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Abstract:

Arbuscular mycorrhizae (AM) exhibit the most positive obligate symbiotic relationship,
with roots of majority of plants. They show higher ecological amplitude under adverse
environmental conditions. The current study deals with the study of diversity of AM fungi
during rainy season with respect to rhizosphere soil analysis for AM species composition and
their subsequent role as bio-fertilizer. Spores of Glomus, Sclerocystis and Scutellospora were
observed. The observed species were also detected in root colonization analysis, using standard
staining methods. The spore density was highest for Glomus. It proved to be a dominant species.
The application of bio-fertilizer product prepared with these dominant species was proved to be
a potent bio-fertilizer in the field trials with chili crop.

Keywords: -ArbuscularMycorrhiza (AM), Glomus,Sclerocystis,Scutellospora
Introduction:

The mutually beneficial relationship between the feeder roots of plants and fungi is
called mycorrhiza (Frank, 1885)'Mycos’ meaning fungus and ‘rhize’ meaning root
(Trappe,2005).Arbuscular Mycorrhizal(AM) fungi show obligatory symbiosis and form natural
partnership with Bryophytes, Pteridophytes, Gymnosperms and Angiosperms. They are even
found in nutrient deficient soils. AM fungi play an essential role in plant growth, plant
protection (from drought, temperature, and salinity) and soil quality. Around 80% of plants are
colonized by AM fungi which belong to Glomeromycota and members of family
Endogonaceae.AM fungi are employed both in agriculture and forestry (Rodrigues and
Muthukumar, 2009).

The present paper deals with investigation of species composition of Arbuscular
Mycorrhizae in industrially polluted MIDC area of Dombivli in Thane district of Maharashtra,
with respect to their association with seasonal weeds surrounding fifteen industries of MIDC
area, located at Sagarli in Dombivli (East) during rainy season.Thus, in present context, study
of AM fungi for myco-remediation is an emerging significant alternative technology in the clean-
up of metal contaminated soil to maintain status of environment and to use it as biofertilizer
inoculums in more efficient way to serve in better way for fulfilling the growing nutritional
needs of humankind.

Statement of the problem: The current study deals with identifying AM fungi species
prevalent during rainy season that can be used as bio-fertilizers.

Scope of research: The seasonal AM fungi species found during rainy season can be effectively
used as bio-fertilizer, with increased concentration of macronutrients.

Need of research subject: AM spores that are isolated during rainy season can be multiplied
through trap culture and can be successfully used as bio fertilizer, throughout the year.
Hypothesis of problem: The pure inoculum of AM species, observed during rainy season can
be used to clean up heavy metal pollution from the soils around industries, thus
mycoremediation through AM fungi can be used as effective and ecofriendly technology.
Research methodology: The selected study sites were fifteen industries from MIDC, Sagarli
of Dombivli (East). Different seasonal weed samples were collected growing near selected
industries, along with rhizosphere soil and the spores were isolated, identified and recorded.
The original percentage of carbon, nitrogen, phosphorus and potassium was estimated in the
soil collected from paddy field and the field trials were taken with chili (Capsicum annuum, L)
crop in the same paddy field by using VAM bio fertilizer product with composition of same
species, raised through trap culture technique.

Research techniques: For collection of roots and rhizosphere soil samples, a steel pipe was
inclined and driven into soil up to 25cm of root zone at different depths.AM fungal spores were
isolated from rhizosphere soil samples, by wet sieving and decanting method (Gerdemann and
Nicolson, 1968). The isolated spores were observed by lifting them }pivj,f(}}..gj‘phem& 4hf mounting
on the slide containing lactophenol as mounting mediygan ‘{“Héf&éul}i‘ted spores were observed
under stereomicroscope, identified, and categorized. Ink and vinegar staining (Vierheilig et.al.,
1998) and Trypan blue staining (Philips and Hayman, 1970) of roots were carried out for root
colonization of AM fungal species. Thus, AM fungal species, inhabitants of soil polluted sites
were surveyed during winter season (November 2021-February, 2022). The percent root
colonization with soils of rhizosphere zone from all the weed samples_was calculated. The
percentage frequency with individuali ry was also calculated. Root colonization was
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Evaluation of Antibacterial, Antioxidant and Seed Germination Potential of
Biosynthesized Silver Nanoparticles from Bark Extract of Ailanthus excelsa Roxb.

