs and
submit details of their eslablishment as above including Registration No. & cerlificate,

validity and number of farmer members.

14.And whereas the CPRI will select the growers/firms/NGO/Soclety based on ment and
subject to availsbilily of seed stocks.

15.A maximurn of 40 quinial breader seed Wil be allotted to each aliotiee subject 1o
availabillly of sead slocks and capacity of the organizationdfirm ;

18 And Whereas the CPRI is willing to provide the necessary technical knowhow, advice
and training on usual payment basis if required by thern.

17 Aclivitics undertaken under the MOU shall be in accordance with the rules and narms
governing consultancles, contracl research, conliracl servica and transfer intellaciual
praperty mvolving Institutes of the ICAR. The parties of this agréement may, by mutual

consenl. add, medify, amend or delete any work, phrases, or article of the agreament

18 The agreemenl shall be effective for @ minimum period of threa years. The MOU can
be terminated by either party by serving notice to the other parly by glving 3 manths
notice.

18,15 the event of non-complance of any of the aricles gnshrined In the MolU, CFPRI
reserves the right to terminate the Mol and black fist the firm for future

tween the lwo parties arising out of or in connection with s
all be referrsd to the sole arbilrator appointed by (the

20.1n case of any dispute be
Research and Education (DARE) & Directot

agreement; the same sh
Secretary, Department of Agricultural

General, ICAR and the decision of Arbitrator would be final
IN WHEREAS WHEREOF, the parties hereuglo have signed this on 311!}! ?.Mla of

~..2015 al Shimla,

- o

For first party

k‘\;
(Dr EBx Pal Singh)

For second Party

Mis Cwnerfproprigtar of the Agency

ProviCan k. e kv canrge

8] - CPRI|, Shimia /
G Gk (Dr, Jel Prakash Keshigmop 1E-EaR TH mwn
indian Council of Agricultural Rasearch In charge, CRSMF wﬂmﬂ
Frotessor FARABAC 1 BURDWAN

Canlre of Advanced Stidies in Botany
The Universily of Burdwan

Burdwan 713104

Wesl Bengal. India

w “’llb Witness' Sp-lﬁn'hl Lt R\-Eu.—

VineEss
1. (Dr. KK Pandey) 1 (Dr Sabyasachi Patra)
Divisian of Seed Technology CREMF, The l.llf'ri'urﬂrilly of Burdwan
CPRI, Shimla -
Nty Se_
2 Head ol Station 2 (0r Wipandra Natl De)
Eslae Cficer

The University of Burdwan,

/

Piige Jurd
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Deoxyelephantopin—a novel PPARy agonist regresses pressure
overload-induced cardiac fibrosis via IL-6/5TAT-3 pathway in crosstalk
with PKC&

Anirban Banik ", Ratul Datta Chaudhuri *, Shubham \'ashishma » Sourmnyadeep Gupta
Abhik Kar ', Abhijit Bandyopadhyay ', Bmhwa_rlr Kundu , Sagartirtha Sarkar

* Diparrmenit ipf Disvdesgy. Univornty af Cofiins, 55, Bofiypon Orouder Read, Nolles 700009, duia
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ARTICLE INFO ABSTHACT

Erymind rmmmwmnwjummmtmlmmﬂmm&qmmmnewur
B yebrphuntogin ETY <Ativanad Reeepior-gamma (FPARY ) psodularieg any-Bypenrophic
TRy st dnﬂmdnhh:mmmﬂdnulnmmwrmmm:mdmwmmdrmmm
ot S gt gl patenzial of a navel FPARy agonist, decrpelephantapia [DEF) in cantis hypenrop
nmmmmaﬂ-u-mmmmmuwmmmmw;
WMWwﬁumﬂhuw:‘ tch s and by dine apmy. e resebis shewed
that DEP i b el by amedl Nbenais
whmnmwm-nmhnmhu;m Fﬁmlmmumaﬂmwmﬂu
WMMMIWMWWHMHWW#MWMM
DEF a8 n PFANLY agomist stably Intemacting with the ligani-bindsy domain of FPARy. BEP specifienliy down-
regslaingd the Signal Transdiocer and Activator of Transcrpisen (STATI-Tmediaded cofliapen proe ioe i &
FRARy-thipendent mansey, as d by PRARy of andd site-direred mutkpeeeibs of DEP innerseting
TPARy reasucs. Ahhough DEP impsioed STAT-3 activation, i did not have sy effocs an the wpleeam [aier-
Beakiint (L& devel bmnplyisg posvible crosstall af the IL-8/STAT-T waii with other signaling msedistors, Mecha-
nisticalty, DI increased the binsdimg of PRARY with Protein Kinase C-deltn (PRCS) which impeded the membrane
fransbocation and activation of PRES, downregulating STAT-3 phoighorylation and resultand Fhrosis. This study,
therefure, for the firsd time demonstrates DEP 2 0 novel cardiopeotective PRARy agonis. The therapeutic po-

sential of DEP as an antfibeutic remedy can be exploited againat byperirophic hear fathire im the future.

1. Introduction

In the lag few decadey, presswre overbaad-induced pathologscal
easdiae hyperophy lending o hesrt filune b become a mujor health
voncern. There has been subsiontial progress in anderstanding the mo-
lecular drivers of hypertrophic pathogenesis, The owtcome of such
srudies has primarily been the identification of potental therapeuric
usgels to manage clinkcal manlfedations soch as venrricular fbosis
D such clizs of antl-ly pertrophic therapeutics is the thinzelikinedions
(TED) group of Peroxisome Prolifefatos-Activaied

(PPARY) Tigands (ammumoig o al | SH0E Aodbiomea e al, 2002 the e
* Comesprading authar,
Eorail ekl =i pikihe sdlasd gl s {5, SadkoatF,

It e e 0 LA ) bt SRIEY. (T RAE]

of which has often been testricted due to mmmenms off-target effects
{Chigairmpman ot al . 200 5) Therefone, there {5 an unmet, seed for alter
marive P!‘My-mﬂuhﬂng candiopeatective remedies. The present study
wias intended to explone the thermpeutie potential of decsyelephuntopin
(DEF) @ a novel FRARy agonist that can sct ns an anti-fibrotie agem
dgainst hypertrophic heart failure.

PPARy. & membser of the nuchear receptor superfamily, Is oanserip-
topally upregulated in hyperrophied hoarts whee It mediabes down-
sream pro-hivperitophle sgnals, aotably in ihe absence of exogenous
agonksts [Brishens of &l 2005 Raveriee of al | 20500 Isrerestingly,
agomnikst Wﬂmwﬂmmhuqmml switch regulating the

nﬂmmnmmmﬂlnmmumaﬂnmﬂnmmﬂ

Awallabde enlige 15 Jise 20273
0142000 20008 Klservier BV Al rights reserved.

A ant eval

pposing effects of liganded vi. unlganded PRARy In refiad inflammation
Wen #f ol ".l-l-]. Nm:lhglm. Ilh!ﬁgr ar oot the effects of sug-
mlmgmmﬂyduﬂrmhmmuphy dependent upon aganis
binding remains largely unknown, Although the PRAR.
role of DEP has been studied i concer eells (20 o1 ol 2004), the
PPRAR - dependent Tunction of DEP and its implication b pathilogical
eaniac hyperirophy lave not been explored il now.

Earbler staibies have documented the increased membrane trans-
Jocation and activation of Protein Kinase C-delta (PKC 8) in the patho
logically hypertrophied heir (8mbor ot sl 2004 Choterjer o1 al
201191, Agonist-dependent induction of PPARy reduces membrane
wransiocation of MRGs due 10 Incresscd assoclation betweoen PPARy and
PRCi (Vo Enetben ot 5l 27 ) hiowever, whethor slml.nt Wu-acﬂm
between the induced PPARy and PECS modul cardise -
olagy s still unknows, On the other hand, PECS & knowm 1o intesac
with Signal Trnsducer ane Activator of Transcription (STATE3 upon
seess and phudphm'pllm it to induce lts traniscripthonal aetiviny
(Mereortry-Thitrmady or aly. 2000 Gartsbreln e al, 20080 Induction of
IL-B/5TAT-3 axis is almd;r well-reparied o pugment  myocardial
fiirosis during peessure overload hypermrophy (W0 egal 200K Taking
coes from all these reports, we hypothesized thar the anti-fibvotic po-
tential of DEP 0 the hypertrophied heam might be dependen upon a

|n'nihlu FRARy ARCHSTAT. 3amedinted pathway, Taken together, 1|Il'-

present study [s the first which explores the cardiopeorertive efficacy
aand the mechantam of sction of DEP a3 a PPARy agonist. This |5 sbso the
first report that defermines the relative effeces of PPARy aung

European Soamal of Pharmaolagy 953 (ROTT) 175840

of Health (NIH Publication No. 85-23; revided 1996) and approved by
the lnaituthonal Animal Ehics Commitiee, University of Calcuita
(Hegistration No. 8A5./GO/RE/S/(5,/CPCSEA), registered under "Conn.
miree for Comtrol and Supervision of Experiments on Animals™
(CCSEA), Ministry of Environment, Fooest and Climate Change, Gov-
ernment of Indin

23 bolarion and malmenmnee of adult cardioe filvoblas

Actult cardiac fibrablasts wene harvested from heart tissues of 24
weeks old male rais by collagenase dispersion mechad {Mioooul | 2012
Briefly, the snimals were ewthanieed i pre-filled carbon dioxkde (003}
chamber with F0F% cancentration of C0;. The harvesied Beart tisue
was thoroughly minced and digested with collagenase type 2 (B0
unltwml DMEM). The digested cell suspension was centrifuged and the
obtained cell pelbel was restispended in (reibly prepared comiplete media
supplemented with 10% fetal hovine serum (FBS). lnlated Abroblasts
were canfirmed by staining with ontl-vimentin antibody (Cell Signaling
Technology, Cat, No, 5741} (Fa v 01, J020) The colls wone maintined:
at 47 C and 5% 00 i cell cultane lasks and sabsequently. measaged.

x4 mqnmmm

TH-80% confuent serumsarved adull candisc fiboblas were
treatesd with 10" mol/L (Sarl ) anghstensnl (Angll), The Angll was

in the ligand bound v, unbaund conformation as o porsible therapeutic
anernarh soslng eardiar e

denished 1o the cells ar every 6 h for the 24 h of toral incubation
period {Mir eral, 00T
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The role of arsenic resistant Bacillus aryabhattai MCC3374 in |
promotion of rice seedlings growth and alleviation of arsenic !
phytotoxicity

Pallab Kumar Ghosh * *, Tushar Kanti Maiti ®, Krishnendu Pramanik ",
Sudip Kumar Ghosh ", Soumik Mitra ", Tarun Kumar De *

* Deparmmens of Mrme Soence., Baflvgunge Sciemer Coflegr Compan, Calouitn Lniversery, 35 80 Rood, Kollioba, T, imdis
* iicrobiology Loboratony, CAS, Department of Botamy, Burdwn Unsversity, Mardwen, M 717104, Wit dndia

HIGCHLIGCGHTS

» Ad resistant Bocills aryabbatfai ASS strain solated from contaminsted rhizosphere.

= ASE strain could olerate As [v) and As (1) upto 100 mM and 20 mM respectively.

o i exhibited IAA and siderophore production, P-solubilization and ACCD activily.

» High As remival and Bosccumulation of ASS confirmed from variow fm wiire stosdied,

+ it improved rice seedling growth ender As{V)-spileed soil by reducing phytotexicity,

ARTICLE INFO

Artcle hastary:

Erceived 28 March 2018
Eeceived i revesed Sorm

I3 Juby 2018
Acorpied 24 july 2018
Available onkoe 26 july 2K

Handiing Edaor; T. Cutright

ABSTRACT

The biological agents have been uiilired a5 oo alfordable alternative o conventional costly metal
emediation technologses for Lt fow yeari The present investigation introdudes aisenic (As) resEtant
plamt growth promoting rhizobacteria (PCGPR) Bolsted from the As-contaminated agricultural feld of
West Bengal, Inclia that alleviates arsenic-induced tosicity Jind exhibited mamy plant growth peomoting
traits [PCPL The solated strain dedignated as ASS has entified 28 Bocillus aryobhofftel based on
phenotypic characteristics, physio-blochemical tests, MALDI-TORMS bic-typing FAME analysis and 165
(DMNA séquence homology. The dtrain found 1o exhibil five lined more redbilande 10 arienate than
arsenite with minimum inhibitory concentrations (MIC) being 100 mM and 20 mM respectively. The
result showed that sccomulation of As was evidenced by SEM- EDAX, TEM-EDAX stodies, The nlra-
celhular acoumulation of srsenic was alse confirmed as in bacterial biomass by AAS, FTIR XRD and XRF
analyses. The increaied rate of As (V] reduction by this strain found 1o be exploited for the remediation of
arsenic in the conlarminabed dgriculiursl Beld. The sirain ildo found (0 extobil important PCP trails vie,
ACC deaminade sctiaty (2022 nmol s-ketobutyrate/mg proteinfh]), IAA produdtion (166 pgimi] Ny fixs-
thon (032 peN Mxedibfmg profeind] and siderophare prodiction (72X) etc. Positive influenced of ASS
srain on rice seadlings growth promothen under As stress wad observed considering the several
maorphological, lochemical paramelers incuding antoxidants Jciivities 48 compared with an uninoc-
ulsted set. This this sirain might be exploited for siress amelioration and plant growth enhancement of
rice culliviar under arienic spiked agriiltural soil.

© 2018 Elsevier Lid All rights reserved.

L Introduction

Abbreviations: MALDITORMYE Matrie stieed Lter desorplaon lontration.-tirme
af fhght mass wpectrometny FAME, Fatty aod methyl eiter; SEM, Scanning elec.
tron murescopys TEM, Tranwmeddion clectnon micnoeogry’; EDRX, Energy dispertive
Xeray spectroscopy; FTIL Fourter transiorm nfrared spectrosoopy; XRF, Xeray
Auomesce mee.

* Corpegpondung authar,
Fmail addrenc pal roc ozl com (P Ghosh).

hrrps: jdovong) I0UI0 ML chemospheve 20IR0T 148
OS-65130 2018 Bsevier Lid. All rights feserved,

Arsenic is a toxic metabiond caused serious health probiems were
described as “the greatest mass poisoning in human history™ by
‘World Health Organization (\WHO. 2001} and recognized as “Class-
1 human carcinogen” by the USEPA (United States Environmental
Protection Agency) as a global concern (Mg ef al, 2003) In the
periodic table, Arsenic (As) belongs 1o a group 15, period 4. P block
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Chapter 3 ) lJ

Role of ACC Deaminase as a Stress =
Ameliorating Enzyme of Plant Growth-
Promoting Rhizobacteria Useful in Stress
Agriculture: A Review

Pallab Kumar Ghosh, Tarun Kumar De, and Tushar Kanti Maiti

Abstract The crop production is inhibited by a large number of both biotic and
abiotic stresses. These stresses include presence of toxic heavy metals, high salt,
flood, drought, temperature, wounding. vanious pathogens, etc. The agricultural
production was intensified by management of these stresses with increased use of
chemicals. and it needs more attention for incoming population explosion. These
chemical inputs caused several harmful effects on the environment and sustainable
agriculture. It is ne3cessary to decrease dependence of chemical input for sustain-
able agriculture with a holistic approach and also essential for environmental pro-
tection. One such possible approach is the use of |-aminocyclopropane- | -carboxylate
(ACC) deaminase-producing plant growth-promoting rhizobacteria (PGPR) to pro-
tect the crop plants from the harmful effects of both biotic and abiotic stresses. The
enzyme ACC deaminase (EC 4.1.99.4) regulates stress ethylene production by cata-
lysing ACC into a-ketobutyrate and ammonia. Various research works have docu-
mented the application of ACC deaminase-producing PGPR under both normal and
stressed conditions responsible for the increased growth, health and productivity of
crop plant. These beneficial rhizobacteria may decrease the dependence on agro-
chemicals (fertilizer and pesticides) to stabilize the agroecosystems and maintained
sustainable agriculture. Different biochemical and biophysical properties of this
enzyme and its regulation have been briefly described. This review also describes
the role of ACC deaminase enzyme in plant growth and production by ameliorating
different stress conditions including heavy metal, salinity, drought, flood. tempera-
ture, etc. Finally, the latest paradigms for useful application of ACC deaminase-
containing plant growth-promoting rhizobacteria in different agroecosystems have
been discussed comprehensively under stress conditions to highlight the recent
scenario with the aim to develop future insights.

P. K. Ghosh - T. K. De
Department of Marine Science, Ballygunge Science College Campus, Caleutta University,
Kolkata, India

T. K. Main (&)

Microbiology Laboratory, CAS, Depaniment of Botany, Burdwan University,
Burdwan, WB, India

D Springer Nature Singapore Ple Lid. 2018 57
V. 5. Meena (ed.), Role of Rhizospheric Microbes in Sail,
https Hdororg/ 10.1007/978-98 1 - 10-8402-7_3
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Larval rearing of hilsa shad, Tenualosa ilisha (Hamilton 1822)
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Abstract

Hilsa, Tenualosa ilisha has received much attention for culture due to decline of the
natural population. Lack of knowledge on larval rearing is the bottleneck for its culture.
This study was aimed at developing larval rearing protocols for hilsa shad. Hilsa larvae
{4 days old, 4.74 £ 0.04 mm/0.49 + 0.01 mg) were stocked in fibreglass-reinforced
plastic tanks (1.7 m® water volume) at 300, 600 and 1,200 nos/m® in triplicates in three
experimental systems viz., E-| (circular, 0.567 m water depth), E-ll (circular, 0.9462 m
water depth) and E-Ill rectangular, 0.567 m water depth) and reared for 46 days. The
larvae were supplied with Chigrella vulgaris, Brachionus calyciflorus, mixed phytoplank-
ton and mixed zooplankton during 4-50, 6-25, B-50 and 26-50 days of their age
respectively. In each system, higher (p < 0.05) fry survival at 300 nos/m® than in
higher densities indicates density dependent stress. Circular tanks showed higher sur-
vival (13.3%-61.31%) than in rectangular tanks (6.88%-27 26%) in each stocking den-
sity, indicating the importance of tank shape for rearing. Water depth affected fry
survival in circular tanks (E-1 and E-lI} at 300 nosim®; at 0.962 m depth, survival was
higher (61.31%, p < 0.05) than that of 0.567 m depth (49.93%). Good fry survival was
achieved through feeding the larvae initially with Chlorella followed by co-feeding with
Brachionus, mixed phytoplankton and zooplankton and rearing in circular tanks at 300
nosim® densities at 1 m depth. This first-ever larval rearing protocol is useful for mass

production of fry to support hilsa aguaculture in future.

KEYWORDS
fry survival, stocking density, tank design, zooplankton culture
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Short Communication

Protein Requirement of Ompok bimaculatus (Bloch,
1794) Larvae

B.N. Paul*, A. Das, R.N. Mandal, P. Singh, S. Adhikari, K. Ghosh’,
D. Chowdhury', P.P. Chakrabarti and S.5. Giri®

Regional Research Centre ICAR-Central Institute of Freshwater Aquaculture,
Kolkata-700118, India

{Received. January 01, 2020)

ABSTRACT

Paiud, BN., Das, A., Mandal, R.N., Singh, P., Adhikari, 8., Ghosh, K., Chowdhury, D., Chakrabarti,
PP and Giri, 5.5 2020 Protein requirement of Ompok bimaculatus (Block, [794) larvae. Aninial
Nurrition and Feed Technology, 200 325-333.

A 22 d experiment was carried out to study the protein requirement of Chrpok bitacilams larvae
(weight 0.114+0.01 g length 20.45+0.70 mm). Three different formolated feeds were prepared with
graded levels of crude protein ie., with low {(35% CP; LP), medium (40% CP; MP) and high (43%
CP, HP) crude protein levels. The water quality parameters were optimum during the whole experimental
duration. The survival rate was more than 70%% . The fish grew 1o 0.34 4006, 0.91 +£0.15 and 0.36+0.07
g. respectively in LP, MP and HP groups. The final weight was significantly (P<0.01) higher in MP
having 40% CP in the diet. Both the net weight gain and specific growth rate were significantly (P < 0.05)
higher in MP having 40% CP in the diet as compared to LP and HP. The FCR was also significantly
{(P=0.05) lower in MP having 40% protein in the diet when compared with LP and HP. However, the
protein efficiency ratio was similar {P=0.05) among the three treatment groups. Further, it was also
revealed that the activities of enzymes in the digestive tract namely. c-amylase, lipase and pepsin were
significantly (P<{.05) higher in MP diet having 40% crude protein. The present experiment, thus.
revealed that 40% CP was sufficient for the optimum growth and survival of . himaculatus larvae.

keywords: Amylase, Growth, Lipase, Cmpok, Pepsin

INTRODUCTION

Ompak bimaculaius (Bloch, 1794) popularly known as the ‘“butter catfish’ are
found in lakes, rivers, canals, beels, swamps, floodplains and ponds, etc. and are
distributed in India, Bangladesh, Borneo, Java, Sri Lanka, Myanmar, Pakistan, Thailand,

Cambodia and Vietnam, etc. (Jayaram, 1977). It is a non-air breathing fish belonging

*Corresponding author: bnpaulcifa@gmail.com
'Aquaculiure Laboratory, The University of Burdwan, Department of Zoology, Burdwan-712 104, India
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Abstract

The Indian butter catfish, Ompok bimacidatus (Bloch, 1794), 15 a high-value catfish that has gained immense consumer preference
in South-East Asia; However, information on the nutritional requirements of this species 1s scanty, Hence, an experiment wis con-
ducted to evaluate the effects of varying dietary lipid levels on growth, body composition, and activities of digestive and metabolic
enzymes in larvae. Three isonitrogenous (40% crude protein) diets were formulated by supplementing fish and vegetable o1l (1:1) at
4.5% (D1}, 7% (D2), and 9.5% (D3) levels (containing crude hipid 5.7%, 8.0%, and 10.45%, respectively in diets DI1-D3) to a fish
meal- and oilcake-based formulated diet. Experimental diets were fed to butter catfish larvae (0.15 4+ 0.01 g} in triplicate groups for a
period of 42 days. Proximate compositions of the éxperimental diets, as well as fish carcass, were analyzed using standard procedures
(AQAC 2005). Digestive and metabolic enzyme activitics were analyzed at the completion of the experiment by standard method-
ology. Butler catfish larvae fed the diet D2 (8% crude lipid) resulted in the best performance in terms of weight gain (final weight
140+ 0.07 g), net weight gain (1.31 + 0.06 g), specific growth rate {5.50 £ 0.05% - day '), and protemn efficiency ratio (2.39 = 0.17).
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1 | INTRODUCTION
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Abstract

Hilsa, Tenualosa ilisha has received much attention for culture due to decline of the
natural population. Lack of knowledge on larval rearing is the bottleneck for its culture.
This study was aimed at developing larval rearing protocols for hilsa shad. Hilsa larvae
(4 days old, 4.76 £ 0.06 mm/0.49 + 0.01 mg) were stocked in fibreglass-reinforced
plastic tanks (1.7 m® water volume) at 300, 600 and 1,200 nos/m? in triplicates in three
experimental systems viz., E-l (circular, 0.567 m water depth), E-Il (circular, 0.962 m
water depth) and E-lIl (rectangular, 0.567 m water depth) and reared for 46 days. The
larvae were supplied with Chlorella vulgaris, Brachionus calyciflorus, mixed phytoplank-
ton and mixed zooplankton during 4-50, 6-25, 8-50 and 26-50 days of their age
respectively. In each system, higher (p < 0.05) fry survival at 300 nos/m® than in
higher densities indicates density dependent stress. Circular tanks showed higher sur-
vival (13.3%-61.31%) than in rectangular tanks (6.88%-27.26%) in each stocking den-
sity, indicating the importance of tank shape for rearing. Water depth affected fry
survival in circular tanks (E-I and E-ll) at 300 nos/m®; at 0.962 m depth, survival was
higher (61.31%, p < 0.05) than that of 0.567 m depth (49.93%). Good fry survival was
achieved through feeding the larvae initially with Chlorella followed by co-feeding with
Brachionus, mixed phytoplankton and zooplankton and rearing in circular tanks at 300
nos/m® densities at 1 m depth. This first-ever larval rearing protocol is useful for mass

production of fry to support hilsa aquaculture in future.

KEYWORDS
fry survival, stocking density, tank design, zooplankton culture

important commercial fishery (Freyhof, 2014). In India, the fish

Hilsa shad, Tenualosa ilisha is a high value food fish with rich in n-3
polyunsaturated fatty acids, eicosapentaenoic acid and docosahex-
aenoic acid (Mohanty et al., 2012). The species is widely distributed
in Bay of Bengal, Indian Ocean, Persian Gulf and Arabian Sea and is
also found in coastal areas, estuaries and freshwater rivers of India,
Bangladesh, Pakistan, Indonesia, Sumatra, Myanmar, Malaysia,
Kuwait, Qatar, Oman, Thailand, Saudi Arabia, United Arab Emirates,
Iraq, Iran, Sri Lanka and Vietnam, where it contributes to the most

migrate from Bay of Bengal to the Hooghly river for breeding (Jones
& Menon, 1951). Recently, the availability of hilsa has been drasti-
cally declining with a consequent increase in demand and price,
which often reaches $ 22 per kg (US) depending on the size and
freshness. Therefore, the urgent need is culture of the species in
confined water systems. The main bottlenecks for hilsa culture are
insufficient fry for stocking, lack of knowledge on larval rearing and

fry production and lack of ability to consistently produce a steady

778 | © 2018 John Wiley & Sons Ltd
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FULL LENGTH ARTICLE

Megaspores of heterosporous lycopsid affinity from the late Permian of
Chhattisgarh, Central India and their evolutionary significance
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'Birbal Sahni Institute of Palaeosciences, 53 University Road, Lucknow 226007, Uttar Pradesh, India
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Dispersed fossil megaspores of heterosporous lycopsids have been recorded for the first time from
the late Permian (Raniganj Formation) sediments exposed along the left bank of Banki River, near
the village Chaki in Chhattisgarh, India. The outcrop has been palynologically dated based on
miospore assemblage of typical late Permian affinity. The assemblage is represented by 7 species
of trilete megaspores belonging to the genera Nomiasporites, Maiturisporites, Pantiella,
Bokarosporites, Biharisporites, Hughesisporites and a newly instituted genus of monolete
megaspore i.e., Monoletosporites gen. nov. For the first time, the genera Maiturisporites, Pantiella
and Hughesisporites have been recorded from the late Permian sediments; which were known
earlier only from the Triassic sediments of Peninsular India. This indicates that the opportunistic
species which successfully radiated during the Mesozoic had started colonizing themselves in the
late Permian. A comparative study reveals that the megaspores possess affinity with the modern
day lycopsids.

Key-words: Fossil megaspores, affinity, Raniganj Formation, late Permian, Peninsular India.

INTRODUCTION

The sexual life cycle of plants was a progressive
evolutionary innovation that is vividly documented in
the fossil records (Chaloner, 1967, 1970; Stewart,
1983). The evolutionary innovations (Niklas et al.,
1980) in the reproductive biology of vascular plants
have been thoroughly characterized by several
workers namely Chaloner (1967), Stewart and
Rothwell (1993) and Bateman and DiMichele (1994).
In early land plants, these innovations in sexual life

*Corresponding author : akghosh_in@yahoo.com,
amitk ghosh@bsip.res.in

cycle can be categorized into homospory, incipient
heterospory and advanced heterospory i.e., reduction
in the number of functional megaspores to one,
including gymnospermous reproduction. These newly
induced innovations impart significant selective
advantages over the less specialized grades (Chaloner,
1967; Niklas et al., 1980; Chaloner and Pettitt, 1987).
The conjectural selective advantages are widely
believed to play a major role in heterosporous plants
that became dominant over homosporous
pteridophytes and thereby the widespread dominance
of flowering plants over the rest of the plant groups
(Niklas et al., 1983; Stewart, 1983; Chaloner and
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Burdigalian to Early Serravallian Diatom Biostratigraphy
from Havelock Island, Northern Indian Ocean

S. Saxena“, A. Chakraborty, A. K. Ghosh* *, R. Dey“, L. Roy*, and J. P. Keshri®
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Abstract—In the Ritchie’s Archipelago of the Andaman group of islands (Northern Indian Ocean), Havelock
Island is the largest one. The present study on diatoms has been carried out on three outcrops of Havelock
Island situated in Kalapathar, South Point and Laccam Point localities. Samples collected from the three
Neogene outcrops yielded poor to moderately preserved diatom valves. Two lithological units are exposed in
thisisland, i.e., Inglis and Long formations. The diatoms have been recovered from the Inglis Formation and
the diatom assemblages are represented by the marker diatom species, viz., Actinocyclus ingens, Annellus cal-
ifornicus, Araniscus lewisianus, Cestodiscus peplum, Craspedodiscus coscinodiscus, Denticulopsis simonsenii, and
Rossiella paleacea that indicate the age as Burdigalian to early Serravallian.

Keywords: biostratigraphy, diatoms, late early to middle Miocene, Ritchie’s Archipelago, Andaman and

Nicobar Islands
DOI: 10.1134/S0869593821020064

INTRODUCTION

The Ritchie’s Archipelago in the Andaman group
consists of several islands, namely, Havelock, Neil,
Henry Lawrence, John Lawrence, Peel, Wilson, Out-
ram, Hugh Rose, Northern Button etc. including
some islets. Sporadic works on fossil diatoms from
Neogene sediments have been carried out from some
of these islands though Neogene deposits are widely
distributed in the Ritchie’s Archipelago (Sharma and
Srinivasan, 2007). Pioneering work from the Ritchie’s
Archipelago was done by Jacob and Shrivastava
(1952). From the Miocene of Colebrook and other
islands of the Ritchie’s Archipelago, they reported the
occurrence of diatoms along with radiolarians and sil-
icoflagellates. Fifteen diatom taxa were reported by
Mathur (1973) from the early Miocene of Havelock
Island. Subsequently, seven diatom taxa were listed
from the early Pliocene of Neil Island (Singh and
Vimal, 1973). Thirty taxa of fossil diatoms belonging to
13 genera were recorded from the same sequence of
Neil Island (Singh et al., 1978). Later on, Singh (1979)
reported some additional diatom taxa. From the Out-
ram Island, Mathur (1981) described 10 species of dia-
toms and correlated them to the middle Miocene
Craspedodiscus coscinodiscus Zone of Bukry and Fos-
ter (1973). Further, Mathur (1985) identified 18 gen-
era of diatoms with one new species Liostephania ova-
lis from the middle Miocene of Nicholson Island.

241

After a decade, Singh and Sharma (1996) worked on
the diatoms of Neil East Coast Section of Neil Island
and recognised ten diatom zones. Chakraborty and
Ghosh (2016) studied the late Miocene sediments
(Tortonian) of the Neil Island and reported 82 plank-
tonic and benthic diatoms. Recently, Chakraborty
et al. (2019) have identified 22 taxa belonging to 17 gen-
era of diatoms from Havelock Island. They are assigned
to the late early to early middle Miocene based on mul-
tiple microfossils.

It may be mentioned here that planktonic diatoms
are useful tool for biostratigraphic interpretation, dat-
ing and correlation of Neogene marine sediments
(Barron, 1985a) and consequently the planktonic dia-
toms are frequently used in biostratigraphic studies
(Barron, 1992). In view of this, the present study has
been undertaken to make more precise age determina-
tion based on the study of diatoms from three outcrops
exposed at Havelock Island, to identify the palacoeco-
logical zones based on diatoms, and to decipher the
diversity patterns of diatom taxa recovered from three
different outcrops of Havelock Island.

MATERIALS AND METHODS

Andaman and Nicobar group of islands consists of
two major groups, i.e., Andaman group and Nicobar
group (Fig. 1a). Amongst these, the Andaman group
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Multiple lines of evidence indicate that solar UV-8 light acts
a3 an important environmental signal in plants, regulating
various cellular and metabolic sctivities, gene expression,
growth and development. Here. we show that low levels
of UV-B (4.0k) m™"} significantly influence plant response
during early seedling development in the tropical legume
crop Vigna radiata (L.) R. Wilazek, Exposure to low doses of
UW-8 showed relatively less growth inhibition yet remark-
ably enhanced lateral root formation in seedlings. Both low
and high (8.0 k] m™) doses of UV-B treatment induced DMA
double-strand breaks and activated the SOG1-related ATM-
ATR-mediated DMNA damage response pathway, These effects
led to G2-M-phase arrest with a compromised expression of
the key cell cycle regulators, including CDKB1;1, CDKBX
and CYCB1;1, respectively. However, along with these effects,
imbibitional exposure of seeds to a low UV-8 dose resuloed
in enhanced accurmulation of FIR1/CCS52A, E2Fa and WEET
kinase and prominent induction of endoreduplication in
7-day-old seedlings. Low dose of UV-B mediated phenatypi-
cal responses. while the onset of endoreduplication appeared
to be regulated ar least in parr via: UV-B induced reactive
oxygen species accumulation. Transcriptome anabyses fur-
ther revealed 3 network of co-regulated genes associated
with DMNA repair, cell cycle regulation and oxidative stress
risponse pathways that are activated upon exposune to low
doses of UV-B.

Keywords: DNA double-strand breaks » DPY
» Endoreduplication » ROS « UV-B & Vigna radiata

Introduction e

Plants, being sessile in nagwre and with their obligatory depen-
dence on sunlight for photosynithesis, cannot escape the dam-
aging effects of solar UV-B light. Therefore, they have developed
a sophisticared and highly regulated balance between opti-
mal hight caprure and UV-8 protection. Some plant species

escape UV-B exposure by limiting their life span 1o the season or
places where they percenve only low levels of UV-B, while achers,
including crops, grow during the summer months and expe-
rience a high incidence of sodar UV-B light (Ulm and fenkins
2015). In tropical climates, plants receive sunfight for longer
duragion, and the effects of UV-B radiation are greater under
such conditions. Early studies in tropical crops including Orjza
sativa (Teramura and Sullivan 1994). Vigna munge (Fulumoto
and Mazza 2000), Vigna radiata (Amudha et al 2005), Glycine
max (Guruprasad ec al. 3008) and Triticum oestivum (Kataria
and Guruprasad 2014) have shown compromised growth and
yield in response to exposure to ambient UV-B light. More
recent studies in cucumber { Cuacumis sativies L ov, "Hi Jack”) have
correfated the growth retardacon effect with the regulatory
mechansm associated with the acclimation processes of UV
radiation {Qian et al. 2021). Other studies mainly in Arabidopsis
and some other species indicated that two major mechanisms
of UV-B mediated responses. including the accumulation of
UV-B abserting compounds and the DNA damage response,
actually vary amang vanious plant species. These facton eventu-
ally generate vanations in LUY-B response in plants (Hidema et al
2007, Xu and Sullivan 2010). However, the vanatons in UV-B
response in nonmaodel crops and other iield plant communities
remain largely unexplored,

LIV-8 represents an energy-rich intrinsic component of solar
radiation. It affects plant growth and development through
diverse physiological and metabolic processes (Jenkans 2009). At
high fluence rate, UV-B causes damage to the photosynthetic
components (Comeia er al. 1998), DNA (Schmitz-Hoemer
and Weissenbick 2003), proteins and membranes (Bomman
and Teramura 1993). The UV-B-induced photodimers (Taylor
2006), primanly cyclobutane pyrimidine dimers (CPDs) and
pyrimidine-6.4-pyrimidinone dimers (6,4PPs) (Gill et al. 2015),
creare dimortions in the DNA double-helical soructure and
eventually block tramscription and replication (Brite 2004,
Manova and Cruszka 2015). Furthermore, the inefficient repair
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ABSTRACT

Desiceation tolerance is a complex biological phenomenon thar allows cerain plants to survive extreme dehydration and revive
upan rehydration. Althoogh significant progress has been made in understanding the physiological and moleculir mechanisms
involved in desiccation tolerance, recovery mechanisms after prolonged desiccation periods are enigmatic. Combining physi-
ological. biochemical, transcriptomic and metabolomic approaches, we investigated the role of prolonged desiceation on
recovery of Selaginella bryopleris. Prolonged desiccation causes a decling in the antioxidant system. leading to accumulation of
ROS that hinder recovery by inducing celiular damage. Transcriptome and WGOCNA analysis revealed the significance of
protective proteins, alternative respiration and protein homeostasis in cellular protection and recovery after short and long-term
desiccation. Metabolomic analysis exhibited an increased accumulation of antioxidant compounds, which can be substituied for
antioxidant enzymes (o maintain cellular protection during prolonged desiccation. The significant role of autophagy and
autophagic componenis was evaluated by H,0, treatment and phylogenetic analysis of ATG4 and ATGR. which unveiled their
substantial role in desiccation tolerance and remarkable conservation of the autophagy-related genes across plant species. Our
data demonstrated that prolonged desiccation leads to ROS-induced cell death by extensive autophagy duc to enormous Joss of

1 | Introduction vegetative tissues of most plants lack this festure (Dinakar and

Bartels 2013). However, a limited group of plants, termed desic-

Drought, & major threat to global food security, is considered a
central environmental challenge for crop growth and productivity
(Zhu 2002 Lobell, Schlenker, and Costa-Roberts 2011} Extreme
maost plants can withstand desiceation (Bewley 1979), while the

cation tolerant plants (hereafter DT plants), possess exceptional
survival potential in the wegetative tissues against desiccation.
DT plants are also known as ‘resurrection plants” because of
their ability to revive from a complete water loss or an air-dry
state, upon re-watering. DT plants can sunvive dehydration by

Plang, Cell & Evivtronumens. Xi24; (=20
hatpslidolargf 101111 fpe. 5179


Mantu Saha
Typewriter
SL. NO. 11


< Q@ QA <

S L N O 1 2 Applicd Mathematlcs and Computation 371 (2020) 12495]

Contaents lists available at ScienceDiract

L
Ll
-

Applied Mathematics and Computation

journal homepage: www.elsevier.com/locatelamc

Nonautonomous matter wave bright solitons in a quasi-1D o)
Bose-Einstein condensate system with contact repulsion and  [%&s
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ARTICLE INFO ABSTRACT
Articte history: We investigate the existence and propagation properties of envelope solitons of an ex-
Received 28 july 2019 tended nonlinear Schr ddinger equation with the time-modulated dispersion, quadratic-

Revised 18 Novemnber 2019
Accepted 29 November 2018
Available online 16 December 2019

cubic nonlinearities and linear gain or loss, which govern the nonlinear wave propaga-
tion in a nonautonomous guasi-10 Bose-Einstein condensate system with contact repul-
sion and dipole-dipole attraction, A novel class of nonautonomous bright soliton solutions

Keywords: on continuous-wave background is identified for the first time, It is shown that these lo-
Matter wave calized structures possess interesting features that differ from the usual bright solitons. A
BECs rich variety of evolution behaviors, which include snakelike and periodic oscillating bright
Hright solitoans soliton dynamics, is revealed. The constraints of the system parameters to form these non-

linear localized structures are also suggested.
© 2019 Elsevier Inc. All rights res:

10

1. Introduction

The study of nonautonomous soliton propagation through nonlinear optical media has been one of the considerable
recent interests | 1-5]. This should not be surprising because the existence of these nonlinear waves have been demonstrated
experimentally in a variety of settings, including nonlinear optics, fluid dynamics, condensed matter physics and plasma
physics |5, In general, the wave dynamics in some of the above mentioned areas and many other nonlinear mathematical-
physics fields is governed by the well known nonlinear Schrodinger equation 6. In the setting of Bose-Einstein condensates
(BECs), such NLS equation is usually called the Gross-Pitaevskii (GP) equation [7].

To describe the wave propagation behaviors in realistic systems, one uses the variable-coefficient NLS equation and its
variants. Moting that most of dynamical models are inhomogeneous in reality because of fluctuations in environmental
envirenment and nonuniform medium, then the governing envelope wave equation should be included the spatially and/jor

* Corresponding author
E-moil addresses; qirehoudPwhieducn, goh@whocedu on {Q. Zhou),
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DOS6-3003/0 2019 Elsevier Inc. All rights reserved.
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Advanced asymmetric supercapacitor with NiCo,04 nanoparticles and N
nanowires electrodes: A comparative morphological hierarchy et
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ABSTRACT

Article history:

Received 16 October 2019

Received in revised form

20 December 2019

Accepted 21 December 2019
Available online 24 December 2019

Keywords:

NiC0,04

3D nanowires

Porous structure

Asymmetric supercapacitor device
Energy storage

In the present work, hydrothermal and wet chemical methods are adopted to fabricate NiCo,04 nano-
wires (NiCo-NW) and NiCo,04 nanoparticles (NiCo-NP) respectively. Owing to the mesoporous nature of
these subunits, fast and convenient electron-ion transport and redox reaction, NiCo-NW achieves
excellent electrochemical performance. Structure and microstructural characterizations of these samples
are carried out by analyzing X-ray diffraction data employing the Rietveld method of structure refine-
ment method and analyzing HRTEM, FESEM images and FTIR spectra. The low dimensional NiCo-NP is
found to provide superior electrochemical performance than the NiCo-NW (~13 nm) due to its smaller
particle size (~9 nm). This porous structure effectively helps in better transport of ions in the electrolyte.
It manifests high specific capacitance 1066.03 F g~ and enormous areal capacitance up to 5.96 F cm 2
whereas NiCo-NW exhibits specific capacitance up to 880.72 F g~! and high areal capacitance of
4.93 Fcm~2. An asymmetric supercapacitor (ASC) has been fabricated with NiCo-NP and activated carbon
as positive and negative electrodes respectively in 1 M Na,SO4 electrolyte medium. This device offers
maximum specific energy 59.56 Wh Kg~! and maximum power density 3403 W kg~! with a high energy

density of 4197 Wh Kg~! and shows excellent cyclic stability.

© 2019 Published by Elsevier B.V.

1. Introduction

In recent years, enormous attention has been drawn to develop
novel materials and devices for the new renewable and sustainable
energy sources with high efficiency, high reliability and high energy
density. The supercapacitor has been used massively in last few
decades as a green energy storage device combining the features of
the conventional capacitor (high power density, long cycling life)
and rechargeable batteries (high energy density) [1—8]. Based on
the charge storage mechanism supercapacitors are of two types: (i)
electric double-layer capacitor(EDLC), and (ii) pseudocapacitors.
For EDLCs electric energy is stored by separation of charge in
Helmholtz double-layer and for pseudocapacitor storage of electric
energy is achieved by a faradaic redox reaction with charge transfer
[8—10]. Various carbonaceous materials like activated carbon, CNT,
graphene are being used as electrode materials for EDLCs for their
higher surface area with a porous surface and electrically interca-
lated networks. EDLCs show high power density, better cycle life

* Corresponding author.
E-mail address: skpradhan@phys.buruniv.ac.in (S.K. Pradhan).

https://doi.org/10.1016/j.jallcom.2019.153503
0925-8388/© 2019 Published by Elsevier B.V.

than pseudocapacitor but possess very low specific capacitance.
However, due to fast multi electro-redox reaction, pseudocapaci-
tors possess higher specific capacitance, higher energy density than
observed in EDLCs [11,12], but it leads to deficient cycle stability
because of redox reaction like a battery.

The primary focus of the present work is to improve cell voltage
and energy density by developing an ASC device in which (EDLC)
electrode has been used as the negative electrode and redox-active
transition metal oxides as a positive electrode. The maximum
operating voltage in the cell system can be reached by using
different potential windows of the two-electrode system. Primarily,
activated carbon has been used as the negative electrode and
transition metal oxides as a positive electrode. So, the main focus of
ASC is to develop better metal oxides for advanced positive elec-
trode [3,13].

Various metal oxides and hydroxides with their variable valence
states had been widely used for electrode materials in pseudoca-
pacitors [14,15]. Attempts had been made to prepare inexpensive
metal oxides like Co304 [16,17], NiO [10,18], MnO5 [19], V205 [20],
Fe,03 [21] for high theoretical capacitance and low toxicity. Both Ni
and Co-based materials were considered to be the most admirable
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ARTICLE INFO ABSTRACT

Keywords: A facile hydrothermal route synthesizes Co304 nanocrystals with urchin spine-like morphology. Structure and
Co304 microstructural characterizations of the sample are carried out. Electrochemical properties have been explored in
Microstructure the presence of different electrolytes. In order to find out the best electrolyte, three electrolytes (Na;SO4, NaOH
?;lzﬁr:‘a/zi‘:z;etry and NaSO4 with Hq) of fixed concentration (1 M) are used to record the cyclic voltammetry data. In the presence
Electrolyte of NaySOy as an electrolyte, specific capacitance becomes 218 F g%, possibly because of low ionic conductivity of

SOAZ;’, higher charge transfer resistance. When NaOH and NaySO4 (with Hq) are used as electrolytes, high specific

capacitances of 1720 F g~! and 2433 F g~ respectively are obtained due to extra pseudocapacitive effect of
redox reaction. It is worth noting that the semicircle diameter in the EIS plot is highest for Na;SO4 and lowest for
NapSO4 (with Hq) electrolyte. The R.; value depends on the type of electrode and the interaction between
electrolyte ions with the electrode.

1. Introduction

Nowadays, one of the primary focuses of the scientific community is
to harvest new sustainable energy materials to cope up with the
continuous changes in the global climate. The demand for energy,
however, is increasing day by day. It becomes very urgent for a scientist
to develop new renewable energy sources with high power and better
efficiency. It is now well known that supercapacitors have emerged as an
alternative energy storage device with better efficiency than a
rechargeable battery [1,2]. Supercapacitors exhibit higher energy effi-
ciency, excellent reversibility, higher energy density than a conven-
tional capacitor. Generally, supercapacitors can be classified into three
types based on the charge storage mechanism: (i) electrical double-layer
capacitor (EDLC), (ii) pseudocapacitors, and (iii) hybrid system. The
energy storage mechanism in the electrochemical capacitor is of two
types: faradaic and non-faradaic. The non-faradaic reaction arises in the
EDLC due to ion adsorption at the electrode/electrolyte [3]. Various
carbonaceous materials such as activated carbon, carbon nanotube
(CNT), graphene oxide belong to the EDLCs. Such carbonaceous

* Corresponding author.
E-mail address: skpradhan@phys.buruniv.ac.in (S.K. Pradhan).

https://doi.org/10.1016/j.jpcs.2020.109733

materials possess a large surface area with a porous surface with the
interlaced network [4]. However, EDLCs cannot fulfill the requirement
for the peak power assistance in the vehicle since EDLC offers low energy
density. Instead, the faradaic pseudocapacitors are based on the fast
reversible redox reaction within electroactive materials on the elec-
trode, and its energy density is at least one order of magnitude higher
than EDLCs [3,4].

In contrast, various inexpensive transition metal oxides such as
Co304 [1,5-8], NiO [4,9], MnO, [10], and Fe304 [11], NiCo204 [12] are
mainly used as electrode materials for pseudocapacitors. They provide
enhanced electrochemical performance over EDLCs because of their
higher specific capacitance generating from rapid and productive redox
reaction. Finding cheap material with superior pseudocapacitive per-
formance has thus attracted enormous attention. Among all these tran-
sition metal oxides, Co3O4 has been studied extensively for its
supercapacitor application due to its high surface area, easily tunable
surface area, multiple oxidation states and tunable structural properties.
The Co304 is a p-type direct optical bandgap semiconductor that shows
the high theoretical capacity, excellent corrosion stability and can act as

Received 22 April 2020; Received in revised form 21 August 2020; Accepted 30 August 2020

Available online 31 August 2020
0022-3697/© 2020 Elsevier Ltd. All rights reserved.
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ABSTRACT: We report the effect of mechanical alloying on the
chemically synthesized NiCo,0O4 nanowire for better electro-
chemical performance. The nickel cobaltite nanowires (NC) were
successfully synthesized via the hydrothermal method without any
surfactant. Then they were milled for 1 h (NC1) and 2 h (NC2) to
boost the electrochemical performance. The structural and
microstructural parameters, shape, size, and morphology of these
samples are revealed by X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR) and transmission electron micros-
copy (TEM) techniques. The Brunauer—Emmett—Teller (BET)
characterization and Barrett—Joyner—Halenda (BJH) model reveal
that the NC1 sample offers the highest specific surface area among
all three samples with its one-dimensional mesoporous structure
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(pore diameter, ~7 nm). The NC1 sample displays an excellent specific capacitance and rate capability (1234 F g™' at a scan rate of
2 mV s7'). However, upon further milling (2 h) the electrochemical performance of the sample decays rapidly due to an increase in
particle size and reduction in specific surface area. A remarkable specific capacity of 1196 F g™" is achieved in the 1 h milled sample

at the lowest current density of 12 A g—l, and at 40 A g_l and

1292 F ¢! specific capacitance can be retained. We further

demonstrate an asymmetric device based on the NC1 sample as a positive electrode, which produces an excellent energy density of
5§9.221 Wh kg™' at a power density of 1065.4 W kg~". The assembled device can attain an outstanding power density of 10.992 kW
kg™" at an enormous high current density of 13.33 A g™' and demonstrates an excellent cyclic performance of 91.7% retention after

5000 cycles.

B INTRODUCTION

Due to the rapid growth of portable energy storage systems,
mobile systems, and other electronic gadgets, the main interest
of scientists in these felds is to develop advanced new
generation high energy and power density devices.' " Various
transparent energy storage systems are used in commercial and
industrial areas. A supercapacitor can be recognized as an
efficient, clean energy storage candidate due to its excellent
cycle life, high power density, and better cycle stability.
Typically, the charge storage mechanism of a supercapacitor is
of two types: one is the capacitive type and the other is the
pseudocapacitive type. Generally, the charge storage process of
the capacitive type is an electric double-layer capacitor that
relies on electrostatic charge storage separation of ions at the
electron electrolyte interface.””

In contrast, in a pseudocapacitor, capacitance is produced by
a fast multielectron faradaic surface redox reaction. The
capacitance performance is much better than the electric
double-layer capacitor (EDLC), especially in energy density.
Several transition metal oxides (NiO, NiCo,0, CoFe,0,,
MnO,, and Co,0,) and sulfides are vastly used and studied as
positive electrodes for their different pseudocapacitive
nature.””"” The binary oxides manifest extraordinary electro-

© 2022 Amerlcan Chemical Society

< ACS Publications

7878

chemical performance than a single metal oxide because of
their redox reaction between valence states, large electrode—
electrolyte contact surfaces, and many defects, which improves
pseudocapacitance as well as the energy density of the
material."' =" The crucial parameters which regulate the
electrochemical performance are the porosity, particle size,
specific surface area, oxygen vacancy, and surface defects.
Scientists these days try to incorporate an optimized amount of
oxygen vacancy and surface defects to balance the electro-
chemical performance of the material in a well-mannered
w*a‘y.“'”i Since metal oxide with a higher oxygen vacancy
ensures a higher CV current and higher positive potential,
forming an oxygen vacancy becomes one of the main choices
for getting higher electrochemical performance by an easy and
economical technique. In metal oxides or ceramics with

Received: April 27, 2022
Revised:  June 22, 2022
Published: July 5, 2022
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ARTICLE INFO ABSTRACT

Article history:

Received 29 November 2022

Received in revised form 29 January 2023
Accepted 31 January 2023

Available online 1 February 2023

A simple, cost-effective, and facile solvothermal approach has been adopted to synthesize mesoporous CeO,
nanostructures with varying La-doping (2, 4, and 6 mol%) concentrations. Photocatalytic and antibacterial
performances are investigated against the inactivation of Escherichia coli and Bacillus licheniformis bacteria
cells. Structural and microstructural characterizations of La-doped CeO, nanostructures are performed by
analyzing X-ray diffraction (XRD) data employing the Rietveld refinement method, scanning electron (SEM)
and transmission electron microscopy (TEM) images, Brunauer-Emmett-Teller (BET), energy-dispersive X-

Ke ds:

L::v;:)(;reds Ce0, ray (EDX), and X-ray photoelectron spectroscopy (XPS) spectra. Among three doped samples, the 4 mol% La-
Mesoporous doped CeO,, (LCe4) has exhibited high oxygen and Ce*" concentrations, high microstrain, small crystallite
Nanostructure size, and lowest band gap energy, as are revealed by the analysis of XPS, UV-VIS absorption spectra,

Photocatalytic
Bacteria disinfection

photoluminescence (PL) spectra, and Rietveld refinement result. The LCe4 sample with the highest number
of oxygen vacancies and high surface area shows superior photocatalytic activity (~95% Rhodamin B (RhB)
degradation in 130 min, ~70% Methylene Blue (MB) degradation within 30 min, and ~95% phenol de-
gradation in 180 min under solar radiation). It shows a striking photo-disinfection effect and enhanced
antibacterial activity (almost identical to a pure drug) against gram-positive and gram-negative bacteria
under visible light irradiation. This novel disinfection and catalytic property of the LCe4 sample is attributed
to the mesoporous structure of materials and surface activity, which lowers the electron-hole re-
combination rate and transports more photogenerated electrons and holes. The nanostructured meso-
porous LCe4 material has been used as an effective visible light-activated photocatalyst and photo
disinfection for treating wastewater containing organic dyes and gram-negative and gram-positive bacteria.

© 2023 Elsevier B.V. All rights reserved.

remove contaminants from wastewater

dyes [1-3].

1. Introduction containing organic

Water pollution from mixing hazardous materials and heavy
metals has become a serious global issue. Because of water pollution,
various water-born diseases become vulnerable to humanity in most
developing countries due to the lack of adequate purifier systems
like UV radiation and chlorofication, particularly in rural areas. Thus,
the availability of purified drinking water becomes a critical issue for
the increasing population. Photocatalytic degradation of pollutants
is a facile green chemical, sustainable and cost-effective method to

* Corresponding author.
E-mail address: skpradhan@phys.buruniv.ac.in (S.K. Pradhan).
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Ce0, is considered one of the most abundant rare earth oxides
frequently used in electrochemical cells, energy storage and optical
devices, photocatalysis, and as a biomaterial. CeO, is an n-type
semiconductor material with various chemical and physical prop-
erties, like pollutant elimination with non-toxicity [5-7]. The main
feature of CeO, is the transformation of the Ce** to Ce* valence
state, which causes oxygen vacancies and a high stoichiometry de-
viation, consequentially increasing visible light absorbance [4-8].
Various reports on CeO, as a photocatalyst with different morphol-
ogies, like nanocube, nanowire, and nanodisc, using different tem-
plates are available. The present study intends to develop CeO,
nanomaterials with an optimum mesoporous structure and
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Monoclinic amorphous Ni;.xMn,WO4 (x = 0.00, 0.02) compounds have been successfully synthesized by hy-
drothermal technique for achieving better capacitive and conductive performances. Different characterization
techniques like X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), ultraviolet-visible
(UV-Vis) and photoluminescence (PL) spectroscopy have been employed to investigate their structural, micro-
structural, and optical properties. Mn-ion incorporation in the NiWO, lattice reduces the particle size of the
sample to ~4.5 nm, compared to the pure undoped NiWO4 sample (~18 nm), confirmed from the transmission
electron microscopy image and Brunauer-Emmett-Teller analyses (BET). Tauc plot of Nip.9ggMng g2WO4 sample
exhibits a significant increase in bandgap energy, compared to pure undoped NiWO,4 sample due to the quantum
confinement effect. The electrochemical performance of electrodes made with these materials has been revealed
by cyclic voltammetry (CV), galvanostatic charge-discharge (GCD) properties and electrochemical impedance
spectroscopy (EIS). Moreover, the addition of 2 % Mn in NiWO4 causes an increase in specific surface area
(117.390 mz/g) due to the reduced particle size of the material, resulting in excellent specific capacitance of 463
Fg!at0.5 A g~! current density. The detailed charge storage mechanism for the improvement of conductivity
and electrochemical performance of the Mn-doped NiWO4 has been revealed in different studies. An asymmetric
supercapacitor device (ASC) has been fabricated using Mn-doped NiWO4 electrode material as positive electrode.
The device shows superior cyclic stability upto 5000 cycles, can retain 88.4 % of its initial value.

1. Introduction [6,7]. However, some drawbacks of using metal oxides in electro-

chemical applications include poor conductivity, low energy density,

Electrochemical storage devices such as supercapacitors, fuel cells,
and Li-ion batteries are more sustainable clean energies to deal with the
global warming issues [ 1-3]. Among all three renewable energy sources,
a supercapacitor is more promising than Li-ion batteries due to its fast
charging, longer recyclability, better power density, and easy mainte-
nance. Supercapacitors are classified into two categories, (i) electric
double-layer capacitors (EDLC) and (ii) pseudocapacitors [2-5]. Re-
searchers are continuously trying to improve the energy density of
supercapacitors without hampering their power density and cycle life.
Pseudocapacitor materials store more energy than an electric double-
layer capacitor.

For this reason, various binary and ternary metal hybrid oxides with
different morphologies were synthesized for supercapacitor applications

* Corresponding author.
E-mail address: skpradhan@phys.buruniv.ac.in (S.K. Pradhan).
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and poor cycle stability [8,9]. It has been revealed from recent works
that the electrochemical properties of some complex oxides (such as
NiCo,04 and MnCo504) are superior to single oxides like NiO, MnOa,
and Co304 because of multiple oxidation states of different metal cations
[10-12]. The NiWO4 compound is an attractive material in the elec-
trochemical field because of its high electrical conductivity of
~1077-10"2 S ecm ™! [13-15], which is higher than NiO (1073 S cm™),
and CoWO4 compounds [16]. It was reported that the incorporated W
atoms had improved the electrical conductivity and electrochemical
activity of the compound [17]. Recent reports on core-shell hetero-
structures with multi-component, such as MnCo04/NiWO4, Ni.Co.Zn
oxide/NiWO4, and NiWO4/NiCO204 grown on nickel foam showed
enormous high electrochemical performance than the NiWO, lattice
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Protein Requirement of Ompok bimaculatus (Bloch,
1794) Larvae
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ABSTRACT

Paul, B.N., Das, A., Mandal, R.N., Singh, P., Adhikari, S., Ghosh, K., Chowdhury, D., Chakrabarti,
P.P. and Giri, S.S. 2020. Protein requirement of Ompok bimaculatus (Bloch, 1794) larvae. Animal
Nutrition and Feed Technology, 20: 525-533.

A 22 d experiment was carried out to study the protein requirement of Ompok bimaculatus larvae
(weight 0.1140.01 g; length 20.49+0.70 mm). Three different formulated feeds were prepared with
graded levels of crude protein i.e., with low (35% CP; LP), medium (40% CP; MP) and high (45%
CP; HP) crude protein levels. The water quality parameters were optimum during the whole experimental
duration. The survival rate was more than 70%. The fish grew to 0.34+0.06, 0.9140.15 and 0.36+0.07
g, respectively in LP, MP and HP groups. The final weight was significantly (P<0.01) higher in MP
having 40% CP in the diet. Both the net weight gain and specific growth rate were significantly (P <0.05)
higher in MP having 40% CP in the diet as compared to LP and HP. The FCR was also significantly
(P<0.05) lower in MP having 40% protein in the diet when compared with LP and HP. However, the
protein efficiency ratio was similar (P>0.05) among the three treatment groups. Further, it was also
revealed that the activities of enzymes in the digestive tract namely, o-amylase, lipase and pepsin were
significantly (P<0.05) higher in MP diet having 40% crude protein. The present experiment, thus.
revealed that 40% CP was sufficient for the optimum growth and survival of O. bimaculatus larvae.

Keywords: Amylase, Growth, Lipase, Ompok, Pepsin

INTRODUCTION

Ompok bimaculatus (Bloch, 1794) popularly known as the ‘butter catfish’ are
found in lakes, rivers, canals, beels, swamps, floodplains and ponds, etc. and are
distributed in India, Bangladesh, Borneo, Java, Sri Lanka, Myanmar, Pakistan, Thailand,
Cambodia and Vietnam, etc. (Jayaram, 1977). It is a non-air breathing fish belonging

*Corresponding author: bnpaulcifa@gmail.com

'Aquaculture Laboratory, The University of Burdwan, Department of Zoology, Burdwan-713 104, India
2ICAR-Central Institute of Freshwater Aquaculture, Bhubaneswar-751 002, India
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to the family of Siluridae with the highest growth amongst the three species under
the genus Ompok namely O. paba, O. Pabo and O. bimaculatus. These fish are
commonly known as ‘pabda’. Recently, the fish is gaining importance as a promising
aquaculture candidate owing to its good taste, balanced nutrient profile, soft bony
structure and high market value especially in the entire East and North East India
(Banik et al., 2012). Banik er al. (2011) reported that the butter catfish is considered
as an important candidate for the diversification of freshwater Indian aquaculture.
The wild population of O. bimaculatus has sharply declined due to anthropogenic
activities, ecological changes and indiscriminate fishing. Thus, the species has been
categorized under near-threatened category by the International Union for the
Conservation of Nature and Natural Resources (IUCN) Red List and faces a risk of
extinction in nature (Chakrabarti et al., 2009; Lakra et al., 2010; IUCN Red List,
2014). Considering high demand, price and IUCN status, the species has been
prioritized for diversification of aquaculture as well as for conservation and restocking
programs (Debnath et al., 2016). This fish has a high commercial value and preferred
in Eastern and North-Eastern India. O. bimaculatus was also declared as the State
Fish of Tripura in the year 2007. The fish is endowed with all essential nutrients and
rich in vitamin A and PUFA (Paul et al., 2018). Hence, it is of utmost importance
to save the fish from extinction through the development of suitable cultural technique.

Nutritional quality of starter diets and first feeding regimes greatly influenced
the success of larval rearing. Santiago et al. (1991) reported that fry production and
survival can be enhanced by feeding the broodstock with supplemental diets. The
ability of fish to metabolize a diet depends on the availability of appropriate digestive
enzymes, which mediate specific degradation pathways modulating both the physical
and chemical nature of foods (Deng er al., 2010). Fish digestive enzymes emphasizing
the mechanisms and best use of nutrients are of unquestionable importance as a
background for the optimization of fish feeding procedures (Suarez et al., 1995). The
analysis of digestive enzymes provides information on fish nutritional physiology and
on their ability to take advantage of the different nutritional fractions of the feed
(Odedeyi and Fagbenro, 2010). Thus knowledge of digestive enzymes of fish has
important practical implications for their nutrition. The present work was aimed at
the development of larval feed with appropriate protein content for O. bimaculatus
so that the mortality will be reduced and more stocking material would be available
for successful grow out of O. bimaculatus.

MATERIALS AND METHODS

Experimental diets

Fish meal, groundnut cake, soybean meal, wheat flour, vitamin-mineral mix
and oil were used as feed ingredients in different proportions for preparation of three
experimental feeds (Table 1). The finely powdered ingredients were weighed separately
and after thorough mixing with water, fortified with vitamin and mineral mixtures.
Three different formulated feeds were prepared to have different levels of protein
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viz., low protein (LP; 35% CP), medium protein (MP; 40% CP) and high protein
(HP; 45% CP). The powdered ingredients including vitamin and mineral mixture
were thoroughly mixed and stored in -20°C.