Sumita Nair* and Neeraja Tutakne
~:zrarmient of Botany, SIES College of Arts, Science and Commerce (Autonomous), Sion (W), Mumbai, India.

="orresponding author email: sumitanair7@gmail.com

Nanotechnology, an emerging scientific domain promises potential applications in varied sectors. Currently,
sesearch in nanotechnology focuses on the optimization of nanoparticle synthesis. Green synthesis of
aanoparticles is an economic and non-toxic alternative to conventional methods. In the present study,
zqueous bark extract of Ailanthus excelsa Roxb. was used for the biosynthesis of silver nanoparticles
Ag\Ps). UV-Visible Spectroscopy confirmed the presence of AgNPs with an absorption Surface Plasmon
2k at 450nm. Biosynthesized AgNPs and bark extract were investigated using Fourier Transform Infrared
spectroscopy (FTIR) for determining the functional groups in phytochemicals that act as reducing and
capping agents in the synthesis process. High-Resolution Transmission Electron Microscopy (HRTEM)
znalysis denotes that AgNPs were predominantly spherical, with an average size of 18.84 + 2.28nm. The
~ark extract was evaluated qualitatively by preliminary phytochemical screening. Antioxidant potential
+f biosynthesized AgNPs and bark extract were analyzed using the DPPH method in which bioSynthesized
Ag\Ps showed significant free radical scavenging potential. Antibacterial properties of biosynthesized
AgNPs were analysed against Escherichia coli and Staphylococcus aureus. Biosynthesized AgNPs and
tark extract were also checked for Germination Percentage, Germination Speed Index and Seedling Vigor
iIndex on Wheat (Triticum aestivum L.) and Moong (Vigna radiata (L.) R. Wilczek) seeds. The present
study infers that Ailanthus excelsa Roxb. act as a potential source of green synthesis of AgNPs and may
t<Ip to build a resilient system for its commercial applications in various fields.

Kevwords: Ailanthus excelsa Roxb., Aqueous bark extract (Aq. BE), Biosynthesized, Silver nanoparticles
AgN\Ps), Characterization, Seed germination potential.

agent for silver ions helping in AgNPs synthesis.
Furthermore, antibacterial and antitumour activities
have been reported from AgNPs synthesized from
the leaves of 4. excelsa Roxb. (Jacob and Vinamathi,
2015). The presence of bioactive molecules on the
surface of AgNPs is responsible for strong antloxldaBt
and antibacterial properties of biog é'glt:.‘tﬁ

nanoparticles (Srivastava et al., 2020). Repo%w

)‘TRODUCTION

- r=cent times, increased demand for nanoparticles

:v2 been observed for large scale commercial
:t'.icatlons As compared to conventional method
“:r zanoparticle synthesis, green nanonsynthesis is
: :23r-effective and sustainable alternative approach
>:7z and Baek, 2014). In the present study, bark
7 zilanthus excelsa Roxb. is used to synthesise
-:=:particles through green nanotechnology.
= .zmzhus excelsa Roxb. commonly known as ‘Tree
-7 Zzaven’ is a woody deciduous tree belonging

by the seed and enhance germination thereby prowdlhg

incipa—
efAti‘é, Gigl

that exposure of nanoparticle increases mirgsalup! q\ﬂ

modern solutions to a range of problems faced in thi 2 f{; \_H,_z@

= Zxmily Simaroubaceae. Independent researchers
== = r=ported presence of phytoconstituents such
=: :l«zloids, glycosides, saponins, tannins from
~=zrzmr parts of 4. excelsa Roxb (Patil and Wanjare,

2.7 Quassinoids, predominantly found in family
?-, —mzzhaceae have been proved as a bioreducing

- =t doi.org/10.32381/JTPSR.2023.39.01.2

agriculture sector (Priyanka et al., 2019). Against this
background, the biosynthesis of AgNPs was carried
out using the Aq. BE of Ailanthus excelsa Roxb.
Preliminary qualitative phytochemical evaluation of
bark extract was performed which is imperative for
the green synthesis of AgNPs. Characterization of the
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: suscular mycorrhizae (AM) exhibit the most positive obligate symbiotic relationship, with roots of

etween Indianfijority of plants. They show higher ecological amplitude under adverse environmental
hditions.The current study deals with the exclusive survey of fifteen industrial sites from MIDC,
Smbivli (East). The sites were investigated to study diversity of AM fungi with respect to
':ézosphere soil analysis for subsequent spore density and identification. Spores of Acaulospora,
iwaspora, Glomus andScutellosporawere observed. The observed species were also detected in root
lonization analysis, using standard staining methods. The spore density was highest for Glomus.It

hy ~pved to be a dominant species. High species diversity is an indicator of less vulnerability towards

o v lenging environmental conditions.

sywords: -Arbuscular Mycorthiza (AM), Acaulospora,Gigaspora, Glomus, Scutellospora.

1
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4 present paper deals with investigation of Arbuscular Mycorrhizae in industrially polluted MIDC
& D..f Dombivli in Thane district of Maharashtra, with respect to their association with seasonal
| ans“_“bm‘}nf(_il{lg ﬁftet}n influstries of MIDC area, located at Sagarli in Dombivli (East). The
'c'b' ?{ﬁicne. icial relationship between the feeder roots of plants and fungi is called mycorrhiza.

caning fungus and ‘rhiza ' meaning root (Trappe,2005). Arbuscular Mycorrhizal (AM) fungi
ry symbionts and are even found in nutrient deficient soils responsible for the plant
1t protection from drought, temperature, and salinity and, for soil quality.
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of the p . iy A . .
-%I;E.lgll'oblem:The current research deals with identifying dominantspecies of AM fungi,
: pollution and thereby effectively using such species as potential tools for myco-

rch:The seas_onal survey of AM fungi species will significantly contribute to the field
08Y, and bioremediation.
subject: .
o -asb]‘lfg:éﬁzl(ia}t;?“ and trap culturing of pollution tolerant species of AM fungi can be
and parce] o(tin';, Whlc_h can Suc?essfully up'take heavy metal pollutants, as soil
Composition of:ﬁustrla.hzano.n in metropolis. The current research deals with
I accumulation b fungi specles adapFed for' arid and poltuted habitats. The heavy
re often negle y AM fungi is possible with symbiotic plant partner. The metal
. cted and therefore need to investigate as effective, ecofriendly tool to
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In-Vitro Studies and Multiple Shootlet Induction in Cyathocline purpurea (Buch.-
Ham. ex D.Don) Kuntze

Ruchika Dani'* and Mahavir Gosavi?
'PG student, Department of Botany, S.1.E.S. College of Arts, Science and Commerce at Sion, Mumbai.

‘Associate Professor and Head, Department of Botany, S.I.E.S. College of Arts, Science and Commerce
(Autonomous), Sion (W), Mumbai.

*Corresponding author email : ruchidanil982@gmail.com

An efficient micropropagation protocol based on multiple shootlet induction has been standardized in
Cyathocline purpurea, a medicinal plant. The nodal and leaf cuttings were cultured on MS medium
supplemented with 0.5 mg/mL BAP, 0.5 mg/mL NAA and a combination of 0.5 mg/mL BAP + NAA. Multiple
shootlet induction was observed on MS medium supplemented with the combination of 0.5 mg/mL BAP +
NAA using nodal explant. The shootlet thus induced, was 2.5 cm in length and had cotyledonary leaves on
it. This shootlet was further transferred to another culture vial containing the same media. Phytochemical
screening was done to check the presence of phenolics, steroids, alkaloids, glycosides and flavonoids using
three different solvents viz., Petroleum Ether, A cetone and Ethanol. Antibacterial activity was seen against
E. coli. Antioxidant assay was performed by checking the radical scavenging activity nsing DPPH.

Keywords: Micropropagation, Multiple shoot, Cyathocline, Phytochemical screening, Antioxidant activity.

Abbreviations: BAP: 6-Benzylaminopurine, NAA: Naphthaleneacetic acid, MS medium: Murashige and

Skoog (1962) medium, DPPH: 2,2-diphenyl-1-picrylhydrazy]

INTRODUCTION

Plants have played a major role in treating many
diseases. Such medicinal plants are exploited
commercially in order to get the phytochemicals of
interest. Some of the plants being least concerned are
often neglected. One of these plants is Cyathocline
purpurea (Buch.-Ham. ex D.Don) Kuntze., belonging
to the family Asteraceae, commonly known as purple
bane. It is a sub-erect annual herb, growing upto 50
cm in height. It is viscid and glandular, silky hairy.
Basal leaves are radical and cauline, sessile, segments
are toothed. Heads measure 0.3 to 0.6 cm across, in
terminal corymbose panicles; involucral bracts are
linear, acute, margin is hairy. Florets are pale to bright
purple. Achenes are oblong (Tambewagh et al., 2017).
It is common throughout wet places, also in the forests
as undergrowth. It flowers from September to March.
This plant has many therapeutic uses including anti