Table 1. Ingredients and proximate composition of experimental diets

Particulars Diets’

LP MP HP
Ingredient composition (%)
Fish meal 44 53 65
Groundnut cake 15 15 15
Soyabean meal 10 10 5
Wheat flour 19 10 03
Carboxy methyl cellulose 2 2 2
Vitamin-mineral mixture# 5
Veg oil 5
Proximate composition (% DM basis)
Dry Matter 93.02+0.93 92.39+0.22 92.34+1.33
Crude Protein 35.33+£2.25 40.69+0.55 45.23+0.17
Crude lipid 9.11+0.47 9.4940.31 9.61+0.31
Total ash 15.40+0.39 16.35+0.09 16.37+0.39

"Diets with low (35% CP; LP), medium (40% CP; MP) and high (45% CP; HP) protein levels.

*Vitamin-mineral premix contains: Vitamin A (as acetate) 5000 IU, cholecalciferol 1000 IU, thiamine monocitrate
10 mg, riboflavin 10 mg, pyridoxine hydrochloride 5 mg, cyanocobalamine 15 ug, nicotinamide 75 mg, calcium
pantothenate 10 mg, ascorbic acid 150 mg, a-tocopheryl acetate 25 mg, biotin 5 mg, folic acid 5 mg, menadione
100 mg, choline chloride 50 mg, PABA 5 mg, myoinositol 10 mg, calcium lactate 0.125 mg, magnesium oxide
60 mg, dried ferrous sulphate 30 mg, manganese sulphate 2 mg, copper sulphate 2 mg, zinc sulphate 2 mg, sodium
molybdate 0.25 mg, sodium borate 0.80 mg, potassium iodate 20 mg, dicalcium phosphate 0.10g, cobalt chloride
20 mg (Paul et al., 1997)

Fish maintenance and feeding

The growth experiment was carried out in ICAR-Central Institute of Freshwater
Aquaculture. The duration of the study was 22 d. The larvae of O. bimaculatus
(weight 0.11+0.01 g; length 20.49+0.70 mm) were stocked in glass jar tanks of 30
m’ capacity with 30 larvae in each tank. Each dietary treatment consisted of three
replicates of uniform-sized glass tanks.

Water quality parameters such as temperature, pH and dissolved oxygen were
recorded at fortnightly intervals as per the method of APHA (2005). The feed was
offered ad libitum during the morning (9.00 am.) and evening (4.00 pm). After the
experiment, individual BW of fish was recorded. The net weight gain (NWG), protein
efficiency ratio (PER), feed conversion ratio (FCR), specific growth rate (SGR) and
per cent survivability was measured as per Castell and Tiews (1980). The proximate
composition of feed was analyzed as per AOAC (1990).
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Enzyme analysis

The fish were starved for 24 h before dissection to clean the digestive tract.
A 10% homogenate of the digestive tract was prepared with chilled phosphate buffer
saline (PBS, pH 7.4). The homogenates were centrifuged at 12,500 Xg for 30 min
at 4°C and supernatants were used as enzyme extracts. Metabolic enzymes were
prepared by 10% homogenates fish tissue in 0.25 M ice-cold sucrose solution (pH
7.4). The o-amylase activity was estimated as per Bernfeld (1955). The total protease
activity was measured as per Walter (1984). The activity of lipase was measured as
per Bier (1955). Pepsin activity was measured as per Anson (1938). The activities
of trypsin and chymotrypsin were measured as per Erlanger (1961).

The activities of alanine transaminase (ALT) and aspartate transaminase (AST)
were assayed as per Reitman and Frankel (1957). Total protein of enzyme supernatant
was assayed as per Lowry et al. (1951).

Quantification of DNA-RNA in fish tissue

Larval tissues (100 mg) were extracted in 1% sarcosine (sodium N-
lauroylsarcosine) in Tris-EDTA buffer (pH 8.0). After centrifugation, the supernatant
of homogenate samples was washed with phenol-chloroform-isoamyl alcohol (49.5:49.5:1;
v/v) followed by further washing with isoamyl alcohol-chloroform (1:24; v/v) for
purification. Purified supernatants were treated with nucleases. The DNA and RNA
contents of the tissues were estimated according to the procedures of Burton (1956)
and Marham (1955), respectively.

Statistical analysis

All the data generated from the experiment were statistically assayed by one-
way analysis of variance (ANOVA) as per Snedecor and Cochran (1994). The differences
between the means of treatments were examined using the least significance difference
(LSD).

RESULTS

The feed formulations and proximate composition of different feeds are shown
in Table 1. The protein content of the three feeds was 35.33+2.55, 40.69+0.55 and
45.234+0.17 per cent, respectively, in the LP, MP and HP groups. Because of the
graded increase in protein levels, the total ash contents of diets increased linearly
from 15.4040.39 to 16.37+0.39, which could be attributed to the presence of higher
levels of fish meal as the major feed ingredient. Water quality parameters during the
study were: temperature, 28-30°C, pH 7.4-7.8, dissolved oxygen 5.0-5.8 mg/L and
total alkalinity 235-240 mg CaCO,/L. All the water quality parameters were also
within the acceptable range as reported earlier (Paul er al., 2000). Dissolved oxygen
plays a vital role in the rearing of larvae because larvae require an optimum level
of oxygen for sustaining their physiological condition. Paul and Giri (2016) reported
that suitable temperature required for optimum growth of catfish is 30°C.
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Table 2 represents the growth performance data of Ompok larvae fed with
different levels of protein. The feed was offered twice in a day as per the findings
of Paul er al. (2014) who studied that a feeding frequency of up to two times is
optimum for catfish O. pabda. Initially, the larvae were fed with natural food which
was followed by feeding of the formulated feed. The data on the initial BW, net
weight gain, specific growth rate, feed conversion ratio, protein efficiency ratio and
survivability are shown in Table 2. Butter catfish larvae fed diet MP containing 40%
CP had the highest weight gain, which was significantly (P<0.01) different from the
other two dietary protein levels. The net weight gain was significantly (P<0.01)
higher in MP. The SGR was significantly (P<0.01) higher in MP in comparison to
LP and HP groups. The values of final weight, NWG and SGR were significantly
(P<0.05) higher in MP compared to those of LP and HP groups. The FCR value was
significantly (P>0.05) lower for fish fed diet MP vis-a-vis other groups. Lowest FCR
in MP indicated that a lower amount of feed was needed to produce one unit of fish
biomass; lower the FCR, better is the efficiency of the feed utilization. The PER,
RNA, DNA, RNA/DNA ratio and survival (%) did not differ significantly among
the dietary treatments.

Amylase activity of fish fed the LP differed significantly (P <0.05) from those
on the MP and HP diet (Table 3). Lipase and pepsin activities were significantly
(P<0.05) higher on MP diet which was also accompanied by significantly (P <0.05)
lower trypsin and chymotrypsin activities. The ALT activity changed positively
according to the increase in CP content of the diets and, therefore, was significantly
(P<0.05) higher on HP diet. The AST activity, on the other hand, was significantly
(P<0.05) lower in MP.

Table 2. Growth of O. bimaulatus larvae fed with different levels of dietary protein.

. - -
Particulars Dietary groups

LP MP HP
Initial weight (g) 0.1140.004 0.106 +0.008 0.106+0.008
Final weight (g) 0.3440.06 0.91°+0.15 0.36*+0.07
NWG (g/22d) 0.2340.05 0.81°+0.15 0.26'+0.06
SGR (%/d) 4.542+0.60 7.97°+0.76 5.30°+0.53
FCR 3.620+0.51 1.93:+0.43 3.68°+0.35
PER 0.82+0.13 1.4240.33 0.62+0.05
Survivability 73.50+2.02 71.0041.00 59.0044.70
DNA (pg/mg) 30.5940.30 34.3140.43 31.0440.54
RNA (pg/mg) 34.8640.41 45.16+0.36 35.65+0.31
RNA/DNA 1.14+0.07 1.32+0.04 1.15+0.04

"Diets with low (35% CP; LP), medium (40% CP; MP) and high (45% CP; HP) protein levels.
®Means with different superscripts in a row differ significantly (P<0.01).
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Table 3. Enzyme contents of digestive tract of O. bimaculatus larvae fed with different levels of dietary
protein

Particulars Initial Dietary groups’
LP MP HP

Amylase* 17.4*40.33 23.87°+0.17 25.36°+0.34 25.46°+0.47
Total protease® 1.76°+0.03 0.67°+0.02 0.81"+0.01 0.73¢+0.01
Lipase” 0.40°+0.01 0.57°40.02 0.69¢+0.03 0.61¢+0.02
Pepsin® 0.38* £0.01 2.53°40.02 2.67°+0.01 2.49°40.01
Trypsin' 0.89°+0.02 0.20°+0.01 0.18*4+0.02 0.26"+0.03
Chymotrypsin' 0.72¢40.02 0.29°+0.02 0.19°4+0.01 0.28°+0.03
Alanine transaminase’ 3.14°40.03 3.44°40.02 3.51°4£0.02 4.2540.02
Aspartate transaminase® 3.24:40.02 4.61°40.03 4.38°+0.01 5.12¢40.02

Diets with low (35% CP; LP), medium (40% CP; MP) and high (45% CP; HP) protein levels.
‘mg maltose liberated/mg protein/h.

Sug of tyrosine liberated/mg protein/min.

“uM of fatty acid liberated/mg protein/min.

‘mmol of 4-nitroaniline liberated/mg protein/min.

‘uM of pyruvate formed/mg protein/min.

‘uM of oxaloacetate formed/mg protein/min.

®Means with different superscripts in a row differ significantly (P<0.05).

DISCUSSION

The optimum dietary protein requirement for O. bimaculatus larvae as observed
in the present study appears to be 40% CP, promoting the highest weight gain. The
study suggests that 40% CP in a diet would support better growth and survivability
of the butter catfish larvae during early development. Our results are in agreement
with some of the previous reports depicting 40% protein level optimal for growth and
efficient feed utilization in juvenile red- and white-coloured fancy carp Cyprinus
carpio var. Koi (Choi et al., 2015). However, the finding of our experiment on protein
requirement was somewhat higher than the earlier CP levels documented for the
maximum growth of other catfishes viz., 35% CP level in the diet of Horabargus
brachysoma fingerlings (Giri et al., 2011); 30% CP for O. bimaculatus (Debnath et
al,, 2018); 35% CP level in the diet of O. bimaculatus fingerlings (Biswas et al.,
2019) and 33.2% CP level in the diet of O. pabda fry (Paul et al., 2012). On the
contrary, still higher levels of CP requirements have also been suggested, e.g., 41-
43% CP for grass carp fry (Dabrowski, 1977) and 47% CP for Catla catla fry (Singh
et al., 1988). Giri et al. (2011) reported that the total protein requirement for optimum
growth in catfish varies from 25 to 50% of the diet. Protein requirement for younger
catfish is higher than the adult ones (Paul and Giri, 2016). However, our study of
40% CP for O. bimaculatus was similar to the protein requirement of catfish as
reported earlier (BIS, 2014). A reduced growth was recorded at high-protein diets
i.e., at 45% CP in the diet. Many authors reported similar findings (Ye et al., 2016).
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In the present study, digestive enzymes such as amylase, protease, lipase,
pepsin, trypsin, chymotrypsin were estimated in Ompok and the value was similar
to the earlier observation by Parra er al. (2007). There were no significant (P> 0.05)
changes observed in o-amylase activity in MP and HP groups but pepsin activity was
significantly higher with the feeding of the MP diet. Trypsin and chymotrypsin
activities were higher in LP and MP groups suggesting that MP group fishes were
more carnivores in nature. Lemieux et al. (1999) observed that trypsin is a proteolytic
enzyme, it also takes part in other pancreatic zymogens and also limit the growth
rate of Gadus morhua. Different parts of the digestive tract such as the pancreas,
pyloric cecum and liver of different teleosts have shown different activities of
amylase (Deng et al., 2010). Sabapathy and Teo (1993) reported a lower pepsin
activity in herbivorous fish. Digestive enzymes might contribute towards efficient
digestion of the dietary components, which could be reflected through the growth of
the fishes. Thus, increased growth in fish associated with enhanced activities of the
digestive enzymes might be indicative of improved nutrient utilization in fish as
reported earlier (Mandal and Ghosh, 2018). The activities ALT and AST are indicators
of liver function with the high activities being the indicator of poor liver function and
the present study also revealed normal levels of ALT and AST.

DNA is a prerequisite for RNA synthesis, which in turn is a requirement for
protein synthesis (Mitra and Mukhopadhyay, 2002). RNA/DNA ratio is the indicator
of the growth of fish (Dey er al., 2018) and also considered as a reliable indicator
of protein synthesis (Gangadhar et al., 1997). However, no variation was observed in
the above parameters in the present study.

Overall, the present experiment revealed that 40% crude protein is sufficient
for the optimum growth and survival of O. bimaculatus larvae.
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Abstract

The Indian butter catfish, Ompok bimaculatus (Bloch, 1794), is a high-value catfish that has gained immense consumer preference
in South-East Asia. However, information on the nutritional requirements of this species is scanty. Hence, an experiment was con-
ducted to evaluate the effects of varying dietary lipid levels on growth, body composition, and activities of digestive and metabolic
enzymes in larvae. Three isonitrogenous (40% crude protein) diets were formulated by supplementing fish and vegetable oil (1:1) at
4.5% (D1), 7% (D2), and 9.5% (D3) levels (containing crude lipid 5.7%, 8.0%, and 10.45%, respectively in diets D1-D3) to a fish
meal- and oilcake-based formulated diet. Experimental diets were fed to butter catfish larvae (0.15 + 0.01 g) in triplicate groups for a
period of 42 days. Proximate compositions of the experimental diets, as well as fish carcass, were analyzed using standard procedures
(AOAC 2005). Digestive and metabolic enzyme activities were analyzed at the completion of the experiment by standard method-
ology. Butter catfish larvae fed the diet D2 (8% crude lipid) resulted in the best performance in terms of weight gain (final weight
1.40 + 0.07 g), net weight gain (1.31 = 0.06 g), specific growth rate (5.50 = 0.05% - day™"), and protein efficiency ratio (2.39 = 0.17).
The highest lipid deposition (2.90 + 0.12%) in the carcass was also recorded in fish reared on diet D2. The final weight, net weight
gain, protein efficiency ratio, and specific growth rate were significantly (P < 0.05) higher in D2 having 8% lipid. Moisture and lipid
contents of the whole body were significantly (P < 0.05) higher in larvae fed diet D2. Amylase activity in fish significantly (P < 0.05)
decreased with increasing dietary lipid levels. The maximum alkaline protease, pepsin, and lipase activities were noticed in the lar-
vae fed diet D2. Progressive decrease in liver glucose-6-phosphate dehydrogenase activities and significant increase (P < 0.05) in
the activities of neoglucogenic enzymes (glucose-6-phosphatase and fructose-1,6-bis phosphatase) were noticed with an increase in
dietary lipid levels. Significantly lower (P < 0.05) activities of LDH, ALT, and AST were recorded in the group fed diet D2. Results
of the study indicated that 8% crude lipid in the diet could assure optimum growth and survival of butter catfish larvae during early
development. An appraisal on growth, body composition, and digestive as well as metabolic function in the butter catfish larvae
recorded in the study might provide some important information to consider application of formulated diets for the larviculture of
Ompok bimaculatus.
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Introduction

The Indian butter catfish, Ompok bimaculatus (Bloch,
1794), is indigenous to the South East Asian countries
(Giri et al. 2019) and has recently gained immense im-
portance because of its good taste, high lipoprotein, low
fat, soft bony structure, and competitive prices (Rawat et
al. 2018). It is an excellent source of w-3 and w-6 fat-
ty acids, vitamins, minerals, protein, and fat (Paul et al.
2018). The wild population of O. bimaculatus has sharp-
ly declined due to ecological changes and indiscriminate
fishing. Thus, the species has been categorized under the
“near threatened” category by the IUCN Red List and
faces a risk of extinction in nature (Lakra et al. 2010;
TUCN 2014). Considering high demand, price, and ITUCN
status, the species has been prioritized for diversification
of aquaculture as well as for conservation and restocking
programs (Debnath et al. 2016). Although its aquaculture
potential has been realized, the species has not yet re-
ceived adequate attention due to insufficient information
on larval rearing and culture technology.

The successful culture of any fish species largely de-
pends on the accessibility of nutritionally balanced prac-
tical diets. Although species of the genus Ompok have
been generally recognized as carnivorous to omnivo-
rous, reports on nutritional requirements of the species
are scanty (Chakrabarti et al. 2012). Therefore, no com-
mercially formulated diet has yet been available for this
species. Since captive breeding of O. bimaculatus has
been established (Raizada et al. 2013), it is necessary to
develop larval diets to ensure growth and survivability
of the species during the stages of early development,
which is essential for reliable and regular supply of the
fish for widespread commercial production. A previous
study conducted on O. bimaculatus larvae determined a
required level of 40% crude protein in the diets for this
species (Paul et al. 2020).

However, dietary protein requirements are known to
be affected by the amount of non-protein energy sourc-
es in the diet (NRC 2011). When non-protein energy is
insufficient, a part of dietary protein may be catabolized
to supply energy affecting the growth of the organism.
Therefore, supplementation of energy-yielding nutrients,
mainly lipid has been suggested as a strategy to improve
protein utilization in fish (Sankian et al. 2017). Supple-
mentation of lipid rather than carbohydrate as a source
of non-protein energy is generally more effective for en-
hancing dietary energy level as lipid is an energy-dense
nutrient that is readily metabolized by fish, particularly
the carnivorous one (NRC 1993). Further, all-round de-
velopment and well being of fish are known to be greatly
influenced by dietary lipids that are not only important as
an energy source but also for the supply of essential fatty
acids as well as carrier of fat-soluble vitamins (Glencross
2009). Moreover, the incorporation of a proper amount of
lipid seems to be important as lipid level determines the
palatability of the diet (Boonyaratpalin 1991). Therefore,
the presently reported study was conducted to determine

the effects of dietary lipid levels on the growth, surviv-
ability, body composition, and activities of digestive as
well as metabolic enzymes in butter catfish larvae.
Vegetable and fish oils are rich in different fatty acids,
which were recognized as effective for diverse freshwa-
ter fish species (Paul et al. 2011). Hence, in the presently
reported study, a practical diet was fortified with a com-
bination of vegetable and fish oils (1:1) to have the de-
sired lipid levels in the diets. The nutrient utilization and
digestive physiology in fish are indicated by the activity
of digestive and metabolic enzymes that ultimately affect
the growth and development of fish (Chen and Zhang
2004; Wei et al. 2010). Therefore, the presently reported
study considered an appraisal of digestive enzymes and
some key metabolic enzymes to evaluate the effects of
formulated diets with varying lipid levels. The results of
the study could be helpful to provide some important in-
formation for feed formulation of O. bimaculatus larvae.

Materials and methods

Experimental diets

Three experimental diets were formulated by incorporat-
ing equal proportions of fish oil (cod liver oil) and vege-
table oil (sunflower oil) (1:1) at 4.5% (D1), 7% (D2), and
9.5% (D3) levels to a basal mixture of fish meal (FM),
soybean meal (SBM), and groundnut oil cake (GNOC).
After analysis of lipid content of the feed, it was noticed
to contain 5.7%, 8.0%, and 10.5% crude lipids, respec-
tively. The amount of lipid sources used was adjusted at
the expense of wheat flour. A vitamin—mineral premix
was added to the diets as per Paul et al. (1997). Dietary in-
gredients were finely powdered, sieved to obtain uniform
particle size (<400 pm in diameter), mixed thoroughly,
and fortified with a calculated amount of vitamin-mineral
premix and oil sources. The prepared powered feeds were
stored in a freezer at —20°C until use.

Experimental fish and feeding trial

The experiment was conducted at the Regional Research
Centre of ICAR-Central Institute of Freshwater Aquacul-
ture, Rahara, Kolkata. Farm-raised larvaec of the butter
catfish were collected from ICAR-Central Institute of
Freshwater Aquaculture, Kalyani Field Station, and ac-
climatized to the laboratory condition for one week in fi-
ber-reinforced plastic (FRP) tanks with the provision of
continuous aeration. During this period the larvae were
fed a basal formulated diet and natural food (mixed zoo-
plankton and chopped tubifex). After acclimatization,
the larvae (mean weight 0.15 + 0.02 g; length 22.65 +
1.70 mm; 14 days old) were randomly distributed in 9
FRP tanks at a stocking density of 50 fish per tank. Thus,
there were three replicates for each dietary group. The
experiment was conducted in 150 L FRP tanks, each
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containing 50 L of water, with continuous aeration and
water exchange at every 5 days interval. The powdered
feed mixtures were made to soft dough with distilled
water and the fish were fed ad libitum to apparent satia-
tion twice daily, at 10.00 and 16.00 h, for 42 days. Feed
consumption and mortality in each tank were recorded
separately, and the survival rate was calculated. During
the experimental period, water quality parameters were
monitored on weekly basis following the standard meth-
ods of the American Public Health Association (APHA
2005) and noticed to vary within the acceptable range
(temperature 28-30°C; pH 6.8-7.7, dissolved oxygen
6.8-7.4 mg - L', total alkalinity 230-240 mg - L', am-
monia 0.26-0.64 mg - L', nitrite 0.001-0.003 mg - L,
nitrate 0.002—-0.074 mg - L™).

Proximate composition of experimental
diets and fish carcass

Proximate compositions of the experimental diets, as well
as fish carcass, were analyzed using standard procedures
portrayed by the Association of Official Analytical Chem-
ists (AOAC 2005). Moisture content was determined by
oven drying (initially at 100 = 5°C for 30 min, thereafter
at 60°C); crude protein (Nitrogen x 6.25), by a semi-au-
tomatic digestion system together with micro Kjeldahl
distillation Unit (KelPlus-Elite Ex, Pelican Equipments,
Chennai, India); crude lipid (ether extract; petroleum
ether, 60—80°C), by a Soxhlet apparatus (Socsplus, Peli-
can Equipments, Chennai, India); and ash, by combustion
at 550°C in a muffle furnace. Nitrogen-free extract (NFE)
was calculated by subtracting the sum of values for crude
protein, crude lipid, ash, crude fiber, and moisture from
100 (Maynard et al. 1979). The gross energy of the diets
was measured with a bomb calorimeter (Lab-X, Kolk-
ata, India). Proximate analyses of the fish carcass (whole
body) were done on wet weight basis.

Growth parameters

At the end of the feeding trial fish were collected from each
tank, weighed, and analyzed for calculating the growth pa-
rameters. Net weight gain [%], specific growth rate (SGR
[%-day']), feed conversion ratio (FCR), protein efficiency
ratio (PER), apparent net protein utilization (ANPU), and
survivability [%] were calculated following standard meth-
ods described by Castell and Tiews (1980). The daily growth
coefficient (DGC) was calculated as per Cowey (1992).

Estimation of digestive enzymes

Digestive enzymes (amylase, alkaline protease, pepsin,
and lipase) of fish from each experimental set were es-
timated at the termination of the experiment. For each
replicate, digestive tracts of 20 experimental fish from

each tank were dissected out, washed thoroughly with
chilled distilled water, taken on an ice-cooled Petri plate,
and weighed. A 10% homogenate with chilled 0.1 (M)
phosphate buffer (pH 7) was prepared and centrifuged at
10 000 rpm (10 min, 4°C). The ensuing supernatant was
used as the enzyme extract to appraise the activities of the
digestive enzymes. The protein content of the extract was
estimated after Lowry et al. (1951) using bovine serum
albumin (BSA) as standard. Amylase (a-amylase) activi-
ty was determined using dinitro salicylic acid (DNSA) re-
agent following Bernfeld (1955). Amylase activity (unit)
was expressed as mg maltose liberated mg™' protein h™'.
Alkaline protease activity was estimated using Hammer-
stein casein substrate according to Walter (1984). One
unit of enzyme activity was defined as pg of tyrosine
liberated mg ™' protein h™'. Pepsin activity was resolved
after Anson (1938) with minor modifications, using 2%
hemoglobin as a substrate. The specific activity was ex-
pressed as g of tyrosine liberated mg™' protein min'. Li-
pase activity was determined with the olive oil substrate
following Bier (1955). Lipase activity was expressed as L
mole of fatty acid liberated mg ™' protein h™'.

Estimation of metabolic enzymes

Following the collection of the digestive tracts, hepatic
tissues were removed, collected separately and a 10% ho-
mogenate was made in sucrose solution (0.25 M, pH 7.4).
Remains of the cell along with nuclei were removed by
centrifugation (1000 g, 30 min, 4°C), and the superna-
tants were further centrifuged (10 000 g, 15 min, 4°C) to
get the mitochondrial pellets (Biswas et al. 2006). The re-
sultant supernatant was again centrifuged (12 500 g, 1 h,
4°C) and the cytosolic fraction thus obtained was used
as the crude enzyme extract for other metabolic enzyme
assays. The mitochondrial pellet was treated with triton
X-100 (0.1%), washed with PBS (0.1 M, pH 7.4) and the
supernatant was used as crude extracts for mitochondrial
metabolic enzyme assays. The tissue fractions were kept
at —20°C until use. The soluble protein content of the
crude enzyme extracts was determined following Lowry
etal. (1951).

Hexokinase (HK) activity was measured by the reduc-
tion of NADP to produce NADPH according to Tranulis et
al. (1996). Enzyme activity was expressed as uM of NA-
DPH formed mg™! protein h™'. Pyruvate kinase (PK) ac-
tivity was assayed after Driedzic and Almeida-Val (1996)
with minor modification. Enzyme activity was presented as
umole of pyruvate converted to NADH mg ' protein min'.
Glucose-6-phosphatase (G6P) and fructose-1, 6-bis phos-
phatase (FBP) activities were measured by estimating the
amount of phosphorus released from the substrates, glu-
cose-6-phosphate (Marjorie 1964) and fructose-di-phos-
phate (Freeland and Harper 1959), respectively. Release of
phosphorus by both the enzymes was estimated after Fiske
and Subbarow (1925), and activities were expressed as g
of phosphorus released mg™' protein min™'.
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Glucose-6-phosphate dehydrogenase (G6PD) activity
was analyzed using glucose-6-phosphate (substrate) and
NADP following Kornberg and Horecker (1955). En-
zyme activity was expressed as uM of NADPH formed
mg ! protein h™'. NADP-malic enzyme (NADP-ME)
activity was determined using L-malic acid as substrate
(Hsu and Lardy 1967, modified by Murphy and Walker
1974). Enzyme activity was presented as uM of NADPH
formed mg™' protein h'. Lipid peroxidation (LPO) ac-
tivity was measured according to Okhawa et al. (1979).
Enzyme activity was expressed as thiobarbituric acid re-
active substance (TBARS) formed mg™' protein min.

Alanine transaminase (ALT) activity was determined
using o-ketoglutarate and DL-Alanine as substrates (Re-
itman and Frankel 1957). ALT activity was expressed as
uM of pyruvate formed mg' protein min™'. Likewise,
Aspartate transaminase (AST) activity was measured
with the substrate solution containing a-ketoglutarate and
DL-aspartic acid (Reitman and Frankel 1957). AST ac-
tivity was expressed as uM of oxaloacetate formed mg™!
protein min"'. Glutamate dehydrogenase (GDH) activity
of the crude mitochondrial enzyme extract was measured
using sodium glutamate and tetrazolium salt (Lee and
Lardy 1965). Enzyme activity was expressed as uM of
formazan formed mg! protein h™.

Statistical analysis

The data were analyzed by one-way analysis of variance
(ANOVA) as per Snedecor and Cochran (1994) to cal-
culate the effect of dietary lipid level on growth perfor-
mance and activities of the digestive as well as metabolic
enzyme of fish and the least significance (LSD) was used
for comparison of the mean values. Data are presented as
treatment mean =+ standard error of the mean (SE).

Results

The ingredients and proximate composition of the exper-
imental diets are presented in Table 1. Experimental di-
ets were isoproteinous (crude protein =~ 40%). However,
supplementation of fish oil and vegetable oil has led to
varying crude lipid levels in the diets (D1-D3) as 5.7%,
8.0%, and 10.45%, respectively. All experimental diets
were readily accepted by the O. bimaculatus larvae.

The growth performance of O. bimaculatus larvae
fed varying levels of dietary lipid for 42 days is depict-
ed in Table 2. The growth of the larvae was significantly
(P < 0.05) affected by the dietary crude lipid levels. The
net weight gain (%) of the larvae showed an increasing
trend with increasing levels of the dietary lipid up to 8%
and thereafter decreased. Butter catfish larvae fed diet D2
containing 8% crude lipid had the highest weight gain,
which was significantly different (P < 0.05) from other
dietary lipid levels. The highest values of PER and ANPU
were recorded in fish fed diet D2. The value of FCR was

Table 1. Feed formulation and proximate composition (% DM
Basis) of the experimental diets.

Parameter Experimental diet

D1 D2 D3
Fish meal 53.00 53.0 53.00
Groundnut oil cake 15.00 15.0 15.00
Soybean meal 10.00 10.0 10.00
Wheat flour 10.50 8.0 5.50
Carboxy methyl cellulose 2.00 2.0 2.00
Fish:Veg. oil (1:1) 4.50 7.0 9.50
Vitamin-mineral mix* 5.00 5.0 5.00
Proximate composition [% DM basis]
Dry matter 92.85 +0.06 92.37+0.23 92.06 + 0.05
Crude protein 40.46+0.06  40.18+0.49  40.61 +0.83
Crude lipid 5.70£0.20 8.00 +0.25 10.45+0.45
Total Ash 14.40 +0.30 15.40 +£0.20 16.50 +0.30
Nitrogen free extracts 29.50+0.37  27.61 £2.05 21.80+0.28
Crude protein:crude fat 7:1 5:1 4:1
Energy [kJ g'] 13.85+0.02 14.09 +0.08 14.39 +0.08

*Vitamin-mineral premix contains: Vitamin A (as acetate) 5000 I.U., cholecalcif-
erol 1000 I.U., thiamine monocitrate 10 mg, riboflavin 10 mg, pyridoxine hydro-
chloride 5 mg, cyanocobalamine 15 pg, nicotinamide 75 mg, calcium pantothen-
ate 10 mg, ascorbic acid 150 mg, a-tocopheryl acetate 25 mg, biotin 5 mg, folic
acid 5 mg, menadione 100 mg, choline chloride 50 mg, PABA 5 mg, myoinositol
10 mg, calcium lactate 0.125, magnesium oxide 60 mg, dried ferrous sulphate
30 mg, manganese sulphate 2 mg, copper sulphate 2 mg, zinc sulphate 2 mg,
sodium molybdate 0.25 mg, sodium bortate 0.80 mg, potassium iodate 20 mg,
bicalcium phosphate 0.10 g, cobalt chloride 20 mg (Paul et al. 1997).

Table 2. Growth performance in Ompok bimaculatus larvae
fed with graded levels of lipid.

Parameter Experimental diet

D1 D2 D3
Initial weight [g] 0.15+0.02 0.14+0.01 0.15+0.01
Final weight [g] 1.10+0.12*  1.40+0.07°  1.06 +0.03*
Net weight gain 0.95+0.12*  1.31+0.06° 0.91+0.03*
Specific growth rate [%] 4734035 5.50+0.05° 4.66+0.22°
Daily growth coefficient 0.73+£0.02¢  1.003+0.05> 0.76 +0.09*
Survivability 83.85+6.15 83.85+6.15 79.55+5.46
Number of dead fish 25 25 31
Feed conversion ratio 1.86+0.10° 1.39+0.05* 1.74+0.07°
Protein efficiency ratio 1.31+£0.090  2.39+0.17° 1.30+£0.08°
Apparent net protein utilization 16.09 +0.92* 23.19+1.10° 17.18 +0.82*

Data are presented as mean + standard error of the mean; mean values with differ-
ent superscripts in a row differ significantly (P < 0.05).

the lowest for fish fed diet D2, however, didn’t differ sig-
nificantly between the diets D1 and D3. Butter catfish
larvae in all treatment groups survived well (more than
80%) during the experimental period, and there were no
significant differences among the groups.

Proximate carcass compositions of the butter catfish
larvae fed experimental diets are presented in Table 3.

Table 3. Carcass composition [g* 100 g'!] of O. bimaculatus
larvae fed different levels of lipid.

Constituent [g-100 g™'] Experimental diet

D1 D2 D3
Moisture 79.37+0.09*  80.93+0.22°> 79.80+0.17°
Crude protein 13.93 £0.09 14.40 £0.21 14.03 =0.08
Crude lipid 2.50 +0.06° 2.90 +0.12° 2.77+0.07°
Ash 1.70 = 0.06 1.97 +£0.09 1.80 +0.06

Data are presented as mean + standard error of the mean; mean values with differ-
ent superscripts in a row differ significantly (P < 0.05).
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Figure 1. Specific activity of digestive enzymes of Ompok bimaculatus larvae fed varying levels of crude lipid. Mean values (+ SE)

with no common superscript letters are significantly different (P < 0.05).

Moisture and lipid contents of the whole body were sig-
nificantly (P < 0.05) affected by the dietary lipid levels,
being the highest in larvae fed diet D2 containing 8%
crude lipid. However, varying dietary lipid had no sig-
nificant effect on crude protein and ash contents of O. bi-
maculatus larvae at the tested lipid levels.

Digestive enzymes i.e., amylase, alkaline protease, li-
pase, and pepsin of the butter catfish larvae fed diets with
varied lipid levels are given in Fig. 1. Overall, digestive
enzymes were significantly (P < 0.05) affected by the di-
etary lipid levels. Amylase activity in O. bimaculatus lar-
vae significantly (P < 0.05) decreased with increasing di-
etary lipid levels. The highest alkaline protease and lipase
activities were noticed in the butter catfish larvae fed diet
D2 consisting of 8% crude lipid, while it was not signifi-
cantly (P <0.05) different from the group fed diet D1. The
highest pepsin activity was also documented in the fish
fed diet D2, although it did not differ significantly from
the larvae that received diet D3 with 10.45% dietary lipid.

Activities of the hepatic enzymes involved in the inter-
mediary metabolism of carbohydrate, protein, and lipid
are depicted in Table 4. Varying dietary lipid levels led to
significant differences (P < 0.05) in the activities of PK,
G6P, FBP, G6PD, LDH, ALT, and AST in O. bimacula-
tus larvae. While no significant differences were detected
in the activities of HK, NADP-ME, GDH, and LPO, the
activities of PK and two major neoglucogenic enzymes,
G6P and FBP, significantly increased (P < 0.05) with the
increase in the dietary lipid levels. The activity of G6PD,
a key enzyme of lipogenesis, revealed a significant de-
crease (P < 0.05) with an increase in the dietary lipid
level from 5.7% (D1) to 8% (D2). Further, significantly
lower (P < 0.05) activities of LDH, ALT, and AST were
recorded in O. bimaculatus larvae fed diet D2 with 8%
dietary lipid.

Table 4. Specific activity [U mg protein™'] of metabolic en-
zymes of Ompok bimaculatus larvae fed varying levels of lipid.

Enzyme Experimental diet
D1 D2 D3
Hexokinase 9.82+£0.35 10.27+0.47 10.54+0.51
Pyruvate kinase 5.6+0.24*  62+027° 64+0.29°
Lactate dehydrogenase 0.845 +0.03¢ 0.507 + 0.02* 0.690 + 0.03"
Malate dehydrogenase 235+0.11 224+0.09 220+0.11

4.05+0.13* 438+0.17* 4.62+0.22°
3.10+£0.11* 3.42+£0.14® 3.72+£0.15"

Glucose 6 phosphatase
Fructose 1,6 bis phosphatase

Alanine aminotransferase 3.88+0.16" 3.55+0.09° 3.78 +£0.12°
Aspartate aminotransferase 6.55+0.17° 6.15+0.12° 6.45+0.14°
Glutamate dehydrogenase 512+£020 520+£023 528+0.27
Glucose-6-phosphate dehydrogenase 32.6 +0.81° 27.5+0.76* 26.4+0.72°

Lipid peroxidation 0.92+0.06 0.96+0.004 1.02+0.006

Data are presented as mean + standard error of the mean; mean values with differ-
ent superscripts in a row differ significantly (P < 0.05).

Discussion

During the experimental rearing of the O. bimaculatus
larvae, water temperature varied within a narrow range
(28-30°C) that was considered suitable since a tempera-
ture of around 30°C was suggested as optimum for the
growth of catfish (Paul and Giri 2016). Other water qual-
ity parameters were also within the acceptable range as
recommended elsewhere (Paul et al. 2000; Debnath et al.
2016). Apart from environmental factors, rearing of ear-
ly larval stages under captive condition depends mostly
on the availability of suitable diets that are readily ac-
ceptable and consists of nutrients at the required level to
support growth and well being of the fish. Different larval
stages of fish may have specific nutritional requirements
(Malla and Banik 2015). Digestive systems of fish lar-
vae are immature and therefore they depend on live food
organisms to a great extent for the supply of exogenous
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enzymes. Generally, fish larvae do not prefer artificial
diets, even if larviculture with formulated diets is essen-
tial for large-scale production of any species. The limited
success of the dry formulated diets in larval rearing might
be attributed to insufficient feed intake, imbalanced pro-
tein (non-protein energy sources), impaired digestive, as
well as metabolic functions (Lee et al. 2002).

In the presently reported study, formulated diets were
readily accepted by the 14 day old O. bimaculatus lar-
vae. The study suggests that 8% lipid in a diet with 40%
crude protein might support the growth and survivabili-
ty of the butter catfish larvae during early development.
The required lipid level detected in the presently reported
study was close to the suggested lipid levels documented
for other catfishes. For example, 6.5% and 7% optimum
dietary lipid requirements were reported for Ompok pab-
da (Hamilton, 1822) fry (Paul et al. 2011) and Mystus
montanus (Jerdon, 1849) (see Raj et al. 2007), respec-
tively. Among carps, 6.5% lipid in the diets of Cteno-
pharyngodon idella (Valenciennes, 1844) (see Jin et al.
2013) and 7% lipid for the juveniles of common carp,
Cyprinus carpio Linnaeus, 1758 (see Choi et al. 2015)
supported maximum growth. On the contrary, elevated
lipid requirements have also been suggested. For exam-
ple, lipid levels of 10% for larvae of magur, Clarias ba-
trachus (Linnaeus, 1758) (see BIS 2014b) and 17% for
far eastern catfish, Silurus asotus Linnaeus, 1758 (see
Kim et al. 2012) were reported. Therefore, the majority
of the preceding studies suggested varying lipid require-
ment levels between 6% and 10% in diverse fish species,
with few exceptions. Hence, the presently reported study
considered this narrow level of variation for evaluation
of the lipid levels. The ability of the fish to use lipid as a
source of energy was noticed to vary among diverse fish
species (Jauncey (1982)). Thus, different fish species at
different life stages might require different dietary lipid
levels and it needs to be evaluated separately for individ-
ual fish species. Our results were in agreement with some
of the previous reports depicting 8% lipid requirement
as optimal for a minor carp, Barbonymus gonionotus
(Bleeker, 1849) (see Paul et al. 2010) and fingerlings of
rohu, Labeo rohita (see Mishra and Samantaray 2004).
BIS (2014a) also suggested an 8% crude lipid require-
ment for carp spawn and fry.

The presently reported study revealed that an increase
in the dietary lipid level from 5.7% to 8% was associated
with maximum growth and increased SGR [% - day—1]
of the butter catfish larvae. Similarly, the lowest FCR and
the maximum PER and ANPU values were recorded in
the larvae fed diets with 8% crude lipid (D2). Our result
was in compliance with the preceding reports indicating
that increase in the dietary lipid up to a certain level might
aid in efficient protein utilization that results in improved
growth of the fish (Jauncey 1982; Kim et al. 2012). Sim-
ilar results were recorded for the stinging catfish, Hetero-
pneustes fossilis (Bloch, 1794) (see Akand et al. 1991)
and rohu, L. rohita (see Mishra and Samantaray 2004).
In contrast to these observations, high dietary lipid might
cause to reduce fish growth, as documented for gibel carp,

Carassius gibelio (Bloch, 1782); and Chinese long snout
catfish, Leiocassis longirostris Giinther, 1864 (see Pei et
al. 2004). In the presently reported study, the group of lar-
vae fed diet D3 with 10.45% crude lipid was associated
with poor growth, which was in agreement with Pei et al
(2004). When the non-protein energy source in the diet
becomes insufficient or inaccessible, the protein is used
as a source of energy instead of growth (Mohanta et al.
2009). In the presently reported study, the groups reared
with diets D1 (5.7% lipid) and D3 (10.45% lipid) por-
trayed relatively poor growth that might be indicative of
poor utilization of the non-protein energy source (Wang
et al. 2018). Further, in the presently reported study,
around 80% survivability of the butter catfish larvae was
achieved with the formulated diets during the feeding tri-
al. Previously, 52.18% and 45.82% survivability of the
O. bimaculatus larvae with egg custards and compound
feed was documented by Malla and Banik (2015), which
was relatively lower than the presently reported findings.
Improved survivability accomplished in the presently re-
ported study could be due to improved feed utilization by
the larvae.

An increase in dietary lipid levels seems to be an im-
portant consideration for the food fishes as it might have
a significant effect on the carcass quality (Cowey 1993).
There might be a positive correlation between lipid levels
in the diets and carcass lipid deposition (Cowey 1993),
which was in harmony with the presently reported study.
Similar observations have been recorded in several spe-
cies, e.g., rockfish, Sebastes schlegelii Hilgendorf, 1880
(see Lee et al. 2002); Eurasian perch; Perca fluviatilis
Linnaeus, 1758 (see Mathis et al. 2003); cobia, Rachy-
centron canadum (Linnaeus, 1766) (see Craig et al.
20006); and grouper, Epinephelus malabaricus (Bloch et
Schneider, 1801) (see Williams 2007). On the contrary,
Paul et al. (2011) could not find any difference in car-
cass lipid in another species of butter catfish, O. pabda by
feeding different levels of lipid. In the presently reported
study, carcass protein content was not significantly affect-
ed by the dietary lipid levels, which was consistent with
previous reports on the juveniles of pike perch, Sander
lucioperca (Linnaeus, 1758) (see Schulz et al. 2008) and
cobia (Webb et al. 2010). Overall, the carcass composi-
tion of the O. bimaculatus larvae detected in the presently
reported study was similar to the previous report by Deb-
nath and Sahoo (2013).

Although the ontogeny of the digestive enzymes
during the early development of the O. bimaculatus has
been documented by some authors (Pradhan et al. 2013;
Chowdhury et al. 2019), to the authors’ knowledge, there
is no information on the diet-related changes in the di-
gestive enzymes in the butter catfish. Adaptations of the
digestive system in different species exhibit close associ-
ation with their diet (Fernandez et al. 2001). Thus, chang-
es in digestive enzyme activity could be correlated with
the biochemical composition of food and feeding be-
havior of fish (Kuzmina 1996). In the presently reported
study, amylase activity in O. bimaculatus larvae was no-
ticed to be significantly decreased with elevated dietary
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lipid levels. Previously, amylase activity in gilthead sea
bream, Sparus aurata Linnaeus, 1758, was noticed to
be influenced by dietary lipid levels (Fountoulaki et al.
2005). While, maximum activities of the alkaline prote-
ase, pepsin, and lipase were recorded with the group that
was fed 8% lipid (D2) and achieved the highest growth.
Digestive enzymes might contribute towards efficient
digestion of the dietary components, which could be re-
flected through the growth of the fishes. Thus, increased
growth in fish (fed 8% dietary lipid) associated with en-
hanced digestive enzyme activities might be indicative
of better nutrient utilization in fish as stated elsewhere
(Mandal and Ghosh 2018).

The presently reported study appraised activities
of some major metabolic enzymes to evaluate the ef-
fects of the varying dietary lipid levels. Activities of
the amino acid catabolizing enzymes were influenced
by the dietary lipid levels. The fish liver is the hotspot
for transdeamination with ALT and AST as the major
enzymes (Enes et al. 2006; Kumar et al. 2008). A de-
crease in the activities of ALT, AST, and LDH might
suggest reduced protein catabolism in fish fed diet D2
with 8% lipid. LDH is the enzyme of the glycolytic
pathway that mediates the bidirectional conversion of
pyruvate to lactate. A hike in LDH activity could be
noticed under stress (Chatterjee et al. 2006). Thus, re-
duced LDH activity in the fish reared on D2 might in-
dicate no or negligible stress on the experimental fish.
In the presently reported study, increased activities of
the gluconeogenic enzymes (G6P and FBP) coincided
with an increase in the dietary lipid levels. Gluconeo-
genesis is a major pathway for glucose homeostasis,
where glucose is produced from non-carbohydrate pre-
cursors (e.g., amino acid, lactate, glycerols). Increased
activity of the neoglucogenic enzymes associated with
decreased activity of digestive amylase might be indic-
ative of the production of glucose by gluconeogenesis
to meet the energy demand in this carnivorous species.
No significant variation was noticed in the activity of
the major glycolytic enzyme, HK. G6PD is the key
enzyme catalyzing the first step of the HMP-shunt
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ABSTRACT KEYWORDS
A completely randomized 3 X 3 factorial feeding trial was con- Body composition; digestive
ducted to evaluate the effects of dietary protein and lipid levels enzymes; feed efficiency;
on growth, feed utilization, body composition, and digestive as metabolic enzymes; Ompok
well as metabolic enzymes of the butter catfish (Ompok bima- ~ bimaculatus
culatus) fingerlings. Fish (average weight 0.66 = 0.12 g; 30 d)

were fed nine experimental diets containing three protein levels

(35%, 40%, 45%) and three lipid levels (5%, 10%, 15%) in tripli-

cate groups for a period of 90 days. The formulated diets were

named P35L05, P35L10, P35L15, P40L05, P40L10, P40L15,

P45L05, P45L10, and P45L15 (P = Protein; L = Lipid) respectively.

The results indicated no protein-sparing effect of lipid in

O. bimaculatus fingerlings beyond 35% dietary protein. Overall,

diets P40L5 and P35L10 had significantly (P < 0.05) higher SGR

(% day™") and lower FCR than other experimental groups. The

highest weight gain (10.89 + 0.07 g) and carcass protein (16.71 +

0.2%) were recorded in fish fed diet P40L05. Increasing dietary

lipid levels brought about an increase in carcass lipid in fish.

Activities of a-amylase and acid-protease were decreased

(except at 5% lipid), whereas alkaline-protease was increased

with increasing dietary protein. An increase in pyruvate kinase

(PK, glycolytic enzyme) activity and decrease in glucose-6-phos-

phate dehydrogenase (G6PD, lipogenic enzyme) activity were

noticed with increasing dietary lipid content. A decrease in PK

and increase in G6PD activities were observed with increasing

dietary protein levels. Activities of the gluconeogenic enzymes
(glucose-6-phosphatase, fructose-1,6-phosphatase) increased

significantly (P < 0.05) with increasing dietary protein and lipid

levels. Amino acid catabolizing enzymes, alanine transaminase

and aspartate transaminase, were slightly increased with

increasing dietary protein levels. Considering growth, body

composition, metabolic function, and survivability (>95%), the

diet containing 40% crude protein with 5% lipid might be

suggested as optimum for O. bimaculatus fingerlings under

the tested conditions.
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Introduction

The butter catfish, Ompok bimaculatus (Bloch, 1794), although indigenous to
India, are also distributed in rivers, lakes, floodplains, and wetlands of other
South East Asian countries, e.g., Bangladesh, Borneo, Java, Sumatra, Laos, Sri
Lanka, Nepal, Malaya, Myanmar, Pakistan, Thailand, Cambodia, and
Vietnam (Giri et al. 2019). The species has immense consumer preference
and economic importance due to its excellent taste, balanced nutrient profile,
soft bony structure, and high market price, especially in the east and north
east of India as well as Bangladesh (Banik, Goswami, and Malla 2012; Paul
et al. 2020a). It has been recognized as an excellent source of w-3 and w-6
fatty acids, lipoproteins, vitamins, and minerals together with easily diges-
tible low fat content (Paul et al. 2020b). The wild population of
O. bimaculatus has intensely declined due to anthropogenic activities like
indiscriminate fishing and habitat degradation leading to ecological changes
(Paul et al. 2020a). Considering restricted distribution and reduced abun-
dance, the species has been categorized under near threatened category by
the International Union for the Conservation of Nature and Natural
Resources (IUCN) red list experiencing a risk of extinction in nature
(IUCN 2014; Lakra et al. 2010). Because of high demand, competitive prices,
and IUCN status, the species has been prioritized as a candidate for diversi-
fication of aquaculture and in situ conservation along with restocking
through ranching programs (Debnath et al. 2016; Paul et al. 2020a).
However, even though the aquaculture potential of O. bimaculatus has
been recognized of late, the species has not yet attracted adequate attention
for captive rearing, and thus information on the nutritional requirements of
this species at different life stages is scarce (Biswas et al. 2020, 2019;
Chakrabarti et al. 2012; Paul et al. 2021, 2020a).

Standardization of breeding protocol and feeding strategy accompanied by
nutritionally balanced formulated diets are the prerequisites to establishing
captive culture conditions for any fish species. Captive breeding of
O. bimaculatus has already been established (Banik, Goswami, and Malla
2012; Raizada et al. 2013). Other studies conducted very recently indicated
dietary requirements of 40% crude protein (Paul et al. 2020a) and 8% crude
lipid (Paul et al. 2021) to assure optimum growth and survival of the
O. bimaculatus larvae during early development. Requirement of around
35% dietary protein was suggested for the fingerlings of this species
(Biswas et al. 2020). However, to the authors’ knowledge, studies on dietary
requirements of the major nutrients for the fingerlings of O. bimaculatus
have not yet been reported. Thus, it was considered reasonable to appraise
the nutritional requirements of O. bimaculatus fingerlings to ensure regular
and reliable supply of the fingerlings for commercial production and con-
servation issues.
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Protein is the most important and often an expensive dietary component;
determination of its requirement levels is fundamental to formulating high-
quality as well as cost-effective diets (Wang et al. 2013). Adequate levels of
good-quality protein in fish feed is necessary to support high growth at the
younger stages. If added in excess, the surplus protein would be converted to
energy through catabolism of amino acids, and that should be avoided as it
would increase the feed cost and nitrogenous waste output (National Research
Council 2011; Wu and Gatlin 2014). Therefore, it is important to improve
protein utilization for synthesis of body protein and important biomolecules
rather than for energy purposes (Lee, Jeon, and Lee 2002). Dietary protein
requirements in fish could be affected by the amount of nonprotein energy
sources in the diet. Elevated lipid or carbohydrate levels in the diet could spare
protein without negatively affecting growth and feed utilization efficiency in
fish (De Silva, Gunasekera, and Shim 1991; Wang et al. 2013). Species under
the genus Ompok have been generally recognized as carnivorous to omnivor-
ous and prefer natural food items like zooplankton and tubifex (Malla and
Banik 2015). Similarly, the carnivorous to omnivorous feeding aptitude of
O. bimaculatus has been established (for review, see Gupta 2015). In carnivor-
ous fish species, lipid is generally preferred as a nonprotein energy source since
lipid is an energy-dense nutrient that is readily metabolized, and carbohydrate
is less available in their natural food (Lee, Jeon, and Lee 2002). In addition,
dietary lipids serve as the source of essential fatty acids and a carrier of fat-
soluble vitamins. However, excessive lipid in the diet could disrupt the health
and growth of fish because of abnormal lipid deposition in the body, and thus
careful considerations must be given regarding protein-to-lipid ratios in for-
mulated diets (Lee, Jeon, and Lee 2002; Shapawi et al. 2014; Wang et al. 2013).
Thus, the present study was conducted to optimize dietary protein and lipid
levels for formulation of practical diets for butter catfish fingerlings. Moreover,
the present study evaluated the protein-sparing potential of lipid and
appraised whether an interaction of protein and lipid existed for growth
performance, body composition, and enzyme activities in O. bimaculatus
fingerlings.

As requirement levels for protein and lipid may vary in different species and
at different life stages, designing species-specific and age-specific diets can
improve performance of the fish under commercial aquaculture. Optimization
of the dietary protein:lipid ratio and their interaction has been studied in
diverse fish species (Guerreiro et al. 2012; Kim and Lee 2009; Sagada et al.
2017; Wang et al. 2013). However, no commercial formulated diet has yet been
available for the fingerlings of O. bimaculatus. Considering different protein
and lipid levels studied for diverse fish species and reports on the nutrient
requirements of the O. bimaculatus larvae, in the present study, practical diets
were formulated with three protein (35%, 40%, 45%) and three lipid levels (5%,
10%, 15%) in a 3 x 3 factorial design to optimize the dietary protein and lipid
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levels. Therefore, the present study considered an appraisal of digestive
enzymes along with some key metabolic enzymes to evaluate the effects of
formulated diets with varying protein and lipid levels. The results of the study
might be helpful in making some important information available for formu-
lation of diets for O. bimaculatus fingerlings.

Material and methods
Fish and culture conditions

Butter catfish (O. bimaculatus) fry and fingerlings were raised in the wet
laboratory of the Department of Zoology, The University of Burdwan. Fish
were handled and the experiment was performed following the approved
guidelines of the Institutional Ethical Committee. Prior to the experiment,
the fish were acclimated to the experimental conditions for one week in fiber-
reinforced plastic (FRP) tanks (150 L) with continuous aeration; during this
period fish were fed a formulated diet containing 40% crude protein and 8%
lipid. After acclimatization, the fingerlings (average weight 0.66 + 0.12 g;
average length 4.8 + 0.20 cm; 30 d old) were randomly distributed in 27 FRP
tanks (nine experimental sets in triplicates) at a stocking density of 100 fish per
tank. The fish were manually fed to apparent satiation twice a day at 10:00 and
16:00 hours, and it was ensured that no feed was leftover. Feed consumption
and mortality in each tank were recorded separately, and survivability (%) was
calculated. Seasoned groundwater was used for rearing of the experimental
fish. The experiment was conducted for 90 days with continuous aeration and
daily exchange of 25% water to ensure good water quality. During the experi-
mental period, water quality parameters (temperature, pH, and dissolved
oxygen) were monitored on a regular basis using a portable multiparameter
analyzer (Orion Star™ A329) that utilizes the standard methods of American
Public Health Association (American Public Health Association [APHA]
2012). Total alkalinity was determined by titration of the water sample with
H,SO,4 (0.1 N) and expressed as CaCOj; equivalent (APHA 2012). Water
quality parameters were noticed to vary within a narrow range: temperature
28°C-30°C, pH 6.8-7.7, dissolved oxygen 6.8-7.4 mg/L, and total alkalinity
230-240 mg/L.

Experimental design and diets

The experiment had a completely randomized 3 x 3 factorial design with
triplicate groups. Nine experimental diets were formulated consisting of three
protein levels (35%, 40%, 45%) and three lipid levels (5%, 10%, 15%). The
formulated diets were named P35L05, P35L10, P35L15, P40L05, P40L10,
P40L15, P45L05, P45L10, and P45L15 (P = Protein, L = Lipid) respectively.
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Proximate compositions of the dietary ingredients were determined and diets
were formulated using WinFeed software (Version 2.8). A blending of soybean
meal (SBM), groundnut oil cake (GNOC), and casein along with fish meal
(FM) at varied levels served as the protein sources; a combination of vegetable
and fish oils (1:1) at different inclusion levels met the requirement of desired
lipid levels in the diets. Crude protein (CP) and crude lipid (CL) levels of the
major ingredients were: SBM (CP 45%, CL 2.5%), GNOC (CP 39%, CL 8%),
and FM (CP 55%, CL 8%). All dry ingredients were finely powdered with
a laboratory grinder, sieved to obtain uniform particle size (<400 um, dia-
meter), and mixed thoroughly with the required amount of vitamin-mineral
premix (Supradyn, Piramal Enterprises Ltd., Mumbali, India) and oil sources.
Carboxymethyl-cellulose (1%) was added as a binder, and the mixture was
made to stiff dough with an appropriate amount of lukewarm water. The
dough was pelleted (1 mm in diameter) with an electrically operated pelletizer
and dried initially in the sun (6 h) and further in a hot air oven at 60°C (96 h).
The dried pellets were crumbled, packed in airtight plastic bags, and stored in
a refrigerator at 4°C until use. Formulation and proximate composition of the
experimental diets are depicted in Table 1.

Proximate compositions of diets

Analyses of proximate compositions of the experimental diets (dry weight)
were carried out following the procedures of the Association of Official
Analytical Chemists (Association of Official Analytical Chemists [AOAC]
2005). Dry weight was determined by oven drying (initially at 100 + 5°C for
30 min, thereafter at 60°C) until constant weight. Crude protein (N x 6.25) was
determined by a semi-automatic Kjeldahl system (KjelTRON, Tulin
Equipments, Chennai, India); crude lipid by ether extraction (petroleum
ether, 60 to 80°C) using a Soxhlet apparatus (Socsplus, Pelican Equipments,
Chennai, India); crude fiber as loss on ignition of dried fat-free residues after
digestion with 1.25% H,SO, and 1.25% NaOH using a Fibraplus system
(Pelican Equipments, Chennai, India); and ash by combustion at 550°C in
a muffle furnace. Nitrogen-free extract (NFE) was determined by subtracting
the sum of values for crude protein, crude lipid, crude fiber, ash, and moisture
from 100 (Maynard et al. 1979). Gross energy of the experimental diets was
measured with a bomb calorimeter (Lab-X, Kolkata, India).

Growth parameters

After termination of the experiment, 20 fish were randomly picked from each
tank, weighed, and analyzed to evaluate the growth parameters. Live weight
gain (%), specific growth rate (SGR; % dayfl), protein efficiency ratio (PER),
feed conversion ratio (FCR), apparent net protein utilization (ANPU %), and
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survivability (%) were determined following standard methods outlined by
Steffens (1989), a detailed description of which was depicted in Ghosh and
Mondal (2015).

Digestive enzymes

Activities of the digestive enzymes (a-amylase, alkaline protease, pepsin, and
lipase) in fish were determined at the initiation and completion of the experi-
ment. Digestive tracts of 20 fish from each experimental tank were taken out,
cleaned properly with chilled distilled water, kept on an ice-cooled Petri plate,
and weighed. Pooled samples collected from each tank were used for
a replicate; thus there were three replicates for each experimental set. A 10%
homogenate was prepared with chilled phosphate buffer (0.1 M, pH 7.4) and
centrifuged at 10,000 rpm (10 min, 4°C). The resulting supernatant was used
as the enzyme extract for estimation of digestive enzymes. Protein content of
the supernatant was analyzed using bovine serum albumin as a standard
(Lowry et al. 1951). Amylase activity was determined after Bernfeld (1955)
using dinitro salicylic acid (DNSA) reagent, and unit activity (U) was
expressed as mg maltose liberated mg ™" protein hr™'. Alkaline protease activity
was measured following Walter (1984), using Hammerstein casein substrate
and presented as pg of tyrosine liberated mg™" protein hr ™' (U). Acid protease
(pepsin) activity was determined using hemoglobin (2%) substrate according
to Anson (1938) with minor alterations as described in Worthington (1991)
and expressed as pg of tyrosine liberated mg™' protein min~"' (U). Lipase
activity was measured after Bier (1955) using olive oil substrate and documen-
ted as p mole of fatty acid liberated mg™" protein hr™" (U).

Metabolic enzymes

For determination of metabolic enzymes, hepatic tissues were collected and
a 10% homogenate (in 0.25 M sucrose, pH 7.4) was prepared. Following
removal of cellular debris by centrifugation (1,000 g, 30 min, 4°C), the super-
natant was further centrifuged at 10,000 g (15 min, 4°C) to obtain mitochon-
drial pellets (Biswas et al. 2006). The supernatant was centrifuged at 12,500 g
(I h, 4°C), and the resultant fraction was used as the source of cytosolic
metabolic enzymes. Although the mitochondrial pellet was further processed
with triton X-100 (0.1%) and repeatedly washed (10,000 g, 30 min, 4°C) with
PBS (0.1 M, pH 7.4), the supernatant thus obtained was used as the source of
mitochondrial metabolic enzymes. The tissue fractions were stored in —20°C
until use.

Among carbohydrate metabolizing enzymes, hexokinase (HK) was deter-
mined after Tranulis et al. (1996) through the reduction of NADP to generate
NADPH. HK activity was presented as uM of NADPH formed mg ' protein
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h™! (V). Pyruvate kinase (PK) was measured following Driedzic and Almeida-
Val (1996) with minor alteration. PK activity was expressed as umole of
pyruvate converted to NADH mg ' protein min~' (U). Gluconeogenic
enzymes, glucose-6-phosphatase (G6P), and fructose-1,6-bis phosphatase
(FBP) were determined through the amount of phosphorus (Pi) released
from glucose-6-phosphate (Marjorie 1964) or fructose-di-phosphate
(Freeland and Harper 1959) as substrates respectively. Release of Pi was
measured following Fiske and Subbarow (1925). G6P and FBP activities
were expressed as g of phosphorus released mg~" protein min~" (U).

Among lipogenic enzymes, glucose-6-phosphate dehydrogenase (G6PD)
was determined using glucose-6-phosphate as the substrate and NADP
(Kornberg and Horecker 1955). G6PD activity was expressed as pM of
NADPH formed mg_1 protein hr™! (U). NADP-malic enzyme (NADP-ME)
activity was measured using L-malic acid as the substrate following Hsu and
Lardy (1967) with alterations proposed by Murphy and Walker (1974).
NADP-ME activity was expressed as uM of NADPH formed mg™' protein
h™ (U).

Amino acid catabolizing enzymes, alanine transaminase (ALT) and
aspartate transaminase (AST), were measured using a-ketoglutarate and
DL-Alanine or DL-Aspartic acid substrates respectively (Reitman and
Frankel 1957). ALT activity was presented as pM of pyruvate
formed mg~' protein min~' (U); AST activity was expressed as puM of
oxaloacetate formed mg™' protein min~' (U). Mitochondrial glutamate
dehydrogenase (GDH) activity was determined after Lee and Lardy
(1965) using sodium glutamate and tetrazolium salt. GDH activity was
expressed as uM of formazan formed mg ' protein h™' (U).

Compositions of fish carcass

Analyses of proximate compositions of the fish carcass (wet weight) were
carried out by standard procedures of the Association of Official Analytical
Chemists (AOAC 2005) as described in a previous section.