DOI:-https://doi.org/10.32381/JPSR.2022.38.01.10
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bacterial (Joshi, 2013), antiarthritic (Bihani et al.,
2014), anti-inflammatory (Tambewagh et al., 2017),
anti-cancer (Ma et al., 2009), anti-oxidant properties
(Tambewagh et al., 2017)

Invitro shootlet induction is one of the processes
by which plants can be grown in vitro, i.e., inside a
laboratory. In this technique, plants are grown from
isolated plant cells, tissues and organs under axenic
conditions to regenerate and propagate entire plants.
This technique has become immensely important
due to its commercial application in growing various
medicinal as well as horticultural plants at a high rate,
in less time and land. In the following experiment,
shootlet induction was successfully achieved in the
Murashige and Skoog media made by the combination
of two hormones, viz., NAA and BAP. The shootlet
thus produced was transplanted in a media with the
same concentration of hormones.
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Synthesis of alkyl levulinate as fuel blending agent by catalytic valorization
of carbohydrates via alcoholysis: Recent advances and challenges

Kirtikumar C. Badgujar *°, Vivek C. Badgujar *, Bhalchandra M. Bhanage a’

3 Department of Chemistry, Institute of Chemical Technology, Matunga, Mumbai 400019, India
Y Department of Chemistry, SIES College of Arts, Science & Commerce, Mumbai 400022, India
© Department of Chemistry, Pratap College of Arts, Science & Commerce, Amalner 425401, India

ARTICLE INFO ABSTRACT

Alkyl levulinate moieties are recognized as the most attractive and potential energy compounds due to their
excellent fuel additive/blending properties and commercial applications. These alkyl levulinates can be effi-
ciently synthesized by the Bronsted and Lewis acid catalytic valorization of carbohydrates through alcoholysis
reaction. However, potential production of alkyl levulinate at the industrial scale-up is still a challenging issue
which demands for an overview of current research advances in the field to expand the knowledge horizon and
scope for the future perspective. With this objective, the present review is planned to emphasize the recent
update on (i) catalytic valorization of carbohydrates via alcoholysis, (ii) fuel blending potential of levulinates (iii)
factors affecting (catalyst, solvent, feedstock) alcoholysis reaction and (iv) mechanistic view for alcoholysis of
carbohydrates. Moreover, this review also emphasizes future prospects in terms of opportunities/challenges for
the sustainable production of alkyl levulinate from carbohydrates through alcoholysis.

Keywords:

Alcoholysis

Alkyl levulinate

Fuel blending agent
Catalytic valorization
Bronsted Lewis acid catalyst

coal or petroleum or natural gas [5]. Nevertheless, these natural re-
sources are found to be non-adequate to complete the fundamental en-

1. Introduction

Availability of the energy resources is a key factor to govern the
economic growth of nation [1]. Moreover, the availability of the energy
resources offers security to nation, endorses positive GDP measures,
industrial as well as infrastructural development and promotes public
standard of living [1,2]. Thus, energy and availability of resources of
energy are judged as a fundamental need of modern human society [3,
4]. Currently, the whole globe is majorly depending on the availability
of the naturally existing non-renewable fossil fuel resources involving

ergy requirement of modern civilization in upcoming years [G].
Moreover, the international tension/ restriction/ sanctions/ war-like
situations, geo-politics and limited natural fossil fuel resources cause
hasty rise and fluctuation in fuel prices [71.

In present year, several countries are having massive hike in petro-
leum product/fuel prices, whereas, some countries are almost shut-
down attributed to most devastating fuel crisis and having below line
energy poverty index [7]. Besides this, the fossil fuels are accountable

Abbreviations: HTC-400-S, Carbonized xerogel dispersed in 98% w/w Hz504; CMK-HPM-50, Phosphomolybdic acid-carbon mesoporous composite catalyst;
DPW-CeSiM, Si-Ce-pillared montmorillonite supported Wells-Dawson tungstophosphoric acid (HeP2W18064, DPW); SG-HPW-ZrSiMt-20, Zr-Si-pillared montmoril-
lonite supported tungstophosphoric acid; Al/Mt, Al ion-exchange montmorillonite; 4.HIPWFe-MMTSi, Fe-modified tungstophosphoric acid functionalized Si-pillared
montmorillonites; Sn/Mt,, Sn ion-exchanged montmorillonite; Zr/Al 2-SB,, SBA-15 mesoporous silica supported bimetallic Zr/Al catalysts; KITZ20, Mesoporous
zirconium silicates; Al-5-SB, Alumina-coated SBA-15mesoporous silica; $0%/Zr0*PMO-S03H, Zr0%/organo-silica functionalized mesoporous sulfonic acid; Sn-

Beta/HSiW, Combined catalyst Sn-Beta zeolite and heteropoly acid (H4SiW12040);

Cu-DUSY,, Dealuminated copper supported on'Y molecular sieves; HPW/H-ZSM-

5, Phosphotungstic acid (H3PW,2040) supported onH-ZSM-5; MZP-Pr-SO3H, Modified bifunctional mesoporous zirconium phosphate catalysts; 7rY60.5, Acid-base
bifunctional zirconia-zeolites; PSDVB-SO3H, Polycondensed styrene and divinyl benzene sulphonated porous polymer; 5-C1-SHPAO, Sulphonated and chlorinated
hyperbranched poly(arylene oxindole); PD-En-503H, Sulphonated ethylenediamine functionalized mesoporous polydivinyl benzene; $i0,/C-SOgH, Sulphonated-
silica/carbon; Al-OCS-0.1, Grafted sulfonic acid on oxidized ordered mesoporous carbon loaded with Alx(SO4)3; UCC-S-Fe,, Fe-doped suphonated carbon cryogel
catalyst; UFCS-Zn, Zn-doped sulphonated urea furfural carbon cryogel; HDS-3.6, o’ «,'-dichloro-p-xylene derived hyper-cross-linkedcarbonaceous catalyst; KCC-1/

Al-SO3H, Si/Al sulphonic acid functionalized on fibrous nano-porous Si particles;
lystbased on 5-sulfosalicylic acid; DFNSU, Modified dendritic fibrous nano-silica.

* Corresponding author.

5-sulfosalicylic acid/Ni/NiSOg, Bifunctional carbon Ni/NiO nano-fiber cata-

/

/

E-mail addresses: bm.bhanage@ictmumbai.edu.in, bm.bhanage@gmail.com (B.M. Bhanage).
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ARTICLEINFO ABSTRACT

Keywords:

Zn-Ag @v-arginine Fe3O4
Benzimidazole
Pyrimidine

Magnetic Nanocatalyst

A general and efficient one pot protocol has been developed for the synthesis of benzimidazoles and pyrimidines
using Zn and Ag@L-arginine Fe304 as a heterogeneous catalyst. The prepared catalyst provided good yields of the
corresponding products within a short reaction time. Catalyst was characterized by using XRD, TEM, FEG-SEM,
EDS, XPS, Raman, CHNS and FT-IR. The present method provided high yields of the products with wide sub-
strates scope. The catalyst could be reused five cycles without a significant loss of catalytic activity.

Introduction

During the last few decades, magnetically separable materials area
emerged as notable tool for organic transformations due to their prop-
erties like easy separation, recyclability, and nonleaching nature of the
catalyst in the reaction medium. These materials are used in a variety of
fields, including administration of drugs, magnetic high-density infor-
mation storage, magnetic resonance imaging, and cancer treatment [1].
Their magnetic features, prevent material loss and increases cost-
effectiveness, making them appealing industrial-scale alternatives [2].
Magnetite, a type of magnetic material, is extensively studied for the
creation of more environmentally benign reaction protocols, and the
field is still productive for research [3].

Magnetic nanoparticle-based materials are being extensively
explored as a green chemistry tool in organic synthesis, since they are
easy to prepare, cost-effective, and environmentally friendly [4]. Het-
erocyclic compounds, which are made up of carbon, nitrogen, and ox-
ygen, are used in a wide range of potent drugs. The 2-aryl-substituted
benzimidazoles and pyrimidines are found in pharmacologically active
compounds and natural products [5,6]. These compounds are exten-
sively used as antiviral, antimicrobial, antibiotic, antifungal, anticon-
vulsant, antiulcer, analgesic, antihypertensive agents, [7] also light-

* Corresponding author.
E-mail address: sureshsshendage@gmail.com (S.S. Shendage).