Statistical analysis

Data were presented as mean * standard error (SE). Data were analyzed
by one-way (dietary treatments) and two-way (dietary protein and lipid
levels) analysis of variance (ANOVA) following Zar (2010). Multiple
comparisons were made by Tukey’s post hoc HSD test to analyze sig-
nificant differences (P < 0.05) between the means of experimental
groups.
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Results

Data pertaining to growth performance, feed utilization, and survivability of
O. bimaculatus fingerlings fed diets with different protein and lipid levels for
90 days are presented in Table 2. Results of the one-way ANOVA indicated
that net weight gain, SGR (% per day), FCR, and protein utilization were
significantly (P < 0.05) influenced by varying levels of dietary protein and lipid.
The highest weight gain was recorded in fish fed diet P40L5. Overall, diets with
45% crude protein produced fish with lower SGR, PER, and ANPU. Increasing
lipid levels from 5% to 15% resulted in a decrease in growth and protein
utilization in fish fed diets with 40% or 45% crude protein. Survivability rates
in butter catfish fingerlings were >90% except the groups fed diets P45L10 and
P45L15. Analysis by two-way ANOVA revealed that SGR, FCR, PER, ANPU,
and survivability were significantly affected by the dietary protein and lipid
levels (P < 0.05). Further, except for survivability, there were significant
interaction between the dietary protein and lipid levels on the growth and
feed utilization parameters (e.g., SGR, FCR, PER, and ANPU) of
O. bimaculatus fingerlings.

Activities of the digestive enzymes are depicted in Table 3. Overall, one-way
ANOVA indicated that activities of a-amylase and acid protease were
decreased (except at 5% lipid, up to 40% CP), whereas alkaline protease was
increased with increasing levels of dietary protein. The maximum a-amylase
and acid protease activities were noticed in the fish fed diet P35L10, though it
was not significantly different from the groups fed diets P35L15 and P40L05.
Significantly (P < 0.05) higher alkaline protease activity was recorded with the
fish fed diets with 45% crude protein irrespective of tested lipid levels, when
compared to other protein levels. Lipase activity increased significantly with
increasing dietary lipid from 5 to 10 at the 35% CP level. Although the
maximum lipase activity was noticed in the fish fed diet P45L05, that didn’t
differ significantly (P < 0.05) with the other groups receiving 40% or 45%
crude protein in the diets. Thus, at higher CP levels, lipase activity didn’t differ
significantly with increasing lipid levels. According to two-way ANOVA,
activities of the tested digestive enzymes were significantly affected
(P < 0.05) by dietary protein and lipid levels and their interaction.

Some of the key hepatic enzymes concerned with intermediary metabolism
of protein, lipid, and carbohydrate are portrayed in Table 4. One-way ANOVA
showed that varying dietary protein and lipid levels led to significant differ-
ences in the activities of PK, G6P, FBP, G6PD, ALT, and AST in
O. bimaculatus fingerlings; differences were not significant for the activities
of HK, ME, and GDH. Activity of the glycolytic enzyme PK significantly
decreased with increasing dietary protein levels but increased by increasing
lipid levels at the same protein level. Activities of two major neoglucogenic
enzymes, G6P and FBP, significantly increased with increases in the dietary
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Table 3. Activities of digestive enzymes in Ompok bimaculatus fingerlings fed varying dietary
protein and lipid levels for 90 days.

Experimental diets Amylase Alkaline protease Lipase Pepsin
P35/L05 10.86 + 0.08° 1.63 + 0.03° 1.37 + 0.02° 3.35 + 0.06°
P35/L10 12.25 + 0.10° 1.68 + 0.012° 1.61 + 0.03% 3.65 + 0.07°
P35/L15 11.96 + 0.12%¢ 1.74 + 0.03%¢ 1.56 + 0.03° 3.42 + 0.06°
P40/L05 11.86 + 0.11% 1.82 + 0.02°¢ 1.72 + 0.03% 3.55 + 0.07°
P40/L10 115 +0.12¢ 1.94 + 0.04% 1.81 + 0.04° 2.89 + 0.05°
P40/L15 9.65 + 0.12° 1.96 + 0.03% 1.78 + 0.03¢ 2.92 + 0.05°
P45/L05 10.52 + 0.07° 2.12 + 0.04% 1.86 + 0.04¢ 2.75 + 0.05°
P45/L10 9.95 + 0.15° 2.16 + 0.04 9 1.78 + 0.04 < 2.64 + 0.06°
P45/L15 8.77 £ 0.11° 2.06 + 0.04%%9 1.71 +0.03% 2,61 + 0.05°
Means of main effect

P35 11.69 1.68" 1.51 3478

P40 11.00 1918 177 3.36"8
P45 9.74 2.11°¢ 178 3.13%

LO5 11.08 1.86 1.65 345

L10 11.23 1.93 173 3.37

L15 10.12 192 1.68 3.14
Two-way ANOVA (P value)

Protein P < 0.001 0.024 0.019 P < 0.001
Lipid P < 0.001 P < 0.001 P < 0.001 P < 0.001
Interaction P < 0.001 0.027 P < 0.001 P < 0.001

Note. Data are presented as Mean + SE of three determinations (n = 3). Means with different superscripts in a column
differ significantly (P < 0.05).

protein and lipid levels. Activity of the lipogenic enzyme, G6PD, revealed
a significant decrease with an increase in the dietary lipid levels and increased
with an increase in the dietary protein levels. Further, activities of amino acid
catabolizing enzymes, ALT and AST, revealed a marginal increase with an
increase in the dietary protein levels for all of the tested lipid levels.

Based on one-way ANOVA, whole body lipid and protein were sig-
nificantly affected by varying levels of dietary proteins and lipids,
although moisture and ash contents remained statistically neutral
(Table 5). The highest crude protein in the carcass was recorded in the
group P40L05, although it did not differ significantly (P < 0.05) with the
groups P35L10 and P40L10. Further, an increase in dietary lipid levels at
both 40% and 45% crude protein resulted in a decrease in carcass
protein deposition in fish. The maximum crude lipid in the carcass
was noticed in fish fed diet P40L15, which was not significantly different
(P < 0.05) to the fish fed diets P35L10, P40L05, and P40L10. An increase
in dietary lipid levels brought about an increase in carcass lipid contents
in fish at the same protein level, although the difference was significant
with only 35% crude protein. The two-way ANOVA indicated that
dietary protein and lipid levels and their interaction had a significant
influence on carcass protein and lipid of O. bimaculatus fingerlings.
However, there was no significant interaction between dietary protein
and lipid levels on carcass ash and moisture contents.
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Table 5. Whole body carcass composition (%) of Ompok bimaculatus fingerlings fed varying
dietary protein and lipid levels for 90 days.

Experimental diets Moisture Crude protein Crude lipid Crude ash
P35/L05 79.75 £ 2.19 16.21 + 0.05° 2.5+ 0.02° 1.78 = 0.02
P35/L10 79.54 £1.25 16.61 + 0.04¢ 2.71 £ 0.02° 1.81 = 0.02
P35/L15 78.67 £ 1.57 16.42 + 0.03¢ 2.89 + 0.03¢ 1.83 = 0.01
P40/L05 78.82 £ 2.54 16.71 + 0.02¢ 2.82 +0.02 1.86 = 0.03
P40/L10 79.27 £ 2.28 16.52 + 0.03 <4 2.85 + 0.04% 1.76 = 0.01
P40/L15 79.06 £ 1.42 16.40 + 0.04° 291 +0.01° 1.74 £ 0.02
P45/L05 79.98 £ 2.25 16.04 + 0.02°° 2.74 +0.01°¢ 1.84 = 0.01
P45/L10 78.57 £2.05 15.95 + 0.03% 2.76 + 0.01° 1.76 = 0.01
P45/L15 78.86 + 2.78 15.87 + 0.04° 2.82 +0.02 1.76 + 0.03
Means of main effect

P35 79.32 16.418 2.70 1.80
P40 79.05 16.54® 2.86 1.78
P45 79.13 15.95% 2.77 1.78
LO5 79.51 16.32 2.68 1.82
L10 79.12 16.36 2.77 1.77
L15 78.86 16.23 2.87 1.77
Two-way ANOVA (P value)

Protein 0.897 P < 0.001 P < 0.001 0.388
Lipid 0.913 P < 0.001 P < 0.001 0.387
Interaction 0.951 P < 0.001 P < 0.001 0.434

Note. Data are presented as Mean + SE of three determinations (n = 3). Means with different superscripts in a column
differ significantly (P < 0.05).

Discussion

Nutritional requirements are the reflection of growth and physiology in fish, as
dietary nutrients are utilized for energy metabolism, tissue restoration, and
growth (Wang et al. 2013). The present study aimed at determining the
optimal combination of dietary protein and lipid levels to support growth,
feed utilization, and metabolic functions in Ompok bimaculatus fingerlings
under captive conditions. The use of lipid in the diets has to be critically
evaluated as excessive lipid may not only interfere with pellet quality and shelf
life of the diets but also growth and feed utilization in fish (Li et al. 2010). Thus,
an appropriate lipid level in fish diets is of great importance. On the other
hand, dietary protein is the major factor affecting growth of fish along with
feed cost (Lovell 1989). In general, increasing the dietary protein level could be
linked with improved fish production, especially for carnivorous fish (Lee,
Jeon, and Lee 2002). Dietary lipid levels might have considerable influence on
the effect of protein on the growth and normal well-being of fish. To the best of
our knowledge, this is the first report on the effects of varying dietary protein
and lipid levels on growth, feed utilization, body composition, and metabolic
enzymes of O. bimaculatus fingerlings. In the presently reported study, the
maximum weight gain and SGR were noticed in O. bimaculatus fingerlings fed
the diet P40L05 with 40% crude protein and 5% lipid. However, SGR and FCR
did not vary significantly from the fish fed diet with 35% crude protein and
10% lipid (P35L10). Therefore, improved growth and feed utilization effi-
ciency associated with increasing lipid content of the diet from 5% to 10% at
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the 35% dietary protein level might indicate the protein-sparing effect of
dietary lipid in O. bimaculatus fingerlings, as suggested elsewhere (Sagada
et al. 2017). Such protein-sparing effect was also noticed in several fish species,
including bagrid catfish (Pseudobagrus fulvidraco) (Kim and Lee 2005), blunt
snout bream (Megalobrama amblycephala) (Li et al. 2010), Asian catfish
(Pangasius hypophthalmus) (Liu et al. 2011), juvenile northern snakehead
fish (Channa argus) (Sagada et al. 2017), and Juvenile Yellow Drum (Nibea
albiflora) (Wang et al. 2018).

In the present report, an increase of crude protein from 35% (with 10%
lipid) to 45% did not cause significant improvement in fish growth and
teed utilization efficiency. This could be an indication that the minimal
amino acid requirement was met at 35% protein and beyond which excess
protein might be extravagantly converted to energy and nitrogenous
excreta. Similar observations were documented in previous reports on
diverse fish species (Sagada et al. 2017; Tu et al. 2015), including finger-
lings of O. bimaculatus (Biswas et al. 2020). Further, SGR tended to
decrease and FCR tended to increase with increasing the lipid levels
from 5% to 15% in the diets with higher levels of protein (40% and
45%). This might indicate that elevating the dietary lipid levels from 5%
to 15% did not induce protein-sparing action in O. bimaculatus fingerlings
fed diets with > 40% dietary protein. In accordance to our report, Wang
et al. (2013) indicated that golden pompano (Trachinotus ovatus) reared
in net pens attained higher weight gain (%) at the dietary lipid level of
6.5% than at 12.5% when fed with varying dietary protein levels (33%-
50%). Similarly, juveniles of ayu (Plecoglossus altivelis) (Lee, Jeon, and Lee
2002) and flounder (Paralichthy solivaceus) (Lee and Kim 2005) exhibited
faster growth at the dietary crude lipid levels of 6.0%-6.5% than at 13%-
19%. Thus, as in the presently reported study, previous works also con-
firmed that protein-sparing action could not be sustained beyond certain
levels of dietary protein and lipid (Sagada et al. 2017). Furthermore, the
present study recorded a marginal improvement in weight gain (%) with
increasing the protein level from 35% (diet P35L10, 10% lipid) to 40%
(diet P40L05, 5% lipid). Incorporation of 40% crude protein for
O. bimaculatus was in agreement with the protein requirement of catfish,
as reported previously (BIS 2014).

Growth is extremely influenced by digestive and absorptive physiology,
which affects utilization of the ingested nutrients in an organism (Sagada
et al. 2017). The capability of fish to efficiently utilize a given diet could
be apprehended by the activity of digestive enzymes and their responsive-
ness toward diverse dietary compositions (Pérez-Jiménez et al. 2009).
Thus, adaptations of the digestive enzymes to feeding and related meta-
bolic alterations might be used as a clue for formulation of nutritionally
effective diets (Lundstedt, Melo, and Moraes 2004). However, to the
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authors’ knowledge, diet-related changes in the activity of digestive
enzymes in the butter catfish fingerlings appears to be mostly unexplored
and warrants more insight for better understanding of the relationship
between digestive as well as metabolic enzymes and growth performance.
In the presently reported study, increasing dietary protein and lipid levels
were inversely proportional to dietary carbohydrate content and asso-
ciated with a decrease in a-amylase activity. Our study was in accordance
with the results obtained in hybrid catfish (Clarias batrachus x
C. gariepinus) fed diets with high protein levels (Giri et al. 2003) and
contradicted with African catfish C. gariepinus (Ali and Jauncey 2004).
The present study noticed to enhance alkaline protease activity with
increasing dietary protein levels, which was in agreement with the pre-
ceding reports on hybrid catfish (Clarias batrachus x C. gariepinus) (Giri
et al. 2003), spotted sorubim (Pseudoplatystoma corruscans) (Lundstedt,
Melo, and Moraes 2004), silver barb (Puntius gonionotus) (Mohanta et al.
2008), and rice field eel (Monopterus albus) (Ma et al. 2014). Thus, it
could be suggested that dietary protein levels might ascertain protease
secretion and augment proteolytic activities in the digestive tract (Huang,
Zhao, and Luo 2013). Although results on the acid protease activity
recorded in the present study did not comply with this hypothesis, it
was similar to the observation of Santos et al. (2020) depicting an increase
in the CP level from 36% to 42% associated with a decrease in acid
protease activity. On the contrary, protease activity was not significantly
affected by dietary protein levels in gibel carp (Carassius auratus gibelio)
(Ye et al. 2015) and juvenile northern snakehead fish (C. argus) (Sagada
et al. 2017). Several studies reported a positive correlation between intest-
inal lipase activity and dietary lipid levels (Sagada et al. 2017; Wang et al.
2018). However, in the present study, lipase activity didn’t differ signifi-
cantly with increasing lipid contents at higher CP levels, supporting our
observation that there was no protein-sparing effect of lipid in juvenile
O. bimaculatus at > 40% dietary protein level.

The present study evaluated activities of some key metabolic enzymes to
appraise consequences of the varying dietary protein-lipid levels in juvenile
O. bimaculatus. Neoglucogenesis is an important pathway for glucose home-
ostasis, where glucose is synthesized from noncarbohydrate precursors (e.g.,
amino acid, glycerol, lactate). The present study recorded increased activities
of the neoglucogenic enzymes (G6P and FBP) with an increase in both dietary
protein and lipid levels. Enhanced activity of the neoglucogenic enzymes
noticed in this study linked with reduced activity of digestive amylase might
indicate production of glucose by neoglucogenesis so as to accomplish the
energy demand in O. bimaculatus, which is supposed to be a carnivorous fish
(Paul et al. 2021). The major glycolytic enzyme, HK, was not significantly
affected by the varying dietary protein and lipid levels in the present study.
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However, activity of another glycolytic enzyme PK decreased and neogluco-
genic enzyme FBP increased with an increase in the dietary protein, which was
in accordance with the observation made by Wang et al. (2018) in brown trout
(Salmo trutta fario).

The lipogenic enzyme, G6PD, catalyzes the first step of the HMP-shunt
(pentose phosphate pathway) generating NADPH for lipid biosynthesis and
stress management (Pandolfi et al. 1995). The present study noticed around 10
times higher activity of G6PD than that of ME with an increase in dietary
protein levels, suggesting that NADPH production for lipogenesis is mainly
obtained from the pentose-phosphate pathway (S4, Pousdo-Ferreira, and
Oliva-Teles 2007). Further, activity of the G6PD was inhibited in the present
study by an increase in the dietary lipid, which was similar to the observations
recorded in brown trout (Salmo trutta fario) (Wang et al. 2018) and Senegalese
sole (Solea senegalensis) (Guerreiro et al. 2012). In contradiction, Sa,
Pousdo-Ferreira, and Oliva-Teles (2006) couldn’t detect a significant effect of
dietary protein or lipid levels on G6PD activity in White sea bream (Diplodus
sargus). ME is associated with NADP-dependent oxidative decarboxylation
(malate to pyruvate and carbon dioxide) generating NADPH that is likely to be
utilized for lipid biosynthesis; GDH is considered a sensitive stress indicator
(Paul et al. 2021; Susan et al. 2010). ME and GDH activities were more or less
unaffected by the dietary protein and lipid levels, which was consistent with
the findings of Wang et al. (2018) in brown trout. Consequently, results of the
present study might suggest that increasing dietary lipid at the same protein
level could neither improve lipogenesis nor induce stress in O. bimaculatus
fingerlings.

ALT and AST are the main transaminases in fish liver (S4,
Pousdo-Ferreira, and Oliva-Teles 2007). In the present study, activities
of the amino acid-catabolizing (ALT and AST) enzymes were influenced
by the dietary protein and lipid levels. The activities of ALT and AST
were proportional to the increasing dietary protein levels, which was
similar to the observations made by S4, Pousao-Ferreira, and Oliva-Teles
(2007) in White Sea bream and Wang et al. (2018) in brown trout.
Increased ALT and AST activities might be indicative of increased
protein catabolism at high dietary protein levels corroborated with the
increased activities of alkaline proteases. Further, increased dietary lipid
at the same protein level was associated with a decrease in the activities
of both ALT and AST, suggesting use of lipid as an energy source along
with reduced catabolism of protein. Similar observations were reported
in other species, e.g., Sparus aurata (Fernandez et al. 2007) and Salmo
trutta fario (Wang et al. 2018).

Increasing dietary lipid levels might have a significant effect on the
carcass quality of fish (Cowey 1993). The presently reported study noticed
an increased accumulation of body lipid with an increase in the dietary
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lipid contents at each protein level. Similar effects were also detected in
numerous species, e.g., rockfish (Sebastes schlegelii) (Lee, Jeon, and Lee
2002), Eurasian perch (Perca fluviatilis) (Mathis, Feidt, and Brun-Bellut
2003), bagrid catfish (P. fulvidraco) (Kim and Lee 2005), cobia
(Rachycentron canadum) (Craig, Schwarz, and McLean 2006), Malabar
grouper (Epinephelus malabaricus) (Williams 2007), brown-marbled
grouper (Epinephelus fuscoguttatus) (Shapawi et al. 2014), and juveniles
of snakehead fish (Channa argus) (Sagada et al. 2017). In contrast, Paul
et al. (2011) could not detect any difference in carcass lipid in another
species of butter catfish (O. pabda) by feeding different levels of lipid. In
the present study, the diets containing the maximum protein level were
not associated with the highest whole body protein in O. bimaculatus
fingerlings, which was comparable with the other findings (Rahimnejad
et al. 2015; Tuan and Williams 2007). On the contrary, several studies
suggested a significant increase in the body protein content with the
increase in the dietary protein level (Chen et al. 2010; Wang et al.
2016). Further, whole body moisture and ash contents of O. bimaculatus
fry in the present study were not affected by the dietary treatments. In
accordance, varying dietary protein and lipid levels did not have any effect
on whole body ash content of the grouper (E. fuscoguttatus) (Shapawi
et al. 2014). Although numerous studies indicated a decrease in whole
body moisture content with increasing dietary protein (Sagada et al. 2017;
Wang et al. 2016) and lipid levels (Lim et al. 2009; Luo et al. 2005; Sagada
et al. 2017).

Conclusion

Considering the highest weight gain (%) and SGR (% per day), the lowest
FCR, and 95% survivability achieved with the diet P40L05 together with
the carnivorous nature of the species, it may be concluded that 40% crude
protein with 5% lipid was optimum for the growth and feed utilization of
O. bimaculatus fingerlings. In addition, since no protein-sparing effect of
lipid in juvenile O. bimaculatus was noticed beyond the 35% dietary
protein level, excessive dietary lipid should be avoided for economic diet
formulation as well as health concerns (Craig, Schwarz, and McLean
2006). Variations in some key intermediary metabolic enzymes owing to
alterations in the dietary components recorded in the present study might
suggest high metabolic adaptability of this species to the varying dietary
protein and lipid levels. Moreover, information generated on growth, body
composition, and digestive as well as metabolic function of the butter
catfish fingerlings might aid in the formulation of practical diets for
captive rearing of the highly valued catfish O. bimaculatus.
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. Project Title: Development of Larval diet for Ompok bimaculatus, a high- valued fish of

regional importance

. Key Words: Ompok bimaculatus,Ontogeny, larvae, egg, enzyme,larval diet and nutrient

composition

(a) Name of the Lead Institute : ICAR-Central Institute of Freshwater Aquaculture,

. (b) Name of Division/ Regional Center/ Section: Regional Research Center, I[CAR-CIFA,

Rahara
(a) Name of the Collaborating Institute(s): University of Burdwan
(b) Name of Division/ Regional Center/ Section of Collaborating Institute(s)

Dept. of Zoology, Burdwan Rajbati, Raiganj, Burdwan, West Bengal 713104

. Project Team(Name(s) and designation of PI, CC-PI and all project Co-PIs, with time spent)

S1. No. | Name, designation | Statusin | Timeto | Work components assigned to

and institute the project | be spent | individual scientist
(PI/CC-PV/ | (%)
Co-PI)
1 Dr. B.N.Paul PI 50 Planning, Nutrient analysis,

evaluation of larval feed, data
analysis and reporting

2. Dr.P.P.Chakrabarti Co-PI 25
Brood stock development of high

value species

2 Dr. S Adhikari Co- PI 25 Water quality parameters and
reporting.

3 Dr. R.N Mandal Co-PI 25 Production of Live food
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4 Mr. A Das Co-PI 25
Production of larvae, Evaluation
of larval feed, data analysis and
reporting

Collaborating University: University of Burdwan, West Bengal

5. Dr. K. Ghosh Co-PI 25 Ontogeny study of larvae and
enzyme analysis.

7. Priority Area: Aquaculture Diversification.
8. Project Duration: Date of Start — 01.04.2017
Date of Completion — 31.03.2020

9. a. Objectives

1. To study nutrient composition of egg and different stages of larvae

2. To study the ontogeny of larval development.

3. To formulate larval feed and evaluation

b. Practical utility

Ompok bimaculatus, popularly known as the ‘butter catfish’, is a freshwater teleost species
native to the South-East Asia. It is piscivorous as well as carnivorous fish. Due to its air-breathing
nature, it could become a very good candidate species for stocking small, shallow seasonal ponds
and tanks which are oxygen-deficient and could grow to required marketable size in just 6months.
Over the years, the natural occurrence of this fish species has been depleted due to some
anthropogenic activities and hence it has been listed under Near Threatened (NT) category of
TUCN Red List (2010). This fish has a high commercial value and preferred in Eastern and North-
Eastern India. O. bimaculatus was also declared as the State Fish of Tripura in the year 2007.The
captive breeding of O. bimaculatus has opened a new road map for successful aquaculture of the
species. During its metamorphosis, larval rearing is a big challenge. The larval stage is a critical
stage in fish life cycle that necessitates an appropriate exogenous nutrition once the embryonic
yolk is used up. Research has been carried out over the few decades to reduce the period over

which live pray must be used, using better understanding of larval behavior and physiology and
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improvement in microparticle formulation. The success of larval rearing is greatly influenced by
first feeding regimes and the nutritional quality of starter diets. Thus to domesticate the species
larval rearing is a bottleneck, especially the larval feed. Thus the present proposal is aimed at
development of larval feed for O. bimaculatus so that the mortality will be reduced and more
stocking material would be available for successful growout of O. bimaculatus.

Keeping in view of the above concept an attempt has been taken up to domesticate Ompok

bimaculatus in terms of its understanding of larval nutrition and feed development.

Z00LOGCY B

Collaborating University: University of Burdwan

10. Final Report on the Project (materials and methods used, results and discussion, objective

wise achievements and conclusions)

1 Material : Ompok bimaculatus
2. Techniques/Methodology :
3. The larval feed development for the O. bimaculatus is critical as the species requires

exogenous nutrition once the embryonic yolk is exhausted. The development of exogenous larval
feed is very essential at this stage. The study of ontogeny of larvae will give a guideline ragarding

the enzyme status and metamorphosis of its digestive system. Co-feeding strategy to be evolved
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for proper feeding of the larvae with natural and formulated feed. Further the exogenous
formulated feed will be developed for the larvae.

4. Sample Analysis:

5. The samples were collected as per the method of Sankar (2010).The nutrient analysis of brood
fish, egg and larvae and feed samples were done as per AOAC (2005). Water quality was studied as per
APHA (2005).

6. Fatty acid analysis:

7. Extraction of pooled samples for fatty acid analysis was done as per Folch et al. (1957). Preparation
of Fatty acid Methyl Esters (FAME) was done as per Metcalfe et al. (1966). The prepared samples were
quantified by injecting into Gas Chromatograph (GC) (Perkin Elmer; CLARUS 480). GC operating
software ‘Total Chrom’ was used and identification of individual Fatty Acid was done by comparison of
retention time to those of standards (SUPELCO, Cat.No. 47885-U). Data were subjected to statistical
analysis as per Snedecor and Cochran (1994) and the least significance difference (LSD) was used for

comparison of the mean values.

X

Gas Chromatograph (GC) (Perkin Elmer; CLARUS 480).

9. Enzyme assay: Digestive enzymes was assayed as per Reitman and Frankel (1957).
1. Protease, amylase and lipase activities was measured after Walter (1984), Bernfeld (1955) and Bier
(1955), respectively
2. Estimation of trypsin and chymotrypsin activity according to Erlanger et al. (1961)
3. Apart from digestive enzymes, the following metabolic enzymes were studied as key enzymes of

the major metabolic pathways:

Glucose 6 phosphate dehydrogenase (De Moss, 1955), cytosolic NADP malate dehydrogenase
(Hsu and Lardy, 1967), mitochondrial NAD malate dehydrogenase (Englard and Siegel, 1969), alanine
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transaminase (Reitman and Frankel,1957), aspartate transaminase (Reitman and Frankel, 1957), glucose-
6-phosphatase (Marjoric, 1964), fructose- 1,6-bisphosphatase (Freeland and Harper, 1959) and hexokinase
(Tranulis et al., 1996)

4. Changes in the profile of proteolytic enzymes through ontogeny was studied through separation

and characterization of proteases by substrate SDS-PAGE after Garcia-Carreno et al. (1993).

Average live weight gain (%), specific growth rate (SGR; % day-—1), feed
conversion ratio (FCR), protein efficiency ratio (PER) and apparent net

protein utilization (ANPU%) were worked out as per (Steffens, 1989).

Preparation of enzyme extracts |

Fish Juveniles mmmm) Anesthetized and sacrificed by

(5 specimen from each . Tissue dissected and
. : 1 0.3% MS-222 —)
group: Sl“gle I‘epllcate) applying /o washed in chilled PBS.

pH7.4 l

Pooled digestive tracts

Pooled liver samples

ooled muscle samples |

10% homogenate in 0.25 10.% homogenate
M sucrose pH 7.4 in phosphate
Centrifugation, buffer pH 7.4
10,000g 10 min 4°C
Pellet removed Centrifugation,
(cell debri, nuclei) 12500g 30 min 4°C
Supernatant
Centrifugation,
10,000g 15 min 4°C Supernatants
used as
extracts for
digestive
Supernatant used as extract for enzymes

metabolic enzymes
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Objectivel. To study nutrient composition of egg and different stages of larvae

Nutrient composition Egg, Brood fish and Larvae

The proximate and fatty acid composition of Ompok bimaculatus (pabda) brood
fish, egg and larvae was assayed to have an insight of the nutrient metamorphosis during
early life of the species and vis-a-vis parental nutrient composition. The collected brood
fish, eggs and larvae were analyzed for proximate and fatty acid composition.

The brood fish and its egg were collected from ICAR-Central Institute of
Freshwater Aquaculture, Kalyani field station. Soon after hatching the O. bimaculatus
larvae were also collected from Kalyani Field Station. The collected samples of brood fish,
egg and larvae of ompok were iced immediately and sent for analysis. Sampling procedure
and sample preparation was done as per the standard methodology of Sankar et al. (2010).

The proximate composition of Pabda brood, egg and larvae are presented in Table
1. The data revealed that the crude protein, fat and ash content of brood fish, egg and larvae
were 14.4+0.07,25.90+0.20, 12.23+0.88; 1.06+0.07, 0.64+0.15, 0.42+0.04 and 2.33+0.05,
1.61+0.10 and 1.79+0.04 (%) respectively.. The studies revealed that the crude protein
content was significantly (P<0.01) higher in pabda egg however moisture, crude lipid and
total ash (%) was significantly (P>0.01) lower pabda egg. The result of the study also
concluded that the moisture, crude lipid and total ash (%) was significantly (P<0.01) higher
in pabda brood.

Table 1: Proximate composition of Brood pabda, egg and larvae

Particulars Brood Pabda Pabda Egg Pabda Larvae
Moisture 80.09+0.64° 61.84+1.402 82.02+0.62°
Crude Protein 14.44+0.072 25.90+0.20° 12.23+0.88%
Crude Fat 1.06+0.07° 0.64+0.15* 1.61+0.10?
Total Ash 2.3340.05° 1.61+0.10° 1.79+0.04°

Data presented as Mean+ S.E. Superscripts # in a row differs significantly (P<0.01)
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Table 2: Fatty acid (% of total fatty acid) composition of Pabda brood, egg and larvae

Particulars Pabda brood | Pabda Egg Pabda Larvae
Butyric Acid 0.02+0.01? 0.01+0.0012 | 2.08+0.05°
Myristic acid (C14:0) 0.12+0.01? 0.22+0.03? 4.03£0.57°
Palmitic acid (C16:0) 87.81£1.53% | 66.15+0.77% | 22.52+0.642
Arachidic acid (C20:0) 0.2+0.03? 0.05+0.001* | 2.31+0.12°
Others 0.33+0.02? 9.59+0.19° 17.85+0.52¢
XSFA 88.48+0.66° | 76.02+0.98° | 48.6+0.66°
Pentadecanoic acid (C15:1) 0.62+0.05° 0.4+0.0012 1.29+0.015¢
Oleic acid (C18:1n9c¢) 0.61+0.001% | 12.0840.09° | 4.29+0.08°
Elaidic acid (C18:1n9t) 6.03+0.02 ND 11.02+0.1°
Others 0.41+0.02? 1.43+0.07° 1.42+0.02°
XMUFA 7.67+0.12° 13.914+0.24° | 18.02+0.02¢
Linolelaidic acid (C18:2n6t) 0.02+0.01% 0.06+0.01* 7.03+£0.08°
Linoleic acid (C18:2n6c¢) 1.8940.09° 4.25+0.09° 0.47+0.01°
Y-Linolenic acid (C18:3n6) 0.05+0.01° 0.43+0.02° 0.56+0.02¢
a-Linolenic acid (C18:3n3) 0.1+£0.012 0.21+0.01° 1.58+0.045%
Eicosadienoic acid (C20:2) 0.28+0.006* | 0.51+0.01° 1.4+0.01°¢
Eicosatrienoic acid (C20:3n6) 0.64+0.02° 1.68+0.02° 11.17+0.06¢
Eicosatrienoic acid (C20: 3n3) ND 0.05+0.012 0.32+0.02°
Arachidonic acid (C20:4n6) ND 0.07+0.01 ND

EPA (C20:5n3) 0.73+0.03° 0.23+0.01° 2.71+£0.01°¢
DHA(C22:6n3) 0.8+0.02* 2.56+0.04° 6.87+0.03¢
YPUFA 4.52+0.03* 10.05+0.02° | 33.35+0.40¢
o3 1.63+0.06* 3.05+0.04° 11.5+0.02¢
® 6 2.6+£0.07* 6.49+0.08° 19.23+0.01¢

Data presented as Mean+ S.E. Superscripts #*° in a row differs significantly (P<0.05)

ND: Not detected
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Haul of pabda brood fish at Kalyani Field Station

Brood fish (0. bimaculatus) O.bimaculatus brood fish

The fatty acid profile obtained by GC analysis are presented in Table 2. The fatty acid
composition revealed that the saturated fatty acid (SFA) content (% of total fatty acid) of brood
pabda, eggs and larvae were 88.48%; 76.04% and 48.60%. Among the MUFA, oleic acid and
elaidic acid was significantly (P<0.05) higher in pabda larvae. The poly unsaturated fatty acid
(PUFA) content (% of total fatty acid) of brood pabda, eggs and larvae were 4.5%; 10.05% and
33.35% respectively in brood fish, egg and larva. The EPA and DHA contents were 2.71% and
6.87% in larve; which was significantly (P<0.05) higher in comparison to brood fish (EPA-0.73%
and DHA-0.80%) and egg (EPA-0.23% and DHA-2.56%). Among PUFA, total ®-3 content was
1.63, 3.05 and 11.5 (%) respectively in pabda brood, egg and larvae
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The studies regarding nutritional characterization of brood fish, eggs and larvae of Ompok
bimaculatus revealed that crude protein content was higher in egg whereas crude fat and ash

content was higher in brood fish. However, PUFA, EPA and DHA content was higher in larvae.

Objective 2. To study the ontogeny of larval development.

The Ontogeny of Ompok bimaculatus was studied with the hatched larvae at ICAR-CIFA,
Kalyani field station.he ontogeny and enzyme study was done at Burdwan University, which is the
collaborating University in the project.The digestive tract of O. bimaculatus comprised of a
straight tube dorsally attached to the yolk sac. Table 3. Describes the ontogeny development of
O.bimaculattus larvae. It was observed that at 2 day post hatching (dph) mouth opened, teeth were
visible and exogenous feeding started. The yolk sac disappeared within 3 dph. In course of the
study, O. bimaculatus larvae were fed Artemia nauplii from 2 dph mixed zooplankton and chopped

Tubifex during 47 dph, and only chopped Tubifex from 7 dph onwards.

Catching of hatched out O.bimaculatus larvae
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Collection of O. bimaculatus larvae
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Table 3. Ontogeny: study of morphology

Time Observation Photograph(s)

3 hour post | Gastrulation starts

fertilization

(HPF)

5:30 HPF | Dorsal (prospective head) and
ventral (prospective tail) ends
cover half of the egg; embryonic
shield observed; ectoderm
expands through epiboly

8 HPF Head and tail buds appear close
together and cover entire yolk

11 HPF First movement starts near anal
region; movement proceeds
through tail region and tail
detaches from yolk; eye spot
becomes prominent.

14 HPF Embryo rotates circularly and
outer layer of egg expands;
anterior portion of head detaches
from yolk

15:30 HPF | Tail becomes visible outside the
egg case

17 HPF Hatching starts and larva
emerges from egg case; larval
weight 0.5 mg, length 0.3 cm

6 hour post | Anal opening becomes

hatching prominent and head becomes

(HPH) condensed

1 day post | Larva with yolk sac and small

hatching barbells; weight 0.9 mg, length

(DPH) 0.5cm

2 DPH Yolk sac almost absorbed and
mouth opens, teeth become
visible; weight 1.20 mg, length
0.5-0.6 cm

3 DPH Weight 1.45 mg, length 0.8cm
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4 DPH Fin rays become prominent;
weight 3.4 mg, length 1 cm

8 DPH Intestine coiled and stomach
divided; weight 62.6 mg, length
1.4 cm

12 DPH Weight 92.4 mg, length 1.7 cm,
barbell 0.3 cm, gape of mouth
0.2 cm

16 DPH Weight 131.1 mg, length 2.4 cm,
barbell 0.6 cm, gape of mouth
0.3 cm

20 DPH Weight 141.4 mg, length 3.2 cm,
barbell 0.8 cm, gape of mouth
0.4 cm

24 DPH Weight 214.4 mg, length 4.5cm,
barbell 1.0 cm, gape of mouth
0.6 cm

Sample collection at Kalyani Field station Sample preparation for enzyme analysis
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Figure 1. Ontogeny: histological study

Enzyme assay at the University of Burdwan

Fig: (A) Section of intestinal villi with food particles and (B) section of non glandular stomach
at 7 day post hatching

Table 4. Digestive enzymes activities of O. bimaculatus from day 4 to day 24.

Day post Amylase Total Trypsin Chymotrypsin | Pepsin Lipase
hatching Protease

4 12.7340.62 | 2.19£0.15 | 0.45+0.02 | 0.26+0.02 0.09+0.08 | 1.89+0.02
8 14.56+0.73 | 1.40+0.20 | 0.60+0.02 | 0.48+0.02 0.26+£0.01 | 2.17+0.11
12 19.53+0.78 | 3.31+0.14 | 1.2940.04 | 0.87+0.03 0.34+0.02 | 8.0+0.12
16 13.76+0.63 | 1.59+0.21 | 1.01+£0.04 | 0.67+0.02 0.57+0.02 | 4.84+0.08
20 9.98+0.42 1.80+0.12 | 1.38+0.04 | 0.72+0.03 0.74+0.02 | 5.16+0.06
24 15.7840.75 | 2.43+0.08 | 1.584+0.05 | 0.92+0.06 1.194+0.53 | 5.92+0.06
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Trypsin and chymotrypsin activities (U) = 1umol of 4-nitroaniline liberated min™! mg™!
protein

Lipase activity (U) = 1umol of free fatty acid liberated min! mg™! protein

a-amylase activity (U) = ug maltose liberated min! mg™! protein

Protease activity (U) = ug tyrosine liberated min"! mg! protein

Pepsin activity (U) = pg tyrosine liberated min! mg! protein

Figure 2. Protein enzymes activity of O. bimaculatus larvae
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Figure 3. Digestive enzymes activity of O. bimaculatus larvae
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Figure 2 & 3 and table 4 describes the protein and digestives enzymes activity of
O. bimaculatus larvae from day 4 to 24. Ther is gradual increase in the activity of the acid
protease (pepsin) was noticed after formation of stomach, i.e. 8" day onward. Activities of
amylase, lipase, trypsin and chymotrypsin were also detected in course of development
post hatching

The activity of digestive enzymes indicated that enzymes involved in the digestion
of proteins, lipids and carbohydrates were present in O. bimaculatus larvae since hatching
(Figure 4 & 5), except pepsin. Coiling of intestine and presence of stomach were noticed
by 8 dph, which was marked with the appearance of pepsin. Activities of the amylase,
trypsin and chymotrypsin were increased initially after the onset of exotrophic phase, and
decreased thereafter during 12 to 20 dph corresponding to the increase of pepsin. Thus, a
change in the digestive physiology was indicated by progressive shift in the activity from

alkaline (trypsin and chymotrypsin) to acid (pepsin) proteases.

Figure 4. Digestive Enzymes activities of O. bimaculatus larvae
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Figure 5. Protein enzymes activities of larvae
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Figure 6. Carbohydrate metabolism enzymes of O. bimaculatus larvae
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Figure 7. Amino Acid metabolism enzymes of larvae

Amino acid metabolism
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Figure 8. Carbohydrate Metabolic Enzymes of O. bimaculatus larvae
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Figure 6, 7 and 8 shows the metabolic enzymes activities of O. bimaculatus larvae.
The increase in Lactate dehydrogenase (LDH) activity from 4 to 20 dph was noticed, that
could be indicative of stress. During this phase, increase in the activities of neoglucogenic
enzymes (Glucose-6-phosphatase, Fructose-1, 6-bisphosphatase) was also noticed.

However, a decreasing trend of LDH was apparent with increase in the Hexokinase
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activity. Further, augmented Mitochondrial NAD-glutamate dehydrogenase activity
coupled with increased Aspartate transaminase (and Alanine transaminase) at 12 dph was
noticed signifying protein catabolism during this phase. Reduced neo glucogenic pathway
at 4-8 dph was associated with high Glucose-6-phosphate dehydrogenase and cytosolic
NADP-malate dehydrogenase activities that might indicate stress management and
lipogenesis in this species during early development.

Activities of the enzymes indicated ontogenetic shift during the period of 8 to 20
dph, which could be associated with changes in food, gut morphology and shift in the
activity pattern of digestive and metabolic enzymes. Overall, enzyme activities remained

more or less stable beyond 20 dph.
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Objective 3. To formulate larval feed and evaluation
Experiment No. 1: Feed evaluation with different levels of protein:

An experiment was conducted for 22 days initiated to study the protein requirement of O.
bimaculatus larvae. The initial weight and length of O. bimaculatus larvae were 0.11+0.01 g and
20.49+0.70 mm. In the present experiment 3 formulated feeds were prepared with different graded
levels of protein viz., Feed 1 (35%), Feed 2 (40%) and Feed 3 (45%). Fish meal, ground nut cake,
soybean meal, wheat flour, vitamin and mineral mix and oil were used as feed ingredients in

different proportions for preparation of experimental feed.

The feed formulations and proximate compositions of different feeds are presented in Table
5. The protein content of different feeds was 35.33+2.55, 40.69+0.55 and 45.234+0.17 respectively
in Feed 1-3. Different proportions of fish meal, ground nut cake, soyabean meal, wheat flour etc
were used to prepare the feed. Because of the graded increase in protein levels, the total ash
contents of diets increased linearly from 15.40+0.39 to 16.37+0.39, which could be attributed to
the presence of higher levels of fish meal as a major feed ingredient.

Water quality parameters were recorded as 28-30°C, 7.4-7.8, 5.0-5.8 mg/l and 235-240mg/1
CaCO:s for temperature, pH, dissolved oxygen and total alkalinity respectively. Dissolved oxygen
play a vital role in rearing of larvae because larvae require optimum level of oxygen for sustaining

their physiological condition

The growth performance of Ompok larvae feed with different levels of Protein (Table no
6). Initially the larvae were fed with natural food and their formulated feed. The initial body
weight, net weight gain, specific growth rate, feed conversion ratio, protein efficiency ratio and
survivability are shown in Table 6. The initial weight of larvae were 0.11+0.004, 0.106+0.004 and
0.106+0.004 (g) in different feed Treatments (Feed 1-3) respectively while the average final
weights after 22 days of experimental period was 0.34+0.06, 0.91+0.15 and 0.36+0.07 (g) in the
respective treatments. The net weight gain were 0.23+0.05, 0.81+0.15 and 0.26+0.06
(g)respectively in Feed 1-3, which showed that the highest gain in weight of the larvae was
0.81£0.15 (g) in treatment Feed 2 followed by Feed 1 and Feed 3 . The net weight gain was
significantly (P<0.01) higher in Feed 2 (Table 6 and Fig 9). The survival (%) was 73.0£2.02,
71.0£1.0 and 59.0+4.7 respectively in Feed 1-3. Significantly higher specific growth rate (SGR)
was observed in Feed 2 and followed by Feed 1 and Feed 3. The final weight, net weight gain and
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specific growth rate was significantly (P<0.05) higher in Feed 2 compared to those of Feed 1 and
Feed 3. The value of feed conversion ratio (FCR) was significantly (P>0.05) lower in Feed 2 while
protein efficiency ratio (PER) was non-significant among all the Feed treatments. Lowest FCR in
Feed 2 indicated that lower amount of feed needed to produce one unit of fish biomass. So lower
the FCR is, better the efficiency of the feed is and such type of feed in the present experiment was
Feed 2.

Table 5. Ingredients and proximate composition (%DM basis) of experimental diets

Particulars Feed 1 Feed 2 Feed 3
Fish Meal 44 53 65
Ground nut cake 15 15 15
Soyabean Meal 10 10 5
Wheat flour 19 10 03
CMC 2 2 2

Vit. & min. Mixture 5 5 5

Veg oil 5 5 5

Proximate Composition (% DM basis)

Dry Matter 93.02+0.93 92.39+0.22 92.34+1.33
Crude Protein 35.33+£2.25 40.69+0.55 45.234+0.17
Crude lipid 9.11+0.47 9.49+0.31 9.61+0.31

Total ash 15.40+0.39 16.35+0.09 16.37+0.39

Data are presented as Mean+ S.E. CMC- Carboxy methyl cellulose.
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Table 6. Growth of O.bimaulatus larvae fed with different levels of Protein.

Particulars Feed 1 Feed 2 Feed 3
Initial weight(g) 0.11+0.004 0.106 +0.008 0.106+0.008
Final weight(g) 0.34+0.06° 0.91+0.15° 0.36+0.07%
NWG(g/22d) 0.23+0.052 0.81+0.15° 0.26+0.06?
SGR(%/d) 4.544+0.60* 7.97+0.76° 5.30+0.532
FCR 3.62+0.51° 1.93+0.432 3.68+0.35°
PER 0.82+0.13 1.42+0.33 0.62+0.05
Survivability 73.5+2.02 71.0+1.0 59.0+4.7
DNA(ng/mg) 30.59+0.30 34.31+0.43 31.04+0.54
RNA(pg/mg) 34.86+0.41 45.16+0.36 35.65+0.31
RNA/DNA 1.14+0.07 1.32+0.04 1.15+0.04

Data are presented as Mean= S.E. #® Means with different superscripts in a row differ significantly

(P<0.01)
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Figure. 9. Net weight gain of O.bimaculatus tfed with different levels of Protein
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Table 7. Enzyme contents of O. bimaculatus larvae fed with different levels of Protein

Particulars Initial Feed 1 Feed 2 Feed 3
Amylase* 17.4+0.332 23.87+0.17° 25.36+£0.34¢ | 25.46+0.47¢
Total Protease* 1.76+0.034 0.67+0.022 0.81+0.01° 0.73+£0.01¢
Lipase” 0.4£0.012 0.57+0.02° 0.69+0.03¢ 0.61+0.02¢
Pepsin* 0.38+0.012 2.53+0.02° 2.67£0.01°¢ 2.49+0.01°
Trypsin' 0.89+0.024 0.20+0.012 0.18+0.022 0.26+0.03¢
Chymotrypsin' 0.72+0.02¢ 0.29+0.02° 0.194+0.01* | 0.28+0.03°
ALT(Alanine 3.14+0.032 3.44+0.02° 3.51£0.02¢ 4.25+0.024
transaminase) €

AST(Aspartate 3.24+0.022 4.61+0.03¢ 4.38+0.01° 5.1240.024
transaminase) ©

Data are presented as Mean+ S.E. ®® Means with different superscripts in a row differ
significantly (P<0.05)

* mg maltose liberated mg™! protein h™l> ¥ug of tyrosine liberated mg™! protein min’!, * uM
of fatty acid liberated mg™! protein min'!, "1pumol of 4-nitroaniline liberated min™! mg'!
protein Enzyme activity units mg™! protein min!, € uM of pyruvate formed mg! protein
min!, # uM of oxaloacetate formed mg™! protein min-!

Perusal of table 7 reveals that Amylase activity of feed 1 was significantly differed from feed
2 and feed 3 diet. Lipase and pepsin activity was significantly (P<0.05) higher in feed 2. Trypsin
and Chymotrypsin activity significantly (P>0.05) lower in feed 2. ALT and AST activities changes
were significantly (P<0.05) higher in Feed 3 but both AST and ALT activities were significantly
(P>0.05) lower in feed 2.
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Figure 10. Relation between SGR and RNA-DNA ratio in O. bimaculatus Larvae
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The DNA, RNA and RNA/DNA ratio of larvae was non significant among the fed
treatments. . The Relationship between SGR and RNA/DNA ratio in O. bimaculatus has
depicted that RNA/DNA ratio was highly correlated with Feed 2 having 40% protein vis-
a-vis other Groups(Figure 10). The present experiment revealed that 40% crude protein
was sufficient for the optimum growth and survival of O. bimaculatus larvae and it also
revealed that the amylase, lipase and pepsin enzymes was significantly (P<0.05) higher in

Feed 2 having 40% protein.
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Experiment No. 3: Feed evaluation with Lipid requirement for Ompok bimaculatus larvae

An experiment was conducted 42 days to study the lipid requirement of O. bimaculatus
larvae. The initial weight and length of O. bimaculatus larvae were 0.15+0.003 g and 22.65+1.70
mm. In the present experiment 3 formulated feeds were prepared having different lipid levels viz.,

Feed 1 (4.5%), Feed 2 (7.0%) and Feed 3 (9.5%).

The Proximate composition and feed formulation is presented in Table 8. The feed
ingredients viz., fish meal, ground nut cake, soyabean meal, wheat flour, fish and vegetable oil
(1:1) and vitamin and mineral mixture were used in different proportions for preparation of feed.
Perusal of table 8 reflects that the protein content of different feeds were 40.46+0.06, 40.18+0.49
and 40.61%0.83 (%) respectively in Feeds1-3. The analysed lipid content of different feeds were
5.7£0.2, 8.040.25 and 10.45+0.45 respectively in Feed treatments 1-3.

Experimental work at wet Laboratory of RRC, Rahara
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Table 8: Feed formulation and proximate composition (%DM Basis)

Particulars Feed 1 Feed 2 Feed 3

FM 53 53 53

GNOC 15 15 15

SBM 10 10 10

Wheat flour 10.50 8.0 5.50

CMC 2.0 2.0 2.0

Fish :Veg oil (1:1) 4.5 7.0 9.5
Vit-Min mix 5 5 5
Proximate composition (%DM Basis)

Dry matter 92.85+0.06 92.37+0.23 92.06+0.05
Crude protein 40.46+0.06 40.18+0.49 40.61+0.83
Crude lipid 5.7+0.2 8.0+£0.25 10.45+0.45
Total Ash 14.4+0.3 15.440.2 16.5+0.3

Fig. 11: Net weight gain of O. bimaculatus larvae fed with different lipid levels
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Table 9: Growth Performance of O. bimaculatus larvae fed with different level of lipids

Particulars Feed 1 Feed 2 Feed 3
Initial Weight (g) 0.15+0.003 0.14+0.01 0.15+0.01
Final Weight (g) 1.104+0.122 1.40+0.07° 1.06+0.032
Net weight gain (g/42d) | 0.95+0.122 1.3140.06° 0.91+0.032
Specific Growth Rate | 4.7340.35% 5.50+0.05° 4.66+0.222
(%/day)

DGC 0.73+0.022 1.003+0.05° 0.76+0.092
Survivability (%) 83.85+6.15 83.85+6.15 79.55+5.46
FCR 1.86+0.10° 1.39+0.052 1.74+0.07°
PER 1.3140.09* 2.3940.17° 1.30+0.082

Data are presented as Mean+ S.E. *® Means with different superscripts in a

row differ significantly (P<0.01)

Sampling of O. bimaculatus larvae

The water quality parameters were: temp 28-30°C, pH 6.8-7.7, dissolved oxygen 6.8-74
mg/l and total alkalinity 230-240 mg/l. Perusal of Table 9 shows the growth performance of O.
bimaculatus larvae reared with different lipid levels. The final weight of fish were 1.10+0.12,
1.40+0.07 and 1.06+0.03 g respectively in Feed 1-3. The final weight was significantly (P<0.01)
higher in Feed 2 having 8 % lipid. The net weight gain were 0.95+0.12, 1.31+0.06 and 0.91+0.03
(g) respectively in feed treatments Feed 1-3 (Figure 11). The specific growth rate (SGR) were
4.73+0.35, 5.5040.05 and 4.66+0.22 respectively in Feed 1-3. The net weight gain, DGC and
specific growth rate was significantly (P<0.05) higher in Feed 2 having 8% lipid. The Survivability
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(%) were 83.85+6.15, 83.85+6.15 and 79.55+5.46 respectively in Feeds 1-3. The feed conversion
ratio (FCR) werel.86+0.10, 1.39+0.05 and 1.744+0.07 in Feed treatments 1-3. He FCR was

significantly (P< 0.05) lower in Feed 2 group.

O.bimaculatus larvae after 42 days of experiment

Fig. 12: Specific Growth rate of O. bimaculatus larvae reared with different lipid levels
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The protein efficiency ratio (PER) were 1.31+0.09, 2.39+0.17 and 1.30+0.08 respectively

in Feed 1-3. The protein efficiency ratio was significantly (P<0.05) higher in Feed 2 (Figure 12).
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Recording of length of pabda larvae

Table 10 Carcass composition (% as such) of O.bimaculatus larvae fed different level of lipid

Recording of weight of pabda larvae

Particulars Feed 1 Feed 2 Feed 3
Moisture 79.37+0.092 80.93+0.22° 79.80+0.172
Crude Protein 13.93+0.09 14.40+0.21 14.03+0.08
Fat 2.50+0.06° 2.90+0.12° 2.77+0.0°
Ash 1.70+0.06 1.97+0.09 1.80+0.06

Data are presented as Mean=+ S.E. #® Means with different superscripts in a row differ significantly

(P<0.01)

The carcass composition of O. bimaculatus larvae are presented in table 10. Perusal of table
10 reflects that the moisture and fat content carcass tissue of pabda larvae differed significantly
(P<0.05) among the feed treatments. The moisture and fat content was significantly higher in Feed

2, and it did not differ significantly with Feed 3. Protein and ash content did not differ significantly

among the feed treatments.

Table 11 Digestive enzyme activity of O.bimaculatus larvae

Particulars Feed 1 Feed 2 Feed 3

Amylase® 4.42%4+0.21 4.02°+0.19 2.92°4+0.13
Proteasef 1.42°+0.06 1.54%+0.07 1.26°+0.04
Lipase™ 1.34%+0.05 1.42%+0.06 1.192+0.07

Data are presented as Mean+ S.E. ab Means with different superscripts in a row differ

significantly (P<0.05)

*Amylase activity (U) = ug maltose liberated min! mg-! protein
PProtease activity (U) = pg tyrosine liberated min™' mg™! protein

"Lipase activity (U) = 1lumol of free fatty acid liberated min! mg-! protein
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Fig. 13: Digestive enzyme activities of O. bimaculatus larvae fed different levels of lipids
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The activities of digestive enzymes in O. bimaculatus were assayed by feeding different
levels of lipids as given in Table 11. The activities of digestive enzymes in pabda larvae revealed
that amylase, Protease and lipase activity was significantly (P<0.05) higher in F; and it did not

differ significantly with F;.

Table 12 Metabolic enzymes of O.bimaculatus larvae fed with different levels of lipid

Particulars Feed 1 Feed 2 Feed 3

Glucose 6 Phosphate 32.6*+0.8

Dehydrogenase® 1 27.5°+0.76 26.4°+0.7
21.5%+0.5

Glutamate Dehydrogenase® 3 24.3%+0.42 27.4°+0.65

Pyruvate kinase* 5.4°40.14 6.4°+0.14 6.1°40.14

Hexokinase® 8.4*+0.17 10.6°+0.19 12.4°+0.17

Lipid Peroxidation® 0.92+0.06 0.96+0.04 1.02+0.06

Data are presented as Meanz S.E. ab Means with different superscripts in a row differ significantly
(P<0.05)

*G-6-PD(U)& NAD-MDH(U) = uM of NADPH formed mg protein™! h-!

PGDH(U)= uM of Fomazan formed mg protein! h!

“Pyruvate kinase"'uM of NAD formed mg protein! h!

€Hexokinase(U)= uM of NAD formed mg protein! h!

¢Lipid Peroxidation (U)= uM thiobarbituric acid reactive substance (TBARS) formed mg
protein™! min’!
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Figure 14. Metabolic enzymes of O.bimaculatus larvae fed with different levels of lipid
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The metabolic enzymes activity is presented on table 12. Glutamate dehydrogenase and
Hexokinase enzyme was significantly (P<0.05) higher in larvae fed feed-3. Glucose 6 phosphatase
dehydrogeanse and pyruvate kinase was significantly (P<0.05) higher in F» and it did not differ
significantly with F3. He lipid peroxidation enzyme did not differ significantly among the feed
treatments. The present experiment reveals that 8% lipid is sufficient for the optimum growth and
survival of O. bimaculatus larvae. The present experiment reveals that 8% lipid is sufficient for

the optimum growth and survival of O. bimaculatus larvae.
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Experiment no. 4: Feed evaluation with different feed additives for O. bimaculatus

The study aimed at evaluation of animal protein (on wet basis) supplemented to dry
formulated feed of the butter catfish, Ompok bimaculatus (Bloch) juveniles. Hatchlings were
produced by induced breeding of mature O. bimaculatus using a hormone analogue (synthetic
GnRH) at the Department of Zoology, University of Burdwan, Golapbagh, Burdwan, West Bengal.
Juveniles were raised in the laboratory and 30 day old juveniles (0.44+0.02 g) were stocked in five
groups in triplicate for 50 days. A formulated basal diet (40% crude protein) was fed to the control
group (D1), whereas diets supplemented with (10%, wet weight) blood meals (D2), chicken
viscera (D3), egg albumin (D4) and mussel meat (D5) were fed to the experimental groups for 90
days.

Five experimental diets were prepared along with Fish meal, Soya bean meal, Ground nut
cake, wheat flour, veg. oil & Vitamin and mineral mixture with 40 % protein. Feeds were prepared,
sterilized and stored at -20° C and fresh protein sources viz., blood meal,chicken viscera, egg
albumin and mussel meat were mixed daily before feeding. The experimental fish were fed twice
daily at 09:00h and 15:00h at a fixed feeding rate. Water quality was maintained in all all

experimental tanks by daily renewal of 30% of their total volume.

The feed ingredient composition and proximate composition is presented in Table 13. In
diet D-2, D-3, D-4 and D-5; animal protein component (10% w/w) viz., Blood Meal (D-2), Chicken
Viscera (D-3), Egg albumin (D-4) and Mussel meat (D-5) were supplemented in the control diet.
The protein content of different feeds were 40.14+0.55, 40.89+0.41, 41.64+0.67, 41.24+0.54 and
41.56%0.72 (%) respectively in diets D-1 to D-5.

The growth performance and feed utilization efficiencies of O. bimaculatus juveniles fed
with different animal protein supplements is presented in Table 14 and Figure 15. The final weight
were 4.81+0.07, 4.65+0.06, 5.36+0.05, 5.85+0.06 and 5.46+0.04 (g) respectively in diets D-1 to
D-5.
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Table 13. Ingredient and Proximate composition (% DM) of different Experimental diets

Particulars D-1 D-2 D-3 D-4 D-5

Fish Meal 53 53 53 53 53
Soybean Meal 15 15 15 15 15
Groundnut cake | 10 10 10 10 10

Wheat Flour 10 10 10 10 10
Sunflower oil 5 5 5 5 5

Agrimin (Vit. & | 5 5 5 5 5

Min. Mix.)

Carboxy methyl | 2 2 2 2 2

cellulose

Animal protein - Blood Chicken Egg albumin Mussel
supplement Meal Viscera Meat
(10% w/w)

Proximate

composition

Dry Matter 92.39+0.32 | 92.86+0.41 93.94+0.56 92.95+0.53 93.62+0.74
Crude Protein 40.14+0.55 | 40.89+0.41 41.64+0.67 41.24+0.54 41.56+0.72
Crude Lipid 9.48+0.31 9.67+0.24 9.64+0.35 9.51+£0.47 9.78+0.36
Ash 16.35+0.09 | 16.45+0.12 16.76+0.04 16.48+0.07 16.53+0.36

The final weight was significantly (P<0.05) higher in Diet-4 vis-a-vis other diets. The FCR
and SGR were 1.63+0.08, 1.69+0.10, 1.51+0.07, 1.32+0.06 and 1.38+0.06; 2.65+0.06, 2.62+0.05,
2.80+0.4, 2.87+0.07 and 2.78+0.05 respectively in Diets D-1 to D-5. The FCR was significantly
(P<0.05) lower in D-4 and SGR was significantly higher in D-4.. The ANPU were 24.20+0.45,
22.43+0.35, 26.53+0.52, 33.76+0.47 and 28.28+0.6 respectively in D-1 to D-5. The ANPU was

significantly (P<0.05) higher in D-4 group.

The diet D4 exhibited better performance in terms of growth, feed conversion ratio,

specific growth rate, protein efficiency ratio and apparent net protein utilization. The mortality(%)

was significantly lower in D-4 and D-2.
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Table14. Growth performances and feed utilization efficiencies in Ompok bimaculatus

Particulars | D-1 D-2 D-3 D-4 D-5

Initial 0.44+0.20

weight(g)

Final 4.81+0.07* 4.65+0.06° 5.36+0.05°¢ 5.85+0.06¢ 5.46+0.04¢
weight (g)

FCR 1.6340.08° 1.6940.10° 1.51+0.07* 1.32+0.06* 1.38+0.06°
SGR 2.65+0.06* 2.62+0.05* 2.8040.4° 2.874+0.07° 2.78+0.05°
Mortality | 17.14+0.71° 14.29+0.10? 18.2140.71° 14.29+0.122 21.42+0.95¢
(%)

ANPU 24.20+0.45% 22.43+0.35° 26.534+0.52° 33.76+0.47¢ 28.28+0.61¢
PER 1.5240.03° 1.37+0.03? 1.5340.04° 1.8440.044 1.68+0.04°

Data are Means + Standard error (n=3). Means with different superscript in a row are significant

(P <0.05)

The PER were 1.52+0.03, 1.37+0.03, 1.53+0.04, 1.84+0.04 and 1.68+0.04 respectively in
diets D-1 to D-5. The PER was significantly (P<0.05) higher in D-4 group.