https://coi.org/10.1016/j.rechem.2022.100655
Received 9 June 2022; Accepted 10 November 2022
Available online 15 November 2022

emitting devices [8]. Benzimidazole derivatives act as effective fungi-
cides [9] and also exhibit distinct pharmaceutical properties such as
Telmisartan as AT, receptor antagonists and Rabeprazole used in the
treatment of gastric ulcers [10,11]. Oxibendazole, Albendazole,and
Mebendazole to treat parasitosis, bis benzimidazole derivatives bind
with DNA topoisomerase, also cytotoxic against breast adenocarcinoma
[12,13]. Tetrahydropyrimidine derivatives exhibit powerful and selec-
tive activities on a wide range of membrane receptors [14] and
substituted derivatives of tetrahydropyrimidine are valuable building
blocks for the synthesis of heterocycles that possess high activities to-
wards cell-permeable antitumor scaffold, Monastrol, and antihyperten-
sive agent (R)[15-17].

As a result, the development of novel synthetic methods for these
heterocyclic molecules is crucial. In the last few decades, several elegant
strategies for the synthesis of benzimidazoles derivatives have been well
established by reacting 1,2 phenylenediamine with aldehyde/ carbox-
ylic acids by using various catalysts such as Fe304@SiO>@
(CH2)3sN™Mesl3, (18] clay supported titanium catalyst,[19] lanthanum
chloride, [20] NaY zeolite, [21] ceric ammonium nitrate/polyethylene
glycol,[22| CoFey04, [23] DDQ [24]. However, in most of the earlier
reports including ferrite and metals supported on ferrite catalysts, have
drawbacks like longer reaction times, and high reaction temperatures

2211-7156/© 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND licgnse (hitp://creativecommons.org/licenses/by-

ne-nd/4.0/).
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Abstract

Recent literature survey suggested that, ionic liquid not only
possesses potential as a green solvent, but also plays a sig-
nificant role in enzyme immobilization, activation, stabilization,
and catalysis. Furthermore, biocatalysis in ionic liquids (IL)
may be a key sustainable solution for the next generation
chemical processes, which requisite extensive research efforts
to expand the knowledge horizons in this field. In view of this,
the present review highlights the recent update of potential
applications of IL in biocatalysis for (i) biomass pretreatment/
hydrolysis, (ii) enzyme immobilization-activation, (iii) organic
transformation, (iv) bioremediation, and (v) biosensing. More-
over, this review also addresses the challenging issues and
future outlook of this research area for the industrial develop-
ment in near future.
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Introduction

Enzymes are nature’s catalysts while biocatalysis is known
as green sustainable catalysis due to outstanding atcri-
butes such as, environmental friendliness, mild reaction
operating conditions, high product yield through stereo-,
enatio-, and regio-selectivity [1]. The biocatalytic re-
actions show highest activity in the water however,

organic substrates displayed poor solubility in water,
which restricts the industrial organic synthetic applica-
tions of biocatalysis at large scale [2]. In contrast to this,
organic substrates showed better solubility in organic
media wherein enzyme showed usually lower activity.
Further, use of organic solvents at large scale typically
possess non-green limitations such as flammability, vola-
tility, non-safe handling, toxicity, and high cost of solvent
recovery/distillation [2]. Based on principles of green and
sustainable chemistry, there is a rising attention to
develop enzyme compatible water like non-aqueous sol-
vent systems which can stabilizes the enzymes for cata-
lytic activity and promote the solubility of organic
substrates for transformations [3]. In recent years, the
Newton’s designer solvent ionic liquids (ILs) have
received massive attention in a biocatalytic reaction
media, as pretreatment solvent before enzymatic hydro-
lysis, enzyme immobilization carrier or enzyme activity
enhancer in biocatalysis (Iigure 1) [4]. Furthermore,
enzymes are polyelectrolyte that stabilizes in water, in the
same way it might be stabilized in non-aqueous electro-
lytic media IL [4]. In view of this, we spotlight the recent
advances of use of IL in enzyme-catalysis, which may
open new opportunities in the field of enzyme activation,
stabilization, bioremediation, bio-sensing applications,
and biocatalysis. Further this review also highlights the
opportunities and challenges for the development of
sustainable industrial biocatalysis in IL.