Table 15. Carcass composition of O.bimaculatus juveniles feed with different

Protein supplements (w/w)

Particulars | D-1 D-2 D-3 D-4 D-5
Moisture 77.37£0.57% | 77.17+0.54* | 77.99+0.59* | 78.23+0.52° | 77.93+0.53%
Protein 14.84+0.22% | 14.98+0.24% | 15.49+0.26° | 16.19+0.27° | 15.79+0.28°
Lipid 2.47+0.122% | 2.46+0.90? 2.55+0.14> | 2.51+0.10® | 2.88+0.13°

Data are Mean = S.E. Means with different superscript in a row are significant (P < 0.05)

The carcass composition of juvenile O. bimaculatus are presented in Table 15. The

moisture and protein content were significantly (P<0.05) higher in D-4. However, the lipid content

was significantly (P<0.05) higher in D-3and D-5. The experimental diet D4 exhibited significantly

(P<0.05) higher growth, feed conversion ratio, specific growth rate and carcass protein deposition.
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Table 16. Activities of enzymes of Ompok bimaculatus fed with different feed additives

Enzymes D-1 D-2 D-3 D-4 D-5
Amylase 11.40+0.522 16.59+0.62° 17.60+0.54° 16.22+0.53° 12.77+0.542
Protease 1.13+0.07¢ 1.32+0.04¢ 0.79+0.05° 0.55+0.042 0.54+0.062
Lipase 1.82+0.042 1.70+0.042 2.24+0.05°¢ 2.35+0.06°¢ 2.01+0.04°
Pepsin 3.25+0.062 3.35+0.072 3.89+0.09° 4.35+0.12°¢ 4.0+0.10°
Trypsin 0.57+0.04¢ 0.56+0.06°¢ 0.43+0.05" 0.37+0.05° 0.36+0.042
Chymotrypsi | 0.43+0.05° 0.54+0.06° 0.33+0.042 0.27+0.052 0.23+0.058
n

Alanine 1.65+0.09¢ 1.75+0.12¢ 1.62+0.08° 1.36+0.08?2 1.67+0.09®
transaminase

(ALT)

Asparate 5.77+0.12b 6.03+0.14¢ 5.734£0.10° 5.49+0.132 5.78+0.08P
transaminase

(AST)

Data are Mean + S.E. Means with different superscript in a row are significant (P < 0.05)

Trypsin and chymotrypsin activities (U) = 1umol of 4-nitroaniline liberated min"! mg! protein

Lipase activity (U) = umol of free fatty acid liberated min! mg™! protein

a-amylase activity (U) = pg maltose liberated min™! mg™! protein

Protease activity (U) = ug tyrosine liberated min"! mg! protein

Pepsin activity (U) = pg tyrosine liberated min! mg! protein

ALT & AST (U) = nmol sodium pyruvate released min! mg! protein

The enzymes activities of Ompok bimaculatus fed with different feed additives are
presented in Table 16 and figure 16 & 17. Activities of amylase and lipase were significantly
higher in groups D3 and D4, respectively, as compared to the other groups. Diet D4 sustained the
highest pepsin activity (4.35+0.12 U); however, activities of the alkaline proteases (Trypsin,
Chymotrypsin) were reduced in fish fed diets D4 and D5. Significantly lower aspartare

aminotransferase (AST) and alanine amniotransferase (ALT) activities in the liver were recorded

in O.bimaculatus juveniles fed Diets D4 and D5, respectively.
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Figurel5.GrowthPerformanceofO.bimaculatus
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Fig 16. Activities of Protease, Lipase and Amylase in O. bimaculatus fed with different Feed
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Fig 17. Activity of protein enzymes of Ompok bimaculatus fed with different Feed additives

Page: 38



0.7 - -5
c L
‘B 0.6 - 4.5
3 - 4
£0.5 - - 3.5
o
€ 04 - -3 £
E - 25 a
S 03 - -2 &
L 02 - - 1.5
=3 -1 mm Trypsi
> 0.1 - rypsin
= 0.1 - 0.5 ypP

0 I T T T T 0
D-1 D-2 D-3 D4 D5 m Chymotrypsi
Experimental Diets n

Considering growth performance and survivability of the juveniles, the study suggests that
supplementation of egg albumin might be practiced to make the O. bimaculatus juveniles adaptive
to the formulated diets. The present experiment suggests that a formulated feed having 40% crude
protein along with 10% of egg albumin is a better feeding strategy when compared with blood
meal, chicken viscera and mussel meat. The study suggests that supplementation of egg albumin
might be effective to make the O. bimaculatus larvae and juveniles adaptive to the formulated diets

for its domestication in freshwater ecosystem..
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11. Financial Implications (in Lakhs)

11.1 Expenditure on

(a) Manpower: 33.57 lakhs

(b) Research/Recurring Contingencies: 8.50 lakhs

(c) Non-Recurring Cost (Including cost of equipment): Nil

(d) Any Other Expenditure Incurred: Nil

11.2 Total Expenditure:

Item Year (1) | Year (2) Year (3) Total
(Lakhs)
Grand Total 14.19 14.19 13.69 42.07

12. Cumulative Output

a.

Special attainments/innovations

1.

The proximate and fatty acid composition of Ompok bimaculatus (pabda) brood
fish, egg and larvae was assayed to have an insight of the nutrient
metamorphosis during early life of the species and vis-a-vis parental nutrient
composition. The studies regarding nutritional characterization of brood fish,
eggs and larvae of Ompok bimaculatus revealed that crude protein content was
higher in egg whereas crude fat and ash content was higher in pabda brood fish.
However, PUFA, EPA and DHA content was higher in larvae.

Ontogeny Study of O. bimaculatus larvae suggests that the digestive tract of
larvae comprised a straight tube dorsally attached to the yolk sac. At 2 dph,
mouth opened, teeth were visible and exogenous feeding started. The yolk sac
disappeared within 3 dph. Coiling of intestine and presence of stomach were
noticed by 8 dph, which was marked with the appearance of pepsin. Activities
of the enzymes indicated ontogenetic shift during the period of 8 to 20 dph,
which could be associated with changes in food, gut morphology and shift in
the activity pattern of digestive and metabolic enzymes. Overall, enzyme
activities remained more or less stable beyond 20 dph.
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3.

4.

A experiment was conducted to study the protein requirement of O. bimaculatus
larvae 22 for days . The experimental data revealed that 40% crude protein was
sufficient for the optimum growth and survival of O. bimaculatus larvae and it
also recorded that the amylase, lipase and pepsin enzymes was significantly
(P<0.05) higher in Feed 2 having 40% protein.

An experiment was conducted for 42 days to study the lipid requirement of O.
bimaculatus larvae and it was observed that 8% lipid is sufficient for the
optimum growth and survival of O. bimaculatus larvae. The activities of
digestive enzymes in O. bimaculatus were assayed by feeding different levels
of lipids. The activities of digestive enzymes in pabda larvae revealed that lipase
activity was significantly (P<0.05) higher in Feed 2 having 8% lipid.

The experiment evaluation of supplementation of different protein sources
(w/w basis) suggests that a feed having 40% crude protein along with 10%
of egg albumin is a better feeding strategy when compared with blood meal,
chicken viscera and mussel meat. The study suggests that supplementation of
egg albumin might be effective to make the O. bimaculatus larvae and juveniles
adaptive to the formulated diets.

b. List of Publications (one copy each to be submitted if not already submitted)

i. Research papers; 2 nos

Paul'B .N., A. Das, A., R.N. Mandal,R.N., Singh,P., Adhikari, S., Ghosh,
K.,Chowdhury,D., Chakrabarti,P.P. and Giri'S.S-(2020) Protein requirement of Ompok
bimaculatus (Bloch, 1794) larvae. Animal Nutrition and Feed technology (Communicated).

Paul' B .N., A. Das, A., R.N. Mandal,R.N., Singh,P., Adhikari, S., Chakrabarti,P.P. and
Giri'S.S- (2020) Proximate and Fatty acid composition of brood fish, egg and larvae of

O.bimaculatus. Indian Journal of animal Nutrition (Communicated).

i. Reports/Manuals ; 3 training manuals
ii. Working and Concept Papers

iii. Popular articles

iv. Books/Book Chapters: 1
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Paul,B.N. and Giri, .S. (2018). Nutrition and Feeding of catfish larvae.

S.K.Sahoo, R.Kumar, P.K.Tiwari, B.R.Pillai, S.S.Giri. (Eds.) 2018 Training Manual
on Mass Breeding and culture Techniques of Catfishes. SAARC Agriculture Centre,
Dakha, Bangladesh pp 73-82.

v. Extension Bulletins

b. Intellectual Property Generation
(Patents - filed/obtained; Copyrights- filed/obtained; Designs- filed/obtained;
Registration details of variety/germplasm/accession if any)

c. Presentation in Workshop/Seminars/Symposia/Conferences
(Relevant to the project in which Scientists have participated)

e Paul, B.N,, Das, A., Bhowmick, S., Mandal, R.N., S., Singh, Adhikari, S.,
Ghosh, K., Chowdhury, D. and Chakrabarti, P.P. (2019). Protein Requirement
of Ompok bimaculatus Larvae. Golden Jubilee International Conference on
“Trends in Zoology”. January, 03-04, 2019 held at The University of
Burdwan, Golapbag, Burdwan, India. Pp 88.

e Chowdhury, D., Paul, B.N. and Ghosh, K. (2019). Profiles of Digestive and
Metabolic Enzymes in Butter Catfish, Ompok bimaculatus (Bloch, 1794)
during early development. Golden Jubilee International Conference on
“Trends in Zoology”. January, 03-04, 2019 held at The University of
Burdwan, Golapbag, Burdwan, India. Pp 90.

e Paul, B.N,, Das, A., Mandal, R.N., Singh, P. And Adhikari, S. 2019.
Proximate and Fatty acid composition of brood fish, egg and larvae of Ompok
bimaculatus. Fourth PAF Congress on “Increasing Aquaculture Production in
India through Synergetic Approach between Multinational Industries,
Domestic Entrepreneurs and Aquaculturists” held at ICAR-CIFA,
Bhubaneswar during 15-17 November, 2019. Pp. 27.

e Chowdhury, D., Paul, B.N. and Ghosh, K. 2019. Evaluation of Formulated
Diets for Survival, Growth, Digestive Enzymes and Metabolic Functions in
Butter Catfish, Ompok bimaculatus (Bloch) juveniles. International
Conference on Animal Nutrition on “Nutritional Strategies for Improving
Farm Profitability and Clean Animal Production” held at Biswa Bangla
Convention Centre, Kolkata, 17-19 December, 2019.pp 392.

d. Details of technology developed
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(Crop-based; Animal-based, including vaccines; Biological — biofertilizer,
biopesticide, etc; IT based — database, software; Any other — please specify)
e. Trainings/demonstrations organized

>

Organised a Training programme on Applications and Practices of fish feed

was organised at RRC, CIFA, Rahara during 23-28 Oct.,2017
Organised a Training programme on Application of Farm Made Feed for

Sustainable Aquaculture Production was organised at RRC, CIFA, Rahara

during 03-07 Dec.,2018

Organised a Training programme on Fish Nutrition and Feeding of Fish at

RRC, CIFA, Rahara during 17-21 June ,2019

Organised a Training programme on ‘Captive breeding and seed production

of indigenous catfishes with emphasis on Ompok and Mystus Species’ at
Kalyani Field Station, RRC Rahara during 30.07.2019 to 03.08.2019.

f. Training received

Mr. Arabinda Das, Scientist received a training on ‘Experimental design

and statistical data analysis’ during January 3-16, 2019 at ICAR-IASRI, New Delhi.

g. Any other relevant information

13. (a) Extent of achievement of objectives and outputs earmarked as per RPP-I

Objective wise | Activity Envisaged Output achieved Extent of
output of Achievement
monitorable (%)
target(s)

1. To study Production of | Sufficient larvae were 100%

nutrient 1. Brood Larvae through | produced for the

composition of | stock good brood experimental work.

egg and development stock

different of development The nutrient

stages of O.bimaculatu | and production | composition data

larvae S of larvae for revealed that the crude

2. Production
of egg and
larvae of
O.bimaculatu
S

3. Nutrient
composition
of egg and
larva

experimental
work.

To know the
nutrient profile
of brood
pabda, egg and
larvae.

protein content of brood
fish, egg and larvae
were 14.4+0.07,
25.90+0.20, 12.23+0.88
(%) respectively and
crude protein content
was significantly higher
in pabda egg.
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4. Collection
of Literature,
Planning and
design of
experiment

The fatty acid
composition revealed
that the saturated fatty
acid (SFA) content (%
of total fatty acid) of
brood pabda, eggs and
larvae were 88.48%;
76.04% and 48.60%.
The poly unsaturated
fatty acid (PUFA)
content of brood pabda,
eggs and larvae were
4.5%:; 10.05% and
33.35% respectively.
The EPA and DHA
contents were 2.71%
and 6.87% in larvae;
which was significantly
higher in brood fish and
egg. It may be
summarized crude
protein content was
higher in egg whereas
crude fat and ash
content was higher in
brood fish. However,
PUFA, EPA and DHA
content was higher in
larvae.

Ontogeny and
enzyme study

Ontogeny of O.
bimaculatus
was worked
out.he yolk sac
disappears
within 3
days.the
overall enzyme
activities
remained
stable after
20days of post
hatching.

Ontogeny Study of O.
bimaculatus larvae: The
digestive tract of larvae
comprised a straight tube
dorsally attached to the
yolk sac. At 2 dph,
mouth opened, teeth
were visible and
exogenous feeding
started. The yolk sac
disappeared within 3
dph. Coiling of intestine
and presence of stomach
were noticed by 8 dph,
which was marked with

100%
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the appearance of pepsin.
Activities of the
enzymes indicated
ontogenetic shift during
the period of 8 to 20 dph,
which could be
associated with changes
in food, gut morphology
and shift in the activity
pattern of digestive and
metabolic enzymes.
Overall, enzyme
activities remained more
or less stable beyond 20
dph.

3.To formulate
larval feed and
evaluation

1. Feed
formulation
and Feeding
of larvae of
0.
bimaculatus
with live and
exogenous
feed

2. Production
of Live food
organisms.

3. Monitoring
of Water
Quality
parameters

4. Data
analysis and
preparation of
final report

Development
of larval feed
for
O.bimaculatus
larvae. A larval
feed was
developed with
40% protein
and 8% lipid.
Supplementatio
n of 10% egg
albumen (wW/w)
with the feed
should be the
feeding
protocol for the
species to
domesticate
them in the
Aquaculture
production
system.

(i) Protein requirement
of larvae

An  experiment was
conducted to study the
protein requirement of
O. bimaculatus larvae
for 22 days. During the
experiment the water
quality parameters were
monitored from time to
time. The experimental
data revealed that 40%
crude  protein  was
sufficient for the
optimum growth and
survival of 0.
bimaculatus larvae and it
also recorded that the
amylase, lipase and
pepsin  enzymes was
significantly  (P<0.05)
higher in Feed 2 having
40% protein.

(i) Lipid requirement
study of O. bimaculatus
larvae.

An  experiment was
conducted 42 days to

100%
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study the lipid
requirement  of  O.
bimaculatus larvae and it
was observed that 8%
lipid is sufficient for the
optimum growth and
survival of pabda larvae.
The activities of
digestive enzymes in the
species were assayed by
feeding different levels
of lipids. The activities
of digestive enzymes in
pabda larvae revealed
that lipase activity was
significantly  (P<0.05)
higher in Feed 3 having
8% lipid.

(iii)Supplementation of
live protein
supplements

The experimental data
suggests that a
formulated feed having
40% crude protein along
with 10% of egg albumin
is a Dbetter feeding
strategy when compared
with blood meal, chicken
viscera and mussel meat.
Considering growth
performance and
survivability  of  the
juveniles, the study
suggests that
supplementation of egg
albumin  might  be
practiced to make the O.
bimaculatus  juveniles
adaptive to the
formulated diets.
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(b) Reasons of shortfall, if any: Nil

14. Efforts made for commercialization/technology transfer

The experimental results obtained are disseminated with the fish famers, fishery extension
officers, students, feed manufactures and entrepreneurs in various training programmes
organised at RRC, Rahara and its field station at Kalyani, CIFA HQs, farmers field and
KVKs. In those training programmes delivered lectures on larval Nutrition, ontogeny of
the O.bimaculatus larvae and emphasized about the use of precise nutrients( quality fish
meal) and fish oil required to prepare the feed for the species.

15. (a) How the output is proposed to be utilized?

The output is proposed to be utilized at farmers field through KVKs, stake holders, feed manufacturers and
other fisheries developmental agencies.

(b) How it will help in knowledge creation

The knowledge of ontogeny Study of O. bimaculatus larvae was known and it helped to
develop the larval feed. The digestive tract of larvae comprised a straight tube dorsally attached to
the yolk sac. At 2 dph, mouth opened, teeth were visible and exogenous feeding started. The yolk
sac disappeared within 3 dph. Coiling of intestine and presence of stomach were noticed by 8 dph,
which was marked with the appearance of pepsin. Activities of the enzymes indicated ontogenetic
shift during the period of 8 to 20 dph, which could be associated with changes in food, gut
morphology and shift in the activity pattern of digestive and metabolic enzymes. Overall, enzyme
activities remained more or less stable beyond 20 dph. The nutrient requirement of larvae was
worked out viz., Protein and Lipid required by the species are 40 and 8 (%) respectively. The
findings were presented in National and International Seminars and data will also be published in
peer reviewed journals.

16. Expected benefits and economic impact(if any)
The feed and feeding protocol of O. bimaculatus has been worked out. The larval feed having
40 % protein and 8 % lipid has been developed. As there was no larval feed of O.
bimucalatus, thus this feed will cater the needs of the sector and help in increasing the butter

catfish production in the region.
17. Future line of research work/other identifiable problems

Nutragenomics study on the nutrients of larval feed of butter catfish O. bimaculatus would be a line

for future research work.
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18. Details on the research data (registers and records) generated out of the project deposited
with the institute for future use: The register and data generated are maintained and submitted to

the Institute in the form of RPF-II and III and Annual Report.

19. Signature of PI, CC-PI(s), all Co-PIs

Project Leader Co-PI Co-PI Co-PI Co-PI
(Dr. B.N. Paul) (P.P. Chakrabarti) (Dr. S. Adhikari) (Dr. R.N. Mandal) (Mr. A. Das)
Co-PI

(Dr. K. Ghosh)

20. Signature of Head of Division

21. Observations of PME Cell based on Evaluation of Research Project after Completion

22. Signature (with comments if any along with rating of the project in the scale of 1 to 10

on the overall quality of the work) of JD (R)/ Director
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ANNEXURE - VIII
INDIAN COUNCIL OF AGRICULTURAL RESEARCH
(For Guidelines Refer ANNEXURE - XI (H))

PROFORMA FOR RESEARCH PERFORMANCE EVALUATION OF INDIVIDUAL
SCIENTIST

23. Institute Project Code * 1-95-G

1. Evaluation by PI on the contribution of the team in the project including self

S1. No. Name Status in the project *Rating in the
(PI/CC-PI/Co-PI) scale of 1 to 10
10
1. Dr. B.N.Paul PI
10
2. Dr.S.Adhikari Co-PI
10
3. Dr.P.P.Chakrabarti Co-PI
10
4. Dr. R.N Mandal Co-PI
10
5. Mr. A. Das Co-PI
10
6. Dr. K.Ghosh Co-PI
(Burdwan
University)
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2. Signature of PI

* Individual scientists participating in the project would be assessed for their performance
through an appraisal system in a scale of 1 to 10 for each of the following attributes:

No. Criteria Marks
Percentage of the assigned activity completed 40
Quality of the completed 10
activity
Authenticity/reliability of the data generated 10
Enthusiasm and sincerity to work 10
Inferences made 10

Collaboration and cooperation demonstrated in performing the task | 10

at hand

Amenability to scientific/academic/laboratory discipline 10
1 Score 100
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ANNEXURE - IX

INDIAN COUNCIL OF AGRICULTURAL RESEARCH

(For Guidelines Refer ANNEXURE — XI (I))

PROFORMA FOR EVALUATION OF A RESEARCH PROJECT AFTER

COMPLETION BY PI

10. Institute Project Code

11. Evaluation research project after completion by PI

Criteria

Methodology

Marks
(output)

Evaluation
by PI

IAchievements

against approved
and stipulated
outputs under
project

Qualitative and quantitative assessment of
objectives and stipulated outputs under the
project will be carried out

a) Activity Input /Projected Output/ Output
Achieved

b) Extent to which standard design
methodology, experimental designs, test
procedures, analytical methods followed

c) Does the data justify the conclusions?

d) Innovativeness and creating of new
knowledge

e) Additional outputs over those stipulated
under the project

f) Creation of linkages for commercialization
of technology developed under the project

g) Is scientific input commensurate to output
(manpower, Financial input and time
duration)?

75

35

10

05

10

05

05

05

35

10

05

10

05

05

05

Publication/
awards

A essment will be done in respect of: Research
papers; Reports/Manuals; Working and
Concept Papers; Books/Book
Chapters/Bulletins. Quality of publication (s)
and Awards /Scientific recognitions received
llowing publications were made during the
project work: Research papers-2
(communicated to peer reviewed journals),
Book chapter -1, Training Manual-3 nos. and
Conference/Seminar presentations 4.
(International -3 and National level -1)

10

10
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Additional
facilities
created

Facilities created in terms of laboratory.
Research set-up, instrumentation, etc. during
the project.

Fatty acid analysis facility was created in the
Laboratory with preparation of Fatty Acid
Methyl Ester and analysis in gas
Chromatography.
institute collaboration was developed with
University of Burdwan where Dr. Koushik
Ghosh was the collaborator. Ontogeny study
protocol of O.bimaculatus was developed
along with study of enzymes during early stage
of larvae in collaboration with University of
Burdwan.

Feeding protocol O.bimaculatus was worked
out in the project.

05

05

Juman Resource
Development
(Scientific and
Technical)

Scientist trained in different areas
Arabinda Das, Scientist trained on a
Programme ‘Experimental design and
statistical data analysis’ during January 3-16,
2019 at ICAR-IASRI , New Delhi.
B.N.Paul, attended two International and one
National Conferences, Dr. R.N.Mandal
attended one International conference.
B.N.Paul and Mr. A.Das attended one National
Conference. All the Scientist participated and
presented paper in the above seminars during
technical discussions.

05

05

Revenue
generated
under the
project/
avenues
created for
revenue
generation

Resources and revenues generated
different training programmes were conducted
1.Organised a Training programme on
Applications and Practices of fish feed was
organised at RRC, CIFA, Rahara during 23-28
Oct.,2017
2.0rganised a Training programme on
Application of Farm Made Feed for
Sustainable Aquaculture Production was
organised at RRC, CIFA, Rahara during 03-07
Dec.,2018
3.0Organised a Training programme on Fish
Nutrition and Feeding of Fish at RRC, CIFA,
Rahara during 17-21 June ,2019
Revenue generated from the training
programme were 2.04 Lakhs

05

05
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Details to be provided on 10 06
Product/Proces a) Products: The larval feed was
s/Technology/ developed for O.bimaculatus larvae.
IPR / b) Process: Preparation of larval feed
commercial process was developed with different
value of the quality fish meal and fish oils alonf
technology with other feed ingredients.
developed c) Technology: Feed and feeding protocol
was developed for the O.bimaculatus
larvae
d) IPR
e) Registration of the varieties
Quality of Research Project Files, Data, Reports etc. 05 05
available records are available with the Centre
documents of
the project
duly
authenticated
Total Marks 115 111
Time lines of | Marks will be deducted if extension
execution  of | sought over the approved project
the project duration beyond recorded and fed
officially granted extension with
recorded reasons
Up to 5%
Up to 10%
Up to 30 %
Beyond 30 %

Score: Score obtained to be counted out of 100 to compensate for

activities not relevant to the project

indicators may also be decided by IRC

12. Signature of PI

However, looking into the requirements of different research institutes and disciplines, IRC may
modify the indicators, their weights and total scores. The time gap for assessment of different
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between
f ICAR-Central Institute of FreshwaterAquaculture
' (An 1S0 9001:2008 Certified Institution)

; (indian Council of Agriculture Research)
Kausalyaganga, Bhubaneswar 751002, Odisha

and

&i The University of Burdwan, Burdwan 713104, West Bengal

s University/DU [Within NARS (AUs/ICAR DUs) or Outside NARS [Central/State
Govt./Public Sector Funded Institutions/State Universities/Autonomous Bodies/Private
Universities or Institutions)]

' : for fucilitating
Students’ Training/Postgraduate Research

This Memorandum of Understanding (hereinafter referred to as MolJ) Is made on this
" twenty seventh tlay of the month of March in the year 2018 by and between the ICAR-
Central Institute of Freshwater Aquaculture (Name of the ICAR Institute) having its

Pagelofb
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Sl. NO. 15


Head Office at KAUSALYAGANGA, BHUBANESWAR 751002, ODISHA [hereinafter called
"ICAR-CIFA"/ First party], a constituent Research Institution of the Indian Council of
Agricultural Research, Krishi Bhavan, New Delhi-110 001 on the ONE PART and the The
University of Burdwan [Name ol the AUJICAR-DU (Within NARS) or Central/State
Govt./Public Sector Funded |nstitution/State  University/Autonomous Body/Private
University or Institution] having its headquarters at BURDWAN 713104, WEST BENGAL
[hereinafter called “BU"/ Second party] on the OTHER PART (who for the purpose of this
Moll are hereinafter collectively referred to as the parties).

The parties, having discussed fields of common research Interests and allied activities
between the two institutions, have decided to enter into long-term collaboration for
promotion of students’ training and quallty postgraduate research in cutting edge areas in
accordance with the provisions contained in the Guidelines lssued vide Letter No. Z-
A/2012-HRD dated 11 December, 2012 or as revised from time to time.

WHEREAS the “ICAR-CIFA" is involved in the studies on Freshwater Aguaculture (fish
nutrition and physiology; fish health management fish genetics and biotechnelogy:
fisheries extension, economics and information sciences),

AND WHEREAS the "BU", estahlished on 15th June 1960 by Govt. of West Bengal vide Act
No. XXIX of 1959 and recognized by University Grants Commission (under Section 128 of
the UGC Act, 1956] at its Department of Zoology Is involved In studies on various
disciplines of Aquaculture and Fisheries [fish nutrition and probiotics, aquatic ecology and
toxicology, fish diseases and immunology),

AND WHEREAS it has been considered expedient to agree in writing to participate jointly
in the profects requiring expertise and logistics from both the parties.

Now this instrument witnesses as follows:

= -~ -4
Tt EIrood Senp AP // mfr-’-”\
(Signature of First Party) (Signature of SecondiParty)

fréwe/DIRECTOR REGISTRAR
1.3 5.9.- W/ ICAR-CIFA THE UMIVERSITY OF DURDWARN
o). -afhrear /P o-Kausalyaganga BURDWEN - 71810
gﬂmmhuhimm-mlm
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Article 1, Scope

1.1 The BU will recognize the ICAR-CIFA as an Institute for conducting research related
to the thesis requirement of the research students for Ph.D./M.Phil./Masters. The BU
will recognize Scientists of the ICAR-CIFA as recommended by its Director in
accordance with the University rules and regulations for guiding students working for
the said degree.

1.2 Operational details of research effort and collaboration will be made in common
research programmes and/or projects restricted to specific mandated domain within
the approved disciplines/divisions. The objective(s] for research work for a student
coming from a Second party outside NARS should be exclusively different as far as
possible.

1.3 Research instrumentation facility and library facilities available with the 1ICAR-CIFA
and the BU will be made available to the faculty and research scholars. However, the
costs of specific consumables will be borne by the respective organizations.

1.4 There shall be an exchange of students for academic, research and training purposes.
Accommodation in the Hostel shall be arranged, wherever passible, as per extant
rites. The duration of exchange visits will be determined by mutual consent between
both the parties.

Article 2, Management

2.1 Director of the ICAR-CIFA and the Vice-Chancellor /Head of the Institution of the BU
will be responsible to work out operational details of co-operation between the two
organizations and ensure proper and effective implementation of this Moll,

22 The Advisory Committee will meet at least once in a year alternatively in the
institutions of the First party and the Second party to review the activities. This
meeting shall include presentation on the academic and research activities, which
should be open to the students, faculty and scientists.

Article 3, Exchange of Information

3.1. The term “information” includes scientific or technical data, results and/or methods
of investigation, and other information intended to be provided, exchanged, or
arising under project descriptions entered Into pursuant to this Moll.

3.2. The parties support the widest possible dissemination of information. Each party in
joint projects shall he given the right to use, disclose, publish or disseminate such
information for any and all purposes.

Article 4. General Pravisions

" 4.1 It is understood that the ICAR-CIFA and the BU subscribe to the principle of equal
opportunity and do naot discriminate on the basis of race, sex, age, caste or religion.
Both the Institutions shall abide by these principles in the administration of this
agreement and neither party shall impose criteria for exchange of scholars or

students, which vialate principles of non-discrimination, <
\
~ !V
pad
(Signature of Second\Warty)

S2tendsn - Evroay S otare

{Stgnature of First Party)
PRws/DIRECTOR
Page3of6
TS CAR G *ge30
VTP o-Kausalyaganga REGISTRAR
AN/ Bhubane swer 751002 THE UNIERSITY OF BURDWAN

AURDWARN - 718108




4.2 Hoth parties understand that all financial agreements will have to be negotiated separately
anid will depend on the availabllity of funds.

4.3 Both parties acknowledge that exchange of students from ane party to the other shall he
subject to the availahility of funds and shall comply with the regulations and policies of the
First party and the Second party.

4.4 Any research publications arising will be jointly published In accordance with the
provisions laid out in Item 3.2.1C of the Guidelines for the students to conduct research for
their degree programme as trainees at ICAR institutions as notified vide Letter No, 2-
8/2012-HRD dated 11" December, 2012 or revised guidelines, if any, as may be issued
from time to time.

4.5 A copy of the thesis/dissertation submitted by the research students affiliated to the ICAR-
CIFA will be deposited to the ICAR-CIFA after the award of the degree by the BUL

4.6 All questions related to this Mol arising during its term will be settled by the parties by
mutual agreement. Disagreements at the operating level shall be forwarded to respective
higher officials for appropriate resolution failing which an arbitrator of mutual acceptance
may be identified for the settlement of dispute, if any.

4.7 All questions not foreseen related to this Mol will be handled by the parties by mutual
agreement.

4.8 Nothing in this Moll is intended to affect other cooperation or collaborations between the
parties.

Article 5. Intellectual Property Rights

51 The BU will be expected to ensure protection of the Intellectual Property Rights generated
or likely to be generated during the student’s research work. The ICAR-CIFA and the BU
shall be the joint applicants for IPRs and the students and involved scientific staff shall be
included as the inventor/breeder/author. The 'ICAR Guidelines for Intellectual Property
Management and Technology Transfer/Commercialization’ as amended from time to time
shall be the reference for exploitation of the generated intellectual property, whose
management and henefits sharing shall be mutually decided in each case, by the parties
hereto,

Article 6. Admission and Fees

6.1 All those who wish to register as trainees or for Master/Doctoral programme under this
Moll must apply for admission at the BU. The allocation of Major Guide /Advisor would be
finalized before the registration and will be governed by the provisions laid out in [tems
3.21A and 3.2.2A of the Guidelines for the students to conduct research for their degree
programmes as trainees at [CAR Institutions as notified vide Letter No. 2-8/2012-HRD
dated 11% December, 2012 or revised Guidelines, if any, as may be issued from time to
time, for the students from within NARS and outside NARS, respectively.

6.2 Admission of the students and the award of degrees for different programmes will be the
responsibility of the BU as per the rules and regulations.

. 6.3 Allotment of the students at the ICAR-CIFA will be done by the approval of Director of the
ICAR-CIFA and Vice-Chancellor/lead of the Institution of the BU.

6.4 The ICAR-CIFA and BU would have the right to screen the student’s eligibility for admission
based on their academic period.

; % / s '{tf
Trtendyn ktmay Svmdara }m
(Signature of First Party) [Signature ef Second _
PRTS/DIRECTOR REGISTRAR
% 3.9, - W/ ICAR-CIFA THE UNIVERSITY OF BURDWAN
.-/ P o-Kausalyagangs AURDWAN - 712104

v/ Bhubaneswar- 751002 Pagedof &



65 The PME Cell of the ICAR-CIFA in consultation with the representative of the BU shall

decide the location and sharing quantum of research work. _

6.6 The number of student(s) at any particular time will be subjected to the availabitity of
research facilities and sci entists' time to guide thesis resparch at the ICAR-CIFA.

6.7 Any student(s] admitted to the ICAR-CIFA for training/postgraduate research, if found
violating the rules and regulations laid down by the ICAR-CIFA or indulge in such activities
that amount to tarnishing the image of the Institute, or cause damage to the property, the
registration of such student[s) would be summarily terminated. The BU will not complete
the formalities of issuing the certificates to such students until they compensate the losses
to the ICAR-CIFA.

6.8 Fees will be charged from the students by the ICAR-CIFA as per Guidelines for the students
to conduct research for their degree programmes as trainees at 1CAR institutions vide Letter
No, 2-8/2012-HRD dated 11* December, 2012 or revised Guidelines, if any, as may be
issued from time to time. No fee may be charged by the First party from the students
registered with AU/DU within NARS, However a student registered with a Second party,
outside NARS, will deposit fee of Rs. 10,000/- for training duration of 3 months (not leading
to a degree/dissertation] and Rs. 30,000/ per semester (six months) for training, research,
dissertation exceeding three months. Any change in fee structure hy 1GAR will be applicable
from the date of revision and shall be charged by the ICAR-CIFA.

Article 7. Entry into effect, modification and termination

7.1, This Mot shall hecome effective on the date it is signed by the parties and shall be valid for
three years extendable up to five years. Bath parties shall review the status of the Mol at
the end of each five year period to determine any maodification, whenever necessary. The
period of validity of this Moll may be extended by mutual consent up to five years. This
Moll may be amended by mutual written agreement and may be terminated at any time by
either party upon written notification signed by the competent authority of the party
initiating termination. Such notification must be given to the other party at least six maonths
in advance from the effective date of termination.

7.2, All joint activities not completed at the expiration or termination of the Mol may be
continued until their completion under the terms of this MaoU.

7.3 Noamendment or modification of the MaU shall be valid unless the same iz made in writing
by both the parties or their authorized representatives and specifically stating the same to
e amendment of the Moll, The modifications/changes shall become part of the Mol and

shall be effective from the date on which they are made/executed, unless otherwise agreed
o,

: o

-~ = N

Totealsa Kumay Seerrcd @10 l}/‘f y
(Signature ofSecondBarty]

(Signature of First Party)

fRws/DIRECTOR REGISTRAR
=1.%.57.9.- 9w/ ICAR-CIFA e LMIVERSITY OF BURDWAN
ot -afterearin/ P o- Kausalyagangd BURNWAN - 713104
sEtrav/Bhubaneswar- 751002
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This Mol has been executed in two originals, one of which has been retained by the ICAR-CIFA
and the other by the BU),

IN WITNESS WHEREOF, the parties have executed this MolJ on the 27, March 2018 first above
written and represent that they approve, aceept and agree to terms contained herein,

ICAR-Central Institute of Freshwater

Aquaculture The University of Burdwan
Kausalyaganga, Bhubaneswar 751002 Burdwan 713104, West Bengal
Odisha

Name of the Director of the First Party Name of Head of the Institution of the

Second Party

DR ] K SUNDARAY DR D K PANJA

Tel No. (0674) 2465421, 2465446 Tel. No. (0342) 2634 015

' Date pate 27-03-20I18
; Signature with Seal ;. Signature with Seal 4 ,.ﬂ;‘
| T2terdr& Kirosy =% ﬂfﬂr?/‘ iy <X
273 )& REGISTRAR
MDlRECTnR THE U"Iﬁ_‘iE_HS!T"I" aF EUIH.FIH"J.-".H
.85 - A (CAR-CIFA BURTWAN - T13704
. -mreTTy P o- Kausalyaganga
AT/ Bhubane swar- 751002
Witness 1............ ! Witness 1... s Bo o
23 oz (18

Dr ANAND AMAY BARIK

Assoclate Professor & Hesd '
Deapartimanl of Zoology

The University of Burdwsn

. Golapbeg, Burdwan-T13104

Witness 2 éh!tﬁlﬁfg“ww Witness 2 A2 2 b,
LA Bt DR. KousHik GHOSH
pait™ | g ASSOCIATE PROFESSOR

AV DEPARTMENT OF ZOOLOGY
1 w”‘”_} THE UNIVERSITY OF BURDWAN
(& k> GOLAPBAG, BURDWAN-T1104, WE., INDIA
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MEMORANDUM OF AGREEMENT

This MEMORANDUM OF AGREEMENT

is made on this twenty first day of May
Two thousand and Eighteen

BY AND BETWEEN President of India, acting through

Department of Biotechnology, Ministry of Science and Technology,
. Government of India, New Delhi, hereinafler referred 1o as the

unless excluded by or repugnant to the subject
office and assigns) of the ONE PART:

Secretary,

‘DBT* (which expression
shall mean and include its successor-in-

AND
‘ Thp University of Burdwan » @ society under the Societies Registration Act — 1860,
having its registered office al Rajbarti,

‘ Burdwan, hereinafter referred 10 as BY (which
;@;’}—'{ " Wiuﬂ shall where the context 50 ad
J

mits include its successors and permitted assigns)
y 1 ;
o ¢ OTHER PART;
-@}1 @.3?&\ f\\la{HEREAS DBT being desirous of cancer immu

2 nology decided 1o SUpport a project
_1}3;3"&@? submitted by Dr. Anupam Basu for (e attai

described in the Annexurs I annexed hereto;

nment of the objectives, hereinafter

¢ TS Memorandum of Agreement (MoA) defines the

role and responsibilities of the
o participating agencics, monitoring and other matters related to the “Study on the role of

o ;-}TLB“‘ signaling in breast eancer progression”

A Vo


Sl.NO.--16


A.

NOW THE PARTIES HERETO AGREE AS FOLLOWS-

1.0. ROLE OF DEPARTMENT OF BIOTECHNOLOGY, NEW DELHI

To provide funds to the extent of 81,30,600/- over a period of 3 years from the date of
sanction of the project, to The University of Burdwan for undertaking activities as
detailed in Annexure 1. Details of the funds to be provided are given in Annexure I1.

2.0.
2.1.

2.2

1.3.
24.

- 2.5.

2.6

y iy 3

2.8,
2.9.

2.10.

ROLE OF THE UNIVERSITY OF BURDWAN (Institute)

To provide their contribution of 81,30,600/- for 3 years from date of sanction of

the project as detailed in Annexure — 1. (if'a fointly supported project)

To provide existing facilitics as mentioned in the project document.

To be responsible for accomplishing objectives identified and activities listed.

To allow the Scientists authorized by DBT to work with the Research &

Development team of the center in all stages of process development and
. production.

Ta recruit all scientific and non-scientific staff as sanctioned by DBT.

To prepare and submit all periodical reports and other documents that would be

required by DBT.

To maintain a separate audit head of account for the grants received from DBT for

the project.

To submit an annual audited statement of expenditure incurred under the project.

To ensure effective utilization of the grant given by DBT for the purpose for

which it was granted and to ensure timely progress of project work.

The manpower, both scientific and non-scientific, recruited shall be purely

on contractual terms & conditions such that the contract for engagement of

@F manpower shall run concurrently with the said project period only.

¥

o
N
3

.
Gqﬂ%éﬁ,@%mﬂﬂﬂ OF PROJECT

%ﬂﬁ% Duration of project shall be 3 years from the date the Project has been sanctioned

Ry DBT.

&¥
/ 4¢\}‘\IRIGH'IS OF OWNERSHIP/TECHNOLOGY TRANSFER AND
\

II\\I W

\ 1%
ﬂf_gf: o UTIBIZATION
5

ot
. \}i;g-

# 5\l ";. % - # i
oY N’?:_\'-‘ﬁ:}q & The know-how generated from the project by Dr. Anupam Basu will be the joint

N
T}h\ {\\q

RS o

property of The University of Burdwan and DBT, Government of India. It shall



&

4.2

43

4.4

4.5

5.

.3 1 4

be the responsibllity of Dr. Anupam Basu & The University of Burdwan fo
take necessary action for protection of the intellectual property arising out of the
PROJECT through proper instruments, such as, patents, copy rights, ete.

The know-how developed may be transferred to other entrepreneurs on @ non-
exclusive basis on such terms and conditions as may be determined by DBT.

All the assets including the equipment and produce acquired will be the property
of DBT and shall not be utilized for purposes other than those for which the grant
has bean sanctioned, The rights of The University of Burdwan under this MoA
shall not be transferred to any other party without prior approval in writing of
DBT.

It shall be the responsibility of Dr. Anupam Basu to ensure that support of DBT
is suitably acknowledged in the publications (papers, reports, etc.) arising out of
the PROJECT.

SECRECY

Il is hereby agreed that the participating agencies shall keep information and data
collected completely secret provided that the right to transfier the technology shall rest

with the DBT,

6. MONITORING

6.1  The progress of implementation of the project and proper utilization of grant shall
bé teviewed by the DBT and by the Monitoring Committee sel up by DBT.

62  The periodic progress of physical achievements and the utilization of funds,
statement of expenditure shall be evaluated by the Monitoring Commitiee.

63  The Comptroller and Auditor General of India, at his discretion shall have the

«3‘5‘:‘ &

ts received from DBT for this project.

@gﬂﬂ%h ¢t of access to the books and accounts of The University of Burdwan for the
{%

oy
A"@S"ﬁ‘}.g,{hx The DBT may terminate the grant at any siage if it is convinced that the grant has

not been properly utilized or appropriate progress has not been made. [n the
\\event DBT terminates the grant, Dr. Anupam Basu & The University of

"1‘”' Hurdwln chall hand over all documents including technical details and
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7.0 DURATION OF MEMORANDUM OF AGREEMENT

This MoA will remain inforce for the duration of the

project and until all claims are
settled between DBT and The University of Burdwan

8.0  ARBITRATION

In the event of any question, dispute or difference whatsoever arising between the parties

to this Agreement out of or relating to the construction, meaning, scope, operation or

effect of this Agreement or the validity of the breach thereof shall be referred to an
Arbitrator to be appointed by mutual consent of both the parties herein. If the parties
cannot agree on the appointment of the Arbitrator within a period of one month from the
notification by one party to the other of existence of such dispute, then the Arbitrator
shall be nominated by the Secretary, Department of Legal Affairs, Ministry of Law &
Justice, Government of India. The provisions of the Arbitration and Conciliation Act,
1996 will be applicable and the award made thereunder shall be final and binding upon
the parties hereto, subject to legal remedies available under the law. Such differences
shall be deemed to be a submission to arbitration under the Indian Arbitration and
Conciliation Act, 1996, or of any modifications or reenactments thereof,

9.0. GOVERNING LAW

This Contract shall be governed by the Law of India for the time being in force.

IN WITNESS WHEREOF the parties hereto have signed, sealed and delivered this
Agreement on the day, month and year first above written in presence of:

Witnesses: Signed by -
; h% & (Designation)
F& & .
A :\& For and on behalf of The President of India
P 8r
SWitnesses v Qb’"
“-‘ \r# o
R u:r:.,_;p . Signedby
I_;_l:"' e #ﬁ(& ** ﬁ:"‘ P
4&.}\\\‘._1;- - el 3 q&.{ﬁ’@fw . )
Y ATUP N v ‘;:\’,p-‘ REGIsiAd (MLl
SR THE URBHEB R bEHAT




s JE}RM‘? & CONDITIONS OF THE GRANT
gued and enclosed with concern filled profotmia)

A

Epti?;i?‘prﬁe::e Ramch P“‘PUHHI and the grant released would be for the

“ﬂlluﬁivulyjs mentioned in paras | to V of this proposal and grant should be

stipulated timpm’} s lh:-: project for which it has been sanctioned within the

other orean: e. The Institute is not permitied to seek or utilise funds from any
rganisation (Government, Semi Government, Autonomous

this : or Privaie) for
research project. Any unspent part of amount would be surrendered 1o the

EEDWL ?f India thFﬂUEh an account payee demand draft drawn in favour of the
rawing and Disbursing Officer, Department of Biotechnology, New Delhi”,

and carry forward of funds of the next financial year for wtilization for the same

project may be considered only with the specific approval of the Department of
Biotechnology (DBT).

. For permanent/semi-permanent assets acquired solely or mainly out of the grant,

an audited record in the form of & register in the preseribed proforma (enclosed at
Appendix-‘A") shall be maintained by the Institute. The term “assets” means (1)
immovable property and (1) movable property of a capital nature, where the
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Abstract

The present study deals with the isolation of plant growth-promoting bacterial strains from rhizospheric soil collected from a rice
ficld of Purba Bardhaman District, West Bengal, India, the solated five strains, A5 was the best-performing strain as it had,
plant growth promoting traits like, production of indole-3-acetic acid (LAA), siderophore, hydrogen cyanide and exopolysaccharides,
ammonia, phosphate solubilization, nitrogen fixation etc. Strain A5, identified as Bacillis xiamensis by phenotypic characters and 165
rDNA sequence-bawd homology, was able o produce 1 coplous amount of LAA, particolarly in the case of 42-h culture with 1.5%
L-tryptophan as a precursor, Media optimization with different carbon and nitrogen sources was conducted for maximum production
of TAA, Strain AS wed (nuctose and casiming acld most efficlently as carbon and nitrogen sources, respectively, Growth parameters
were incresied in AS-treated seedlings of mung bean compared to control seedlings. Considering the observed traits, straln AS can
definitely be considesed as a novel plant growth-promoting bacterial strain that may serve very well as a biofertilizer in agricultural
fiekds.

Key words: Bacillus xiamensis, indole-3-acetic acid, plamt growth-promoting rhizobacteria, plant growth promoting traits,
Abbreviations: ACC, l-aminocyclopropane carboxylic acid:EPS, exopolysaccharide; 1AA, indole-3-acetic acid; OD, optical density;

PGPR, plard growth-promoting rhizobacteria
Intreduction

The rhizosphere is the portion of soil surrounding the
plant root and this region of soil is greatly influenced by
plant root activity and metabolism (Prasad et al. 2019).
A number of beneficial microbes inhabit the rhizosphere,
among which bacteria are a dominant group, One gram of
soil contains about 10* to 10* bacteria, 10* to 10* {ung't. 1F
to 10" actinomycetes, 10° to 10* algae, 10" to 10® archaca,
10" to 10" protozoa and 10 nematodes (Rughoft et al
2016). Some groups of bacteria that hawve the capacity
to utilize organic compounds released by plant roots
(Jones 1990), and the plant forms a microenvironment
where these few groups of bacteria can survive (Marilley
et al. 1999; Barriuso et al. 2008). The groups of bacteria
that are associated with plant roots have important roles
in plant growth and productivity, and are collectively
known as plant growth promoting rhizobacteria (PGPR)
(Backer et al. 2018). PGPR are soil bacteria that colonize

on the exterior and interior portion of the root {Backer
ct al. 2018). Thesc bacteria belong w genera such as
Microbacterium, Alcaligenes, Pantoea. Achromobacter,
Rhizobium, Psewdomenas, Bacillus, Burkholderia, Erwinia,
Azospirillum, Serratia etc_ (Egamberdiyeva 2000; Tilak et al
2005). PGPR have several traits by which they can accelerate
plant growth via direct or indirect methods like phosphate
solubilization, indole-3-acetic acid (IAA) production,
atmospheric nitrogen fixation, ammonia production, HCN
production, exopolysaccharide production etc. (Rodriguez
et al 1999).

IAA is the most active plant hormone of the auxin
family and has important physiological roles in plants,
such as embryo development, geotropism, phototropism,
root initiation and root elongation etc. (Finet, Jaillais 2012).
In addition, IAA contributes in root hair development and
in the development of lateral branches of roots, facilitating
nutrient uptake from the soil (Datta et al 2000), Both plants
and PGPR can synthesize physiologically active amounts of
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Effectiveness of Phosphate-Solubilizing Aspergillus fumigatus MCC
1721 in Boosting Fenugreek Yield in Red Laterite Soil
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Abstract

Phosphomus 15 2n essential nuttent vital for the growth of plants, ramdly becomes mmobile and maceessible to plants
when apphed as fernhzer. Rock phosphate (BP). abundantly present m Indian soils, serves as phosphate source, Phosphate-
solubitlizmg fungl (PSF) possass the capacity to solubilize mmsoluble forms of phosphate, rendenng 1t hsavalable and
thereby snhoncing plant gmowth PSF were wsolated and screensd based on m witro plant prowth-promoting traits. The
best-performing strain was identified using molecular tools. The phosphate-solubilizing capacity of the selected isolale
was assesved in vitro, A 2-year field experiment was conducted to investigate the impact of RP and PSF, alone or together
on fenugresk m red laterite soil The result wvas compared agamst the use of chemical fernlizer (di-ammontum phos-
phate) and arbuscular mycorrhizal fungus (Famneljformiz mosseos) focusing prnmanty on crop yield and soul fernility. Six
PSF were obtmined among them AP2 was sclected and wentificd as dzspergillus fumigane:, AP2 demonstrated significant
growth promoting properties and effectively solubilized vanous insoluble phosphate forms. Additionally, AP2 produced
acid phosphatase and various orgamic acids while growing with different insoluble phosphate. The combined applica-
non of AP alongside RP ferulization shomed enhanced growth and total phosphate uptake m fenugreek, surpassing the
effects of other treatments. Moroover, soil fenility exhibited notable improvement where AP2 were inoculated alongside
RP fertilization compared to other treatments, The findings suggested that incorporating AP2 with RP fertiliztion offers
a promising solution for farmers seelang to reduce dependsnce on chemical phosphorus fertilizers while advocating for
environmentally-frendly agricultural practics.

Keywords A:pergilliz fimigatu: - Di-ammonmum phosphate - Funneliformiz moszzeas - Phosphate solubilizng fimz -
Red latente soil - Rock phosphate

1 Introduction total amount of apphed ferthzers due to the rapid comver-

sion of morgamc phosphate mto msoluble forms (Chen ot al.

Phosphorus (P) stands as 2 crucial macronutnent prvotal for
the prowth and development of plants, followmp nitrogen
(Hameeda et al. 2008; Sharma ef al. 2013). In recent vears,
in response to the escalating demand for crop yields, van-
otis phosphate fertihizers have been extensiely employed m
agncultural contexts. However, plants faal to fully unlize the
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2006a; Goldstemn 1986). Approxumately 99%: of soil P forms
complexes with arous cations such as iron (Fa), calem
(Ca). and ahrmirum (Al) (Son et al 2006). leaving only
a minute portion solible and directly accessible to plants
(Barroso and Nahae 2005). Consequently. plants endurs P
deficiency, impeding their growth,

Additionally, prolonged use of chemical fernlizers and
pesticides has led to a declne m both the diversity of sol
microbes and their beneficial relationships with plants within
the plant’s ecosystem (Huang et al. 2019). The expenmental
site, characterized by red laterite soil, is notably deficient
in mitrient content. Regarding phosphate compounds, it is
predominantly rich in iron phosphats with aceluded phos-
phate, calcium phosphate, and aluminium phosphate pres-
ent m lesser amounts (Sarkar et al 2013). Hence, restormg
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Abstract

In the present study, indole-3-acetic acid (IAA) producing plant growth pro-
moting fungus was isolated from rice field of Purba Bardhaman district,
West Bengal, India. Among the isolated 6 strains, AP2 (Aspergillus fumigatus)
was selected as best-performing plant growth promoting fungal strain as it
was an efficient indole-3-acetic acid producer as well as exhibits different
plant growth promoting ability viz, phosphate solubilization, siderophore
production, ammonia and hydrogen cyanide production etc. Media and
different growth conditions (pH, temperature, concentration of sodium
chloride) were optimized for augmentation of the indole-3-acetic acid pro-
duction. The genus of the selected isolate AP2 was identified as Aspergillus
fumigatus both by 18S rDNA sequence-based homology and MALDI-TOF
analyses of ribosomal protein. Plant growth promoting ability of Aspergillus
fumigatus has been confirmed by measuring different morphological and
biochemical growth parameters in Trigonella foenum-groecum L. So, AP2
(Aspergillus fumigatus) can be considered as novel plant growth promoting
fungal strain that can be applied as bio-inoculants on agricultural field.

Keywords

Aspergillus, 1AA producing fungi, indole-3-acetic acid, plant growth promot-
ing fungi

Introduction

Now-a-days, pesticides and chemical fertilizers are excessively used in crop
production (1). Although, these chemical fertilizers may increase crop nutri-
ent in adverse condition but it has many negative impact in our environ-
ment (2). Chemical fertilizer made up of phosphate, potassium, nitrate salts
are potential source of heavy metals and radio-active elements that may
accumnulate in soil and may enter into plant body (2). In this point, there is
an extreme thrust for an alternative eco-friendly and environmentally sus-
tainable method. A sustainable agricultural practice significantly reduces
the use of hazardous chemical input to the agricultural field to ensure pro-
tection of the environment but should maintain the nutrient quality of crops
().

Current research has focused on different =oil borne plant growth
promoting microbes that can be a good alternative of the harmful chemical
fertilizers (1). Several rhizosphere fungi plays important role in growth and
productivity of host plant (3). Different fungal stains that inhabit in rhizo-
sphere region of host plants are able to increase the plant growth and
productivity in various ways (4). Some commonly reported plant growth

Pl SChance Toddy, 1I55H 2540 | 900 {ordna]
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Delving into the lifestyle of Sundarban et

Wetland resident, biofilm producing,
halotolerant Salinicoccus roseus: a comparative
genomics-based intervention

Bhramar Dutta' ®, Urmi Halder', Annapurna Chitikineni?, Rajeev K. Varshney?*® and Rajib Bandopadhyay'

Abstract

Background Microbial community played an essential role in ecosystem processes, be it mangrove wetland or other
intertidal ecologies. Several enzymatic activities like hydrolases are effective ecological indicators of soil microbial
function. So far, little is known on halophilic bacterial contribution and function on a genomic viewpoint of Indian
Sundarban Wetland. Considering the above mentioned issues, the aims of this study was to understand the life style,
metabolic functionalities and genomic features of the isolated bacterium, Salinicoccus roseus strain RF1H. A com-
parative genome-based study of S. roseus has not been reported yet. Henceforth, we have considered the inclusion
of the intra-species genome comparison of S. roseus to gain insight into the high degree of variation in the genome
of strain RF1H among others.

Results Salinicoccus roseus strain RF1H is a pink-red pigmented, Gram-positive and non-motile cocci. The bacterium
exhibited high salt tolerance (up to 15% NaCl), antibiotic resistance, biofilm formation and secretion of extracellu-

lar hydrolytic enzymes. The circular genome was approximately 2.62978 Mb in size, encoding 574 predicted genes
with GC content 49.5%. Presence of genomic elements (prophages, transposable elements, CRISPR-Cas system) rep-
resented bacterial virulence and multidrug-resistance. Furthermore, genes associated with salt tolerance, temperature
adaptation and DNA repair system were distributed in 17 genomic islands. Genes related to hydrocarbon degradation
manifested metabolic capability of the bacterium for potential biotechnological applications. A comparative pange-
nome analysis revealed two-component response regulator, modified C4-dicarboxylate transport system and osmotic
stress regulated ATP-binding proteins. Presence of genes encoding arginine decarboxylase (ADC) enzyme being
involved in biofilm formation was reported from the genome. In silico study revealed the protein is thermostable

and made up with~415 amino acids, and hydrophilic in nature. Three motifs appeared to be evolutionary conserved
in all Salinicoccus sequences.

Conclusion The first report of whole genome analysis of Salinicoccus roseus strain RF1H provided information

of metabolic functionalities, biofilm formation, resistance mechanism and adaptation strategies to thrive in climate-
change induced vulnerable spot like Sundarban. Comparative genome analysis highlighted the unique genome con-
tent that contributed the strain’s adaptability. The biomolecules produced during metabolism are important sources
of compounds with potential beneficial applications in pharmaceuticals.
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such as amino acid composition, extinction coefficient,
instability index, aliphatic index and grand average of
hydropathy (GRAVY) of the ADC proteins of S. roseus
RF1H, S. carnicancri, S. cyprini, S. halodurans and S. sedi-
minis were calculated by using Expasy ProtParam tool
[https://web.expasy.org/protparam/]. Secondary struc-
ture prediction of ADC was carried out by SOPMA from
the NPS server [https://npsa-pbil.ibcp.fr/cgi-bin/npsa_
automat.pl?page=/NPSA/npsa_sopma.html]. S. roseus
strain RF1H was selected to predict the tertiary structure
of ADC. SWISS-MODEL [https://swissmodel.expasy.org/]
was used to build 3D models and the model quality was
assessed by ProSA-web [https://prosa.services.came.sbg.
ac.at/prosa.php]. Multiple protein sequences were aligned
with COBALT tool [https://www.ncbinlm.nih.gov/tools/
cobalt/re_cobalt.cgi] to understand the amino acid differ-
ences in the structure. The conserved protein motifs were
analyzed by MEME tool [https://meme-suite.org/meme/
index.html]. The deduced domains were subjected to find
protein family using the NCBI conserved domain database
(CDD) [https://www.ncbi.nlm.nih.gov/cdd].

Biochemical characteristics

Qualitative detection of extracellular hydrolytic enzymes
like amylase, cellulase, protease, lipase/esterase, catalase
and carbohydrate fermentation using various sugars like-
ribose, fructose, starch, mannose and triple sugar (lac-
tose, sucrose, glucose and iron) were performed on agar
plate assays [63].

Statistical analyses

Statistical analyses of the basic genomic features like
genome length, GC content, number of CDS etc. were
performed with a t-test in R Studio [47]. The p-value
of <0.05 was considered as significant threshold. Experi-
ments were performed in triplicates. Standard errors
were calculated and shown in charts as error bars.

Abbreviations

ABC transporter  ATP-binding cassette transporter

ADC Arginine decarboxylases

AGEs Accessory Genomic Elements

Al Autoinducer
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AMP Antimicrobial Peptides

ANI Average nucleotide identity

BLAST Basic Local Alignment Search Tool
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ABSTRACT: A dimer of Pd(II), [(bpy)Pd(u-OH),Pd(bpy)]*, (complex 1)

(where bpy = 2,2/-bipyridyl) has been synthesized at physiological pH (7.4) and = ; =
characterized by electronic spectroscopy, electrospray ionization mass spectrom- : = S S
etry (ESI-MS) spectroscopy, and Fourier transform infrared (FT-IR) analysis. N g5
Reaction kinetics of 1 with glycine (L'H), L-glutamic acid (L*H), and L-arginine
(L*H) were investigated in an aqueous medium at pH of 7.4 and constant ionic
strength via a spectrophotometer as a function of temperature and different
concentrations of substrate-complex and ligand. The interactions were supported
by two discrete successive steps, i.e., ligand-dependent and ligand-independent
steps. The equilibrium constant of complex formation (outer-sphere association)
and the rate constant during complex-substrate—ligand interaction were
calculated. The Eyring equation was applied to evaluate activation factors (AH*
and AS?), and associative mechanisms of all reactions were proposed.
Thermodynamic parameters (AH® and AS°®) were also estimated from the standard plot of In Ky against 10°/T. Spectroscopic
titration of 1 at pH 7.4 in Tris—HCI buffer with calf thymus DNA, electronic emission titration with ethidium bromide (EtBr),
antimicrobial activities, and an agarose gel electrophoresis run of 1 on pBR322 plasmid DNA have shown strong evidence of
anticancer activity. Moreover, it has nontoxic water molecules as leaving groups.

1. INTRODUCTION From this background, we have chosen Pd(II)'” as the metal

Metal-based anticancer chemotherapeutic drugs that are less center and an aromatic ligand having an N,N donor center

toxic to normal cells and more effective to cancerous cells have
been in search ever since the successful clinical application of
cisplatin, cis-diamminedichloroplatinum(II) (cis-DDP) in
cancer therapy.l’2 However, various types of side effects,

(2,2 -bipyridine)*'* as a building block considering the donor
center of cis-DDP to explore its kinetic and mechanistic
behavior for in vitro studies using three selected amino acids:
glycine, L-arginine, and L-glutamic acids. In addition, such
metal complexes interrelate noncovalently with DNA due to

such as vomiting, nausea as well as nephrotoxicity, neuro-
their planar aromatic rings, which have the potential of

toxicity, hemolytic anemia, and ototoxicity, have limited the

wide application of cisplatin as an anticancerous drug.’ Other powerful anticancerous drugs.'*'” The calf thymus (ctDNA)
newly synthesized Pt(II)-based anticancer drugs viz. carbopla- has been used primarily for DNA binding studies during the
tin, nedaplatin, lobaplatin, and oxaliplatin are not as successful development of metallodrugs for chemotherapeutic applica-
as cisplatin due to severe side effects and no longer have the tions using different metal-based complexes such as Pd, Cu,
clinical advantages.‘"5 Moreover, inherent and acquired Zn, and Ru."*'® In vitro studies, such as evaluation of the
resistances have marred the success of cisplatin and limited linear Stern—Volmer quenching constant (K,,), ability to
its efficacy during chemotherapy.® The adverse effect of Pt(1I)- cleave plasmid DNA (pBR 322), and antimicrobial activity of
based anticancer drugs leads the attention toward the less the complex and ligand, are beneficial to understand the

toxic’ but similar efficacy of Pd(II) complexes showing iso-

structural pattern (square planar) and analogues with Pt(II) Received: August 12, 2023
complexes.”” Moreover, Pd(II) complexes could attain rapid Revised:  October 17, 2023
equilibrium in comparison to Pt(II) (10° times faster)'>"! Accepted: November 3, 2023
analogues which might be applied as a model complex for Published: November 20, 2023
studying the mechanism of interaction of Pt-analogues with

DNA."”
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Figure 15. (a) Plot of inhibition zone versus concentration of antimicrobial study of 1 and (b) inhibition zone of bacterial agar Petri dish.

4. CONCLUSIONS

The dimer of the Pd(II) complex was synthesized at pH 7.4
and characterized by electronic spectroscopy, FT-IR, and ESI-
MS spectroscopy. Reaction kinetics of 1’s substitution
reactions with the three selected amino acids containing N
and O donor centers at 7.4 pH in the aqueous solution have
been studied to optimize reactivity and selectivity. Low
positive values of enthalpy of activation (AH,* and AH,")
and high negative values of entropy of activation (AS # 1 and
AS # 2) for the three reactions suggest a reasonable degree of
ligand participation in the associative mode of the transition
state, which implies ligand-dependent step L. In contrast, step
IT is ligand-independent ring closure. The high nucleophilicity
of glycine among the three amino acids leads to greater
stabilization of the transition state with the Pd(II) dimer and
requires the lowest activation enthalpy. In vitro DNA binding
studies suggest a strong interaction of 1 with ctDNA. The
antimicrobial and antifungal activities reveal that 1 can be
active against selected bacterial and fungal strains. Comparing
the K and Kgy values (Table 6), it is found that 1 has a higher
value than 2 but a lower value than the other (Pd 1, Pd 2, Pd 3,
and Pd 4). So, dimerization from 2 to 1 increases DNA
binding capacity. In the case of Pd 2, Pd 3, Pd 4, and Pd §,
though they are dimers having a higher DNA binding value
than 1, each of the four has toxic chloride (CI7) as a leaving
group, while 1 has a nontoxic water molecule as a leaving
group.

Further studies can be carried out to evaluate its
pharmacological properties in vivo and the definite mechanism
of its bioactivity. However, the results of this study can be
beneficial in understanding the reaction kinetics and the
interaction of the Pd(II) complex with amino acids, DNA, and
selected microbes. It can encourage the development and
production of superior anticancer therapeutic reagents. The
following points summarize the novelty of this study, such as a
correlation between kinetic study and bioactivity assay in an
aqueous medium at physiological pH, optimization between
reactivity and selectivity, optimum rate, nontoxic side product
(H,0), and antimicrobial activity.
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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Ching Hou In this study, arsenic tolerating bacteria Bacillus pacificus (AKS1a) was isolated from arsenic cont-
aminated groundwater of Purbasthali, Purba Bardhaman, West Bengal, India and its bioremedia-

Keywords: . . .. . . . . .

) tion potential was preliminary screened. This multimetal resistant strain was able to grow against
g;;s:r:e diation more than 20 mM arsenate and 10 mM arsenite salts. The genome was more than 5.16 Mb in
Ars operon length, with an average of around 35.2% GC content, bearing 5403 protein coding genes. Arsenic
Comparative genomics resistant genes like arsC, arsB, arsR, etc. were also identified. Rapid Annotation using Subsystem
FTIR Technology (RAST) identified 328 subsystems within the genome. Presence of six Genomic Is-
EDS lands (GIs) and five phage virus genomic parts indicated its ecological adaptations to overcome

environmental stresses. The production of about 415 pg mL-! indole acetic acid (IAA),
258.0 pg mL-! gibberellic acid (GA), and 183 pg mL-! proline by the bacterium, along with nitro-
gen fixation ability under in-vitro conditions, indicate its plant growth promoting potential. This
was further confirmed through rice seedling growth enhancement under arsenic stress. Beside ar-
senite oxidation to arsenate, its arsenic adsorption property was confirmed through X-ray Fluo-
rescence spectroscopy (XRF), Fourier Transform Infrared spectroscopy (FTIR), and Energy Dis-
persive X-ray spectroscopic (EDS) analysis. Genomic comparisons among 25 different strains of B.
pacificus showed that there are tremendous genetic differences in respect to their accessory
genome content. In future, this strain can be applied as biofertilizer or biostimulant for improving
rice plant growth.

1. Introduction

Arsenic and its detrimental impacts on different organisms are well established today (Sher and Rehman, 2019). Arsenic, a metal-
loid, is ubiquitously distributed in environment and its presence markedly dependent on biotic and abiotic factors like nature of soil,
microbial population, pH, water content, etc. Background concentration of arsenic ranges from 0.1 to 40 mg kg~! in soil and <0.5 to

* Corresponding author.
E-mail address: rajibindia@gmail.com (R. Bandopadhyay).

https://doi.org/10.1016/j.bcab.2023.102825
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ABSTRACT

Heavy metal pollution in mining areas is a serious environmental concern. The exploration of mine-inhabiting
microbes, especially bacteria may use as an effective alternative for the remediation of mining hazards. A
highly copper-tolerant strain GKSM13 was isolated from the soil of the Singhbhum copper mining area and
characterized for significant copper (Cu) removal potential and tolerance to other heavy metals. The punctate,
yellow-colored, coccoid strain GKSM13 was able to tolerate 500 mg L™} Cu®*. Whole-genome sequencing
identified strain GKSM13 as Micrococcus yunnanensis, which has a 2.44 Mb genome with 2176 protein-coding
genes. The presence of putative Cu homeostasis genes and other heavy metal transporters/response regulators
or transcription factors may responsible for multi-metal resistance. The maximum Cu?* removal of 89.2% was
achieved at a pH of 7.5, a temperature of 35.5 °C, and an initial Cu?>" ion concentration of 31.5 mg L.
Alteration of the cell surface, deposition of cu®* in the bacterial cell, and the involvement of hydroxyl, carboxyl
amide, and amine groups in Cu?" removal were observed using microscopic and spectroscopic analysis. This
study is the first to reveal a molecular-based approach for the multi-metal tolerance and copper homeostasis

mechanism of M. yunnanensis GKSM13.

1. Introduction

The term “heavy metal” refers to the group of metallic elements and
metalloids with high molecular weight and atomic density greater than
5¢g ecm ! (Dhaliwal et al., 2020). The non-degradable and persistent
metals such as copper (Cu), cadmium (Cd), chromium (Cr), lead (Pb),
arsenic (As), nickel (Ni), cobalt (Co), zinc (Zn), and mercury (Hg)
(Kumar et al., 2021) exacerbate the negative impacts on the ecosystem.
The bioaccumulation and biomagnification of these heavy metals in
ecosystems pose an acute threat to the entire food chain (Duruibe et al.,
2007; Das et al., 2022). These pollutants are cytotoxic in nature, create
gastrointestinal complications, short time memory loss, mental retar-
dation, etc. even at low concentrations (Priyadarshanee and Das, 2021).
In addition, adverse effects on human are generally dose-dependent and
metal specific. For example, Pb causes oxidative damage by forming
reactive oxygen species (ROS), Cr (VI) and Cd effect on cellular integrity,
As and Hg form toxic derivatives of methyl and thiol groups, and Fe

* Corresponding author.
E-mail address: rajibindia@gmail.com (R. Bandopadhyay).

https://doi.org/10.1016/j.envres.2023.115431

cause lipid peroxidation (Balali-Mood et al., 2021; Priyadarshanee and
Das, 2021).

Among the heavy metals, copper (Cu) is considered an essential
micronutrient and acts as a cofactor for multiple enzymes and proteins
involved in photosynthesis, oxidation, nitrogen fixation, and other
cellular metabolisms (Rehman et al., 2019). According to the World
Health Organization (WHO), the permissible limit of Cu in drinking
water is 2 mg L~! (Chan et al., 2022). However, several natural and
anthropogenic activities such as soil erosion, leaching, mining, smelting,
automobile exhaust, coal combustion, municipal compost, fertilizers,
pesticides, and fungicides are the major contributors for the excessive Cu
inputs into the environment (Kumar et al., 2021; Saha et al., 2022). This
may cause vegetation loss, soil nutrient depletion, and human health
risks (Shabbir et al., 2020). In humans, Cu toxicity generates free radi-
cals within the cell and causes nausea, headache, vomiting, diarrhoea,
respiratory infections, liver and kidney failure (Rathi and Yogalakshmi,
2021; Shabbir et al.,, 2020). Nevertheless, the excessive Cu

Received 17 December 2022; Received in revised form 31 January 2023; Accepted 4 February 2023

Available online 7 February 2023
0013-9351/© 2023 Elsevier Inc. All rights reserved.
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Heavy metal pollution in mining areas is a serious environmental concern. The exploration of mine-inhabiting
microbes, especially bacteria may use as an effective alternative for the remediation of mining hazards. A
highly copper-tolerant strain GKSM13 was isolated from the soil of the Singhbhum copper mining area and
characterized for significant copper (Cu) removal potential and tolerance to other heavy metals. The punctate,
yellow-colored, coccoid strain GKSM13 was able to tolerate 500 mg L™} Cu®*. Whole-genome sequencing
identified strain GKSM13 as Micrococcus yunnanensis, which has a 2.44 Mb genome with 2176 protein-coding
genes. The presence of putative Cu homeostasis genes and other heavy metal transporters/response regulators
or transcription factors may responsible for multi-metal resistance. The maximum Cu?* removal of 89.2% was
achieved at a pH of 7.5, a temperature of 35.5 °C, and an initial Cu?>" ion concentration of 31.5 mg L.
Alteration of the cell surface, deposition of cu®* in the bacterial cell, and the involvement of hydroxyl, carboxyl
amide, and amine groups in Cu?" removal were observed using microscopic and spectroscopic analysis. This
study is the first to reveal a molecular-based approach for the multi-metal tolerance and copper homeostasis

mechanism of M. yunnanensis GKSM13.

1. Introduction

The term “heavy metal” refers to the group of metallic elements and
metalloids with high molecular weight and atomic density greater than
5¢g ecm ! (Dhaliwal et al., 2020). The non-degradable and persistent
metals such as copper (Cu), cadmium (Cd), chromium (Cr), lead (Pb),
arsenic (As), nickel (Ni), cobalt (Co), zinc (Zn), and mercury (Hg)
(Kumar et al., 2021) exacerbate the negative impacts on the ecosystem.
The bioaccumulation and biomagnification of these heavy metals in
ecosystems pose an acute threat to the entire food chain (Duruibe et al.,
2007; Das et al., 2022). These pollutants are cytotoxic in nature, create
gastrointestinal complications, short time memory loss, mental retar-
dation, etc. even at low concentrations (Priyadarshanee and Das, 2021).
In addition, adverse effects on human are generally dose-dependent and
metal specific. For example, Pb causes oxidative damage by forming
reactive oxygen species (ROS), Cr (VI) and Cd effect on cellular integrity,
As and Hg form toxic derivatives of methyl and thiol groups, and Fe

* Corresponding author.
E-mail address: rajibindia@gmail.com (R. Bandopadhyay).

https://doi.org/10.1016/j.envres.2023.115431

cause lipid peroxidation (Balali-Mood et al., 2021; Priyadarshanee and
Das, 2021).

Among the heavy metals, copper (Cu) is considered an essential
micronutrient and acts as a cofactor for multiple enzymes and proteins
involved in photosynthesis, oxidation, nitrogen fixation, and other
cellular metabolisms (Rehman et al., 2019). According to the World
Health Organization (WHO), the permissible limit of Cu in drinking
water is 2 mg L~! (Chan et al., 2022). However, several natural and
anthropogenic activities such as soil erosion, leaching, mining, smelting,
automobile exhaust, coal combustion, municipal compost, fertilizers,
pesticides, and fungicides are the major contributors for the excessive Cu
inputs into the environment (Kumar et al., 2021; Saha et al., 2022). This
may cause vegetation loss, soil nutrient depletion, and human health
risks (Shabbir et al., 2020). In humans, Cu toxicity generates free radi-
cals within the cell and causes nausea, headache, vomiting, diarrhoea,
respiratory infections, liver and kidney failure (Rathi and Yogalakshmi,
2021; Shabbir et al.,, 2020). Nevertheless, the excessive Cu

Received 17 December 2022; Received in revised form 31 January 2023; Accepted 4 February 2023
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Splachnobryum (Splachnobryaceae A K. Kop.) a New Generic
Record to the Mosses of Sikkim Himalaya, India

§.8. Dash' - Subhajit Lahiri® - Pamela Saha® - Asok Ghosh® - B. K. Sinha’
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Abstract Spiachnobryum  obmsum  (Brid) €. Mueil,
(Splachnobryaceas A K, Kop.) has been recently collected
from Daongri regions of west district of Sikkim at an
atitde of 3732 mal. The collection of this specics from
such & higher elevation in Siklam ndicates its greater
adaptability to survive in a vaned range of habitats in
Sikkim Homalaya and also an indication for possible cli-
mate change. The description of the species along with an
illustmtion is provided in the present paper. Occumence of
the penus Splachaohryum has been recorded for the fimst
time trom Sikkim Himalays and also from a suhalpine
region,

Keywords Moss « Eastern Himalaya © New
Gienene record - Sikkim - Splacknobryum

= 58 Dmh
sl WOUNIR gy rai | socam

Subhajit Lahini
by bent k3 G0y Lenan
Pamely Ssha

el asabin srun] g imail dom
Aok Chosh
atorkearen i prozl o on

B. K Sinha
bl K MGT ya .o in

Batamical Survey of ds, OGO Comgles, Sectar-1, Sl
Lske City, Koliats 700061, West Bengal, India

Central Mationzl Hetmnum, Batanical Survey of Ihis,
Haowrsh 711 185, West Bengal, India

Depertmiant of Botany, University ol Burdwan, Busdwan
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Introduction

The penus Splachnobrynm Muller; 1896 (Splachnobry-
aceae), consisting of about 10 species (1, 2], 15 distributed
wordwide in the northern tropical and subtropical regions,
cxcept a few species that are introduced in temperte
glasshouses in South Amenca and Europe, The plants ar
wsually grown in moist and wet inorganic caleareous sub-
tracts, and commonly at low altiudes, extending up to
1870 m (1) It has greatly been considersd that many
species that were previously considered under this genus in
family Splachnocese wen: amalgamation of many taxo-
nomic complexes which wen: subsequently transferred to
many allied genera Srvum, Syerhopodon Distichaphyllom,
Archidium, and Gymmosiomiellaor meduced to synonyms
|1, 3} The penus Splachnabryen is charactensed by smull
unhmnched dioicous gametophytes. emet slender stem,
leaves larpely deformed, crowded towards apex. median
large laminal cells, with a vanahle shape, smaller towards
the murgin and large towards the costa: pair of axillary
hairs near leaf insertion, tizoids in the lower part of stem;
terminal clustered antheridia solitary-necked archegonia,
while the spomophyte iz solitury, with u thin, smooth seta
and erect, eylindrical theca. In the curment @rcumscription,
the genus is represented in India by three species:
Splachnobrywn aguaticem C. Mucll. (known from Uttar-
akhand and Gujamt); Splachrobroum assamicam Dixon
{known from Uttarakhand and Assamp; and Splaching-
bryum obtusum (Bnd.) C. Muell. known from Gangetic
South Bengol, Onssa, Western Himalava, snd Western
Ghats (1, 4].

[ruring identi fication of some of the recent moss col-
lections, we came across an interssting specimen of
Splacimobrywm Muller collected from o place between
Tshoka and Phedang (3732 m), 27° 27 34.24" N, 88° 1Y
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ABSTRACT

Twenty two species reported here as addition to the Flora of Kanchenjunga Biosphere Reserve, Sikkim. Besides Rubus
lastostylus Focke reported here for the first time from Sikkim Himalaya. A comprehensive description. information on
phenclogy and ecology of each of the species has been provided here for easy identification.

Keywords: Floristic Diversity, KBR. New Additions, Sikkim

INTRODUCTION

‘The Kanchenjunga Biosphere Reserve (KBR) §s located
in West and North district of Sikkim between 27%15°-
27°57'N latitude and 88°02'-88°40°E longitude, The
biosphere reserve comprises an area of 2619.92 sq. km of
which the core zone is about 1784 sq. km and the buffer
zone is 835.92 sq. km. Due to its great biodiversity along
with multi-cthnic culture, UNESCO acknowledged this
biosphere reserve as World Heritage Site in the year 2018.
The biosphere reserve falls within the Himalaya global
biodiversity hotspot and shows an unrivaled range of
sub-tropical to alpine ecosystems. Khangchendzonga

Biosphere Reserve is covers 25% of the State of Sikkim,
recognized as one of India’s most noteworthy biodiversity
concentrations. Maity & al, (2018) enumerated 1584
species of flowering plants from the arca while dealing
the Flora of Kanchenjunga Biosphere Reserve. However,
certain parts of the KBR are yet to be explored and
documented. Recently, during our visit to KBR in
connection with setting up permanent plots under the
project “Biodiversity Assessment through Long-term
Maonitoring Plots in Indian Himalayan Landscape” for
monitoring of plant diversity change in the Dzongri-
Gocha La area, we have collected a total of 400 plant
specimens. Interestingly, 22 species belonging to 13
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NATIONAL INSTITUTE OF BIOMEDICAL GENOMICS

(An Autonomous Institution of the Gavernmont of india, Departmaent of Biotechnology)

AGREEMENT TO COLLBORATIVE WORK (ATC)
ON
“NEXT GENERATION SEQUENCING SERVICE”
BETWEEN

THE

NATIONAL INSTITUTE OF BIOMEDICAL GENOMICS, HAVING ITS REGISTERED
OFFICE AT PO: N.S.S, KALYANI, DISTRICT: NADIA, WEST BENGAL, INDIA, PIN:
741251, HEREIN REFERRED TO AS

“NIBMG”

AND

THE UNIVERSITY OF BURDWAN, RAJBATI, PURBO BARDHAMAN: 713104,
HEREIN REFERRED TO AS

H'BUN

AND
ON AND FROM 11", October, 2018 TO 11", October, 2019

1. Statement of Purpose

1.1 The purpose of this agreement is to establish a framework for research expenmentation
between BU and NIBMG on “Next Generation Sequencing”

2, Statement of Work
2.1 Where as BU is desirous of undertaking research on ‘ Next generation Sequencing ” and

has the necessary expertise for the overall conduct of the study.

1/3




platform

technology
and h its Core

2.2 Whereas NIBMG has the necessary scientific expemse_ 1BHGL throug
required for the said work and is desirous of sharing the same with M
Technology Research Initiative (herein referrec to as CoTeRl).
2.4 BU will provide NIBMG with required guaity and guantity of
samples) as required and specified by NIBMG.

2.5 NIBMG shall carry out the necessary seGuencing work in it's facility . i Bl
2.6 NIBMG will provide the generated sequencing data to the principal investis? ation
for which due credit will be provided to NIBMG with the clause “Next generat
sequencing was performed at the National Institute of Biomedical Genomics,
in the acknowledgement section of any publication/s arising from the data gene

piospecimens (ONA

Kalyani, India”
rated at the

NIBMG.

2.7 BU will bear costs of all reagents, consumablies and associated costs 3a$ estimated by
NIBMG and provide the same to NIBMG in advance of initiation of work, which may be
phased out as mutually agreed.

2.8 NIBMG shall provide Principal investigator of BU with an acknowiedgement of the
receipt of the money and invoice , immediately after receiving the fund
statement of expenditure and utilization certificate for the funds remitted by BU w
three months after the completion of the work:

2.9 Any intellectual property arising out of this work shall be shared jointly by BU and
NIBMG based on the due contribution of the both the side and cost sharing and by mutual

as well as
ithin

understanding.
2.10 NIBMG will maintain complete conficentiziity of the work as well as the data and the

scientific conclusions drawn therein.
incipal investigator {P1} of BU to

2.11 Remainder, if any, of bio specimens provided by Princica
NIBMG for experiments carried out in NIBMG shall be returned by NIBMG to BU after the

due completion of the required experiments.

3. General Provisions

3.1 This agreement will be effective upon placement of signature of authorized signatories
of BU and NIBMG.

3.2 This agreement may be amended by mutuai consent of BU and NIBMG.

3.3 This agreement may be reviewved and terminated by BU or NIBMG by providing a notice
to the other parties at least 90 days in advance of the termination cate.

3.4 Any dispute arising out of the coliaborative work between BU and NIBMG may be
settled jointly by Principa! Investizator/ Authorised signatory of 8U and of NIBIIG.

3.5 Principal Investigator of BU undertakes that the required institutional ethics approval
for the said work has been duly cbtained and that NIBMG is not responsible for any
auestion or dispute that may arise in future regarding the ethics approval required for

conducting the experiments in NIBMG.



4. Specific Provisions
4.1 Principal Investigator of BU shall submit samples of DNA/RNA, of appropriate guantity

and purity as required by NIBMG.
4.2 Based on the experimental need, Principal Investigator of BU will provide specific
Eeﬂome'! expanded

sequencing requirements (Whole exome/ Whoie
exome/Trascriptome/or others) to CoTeRl, NIBGM. Accordingly, CoTeRl, will provice cost

/per sample to the Principal Investigator of BU..
4.2. Principal Investigator of BU will provide the Cost of required minimum of samples size

to the NIBGM, which will be decided by the CoTeRl, NIBMG, based on the experimenta
condition. BU shall transfer total cost of samples to NIBMG's bank account in agvance of

initiation of work.

For and on behalf of BU For and on behalf of NIBMG

Name: Dr. T. Hossain Name: Dr. Squmitra Das

Designation: Registrar

Designation: Director

Place: Rajbati, Burdwan Place: Kalyani, al
N
g
Signature: - Z{ Signature:
REGISTRIR (0%iating ¥ ¥ —
seal: THE UNNVERS!TY oF 5:‘35;,»;.-- Seal: S ) Ssumiza Den
s = T Sra-RAfden OANES
NATIONAL INSTITUTE OF B CMED CAL GENOMICS

BURDWAN-713104
P ETELE, FEF741251 = =F T (qewe)
P.O.:N.5.S., Kalyaru-741251, Dist.-Nacia.(w.B.)

Witness: Witness:
Name : Dr. Anuapm Basu Name : Dr. Arindam \l.ntm
Associate Professor, NIBMC

Principal Investigator, Dept. of Zoology, BU
(é a Signature: 0\5 \*E/‘

Signature: \ \
\\\}& ﬁ.‘c@\ e




National Institute of Biomedical Genomics
(An Autonomous Institution of Govt. of India, Dept. of Biotechnology)

Core Technologies Research Initiative (CoTeRl)

Date; 24.09.2018

Principal Investigator
Reference Number: CoTeRI/BU/001/2018-19

Prof. Anupam Basu
Principal Investigator,

DBT /SERB Funded project
Molecular Biology and Human Genetics Laboratory

Department of Zoology
The University of Burdwan
Purbo Bardhaman: 713104

Project Name: Expanded Exome Sequencing

1 Some of the experiments to be carried out in this project require expertise and
instrumentation of NIBMG. Hence, the Principal Investigator (Pl) of BU would like
the help of NIBMG in carrying out the experiments in a collaborative manner.

PI shall submit 16 samples of genomic DNA of optimal quality and quantity (500 ng

2.
DNA per sample) for expanded exome Sequencing.

3. NIBMG will perform quantitation, exome enrichment, sequencing library
preparation and 2 x 100 bp paired end read sequencing for samples to generate
30X average sequence depth per sample.

4 The results of the experiments and data will be shared jointly between Pl and

NIBMG. NIBMG should be provided due credit for the experimental work
performed at NIBMG.

5. NIBMG is providing below a statement of cost required for execution of the

experiments which will be remitted by Pl to NIBMG in advance.

6. NIBMG will provide Pl with details of its bank account for the same. NIBMG will also

provide Pl with an acknowledgement of the receipt of the money.

1/3



three months after the completion of the work.

NIBMG will provide Pl with the statement of expenditure and utihization certificate
for the collaborative work done on the project from funds remitted by Pl within

Actual time required for completion of the project is dependent upon the delivery
times of all reagents and consumables required for the work and also the queue of

work scheduled for the platform at the time of transfer of samples to NIBMG.
Projected time required and schedule of experiments will be provided by NIBMG

7
8

after the receipt of samples.
9.

not be accepted by NIBMG.

Cost Details:

5 No. |

T

Item

" No. of
Samples

1. lzDNA quantitation, Sequencing library preparation
and 2 x 100 bp sequencing in NovaSeq 6000 S2
flowcell (30X average sequence depth per sample)

16

GST @ 18%

e ———

Total

Reagents and consumables cannot be purchased by NIBMG without transfer of
the total money required for the entire project from PI. Partial remittance shall

Total Cost (X))

4,94,400.00

88,992 .00
5,83,392.00

Total Cost: Rupees five lakhs eighty three thousand three hundred ninety two only.

=frn & doed) | Arindam Maitea PRD.
AE-AEwT [ Associate Professor
oy w2 R e
MATIONAL INSTITUTE OF BIOMEDICAL GENOMICS
Q2. raew.re, TR, s, (k)
PO NS, Kalyank 741251, Cist-Naga (W.B)



BANK ACCOUNT DETAILS of NIBMG

Name of the Beneficiary
Account

Bank Account Number

National Institute of Biomedical Genomics (CoTeRl)

0579010459112

Nature of Bank Account

Saving Bank Account

MICR No.

700027303

Name of the Bank

United Bank of India

Name and Address of the
Bank Branch

Kalyani Branch,
Plot No. A-9/7(S), Kalyani, Nadia-741235
91-33-2582-8520
bmkyi@unitedbankofindia.co.in

Bank Branch code

KYI1030

IFSC Code

UTBIOKYIO030

1l tes Tonalna
4

UTBIOKY 1030

'D.'

(rerc)




SL NO. 22

Deutscher Akademischer Austauschdienst
German Academic Exchange Service

Letter of Award
Name: Trinetra Mukherjee
Date of birth: 14/03/89
Personal ref. no.: 91649472
Funding programme/-ID: Research Grants - Bi-nationally Supervised Doctoral Degrees, 2017/18
(57299293)
Nationality: India

You are being granted a DAAD scholarship.

Start of funding End of funding Destination country Institution

01/10/17 30/09/18 Germany Ruhr-Universitat Bochum

The scholarship includes the following benefits:

Preparatory language course

Start of course End of course Course location Organiser
01/08/17 30/09/17 Marburg speak and write

Costs for the above language course totalling: EUR 2.700,00.
DAAD transfers this scholarship directly to the course organiser, who covers the costs of the
course and accommodation with these funds and pays you pocket money of 410,00 EUR a month.

Scholarship and supplementary benefits

Benefit Destination country [ Amount Payment From To
Scholarship instalment Germany 1,000.00 EUR | monthly 01/10/17 30/09/18
Research allowance Germany 460.00 EUR|01/10/17

Travel allowance Germany 350.00 EUR|01/08/17

Travel allowance Germany Germany 50.00 EUR|01/10/17

For months with a funding period of less than 23 days, the scholarship payment will be calculated on a daily basis and the exact number
of funding days paid. The payments listed above are subject to possible changes.

Insurance benefits
* Primary health insurance (fully comprehensive insurance)

Unless you hear otherwise, you will be automatically registered for health insurance by the
DAAD with Continentale for the duration of your language course and your scholarship.
You are required to inform yourself about the conditions of your health insurance cover in
Germany by reading chapter 1.5.1. ,General information“ and Point Il in the brochure ,Ihr
DAAD-Stipendium/Your DAAD-scholarship®.
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* Insurance for accident and personal liability

The enclosed booklet ,Ihr DAAD-Stipendium/Your DAAD-scholarship® is an integral and
complimentary part of this Letter of Award and therefore legally binding.

Conditions and requirements

The flat-rate travel allowance for your return travel will be paid together with your final scholarship
instalment. The amount payable will be in accordance with the subsidy rates valid at the point in
time.

Other comments

§ 34 of the Ordinance Governing Residence applies to this scholarship. According to this, the visa
for academics and scientists and dependants (spouses or partners, if the marriage or civil
partnership already existed upon arrival in Germany, and minor, unmarried children) accompanying
or subsequently joining them is not subject to the approval of the foreigners' authorities if the
scientists are assigned a place by German scientific organisations or a German public body and in
this connection are receiving a publicly funded scholarship in Germany.

The scholarship granted as part of the above funding programme is financed entirely from federal
public funds.

Bonn, 12/04/17
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Secretary General of the German Academic Exchange Service

Personal ref. no.: 91649472

Section in charge: Section ST34

Head of Section: Hannelore Bossmann
Person in charge: Melanie Lemke

Telephone number: +49 228 882-8958
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Materials Chemistry and Physics 296 (2023) 127245
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Materials Chemistry and Physics

journal homepage: www.elsevier.com/locate/matchemphys

Microstructural, electrical and mechanical characterizations of
green-synthesized biocompatible calcium phosphate nanocomposites with
morphological hierarchy

Tuli Chatterjee , Moumita Maji , Shrabani Paul b Monidipa Ghosh ¢, Swapan

& Department of Physics, National Institute of Technology, Durgapur, 713209, India
Y Materials Science Division, Dept. of Physics, The University of Burdwan, Golapbag, Burdwan, 713104, India
¢ Department of Biotechnology, National Institute of Technology, Durgapur, 713209, India

HIGHLIGHTS GRAPHICAL ABSTRACT

e Ag-Ag3P0O4-BCP nanocomposites hy-
drothermally synthesized in neem and
aloe vera media.

o Epitaxial attachments of metallic phases
to mesoporous uniaxial BCP nanorods.
o Biocompatibility and stability up to high

dosage for 72 h studied on healthy cells.

e High interfacial polarization and surface
charge retention ability for
osteoconduction.

e Bulk porosity and unique structure-
dependent dielectric and mechanical
properties.

ARTICLE INFO ABSTRACT
Keywords: The present work reports the development of novel ternary silver-silver phosphate-biphasic calcium phosphate
Nanocomposites nanocomposites by plant-extract mediated hydrothermal route. Unique epitaxial morphological growth of the

Electron microscopy Ag-Ag3P04 core-shell structure influences the internal grain-grain boundary arrangement. The green-assisted

PD?;;]: ;:ym roperties development of the constituent phases helps significant biocompatibility enhancement (~89-93% for 50 pg/
Impe dancep P mL; 72 h). Hence long-term bone-replacement purposes and polar fluid osmosis are favorable due to higher cell

attachment on the rough surface of the mesoporous nanocomposites. The heterogeneous attachment between the
three phases creates defect states indicating intense interfacial polarization, as elucidated by the dielectric
spectroscopic studies. The surface charge essential for bone regeneration is likely to be developed. Besides, the
porous nanocomposite compacts exhibit superior phase-composition-dependent mechanical (Hardness ~1.3
GPa; load 4.9 N) and dielectric properties (permittivity ~1.2 x 103 200 Hz, 613 K) helping in conduction
through bones. Thus the green-synthesized ternary nanocomposites exhibit the essential aspects of a promising
bone-implant material.

Mechanical properties

* Corresponding author.
** Corresponding author.
E-mail addresses: skpradhan@phys.buruniv.ac.in (S.K. Pradhan), ajit.meikap@phy.nitdgp.ac.in (A.K. Meikap).
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ABSTRACT

Antimony telluride (Sb,Tes) nanoparticles of different sizes were fabricated by mechanical alloying (MA)
of elemental Sb and Te powers for different durations. The powder nanostructures were pelletized,
annealed in Ar ambient, and characterized by XRD, FESEM, TEM to study the effect of milling time and
thermal treatment on particle size, grain growth, and crystallinity. The annealed and unannealed
pelletized nanostructures were analyzed in a PPMS to study the effect of grain growth on their electrical
and thermoelectric properties. Room temperature electrical conductivity of the p-type semiconductor
nanostructures improved significantly (from ~10> to ~ 10> mho/m) due to thermal annealing and results
in the considerable improvement in thermoelectric figure of merit (ZT). Thermal annealing-induced
grain growth also transforms the semiconducting nature of the sample to metallic. The reduced ther-
mal conductivity of the nanostructures with reduced grain size improves the ZT. The temperature-
dependent Lorenz number (Leffective) iS used to find the electronic contribution of total thermal con-
ductivity, and it is explained by the non-parabolic Kane model.

Thermoelectric properties

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Thermoelectric materials are efficient converters of waste heat
into useable electrical energy due to their high Seebeck coefficients
[1,2]. Thermoelectric figure of merit ZT defines the performance of a
thermoelectric material in converting thermal energy to electricity.
The ZT is defined as, ZT = S?T/K, where S,0, and K represent the
Seebeck coefficient, electrical conductivity, the thermal conductivity
of the material, respectively, and T is the temperature in K [3]. The S%c
term is defined as the power factor. Owing to the demand for alter-
native energy sources, the quest for new materials with an improved
figure of merit (ZT) has increased globally at a rapid rate [4,5].

In general, semiconductors are better thermoelectric materials
compared to metals [6]. According to Wiedemann-Franz law [7],
most metals have a nearly constant electrical to thermal conduc-
tivity ratio, and increasing electrical conductivity is difficult
without increasing their thermal conductivity. However, a good ZT
value requires a high electrical conductivity and simultaneously a
lower thermal conductivity. Hence, for metals or metallic alloys, the
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only possible way to obtain a significant figure of merit is to have a
high value of the Seebeck coefficient. Unfortunately, most metals
show very small Seebeck coefficients (~10 uV/K), and their ther-
moelectric efficiencies are only fractions of a percent. On the other
hand, semiconductors with comparatively higher Seebeck coeffi-
cient values (~100 uV/K) had drawn strong attention as thermo-
electric materials since 1920 [8]. Low bandgap semiconductors
possess high electrical conductivity, comparable to metals.
Compared to bulk materials, nanomaterials have low thermal
conductivity because of lower lattice thermal conductivity result-
ing from the increased phonon scattering due to smaller grain size
[9—12]. Thus, nanostructured semiconductors of smaller bandgaps
are considered the most favorable thermoelectric materials as they
produce a reasonably higher figure of merit values.

Antimony telluride (SbyTes), a low bandgap semiconductor, has
been considered as one of the promising thermoelectric materials for
low-temperature applications [13—15]. Nano-structured Sb,Tes thin
films fabricated by physical vapor deposition [16], metal-organic
chemical vapor deposition [17,18], thermal co-evaporation [19],
flash evaporation [20], electrochemical method [21], ion beam sput-
tering [22], molecular beam epitaxy [23] etc. have shown good ther-
moelectric conversion efficiency. On the other hand, single-phase
SboTes  nanoparticles  synthesized by  microwave-assisted
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ARTICLE INFO ABSTRACT
Keywords: Thermoelectric materials convert waste heat energy efficiently to electricity in an eco-friendly manner. BisTes is
Nanostructures a known thermoelectric material, which can convert waste heat and solar energy into electricity in the 200-400
Microstructure K temperature range. BiTe3 nanocrystals are prepared in powder form by solvent-free mechanical alloying of
?r(;:rymilg::s:: elemental Bi and Te powder mixtures under an inert Ar atmosphere. The crystallite size and composition of the

BiyTes nanocrystals are analyzed using X-ray diffraction, field-emission scanning electron microscope and
energy-dispersive X-ray spectroscopy. Thermal and electrical behaviours and the effect of thermal annealing are
studied on the 10 h ball-milled sample in a physical properties measurement system in the 30-375 K temperature
range. It is observed that the high-temperature thermal annealing induces significant grain growth, reduces
lattice strain, along with a reduction of bandgap energy of the mechanically alloyed BiyTes nanostructures.
Thermoelectric properties and the figure of merit of the nanostructures have improved significantly upon
thermal annealing. Enhanced thermoelectric performance of the annealed nanostructures has been explained
considering the change in their thermal conductivity, electrical resistivity, and crystallite size induced by thermal
treatment.
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ABSTRACT

A total of 254 plant species belonging to 151 genera and 47 families were collected from alpine and subalpine regions
of Dzongri Goecha La area. Of the total species collected, the first ten dominating family contributed more than 52.75%
while the first ten dominating genera contributed 37,74 % of total genera of the studied area, 22 taxa have been reported

new to region during the study.

Keywords: Checklist, flora, vascular plants, Khangchendzonga, Biosphere Reserve. Alpine plants

INTRODUCTION

One of the prerequisites for biodiversity assessments and
strategy for plant conservation is to the document the plant
diversity of a region, The Himalayu has a remarkable range

Himalayan Studies,

The Dzongri-Goecha La area is well-known for its
pristine natural landscapes and ic d

of alpine flowers. This is also one of the highest fragile
ecosy listed under UNESCO World Heritage

of biodiversity in its diverse habitats and ecosy The
distribution of plant species in fragile alpine ecosystems is
dynamic and need to be recorded at different intervals
understand the pattern and potential migration of plant
species to different habitats. Keeping in this in mind, this
study has been carried out in the alpine and subalpine
region of Dzongri-Goecha La of West Sikkin: to document
the plants occurring on the region. Exploration was done
between July 2016 to September 2020 for collection of plant
specimens along different altitudina! gradient towards the
partial fulfilment of the objective of the project entitled
“Biodiversity Assessment through Long-term Momitoring Plots
tn Inddian Himalayan Landscape” under N I Mission of

¥

Site fe., Khangchendzonga Biosphere Reserve (KBR),
The vegetstion of the area comprises of subalpine
Rhododendron Forest, alpine scrubs and meadows.
Though includes a smaller area, but due to high variations
in elevation from 3000-4800 m asl plant diversity of the
area is remarkably high and unique. Recent study shows
that, the biodiversity of this region under threat due to
various factors such as heavy grazing, over expioitation
of plant resources and high influx of tourist ete.

MATERIAL AND METHODS

The Dzongrl Goecha La trekking starts from Yulksom,
situated ot an elevation of 1760 m asl, and ends at Goecha
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Abstract: Two lesser known species of Codonepsis Wall
(Campanulaceac], viz: C benthantii Hook.£: & Thomson
and € subsimplex Hook £ & Thomson were collecred
after 1 lapse of more than 2 cenmury from Sikkim
Himalaya, India, The authors evaluaged the Ph:nnkrgy
of the above species in the las hundred years which
shiows a significance alteration. In this paper. informasion
abour the raxonomy. habitar, diseribution and phenclogy
are discussed along wich photographic images:
Keywords: Codomopis bentfiri, C, siiriple, Pla‘m[ngyr‘
Rediscovery, Sikkim, Taxonomy.

Introduction

The petius C!doﬂﬂp.”:ﬁ Wall. (C:mpahul:ic::lt) 15
widtf}l diseribured in tetiperate to :]Pi'n: region of
Agia and Eurape and includes about 64 species
(Hcmg. 2015b). The genws includes perennial erece
herbs or hethaceous twiners charactenzed b}r
solitary and linge campanulate flowers, generally
with :lPtcuii::r foul odour (Haridasan & Mukhmjcr‘
1996; Hong, 2(115a; Mabbtr]r)'. Elll?J_ Clarke
(1881) reported 10 species of Codonopsis from the
India
Campanymocs Blume and Cyelocodon Grifk, Recent
field seudies in Himalayas (Dash, 2018). revealed
the oeeurrence of 15 species in India, of which €
ovata Benth,, € dematidea (Schrenk) C.B.Clarke
and €. ml'umffj';:h'a Benth. show an extended
diseribution in Western I']J'm:la}'a., while the resc
12 species are restricted o eastern Himalaya

then  British under two sections:

Reveived: 14.00. 2019, Revdied & Accepted: 10.04.2020
Prublivhed €elings 30,00, 20630

During field explorations in the East district of
Sikkim, swo species of Codomopsis were came across
in Kyongnosh Alpine Sancruary, After consulting
the relevant literature (Hooker & Thomson, 1858;
Clarke, 1881; Komaroy, 1908; Hong ef al., 20115
Huong, 2013a), type specimens, protologue and
other specimens housed in different herbaria (A,
ARUN, ASSAM, BSHC, CAL, DD, E. GH, K,
LWG, PE). they were identified as . benthanii
Hook.F. & Thomson and €, mr!i.ffmpfr:x Hook.f, &
Thomson. €. benthamii is rediscovered after 110
years while €. J:lfm'mpﬁ'x after a gap of 50 years
after their lase collection in India.

Material and Methods

F!nw:ring SpeCimens were collected from
Kyongnosh Alpine Sanceoary (East diseriee. Sikkim,
India) and vuu:hcrspccim::tls were prrpart& asper
standard pr:x:tﬂu.n: t{zin& Hao, 1977). Phuu)gr.lphs
were taken in field with a Sony HX 400V camera.
The ITLLEI'[}]TI(‘H‘P-]'I.(‘J].“EJ-I:J] characrers of Aowers were
stuched using stereo~zoom microscope {O]ympus
SZal, _].lpun.). Detailed descnprion was based on
field ohservations and herhbarium sprdm-cns l:ﬂ_,
ARUN, ASSAM, BSHC, CAL, DIY, E, GH, Kand
LWG: acronyms as PerThirrs, 20260 i.‘DI'].(i.T'I.II(ﬂ.l!ii}f
updated). To evaluate the change in flowering time
of these two species in the last hundred years,
Primack ef al. (2004) was followed.

Taxonomic treatment

Codonopsis benthamii Hook.f & Thomson. J.
Proc. Linn, Soc., Bor X 14, 183537, Lectotype
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ABSTRACT

Twenty two species reported here as addition to the Flora of Kanchenjunga Biosphere Reserve, Sikkim. Besides Rubus
lastostylus Focke reported here for the first time from Sikkim Himalaya. A comprehensive description. information on
phenclogy and ecology of each of the species has been provided here for easy identification.

Keywords: Floristic Diversity, KBR. New Additions, Sikdkim

INTRODUCTION

‘The Kanchenjunga Biosphere Reserve (KBR) §s located
in West and North district of Sikkim between 27915~
27°57'N latitude and 88°02'-88°40°E longitude, The
biosphere reserve comprises an area of 2619.92 sq. km of
which the core zone is about 1784 sq. km and the buffer
zone is 835.92 sq. km. Due to its great biodiversity along
with multi-cthnic culture, UNESCO acknowledged this
hiosphere reserve as World Heritage Site in the year 2018,
The biosphere reserve falls within the Himalaya global
biodiversity hotspot and shows an unrivaled range of
sub-tropical to alpine ecosystems. Khangchendzonga

Biosphere Reserve is covers 25% of the State of Sikkim,
recognized as one of India’s most noteworthy biodiversity
concentrations. Maity & al, (2018) enumerated 1584
species of flowering plants from the arca while dealing
the Flora of Kanchenjunga Biosphere Reserve. However,
certain parts of the KBR are yet to be explored and
documented. Recently, during our visit to KBR in
connection with setting up permanent plots under the
project “Biodiversity Assessment through Long-term
Maonitoring Plots in Indian Himalayan Landscape” for
monitoring of plant diversity change in the Dzongri-
Gocha La area, we have collected a total of 400 plant
specimens. Interestingly, 22 species belonging to 13
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Abstract

Erigero jaesohkel (Asicracsae: Asteréac: Conyzinac) has been rediscovered after more than |5 decades from the Spiti valley
of Himachal Pradesh, India. The profologuce of ihis species name had been cited wrongly in scveral published litcrature
sourees and enline databases. which is corrected in the present reatment. Apart from a brief diagnosis and types, no detuled
modern desenption, illustration or photograph was available for this species. Therefore, a detmiled deseription and a colour
photo-plate based on our collection are provided for the first time o facilitate dentification of this less-known specics. A
lectoty pe is also designated from the onginal collecuen by Dr. Jschie.

Key words: Compositae. endemic, Falon Pass, Mschke, lectotype, recollection

Introduction

The genus Erigevon Linnacus (1753 863) belongs to the subinbe Conyzinee under the tribe Astercac of the
fumily Asteraceas ( Composttue (Nesom 2008). The genus has ¢ 390 species (Nesom 2006) with a cosmopolitan
distribution, and is represented by 21 species with 2 varictics in India (Karthikeyvan ‘er al. 2020}, In connection with
a field survey (in scarch for species of Asier Linnacus {1753: §72) and their look-glike taxa) under SERB-CRG
project (CRG202 1/ TH)), few specimens of an uncertain species of Erigeron were collected from two locations
in Spiti Valley, Lahaul and Spiti District of Hionachal Pradesh, India, The specics was later identified as £ jadsehkei
Vierhapper { 1926 12) based on our detailed study of specimens, consultation of the protologue and original materials
of E. jaeschket, and also by our morphological comparisons with other relnted species-of Erigeron.

While descnbing £, lumalafensis Vierhapper (1906: 491) as o new species, Friedrch (Karl Max) Vierhapper
compared i with another, yet unnamed species by stating " Am Faloripalt hat Jaeschke nech cine andere (einpihnige?) A
gesammelt(Faloripall, Taeschke: hb. W), welche vielleicht ebenfalls den Plalocephali angehdrt. Sie unterscheidet sich
von £ Himaiajensiy durch diinnere Stengel. vicl langer gestiche Basalblitier mit bedeutend breiterer, brc:ilc:l:l.ip!ischcr
oder verkehre-eiffirmiger Lamina, breitere Stengelblatter und insbesondere durch das rienlich gletchmifige, absichend
dicht-haarige, nicht drissige Indument der Vegetationsorgane™ Later, Viethapper validly published a name of thar
unnamed species as E. jaeschkei Vierhapper (1926: 12) by providing o diagnosis: he also ciied specimens {syntypes)
and indicated the herbarium where the specimens were preserved.

Erigeron jaeschkel 15 endemie to Indea with a very restneted distribution in Himachal Pradesh. The species was
deseribed based on the specimens collected by Hermrich August Jischke froni Falon Pass, Lahsul, Himachal Pradesh,
cither between 18561864 or 1865~ 1868, Though the weéar of collection is neither mentioned in the protologue. nor
in the label data of Jischke's collection, it has been raced out-on & study of Fschke's biography published by Bray
{15E3)

Accepred by Alexander Sexnikov: 1 Noy, 2024; pablished) 28 Noy. 2024 75
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ABSTRACT

A total of 254 plant species belonging to 151 genera and 47 families were collected from alpine and subalpine regions
of Dzongri Goecha La area. Of the total species collected, the first ten dominating family contributed more than 52.75%
while the first ten dominating genera contributed 37,74 % of total genera of the studied area, 22 taxa have been reported

new to region during the study.

Keywords: Checklist, flora, vascular plants, Khangchendzonga, Biosphere Reserve. Alpine plants

INTRODUCTION

One of the prerequisites for biodiversity assessments and
strategy for plant conservation is to the document the plant
diversity of a region, The Himalayu has a remarkable range

Himalayan Studies,

The Dzongri-Goecha La area is well-known for its
pristine natural landscapes and ic d

of alpine flowers. This is also one of the highest fragile
ecosy listed under UNESCO World Heritage

of biodiversity in its diverse habitats and ecosy The
distribution of plant species in fragile alpine ecosystems is
dynamic and need to be recorded at different intervals
understand the pattern and potential migration of plant
species to different habitats. Keeping in this in mind, this
study has been carried out in the alpine and subalpine
region of Dzongri-Goecha La of West Sikkin: to document
the plants occurring on the region. Exploration was done
between July 2016 to September 2020 for collection of plant
specimens along different altitudina! gradient towards the
partial fulfilment of the objective of the project entitled
“Biodiversity Assessment through Long-term Momitoring Plots
tn Inddian Himalayan Landscape” under N I Mission of

¥

Site fe., Khangchendzonga Biosphere Reserve (KBR),
The vegetstion of the area comprises of subalpine
Rhododendron Forest, alpine scrubs and meadows.
Though includes a smaller area, but due to high variations
in elevation from 3000-4800 m asl plant diversity of the
area is remarkably high and unique. Recent study shows
that, the biodiversity of this region under threat due to
various factors such as heavy grazing, over expioitation
of plant resources and high influx of tourist ete.

MATERIAL AND METHODS

The Dzongrl Goecha La trekking starts from Yulksom,
situated ot an elevation of 1760 m asl, and ends at Goecha
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Notes on two lesser known Codonopsis
(Campanulaceae) from eastern Himalaya, India

Dash 8.8.", Lahiri 5.2, Ghosh A& B.K. Sinha'

{Batanical Survey of india, CGO Gomplex, Balt ke, Kobkals, Weat Bengsl - 700 064, india
“Centrel Mational Herbesun, Botanical Suneey of inda, Howeah, Wsst Bangal - 711 1038, India
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*E-mai: sstashDOC@gmal com

Abstract: Two lesser known species of Codonepsis Wall
(Campanulaceac], viz: C benthantii Hook.£: & Thomson
and € subsimplex Hook £ & Thomson were collecred
after 1 lapse of more than 2 cenmury from Sikkim
Himalaya, India, The authors evaluaged the Ph:nnkrgy
of the above species in the las hundred years which
shiows a significance alteration. In this paper. informasion
abour the raxonomy. habitar, diseribution and phenclogy
are discussed along wich photographic images:
Keywords: Codomopis bentfiri, C, siiriple, Pla‘m[ngyr‘
Rediscovery, Sikkim, Taxonomy.

Introduction

The petius C!doﬂﬂp.”:ﬁ Wall. (C:mpahul:ic::lt) 15
widtf}l diseribured in tetiperate to :]Pi'n: region of
Agia and Eurape and includes about 64 species
(Hcmg. 2015b). The genws includes perennial erece
herbs or hethaceous twiners charactenzed b}r
solitary and linge campanulate flowers, generally
with :lPtcuii::r foul odour (Haridasan & Mukhmjcr‘
1996; Hong, 2(115a; Mabbtr]r)'. Elll?J_ Clarke
(1881) reported 10 species of Codonopsis from the
India
Campanymocs Blume and Cyelocodon Grifk, Recent
field seudies in Himalayas (Dash, 2018). revealed
the oeeurrence of 15 species in India, of which €
ovata Benth,, € dematidea (Schrenk) C.B.Clarke
and €. ml'umffj';:h'a Benth. show an extended
diseribution in Western I']J'm:la}'a., while the resc
12 species are restricted o eastern Himalaya

then  British under two sections:

Reveived: 14.00. 2019, Revdied & Accepted: 10.04.2020
Prublivhed €elings 30,00, 20630

During field explorations in the East district of
Sikkim, swo species of Codomopsis were came across
in Kyongnosh Alpine Sancruary, After consulting
the relevant literature (Hooker & Thomson, 1858;
Clarke, 1881; Komaroy, 1908; Hong ef al., 20115
Huong, 2013a), type specimens, protologue and
other specimens housed in different herbaria (A,
ARUN, ASSAM, BSHC, CAL, DD, E. GH, K,
LWG, PE). they were identified as . benthanii
Hook.F. & Thomson and €, mr!i.ffmpfr:x Hook.f, &
Thomson. €. benthamii is rediscovered after 110
years while €. J:lfm'mpﬁ'x after a gap of 50 years
after their lase collection in India.

Material and Methods

F!nw:ring SpeCimens were collected from
Kyongnosh Alpine Sanceoary (East diseriee. Sikkim,
India) and vuu:hcrspccim::tls were prrpart& asper
standard pr:x:tﬂu.n: t{zin& Hao, 1977). Phuu)gr.lphs
were taken in field with a Sony HX 400V camera.
The ITLLEI'[}]TI(‘H‘P-]'I.(‘J].“EJ-I:J] characrers of Aowers were
stuched using stereo~zoom microscope {O]ympus
SZal, _].lpun.). Detailed descnprion was based on
field ohservations and herhbarium sprdm-cns l:ﬂ_,
ARUN, ASSAM, BSHC, CAL, DIY, E, GH, Kand
LWG: acronyms as PerThirrs, 20260 i.‘DI'].(i.T'I.II(ﬂ.l!ii}f
updated). To evaluate the change in flowering time
of these two species in the last hundred years,
Primack ef al. (2004) was followed.

Taxonomic treatment

Codonopsis benthamii Hook.f & Thomson. J.
Proc. Linn, Soc., Bor X 14, 183537, Lectotype
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Rediscovery of Erigeron jaeschkei (Asteraceae: Astereae: Conyzinae) and notes on
its correct protologue and typification

KASTURI CHAKRABORTY™, BANDANA BHATTACHARIEEY, ASOK GHOSH** & AVISHEE

BHATTACHARIEE'"
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¥ bt it oow; @ hifgs Horcid org 00000019321 4310

#1 bandama el come; © Abire e crg TUKO-000.1-1{V5-SA7S

'+ aphaskibo firumvae. i © haps=orcid org (MNO0-N03-0825- 1534

* " anvorehigmarl com; O bt e org AL 345 74- 3804
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Abstract

Erigero jaesohkel (Asicracsae: Asteréac: Conyzinac) has been rediscovered after more than |5 decades from the Spiti valley
of Himachal Pradesh, India. The profologuce of ihis species name had been cited wrongly in scveral published litcrature
sourees and enline databases. which is corrected in the present reatment. Apart from a brief diagnosis and types, no detuled
modern desenption, illustration or photograph was available for this species. Therefore, a detmiled deseription and a colour
photo-plate based on our collection are provided for the first time o facilitate dentification of this less-known specics. A
lectoty pe is also designated from the onginal collecuen by Dr. Jschie.

Key words: Compositae. endemic, Falon Pass, Mschke, lectotype, recollection

Introduction

The genus Erigevon Linnacus (1753 863) belongs to the subinbe Conyzinee under the tribe Astercac of the
fumily Asteraceas ( Composttue (Nesom 2008). The genus has ¢ 390 species (Nesom 2006) with a cosmopolitan
distribution, and is represented by 21 species with 2 varictics in India (Karthikeyvan ‘er al. 2020}, In connection with
a field survey (in scarch for species of Asier Linnacus {1753: §72) and their look-glike taxa) under SERB-CRG
project (CRG202 1/ TH)), few specimens of an uncertain species of Erigeron were collected from two locations
in Spiti Valley, Lahaul and Spiti District of Hionachal Pradesh, India, The specics was later identified as £ jadsehkei
Vierhapper {19262 12) based on our detailed study of specimens, consultation of the protologue and original materials
of E. jaeschkel, and also by our morphobogical comparisons with other related species of Evigevon.

While descnbing £, lumalafensis Vierhapper (1906: 491) as o new species, Friedrch (Karl Max) Vierhapper
compared i with another, yet unnamed species by stating " Am Faloripalt hat Jaeschke nech cine andere (einpihnige?) A
gesammelt(Faloripall, Taeschke: hb. W), welche vielleicht ebenfalls den Plalocephali angehdrt. Sie unterscheidet sich
von £ Himaiajensiy durch diinnere Stengel. vicl langer gestiche Basalblitier mit bedeutend breiterer, brcilc:llip!ischcr
oder verkehre-eiffirmiger Lamina, breitere Stengelblitter und insbesondere durch das riemlich gletchmifige, absichend
dicht-haarige, nicht drissige Indument der Vegetationsorgane™ Later, Viethapper validly published a name of thar
unnamed species as E. jaeschkei Vierhapper (1926: 12) by providing o diagnosis: he also ciied specimens {syntypes)
and indicated the herbarium where the specimens were preserved.

Erigeron jaeschkel 15 endemie to Indea with a very restneted distribution in Himachal Pradesh. The species was
deseribed based on the specimens collected by Hermrich August Jischke froni Falon Pass, Lahsul, Himachal Pradesh,
cither between 18561864 or 1865~ 1868, Though the weéar of collection is neither mentioned in the protologue. nor
in the label data of Jischke's collection, it has been raced out-on & study of Fschke's biography published by Bray
{15E3)

Accepred by Alexander Sexnikov: 1 Noy, 2024; pablished) 28 Noy. 2024 75
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MEMORANDUM OF AGREEMENT

This MEMORANDUM OF AGREEMENT is made

thousand and nineteen BY AND BETWEEN Presi
ientist ‘G",

on this twenty seventh day ofJune Two

dent of India, acting through Advisor &

Department of Biotechnology, Ministry’ of Science and Technology,

lanvernrnun'r of India, New Delhi, hereinafter referred 10 as the

unless excluded by or repugnant to the subject shall mean and include its successor-in-office
d assigns) of the ONE PART;

B AND
The University of Burdwang saciety under the Societies Registration Agt — 1860, having its

gistered office in/at Rajbati, Burdwun, hereinafter referred 1o 85 BU (which expression
shall where the context so admits include its successors and permitted assigns) of the OTHER
PART;

‘DBET* (which BXpression

- netics & Genomics decided 1o
o -; {;\ @pport & project submitied by Prof. Anupam Basu for (he
D‘% oV

attainment of the objectives,
hereinafier described in the Annexure | annexed herelo;

““ 15 Memorandum of Agreement (MoA) defings the role and responsibilities of the
Yo Voo e’
Ot

o5 fprticipating agencies, monitoring and other matters related to the "A Genetic Algorithm-
-‘l

Targeted Approach for Understanding the Phenotypic Heterogeneity of
alasse

mia Syndromes in Northern and Enstern Indian Population™
% @Qwa%“%%’

9 ?:;p%ﬁf

q".\‘.'ﬁ'. " J:'S‘t

ﬂu‘“ -


Mantu Saha
Typewriter
SL. NO. 26


NOW THE PARTIES HERETO AGREE AS FOLLOWS:-
1.0 . ROLE OF DEPARTMENT OF BIOTECHNOLOGY, NEW DELHI
To provide funds to the extent of 7379121.000ver a period of 3 years from the date of

sanction of the project., to The University of Burdwan for undertaking activities as detailed
in Annexure |. Details of the funds to be provided are given in Annexure 11,

1.0,
2.1,

22,
23,

24,

Z5.
2.6.

2.1

2.8.
29.

1. l“y

3.0
il

4.0

4.1
o

;}‘fff"m action for pratection

-

‘Wiw basis on such terms and conditions as may be determined by DRT,
&

&

ey |

ROLE OF THE UNIVERSITY OF BURDWAN (Institute)

To provide their contribution of NILforNIL years from date of sanction of the project
as detailed in Annexure — 1. (if a joinily supported project)
To provide existing facilities as mentioned in the project document.

To be responsible for accom plishing objectives identified and activities listed.

To allow the Scientists authorized by DBT to work with the Research &

stages of process development and production.
To recruit all scientific and non-scientific staff as sanctioned by DBT.

To prepare and submil all periodical reports and other documents that would be
required by DBT.

Development team of the center in al|

To maintain a separate audit head of account for the grants received from DB for the
project.

Ta submit an annual audited statement of expenditure incurred under the project,

To ensure effective utilization of the grant given by DBT for the purpose for which it
wis granted and to ensure timely progress of project work.

The manpower, both scientific and non-scientific, recruited shall be purely on

contractual terms & conditions such that the contract for engagement of the

manpower shall run concurrently with the said
DURATION OF PROJECT

Duration of project shall be 3 years from the date the Project has been sanctioned by
DBT.

project period only.

RIGHTS OF
UTILIZATION

Thﬁknew-hw.rmdﬁunﬂupmjﬂlhyl’mﬁhl

property of The University of Burdwan and DBT, G
the responsibility of Prof, Anupam Basu & The U

OWNERBHIPFTECIHHELDGY TRANSFER  AND

pam Basu will be the joint
ovemment of India. It shall be
niversity of Burdwan 1o take

of the intellectual Property arising out of the
memwminmmthm rights, etc.

Th-hmHmleerhhnlfmﬂmuhlrunmﬁm:m



43 All the assets including the equipment and produce acquired will be the property of
DBT and shall not be utilized for purposes other than those for which the grant has
been sanctioned. The rights of The University of Burdwan. under this MoA shall
not be transferred to any other party without prior approval in writing of DBT.

44 It shall be the responsibility of Prof. Anupam Basu to ensure that support of DBT is

suitably acknowledged in the publications (papers, reports, etc.) arising out of the
PROJECT,

5. SECRECY

It is hereby agreed that the participating agencies shall keep information and dats collected
completely secret provided that the right to transfer the technology shall rest with the DBT.

o

MONITORING
6.1 The progress of implementation of the project and proper utilization of grant shall be
reviewed by the DBT and by the Monitoring Commities set up by DBET.
4 6.2  The periodic progress of physical achievements and the utilization of funds, statement
of expenditure shall be evaluated by the Monitoring Commitiee.
6.3 The Comptroller and Auditor General of India. at his diseretion shall have the right of

access to the books and accounts of The University of Burdwan for the
received from DBT for this project.

Erants

6.4 The DBT may terminate the grant at any stage if it is convinced that the grant has not

been properly utilized or appropriate progress has not been made. [n the event, DBT
terminates the grant, Prof, Anupam Basu shall hand over all documents including
technical details and equipment purchased related to the project.

7.0 DURATION OF MEMORANDUM OF AGREEMENT

This MoA will remain inforce for the duration of the project and until all claims are settled
between DBT and The University of Burdwan.

8.0 ARBITRATION
In the event of any question, dispute or difference WI;z}lsnewr arising between the parties to
this Agreement out of or relating to the construction, meaning, scope, operation or effect of
this Agreement or the validity of the breach thereof shall be referred to an Arbitrator to be
appointed by mutual consent of both the parties herein, If the parties cannot agree on the
appointment of the Arbitrator within a period of one month from the notification by one party
to the other of existence of such dispute, then the Arbitrator shall be nominated by the
Secretary, Department of Legal Affairs, Ministry of Law & Justice, Government of India. The
isions of the Arbitration and Conciliation Act, 1996 will be applicable and the award
oif’ g'o*mdu thereunder shall be final and binding upon the parties hereto, subject to legal remedies
\#vgilable under the law. Such differences shall be deemed to be & submission to arbitration
B e the Indian Arbitration and Concilintion Act, 1996, or of sny modifications or




90.  GOVERNING LAW

This Contract shall be governed by the Law of India for the time being in force,

IN WITNESS WHEREOF the parties hereto lhave signed, sealed and delivered this

Agreement on the day, month and year first above written in presence of:

Witnesses: Signed by e eesenians
| | Lo
(Designation)
2, For and on behalf of The President of India
4.3
dﬁ'ﬁ?‘j‘\ ) o —D
- o 7 \q
Witnesses: p R Sigied by —eeeco . 02:0% 1V
l ?& “? w!ﬁ\‘
PR et
o P N S
2 Cre (Lt o " LI
At
nip am Bost Ifur and on behalf of
FHHFE'&E‘G“ The University of Burdwan




TERMS & CONDITIONS OF THE GRANT
(To be signed and enclosed with concern filled proforma)

I. Approval of the Research proposal and the grant released would be for the sperclﬂiu
project mentioned in paras | to V of this pmpc?snl and_ grant shm_]ld be exclusively
spent on the project for which it has been sanctioned within the stipulated llmF, The
Institute is not permitted to seck or ulilize funds from any other organization
(Government, Semi Government, Autonomous or Private) for this reagnr:h project.
Any unspent part of amount would be surrendered to lhn: Gowt. of India through an
account payee demand draft drawn in favor of the “Drawing and Disbursing Officer,
Department of Biotechnology, New Delhi", and carry forward !:rf funds of thf: next
financial year for utilization for the same project may be considered only with the
specific approval of the Department of Biotechnology (DBT),

2. For permanent/semi-permanent assets acquired solely or mainly out of the grant, an
audited record in the form of a register in the prescribed proforma (enclosed at
Appendix-*A’) shall be maintained by the Institute. The term “assets™ means ()
immovable property and (1) movable property of a capital nature, where the value
exceeds Rs. 1000/~ The grant will not be utilized for construction of any immovable

praperty, Full facilities by way of accommodation, ete. for the project will be given
by the Institute.

3. All the assets acquired from the grant will be the property of Gowt. of India and
should not without the prior sanction of the Dept. of Bimechnulug;,r. be disposed of,

ar encumbered or utilized for purpose other than those for which the grant has been
sanctioned.

4. At the conelusion of the project, the Govt. of India will be free
dispose of assets which are the propefty of the Government.

to Govt. necessary facilities for arranging the sale / disposal of these assets, The
Government may, however, consider the request of host institutions to retain the
assets created under a projeet for carrying out similar work for the promotion of
science.

to sell or otherwise
The Institute shall render

: the project
every six months. The progress of the proj i i 1

once a year by the concerned Task Force/Project

8- Monitoring Committee, ete, In
addition the DBT shall designate Scientisty/S

pecialists to visit the Institute
d for suggesting such measures as

the project. On completion of the
project five copies of a consolidated report of the work done on the subject would be
submitted to the Department of Biotechnology.

6. The Institute is required to send 1o DBT a list of assets referred to at Sl. No. 2 above
al the end of each financial year as

well as at the time of seeking further installments
of the grant.

M\ 7. The Institute would furnish to the Dept, of Biotechnology a Utilization Certificate
\/ b and an audited statement of expenditure

duly signed by the P.1., the Head of the
©V 0w  Institte and the Head of the Financo win

o5, Dt s

B pertaining to the grant at the end of each
W«:iﬂl vear as well ns & consolidated statement of expenditure at the end of the

e 1 completion of the project,
purt™™” \9?\
A stamped receipt be sent to the De
&

%ﬁ* mand draft towards each release,
S,
&

&
o

pt. of Bioteohnology on receipt of the Cheque/
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9.

The Comptroller and Auditor-General of India at his discretion shall have the right of

access to the books and accounts of the Institute for the grant received from the
Government,

10. The Institute would maintain separate audited accounts for the project. If it is found

expedient 1o keep a pant or whole of the grant in a bank accounl earning interest, the
interest thus earned should be reported to the Dept. of Biotechnology.

11, Sale proceeds, if any, as a result of the development of the project arising directly

from funds granted by the Dept. of Biotechnology shall be reported to the Gowt. of

India. The Govt. of India may at its discretion allow a portion of such receipt to be
retained by the Institute for its utilization for the project activitics.

12, Investigators/Institutes wishing to publish papers based on the research work done

under Dept. of Biotechnology projects should acknowledge the financial support
received from the Dept. of Biotechnology.

13. Investigators/Institutes may utilize various resources such as the Bioinformatics

I4. Investigators / Institutes shall follow th

13, Investigators / Institutes may fi

16. The Govt. of India (Dept, of Biotechnology) will have the

resources, experimental materials, reagents, cell lines, animals, ete. from the National
facilities/Institutes/Centers  established by this Department as per the terms of
transactions followed by them. More information may be obtained about such facility

from DBT  websites: hitp:/fwww.dbtindia.org// www.dbtindia.nic.in,
www,btisnet.ac.in,

¢ detailed instructions on technology transfer
and Intellectual Property Rights (IPR) as given at Annexure - V. The same has the

approval of the Ministry of Finance, Govt, of India vide Dept. of Expenditure, Plan

Finance II - Division Letter No. 33 (5) /PFIL/99 dated 22nd February, 2000. Any
deviation from these instructions may be brought to the natice of this Department.

le patents with the help of the Biotechnology Patents
Facilitating Cell (BPFC) established at DBT an priority bases.

The format for filing
the patents may be seen at Anmexure V1.

right to call for drawings,
specifications and other data necessary to enable the transfer of know-how to other
parties and the Institute shall supply all the needed information at the request of the
Department of Biotechnology which will ensure confidentiality. The information
required for commercializing Biotechnologies may be furnished 1o this Dept. as per
the format enclosed at Annexure — V{1, M

ore information on commercialization cian
be found at the website www.ebe.nic.in, '

17. The Institute may

S e

%93 The human Tesources Lhat may be on

‘ﬁ\ concern/responsibility of the Govt, of Indin. The O
o

not entrust the implementation of the work for which the grant is
being sanctioned to another institution and to divert the grant receipts as assistance to

the latter institution, However, In such situations the express permission of DBT may
be obtained, In case the grantee is not

in & position to execute or complete the project,
it may be required to refund forthw

ith to the Govt, of India (Department of
Biotechnology) the entire amount of grant received by it

gaged for the project by the Institute are not to be
treated as employees of the Govt, of Indla and the deployment of such human
resource at the time of completion or terminntion of project, will not be the

rganization may make reservations
for Scheduled Castes, Schedule Tribes ete. in the human resource to be en

gaged for
the projeet in accardange with the instruction issued by the Govt, of India from ti

me
i "
g_ﬁlp g
\“J’\ ."::"L“ﬁl
4
" % 1



19. The Dept. of Biotechnology reserves the ri
also to recover the amounts already paid i
properly utilized or the work on the proj
period or appropriate progress is not bein

ght {o terminate the grant at any stage and
Fit is convinced that the grant has not been
ect has been suspended for any unduly

long
g made,
20.

The project will become operative with effect from the date of release of the first
wstallment for the project,

21, If the Investigator to whom a grant for a project has been sanctioned leaves the
institution where the project is being implemented, he shall submit five copies of
complete and detailed report of the work done by him on the project and the maoney
spent till the date of his/her release and shall also arrange to refund the unspent
balance, if any.

« The organization should maintain subsidia

ry accounts of the Gowt. of India grant and
fumish it to the Audit Officer as and when the

recurring and non-recurring
expenditure exceeds the limits of Rs. 5,00 lakhs,

D’I’d ‘;j“"l.__ e
P/ v
Signature of Project Coordinator

n‘]'_- .ﬂ%‘ Iﬂl
Signature of Registrar =
(Applicable only F; mﬁ:#glmn%nal projects) of Uniwﬂlﬂm
Dr. An Unversig o Bacbwes
Date:[) l‘a\ PROFESSOR " Date: . m’r’um. wa.
Department ‘it%u
The University

Signature and

of Principal Investigntor
The University of Burdwan

Date: ga":ro;’{! q

Dr. Anupam Basi

ROFESSOR
m;ﬂ_mmt of Zoology
The Univessity of Burdwan
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MEMORANDUM OF AGREEMENT

This MEM{JRANBUM OF AGREEMENT
Two thousand and Eighteen
Secretary,

is made on this twenty first day of May
BY AND BETWEEN President of India, aeting through

Department of Biotechnology, Ministry of Science and Technology,
. Government of India, New Delhi, hereinafler referred 1o as the

unless excluded by or repugnant ta the subject
office and assigns) of the ONE PART:

‘DBT* (which expression
shall mean and include its successor-in-

AND
‘ Thp University of Burdwan » & society under

the SMiﬂli# Registration At — 1860,
having its registered office al Rajbati,

Burdwan, hereinafter referred 10 as BY (which
%}—'{ b ion shall where the context so admits include its successors and permitted assigns)
J 7 ‘;\ . .
¢ OTHER PART;
SIS

-@5’ @; @f\\la{HEREAS DBT being desirous of cancer jinmy
_1}3}32‘.@*&’ submitted by Dr. Anupam Basu for (e attai

described in the Annexurs I annexed hereto;

nology decided 1o Support a project

(]

nment of the objectives, hereinafter

¢ . Thi Memorandum of Agreement (MoA) defines the

role and responsibilities of the
o participating agencies, monitoring and other matters related to the “Study on the role of
iYL

o ‘}TLRJ signaling in breast eancer progression”

avyooy gt
L

o
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A.

NOW THE PARTIES HERETO AGREE AS FOLLOWS-

1.0. ROLE OF DEPARTMENT OF BIOTECHNOLOGY, NEW DELHI

To provide funds to the extent of 81,30,600/- over a period of 3 years from the date of
sanction of the project, to The University of Burdwan for undertaking activities as
detailed in Annexure 1. Details of the funds to be provided are given in Annexure I1.

2.0.
2.1.

2.2

1.3.
24.

- 2.5.

2.6

y iy 3

2.8,
2.9.

2.10.

ROLE OF THE UNIVERSITY OF BURDWAN (Institute)

To provide their contribution of 81,30,600/- for 3 years from date of sanction of

the project as detailed in Annexure — 1. (if'a fointly supported project)

To provide existing facilitics as mentioned in the project document.

To be responsible for accomplishing objectives identified and activities listed.

To allow the Scientists authorized by DBT to work with the Research &

Development team of the center in all stages of process development and
. production.

Ta recruit all scientific and non-scientific staff as sanctioned by DBT.

To prepare and submit all periodical reports and other documents that would be

required by DBT.

To maintain a separate audit head of account for the grants received from DBT for

the project.

To submit an annual audited statement of expenditure incurred under the project.

To ensure effective utilization of the grant given by DBT for the purpose for

which it was granted and to ensure timely progress of project work.

The manpower, both scientific and non-scientific, recruited shall be purely

on contractual terms & conditions such that the contract for engagement of

@F manpower shall run concurrently with the said project period only.

¥

o
N
3

.
Gqﬂ%éﬁ,@%mﬂﬂﬂ OF PROJECT

%ﬂﬁ% Duration of project shall be 3 years from the date the Project has been sanctioned

Ry DBT.

&¥
/ 4¢\}‘\IRIGH'IS OF OWNERSHIP/TECHNOLOGY TRANSFER AND
\

II\\I W

\ 1%
ﬂf_gf: o UTIBIZATION
5

ot
. \}i;g-

# 5\l ";. % - # i
oY N’?:_\'-‘ﬁ:}q & The know-how generated from the project by Dr. Anupam Basu will be the joint

N
T}h\ {\\q

RS o

property of The University of Burdwan and DBT, Government of India. It shall
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4.2

43

4.4

4.5

5.

.3 1 4

be the responsibllity of Dr. Anupam Basu & The University of Burdwan fo
take necessary action for protection of the intellectual property arising out of the
PROJECT through proper instruments, such as, patents, copy rights, ete.

The know-how developed may be transferred to other entrepreneurs on @ non-
exclusive basis on such terms and conditions as may be determined by DBT.

All the assets including the equipment and produce acquired will be the property
of DBT and shall not be utilized for purposes other than those for which the grant
has bean sanctioned, The rights of The University of Burdwan under this MoA
shall not be transferred to any other party without prior approval in writing of
DBT.

It shall be the responsibility of Dr. Anupam Basu to ensure that support of DBT
is suitably acknowledged in the publications (papers, reports, etc.) arising out of
the PROJECT.

SECRECY

Il is hereby agreed that the participating agencies shall keep information and data
collected completely secret provided that the right to transfier the technology shall rest

with the DBT,

6. MONITORING

6.1  The progress of implementation of the project and proper utilization of grant shall
bé teviewed by the DBT and by the Monitoring Committee sel up by DBT.

62  The periodic progress of physical achievements and the utilization of funds,
statement of expenditure shall be evaluated by the Monitoring Commitiee.

63  The Comptroller and Auditor General of India, at his discretion shall have the

«3‘5‘:‘ &

ts received from DBT for this project.

@gﬂﬂ%h ¢t of access to the books and accounts of The University of Burdwan for the
{%

oy
A"@S"ﬁ‘}.g,{hx The DBT may terminate the grant at any siage if it is convinced that the grant has

not been properly utilized or appropriate progress has not been made. [n the
\\event DBT terminates the grant, Dr. Anupam Basu & The University of

"1‘”' Hurdwln chall hand over all documents including technical details and
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7.0 DURATION OF MEMORANDUM OF AGREEMENT

This MoA will remain inforce for the duration of the

project and until all claims are
settled between DBT and The University of Burdwan

8.0  ARBITRATION

In the event of any question, dispute or difference whatsoever arising between the parties

to this Agreement out of or relating to the construction, meaning, scope, operation or

effect of this Agreement or the validity of the breach thereof shall be referred to an
Arbitrator to be appointed by mutual consent of both the parties herein. If the parties
cannot agree on the appointment of the Arbitrator within a period of one month from the
notification by one party to the other of existence of such dispute, then the Arbitrator
shall be nominated by the Secretary, Department of Legal Affairs, Ministry of Law &
Justice, Government of India. The provisions of the Arbitration and Conciliation Act,
1996 will be applicable and the award made thereunder shall be final and binding upon
the parties hereto, subject to legal remedies available under the law. Such differences
shall be deemed to be a submission to arbitration under the Indian Arbitration and
Conciliation Act, 1996, or of any modifications or reenactments thereof,

9.0. GOVERNING LAW

This Contract shall be governed by the Law of India for the time being in force.

IN WITNESS WHEREOF the parties hereto have signed, sealed and delivered this
Agreement on the day, month and year first above written in presence of:

Witnesses: Signed by -
; h% & (Designation)
F& & .
A :\& For and on behalf of The President of India
P 8r
SWitnesses v Qb’"
“-‘ \r# o
R u:r:.,_;p . Signedby
I_;_l:"' e #ﬁ(& ** ﬁ:"‘ P
4&.}\\\‘._1;- - el 3 q&.{ﬁ’@fw . )
Y ATUP N v ‘;:\’,p-‘ REGIsiAd (MLl
SR THE URBHEB R bEHAT




s JE}RM‘? & CONDITIONS OF THE GRANT
gued and enclosed with concern filled profotmia)

A

Epti?;i?‘prﬁe::e Ramch P“‘PUHHI and the grant released would be for the

“ﬂlluﬁivulyjs mentioned in paras | to V of this proposal and grant should be

stipulated timpm’} s lh:-: project for which it has been sanctioned within the

other orean: e. The Institute is not permitied to seek or utilise funds from any
rganisation (Government, Semi Government, Autonomous

this : or Privaie) for
research project. Any unspent part of amount would be surrendered 1o the

EEDWL ?f India thFﬂUEh an account payee demand draft drawn in favour of the
rawing and Disbursing Officer, Department of Biotechnology, New Delhi”,

and carry forward of funds of the next financial year for wtilization for the same

project may be considered only with the specific approval of the Department of
Biotechnology (DBT).

. For permanent/semi-permanent assets acquired solely or mainly out of the grant,

an audited record in the form of & register in the preseribed proforma (enclosed at
Appendix-‘A") shall be maintained by the Institute. The term “assets” means (1)
immovable property and (1) movable property of a capital nature, where the

value exceeds Rs. 1000/ The grant will not be utilised for construction of any

immovable property, Full facilities by way of accommodation, efe. for the project
will be given by the Institute.

. All the assets acquired from the grant will be the property of Gov. of India and

should not without the prior sanction of the Deptt, of Biotechnology, be disposed

of, or encumbered of utilised for purpose other than those for which the grant has
been sanctioned.

At the conelusion of the project, the Govt. of India will be free (o sell or otherwise

dispose of assets which are the property of the Government. The Institute shall
render to Govt. necessary facilities for arranging the sale / disposal of these assets.
The Government may, however, consider the request of host institutions to

retain the assets created under a project for carrying out similar work for
the promotion of science.

. The implementing Institute/Pl will furnish progress report of work on the project

every six months. The progress of the project will also be reviewed/monitored at
least once a year by the concerned Task Force/Project Monitoring Committee, etc.
In addition the DBT shall designate Scientists/Specialisls to visit the Institute
periodically for reviewing the progress of work and for suggesting such measures
as to ensure early realisation of the objectives of the project. On completion of the

project five copies of a consolidaled report of the work done on the subject would
be submitted to the Department of Biotechnology.

 I'he Ingtitute is required to send 1o DBT a list of assets referred 10 at 81, No. 2

above at the end of each financial year as well as al the time of seeking further
installments of the grant.

~ The Institute would furnish lo the Depi. of Biotechnology a Utilization
Certificate (Copy enclosed al Appendix - 'B') and en audited statement of
expenditure (Copy enclosed at Appendix - *C' ) duly signed by the P.L., the
Head of the Institute and the Head of the Finence wing, pertaining to the gm.m nt

the end of each financial year as well as & consolidated stat
at the end of the completion of the project. d statement of expenditure



8. A stamped receipt be sent
to the Deptt. of Biot :
Cheque/ Demand draft towards each rcrfasm. IRy Y ot of e

9. Th i
The Comptroller and Auditor-General of India at his discretion shall have the

right of access to the books and _
Sreiibe Saveramet: accounts of the Institute for the grant received

0. i T :
I Elr: Institute would maintain separate audited accounts for the project. If it is
und expedient to keep a part or whole of the grant in a bank account earning

interest, the interest thus earned should b '
Biotehinology. e reported to the Deptt. of

11. Sale proceeds, if any, as a result of the development of the project arising directly
from funds granted by the Deptl. of Biotechnology shall be reported to the Govl.
of India. The Govt. of India may at its discretion allow a portion of such receipl o
be retained by the Institute for its utilisation for the project activities.

12. Investigators/Institutes wishing to publish papers based on the research work done
under Deptt. of Biotechnology projects should acknowledge the financial support
received from the Deptt, of Biotechnology.

13, Investigators/Institutes may utilize various resources such as the Bioinformatics
resources, experimental materials, reagents, cell lines, animals, etc. from the
National facilitics/Institutes/Centres established by this Department as per the
terms of transactions followed by them. More information may be obtained aboul
such facility from DBT websites: hitp://www.dbtindia.org// www.dbtindia.nic.in,
www, btisnet.ac.in.

14. Investigators / Institutes shall follow the detailed instructions on technology
wransfer and Intellectual Property Rights (IPR) as given al Annexure - V. The
same has the approval of the Ministry of Finance, Govt. of India vide Deptt, of
Expenditure, Plan Finance 1 - Division Letter No. 33 (5) /PF.11/99 dated 22nd
February, 2000. Any deviation from these instructions may be brought to the
notice of this Department.

15. Investigators / Institutes may file patents with the help of the Biotechnology
Patents Facilitating Cell (BPFC) established at DBT on priority bases. The format
for filing the patents may be seen al Annexure —VI.

16, The Govt. of India (Deptt. of Biotechnology) will have the right to call for
drawings, specifications and other dala necessary to enable the transfer of know-
how 10 other parties and the Institute shall supply all the needed information at the
cequest of the Department of Biotechnology which will ensure confidentiality,
The information required for commercializing Biotechnologies may be furnished
w this Deptt, as per the format enclosed at Annexure — VII. More information on
commercialization can be found at the website www.ehc.nic.in.

17. The Institute may not entrust the implementation of the work for which the grant
is being sanctioned to another institution and to divert the grant receipls as
ussistance to the latter institution. However, in such sitations the express
permission of DBT may be obtained. In case the grantee is not in a position to
exceute or complete the project, it may be required to refund forthwith to the

Govt, of India (Department of Biotechnology) the gntire amounl of grant

tved
by i recetve



18. The human
to be meﬁﬁa‘;ﬁjm may be engaged for the project by the Institute are not
human resource at lhf: ?’m of the Govt. of India and the deployment of such
concern/responsibili ime of completion or termination of project, will not be the
rservations for Se ity of the Gowt. of India. The Organisation may make
Seemgmalis | meﬁﬂﬁ Castes, Schedule Tribes e in the human resource to
of India from e dme_m accordance with the instruction issued by the Govt.

19. .
an'l"h: aI;:um: il Biotechnology reserves the right to terminate the grant at any stage
20t beer, per e the amounts already paid if it is convinced that the grant has

0 properly utilized or the work on the project has been suspended for any
unduly long period or appropriate progress is not being made.

20. :”li‘-‘ project will become operative with effect from the date of release of the first
installment for the project.

21. If the Investigator to whom a grant for a project has been sanctioned leaves the
institution where the project is being implemented, he shall submit five copies of
complete and detailed report of the work done by him on the project and the
money spent till the date of his/her release and shall also arrange (o refund the

unspent balance , if any.

22. The organisation should maintain subsidiary accounts of the Govi. of India grant
and furnish it to the Audit Officer as and when the recurring and non-recurTing

expenditure exceeds the limits of Rs. 5.00 lakhs.
v

Signature of Executive Authority of Institute/
University With seal
REGISTRAR (Officiating) Date :

THE UNIVERSITY OF BURDWAN
BURDWAN-713104

Signature and stamped of Principal Investigator :

Date :

Signature and stamped of Co-Investigator
Date :
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85nk Gank of Baroda

ﬂ)"’“

TO WHOMSOEVER IT MAY CONCERN

This is to certify that Mr. Arijit Saha, student of University of Burdwan of MBA
( Financial Management), Burdwan has successfully completed his summer
internship in our Bank as a part fulfilment of the academic requirement and under

Bank’s Scheme for imparting Summer Training to the students of Management
University.

The internship project was titled ‘Job Description vis-a-vis Financial

Management’ and its Analysis at Bank of Baroda, Burdwan Region and the study
weas carried out in the Burdwan Region from 15.05.2023 to 08.07.2023 under

guidance of Branch Head of Bank of Baroda, Burdwan Branch under Regional
Office, Burdwan Region.

Fiis conduct during the internship was found to be satisfactory.

We wish him all the best in 2ll the future endeavours’.

Yours fzithfully,

2O
(Amiva Kumar Mondal)
Dy Regional Manager
Regional Office, Burdwan Region

TR iR T, Tda e, 54, <. 4. T, s, fe - 929E, f-713101, wivew de (MRE)
Ew'dmﬂegicnaiﬂﬁce 2" Floor, 54, G.T. Road, Bhangakuthi, Dist. - Burdwan, Pin-713101, W.B. (India)
./Ph.: (242-2€56287, §./ Email: rm whengalsikkim@bankofbaroda.com, 4/ Web: www.bankofbaroda.com
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Bengal FAITH Hospital

A Unit of Bengal Faith Health Care Private Limited

SL NO. 27

BFH/HR-Comm/2023/687 29 June, 2023

TO WHOM IT MAY CONCERN

This is to certify that Mr. Aakash Dhara student of The University of Burdwan pursuing his MBA has
successfully completed his training period at our institute,

He worked as an Intern with Bengal Faith Hospital from 22 May 2023 to 28™ June,2023 as part of the
training required for his academic pursuit,

During this period, he has worked diligently in the assigned area (Department of Marketing) and has
shown keenness to learn,

We wish him success in all future endeavors,
Thanking You,
=——===m,

i Beng @JTH Hospital
O ,

g oldf,\

L
:‘, ‘ [} |
/S /{--—?a

Authorized Signatory

L K N N
Hospital Address; Health City, Goda, PO - Lakurdi, Dist - Burdwan, Pin - 713102, Tel - 0342 6612222 / 8420382000, e
Registered office - CB 146, Salt Lake City, Sector - 1, Kolkata - 700064. Email - info@bengalfaith.in Web- www. bengalfaith.in
GSTN - 19AADCB0347F 122 CIN NO - U45209WB2006PTC 112132 TOLL FREE NUMBER 1800 313 1141
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gfSn m india POSt
maﬂs Payments Bank

| WIen FTER T8 IUWHA | A Govl. of India undertaking |

TO WHOMSOVER IT MAY CONCERN

To,

Mr./Ms. Souvik Ghosh

The University of Burdwan

Subject: Internship Completion Certificate

This is to certify that Mr./Ms. Souvik Ghosh student of The University of Burdwan has
successfully completed internship with India Post Payments Bank from 22/05/2023 to
30/06/2023 at Burdwan, West Bengal.

As part of internship, he/she has done project on " Understanding financial inclusion

through a behavioral finance lens: insights from IPPB internship”.

During his/her tenure with IPPB, Mr./Ms. Souvik Ghosh was found to be sincere and

result oriented.

India Post Payments Bank wishes Mr./Ms. Souvik Ghosh all the best for future

endeavours.

Date: 26-04-2024 Place- New Delhi

0\

Authorised Signatory

India Post Payments Bank l.td

s e Registored Office

2 dve WS ¥ fafiZe L 8"_ Al India Post Payments Bank Limited CiN:

e afftss, wdis dee dee RiFsa §-3t: con Post Office. Speed Post Center Building Tel.: +011-23362147
abe A5, 7% Reed - 110001 Fmamge: v Market Road. New Delh - 110001 E-mail: 1o k

Website: www ppbar
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W g b

PaymentsBank

[ %1=a SRER @ 3uA | A Govt, of India undertaking |

TO WHOMSOVER IT MAY CONCERN

To,

Mr./Ms. Molla Sayem Mostafa

The University of Burdwan

Subject: Internship Completion Certificate

This is to certify that Mr./Ms. Molla Sayem Mostafa student of The University of Burdwan
has successfully completed internship with India Post Payments Bank from 22/05/2023
to 30/06/2023 at Burdwan, West Bengal.

As part of internship, he/she has done project on " Promotion of India Post Payments

Bank in the Rural Sector of India ".

During his/her tenure with IPPB, Mr./Ms. Molla Sayem Mostafa was found to be sincere

and result oriented.

India Post Payments Bank wishes Mr./Ms. Molla Sayem Mostafa all the best for future

endeavours.

Date: 26-04-2024 Place- New Delhi

India Post Payments Bank Ltd.

2foreed aifis Registered Office

gfEan dive Yivga o s 2 +011-23362147 India Post Payments Bank Limited, CIN : U74999DL2016G0I304561
qiee alftsa, =iz dee dew ffes #-am: contact@ippbonline.in Post Office, Speed Post Center Building, Tel. : +011-23362147

wribe 3rE, @ feedt - 110001 FuwEe: wWww.ppbonline.com Market Road, New Delhi - 110001 E-mail: contact@ippbonline.in

Website: www.ippbonline.com



Mantu Saha
Typewriter
SL NO. 27




Mantu Saha
Typewriter
SL NO. 27


Centre For HRD SL NO 27

Durgapur Steel Plant

wa sl

From
GM(HRD)
Centre for HRD

Ref. No. 20

The vacation training of ANNESHA CHANDRA of BURDWAN UNIVERSITY having College Rolllld No. BUR MBA 2023/003 as r
PRADIP DAS, T/No. 342401 is hereby confirmed from 27-05-2024 to 07-06-2024 for 11 working days approximately

Juesioa

The student must report al Centre for HRD (CHRD), Durgapur Steel Plant, Durgapur, Wesl Bengal, on the starling date al
following

1. To bring two recent passport sized color photos of the student with blue background
2. To bring onginal student's Photo 1D Card as issued by college/institution

3. To bring this original confirmation slip, Aadhar Card along with a pholo copy.

4T bring-OSP Medical Booklet-{only for Diploma-Engg. student)

3 Must come wearing industrial safety shoes from reporting date.

Note Starting date and/or time as given in this confirmation slip may be changedi/cancelled due

10.141 4 .76/chrd/vionline/main.php#
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off sy UTTEH ST WEST BENGAL

]

B | - :
UMBRELLA MEMORANDUM OF UNDERSTANDING

] N

BEYWEEN
' TEZPUR UNIVERSITY
P ; NAPAAM, TEZPUR, ASSAM 784028
~AND.

; TRIPURA UNIVERSITY

SURYAMANINAGAR, AGARTALA, TRIPURA, 799022

THE UNIVERSITY OF BURDW AN, BURDWAN-7L3 14 WEST BENGAL

Th'tsial__tg_rcnmmt made and entered Into on this Q1L doy of Qedmber 2040, betiveen THE
UNIVERSITY OF BURDWAN, RAIBATL BURDWAN. WEST BENGAL TR0, INOVA (lieramiter
q;ttteﬁ “PU awhich expression shl] aliere thie Conteat <o admits e ke it sueeessors and permitied dEsignees)

1s haying administrative ollice at Ruybari. Burdwan 713 1L West Bengal of the vow part, & NI

witl

'1"1:2;1”{ UNIVERSITY. NAPAAM, FEZIMIR, ASSAM TE40Z8, INDIA therematieraulled ) FAL™ wineh
exprgssion shall whve 111¢_fnr'ﬁ%.'téﬁ o A T e it suesessors s prermilied wsei s e e ibier part.
AMD TRIPURA UNIVERSETY. SURYAMANINAGAR, AGARTALA. PRRA. TRG02E,  INDEA

chergimaltor calted T Which expression shall where the comtent st admity faclude it shceessors: o

partitted assignoest and sheather gt

Pzt ol 7
b
L]

25AR 960587

)


SL,NO, 30


ftaiting

Brsearen wnier STRIDE UGC Frofect

The parties will discuss i the felds of common research interests and ollied aetivities behveen the
thrée  institutions.  for  Jomg-erm  colloboration  for  promotion  of  sradents’
inferests developmeni of compeiencies amd guality research i cutting edve areay n aecorvdunce with
the provivions conraimed in the Guidelines of STRIDE Project 1/GC

AYND WHEREAS the “BU". established on {5th June {960 by Gowi. of West Bengal vide Act No.
XXIX of 1959 and recognized by University Gramts Commission (under Section 128 of the UGC Aet.
1956} ot its Department of Commerce is bwvolved in studies on variows disciplines of AND
WHEREAS it has been consideréd expedient (o agree in writing (o parlicipate joinily i the projects
requiring expertise and logistics from both the partaering parties.

LIl PREAMBLE
Whereas, “THE UNIVERSITY OF BURDWAN (BU)" is one part and ““TEZPLR UNIVERSITY
(TEZUY" and *TRIPLRA UNIVERSITY | TUY are the other, all are partics 1o this Mol

Whereas. “TEZPLR UNINVERSITY (TEZL )™ is o leading University in Assam engaged in leaching
and research m Jifferent fields of knowledge and learning and hus brief competencies an the areq.
And has competencies and expertise on the proposed aren of collaboration

Wihereas, I RIPURA UNIVERSITY (TUF s o leading University m Tripura engoged i waching
and pescarch e different felds of knowledee amd leanmng and kas Broet compelencics an thae ardy.

And has [._'L‘JI.I“I[JI'.HL‘II%.‘II..‘S- i EXPEITISE O W PRG0S a1t ol woligboration

Whereas, “TIHE UNIVERSITY OF BLURDW AN (BUY" Is & leacling Universics in West Bengyl
engaced i oreaching amd research m dilfercor 1elds of knowledee and learming and has brief

competengies on the arca and has competencies and expertise on the propesed anea of colifaboration

Al the parties are entering into this Mol oy Resepreh and Academie Collaboration in tespeet of
tming part jointly ina resgarch project pnder “STRUDET of the Dinversety Grants Conmission, Inge
The parties have disenssed about thelr commen rescarch interast and submitted a project propos o
the | aiversity Grants Commission under the scleme pamed “STRIDE™

20 0BJECTIVES OF THE MOTU

a) daint cellaboration in Research and Academit Delds under “STRIDE-D of the University Grants
Cupmission. India.
1 Dievelopment of competencies and experhise on the proposed area of caliaboration

o) Improvement in the greas of common (eseareh ol interas).

Page 2417
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1.0 PROPOSED MODES OF COLLABORATION

(a) As per undersianding amoag them following steps have been (or will b’} initiated for comman

interest:

(i) The name of the project is entitled as: Socially Responsible Business Practices:
Analvsis of ibe [ndian Sceme.

(i1} The said project if accepted by the University Grants Commission, will be lead (Principal
imyestigator. herein afier called as PI) by Professor Santany Kumar Ghosh of the Department
of Commerce of the University of Burdwan.

(iii) Co-investigalors arc:

— vemeofCoinvesh@atids
Prof. Arindam Das of the Department of Commeree of the Linivers n of Burdwan

[ Dr. Arindam Laha of the Departiment of Commerce of the University of Burdwan

g

"~ Dr Santi fjupu]_hhji_nl' [Emnunmem_uf Commeree of Teapur niversity, Assan

Dr. Smn._‘e’;a_nk:i‘:l@ﬂh: Departiient of Commerce af the University of Burduan

“Dr. Stmit Kumar Maj) of the Livpartment of Commerce of the University o Burdwan |
Dr. Mandipa Das Gupa o ils Department of Commerce of the: Lniversity of
Bardsvan |

and

(On lien from NEHU as Asststant Professor w ef 1222009 w0 |1, 122024)
o _ and .
_I_Dr. Subir Kuriar Sen of the Department of Commerce of Triputa University, Tripura

(b Steps of Collaburation:

(i} Vhe Department of Comineice of e University of Burdwan will be the Nodal Centre.
Teznue University and Tripura 1 fiversife Wil e twy Research Station assaciated with the
Nodat Centre in respaet 0N ihe eonerniza projest

{ii) The financial expenses 0 run fla potivivies of Ihe Nodal Centre a1 The | piversity of
Burdwun will be Barme by all thres parlicipatis stiutions. Thie commuon vosts @nd the
prapartion of responsihility @ be shursd by eas b instination will be identificd by the PLand the
Co-Ple. Here. the expenses and costs aentioned dhave will e borne out of the tunis received
o to be received [rom the LIGE for the prrpase of e Sl RILE-11] Praject as mentioned n
300 (1) abeve,

{111 ‘The finangial pesponsibitiny of all the researchers will be personal amd the insticufions
will in oo way beecome linhle except fur the duties which they are reguired to perform as
per the existing rules of the University Grants Comumission i uil the university concerned.

(v Al researehers will be jointly lleble o conduct the research siudy as mentionged iy 3.0 (a)

{14 uhova.

(v) Reseurchers will make decisions jointly under the leadership of the Pl, as mentioned in 3.0
(a) {ii} above.

(v} All researchers will follow the requirements laid down i the submilted project to the
University Grants Commission, India and lhe associated scheme.
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{vii} All academic as well as administratis ¢ matters relating (o the functioning of the Research
y Stations (a1 Tezpur Universiny and Tripura Lniversity) cancerning this project. will be settled

by the respective aniversin in consultation with the P1 of the project.

vty Al reseanchers will be liable ¢ complete the duties relating to the execution of the
' research project mentioned in 3.0 (a) (i) above as per the sanctioned terms and condinons of
the Universins Grants Commission, India.

{ix) For conducting joint activities relating 0 the Project as mentioned in 3.0 (a) (1) above.
the cxpenditure/cost of dafa collection, T.A, D.A and other relevant expenditure of the
research team will be bame by he fund allocated 1o the respeclive Rescarch Station ds
mentioned in the Project.

(xi) The Research Station located at Tripura University will be responsible to conduct survey
in Tripura and Lower Assam and all expenses relating thereto will be bore from the fund
allocated to this research station.

And

Accordingly the survey related expenditure of Meghalaya and Uipper Assam will be borne by
. the Research Station located at the Tezpur University from the fund allucated to this Rescarch
Siation.

And

It e also agreed that all the detivities Gincluding finaneial matierst relited to tus research
Project #5 mentionad in 3.0 @) 0 alwavie, will b2 sloszl maniored by the Nodal gentre located

at the Burdwan University.

(i} Hereinalter, it is also Stated thai. fur dny visit ot the Researchen. Faperts. Enumeralion
and any othar staff reluled 1o thie Project as mentioned m 3 B gy (11 ahove. toany Resenrch
Sation, associated  expendituces Wil be Bome be the hast Rusearch Statan from Their
allacated funds, AN visits 16 the Rescarch & thans fram the Nodnl Centre will be Funded by
the respective Rescarch Syation eituated ab Tezpue and Tripurs.

ferWhen the ¢ol |aboraliom (natures. pﬁsaih]ﬁh S sinnilar ressarch and or academic colluhesations

' ather Tietds of studies way be explored with mutaal consent ind discussion
4.0 CONFIDENTIALITY

a. During and for a period of three vears frony the date of dizelasure. each parfy agroes
congider as confidential all infopmation disclosed by the other parly i itten e tangible
form or, if ol diselosed conbirmed in writing within thirts davs of dlsciosurs il
idertified us confidential by the disclosing pary.

1 The obligations above shall nol axtend tooany confidential information Tor which the
receiving party can prove that. this in farmaticn:
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e in the mublic dosiain at the tme of discloSUre OF GOMES within the public domain

o f= recenn mE pan

. s already known or become known to the receiving party,

. is received from a third parry having no ohligations of confidentiality 10 the disclosing
pan:.

. is independently developed by the receiving party. or

. is required 10 be disclosed by law or court order,

S0NON-EXCLUSIVITY

Tl relationshio of the parties under this MOU shull be nonexclusive arnd by parties, invluding thesir
aifiiares, subsididries and divisions. are free 10 pursug other agreentents bt corllabarations of &y ind
However, when entering inty a pirticular hisiness, parfnership. o dealor<hip agreoment. Lo
participants may agrie Lo limiveach party's richt 1o collaborate with cthers o hat sufrest

6.0 TERMS ANL TERMINATION

This MO unless extgngdad by e ubual written aoresmient of the parmes. shall capire 3 vears after the
af{lctive dute <pecified in the opening panigeaph and can be renewed through mutsal interest. This
MO may B amended of terminated earlier by mutual written agrecment of the parties ot any 1ine.
Ether party shall have the vight to unilaterally fenninate tsie MO upon 90 days prior written fiolice
1o the other party  However, no siich carly tgrination of s MOLL whether mutual of amilateral.
chall alfect the obligations of the participants ander any Business Agresment, Confidentiality clivse
45 referenced in clause 4 above. or any other agresmen entered jrita purstant 1o this MU, which
obligations shall survive any spcit Lerminaion

7.0 RELATIONSHIP

Rathing in this MOL shall ve construed ta make patth b partaer, anagent o legal representative ol
ihe other lor any purpase. Mow omwirds, il the validity of this agresment. both the parties may
estion the name and LOGO of the ather i el deciimants 35 “COLLABORATOR” Lor purposes as
may ke requiresd 1 carry oul the research under tae scheme for which this SAOL s made. B such on
instance should bz communieated by the wser (0 e othiar party inwriting heforchand,

8.0 INTFLLECTUAL PROPERTY RIGINTS (11

[hsellectial mroperty rights of both the parties will continue o be mainteined s isand no pary will
have rights toany [P already existing with each party. I case of v 1P deyeloped jointly. Bboth purties
wuilld sign a separale agregment on i mutually agreed basis Lor sach an instunce and terms of the
came wonld NOT be guided throtgh ths MO

9.0 ASSIGNMENTAND SCOPES

It is understood by the Partics herein this MOV is based on the professional competence and expertise
of each party and hence neither Party shall transfer or assign this Agresment, or rights or ohligatiens
arising hercunder. sither whally or in part, lo-any third party
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10,0 AMENDMENTS

Amendments o changes o this agreement of Mol shall be made in writing and signed by the duly
authorized ReoproscTi=ines of the pares.

| 1.0 FUNDING

o ceme of this asreement would not be funded by any af the parties. however, each parts

- L Sl
5] .=

e cost of their travel dnd living expenses.

Afier the inception. when the collaboration matures, the Tunding may he realized on application 1o
University Grant cammission (UGC). The Partics can submit jont project propesals 10 relevant
funding agencies and the funding applications should be made by the participating parties with their
mul&al consent and discussions regarding the ssops and extent of such funded program and its goals,

12.0 COSTS OF THE MOU

Each Party shall bear the respective costs of zarry ing out the obligations under this MOL

13.0 POINT OF CONTACTS

Eack Pary will nominate its own representatives wha would he respansible for all measures (o be
undertaken under this agresment and they would be called point of contact (PoC). The point of contacl
for each of the parties is mentioned belaw:

FOIR TEZPUR UNIVERSITY

Dr. Santi Gopal Maji, Associate Professar, Departmienl of Commeree. Tezpur University.
Napaam, Tezpur, Assam 784028, India

Email: sgmajiiﬁlﬂ@gmail;cmn_; Phone Mo, -9 [-Ga34050244

(O Lien from NEHU as Assistant Professor weef. 12122019 t0 11.12.20213

FOR TRIPURA UNIVERSITY

De. Subir Kumar Sen. Assistant [rrafessor. Department of Commerce. Tripura Liniversity,
Suryamaninagar, Agartala-799022, Tripura. India

Frmail! subirkumarsen@gmall.com: Phone No, 191 -9D89BE0ERE

FOR THE UNIVERSITY OF BU RIDWAN

Praf Santany Kumar Ghosh, Deparinent of Commerce, The University of Burdwan.

Golapbag, P.O.-Rajbati. Dist- East Burdwan, West Bengal-71 3104, India
Email: shantanu kaizen@gmail com, Phone: 919434360561

14.0 MODIFICATIONS TO MOU
Any amendment or modifications af this MOU shall be in writing by both partics.
The miedifications/changes shall be cffective from the date on which they are made/ executed.

untess otherwise agreed 1o,
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15.0 FORCE MATELRE

Neither m sha Do il

et for nop-fulfillment of their respective obligation under this

Vol dae ¥ L reamEnsts hevond their control but not tinited 1o war, Road. eyclones, riats, sirikes
=: 17 guch SOACTOE SONKIOES peyond six months, the parties shall then mutually decide about the
2p e sourse 2f actaoe Either party <hall imtimate each other of any siich event.

In witness whereol, the parties hereto have signed this MOU on the au Day of O¢kohec 2020

2) SIGNED IN DUPLICATE

This MOU is executed in duplicate wilh each copy being an official version of the Agreement and

having equal lewal validity.

BY SIGNING RELOW, the parties. acling by their duly authorized officers, have vaused this
Memorandum ¢l Understanding 1@ he excouted, effsctive as of the day and vear first ahove wiattel.

On behalf of

Tezpur University, Assam

Hy ’ ?7/

Mame :]),_@1% D
Title : The Registrar.
Tezpur Liniversity

2 | LAk

Diate  : tezpilr Linmversiis

N amaam, Teepm

Witness:

1. r-'?: - - :J .w-._,ﬂ
PrefierablyAh ¢

o

2. Qb ag
Puafasalise thotsdsor
riment of Commefce
Tezpur University
Napaam, Assam- 784028
Lo-FE
Page Tol'T

i belaly o On behalf of
‘Tripura University, ‘The University of Burdwan.
Tripura * -~ _‘,on,ﬂ West Bengal
B} ; \3’){1’\ *\ i B}' 3 J‘-..-Jl‘" -

Name : D& KB TarauaName Pror. AskzitT HAthAR

Title : The Registrar. Title : The Registrar,
Tripura University The University of Burdwan
(Dr K8 Jamala !
Reqistrar (i€}
Date  Jripura University Date @ O9A-10.2030

SEAL SEAL
1 TV LE s

SEAL SEAL" - :

1. - AR 1N&uﬁ\a’i&m~£aﬁ5

] & y ~ i’ - & P '|: g “ y E

| m!}&bawn?‘f % Preferably the HoD | e

Profesect & Hesd BEPARTMENT OF COMMRERCE
ol Commerse THE UNIVERSITY OF BURDWA

Trioura Untwersity
3. Swley ™ waspeor Sen 2. g—-..dm Attt

Preferably the PoC Preferably the PoC
to- PL .oa
Assistant Professor
\apartment of Commerce P L

Trimira Unjversiy uec STRIDE-III



NTLAB, UAB
Company code: 125309151

£
. VAT ID number: LT100009501517
. N I l Db Sventioniu g. 112, LT-15148 Nemenéing,
- LITHUANIA
Tel.. +37041695418

sl.no. 31

05.06.2020
Ref.No. 3

To: Dr. Anindya Bose, Professor

The University of Burdwan, Department of Physics Golapbag, Burdwan 713104, West Bengal, INDIA
Subject: Letter of Interest

Enclosures: Memorandum of understanding and cooperation

Dear Dr. Anindya Bose,

As we know, the University of Burdwan [BU] is engaged in research of navigation products and services.
NTLAB UAB [NTLab] is develaping chipsets for navigation receivers and offering chips, modules and an
open hardware platform, is interested in international research projects and the use of its products by
customers from India.

To establish our caoperation of mutual research, components supply [from NTLah] and other possible
collaboration in GNSS area, we invite you to sign the Memorandum of understanding and cooperation
(ENCLOSURE 1] targeted to the following:

1. Performance study of NTLab modules under conditions of the radionavigation field of India.

2. Usage of NTLab modules during research and in the learning process.
3. Assisting clients in India in implementing their own algorithms on NTLab hardware.
4. Joint research projects.

2. Creating, on the basis of BU, NTLab's center of scientific competence and customer support in
India.

Sincerely,

Director N

{15/ ey ’ =\
Dmitri Tcherniakﬁ\?cs'}ki\ [LAR,

e-mail: info@ntlab.It .\‘-\_//.
www.ntlab.It
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SL NO. 35

Department of Geodesy and Geoinformation

TECHNBCHE A.o. Univ.-Prof. DI Dr. Guenther Retscher
UNIVERSITAT
WIEN Research Division Engineering Geodesy

Wiedner Hauptstrasse 8-10/E120-05
1040 Wien, AUSTRIA

Tel.: +43/1/58801-12847
https://www.geo.tuwien.ac.at/

Vienna University of Technology

To:
Whom It May Concern

Vienna, 19 August 2021

LETTER OF INTEREST

Dear Sir / Madam,

| am very pleased to invite Dr. Anindya Bose to collaborate and bring his expertise as advisor in the course of
the Erasmus+ Capacity Building in Higher Education project entitled ‘Curricula Enrichment delivered through
the Application of Location-based Services to Intelligent Transport Systems / LBS2ITS’. The LBS2ITS project
has a duration of 3 years and started on January 15, 2021. Participating Universities are the EU programme
countries’ Universities Technische Universitaet Dresden (TU Dresden), Germany, and National Technical
University of Athens (NTUA), Greece, under the lead of Technische Universtaet Wien (TU Wien), Austria. The
partner country in this project is Sri Lanka with the four Sri Lankan partner Universities Sabaragamuwa
University of Sri Lanka (SUSL), University of Moratuwa (UOM), University of Sri Jayewardenepura (USJ) and
General Sir John Kotelawala Defence University (KDU).

Location-based Services (LBS) are an important application in Positioning, Navigation and Timing (PNT) and
especially for Intelligent Transport Systems (ITS). Global Navigation Satellite Systems (GNSS) play thereby a
crucial role and for the LBS users in the Indian sub-continental region the Indian Regional Satellite
Constellation NavIC and the Satellite Based Augmentation System (SBAS) GAGAN provide great opportunities
for research and education. Due to the great expertise of Dr. Bose in the PNT field, the collaboration and
exchange of research ideas can benefit all involved institutions. A train-the-teachers course on PNT
technologies is held in early May 2022 in Sri Lanka at SUSL. We would like to invite Dr. Bose to contribute and
participate in this course. Another starting point of our collaboration would be that Dr. Bose joins as a
member of a supervisory panel for a master students from SUSL.

We are confident that the collaboration with the Dr. Bose and Burdwan University will be of mutual benefit
for all involved partners. Further acquisition of funding for joint research projects forms an integral part of
our intended collaboration and will be sought-after.

Yours sincerely,

bt

Guenther Retscher
TU Wien - Vienna University of Technology
https://lbs2its.net/

UID ATU 37675002 Technische Universitat Wien, Karlsplatz 13, 1040 Wien « DVR 0005886 »
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Chaos, Solitons and Fractals

journal homapage: www.elseviar.com/locate/chaos

Spatiotemporal modulated solitons in a quasi-one-dimensional spin-1
Bose-Einstein condensates

Fei-Yan Liu”, Su-Yong Xu ", Houria Triki *, Amitava Choudhuri ", Qin Zhou ***

* Research Group of Nonlinear Opiical Science and Technology, Research Center of Nonfineor Science, School of Mathematical and Physical Sclences, Wahan
Tearile Liriversity, Withan 430200, China

" College of Optical, Mechanical and Hlectrical Engineering, Zheffang A&F University, Lin‘an 311300, China

* Radlation Physics Laboratory, Deparmment of Physics, Faculty of Sclences, Badji Mokhtar University, P.O. Hox 12, 23000 Annaba, Algeria

4 Pepartment of Physics, The University of Burdwan, Golapbag 713104, West Bengal, India

= Stare Key Laboratory of New Testile Materfals and Advariced Processing Technologles, Wuhan Textile University, Wuhan 436200, Ching

ARTICLE INFO ABSTRACT

Keywords: In this paper, we investigate the nonsutonomous brighe/dark solitons in 8 gquasi-one-dimensional spi
Bose-Elnstein condensites Bose=Einsteln condensates through a three coupled Gross=Plaevskil (GP) system with space=time-depend
Brightdark sulitons externnl potential and temporally modulated gain/loss distributions. Based on the Hirota bilinear method,

Hisote hilinest method analytically construct the bright soliten solutions when the coupled GP system exhibits attractive interactic

while we obtain the dark soliton solutions when the coupled GP system exhibits repulsive interactic
The Influence of spatiotemporal modulated external potentials, such as the gain/oss distdbution i),
bright/dark soliton dynamics [s analyzed in detall via the analytical solutions. By taking different Fie),
obtain different types of bright solitons, including periodic, dromion-like and parabolic solitns, and @
derive dark solitons on different backgrounds, such as periodic, parabolie and kink backgrounds. We nnal
the regulatory effects of different wavenumber ratios on the attraction and squeezing of bound-state solit
Through the asymptotlc analysis, we find that the interactions between two solitons are elastic. In addit
we conduct research on the forward and inverse problems of the above results via the parallel hard-constre
physical informed neural network (phPINN] method, The predicted solitons and potential functions are in g
agreement with the exact solitons and potential in the system,

1. Introduction component structure, which is due Lo the differences between differ
hyperfineg spin states of atoms [5]. 1t is also to be noted that such o |

Bose—Einstein condensation (BEC) represents one of the maost spe- system has been first experimentally realized in a gas of *Na ato
cific and fascinating quantum phenomena in nature [1]. In essence, it with hyperfine spin F = 1, in an optical dipole trap [4], Moareove:
is n genuinely quantum-mechanical phase transition which is driven  has been reported that due to the interparticle interaction, the direct
by the particle statistics and not by their interaction. Especially, 8  of aromic spins can change, and therefore, spinor BECs exhibit cert
spinor BEC is a BEC with an internal atomic spin degree of freedom spin textures [7—2], Nowadays, spinor BECs have an important ralt
displaying a rich variety of magnetic effects [2]. In such interesting physics because the spin degrees of freedom can generate rich quant
multi-component condensed system, there exist several phases below  goramics and abundant phenomena, including spin texture (i.e.,
the transition temperature and the phases are dependent on the nature o401 variation of the spin direction [2]), magnetic crystallization, i

of the interaction. It should be mentioned here that in a conventional fractional vortices [10-12]. Importantly bkl and theaiet
: B . ) EXpert
RISgResic: teaps, Ahespin: degrane of beatany-am: Boen goc: Gio: Wik studies on spinor BECs have revealed wvarious interesting phem

is described scalar order-parameter. In contrast, when the BEC F

11: ;: u:g:m u:Iticnl ;oten ﬂ; the :ph'l ':f - d:" atony s Tt ena, such as quantum junction [12], polarity to ferromagnetic ph
to evave due to the nterparile Interoton. The ondergaramersr UL SO o
describing a BEC with spin internal degrees of freedom is referred to e . Pie. L
as a spinor BEC [3—6]. Usually, spinor BECs feature an intrinsic three waves' [24], soliton complexes [25], vortices [26-28], etc..

* Corresponding author at: Research Group of Nonlinear Optical Science and Technology, Research Center of Nonlinear Science, School of Mathematical
Physical Sclences, Wuhan Textile University, Wuhan 430200, China,
E-mei] address;  ginzhoui@who,educn (Q. Zhou).

hitpss/doloarg/ 10,1016/, chuos 20241 14947

Recelved 28 February 2024; Received (n revised form 27 April 2024; Accepted 28 April 2024
Available online 3 May 2024

0960-0779/% 2024 Flsevier Lid. All rights reserved.
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SL.no. 33

MEMORANDUM OF UNDERSTANDING

Betﬁeen
THE UNIVERSITY OF BURDWAN

RAJBATL BURDWAN, WEST BENGAL, 713104
INDIA “

and

SHIVAJI UNIVERSITY
KOLHAPUR 416 004
MAHARASHTRA
INDIA


SL.no. 33


This MOU is entered into on the cighteenth day of January 2021
BETWEEN

THE UNIVERSITY OF BURDWAN. RAJBATI, BURDWAN, WEST BENGAL 713 104,
INDIA (hereinafier called “B1" which expression shall where the context so admits include its
successors and permitted assignees) of the one pirt,

AND

SHIVAJI UNIVERSITY. KOLHAPUR 416 004, MAHARASHTRA, INDIA ((hereinafter
called “SUK™ which expression shall where the comext so admits include its successors and
permitted assignees) and the other part

1.0  Preamble;
Whereas, “THE UNIVERSITY OF BURDWAN (BU)™ is one part and *“Shivaji University,
Kolhapur (SUK) is the other, both are parties to this MolJ.

Whereas, SUK has set up Space Research Center, (SRC) located on the mountain top near
Panhala fort (16.8°N, 74.2°F. Altitude: 968 meters) for the space rescarch and application The
location of Panhala with magnetic dip latitude of 10.60 is situated in between the crest and
trough locations of the plasma fountain effect that exists in the upper atmosphere. This place is
ideal for the study of the lonpspheric anomalies near equatorial regions. SUK has also installed
an Indian Regional Navigation Satellite System (IRNSS): NavIC system Automatic weather
monitoring  system, Sudden lonospheric Disturbance (Super-SID) space weather monitor.
Relative Tonospherie Opacity Meter (RIO-Meter) at Space Research Center, Panhala, Kolhapur,
Whereas,  Satellite  Synchronized ULF  induction magnetometer, Proton  Presetion
Magnetometer (PPM), Celestron CSXLT OTA, Schmidt-Cassegrain Telescope (SCT), ete are
available in the department.

Whereas The Univessity of Burdwan is a leading University in West Bengal engaged in
teaching and research in differemt fields of knowledge and learning. One of the fields of
training and research of the University is use of space-based technologies and satellite-based
navigation systems (GNSS., hereinafter). The University has a GNSS laboratory used for
training and research purposes. Both universities are agreed 1o extend the collaborative research
and academic activities using existing and upcoming GNSS systems, particularly for GNSS
Research.

Both the pariies are entering into this MoU for Research and Academic Collaboration for
GNSS Research in mutually beneficial and befitting manner,

2.0  Effective Date and Duration of MoU:
This Moll is effective from the date of its signing and is valid for a duration 3 (Three) years
from the date of signing. It may be extended further in writing based on mutual consent.
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3.0 Scopeof Mol

Scope of the MoU involves research and academic collaboration m the field of GNSS which
includes but not limited to Navigation Data collection, sharing and analysis for mutually agreed
topics of research for both partics, joint academic programs und joint application for possible
funding from appropriate funding agencies.

4.0 PROPOSED MODES OF COLLABORATION

SUK and BU propose to collaborate through

a) FEstablishing collaboration between GNSS rescarch Centre and Department of Physics
in the field of GNSS as a Research Partner

by Mutual sharing of IRNSS/ NavIC/ GNSS data for research, those are not restricted for
distribution by any other legal/ ethical obligations

¢) Shared data shall be used for Academic reseurch purpose only.

d) Due acknowledgment of data provider institute and 1SRO in case of IRNSS/ NavIC data
used in joint publications.

¢) When the collaboration matures. possibility of similar research and/ or academic

collaborations in other fields of studies may be explored with mutual consent

5.0 CONFIDENTIALITY

a. During and for a period of three years from the date of disclosure, each party agrees Lo
consider as confidential all information disclosed by the cther party in written or tangible
form of, if orally disclosed confirmed n writing within thirty days of disclosure and
identified as confidential by the disclosing party.

b, The obligations above shall not extend to any confidential information for which the
receiving party can prove that, this information: '
« s in the public domain at the time of disclosure or comes within the public domain
without fault of the receiving party.
. is already known or become known to the receiving party
. is received from a third party having no obligations of confidentiality to the disclosing
parly,
« is independently developed by the receiving party or

« s required to be disclosed by law or court order.

6.0 NON-EXCLUSIVITY
The telationship of the parties under this MOU shall be nonexelusive and both parties,

including their affiliates, subsidiggics and divisions, are frec 1o pursue other agreements Or
v "-7:;_'_". 1 :-]',;:“

|| = it
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collaborations of any kind. However, when entering into a particular business, partnership, or
dealership agreement, the participants may agree 10 limit each party's right to collaborate with
others on that subject.

70 TERMS AND TERMINATION

This MOU, unless extended by mutual written agreement of the parties, shall expire 3 years
after the effective date specified in the opening paragraph and can be renewed through mutual
interest, This MOU may be amended or terminated earlier by mutual written agreement of the
parties at any time. Either party shall have the right to unilaterally terminate this MOL! upon 90
days prior written notice to the other party. However. no such early termination of this MOLI,
whether mutual or unilateral, shall affect the obligations of the participants under any Business
Agreement, Confidentiality clause as referenced in clause 4 above, or any other agreement

entered into pursuant to this MOU, which obligations shall survive any such termination.

8.0 RELATIONSHIP

Nothing in this MOU shall be construed to make either party a pariner, an agent or legal
representative of the other for any purpose. Now onwards, till the validity of this agreement,
both ‘the parties may mention the name und LOGO of the other in their documents as
“COLLABORATOR™ for purposes as may be required. But such an instance should be
communicated by the user to the other party in writing heforehand.

9.0 INTELLECTUAL PROPERTY RIGHTS (IP)

Intellectual property rights of both the parties will continue to be maintained as is and no party
will have rights to any IP already existing with cach party. In case of any IP developed jointly.
both parties would sign a separate agreement on a mutuslly agreed basis for such an instance
and terms of the same would NOT be guided through this MOU,

10.0 ASSIGNMENT

It is understood by the Parties herein this MOU is based on the professional competence and
expertise of each party and hence neither Party shall transfer or assign this Agreement, or rights
or obligations arising hereunder, either wholly or in pat, to any third party.

11.0 AMENDMENTS

Amendments or changes to this agreement or MolJ shall be made in writing and signed by the
duly authorized Representatives
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12.0 FUNDING
The initial stage of this agreement would not be funded by any of the parties, however, each

purty would be responsible for the cost of their trave] and living expenses.

After the inception, when the collaboration matures, the funding may be realized on application
to various funding agencies of relevance, The Parties can submit joint project proposals 1o
relevant funding agencies and the funding applications should be made by the participating
parties with their mutual consent and discussions regarding the scope and extent of such funded

program and its goals,

13.0 COSTS OF THE MOU
Each Party shall bear the respective costs ol carmying oul the obligations under this MOU
14.0 POINT OF CONTACTS

Each Party will nominate ils own representatives who would be responsible for all measures to
be undertaken under this agreement and they would be called point of contact (PoC). The point

of contact for each of the parties are mentioned below:

FOR SHIVAJI UNIVERSITY:

Dr. Rajiv Shrikant Vhatkar,

Asst. Professor and Co-ordinator, Space Research Center, Panhala
Department of Physics, Shivaji University,

Kolhapur-416004, Maharashtra, India

Email: drvhatkar@gmail.com Cell: (0)7588246170

FOR THE UNIVERSITY OF BURDWAN

Dr Anindya Bose,

Senior Scientific Officer,

Department of Physics, The University of Burdwan
Golapbag 713 104, West Bengal
abose@phys.buruniv.ac.in; Cell: (0)9434004478

15.0 Modifications to Moll:
15.1 Any amendment or modifications of this: MOU shall be in writing by both parties.

15.2 The modifications/changes shall be effective from the date on which they are made/
executed, unless otherwise agreed to.

16.0 Force Majeure:

Neither party shall be held responsible for non-fulfillment of their respective obligation under
this Mol due to circu . beyond their control but not limited to war, flood, cyclones,

Fage 5 of b




decide about the future course of nction. Fither party shall intimate each other of any such

eveanl.

In witness whereof, the parties hereto have signed this MOU on the eighteenth Day of

January 2021,

17.0 SIGNED IN DUPLICATE

This MOLI is executed in duplicate with each copy being an official version of the Agreement

and having equal legal validity,

BY SIGNING BELOW, the parties, acting by their duly authorized officers, have caused this
Memorandum of Understanding to be executed, effective as of the day and year first above

written.
Oni behall of
Shivaji University, Kulhlpnr

B} ¥ /
e
REGISTRAR
Nuime : Smvaj Unuwersin
Kolhapur
Title
Date 18/01/2021

SEAL

Witness:

' Dr. Rajiv 8. Vhatkar

Coordinator,
Space Research Center, Panhala,
ity, Kothapur

*br L'Ta

rwu'l
iy S S .HiT .i *'II" I:I"‘
D TJtH:'I of P ‘f"
: Ll».rf:ru:' apur<$

%

16 004

On behalf of

The University of Burdwan, Burdwan

By
5%/ e\

V- o0

Name : Prol'A Mazu:?ﬂ.n.:ﬂcgl rar (OFficinting)
st

The Ut\r-cr-.ﬂ\' of Bun

will- i
~ . Registrur,  Rajbath, BU ‘ﬁ;
Fille: 2 The University of B Ffwan
Date : 18/0172021
SEAL

Witness:
L R
(PARTHA M”ﬂﬂj Graleasor & i

s Llniveis

2. purdwar
//;"'4"?"" MH-M-:;LJ
(AninDYA BOSE)

DR ANI 808
BENIOR
DEPARTMENT OF PHYSICS

BURDWAN UNIVERSITY, GOLAPRAS
BURDWAN«T13 104, Hﬂ\

Page 6 of 6
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: MEMORANDUM OF AGREEMENT (MOA)

! This Memorandum of Agreement is made and entered into force this day 18"

Ma.vufZDElathw Delhi. SL NO B 34

E AMONG
f

The University Grants Commission, @ Statutory Body established under the
ukC Act, 1956 having its office at Bahadur Shah Zafar Marg, New Delhi - 110 002,
repyesented by its Secretary (hereinalier referred to as “UGC™) which expression shall
unless the contexl requires otherwise, mean and include its successors, representatives

and permitted assigns of the FIRST PART.
i

g University of Burdwan, Bardhaman established on |5th June, 1960 having its
office at the University ol Burdwan, Rujbati, Bardhaman - 713104 West Bengal,
represented by its Registrar (hereinafter referred to as "BU") Which expression shall,
unli:a the context requires otherwise, mean and include its successors,
reffresentatives and permitted assigns ol the SECOND PART.


SL. No.-- 34


Qe

AND

Suvro Chatterjee. the candidate selected  os Associale Professor under the
UGC- Programme  on  "Operation  Fuculty  Recharge” (FRP) in the
discipline of Biological Sciences and  posted  in  the department/ School of
Biotechnology. University of Burdwan. in the State of West Bengal and having his
permanent residence at Junui, Hooghly, West Bengal (hercinalter refermed to s
"UGC-FRP-Fuculty™) forming the THIRD PART.

WHEREAS. the "UGC" has launched a novel scheme called, "Operation
Faculty Recharge Programme (FRPY' for national level recruitment of faculy in
Science, Engineering & Technology 1o strengthen high quality research in Science -
related disciplines ot internationally competitive levels and promote innovative
teaching in the Universities through induction of fresh talent ar the levels of Assistant
Professors, Associate Professors and Professors.

Therefore. all the three to this Memorandum of Agreement agreed
and undertake to ubide by the following terms and conditions:

- - - -

() Qualifications for various facuity positions under the programme shall be the
same as provided in the UGC Regulations on "Mimimum Qualifications for
appointment of teachers and other academic statl in Uiniversities and Colleges
and measures [Or the maintenance of standards in higher education. 2010" and
as amended from time (0 time,

(i) The Faculty Recharge' position shall initially be for a tenure of five years,
However. depending upon the peer group eXpert assessment reporl. the
positions nuy either be extended or clevated to the next higher levels or in
unsuceesstul cases in peer group expers assessment could even be terminated.

(iii) The period of appointment of the incumbents in these FRP-positions shall be the
same as preseribed for teachers in the central universities by the UGC and the
Government of India from time (o time with the tenure ol the FRP-Faculty muy

® beextended every livwyears up (o the uge of 6@ years subject (0 (i1) abaue.

(iv) Nationally selegred candidates under the "Faculty Recharge Prugrmmme" will be
located/placed through harmonization of their own preference, response of the

L



host unis SISty il

ke i valabiny o fiastricture for discharge ol the duties ear-
marked (or these | ‘-L,L'_l:uk.uh:i Dositions

(v) The i 4 : : .
: Fecurrent tinancial impheations of ull the 'Faculty Recharge positions' shall be

met by UGC. Such positions shall be made available to bath Central and State
Universities. which are eligible for receiving LIGC funds under section 12-B of

UGC Act. 1956, und vohidh are signing this Memorandum of Agreement (MoA)
with UGC.

(v} The "MOA" is intended to facilitae the fegal and technical requirements for the
recipient  Universities to accept the Faculty - Recharge positions. The
Universities shall also authenticate and undertake o UG that il neademic &
administrative [acilites will be extended to the appointees under the Faculty
Recharge Programume as per the terms and conditions of appointment to be
decided and communicated separately 1o both appointee and university.

(vit) Itshall alse be mandatory for the recipient Universities to uccept and implement
& all norms & suidelines pertaining 1o thew"LIGL Operation Faculy Recharge
Scheme" [rom time W (une.

(viii) Tt shall be incumbent on the part of the recipient Universities 1o provide
teaching. reseurch. co-curricular & exrra-curricular faciliies w the faculty
recharge progritnimu teachers,

(ix) Subsequent to all the above conditions ure agreed to by the recipient
Universities. annual release of funds towards the faculty recharge positions
provided will be made by UGC 1o the recipient Universities on a recurrent basis
subject t the LIGC - Tund release norms applicable 1o Central/State Universities
and the recipient  Liniversities shall submit  Utilizavon Certificates and
Audited Sttement of Accounts unnually 1o UGC us per UGC norms.

(x) The work load ol epch Fagulty in term ol vuntuet hours, presence on the campus
and other nctwitics relating to teachfp, research, examinaf®in, evaluation,
curricubar eve o, sell siudy nod reparuiion Tor loetures with inereased
commitment on innovalive resenrch shull be us per the norms/service rules
separately  preseribed by the  University  Grants Commission under this

1

%}

L

P ||



n
Faculy Recharge Programyye”

(xi)  Everv fuculty |

Wy 1
ity

Cﬂndu\:i Irmeedi by e ] 1A

(xil) Any faculty member i FRP mats.

ippoutied under 'FREF shall abide by

v the Code of

<tsily Grants C ommussion in s Kesulavyons, 2010,

amy thne, wrminate his contract by ziving

the University-UGL three month's notice in writing or on pavment of three

month's salary in liew thereol

(xiit) NﬂIWithl;‘l.l'l.ding Ay thing comtained

i thes MOA, 1t s elaritied berween the

"PARTIES" 1o this MOA that the dewiled terms and conditions of service of
persons to be appointed under the "FRP" shall be specified sepurately in the

letter of appointment and through

separate service rules lur FRP w0 be

communicated 10 the appuintec and the University at the time ol appointment of

the faculn

IN WITNESS THEREOF. the paries hereto have signed this Memorandum of
Agreement on the 18" duv o Mav Two thousand Twenty One.

° -
"For and behulf of © lurandon behalfol
i University Grants Comnussion University

Signature \ | Signaiure ‘I—I__b—i‘

Name: Prof. Rujnish Yain |
Designation . Secretary. 1/GC -
Official Stumnp

7 T &7/ Prof. RAINIEH JAIN

wim [ Gecretary
fareafieera T
miasion

| ————————

. L PSSR

' Edugation, Gav!
Signature of Lﬁi' Dulbh 1109
_b -

\ Name: Suvro Chatlerjee '
l Designation : As@ciate Professor
Adldress:
West Bengal. 712304

Permanent Tanid,  Hooghly.

~Numie: Dr Debidas Mondal

Designation : Registrur

fefal 8
Otlicial Stump Reg (Offict )
The University of Burdwan
Rajbati, Burdwan-713104

Waas Bengai

T ——————
——
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“Address for Communieation:
5 Department vt Biotech nologs
'! University of Burdwan
Golapbag Cuinpus
| Bardhaman
West Bengal 713104

Name & Address of Witness

| Nume & Address of Witness
| A Chton o

Dr. INDRAM! CHANDR:
Teacher-i-Cnarge
Dapt of Biotachno-oar

Yrmwargriy T By dn il
2 @haltarga

fhe University of Surdwel
SURDWAN

= —
e S ==

R

—
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MEMORANDUM OF AGREEMENT

This MEMORANDUM OF AGREEMENT is made

thousand and nineteen BY AND BETWEEN Presi
ientist ‘G",

on this twenty seventh day ofJune Two

dent of India, acting through Advisor &

Department of Biotechnology, Ministry’ of Science and Technology,

lanvernrnun'r of India, New Delhi, hereinafter referred 10 as the

unless excluded by or repugnant to the subject shall mean and include its successor-in-office
d assigns) of the ONE PART;

B AND
The University of Burdwang saciety under the Societies Registration Agt — 1860, having its

gistered office in/at Rajbati, Burdwun, hereinafter referred 1o 85 BU (which expression
shall where the context so admits include its successors and permitted assigns) of the OTHER
PART;

‘DBET* (which BXpression

- netics & Genomics decided 1o
o -; {;\ @pport & project submitied by Prof. Anupam Basu for (he
D‘% oV

attainment of the objectives,
hereinafier described in the Annexure | annexed herelo;

““ 15 Memorandum of Agreement (MoA) defings the role and responsibilities of the
Yo Voo e’
Ot

o5 fprticipating agencies, monitoring and other matters related to the "A Genetic Algorithm-
-‘l

Targeted Approach for Understanding the Phenotypic Heterogeneity of
alasse

mia Syndromes in Northern and Enstern Indian Population™
% @Qwa%“%%’

9 ?:;p%ﬁf

q".\‘.'ﬁ'. " J:'S‘t

ﬂu‘“ -


Mantu Saha
Typewriter
SL NO. - 26


NOW THE PARTIES HERETO AGREE AS FOLLOWS:-
1.0 . ROLE OF DEPARTMENT OF BIOTECHNOLOGY, NEW DELHI
To provide funds to the extent of 7379121.000ver a period of 3 years from the date of

sanction of the project., to The University of Burdwan for undertaking activities as detailed
in Annexure |. Details of the funds to be provided are given in Annexure 11,

1.0,
2.1,

22,
23,

24,

Z5.
2.6.

2.1

2.8.
29.

1. l“y

3.0
il

4.0

4.1
o

;}‘fff"m action for pratection

-

‘Wiw basis on such terms and conditions as may be determined by DRT,
&

&

ey |

ROLE OF THE UNIVERSITY OF BURDWAN (Institute)

To provide their contribution of NILforNIL years from date of sanction of the project
as detailed in Annexure — 1. (if a joinily supported project)
To provide existing facilities as mentioned in the project document.

To be responsible for accom plishing objectives identified and activities listed.

To allow the Scientists authorized by DBT to work with the Research &

stages of process development and production.
To recruit all scientific and non-scientific staff as sanctioned by DBT.

To prepare and submil all periodical reports and other documents that would be
required by DBT.

Development team of the center in al|

To maintain a separate audit head of account for the grants received from DB for the
project.

Ta submit an annual audited statement of expenditure incurred under the project,

To ensure effective utilization of the grant given by DBT for the purpose for which it
wis granted and to ensure timely progress of project work.

The manpower, both scientific and non-scientific, recruited shall be purely on

contractual terms & conditions such that the contract for engagement of the

manpower shall run concurrently with the said
DURATION OF PROJECT

Duration of project shall be 3 years from the date the Project has been sanctioned by
DBT.

project period only.

RIGHTS OF
UTILIZATION

Thﬁknew-hw.rmdﬁunﬂupmjﬂlhyl’mﬁhl

property of The University of Burdwan and DBT, G
the responsibility of Prof, Anupam Basu & The U

OWNERBHIPFTECIHHELDGY TRANSFER  AND

pam Basu will be the joint
ovemment of India. It shall be
niversity of Burdwan 1o take

of the intellectual Property arising out of the
memwminmmthm rights, etc.

Th-hmHmleerhhnlfmﬂmuhlrunmﬁm:m



43 All the assets including the equipment and produce acquired will be the property of
DBT and shall not be utilized for purposes other than those for which the grant has
been sanctioned. The rights of The University of Burdwan. under this MoA shall
not be transferred to any other party without prior approval in writing of DBT.

44 It shall be the responsibility of Prof. Anupam Basu to ensure that support of DBT is

suitably acknowledged in the publications (papers, reports, etc.) arising out of the
PROJECT,

5. SECRECY

It is hereby agreed that the participating agencies shall keep information and dats collected
completely secret provided that the right to transfer the technology shall rest with the DBT.

o

MONITORING
6.1 The progress of implementation of the project and proper utilization of grant shall be
reviewed by the DBT and by the Monitoring Commities set up by DBET.
4 6.2  The periodic progress of physical achievements and the utilization of funds, statement
of expenditure shall be evaluated by the Monitoring Commitiee.
6.3 The Comptroller and Auditor General of India. at his diseretion shall have the right of

access to the books and accounts of The University of Burdwan for the
received from DBT for this project.

Erants

6.4 The DBT may terminate the grant at any stage if it is convinced that the grant has not

been properly utilized or appropriate progress has not been made. [n the event, DBT
terminates the grant, Prof, Anupam Basu shall hand over all documents including
technical details and equipment purchased related to the project.

7.0 DURATION OF MEMORANDUM OF AGREEMENT

This MoA will remain inforce for the duration of the project and until all claims are settled
between DBT and The University of Burdwan.

8.0 ARBITRATION
In the event of any question, dispute or difference WI;z}lsnewr arising between the parties to
this Agreement out of or relating to the construction, meaning, scope, operation or effect of
this Agreement or the validity of the breach thereof shall be referred to an Arbitrator to be
appointed by mutual consent of both the parties herein, If the parties cannot agree on the
appointment of the Arbitrator within a period of one month from the notification by one party
to the other of existence of such dispute, then the Arbitrator shall be nominated by the
Secretary, Department of Legal Affairs, Ministry of Law & Justice, Government of India. The
isions of the Arbitration and Conciliation Act, 1996 will be applicable and the award
oif’ g'o*mdu thereunder shall be final and binding upon the parties hereto, subject to legal remedies
\#vgilable under the law. Such differences shall be deemed to be & submission to arbitration
B e the Indian Arbitration and Concilintion Act, 1996, or of sny modifications or




90.  GOVERNING LAW

This Contract shall be governed by the Law of India for the time being in force,

IN WITNESS WHEREOF the parties hereto lhave signed, sealed and delivered this

Agreement on the day, month and year first above written in presence of:

Witnesses: Signed by e eesenians
| | Lo
(Designation)
2, For and on behalf of The President of India
4.3
dﬁ'ﬁ?‘j‘\ ) o —D
- o 7 \q
Witnesses: p R Sigied by —eeeco . 02:0% 1V
l ?& “? w!ﬁ\‘
PR et
o P N S
2 Cre (Lt o " LI
At
nip am Bost Ifur and on behalf of
FHHFE'&E‘G“ The University of Burdwan




TERMS & CONDITIONS OF THE GRANT
(To be signed and enclosed with concern filled proforma)

I. Approval of the Research proposal and the grant released would be for the sperclﬂiu
project mentioned in paras | to V of this pmpc?snl and_ grant shm_]ld be exclusively
spent on the project for which it has been sanctioned within the stipulated llmF, The
Institute is not permitted to seck or ulilize funds from any other organization
(Government, Semi Government, Autonomous or Private) for this reagnr:h project.
Any unspent part of amount would be surrendered to lhn: Gowt. of India through an
account payee demand draft drawn in favor of the “Drawing and Disbursing Officer,
Department of Biotechnology, New Delhi", and carry forward !:rf funds of thf: next
financial year for utilization for the same project may be considered only with the
specific approval of the Department of Biotechnology (DBT),

2. For permanent/semi-permanent assets acquired solely or mainly out of the grant, an
audited record in the form of a register in the prescribed proforma (enclosed at
Appendix-*A’) shall be maintained by the Institute. The term “assets™ means ()
immovable property and (1) movable property of a capital nature, where the value
exceeds Rs. 1000/~ The grant will not be utilized for construction of any immovable

praperty, Full facilities by way of accommodation, ete. for the project will be given
by the Institute.

3. All the assets acquired from the grant will be the property of Gowt. of India and
should not without the prior sanction of the Dept. of Bimechnulug;,r. be disposed of,

ar encumbered or utilized for purpose other than those for which the grant has been
sanctioned.

4. At the conelusion of the project, the Govt. of India will be free
dispose of assets which are the propefty of the Government.

to Govt. necessary facilities for arranging the sale / disposal of these assets, The
Government may, however, consider the request of host institutions to retain the
assets created under a projeet for carrying out similar work for the promotion of
science.

to sell or otherwise
The Institute shall render

: the project
every six months. The progress of the proj i i 1

once a year by the concerned Task Force/Project

8- Monitoring Committee, ete, In
addition the DBT shall designate Scientisty/S

pecialists to visit the Institute
d for suggesting such measures as

the project. On completion of the
project five copies of a consolidated report of the work done on the subject would be
submitted to the Department of Biotechnology.

6. The Institute is required to send 1o DBT a list of assets referred to at Sl. No. 2 above
al the end of each financial year as

well as at the time of seeking further installments
of the grant.

M\ 7. The Institute would furnish to the Dept, of Biotechnology a Utilization Certificate
\/ b and an audited statement of expenditure

duly signed by the P.1., the Head of the
©V 0w  Institte and the Head of the Financo win

o5, Dt s

B pertaining to the grant at the end of each
W«:iﬂl vear as well ns & consolidated statement of expenditure at the end of the

e 1 completion of the project,
purt™™” \9?\
A stamped receipt be sent to the De
&

%ﬁ* mand draft towards each release,
S,
&

&
o

pt. of Bioteohnology on receipt of the Cheque/
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e Urivero 505

9.

The Comptroller and Auditor-General of India at his discretion shall have the right of

access to the books and accounts of the Institute for the grant received from the
Government,

10. The Institute would maintain separate audited accounts for the project. If it is found

expedient 1o keep a pant or whole of the grant in a bank accounl earning interest, the
interest thus earned should be reported to the Dept. of Biotechnology.

11, Sale proceeds, if any, as a result of the development of the project arising directly

from funds granted by the Dept. of Biotechnology shall be reported to the Gowt. of

India. The Govt. of India may at its discretion allow a portion of such receipt to be
retained by the Institute for its utilization for the project activitics.

12, Investigators/Institutes wishing to publish papers based on the research work done

under Dept. of Biotechnology projects should acknowledge the financial support
received from the Dept. of Biotechnology.

13. Investigators/Institutes may utilize various resources such as the Bioinformatics

I4. Investigators / Institutes shall follow th

13, Investigators / Institutes may fi

16. The Govt. of India (Dept, of Biotechnology) will have the

resources, experimental materials, reagents, cell lines, animals, ete. from the National
facilities/Institutes/Centers  established by this Department as per the terms of
transactions followed by them. More information may be obtained about such facility

from DBT  websites: hitp:/fwww.dbtindia.org// www.dbtindia.nic.in,
www,btisnet.ac.in,

¢ detailed instructions on technology transfer
and Intellectual Property Rights (IPR) as given at Annexure - V. The same has the

approval of the Ministry of Finance, Govt, of India vide Dept. of Expenditure, Plan

Finance II - Division Letter No. 33 (5) /PFIL/99 dated 22nd February, 2000. Any
deviation from these instructions may be brought to the natice of this Department.

le patents with the help of the Biotechnology Patents
Facilitating Cell (BPFC) established at DBT an priority bases.

The format for filing
the patents may be seen at Anmexure V1.

right to call for drawings,
specifications and other data necessary to enable the transfer of know-how to other
parties and the Institute shall supply all the needed information at the request of the
Department of Biotechnology which will ensure confidentiality. The information
required for commercializing Biotechnologies may be furnished 1o this Dept. as per
the format enclosed at Annexure — V{1, M

ore information on commercialization cian
be found at the website www.ebe.nic.in, '

17. The Institute may

S e

%93 The human Tesources Lhat may be on

‘ﬁ\ concern/responsibility of the Govt, of Indin. The O
o

not entrust the implementation of the work for which the grant is
being sanctioned to another institution and to divert the grant receipts as assistance to

the latter institution, However, In such situations the express permission of DBT may
be obtained, In case the grantee is not

in & position to execute or complete the project,
it may be required to refund forthw

ith to the Govt, of India (Department of
Biotechnology) the entire amount of grant received by it

gaged for the project by the Institute are not to be
treated as employees of the Govt, of Indla and the deployment of such human
resource at the time of completion or terminntion of project, will not be the

rganization may make reservations
for Scheduled Castes, Schedule Tribes ete. in the human resource to be en

gaged for
the projeet in accardange with the instruction issued by the Govt, of India from ti

me
i "
g_ﬁlp g
\“J’\ ."::"L“ﬁl
4
" % 1



19. The Dept. of Biotechnology reserves the ri
also to recover the amounts already paid i
properly utilized or the work on the proj
period or appropriate progress is not bein

ght {o terminate the grant at any stage and
Fit is convinced that the grant has not been
ect has been suspended for any unduly

long
g made,
20.

The project will become operative with effect from the date of release of the first
wstallment for the project,

21, If the Investigator to whom a grant for a project has been sanctioned leaves the
institution where the project is being implemented, he shall submit five copies of
complete and detailed report of the work done by him on the project and the maoney
spent till the date of his/her release and shall also arrange to refund the unspent
balance, if any.

« The organization should maintain subsidia

ry accounts of the Gowt. of India grant and
fumish it to the Audit Officer as and when the

recurring and non-recurring
expenditure exceeds the limits of Rs. 5,00 lakhs,

D’I’d ‘;j“"l.__ e
P/ v
Signature of Project Coordinator

n‘]'_- .ﬂ%‘ Iﬂl
Signature of Registrar =
(Applicable only F; mﬁ:#glmn%nal projects) of Uniwﬂlﬂm
Dr. An Unversig o Bacbwes
Date:[) l‘a\ PROFESSOR " Date: . m’r’um. wa.
Department ‘it%u
The University

Signature and

of Principal Investigntor
The University of Burdwan

Date: ga":ro;’{! q

Dr. Anupam Basi

ROFESSOR
m;ﬂ_mmt of Zoology
The Univessity of Burdwan




Department of Geodesy and Geoinformation

TECHN!SCH_E A.o. Univ.-Prof. DI Dr. Guenther Retscher
UNIVERSITAT
WIEN Research Division Engineering Geodesy

Wiedner Hauptstrasse 8-10/E120-05
1040 Wien, AUSTRIA

Tel.: +43/1/58801-12847
https://www.geo.tuwien.ac.at/

Vienna University of Technology

To:
Whom It May Concern

Vienna, 19 August 2021

LETTER OF INTEREST

Dear Sir / Madam,

| am very pleased to invite Dr. Anindya Bose to collaborate and bring his expertise as advisor in the course of
the Erasmus+ Capacity Building in Higher Education project entitled ‘Curricula Enrichment delivered through
the Application of Location-based Services to Intelligent Transport Systems / LBS2ITS’. The LBS2ITS project
has a duration of 3 years and started on January 15, 2021. Participating Universities are the EU programme
countries’ Universities Technische Universitaet Dresden (TU Dresden), Germany, and National Technical
University of Athens (NTUA), Greece, under the lead of Technische Universtaet Wien (TU Wien), Austria. The
partner country in this project is Sri Lanka with the four Sri Lankan partner Universities Sabaragamuwa
University of Sri Lanka (SUSL), University of Moratuwa (UOM), University of Sri Jayewardenepura (USJ) and
General Sir John Kotelawala Defence University (KDU).

Location-based Services (LBS) are an important application in Positioning, Navigation and Timing (PNT) and
especially for Intelligent Transport Systems (ITS). Global Navigation Satellite Systems (GNSS) play thereby a
crucial role and for the LBS users in the Indian sub-continental region the Indian Regional Satellite
Constellation NavIC and the Satellite Based Augmentation System (SBAS) GAGAN provide great opportunities
for research and education. Due to the great expertise of Dr. Bose in the PNT field, the collaboration and
exchange of research ideas can benefit all involved institutions. A train-the-teachers course on PNT
technologies is held in early May 2022 in Sri Lanka at SUSL. We would like to invite Dr. Bose to contribute and
participate in this course. Another starting point of our collaboration would be that Dr. Bose joins as a
member of a supervisory panel for a master students from SUSL.

We are confident that the collaboration with the Dr. Bose and Burdwan University will be of mutual benefit
for all involved partners. Further acquisition of funding for joint research projects forms an integral part of
our intended collaboration and will be sought-after.

Yours sincerely,

el

Guenther Retscher
TU Wien - Vienna University of Technology
https://lbs2its.net/

UID ATU 37675002 Technische Universitat Wien, Karlsplatz 13, 1040 Wien « DVR 0005886 »


Mantu Saha
Typewriter
SL. NO. 35


Dated: 24
Under UGC’s New

Tl R - 1on - 201
ot of Environmental Science, BU, | | 1
Sub: Grant of Registration as a candidate for Ph.D. degree in Environmental Science
: with effect from 09.09.2021
Sir/Madam, "
: _ &

_[:6;22:}02311“;::& t{;o;_ jhatﬂ?he Faculty Cour-{cil for P.G. Studies in Arts/ Science at i meeting held on
i e yuuto get ym:rself, registered as a candidate for Ph.D. de"graeg;mmtioned above, the
CORTA B hesis bemg 3 MEDICAL GEQLOGICA‘L. APPRAISAL OF FLUO K

MINATION IN GROUNDWATER OF SOUTH DINAJPUR DISTRICT, WEST
BENGAL WITH THE DEVELOPMENT OF A MAGNETIC NANO-MATERIAL BASED
DEI?'LUORIDATION TECHNIQUE” Subject to fulfillment of the requirements set forth in the University
Ordinances relating to Doctoral Degrees and such terms and conditions as may be laid down by the
appropriate authorities of the University from time to time.

You will now be required to deposit the Ph.D. Registration fee of Rs. 8,000/~ (Eight thousand only) for
enrolment of your name in the Register of candidates for Ph.D. degree, positively within a month from the
date of issue of this letter, failing which your case will not be considered for Registration as a Ph.D.
candidate and the relevant copy of the cash receipt should be submitted to the Ph.D Unit.

In this connection you are requested to note that —-
a) You have been permitted to do research work under Prof. Srimanta Gupta, Dept. of Environmental
Science, B.U. & Prof.Rama Ranjan Bhattacharjee, Dept. of Chemistry, Sister Nivedita University,Kolkata

(Co-supervisor) as your Supervisor / Co- Supervisors.
yourself registered as a student of this University on migration after
lities prescribed in this behalf, unless you are already a registered student

b) You will be required to get
completing all the necessary forma
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In the present work, hydrothermal and wet chemical methods are adopted to fabricate NiCo,04 nano-
wires (NiCo-NW) and NiCo,04 nanoparticles (NiCo-NP) respectively. Owing to the mesoporous nature of
these subunits, fast and convenient electron-ion transport and redox reaction, NiCo-NW achieves
excellent electrochemical performance. Structure and microstructural characterizations of these samples
are carried out by analyzing X-ray diffraction data employing the Rietveld method of structure refine-
ment method and analyzing HRTEM, FESEM images and FTIR spectra. The low dimensional NiCo-NP is
found to provide superior electrochemical performance than the NiCo-NW (~13 nm) due to its smaller
particle size (~9 nm). This porous structure effectively helps in better transport of ions in the electrolyte.
It manifests high specific capacitance 1066.03 F g~ and enormous areal capacitance up to 5.96 F cm 2
whereas NiCo-NW exhibits specific capacitance up to 880.72 F g~! and high areal capacitance of
4.93 Fcm~2. An asymmetric supercapacitor (ASC) has been fabricated with NiCo-NP and activated carbon
as positive and negative electrodes respectively in 1 M Na,;SO4 electrolyte medium. This device offers

maximum specific energy 59.56 Wh Kg~! and maximum power density 3403 W kg~! with a high energy
density of 4197 Wh Kg~! and shows excellent cyclic stability.

© 2019 Published by Elsevier B.V.

1. Introduction

In recent years, enormous attention has been drawn to develop
novel materials and devices for the new renewable and sustainable
energy sources with high efficiency, high reliability and high energy
density. The supercapacitor has been used massively in last few
decades as a green energy storage device combining the features of
the conventional capacitor (high power density, long cycling life)
and rechargeable batteries (high energy density) [1—8]. Based on
the charge storage mechanism supercapacitors are of two types: (i)
electric double-layer capacitor(EDLC), and (ii) pseudocapacitors.
For EDLCs electric energy is stored by separation of charge in
Helmholtz double-layer and for pseudocapacitor storage of electric
energy is achieved by a faradaic redox reaction with charge transfer
[8—10]. Various carbonaceous materials like activated carbon, CNT,
graphene are being used as electrode materials for EDLCs for their
higher surface area with a porous surface and electrically interca-
lated networks. EDLCs show high power density, better cycle life

* Corresponding author.
E-mail address: skpradhan@phys.buruniv.ac.in (S.K. Pradhan).

https://doi.org/10.1016/j.jallcom.2019.153503
0925-8388/© 2019 Published by Elsevier B.V.

than pseudocapacitor but possess very low specific capacitance.
However, due to fast multi electro-redox reaction, pseudocapaci-
tors possess higher specific capacitance, higher energy density than
observed in EDLCs [11,12], but it leads to deficient cycle stability
because of redox reaction like a battery.

The primary focus of the present work is to improve cell voltage
and energy density by developing an ASC device in which (EDLC)
electrode has been used as the negative electrode and redox-active
transition metal oxides as a positive electrode. The maximum
operating voltage in the cell system can be reached by using
different potential windows of the two-electrode system. Primarily,
activated carbon has been used as the negative electrode and
transition metal oxides as a positive electrode. So, the main focus of
ASC is to develop better metal oxides for advanced positive elec-
trode [3,13].

Various metal oxides and hydroxides with their variable valence
states had been widely used for electrode materials in pseudoca-
pacitors [14,15]. Attempts had been made to prepare inexpensive
metal oxides like Co304 [16,17], NiO [10,18], MnO5 [19], V205 [20],
Fe,03 [21] for high theoretical capacitance and low toxicity. Both Ni
and Co-based materials were considered to be the most admirable
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Keywords: A facile hydrothermal route synthesizes Co304 nanocrystals with urchin spine-like morphology. Structure and
Co304 microstructural characterizations of the sample are carried out. Electrochemical properties have been explored in
Microstructure the presence of different electrolytes. In order to find out the best electrolyte, three electrolytes (Na;SO4, NaOH
?;lzﬁr:‘a/zi‘:z;etry and NaSO4 with Hq) of fixed concentration (1 M) are used to record the cyclic voltammetry data. In the presence
Electrolyte of NaySOy as an electrolyte, specific capacitance becomes 218 F g%, possibly because of low ionic conductivity of

SOAZ;’, higher charge transfer resistance. When NaOH and NaySO4 (with Hq) are used as electrolytes, high specific

capacitances of 1720 F g~! and 2433 F g~ respectively are obtained due to extra pseudocapacitive effect of
redox reaction. It is worth noting that the semicircle diameter in the EIS plot is highest for Na;SO4 and lowest for
NapSO4 (with Hq) electrolyte. The R.; value depends on the type of electrode and the interaction between
electrolyte ions with the electrode.

1. Introduction

Nowadays, one of the primary focuses of the scientific community is
to harvest new sustainable energy materials to cope up with the
continuous changes in the global climate. The demand for energy,
however, is increasing day by day. It becomes very urgent for a scientist
to develop new renewable energy sources with high power and better
efficiency. It is now well known that supercapacitors have emerged as an
alternative energy storage device with better efficiency than a
rechargeable battery [1,2]. Supercapacitors exhibit higher energy effi-
ciency, excellent reversibility, higher energy density than a conven-
tional capacitor. Generally, supercapacitors can be classified into three
types based on the charge storage mechanism: (i) electrical double-layer
capacitor (EDLC), (ii) pseudocapacitors, and (iii) hybrid system. The
energy storage mechanism in the electrochemical capacitor is of two
types: faradaic and non-faradaic. The non-faradaic reaction arises in the
EDLC due to ion adsorption at the electrode/electrolyte [3]. Various
carbonaceous materials such as activated carbon, carbon nanotube
(CNT), graphene oxide belong to the EDLCs. Such carbonaceous

* Corresponding author.
E-mail address: skpradhan@phys.buruniv.ac.in (S.K. Pradhan).

https://doi.org/10.1016/j.jpcs.2020.109733

materials possess a large surface area with a porous surface with the
interlaced network [4]. However, EDLCs cannot fulfill the requirement
for the peak power assistance in the vehicle since EDLC offers low energy
density. Instead, the faradaic pseudocapacitors are based on the fast
reversible redox reaction within electroactive materials on the elec-
trode, and its energy density is at least one order of magnitude higher
than EDLCs [3,4].

In contrast, various inexpensive transition metal oxides such as
Co304 [1,5-8], NiO [4,9], MnO, [10], and Fe304 [11], NiCo204 [12] are
mainly used as electrode materials for pseudocapacitors. They provide
enhanced electrochemical performance over EDLCs because of their
higher specific capacitance generating from rapid and productive redox
reaction. Finding cheap material with superior pseudocapacitive per-
formance has thus attracted enormous attention. Among all these tran-
sition metal oxides, Co3O4 has been studied extensively for its
supercapacitor application due to its high surface area, easily tunable
surface area, multiple oxidation states and tunable structural properties.
The Co304 is a p-type direct optical bandgap semiconductor that shows
the high theoretical capacity, excellent corrosion stability and can act as

Received 22 April 2020; Received in revised form 21 August 2020; Accepted 30 August 2020

Available online 31 August 2020
0022-3697/© 2020 Elsevier Ltd. All rights reserved.
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Mesnparous doped Cel; [LCed) has exhibited high oeygen and Ce™* concentrations, high microsirain, small crystallite

Manoitruciure size, and lowest band gap EDETEY, 45 afe revealed by the analysis of XPS, UV-VIS ahsorption spectra



SL.NO. 39


Downloaded via UNIV OF BURDWAN on June 20, 2025 at 12:47:06 (UTC). See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

energy:fuels sl.no. 39

pubs.acs.org/EF

Ultrastable Asymmetric Supercapacitor Device with Chemically
Derived and Mechanically Activated NiCo,0,

Mahasweta Chatterjee, Adwaita Kundu, Sachindranath Das, and Swapan Kumar Pradhan*®

E“q,.%’" Cite This: Energy Fuefs 2022, 36, 78787889 I: I Read Online

ACCESS | [l Metrics & More | Article Recommendations | @ Supporting Information
ABSTRACT: We report the effect of mechanical alloying on the ., , — Anneatad
chemically synthesized NiCo,0; nanowire for better electro- Witrate <o l urea } — ';.—7'. ;;;:d“
chemical performance. The nickel cobaltite nanowires (NC) were ", =3 E:__j -> —) /
successfully synthesized via the hydrothermal method without any  witrate
surfactant. Then they were milled for 1 h (NC1) and 2 h (NC2) to Auto('l-l\e
boost the electrochemical performance, The structural and Cawef——Tmwn ?; :_"'go;f .

% 2 “Pam, NiCo,0, 3
microstructural parameters, shape, size, and morphology of these e - : ,.,M{,{.mer_ -

10 - o1 materia

samples are revealed by X-ray diffraction (XRD), Fourier transform

Specific energy (Wh k

infrared spectroscopy (FTIR) and transmission electron micros- ; Tatd
copy (TEM) techniques. The Brunauer—Emmett—Teller (BET) e | ] (—-H
characterization and Barrett—Joyner—Halenda (BJH) model reveal Secinte Pt Ak i NS :"':I:?::

that the NC1 sample offers the highest specific surface area among

all three samples with its one-dimensional mesoporous structure

(pore diameter, ~7 nm). The NC1 sample displays an excellent specific capacitance and rate capability (1234 F g~' at a scan rate of
2mV s '). However, upon further milling (2 h) the electrochemical performance of the sample decays rapidly due to an increase in
particle size and reduction in specific surface area. A remarkable specific capacity of 1196 F g~' is achieved in the 1 h milled sample
at the lowest current density of 12 A g™, and at 40 A g™' and 1292 F g specific capacitance can be retained. We further
demonstrate an asymmetric device based on the NC1 sample as a positive electrode, which produces an excellent energy density of
59.221 Wh kg™" at a power density of 1065.4 W kg™". The assembled device can attain an outstanding power density of 10.992 kW
kg™! at an enormous high current density of 13.33 A g~! and demonstrates an excellent cyclic performance of 91.7% retention after
5000 cycles.

B INTRODUCTION chemical performance than a single metal oxide because of
Due to the rapid growth of portable energy storage systems, their redox reaction bgtween valence states, large elgctrode—
mobile systems, and other electronic gadgets, the main interest electrolyte contact surfaces, and many defects, which improves
of scientists in these fields is to develop advanced new Ps‘m‘:1'3‘3"=‘Pa‘5ilt"‘-n‘3E as well as the energy density of the
generation high energy and power density devices. " Various material."' " The crucial parameters which regulate the
transparent energy storage systems are used in commercial and electrochemical performance are the porosity, particle size,
industrial areas. A supercapacitor can be recognized as an specific surface area, oxygen vacancy, and surface defects.
efficient, clean energy storage candidate due to its excellent Scientists these days try to incorporate an optimized amount of
cycle life, high power density, and better cycle stability. oxygen vacancy and surface defects to balance the electro-
Typically, the charge storage mechanism of a supercapacitor is chemmal performance of the material in a well-mannered
of two types: one is the capacitive type and the other is the way 2l Since metal oxide with a ]:ugher oxygen vacancy
pseudocapacitive type. Generally, the charge storage process of ensures a higher CV current and higher positive potential,
the capacitive type is an electric double-layer capacitor that forming an oxygen vacancy becomes one of the main choices

relies on electrostatic charge storage separation of ions at the
electron electrolyte interface."

In contrast, in a pseudocapacitor, capacitance is produced by
a fast multielectron faradaic surface redox reaction. The ] ;
capacitance performance is much better than the electric Recuveds Apel 30,3002
double-layer capacitor (EDLC), especially in energy density. Rﬂlf'“'d: June _22‘ 2022
Several transition metal oxides (NiO, NiCo,0, CoFe,O, Published: July 5, 2022
MnQ,, and Co;0,) and sulfides are vastly used and studied as
pObltl‘-’E electrodcs for their different pseudocapacitive
nature.”"" The binary oxides manifest extraordinary electro-

for getting higher electrochemical performance by an easy and
economical technique. In metal oxides or ceramics with

© 2022 American Chemical Society https:/fdoi.org/ 10,102V facsenergyfuels. 2001321

v ACS Publications 7878 Energy Fuels 2022, 16, 7878-7889
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A simple, cost-effective, and facile solvothermal approach has been adopted to synthesize mesoporous CeO,
nanostructures with varying La-doping (2, 4, and 6 mol%) concentrations. Photocatalytic and antibacterial
performances are investigated against the inactivation of Escherichia coli and Bacillus licheniformis bacteria
cells. Structural and microstructural characterizations of La-doped CeO, nanostructures are performed by
analyzing X-ray diffraction (XRD) data employing the Rietveld refinement method, scanning electron (SEM)
and transmission electron microscopy (TEM) images, Brunauer-Emmett-Teller (BET), energy-dispersive X-

Ke ds:

L::v;:)(;reds Ce0, ray (EDX), and X-ray photoelectron spectroscopy (XPS) spectra. Among three doped samples, the 4 mol% La-
Mesoporous doped Ce0,, (LCe4) has exhibited high oxygen and Ce*" concentrations, high microstrain, small crystallite
Nanostructure size, and lowest band gap energy, as are revealed by the analysis of XPS, UV-VIS absorption spectra,

photoluminescence (PL) spectra, and Rietveld refinement result. The LCe4 sample with the highest number
of oxygen vacancies and high surface area shows superior photocatalytic activity (~95% Rhodamin B (RhB)
degradation in 130 min, ~70% Methylene Blue (MB) degradation within 30 min, and ~95% phenol de-
gradation in 180 min under solar radiation). It shows a striking photo-disinfection effect and enhanced
antibacterial activity (almost identical to a pure drug) against gram-positive and gram-negative bacteria
under visible light irradiation. This novel disinfection and catalytic property of the LCe4 sample is attributed
to the mesoporous structure of materials and surface activity, which lowers the electron-hole re-
combination rate and transports more photogenerated electrons and holes. The nanostructured meso-
porous LCe4 material has been used as an effective visible light-activated photocatalyst and photo
disinfection for treating wastewater containing organic dyes and gram-negative and gram-positive bacteria.

© 2023 Elsevier B.V. All rights reserved.

Photocatalytic
Bacteria disinfection

remove contaminants from wastewater

dyes [1-3].

1. Introduction containing organic

Water pollution from mixing hazardous materials and heavy
metals has become a serious global issue. Because of water pollution,
various water-born diseases become vulnerable to humanity in most
developing countries due to the lack of adequate purifier systems
like UV radiation and chlorofication, particularly in rural areas. Thus,
the availability of purified drinking water becomes a critical issue for
the increasing population. Photocatalytic degradation of pollutants
is a facile green chemical, sustainable and cost-effective method to

* Corresponding author.
E-mail address: skpradhan@phys.buruniv.ac.in (S.K. Pradhan).

https://doi.org/10.1016/j.jallcom.2023.169135
0925-8388/© 2023 Elsevier B.V. All rights reserved.

Ce0, is considered one of the most abundant rare earth oxides
frequently used in electrochemical cells, energy storage and optical
devices, photocatalysis, and as a biomaterial. CeO, is an n-type
semiconductor material with various chemical and physical prop-
erties, like pollutant elimination with non-toxicity [5-7]. The main
feature of CeO, is the transformation of the Ce** to Ce* valence
state, which causes oxygen vacancies and a high stoichiometry de-
viation, consequentially increasing visible light absorbance [4-8].
Various reports on CeO, as a photocatalyst with different morphol-
ogies, like nanocube, nanowire, and nanodisc, using different tem-
plates are available. The present study intends to develop CeO,
nanomaterials with an optimum mesoporous structure and
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ABSTRACT

Monoclinic amorphous Ni;.xMn,WO4 (x = 0.00, 0.02) compounds have been successfully synthesized by hy-
drothermal technique for achieving better capacitive and conductive performances. Different characterization
techniques like X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), ultraviolet-visible
(UV-Vis) and photoluminescence (PL) spectroscopy have been employed to investigate their structural, micro-
structural, and optical properties. Mn-ion incorporation in the NiWO, lattice reduces the particle size of the
sample to ~4.5 nm, compared to the pure undoped NiWO4 sample (~18 nm), confirmed from the transmission
electron microscopy image and Brunauer-Emmett-Teller analyses (BET). Tauc plot of Nip.9ggMng g2WO4 sample
exhibits a significant increase in bandgap energy, compared to pure undoped NiWO,4 sample due to the quantum
confinement effect. The electrochemical performance of electrodes made with these materials has been revealed
by cyclic voltammetry (CV), galvanostatic charge-discharge (GCD) properties and electrochemical impedance
spectroscopy (EIS). Moreover, the addition of 2 % Mn in NiWO4 causes an increase in specific surface area
(117.390 mz/g) due to the reduced particle size of the material, resulting in excellent specific capacitance of 463
Fg!at0.5 A g~! current density. The detailed charge storage mechanism for the improvement of conductivity
and electrochemical performance of the Mn-doped NiWO4 has been revealed in different studies. An asymmetric
supercapacitor device (ASC) has been fabricated using Mn-doped NiWO4 electrode material as positive electrode.
The device shows superior cyclic stability upto 5000 cycles, can retain 88.4 % of its initial value.

1. Introduction

[6,7]. However, some drawbacks of using metal oxides in electro-
chemical applications include poor conductivity, low energy density,

Electrochemical storage devices such as supercapacitors, fuel cells,
and Li-ion batteries are more sustainable clean energies to deal with the
global warming issues [ 1-3]. Among all three renewable energy sources,
a supercapacitor is more promising than Li-ion batteries due to its fast
charging, longer recyclability, better power density, and easy mainte-
nance. Supercapacitors are classified into two categories, (i) electric
double-layer capacitors (EDLC) and (ii) pseudocapacitors [2-5]. Re-
searchers are continuously trying to improve the energy density of
supercapacitors without hampering their power density and cycle life.
Pseudocapacitor materials store more energy than an electric double-
layer capacitor.

For this reason, various binary and ternary metal hybrid oxides with
different morphologies were synthesized for supercapacitor applications

* Corresponding author.
E-mail address: skpradhan@phys.buruniv.ac.in (S.K. Pradhan).
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and poor cycle stability [8,9]. It has been revealed from recent works
that the electrochemical properties of some complex oxides (such as
NiCo,04 and MnCo504) are superior to single oxides like NiO, MnOa,
and Co304 because of multiple oxidation states of different metal cations
[10-12]. The NiWO4 compound is an attractive material in the elec-
trochemical field because of its high electrical conductivity of
~1077-10"2 S ecm ™! [13-15], which is higher than NiO (1073 S cm™),
and CoWO4 compounds [16]. It was reported that the incorporated W
atoms had improved the electrical conductivity and electrochemical
activity of the compound [17]. Recent reports on core-shell hetero-
structures with multi-component, such as MnCo04/NiWO4, Ni.Co.Zn
oxide/NiWO4, and NiWO4/NiCO204 grown on nickel foam showed
enormous high electrochemical performance than the NiWO, lattice
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This study reveals a new strategy to enhance the activity of an antibacterial drug by conjugating it with a Cu-Ag-
based nanocarrier. The Cu-Ag—Co304-TiO2 nanocomposite is successfully synthesized by mechanical alloying
and applied for biocompatible targeting of an antibacterial drug by conjugating the drug (10 wt%) with the
nanocarrier. The samples have been well-characterized by the Rietveld refinement of the XRD pattern and by
analyzing TEM, FESEM images, and FTIR spectra. The successful formation of the drug conjugated nano-
composite sample has also been verified from the EDS and UV-Vis absorption spectra. Both the samples are non-
toxic to the normal human cells which have been confirmed by cell viability assay on human normal lung
fibroblast WI38 cells. Antibacterial activities of both the samples against the bacteria E. coli have been investi-
gated by the agar cup diffusion method and minimum inhibitory concentration (MIC) study. The 10 wt%
amoxicillin conjugated nanocomposite shows the same effect as the pure (100 wt %) drug. The enhanced activity
of the drug conjugated nanocomposite is due to the more significant interaction of the drug conjugated nano-
composite with the cell wall and membrane of the bacteria as compared to the pure drug. It is confirmed by
measuring the change of conductivity and total protein leakage in the culture filtrate of the nanocomposite, pure
drug, and drug conjugated nanocomposite treated culture of Bacillus subtilis. This strategic protocol is found to
have great importance for enhancing the efficacy of a standard antibiotic drug.

1. Introduction nanoparticle/nanocomposite (ND) can enter the cell by endocytosis,

thus facilitating intracellular entry [6]. The interactions with the surface

In recent days, the world faces a growing antimicrobial resistance
problem, as some pathogens have become resistant to a comprehensive
class of antibiotics [1,2]. The overuse of antibiotic drugs is the most
significant driver of this antimicrobial resistance [3]. The bacterial
resistance against these f-lactam antibiotics is due to the production of
p-lactamases primarily produced by gram-negative bacteria. It breaks
the p-lactam ring of the antibiotic and provides antibiotic resistance [4].
This kind of resistance can be overcome by conjugating the antibiotic
with nanostructured composite materials [5]. These nanoparticles are
reported to possess antibacterial activities and can be used in targeted
drug delivery. The potency of a large number of antibiotics is limited due
to low  membrane transport. The drug  conjugated

* Corresponding author.
E-mail address: skp_bu@yahoo.com (S.K. Pradhan).
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lipids help to achieve membrane penetration. Thus they provide phys-
ical protection against the various mechanism of bacterial resistance [7].

Nanoparticles inhibit bacterial growth by multiple mechanisms,
which are as follows: (a) they interact with the bacterial cell wall, (b)
damage the bacterial cell membrane by ROS generation, (c) the biofilm
formation can be inhibited due to the effect of nanoparticles [8,9]. The
main advantage of nanoparticles is their small size and the large
surface-to-volume ratio [10]. They can protect antimicrobial com-
pounds against enzymes that can break the structure of the drugs. Thus
they can deliver the antibiotics actively to the desired site.

Amoxicillin is a p-lactam antibiotic. It inhibits the cell wall synthesis
of bacteria. The transpeptidation process can be inhibited due to the

Received 7 June 2021; Received in revised form 21 August 2021; Accepted 25 August 2021
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Dynamical many-body freezing accurs in periodic transverse field-driven integrable quantum spin systems.
Under [reczing conditions, quantum dynamics causes practically infinite hysteresis in the drive response,
maintaining its starting value. We find similar resonant freezing in the Lipkin-Meshkov-Ghck (LMG) model.
In the LMG, the freezing conditions in the driving field suppresses the heating postulated by the eigensiare
thermalization hypothesis (ETH) by inducing dynamical many-bedy localization, or DMBL., This is in contrast
to many-body localization (MBL), which requires disorder to suppress ETH, DMBL hos been validated by the
iverse participation ratio (IPR) of the quasisiationary Floguet modes. Similarly to the TFIM, the LMG exhibits
high-frequency localization only at freezing points. IPR localization in the LMG deteriorates with an inverse
system size law at lower frequencies, which indicates heating to infinite temperature. Furthermore, adiabatically
increasing frequency and amplitude from low values raises the Floquet state TPR in the LMG from nearly zero
to unity, indicating a phase crossover, This occurrence enables a future technigue to construct an MBL engine in
clean systems that can be cycled by adjusting drive parameters only.

DOL: 101 103/PhysRevB. 109, 10431 ]

L INTRODUCTION

In the past few years. periodically driven quantum many-
body systems have been of considerable theoretical and
experimental interest [1,2]. Under certain conditions in the
drive parameters, they can experience dynamical many-body
freezing (DMF), which causes the response to freeze com-
pletely to its initial value at all times [3-5], This anses as a
consequence of additional approximate symmetries that occur
at the freezing points [6]. DMF has been demonstrated via the
rotating wave approximation (RWA) in the driven transverse
field 1sing model (TFIM) with nearest-neighbor interactions
[7] and is shown to be protected when translational invariance
is explicitly broken (say, by disorder) [8,9].

The utilization of Floquet theory simplifies the analysis of
time-periodic systems. For closed quantum systems governed
by the time-dependent Schrodinger equation, the Floguet
Hamiltonian allows for a mapping of the time-dependent
dynamics into the dynamics of a time-independem effective
Hamiltonian, provided the system is strobed at integer mul-
tiples of the time period of the drive. The time-independent
eigenstates of the effective Hamiltonian correspond 1o qua-
sistationary Floguer Modes of the original Hamiltonian. The
temporal progression of the system comes from phase coelfi-
cients that capture the dynamies [ 10,11].

Any sufficiently complex nonintegrable many-body sys-
tem is expected to thermalize according to the eigenstate
thermalization hypothesis (ETH) despite the fact that closed
quantum dynamics preserves the memory of the initial state

“daneel @utexas.edu

2469-9950/2024/109( 10K 1043 11(12)

10431 1-1

of the system. This arises due to the properties of the matrix
clements of observables in typical states [12]. The ETH can
be readily adapted to time-periodic systems using Floquet
theory (the Floquet-ETH., or FETH [ 13-16]). Nonetheless, the
conditions for ETH 1o hold are not particularly strong, and
the density matrix of the system can fail 1o approach one
that is described by a thermal expression. Thermal systems
must conduct because they exchange energy and panicles
internally during thermalization. Thus, insulating systems can
be naturally athermal; many-body localization (MBL) is a
well-studied case [17]. This phenomenon is siable against
local perturbations, and constitutes an exotic state of matter
with far-reaching implications in theoretical physics, as well
as in practical applications [ 18],

The addition of disorder has been identified as a crucial
component in the onset of MBL. In that case, thermalization
15 prevented by disorder-induced localization. Nonetheless, al-
ternative approaches to MBL in strongly interacting disorder-
free systems [19-21], inhomogeneous systems [22-25], and
by inducing disorder in the emergent physics [26] and by other
effective means [24] (albeit with strong finite-size effects),
have been reported. An alternative approach to realizing MBL
in disorder-free fiomogeneous many-body systems involve
Floguet engineering, where a time-periodic drive is intro-
duced, and the drive parameters tuned to introduce a clustering
of quasistationary energies in a4 manner similar to localization
[12).

In this article, we use the fact that emergent approximate
symmetries can be engineered in Floguet systems [6,27] and
apply it to long-range interactions. This results in dynamical
many-body localization (DMBL) at specific values of the drive
parameters, and complete thermal behavior at other values.

©2024 American Physical Sociery
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Abstract

Chimera states are a captivating occurrence in which a system composed of multiple
interconnected elements exhibits a distinctive combination of synchronized and desynchronized
behavior. The emergence of these states can be attributed to the complex interdependence between
quantum entanglement and the delicate balance of interactions among system constituents, The
emergence of discrete-time crystal (DTC) in typical many-body periodically driven systems occurs
when there is a breaking of time translation symmetry. Coexisting coupled DTC and a
ferromagnetic dynamically many-body localized (DMBL) phase at distinct regions have been
investigated under the controlled spin rotational error of a disorder-free spin-1/2 chain for
different types of spin-spin interactions. We contribute a novel approach for the emergence of the
DTC-DMBL-chimeralike state, which is robust against external static fields in a periodically driven
quantum many-body system.

1. Introduction

The phenomenon of & chimera state is observed in coupled systems of identical nonlinear oscillators, when
spontancous synchronized and desynchronized dynamics coexist simultancously [ 1, 2], Kuramoto ef al first
detected this phenomena in a network of non-locally coupled phase oscillators in 2002, Two domains of
coherent oscillations with unique frequencies and incoherent oscillations with distributed frequencies were
observed. [1]. These patterns were called “chimera states” by Strogatz [ 3], Chimeras have been widely explored
in classical systems over the last decade [4-6]. The origin of the chimera lay in the symmetry-breaking
bifurcation in the Kuramoto model, which led to a breakdown of global synchronization, This gave rise o a
chimera state where spatially distinct regions exhibit different synchronization behaviors [7]. The coexistence
of synchronized and desynchronized states in a chimera state can be considered a manifestation of
spontancous symmetry breaking in the context of nonlinear dynamics [8]. In the physical realm, chimera
states serve as a possible explanation of unihemispheric slow wave sleep (UHSW) in migrating birds, scals
and domestic chicks [9=11]. Chimeras have also been observed in models of electrical power grids, where a
synchronous state can be stabilized by tuning the parameters of the generator [12, 13],

Eventually, chimera states were realized in the quantum regime as an ordered phase of matter [ 14].
However, it has been difficult 1o extend classical chimeras, which are heavily reliant on nonlinear dynamics,
to purely quantum systems with lincar unitary dynamics. As a result, quantum chimeras have had to be
described in the semi-classical realm. Nonetheless, the possibility of chimeras in closed quantum systems
remains, although one needs to take a different approach to create a quantum system where two different
dynamics coexist., In fact, states in which two dilferent dynamics coexist in the same quantum system have
already been proposed and reported [15-17].

Interest in the formation of chimeras in magnetic systems has recently increased. Curie-Weiss-type
maodels, such as the Ising model [ 18], are used to represent systems of interacting quantum spins where order

€ 2024 The Author(s). Published by TOP Publishing Lid on behall of the Institute of Physics and Deutsche Phisikalische Geselbchati
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ARTICLE INFO ABSTRACT

Here, we present a detailed investigation on the synthesis and nonlinear multiphoton absorption properties of
the colluidal solution of Au nanoclusters {AuNCs) which contains the atumic clusters, with the number of
atoms per cluster {NAC) of only one (A NC) and two (AwNC). These AuNCs are synthesized by an easy single
step one-pot simple chemical process and by using dimethyliormamide (DMF) both as reducer and stabilizer.
The presence of both Au, NC and AuNC are found in the sample by their distinct signature in the UV-VYis. absorp-
fion spectrum as well as in the high-resolution mass spectrum. The synthesized matenal has been found to ex-
hibits 2 strong and stable blue-fuminescence with a moderately high quantum yield (QY) of 12.4% when
exdted with UV light. The nonlinear optical twe-photon absorption (2PA) properties of Auy, AusNC solutions
are being reported here by Z-scan studies, for the first time, by using both 10 ns and 100 fs pulse laser mdiations
having wavelength of 532 nm. It is significantly noted here that the synthesized AuNGs are found to exhibit re-
verse saturable absorption (RSA) when excited either by ns orby fs laser pulses, A high third-order nonlinear sus-
ceptibility (') of the arder of 10 '? (esu) of the synthesized materials are obtained under fi laser excitation
and itis atiributed to the 2PA through electronic band to band transition, In contrast, the variation of the 2PA co-
efficient (3) with input intensity (1) represents the footprint of free carrier involvement in the enhanced nonlin-
gar absorption in the case of ns excitaton, Furthermore, through the non-saturable nonlinear multiphoton
absorption, the synthesized AuNCs exhibit excellent optical power limiting phenomenon with the limiting
thrashold (F) 6f9.1 m)/am” (f exctation) and 2.02 Jicm® {ns exditation) owing to their enhanced 2PA coeffi-
cient. Therefore, we believe that our synthesized ultra-small colloidal AuNCs can be used as the promising can-
didate material for advanced photonics application in the future.
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1. Introduction

Thanks to the high polarizability of sub-nanometer AuNGCs, having
molecular-like electronic structures, due to the appearance of strong
guantum size effect. Hence, a high-luminescence along with a very
high nonlinear optical { NLO) response can be achieved in AuNGs due
ro the interaction wirh the strong electromagneric field of an incident
laser light |1-9]). However, the optical properties of AuNCs can be
tuned clegantly by playing with the number of atoms per cluster
{NAC). Hence, AuNCs have stimulated considerable interest in the re-
search community having importance notonly in fundamental research
[1,2] but alse for their potential applications in photonics [3], optical

* Corresponding author at: Nanoscience Laboratory, Dept. of Fhysics, National Institute
of Techmolog y Durgapur, Durgapur 713209, West Bengal India
E-mai address; patiuk kumibhakar@phy nitdgp.acin (P Kumblakar).

hitps fdoiong10,1016/Lmelig 2020114909
0167-7322/0 2020 Elsevier BV, Al rights reserved.

limiting |4}, and optical switching |5} Previously, Thomas et al. have
demonstrared the enhancement in NLO response in AuNCs in compari-
son ta that of Au nanoparticles (AuNPs) [4). Mendez et al have success-
fully dernonstrated that the polarizability per atom for Au,4NC would be
5.59 A°, whereas it would increase to 7.15 A® in case of AugNC [6]. In
another study, Brevet et al. have reported that the value of the
hyperpolarizability for AuxsNC is 109 x 10  agy, which has beenin-
creased to 509 x 10~ esu for Au sNC |7]. Therefore, one can expect
that by reducing the value of NAC in AuNCs stronger NLO response
can be achieved. Previously, nonlinear multiphoton absorption in Au
and AgiNCs with different NAC (=10, 15, 25, 38, 144, efc.) have been
reported [8-11]. But till now there is no report on NLO properties of
AuNCs with NAC being less than 10, The synthesis of stable AuNGs con-
tinues ro remain a considerable challenge in compared to the synrhesis
of gold nanoparticles (AuNPs). Previously, syntheses of PAMAM |1].
thiol [2], pelyethylenimine [10] stabilized AuNCs have been reported.
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Syntheses of flower and tube-like MoSey nanostructures for ultrafast ‘;ﬁi
piezocatalytic degradation of organic dyes on cotton fabrics
Srikanta Karmakar ", Ashim Pramanik”, Arup Kanti Kole b udit Chatterjee *,
Pathik Kumbhakar ™
* Neneseicner Laboratory, Department of Ihysics, National institute of Technolsgy Durgapur, Durgapur 713209, West Bengal, India

* Department of Physics, Durgapur Women's College, Durgapur 713209, West Bengal, India
* Lacer Laboratory, Department of Physics, Burdwen University, Burdwan 713104, West Bengel, Indin

ARTICLEINFO ABSTRACT

Editor: Dr. B. Lee The synthesie of few-lavered transition metal dichaleogenides (TMDCs) with abundant expesure of the active

site, vis., is an important key to achieve excellent dye degradation performance. Here, we have reported synthesis

Keywords: and ultrafast dye degradation performance of flowers-like MoSc, nanostructure {FMN) with ~230 nm in

:’:‘:5‘32 I'":I-“d’n“l diameter and its transformation to tube-like MoS=, microstructure (~1 pm in length) by tuning the solvothermal
zocatalyst

reaction time. The piezoelectric devices are developed using the FMNs delivers the highest open-circuit voltage
aof - 2,12 V, which is ~21 times higher than that of the developed device with the tube-like MoSe: micro-
structure. The piezoelectric property of the synthesized samples has been judicionaly utilized further for ultrafast
degradarion of organic dyes within 60-120 s only under the low-frequency (40 kHz) ultrasonication wibration in
the dark. The estimated dye degradation efficiencies of the FMNs based piezocatalyst are found te be —86% and
B85% for degradation of Rhodanune B (RhB) and methylene blue (MB) dye within the 60 s, respectively. Also, the
FMN has exhibited an excellent piczocatalytic dye degradation capability for RIB-ME dye mixture and dye
loaded on a cotton fabric with an efficiency of —98% (60 ) and 84% (120 £), respectively. The piszocatalytic dye
deeradation mechanism of FMNs has alse been explained theoretically.

Dye degradation
Cattan Fabrie
Specific capacitance

1. Inweduction

The existing water iz being polluted gradually by different toxic dyes
coming from the differant textiles industries and environmental pollut-
ants. Therefore, the meament of organic dyes present in wastewater has
faseinated significant and long-rerm consideration (Bowgarello et al,,
1901; Kabia et al., 2004). The wastewater treatment is also a major
problem ares in energy research (Borgarello =t al., 1081; Wabra =t al.,
2004). Recently, researchers are extensively utilizing semiconductor
nanoparticle-based photocatalysts to degrade organic pollutants by
creating strong oxidizing free species under light illumination (Shaa
et al, 2009, Mino etal., 2021). But due to the limitation of the band gap
matching of the semiconduetar photocatalysts with the illuminated light
immadiation, the photocatalytic dye degradation is not applicable ar all
rimes. Additionally. for fast degradarion, the semiconductor nano-
material must show a high eapability to generate and sepaate electio-
n-hole (e ~h') pairs under optical imadiation. So far, a number of
strategies such as doping, use of high reaction temperature, and

* Corresponding author.
E-mail address: pathilc kumbliakar@phy.nitdgp.ac.in (P. Kumbhakar),

https://dei.org/10.1016/.jhasmnt. 2021, 127702

desiguing of heterostruenued materials have been uied to enhance
photocatalytic dye degradation (Ajmal e al, 2014) However, these
materials and methods are also limited due to their low solar energy
conversion efficiency (< 20%). and low light transmission in intensaly
dyad roxins (Banin et al., 2021 ). Therefore, noval environment-frizndly,
tecyelable, highly efficient methods and materials ame necessary for
forthcoming wastewater purification techniques. Mechanical energy isa
sustainable abundant natural energy that can be harvested by employing
piezoelectric materials (Wu =t al, 2018, 2016, 2017; Mushtaq et al,,
2018; Lan et al, 2017; Lin et al., 2017). Piezoelectric materials can
produce an elecuic field in reaction to an extemal force. A buile-in
electric field powerfully increases the separation of free carriers (Wu
etal, 2018, 2016, 2017; Mushtag stal., 2018; Lanetal., 2017; Linet al ,
2017). Thus, piezoelectric materials have been widely usad in photo-
catalytic dye degradarion. Thus, the innovarive studies associared to
piezoelecuic water teaument we paid significant attention (Wu et al,
2018, 2016, 2017; Mll'_'hznu] et al., 2018; Lan et al., 2017 Lin et al,

2017). Recently, researchers have investigated the piezocatalytic

Received 12 September 202 1: Received in revised form 23 Octoher 2021; Accepted 1 November 2021

Available online 5 November 2021
0304-3894/@ 2021 Elsevier B.V. All rights reserved.
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No.R-Ph.D./Regn./Env. Sc/E-32 Dated: 31.12.2024
To:
i UNDER UGC'’s
Sm Meghla Mukherjee REGULATION 2022

C/O- Prof. Srimanta Gupta,

Dept. of Environmental Science . B.U.

Sub: Grant of Registration as a candidate for Ph.D. degree in Environmental Science with effect from 25-07-2023

Sir/Madam,

I am to inform you that the Faculty Council for P.G. Studies in Science at its meeting held on 24.10.2024 permitted

you to get yourself registered as a candidate for Ph.D. degree, mentioned above, the title of your thesis being ,
ASSESSING THE HYDROGEOCHEMISTRY OF URANIUM IN CONTAMINATED
GROUNDWATER OF SOME SELECTED BLOCKS OF BIRBHUM DISTRICT, WEST BENGAL
WITH A STRATEGY FOR ITS EFFECTIVE REMOVAL” Subject to fulfillment of the requirements set

forth in the University Ordinances relating to Doctoral Degrees and such terms and conditions as may be laid down
by the appropriate authorities of the University from time to time.

You will now be required to deposit the Ph.D. Registration fee of Rs. 8,000/~ (Eight thousand only) for enrolment
of your name in the Register of candidates for Ph.D. degree, positively within a month from the date of issue of
this letter, failing which your case will not be considered for Registration as a Ph.D. candidate and the relevant
copy of the cash receipt should be submitted to the Ph.D Unit.

In this connection you are requested to note that ---

a) You have been permitted to do research work under Prof. Srimanta Gupta ,Dept. of Environmental Science ,
B.U. & Dr. Pradip Kumar Sukul, Dept. of Chemistry, Amity University,Kolkata (Co-supervisor) as your
Supervisor / Co- Supervisors.

b) You will be required to get yourself registered as a student of this University on migration after completing
all the necessary formalities prescribed in this behalf, unless you are already a registered student of this University.

¢) You will be required to deliver one seminar talk before submission of the thesis pertaining to the project of
your research you have undertaken within the period of your research work and before submission of the thesis.

d) 1) You will have to publish at least one research paper related to your research work in a referred journal /
peer reviewed journal and ii) Make two presentation in Conference/Seminar before submission of the thesis and
produce evidence for the same in the form of acceptance letter / reprint /certificate of presentation as applicable at
the time of submission of your thesis.

e) You will have to submit your thesis within six years from the date of your registration for Ph.D. degree
mentioned above, but not earlier than 25-07-2026 (three years including course work) in the prescribed manner
along with the fee of Rs. 8,000/- (Eight thousand only) or as may be fixed by the Executive Council from time to
time towards submission of thesis. A maximum of an additional two (2) years can be given through a process of
re-registration provided, however, that the total period of completion of a Ph.D programme should not exceed 8
(eight) years from date of admission



Mantu Saha
Typewriter
SL NO. 45


f) 1) You will be required to appear before Research Advisory Committee once in six months to make a presentation of the
progress of his/her work for evaluation and further guidance. This six-monthly report shall be submitted by the Research

Advisory Committee to the Board of Research Studies with a copy to the research scholar.

i1) In case the progress of the research scholar is unsatisfactory, the Research Advisory Committee shall record the reasons for
the same and suggest corrective measures. If the research scholar fails to implement these corrective measures, the Research
Advisory Committee may recommend to the Faculty Council for PG Studies concerned through the Board of Research Studies

with specific reasons for cancellation of the registration of the research scholar.

g) The women candidate & persons with disability (More than 40%) may be allowed an additional relaxation of 2 (two)
years for Ph.D Programme. However, the total period for completion of a Ph.D in such cases should not exceed 10 (Ten)
years from date of admission. The women candidates may avail Maternity Leave/Child care Leave once in the entire

duration of Ph.D Programme upto 240 days with the permission of the Chairman, Doctoral Committee.

h) In your case , four/five copies of the thesis along with a Pendrive (containing the Synopsis and the Thesis in PDF Format)

be submitted and one copy be retained by you as a reference copy.

1) At the time of submission of thesis, a certificate in the prescribed form furnished by your Supervisor(s) will have to be pasted

on all the copies of the thesis.

j) The registration granted under this letter will remain valid for six years from the date of registration. In the event of
failure of submission of the thesis within the stipulated period, re-registration may be sought for and the same may be granted
after observing all the formalities required in this behalf and on the receipt of the prescribed fee(s). Application for

re-registration may be sought within the stipulated period i.e.within six years.

k) The registration granted herein may be cancelled by the concerned authority/ body of the University in the event of failure of

the candidate to fulfill any of the prescribed requirements at any stage.

1) While submitting for evaluation, the thesis shall contain an undertaking from the research scholar that there is no plagiarism
and a certificate from the research Supervisor(s) attesting to the Originality of the work, vouching that there is no
Plagiarism and that the work has not been submitted for the award of any other degree/diploma of the University or to

any Higher Educational institution.

n) You will be required to submit six typed copies of Synopsis/Abstract of the thesis (not exceeding ten pages) along with the
certificate mentioned in Clause(i) above and a certificate of delivering Seminar talk(s) and the Clearance Certificate from

the Librarian of the Central Library, Burdwan University at the time of submission of thesis.

Yours faithfully,

@/’Q‘\ o\.(t th‘\ 'J'{*(

In Charge
Research Section

Copy forwarded for information to:
1) The Head of the Department of Environmental Science, B.U.

2) Supervisor(s) of the candidate: Prof. Srimanta Gupta ,Dept. of Environmental Science , B.U. & Dr. Pradip Kumar
Sukul, Dept. of Chemistry, Amity University,Kolkata (Co-supervisor)

3) The Senior Secretary, Faculty Council for P.G. Studies in Science, B.U.

4) The Finance Officer, B.U.




Memorandum of Understanding (MoU)
between

CSIR-National Physical Laboratory (CSIR-NPL)
and

The University of Burdwan (BU)

AGREEMENT between CSIR-National Physical Laboratory, New Delhi, India
and The University of Burdwan,
West Bengal, India, India

i

i L.1 THE AGREEMENT

: L.1.1 THIS AGREEMENT made and entered into on this 5th day of October
2023 between the COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH

i (CSIR), n Society registered under the Societies Registration Act (XXI of 1860,

'

i

i

'

|2 ¢
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having its registeréd office at Anusandhan Bhawan, 2. Rafi Marg, New Delhi — 110001
through ita one of the constituent laboratories, CSIR-NATIONAL PHYSICAL
LABORATORY. Dr. K.S. Krishnun Road, New Delhi (Inda) (hereinaiter called CSIR-NPL
which expression shall wherever the context so admits include its successors and
permitted nssigns) of the first Party.

&

L.1.2 THE UNIVERSITY OF BURDWAN, Grade A" University accredited by NAAC
with its location at Rajbati, Bardhaman, West Bengal - 713104 (hereinafter called the
Burdwan University or BU which expression shall where the context so admits include
its successors and permitted nssigns) of the other part.

L.2 PREAMBLE:

L.2.1 WHEREAS, CSIR-NPL is mandated to be Indin's “Natwnal Measurement
Institute” (NMI) by the act of Parliament and its assoculed rules for legal metrology.
CSIR-NPL is the custodian of “National Standards” with a responsibility of realization,
establishment, upgradation, maintenance, and dissemination of standards at par 1o
miernational level. CSIR-NPL Is serving the Indian industry, scademia, and strategic
sectors 1o excel in their endeavours by providing APEX level testing and calibration
facilities,

L.2.2 WHEREAS, The University of Burdwan is engaged in R&D activities on GNSS basicalty
focused on study of NuviC, exploring cost-effective and compact GNSS modules, development of
low-cost GNSS Mudides for positioning, timing. and ionospheric probing.

AND WHEREAS, CSIR-NPL being the NMI of India has capability 1o provide traceability
to S| upits. CSIR-NPL intends to collabormie with The University of Burdwan
far joint work under which exchange of students will be selected by mutual agreement
betwséen the home institution and the host institution. Furthermore, information
sharing on resesrch and educational programs, sharing of tenching /learning materials
and other literature and scientific equipment relevant to their educational and research
programs would be made on mutual agreement during the tenure of Mol

L.3 SCOPE OF AGREEMENT

L.3.1 Short and Long-term Scientists /Faculty Exchange

L.3.2 Training of all stiudents sind faculty will be as per the HRD norms of the
respective institutes.

L.3.3 Collaborative research will be carmied out under the outreach programme of the
regpective institutes.

Page 20t 8 BU, West Bengal




L.3.4 Current proposal for the mutual collaboration includes Gilobal Navigation
Satellite System (GNSS) and NavIC based Positioning & Timing applications.

L.3.5 Other mutually agreed educational or research or field programs ({rural
development programs, materinl science research. Metmology of various physical
prrmmeters etc ) will be farmulated by & joint commuttee fram cither party

L.3.5 Joiril project proposals to R&D funding agencies will be with clear mention of
separate budget distmibution

L.4 FINANCIAL ARRANGEMENTS

L.4.1 Activity Agreements should make financial cests and obligations explicit.
Collaborating units are encouraged to work together to identify and secure any
outside funding which may be needed. Projects requiring funding must be approved
by both institutions.
i} Laumpsum

a. Training charges as per HRD.

ii) Royalty: The royalty will be on case-to-case basis if required for Technology
{ransfer.

L.5 MODALITIES

L.5.1 In consideration of financial arrangements as provided in clause L4, CSIR-
NPL hereby agrees to provide cantinuous services |0 The University of Burdwan
for S1 traceability and for the period of this agreement.

L.5.2 The AGREEMENT shall come into force from date of the signing of the
AGREEMENT {hercin after called the effective date) gnd shall remain vahd ull

further juint meeting.
L.6 MUTUAL RESPONSIBILITIES

L.6.1 Short and Long-term Scientists/Faculty Exchange.

1.6.2 Training of all students and faculty will be as per the HRD norms of the
respective institutes,

L.6.3 Collaborative research will be carried out under the outreach programme of
the respective institutes,

L.6.4 Other mutually agreed educational or research aor field programs
{popularization of metrology, rural development programs, scientific social
responsibility ete.,) will be formulated by a joint committee from either party

L.6.5 Joint project proposals to R&D funding agencies will clear mention of
separate budget distribution,
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(Before implementing these activities, the parties will discuss the opportunities and
challenges presented and will thereafter enter mto specific activity agreements
based an the mutually agreed objectives and outcomes.|

CSIR NPL Responsibility

CSIR-NPL reserves the right to perform a separate risk assessment on the legal, thx
and other linbilities that may arise under each Activity Agreement and to structure
its deliverables under the Activity Agreement in & way that maximizes the Cost and
liability efficiencies for CSIR-NFL.

We at CSIR-NPL will define what is Activity Agreement: Like for example, for people
called in and out for very specific purpose (talks, commitiee meetings, assessment
reports, et etc) will be completely hosted by the hosting Uniiv, /Instt etc

L.7 CALENDAR OF EVENTS: At the start of every year, for which the Mol is valid,
a clear active plan may be defined for whole year.

L.8 GENERAL PROVISIONS

L.B.1 This AGREEMENT shall be the sole repository of the lerms and conditions
apreed to herein by the between CSIR-NPL and The University of Burdwan.

L.8.2 Either Party to this AGREEMENT shall be entitled to request an damendment
ot modification to this AGREEMENT by submitting its request in wmling t© the
other Party. If the other Party agrees to amend this AGREEMENT, the amendment
shall take effect after it is signed by both Parties.

L.8.3 Prior to the effectiveness of any such amendment, original terms and
conditions of this AGREEMENT shall remain in full force and shall only be
superseded after the signature of the amendment by both the Parties and then only
o the extent specifically provided in such amendment.

L.B.4 The Parties may cancel the AGREEMENT either wholly or in part by giving
three (3) months written notice due (o a breach of material conditions that were not
cured or were impossible to cure.

L.8.5 I necessary, AGREEMENT review process ¢an be done vearly or as per 6.2
the frequency mutually decided.

L.8.6 The University of Burdwan will not use the name or logo of CSIR or CSIR-NPL,
nor of any member of CSIR or CSIR-NPL's program stafl, in any publicty.
advertising, or news release without the prior written approval of an authormed
representative of CSIR-NPL will not use the name or logo of The University of
Burdwan. or of its any employee of, in any publicity, advertising, or news release
withiout the prior written approval of The University of Burdwan.
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L.8.7 Prevailing Language - English version of this Memorandum of
Understanding represents the understanding of both Parties. Any other language
version is provided as a translation. In the event of any conflict between the two

versions, the English version will prevail

L.8.8 Non-Binding - This Agreement is non-binding and solely for the purpose of
establishing a basis upon which the two parties will continue discussions, Either of
the parties may at its sole discretion terminate discussions for any reason by gving
writtet totice of termination to the other. In the case of a dispute that anses
relating to any aspect of cooperation under this Agreement, the parties may
attempt to resolve such dispute through friendly negotiation, or either party My
clect to terminate the agreemenl pursuant to the previous provision. Upon
termination, the parties will have no further obligations hereunder.

L.9 MANAGEMENT

L.9.1 An apex body with Director, CSIR-NPL, and Prof. Venugopal Achanta or its
representative and Registrar, The University of Burdwan or his representalive as
members shall monitor the implementation of this AGREEMENT and provide
decision on managerial and financial related matters,

L.9.2 A team appoinied by Director, CSIR-NPL und Hngmﬂ' The University of
Burdwan shall hold periodic discussions on scientific and technical matters and

resolve issucs, if any.
L.9.3 Any unresolved issue shall be referred to the apex body.
L.10 FORCE MAJEURE

L.10.1 The purpose of this clause is to establish the consequences of FORCE
MAJEURE events preventing either Party from complying with any of its
respunsibilities under this AGREEMENT.

1.10.2 For the purpose of this Article, the term FORCE MAJEURE shall refer to
unforeseen and irresistible events extrinsic to this AGREEMENT and which are
beyond the remsonable control of the party such as wars, riots, serious floods
typhoons and ecarthquake leading to the damage or destruction of the facilites
required for the services, The term ahall nol include strikes or other events caused
by labour disputes, unless such strikes or other events are parl of national or
regional disputes,
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L.10.3 The party affected by FORCE MAJEURE: event shall send notification of this
to the other party without undue delay and shall send to the other Party by
registered [/ speed post mail within fourteen (14) days, a confirmation certificate
issucd by the authorities or departments concerned along with a detailed

explanation.

L.10.4 During the period of effect of the FORCE MAJEURE event, the exccution of
uny services requirement agreed between the Parties under this AGREEMENT shall
be suspended without damages for the Party affected by such a FORCE MAJEURE
event.

L.10.5 In caseof a FORCE MAJEURE event, the parties agree to do their utmoest to
mininiize the negative impact on the other party of the suspension, and each Party
¢hall do its best to execute the service requirements already initiated.

L.10.6 Should the FORCE MAJEURE event last for more thati two (2} consecutive
months, each Party shall have the option of terminating the AGREEMENT; the
Party wishing to terminate this AGREEMENT shall notify the other Party of its
iritention in writing.

L.11 ARBITRATION

In case of any disputes or differences arising between the Parties in relation to this
AGREEMENT, such disputes or differences shall be amicably settled by mutual
discussions between the Parties at the level of their respective Executive Directors
ar such officials so authorized by the parties. Except as hereinbefore provided, all
disputes arising out of or in connection with the AGREEMENT shall be referred o
Dethi International Arbitration Centre, Delhi High Court, New Delhi. Arbitration
proceedings shall be conducted in the English Language.

L.12 CONFIDENTIALITY

L.12.1 Each Party shall have the responsibility to keep confidentiality of the
techniques, technical documents and information obtained from the other Party.
Hath Parties shall not disclose any of them to any third party unless otherwise
explicitly agreed by the Parties.

L.12.2 Neither of the two Parties shall disclose the content of this AGREEMENT to
any third party without the written permission of the other Party.
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L.13 ASSIGNMENT

L.13.1 The rights and/or liabilities arising to any Party of this AGREEMENT shall
not be assigned except with the written consent of the other Party and subject to

such terms and conditions as may be mutually agreed upon.

L.13.2 This AGREEMENT executed between CSIR-NPL and Registem¥ he University of
Burdwan, at New Delli on 5t October 2023. IN WITNESS WHERE OF, the Parties
hereto have entered and agreed to this AGREEMENT cffective at as al the day and

year first above written.

SEAL OF PARTIES

In witness wheteol the Parties hereto have signed this agreement on the day,

month and year mentioned herein before:

Signature: %
REGIS R

THE UNIVERSITY OF BURDWAN
BLRTWAN - 741104

Date : 05 October 2023

Position: Head, HRD, CSIR-NPL, New
Delhi

Affilintion & Seal: CSIR-NPL

Name: Dr Sujit Kumar Chowdhury

Date t 05 October 2023

Position: Registwny, The University of
Burdwan J—

Affiliation g

Signature (Withess 1)

| Signature

Professow & Head

ld\}r_\ﬁ'ﬁlmﬂml of Physics

The Univessity of Burdwan
Buedwia-TI3104 |

L
|
Name: Dr Ashish Agarwal

Date: 05 October 2023
| Position: 8r. Pr. Scientist, CSIR-NPL

Nume: Prof Atis Chandra Mondal
Date: 05 October 2023
Position: Head, Department of Physics, BU

| Signature (Witness 2)

. Pukad

Signature (Witness 2

Name: My Preeti Kandpal
| Date: 05 Ocilober 2023
Positlon: Scientist, CSIR-NPL

Name: Dr Anindya Bose
Date! 05 October 2023
Position: Senlor Scientific Officer, BU
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Name Organisation | Role Telephone Emuail
Dr. Venugopal |CSIR-NPL rector 45609301/ dnpl@nplindia,org
Achanta 45609302
ishi . 4 4
Dr. Ashish CSIR-NPL Sr. Fr.. 5?0&33 f ashish@nplindia.org
Agarwal detisl 45608525
—_— |
of
| Name \Drp.nmﬂnn " Role [Telephone Email
Prof S Karforma [BU, West Dean, 9474553590/
Bengal aculty of
clence 7384456418 dean_science@buruniv.ac
‘U niversity of '
wan
Prof A C Mgpdal BU, West HoD,
ngal Physics
Bl:pﬂnlﬂmt 7001399026
\University hodgphivs.buruniv.ac.in)
of Burdwan
J
ﬁ
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Abstract: Bone tissue is one of the most transplanted tissues. The ageing population and bone diseases
are the main causes of the growing need for novel treatments offered by bone tissue engineering.
Three-dimensional (3D) scaffolds, as artificial structures that fulfil certain characteristics, can be used
as a temporary matrix for bone regeneration. In this study, we aimed to fabricate 3D porous polymer
scaffolds functionalized with tricalcium phosphate (TCP) particles for applications in bone tissue
regeneration. Different combinations of poly(lactic acid) (PLA), poly(ethylene glycol) (PEG with
molecular weight of 600 or 2000 Da) and poly(e-caprolactone) (PCL) with TCP were blended by a
gel-casting method combined with rapid heating. Porous composite scaffolds with pore sizes from
100 to 1500 um were obtained. ATR-FTIR, DSC, and wettability tests were performed to study scaffold
composition, thermal properties, and hydrophilicity, respectively. The samples were observed with
the use of optical and scanning electron microscopes. The addition of PCL to PLA increased the
hydrophobicity of the composite scaffolds and reduced their susceptibility to degradation, whereas
the addition of PEG increased the hydrophilicity and degradation rates but concomitantly resulted
in enhanced creation of rounded mineral deposits. The scaffolds were not cytotoxic according to
an indirect test in L929 fibroblasts, and they supported adhesion and growth of MG-63 cells when
cultured in direct contact.

Keywords: PLA; polymer scaffolds; porous scaffolds; polymer blends; TCP; polymer functionalization

1. Introduction

In recent years, bone tissue was the second most transplanted tissue after blood [1,2].
This growing demand for new solutions provided by bone tissue engineering is caused
by common trauma or pathologies, different diseases, and the ageing population [3].
The aim of bone tissue engineering is to design biomaterials that temporarily mimic the
three-dimensional structure and functions of bone to promote cell adhesion, proliferation,
and differentiation [4].

Bone tissue has a very complex and highly organized structure. When it comes to
its chemical composition, it consists of from 50% to 70% inorganic constituents (mainly
hydroxyapatite), 20% to 30% organic constituents (type I collagen), 5% to 10% water, and
3% lipids. While if its architecture is taken into account, bone tissue can be classified
as hard cortical bone (with a porosity of 10-30%) or spongy cancellous bone (with a
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MEMORANDUM OF UNDERSTANDING

BETWEEN
STESALIT SYSTEMS LTD, KOLKATA
AND

THE UNIVERSITY OF BURDWAN, BURDWAN

l'lhi#hmmmmkmﬂmmadhmnnlﬂuﬂ!dayufﬁbzmibﬁmﬁmnmm
Kolkata, India (hereinafter called STESALIT) situated st Stesulit Towers, Salt Lake Electronics
Complex. Kolkata 700 091, india and The University of Burdwan, Bardwan, India (hereinafter

called Burdwan University which expression shall include its successors and permitted assignees)
§ with i1s having administrative office at Rajbati, Burdwan 713 104, West Bengal

V- OBJECTIVES OF THE MOU

Thnobjm of this Memorandum of Understanding is:
b a. To form a technical collaboration in the field of Global Navigation Satellite Systems
(GNSS)

b. To provide a formal basis for initiating mteraction between STESALIT and Burdwan
University.
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o.";/ 1. PROPOSED MODES OF COLLABORATION

STESALIT and Burdwan University propose to collaborate through

u

Development of algorithms and applications using joint competency of STESALIT &
Burdwan University, in the field of GNSS and mobility solutions for GPS/ GNSS Devices
in different sectors and verticals.

STESALIT would bring in the competencies in higher accuracy GNSS segment with
details of software and hardware suiles, including the other mobility devices from
STESALIT.

Burdwan University would bring in the competencies of developing algorithms and
solutions for improved accuracy o be integrated with STESALIT solution frameworks.

It is decided that STESALIT and Burdwan University would work together in the GNSS
and related markets where Burdwan University would offer its expertise for enhancing user
Experience on STESALIT devices

It is decided that STESALIT and Burdwan University would form' collaboration through a
MOU by which STESALIT would officialiy declare Burdwan University, Burdwan as a

Solution Development Partner. e am;,
Burdwan University and STESALIT teams will jointly work to ensure ﬂm&w‘i‘ﬁ’
participate in ensuring their developesd applications and compliers will get integrated into
STESALIT GNSS/ GPS devices

Burdwan Liniversity and STESALIT will jointly work to add festures to the developed

gpplication to make the product offering more attractive to existing and future customers of
STESALIT devicgs.

3, TECHNICAL AREAS OF COLLABORATION -

The principal technical areas of collaboration between STESALIT and Burdwan University
will be in the points of Algorithms/ Solutions development and testing to enhance Features and
Functionalities of STESALIT GNSS Devices.

4. CONFIDENTIALITY

o B

g 1 ollS

During and for a period of three years from the date of disclosure, each pary agrees to
consider as confidential all information disclosed by the other parfy in written or tangible
form or, if orally disclosed confirmed in. writing within thirty days of disclosure and
identified as confidential by the disclosing party.
The obligations -above shall not extend to any confidential information for which the
receiving party can prove that, this information:

+ i in the public domuoin ut the time of disclosure or comes within the public domain

without fault of the receiving party.

v isalready known or become known to the receiving party

« g received from a thind party having no obligations of confidentiality to the disclosing
party,

» iz independently developed by the receiving party or

» I8 required 1o be disclosed by Taw or court order.




5. NON-EXCLUSIVITY

The relationship of the parties under this MOU shall be nonexclusive and both parties,
including their affiliates, subsidiaries and divisions, are free 1o pursue other agreements or
collabarations of any kind. However, when entering into a particular business, partnership, or
dealership agreement, the participants may agree (o limit each party's right to coliaborate with
others on that subject.

6. TERMS AND TERMINATION

This MOU, unless extended by mutual written sgreement of the parties, shall expire 3 years
afier the effective date specified in the opening paragraph and can be renewed through mutual
interzst. This MOU muy be amended or terminated earlier by mutual writien agreement of the
parties at any time. Either party shall have the right to unilaterally terminate this MOU upon
90 days prior written notice to the other party. However, no cuch early termination of this
MOU, whether mutual or unilatersl, shall affect the obligations of the participants undar any
Business Agreement, Confidentiality clause as referenced in clause 4 above, or any other
agreement entered into parsuant to this MOU, which obligations shall survive any such
termination.

7. BRANDING

The STESALIT Devices and its Installed Software Applications shall continue 1o be sold
under STESALIT's existing brands SXueo or any others and STESALIT would give due
credit to Burdwan University for the solutions provided. For certain products, developed
jointly by both the Parties, Co-branding may be done by signing a separate agreement on a
mutually sgreed basis for such an instance and. terms of the same would NOT be guided
through this MOLL.

8. RELATIONSHIP :
Nothing in this MOU shall be construed to make either party a partner, an agent or legal
representative of the other for any purpose. Now onwards, till the validity of this agreement,
both the parties may mention the name and LOGO of the other in their brochures/ flyers/
wehbsites/ documents as “TECHNICAL COLLABORATOR® for purposes as may be required.
But, such an instance should be communicated by the user to the other party in writing
beforehand. .

9. INTELLECTUAL mnm RIGHTS (I1")

Intellectual property rights of both the parties will continue to be maintained as is and no
party will have rights to any IP already existing with each party. In case of anv [P developed
jointiy, both parties would sign & separate agreement on & muiually agreed besis for such an
instance and terms of the same would NOT be guided through this MOLJL

10. ASSIGNMENT

It is understood by the Parties herein this MOU js based on the professional competence and
expertise of each party and hence neither Party shall transfer or asaign this Agreement, or
rights or obligations arising hereunder, cither wholly or in part, to any third party.
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11. AMENDMENTS

Amendments or changes to this agreement or Mol shall be made in writing and signed by the
duly suthorized Representatives

1. FUNDING

The initial stage of this agrgement would not be funded by any of the parties, however, each
party would be responsible for the cost of their travél and living expenses.

After the inception, when the collaboration matures; the funding may be realized on
application to various funding agencies of relevance. The Parties can submit joint project
praposals to relevant funding agencies and the funding spplications should be made by the
participating parties with their mutual consent and discussions regarding the scope and extent
of such funded program and its goals.

STESALIT, may, at its discretion extend financial support in the form of “Consultancy
Charges” to The University of Burdwan for supporting research ir a particular technical area
of GNSS. Both the parties sign a separale agréement on a mutually agreed basis for such an
instance and terms of the same would NOT be guided through this MOU.

13, CGSTS OF THE MOU

Esch Party shall bear the respective costs of cerrying out the obligations undsr this MOU
14. POINT OF CONTACTS

i?.ach Pany will nominate its own representatives who would be responsible for all measures to
be undertaken under this agreement and they would be called point of contact (PoC), The point
of contact for each of the parties are mentioned below:

FOR STESALIT:

Mr. Pratyush Talukdar

Asst Technical Lead

Software

Stesalit Limited, Kolkata

Email: prarvush wlukdar@stisalit-inc.com
Mabile No.: +91 98308 8059]

FOR THE UNIVERSITY OF BURDWAN

Dr Anindya BOSE,

Scientific Officer

Department of Physics, The University ‘of Burdwan
Golapbag, Burdwan 713 104

Email: abose@phys,bununiv.ac.in

Mobile No: +91 94340 04478

Puge 4 of 5




The Industry Institute Partnership Cell (ITPC), The University of Burdwan will support the
communications and implementation of the program.

15. SIGNED IN DUPLICATE

This MOU is executed in duplicate with each copy being an official version of the Agreement
and having equal legal validity.

BY SIGNING BELOW, the parties, acting by their duly authorized officers, have caused this
Memorandum of Understanding to be executed, effective as of the du-jr.md year first above

Writien,

On behalf of On behalf of

STESALIT SYSTEMS LTD, Kolkata . The University of Burdwan, Burdwan ' '

By ‘@ By :-"7&'”—/ ( RATAT BHATTACHARY
' REGISTRAR

Name : ryvanThA SoM / Name © e UNIVERSITY. OF BURDWAN

Title : Fawal “1."'"’"%‘"- Title - BURDWAN-T13104

Date : 2/ajoe)s Date :u./g.;sr

Witness & Witness :

T VW T P 1. éw-dyﬂ Bz

PRATYUsH Tarvcon®, (41X DYA BosE)

7. -gﬁweg,,_ G‘,\A\‘N:bth\-a
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Memorandum of Understanding
Between
The University of Burdwan, West Bengal, India
and
the University of Dhaka, Bangladesh

The University of Burdwan (hereinafter called B.U.) and the University of Dhaka
(hereinafter called D.U.) establish hereby a formal understanding of m—opemiun and
friendship which is intended to further the academic objectives of each Institution and fo
further develop academic co-operation, strengthen cultural ties between the two countries and
thereby improve mutual understanding and relationships. Under this MOU the two
Institutions will proceed to implement the following endeavours and exchanges of materials
and personnel.

Areas ratio

Co-operation shall be carried out subject to availability of funds and the approval of the
competent authority of Burdwan University and Dhaka University, through such activities or

programmes as:

(1) Exchange of Faculty Members and scholars

(2) Inter-disciplinary and result oriented joint research activities and field studies
(3) Participation in Seminar and academic meetings

(4) Exchange of Academic materials and other information

(5) Short term Academic Programmes

The terms of such mutual co-operation shall be mutually discussed and agreed upon
in writing by both the Instiutions. Both the Burdwan University and the Dhaka University
agree to waive all regular fees for the exchange programme under this MOU. Both the
Institutions agree to provide rent free accommodation at their respective Guest House for the
participants of the exchange programme under this MOLL.

The present MOU will be effective from the date of its signature and will in force for
a period of three years. It shall be automatically extended for an additional period of three
years unless either Institutions notify its intention to terminate the MOU, at least six months
before the date of expdify

Signed in Dhaka University, Bangladesh

Signed for the University of Burdwan Signed for the University of Dhaka
/f__w 22 610,14 11}::.{1_5{7_
{:Virhmnﬂmahu;gm Professor Dir, Md. Kamal Uddin
ice-Chance Freasurer
University of Burdwan University of Dhaka
West Bengal, India Bangladesh.

-:"":ar_"-;ﬂ.—-?' Rg:;ﬂ»uf
RegisFav
Dlodon bfw'wrﬁ'?”ly
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ZOOLOGICAL SURVEY
OF INDIA

3 1916
f
g a : THE UNIVERSITY OF BURDWAN
Q' MEMORANDUM OF UNDERSTANDING
< uT FOR SCIENTIFIC AND ACADEMIC COOPERATION
== _ BETWEEN 50
o ;..5 =3 ZOOLOGICAL SURVEY OF INDIA
w2 AND
} § 2 THE UNIVERSITY OF BURDWAN, BURDWAN
usi
* =
.—

‘oolugical Survey of India(ZSI), since its establishment on 1%t July, 1916,
has been pioneering on taxonomic research on animals, focusing on
exploring, collecting, *identifying, describing, classifying the animal taxa for

inventorying, documentation and digitization of the Indian fauna. It has

@Q«;ﬂf

maintained its primary objectives of taxonomic research, survey and
=1. =T
. Dh

Dr ritl Banerjce Page 1 of 6
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documentation of Indian fauna. The scope and functions of ZSI have been
considerably expanded, particularly in the light of the Convention on
Biological Diversity, ratified by the Govt. of India in 1994. To meet the
challenges of biodiversity conservation, sustainable utilization and
dissemination of knowledge on faunal diversity to all stake holders, ZSI
acquired modern tools and techniques such as scanning electron
microscopes, stereo zoom microscopes, GIS tools, Data basing tools and the

DNA barcoding technology, augmenting the research infrastructure of ZSI.

The University -of Burdwan (BU) with a motto Learning Leads to
Emancipations, was established on 15th June, 1960, a premier university of
eastern India. Since inception it has reached several milestones such as:
university NIRF ranking is 86 (2023), and the university has been accredited
with Grade ‘A’ by NAAC in the year 2016 and India Today rank for the year
2021 is 16.

Presently it has 22 Post-graduate departments of faculty of Arts &
Humanities and 17 Post Graduate departments, faculty of Science. An
engineering college, named as University Institute of Technology, has been
established with the approval from All India Council for Technical Education
(AICTE). Other Academic Depts: UGC-HRDC, SVARC, NSS, RTC, Sports Board,

Life long Learning etc.

Academically, The University Burdwan has affiliated colleges: Burdwan
district: 26; Hooghly district: 27 and Birbhum district: 19. Its territorial
jurisdiction extends over three districts -Purba Burdwan, Hooghly, Birbhum.
These constitute the greater part of Rarh Bengal, the cradle of ancient
civilization of India. The university now offers courses on diverse disciplines.
These include physical education, B.Ed., foreign languages, computer
applications, population education, etc. There are also an Adult Continuing
Education Center and the Academic Staff College. The university has a

museum and art gallery at Rajbati that displays even the pottery of
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Sy gl wfﬁv

may- g

hritl Banerjee f . REGISTRAR
/ Director

TH! UNIVERSITY OF BURDWAN |

A ,,.""""!m | ‘BURDWAN - 719104



prehistoric age. The university has its Distance Education wing imparting
Post-graduate education in different subjects as well as in some professional
courses at Under-graduate level,

With social responsibilities in mind, the university actively patronized the
construction of a Science Centre and a Planetarium, named as Meghnad Saha
Planetarium. The University has established a Rural Technology Centre to

impart vocational training and to create scope of self-employment for the
rural youth.

The Zoological Survey of India and The University of Burdwan, Burdwan,
agree that for encouragement and development of cooperation and exchange
in areas of mutual academic interest, it is desirable to enhance research and
academic processes at both ZSI and the University of Burdwan to
strengthen mutual understanding between their respective staff, scholars
and students. The Zoological Survey of India, represented by the Director,
ZS1 and The University of Burdwan, Burdwan, represented by the Vice
Chancellor, The University of Burdwan, Burdwan, hereby, enter into an

agreement for academic and educational cooperation and have set forth the
following Articles of Mutual Agreement:

Article 1

The University of Burdwan, Burdwan and the Zoological Survey of
India agree on, but is not limited to, the following based on their academic
and educational needs:

1. For collaborative research work with the Zoological Survey of India
(ZSI) or the students intending to pursue research works at ZSl,
enrolment to Ph.D programme under the University of Burdwan (BU)
will be carried out through the Common Research Eligibility Test (RET)
conducted by the BU only.
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The bonafide students and research scholars of both the Institutions will

have access to research facilities at The University of Burdwan,

Burdwan and Zoological Survey of India.

3. The scientists of Zoological Survey of India conducting research shall
be recognised as Supervisors/Co-supervisors for Doctoral under The
University of Burdwan, as per the extant Ph.D regulations of the BU
and UGC as adopted by the BU to be amended time to time.

4,

In the research publications published from the thesis work of the

candidate registered with the University of Burdwan, the affiliation of

the concerned student should appear as The University of Burdwan
and Zoological Survey of India.

5. Joint Research activities, developing research projects, funding,
organising and participating in conferences, academic meetings, courses,
seminars, symposiaand lectures will be undertaken with due
acknowledgement to both institutions.

6. Exchange of biological materials will be subjected to provisions under the
Biodiversity Act (2002) and or any other such legal bindings by the Govt.
of India.

7. Under this agreement, there will be no financial liability on The

University of Burdwan or on the Zoological Survey of India from
either side.

Article 2

The exchange programmes and/or projects are not intended to be legally
binding documents. They are meant to describe the nature and suggest the
guidelines of the programme or project. Nothing, therefore, shall diminish the
full autonomy of either university/ institution, nor will any constraint be

imposed by either upon the other carrying out the agreement.
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Article 3

In order to carry out and fulfil the goals of this agreement both The University
of Burdwan and Zoological Survey of India shall designate a programme
coordinator to develop and co-ordinate the specific programmes and projects
agreed upon. The programme coordinators will be responsible for the
evaluation of activities under this agreement. Letters of agreement will be
approved by both sides according to the normal procedures adopted by the

signatory parties.

Article 4

This MoU will come into force upon affixing of the signatures of the
representatives of the both organizations and will remain in effect for five
(5) years. This MoU will be renewed upon its expiry, as per mutual
agreement of both organizations. If either organization wishes to terminate
the MoU at the end of the five years period or in between the period of five
years, it must notify the other organization not less than six months prior to
the expiry of the MoU. The event of termination will not affect participants
from completing their activities at the host institution already initiated or
ongoing unless otherwise mutually agreed. Modifications to MoU will be
made by mutual consent and any amendment or extension to the MoU will
be formalized by the exchange of letters and or emails between the two

institutions.

Article 5

In the event of any unforeseen issues or matters not covered herein or any
controversy, dispute or difference arising out of or in connection with this
MoU, the same shall be resolved amicably by both the organizations. This
MoU and further agreements will in all respect be governed by and
construed in accordance with the laws of Govt. of India. This MoU shall be

signed in counterpart. Each counterpart will constitute an original document
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and these counterparts take

n together, shall constitute ope and the e
MoU.

As witness to their consent to this agreement, the appropriate authosities
here unto provide their signatures.

For the Zoological Survey of India, For The Univer;‘;lty of Burdwan,

Kolkata, India Burdwan, India
Director (as the case may be) Registrar (as the case may be)
O@ﬁuh F WDE X -
Dr. Dhriti Banerjee Dr. Sujit Kumar Choudhury
Director Registrar
Zoological Survey of India The University of Burdwan
Kolkata Burdwan
Date: cﬁ.ﬁgﬂamdgg Date: @\.07%. 2022 REGISTRAR
Frws ;r%:";!é’;m THE UNIVERSITY OF BURDWAN
el of India © BURDWAN - 713104 !
Zoological Survey . _ > ]

PERCE B OOl
MoEF&CC. Govt. of India
wrevnin / Kolk

ata-700053
0 \\ /
Witness 1: % WINESS 1 s
7 Dr. SANJOY PODDER
OR. GURUPADA MANDAL Professor & Head
gg&ﬁrﬂggr g MSe,PrD ThDopamnmo!
. OF INDIA @ University of Burdwan
"""SZ"‘WEN\L FORESTS & CLIMATE CHANGE Golapbag, Burdwan-713104
00LOGICAL SURVEY OF INp1A
BLOCK, NEW ALIPORE, KoL . 53

Witness 2: .44 anc Witness 2: ...7%750% .”..L...’....L"‘.....; =
- Dr. A. Mazumdar
"‘ 'h Professor
; " Department of Zoology
of india The University of Burdwan
Forest

Burdwan-713104, W.B., India
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Tel: 26588204-26588662-26589620 S| . NO. 51 a1/ GRAM : P / SCIENTIFIC

Web-site  : www.icmr.nic.in

E-mail : iemrhqds@sansed.nic.in

.,K ._ ™
2 ICMR TR JYfefer Srier= aRee
) omeres INDIAN COUNCIL OF MEDICAL RESEARCH

&, Tferrardt wem, st T, dree e 4911, 7 Rt - 110 020
V.RAMALINGASWAMI BHAWAN, ANSARI NAGAR. POST BOX 4911.NEW DELHI - 110029
F. No.:- 52/10/2022-B10/BMS Date: 17.09.2024

To
The Registrar,
University of Burdwan,
Rajbati, Burdwan West Bengal-713104

The project entitled "Decoding the role of the transcription factor, Sterol Regulatory element Binding Protein during
hepatic stellate cell activation under Dr. Survo Chatterjee, University of Burdwan, Rajbati, Burdwan West Bengal-713104

Sir/Madam,
The Director General of the ICMR sanctions the above mentioned research scheme initially for a period of
One Year with effect from 20.11.2023 subject to extension up to the total duration as specified in para five below :-

The Director General of the Council also sanctions the budget allotment of Rs. 11,92,227 /-

as detailed in the attached statement for the period from 20.11.2023 to 19.11.2024 grant-in-aid will be given subject to
the following conditions.

1. The payment of the grant will be made in lump-sum to the Head of the Institute. The first instalment of the grant will
be paid generally as soon as report regarding appointment of the staff is received by the Council. The Staff appointed
on the project should be paid as indicated in the budget statement.

2. The staff on the project will be recruited as per the rules and procedure of the host institute and second part of the
undertaking be obtained from the employees of the project. The staff grant will not be released unless the required
undertaking [part-11] from Head of the Institute is received in this office.

3. The Host Institute shall utilize the grant after following the provisions laid down in the GFRs 2017 and TA rules. The
demand for payment of the subsequent instalment of the grant should be placed with the Council in the prescribed
Performa. The approved duration of the scheme is Three Years. The annual extension will be given after review of the
work done on the scheme during the previous year.

4. Five copies of the annual progress report in the attached prescribed Performa should be submitted to the ICMR every
year after completion of ten months of the project giving complete actual details of the research work done. Failure to
submit the report in time may lead to termination of project.

5. Subject to the condition that the grant will be utilize after following the provisions laid down in the GFRs-2017 & TA
Rules. Please keep the fund in a separate Saving Bank Account opened for ICMR funded Rescarch Projects so that
interest earned thereon is credited in to this account.

The receipt of this letter may please be acknowledged.
Yours faithfully,

AL o\a WM

Sr. Admn. Officer
for Director General

Copy together with a copy of the budget statement forwarded to information to :-
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2. Dr. Survo Chatterjee, University of Burdwan, Rajbati, Burdwan West Bengal-713104

3. IRISID :- 2021-8886 /
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The project entitled “Decoding the role of the transcription factor. Sterol Regulatory element
Binding Protein during hepatic stellate cell activation under Dr. Survo Chatterjee, University of
Burdwan, Rajbati, Burdwan West Bengal-713104

MEMORANDUM
The Director General of the ICMR sanctions grant of Rs. 11,92,227 /-(Rupees Eleven Lakh, Ninety

Two Thousand Two Hundred and Twenty Seven only) as the 1%& 2™ instalment of 1* year grant for
the period from 20.11.2023 to 19.11.2024 for incurring expenditure in connection with the above
mentioned project.

The amount of Rs. 11,92,227/-may be debited under the provision made of Rs. 11,92,227/- on the
above mentioned research project for the year 2023-2024.

A formal bill for Rs.11,92,227/-is sent herewith for payment released by NEFT/RTGS of Rs.
11,92,227/-in favour of the Registrar, University of Burdwan, Rajbati, Burdwan, West Bengal-713104
is issued with the concurrence of the Finance Division, RFC No. BMS/Adhoc/09/2023-2024 dated 26
Sep. 2023, RFC Register for the FY 2023-2024

Project technical support-I1I for 3 year 3.66.240

@28,000/- + HRA 9% =2520/- o

Equipment 2,50,000

consumables 4,00,000

Contingency 1,00,000

Travel 50,000

Over Head(3%) 25,987

Total 11,92,227 XN o\g\x\
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Dr. Madan Kumar Perumal,,CSIR-Central Food Technological Institute (CSIR-CFTRI), MYSURU-
570020.
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Poa leptoclada (Poaceae) - An Afro-Arabian species: First record

from India for South Asia
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ABSTRACT

Poa leptoclada Hochst. ex A. Rich., collected from Kodaikanal Wildlife Sanctuary, Palni Hills, Tamil Nadu is reported here
as addition to South Asia. Detailed exo-morphology, distribution and plate are provided.

Keywords: New Record, Poa leptoclada, Poaceae, Tamil Nadu, South Asia

INTRODUCTION

The genus Poa L. (Linnaeus, 1753) belongs to the subfamily
Pooideae, supertribe Poodae, tribe Poeae and subtribe
Poinae (Soreng &al., 2017) consists 580 species (Soreng &al.,
2020) and distributed worldwide in Temperate to Subarctic
& Subantarctic and Mountains of Tropics (Clayton & al.,
2020). In India, out of 67 taxa (64 spp., 02 subsp. and 01
var. (Prasanna & al., 2020) of Poa known to occur, 5 species
are reported from Tamil Nadu (Kabeer & Nair, 2009) -P.
annua L., P. gamblei Bor, P. nemoralis L., P. stapfiana Bor

and P, trivialis L. Intensive plant explorations at Kodaikanal
WLS, Palni Hills (Western Ghats), Tamil Nadu conducted
under the BSI action plan project, yielded a taxon of Poa,
hitherto unidentified and not reported. Critical study on
morphological characters, thorough characterization,
herbaria consultation, literature survey (Richard, 1850;
Clayton, 1970; Phillips, 1989; Soreng & al., 2020) and type
specimen consultation, confirmed the specimen as Poa
leptoclada Hochst. ex A. Rich. Incidentally, Matthew (1999)
collected 13 specimen of Poa from Palni Hills. Though
his provided description and illustration resemble the
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Lectotypification of the Names of Poa stapfiana (Poaceae)
and Its Variety
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The new name Poa stapfiana Bor (Poaceae) was proposed for a later homonym P. tremula
Stapf, non Lam. Bor also proposed a new combination of the variety P. stapfiana var. micranthera
(Stapf) Bor based on P. tremula var. micranthera Stapf. The names of P. stapfiana Bor and
P. stapfiana var. micranthera (Stapf.) Bor are lectotypified here from original material for

their precise application.

Key words: India, lectotype, Poa stapfiana, Poa stapfiana var. micranthera.

Poa stapfiana Bor (1949: 239) is widely
distributed from Iran and Pakistan to the
Eastern Himalayas, including Nepal and Tibet
(Clayton et al. 2021) though Zhu et al. (2006)
could not confirm its occurrence in Tibet may
be in the absence of any recent collections.
Zhu et al. (2006) placed this species under
Poa L. sect. Homalopoa Dumort., which was
later shifted to Poa subgen. Poa supersect.
Homalopoa (Dumort.) Soreng & L.J. Gillespie
(Gillapsie et al. 2007: 432). Zhu et al. (2006)
stated that P. stapfiana has a close affinity
with P. himalayana Steudel (1854: 256)
and P. hirtiglumis Hook.f. (1896: 343). The
main difference between P. stapfiana and
P. himalayana is that the former one has a
longer ligule whereas the latter one has a very
short ligule. In addition, P. stapfiana mainly

differs from P. hirtiglumis by having lower
glume shorter than the lowest lemma and leaf
sheath shorter than leaf blade, whereas, in
P. hirtiglumis, the lower glume and leaf sheath
is longer than the lowest lemma and leaf blade,
respectively.

Stapf (1896) described P. tremula Stapf
and its variety P. tremula var. micranthera
Stapf. The species was based on the
collections mentioned in the protologue as
“TEMPERATE & ALPINE HIMALAYA;
from Kashmir, alt. 8-15000 ft., Jacquemont,
&ec., to Garwhal, Duthie. WESTERN TIBET,;
Ladak, Thomson, Schlagintweit”. Stapf also
indicated the specimens as “P. altaica, Munro
in Herb. Jacquemont (n. 277). P. nepalensis,
& nemoralis, Herb. Ind. Or. Hf. & T (in part).
P. trivialis Griseb. in Goett. Nachr. (1868) 75;
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Lectotypification of names of three species of Poa (Poaceae) and their
morphological affinities
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Abstract

Poa aitchisonii, P. falconeri and P. wardiana are lectotypified with nomenclatural notes. In absence of proper icons with
analysis, worked out plant parts of two species from voucher specimens are provided as photoplates. Due to high degree of
variability and in absence of concrete morphological features to distinguish species, morphological affinities of the three
species with that of other close species are provided.

Keywords: India, lectotypification, Poa aitchisonii, P. falconeri, P. wardiana

Introduction:

With over 500 species, the Poa Linnaeus (1753: 67) is one of the largest genus within Poaceae. Gillespie & Soreng
(2005) indicated 575 species of Poa which are distributed worldwide in temperate, boreal, and arctic habitats and in
many regions a high degree of its endemism is evident. According to Clayton et al. (2020+), 63 species of Poa occur
in Indian subcontinent of which 13 species are endemic to this region. Bor (1952a, 1952b) reported 49 species of Poa
in his revisionary work on the genus in India where he included some species which occur nearing the border areas of
India in other countries (Afghanistan, Bhutan, China, Nepal and Pakistan) to assume that sooner or later these species
will be recorded from Indian territory as there has no physical barrier to prevent their dispersal. In India, the species of
Poa, mainly occur in high altitudes of Himalaya, Khashi hills and Western Ghats.

After a gap of almost 70 years, we have initiated revisionary work on Poa in India under the Flora India Project.
In the meantime some works (Chowdhery & Wadhwa 1984, Karthikeyan et al. 1989, Gaur & Nautiyal 1995, Gaur &
Nautiyal 1996, Hajra & Verma 1996, Gaur & Nautiyal 1997, Kandwal et al. 2003, Kandwal & Gupta 2009, Nautiyal
& Gaur 2017) also focused on the species of Poa in India without sufficient detailing especially for nomenclatural
issues and typification. Besides, Rajbhandari (1991) also dealt with Himalayan Poa and provided a descriptive and
illustrative account of the species but did not explicitly cite the type specimens of the names except for few without
proper justifications. Recently, Kellogg ef al. (2020) have prepared a ‘Checklist of the grasses of India’ but it lacks any
new lectotype designation of the species of Poa.

The widespread occurrences of apomixis and introgression in Poa make it a taxonomic difficult genus (Bor
1952a). Soreng (1990) assumed that many species are possibly of hybrid origin. Extensive polyploidy and hybridization
added to a few useful morphological characters making Poa taxonomically very complicated (Gillespie & Soreng
2005). Gillespie & Boles (2001) also found significant infraspecific cpDNA variation in some species. Hitherto, no
morphological basis of classification of Poa of the world is available since no one person involved in the revision
of the Poa from the world (Gillespie & Soreng 2005). Bor (1952a) proposed 14 sections of Indian Poa based on
morphological parameters. Gillespie & Soreng (2005) recognized three subgenera within Poa to make the genus
monophyletic based on a molecular phylogenetic study. They take into consideration only 98 species and significant
omission of Indian taxa. Consequently, the species of Poa in India are principally unplaced in phylogenies.
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PHYTOPLANKTON-BASED BIOMONITORING IN ASSESSING
THE POLLUTION LEVEL OF A LENTIC FRESHWATER BODY
IN HOOGHLY DISTRICT, WEST BENGAL, INDIA
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’CAS, The University of Burdwan, India
“Institute of Evolution, University of Haifa, Haifa 3498838, Israel
*E-mail: sophia@evo.haifa.ac.il

Abstract. Phytoplankton is the base of every aquatic food web. During the assessment of the trophic status of the
investigated lentic water body (within Lake City Housing Complex, Mankundu, Hooghly, West Bengal, India),
phytoplankton composition and its temporal variation are proved to be the most important. In this study, 30
phytoplankton taxa have been recorded in various arrangements throughout the season. The maximum number of
phytoplankton species with the highest Shannon—Weaver diversity index value represented the pre-monsoon
season, whereas the least number of phytoplankton taxa and the lowest diversity indicators characterized the
post-monsoon season. The development of algal bloom by one specific taxon, Botryococcus braunii, in the post-
monsoon season indicates the change in the trophic status of this particular water body. As a criterion for the
beginning of the algal bloom, an exceedance of 1 mg/L in nitrate concentration can be considered. The
phytoplankton composition, values of various diversity indices, its density and species distribution pattern, and
selected environmental parameters have been investigated, as well as the results of the analysis of rank abundance
curves, which allowed for evaluation of the ecological status of this lentic water body. This study describes the
change or shift in the ecosystem of the investigated water body towards eutrophication and establishes its pollution
level as moderate to light.

Keywords: phytoplankton, diversity, biomonitoring, climatic seasons, West Bengal, India
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Effective lectotypification of three names in Poa
(Poaceae), proposed by N.L. Bor
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Bhadra R., Naskar S., Kabeer A.A. & Prasanna P.V. 2023: Effective lectotypification of three
names in Poa (Poaceae), proposed by N.L. Bor. — Ann. Bot. Fennici 60: 197-201.

Poa asperifolia Bor, P. lhasaensis Bor and P. nitidespiculata Bor are lectotypified
(second-step lectotypification), as Norman L. Bor cited gatherings rather than a single
specimen as their type. Notes are given to clarify the rationale of the second-step lec-

totypifications.

The genus Poa (Poaceae) comprises over 580
species (Soreng et al. 2020) distributed world-
wide from temperate to subarctic and subant-
arctic zones, and in the mountains of the trop-
ics (https://powo.science.kew.org/taxon/urn:lsid:
ipni.org:names:30001404-2). Norman Loftus
Bor (1893-1972), an Irish-born British botanist
who served in Indian Forest Service from 1921
to 1948 (Stafleu & Mennega 1993), described
16 genera, 188 species and 25 infraspecific taxa
in the family Poaceae, including 31 species in
Poa, 20 of which are from India (https:/www.
ipni.org/?f=f_specific&q=family%3 APoaceae%7
Cgenus%3APoa%7Cname%?20author%3ABor).
While revising the genus Poa in India, we found
that three Poa species described by Bor, viz.
P asperifolia, P. lhasaensis and P. nitidespicu-
lata, required a second-step lectotype designa-
tion according to Art. 9.17 of Turland et al.
(2018), as Bor indicated gatherings rather than
a single specimen as their type. We obtained

the protologues from BHL (https://www.biodi-
versitylibrary.org). Information on Bor and his
collections were obtained from TL-2 (https:/
www.sil.si.edu/DigitalCollections/tl-2/browse.
cfm?vol=9#page/337). Type specimens from
CAL (sheets), DD (sheets) and K (digital images)
were consulted. Lectotypes (second-step) were
designated following Turland ez al. (2018). Her-
barium acronyms follow [Index Herbariorum
(https://sweetgum.nybg.org/science/ih/).

Poa asperifolia Bor

Kew Bull. 7: 130. 1952. — Tyee: China. Xizang, Pemba
La, 10-15 miles north of Lhasa, September 1904 H.J.
Walton s.n. — LectotypE (designated here): K barcode
K000789517 image! (Fig. 1); isolectotypes: CAL bar-
codes CAL0000002469! & CAL0000033988!, K barcodes
K000789516 image! & K000789518 image!.

Bor (1952: 130) described P. asperifolia based

Downloaded From: https://bioone.org/journals/Annales-Botanici-Fennici on 13 Sep 2023
Terms of Use: https://bioone.org/terms-of-use Access provided by Royal Botanic Gardens, Kew
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Improved thermoelectric performance of nanostructured BisTes fabricated
by solvent-free mechanical alloying
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HIGHLIGHTS GRAPHICAL ABSTRACT

e Nanostructured Bi,Te; has been syn-
thesized by facile mechanical alloying
method.

e Microstructures of the samples are
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annealing.
ARTICLE INFO ABSTRACT
Keywords: Thermoelectric materials convert waste heat energy efficiently to electricity in an eco-friendly manner. BisTes is
Nanostructures a known thermoelectric material, which can convert waste heat and solar energy into electricity in the 200-400
Microstructure K temperature range. BiTe3 nanocrystals are prepared in powder form by solvent-free mechanical alloying of
X-ray diffraction . . . S is
Th lectri elemental Bi and Te powder mixtures under an inert Ar atmosphere. The crystallite size and composition of the
ermoelectrics

BiyTes nanocrystals are analyzed using X-ray diffraction, field-emission scanning electron microscope and
energy-dispersive X-ray spectroscopy. Thermal and electrical behaviours and the effect of thermal annealing are
studied on the 10 h ball-milled sample in a physical properties measurement system in the 30-375 K temperature
range. It is observed that the high-temperature thermal annealing induces significant grain growth, reduces
lattice strain, along with a reduction of bandgap energy of the mechanically alloyed BiyTes nanostructures.
Thermoelectric properties and the figure of merit of the nanostructures have improved significantly upon
thermal annealing. Enhanced thermoelectric performance of the annealed nanostructures has been explained
considering the change in their thermal conductivity, electrical resistivity, and crystallite size induced by thermal
treatment.

* Corresponding author.
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ABSTRACT

Antimony telluride (Sb,Tes) nanoparticles of different sizes were fabricated by mechanical alloying (MA)
of elemental Sb and Te powers for different durations. The powder nanostructures were pelletized,
annealed in Ar ambient, and characterized by XRD, FESEM, TEM to study the effect of milling time and
thermal treatment on particle size, grain growth, and crystallinity. The annealed and unannealed
pelletized nanostructures were analyzed in a PPMS to study the effect of grain growth on their electrical
and thermoelectric properties. Room temperature electrical conductivity of the p-type semiconductor
nanostructures improved significantly (from ~10> to ~ 10> mho/m) due to thermal annealing and results
in the considerable improvement in thermoelectric figure of merit (ZT). Thermal annealing-induced
grain growth also transforms the semiconducting nature of the sample to metallic. The reduced ther-
mal conductivity of the nanostructures with reduced grain size improves the ZT. The temperature-
dependent Lorenz number (Leffective) iS used to find the electronic contribution of total thermal con-
ductivity, and it is explained by the non-parabolic Kane model.

Thermoelectric properties

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Thermoelectric materials are efficient converters of waste heat
into useable electrical energy due to their high Seebeck coefficients
[1,2]. Thermoelectric figure of merit ZT defines the performance of a
thermoelectric material in converting thermal energy to electricity.
The ZT is defined as, ZT = S?T/K, where S,0, and K represent the
Seebeck coefficient, electrical conductivity, the thermal conductivity
of the material, respectively, and T is the temperature in K [3]. The S%c
term is defined as the power factor. Owing to the demand for alter-
native energy sources, the quest for new materials with an improved
figure of merit (ZT) has increased globally at a rapid rate [4,5].

In general, semiconductors are better thermoelectric materials
compared to metals [6]. According to Wiedemann-Franz law [7],
most metals have a nearly constant electrical to thermal conduc-
tivity ratio, and increasing electrical conductivity is difficult
without increasing their thermal conductivity. However, a good ZT
value requires a high electrical conductivity and simultaneously a
lower thermal conductivity. Hence, for metals or metallic alloys, the
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(S.K. Pradhan).

https://doi.org/10.1016/j.jallcom.2020.157732
0925-8388/© 2020 Elsevier B.V. All rights reserved.

only possible way to obtain a significant figure of merit is to have a
high value of the Seebeck coefficient. Unfortunately, most metals
show very small Seebeck coefficients (~10 uV/K), and their ther-
moelectric efficiencies are only fractions of a percent. On the other
hand, semiconductors with comparatively higher Seebeck coeffi-
cient values (~100 uV/K) had drawn strong attention as thermo-
electric materials since 1920 [8]. Low bandgap semiconductors
possess high electrical conductivity, comparable to metals.
Compared to bulk materials, nanomaterials have low thermal
conductivity because of lower lattice thermal conductivity result-
ing from the increased phonon scattering due to smaller grain size
[9—12]. Thus, nanostructured semiconductors of smaller bandgaps
are considered the most favorable thermoelectric materials as they
produce a reasonably higher figure of merit values.

Antimony telluride (SbyTes), a low bandgap semiconductor, has
been considered as one of the promising thermoelectric materials for
low-temperature applications [13—15]. Nano-structured Sb,Tes thin
films fabricated by physical vapor deposition [16], metal-organic
chemical vapor deposition [17,18], thermal co-evaporation [19],
flash evaporation [20], electrochemical method [21], ion beam sput-
tering [22], molecular beam epitaxy [23] etc. have shown good ther-
moelectric conversion efficiency. On the other hand, single-phase
SboTes  nanoparticles  synthesized by  microwave-assisted
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HIGHLIGHTS GRAPHICAL ABSTRACT

e Ag-Ag3P0O4-BCP nanocomposites hy-
drothermally synthesized in neem and
aloe vera media.

o Epitaxial attachments of metallic phases
to mesoporous uniaxial BCP nanorods.
o Biocompatibility and stability up to high

dosage for 72 h studied on healthy cells.

e High interfacial polarization and surface
charge retention ability for
osteoconduction.

e Bulk porosity and unique structure-
dependent dielectric and mechanical
properties.

ARTICLE INFO ABSTRACT
Keywords: The present work reports the development of novel ternary silver-silver phosphate-biphasic calcium phosphate
Nanocomposites nanocomposites by plant-extract mediated hydrothermal route. Unique epitaxial morphological growth of the

Electron microscopy Ag-Ag3P04 core-shell structure influences the internal grain-grain boundary arrangement. The green-assisted

PD?;;]: ;:ym roperties development of the constituent phases helps significant biocompatibility enhancement (~89-93% for 50 pg/
Impe dancep P mL; 72 h). Hence long-term bone-replacement purposes and polar fluid osmosis are favorable due to higher cell

attachment on the rough surface of the mesoporous nanocomposites. The heterogeneous attachment between the
three phases creates defect states indicating intense interfacial polarization, as elucidated by the dielectric
spectroscopic studies. The surface charge essential for bone regeneration is likely to be developed. Besides, the
porous nanocomposite compacts exhibit superior phase-composition-dependent mechanical (Hardness ~1.3
GPa; load 4.9 N) and dielectric properties (permittivity ~1.2 x 103 200 Hz, 613 K) helping in conduction
through bones. Thus the green-synthesized ternary nanocomposites exhibit the essential aspects of a promising
bone-implant material.

Mechanical properties
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The Registrar
The University of Burdwan
Rajbati, Burdwan 713 104

Through: Head of the Department of Physics. The University of Burdwan

Date: 3| March, 202

Sub: Offer from M/S NTLab, Belarus for providing hardware support for Research
Dear Sir,

This is for your kind information and Necessary action please. M/S NTLab having their Head Office at 4th
floor, 41 Surganova str., 220013 Minsk, Republic of Belarus is a major manufacturer of GNSS hardware
including NavIC. We have contact with M/s NTLab as a vendor and knowing our expertise in the field of
GNSS/ NavIC research, they offered for collaborative research and signing of MoU. The proposal for signing of

MoU has been sent to Govt of West Bengal for necessary approval,

Recently, M/S NTLab has sent us an offer
cooperation (email dt 26 March, 2021 is attach
103.1, NTL 107 and NTL Eva Boards compli i

they also offered to pay the delivery cost. For the purpose we only need to send them a formal letter requesting
ior free samples of the above-mentioned modules. '

It would be beneficial for us and the researchers if we get the modules
NTLab is the only manufacturer of L5<S Band compact NavIC modules
research. In this respect, | would request you to:

for our research becausé, as of now,
and the cooperation would support our

" Kindly approve the proposal for receiving the complimentary hardware from M/S NTLab, so that | can
) send the formal letter requesting them to send free samples of the modules.

I'hope, you will kindly consider the proposal and would permit us favourably.

With best regards, Sincerely Yours

Enclo: a.a. - - Anindya? Bose)
AW DR ANINDYA BoSE
- _ ‘9\ 9 K . mml e lOF“ ‘mm
& 9’5&6' c8 | 04, INDIA
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Physics Department, Burdwan University, Golapbag, Burdwan 713 104, INDIA ]

Email: abose@phys.buruniv.ac.in; anibose@gmail.com; T'witter : @dranibose

Cell: +91 94 34 00 44 78, FAX: +91 342 2530 452 )
Web : http:/bugnss.in
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THE UNIVERSITY OF BURDWAN
Extract from the minutes of the meeting of the Executive Council held on 17.07.2020

Item no-74

To consider the application of Dr Anindya Bose, Senior Scientific Officer, Department of
Physics to consider the proposal for signing of Memorandum of Understanding and
Collaboration with M/S NTLabsUAB, LITHUANIA for collaborative research work in

radionavigation.
Resolution

The Council considered the application of Dr Anindya Bose, Senior Scientific Officer,
Department of Physics to consider the proposal for signing of Memorandum of
Understanding and Collaboration with M/S NTLabsUAB, LITHUANIA for collaborative
research work in radionavigation. It was resolved that the proposal of signing of
Memorandum of Understanding and Collaboration with M/S NTLabsUAB, LITHUANIA for
collaborative research work in radionavigation be approved in principle and the matter be
referred to the Higher Education Department, Govt. of West Bengal for necessary

permission for the purpose.

Draft for approval Approved q"\'ﬁ
- .9
N P )
%
Registrar (officiating) & Secretary Vice-Chancellor & Chairman
Executive Council Executive Council
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JENTLab

Invoice

RECIPIENT:

Department of Physics, University of
Burdwan,

Golapbag, Burdwan 713104, West Bengal,
INDIA

Attn.: Dr. Anindya Bose

Tel: M: +91 6295766760/ 9434004478

Q- UNIT
No.  DESCRIPTION HS CODE TY, PRICE,
pc.  USD
2 Promo sample of 8529909700 1 5.00
Demonstration Kit
HTMP.468993.073
NTL107.2

DATE INVOICE NO

August 24, 2021 IC-D01-210824
PURCHASE

DATE ORDER NO

21 April, 2021 AB/ 2021/19

SHIPPER:

NTLab-IC, LLC

Tax ID number:191060307

415, No. 41, Surganova Str., 220013 Minsk,
Republic of Belarus

Tel.: +375 17 300 0408

Fax: +375 17 300 0444

NET TOTAL WEIGHT, kg _
TOTAL, WEIGHT : = BOX
usD Perpc, NEV CROSHE END,
kg NET GROSS

5.00 0.06 0.06 0.26

GRAND TOTAL
Exactly Five US Dollars only.

FREE SAMPLE. VALUE FOR CUSTOMS PURPOSES ONLY.
TERMS AND CONDITIONS:

5.00 0.06 0.26 1

Delivery terms: CPT, Golapbag, Burdwan, INDIA (according to the Incoterms 2020)

Payment terms: FREE PROMO SAMPLES.
Country of origin: Belarus
Marking: NTLab

Reason for export: final shipment according to the “Request for free promo samples” No. AB/ 2021/19 dated 2
April, 2021 for using in the university as promotional demonstration sample.

1 declare that the cargo transferred according to this invoice, are packed and handed over to the carrier in compliance with all safety rule:
This cargo does not contain objects and substances that are prohibited for transportation by an aircraft (explosives, firearms and ammunitior
radioactive, corrosive, depriving of viability or capacity substances). The contents of the consignment fully comply with the enclose
documents. We are aware that incorrectly provided data on the nature of the cargo may be subject to administrative and criminal liability. I
casae of ﬂ'ne dangerous goods transportatlon all substanoes and components are declared in accordance with ICAQO and IATA regulations. Th

Production Deputy Dire Sergei Reutovich
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