lonic liquid in biocatalysis: a partnership for
sustainable future

The call for green and sustainability is mentioned by
United Nations as “Transforming World: The 2030
Agenda for Sustainable Development” that governs
ecological, economical, and social as the major factor for
sustainable development [5]. The biocatalysis is
considered as an industrially attractive methodology for
the synthesis of widespread usable organic moieties [6].
The use of biocatalysis offered complete greener pro-
tocols (ligure 2A). Along with this greener features, it is
notable to mention that, the biocatalysis is must oper-
ated only at mild reaction conditions along with high
product selectivity, reduction of down-stream process-
ing and hence considered as energy as well as cost saving
(economical) [3,7]. Moreover, the biocatalytic ap-
proaches have several environmental benefits such as it
is obtained from rengwable resources and are easily
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Abstract

Recent literature survey suggested that, ionic liquid not only possesses potential as a green solvent, but also
plays a significant role in enzyme immobilization, activation, stabilization, and catalysis. Furthermore,
biocatalysis in ionic liquids (IL) may be a key sustainable solution for the next generation chemical processes,
which requisiteextensive research efforts to expand the knowledge horizons in this field. In view of this, the
present review highlights the recent update of potential applications of IL in biocatalysis for (i) biomass
pretreatment/hydrolysis, (ii) enzyme immobilization-activation, (iii) organic transformation, (iv)
bioremediation, and (v) biosensing. Moreover, this review also addresses the challenging issues and future
outlook of this research area for the industrial development in near future.
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Abstract. The knowledge of the neutron-induced reaction cross-section is important, especially, for the fusion
and fission reactor technologies. In the absence of experimental data or for cases where measurements are difficult,
theoretical predictions of nuclear cross-sections are needed to be improved upon using refined model calculations
or effective semi-empirical formulas. Accurate, physics-based modelling of neutron-induced reactions is key to all
nuclear science and technology applications. In the present work, the excitation functions for (n, p), (n, «) and (n, 2n)
reactions up to 20 MeV for stable isotopes of Ti, Cr, Mn, Fe, Co, Ni, Cu, etc. are calculated using the EMPIRE-
3.2 nuclear reaction model code using optimised values of input parameters. The experimental data available in
EXFOR database for these stable isotopes are reproduced to determine the optimum parameters. The optimised
parameters, so obtained, are then used to calculate the reaction cross-sections for a series of unstable nuclides for the
incident neutron energy of 1-20MeV. The calculated cross-sections are compared with the evaluated data available
in literature (ENDF). We have also compared our results with the estimated cross-sections using available empirical
formulas. Based on the calculations, we recommend a reliable set of parameters to estimate the (n,p), (n,a) and
(n, 2n) cross-sections for unstable nuclides in the mass region A ~ 40-70.

Keywords, Fast neutron-induced reactions; cross-sections; nuclear data; nuclear reactor; EMPIRE-3.2.

PACS Nos 25.40.-h; 25.85.-w; 28.20.-v

1. Introduction

International efforts in a collaborative and co-operative
manner are currently being carried out to build the Inter-
national Thermonuclear Experimental Reactor (ITER).
The design of ITER is based on the concept of magnetic
confinement of plasma for net fusion energy production
[1]. The fusion process can involve different elements
in the periodic table. However, the deuterium—tritium
(D—T) reaction has been identified as the most effi-
cient reaction for fusion energy production because it
produces large amount of energy at lower temperatures
compared to reactions with other elements. In the reac-
tor, materials are bombarded by the high-energy (~ 14
MeV) neutrons generated by the fusion of deuterium and
tritium in the fusion reactor. Special attention is required
for the selection and development of the structural mate-
rials of the fusion reactor. The realisation of the dream
of fusion energy is largely dependent on the choice of
materials suitable to withstand the harsh environment

Published online: 14 March 2023

of high thermal stresses, high heat loads (plasma-facing
materials), extreme radiation damage, etc. [2,3]. It is
quite challenging to finalise the specifications of materi-
als, their development, characterisation, production and
suitable fabrication [4]. To meet the above requirements.
stainless steel (SS) and copper alloys are used as struc-
tural materials, having Ti, Cr, Mn, Fe, Co, Ni, Cu, etc. as
their main constituents (in SS316, the content of Fe is ~
65%). Table 1 shows the possible compositions of some
of these materials, which are not strictly defined, but can
vary from time to time depending on the manufacturer
[5]. N
Other than the physical damage, the exposure to high-
energy neutron flux also causes isotopic transmutation
of the structural material of the reactor. The change in
isotopic or elemental compositions can affect the mate-
rial behaviour and also produce radioactivity. The high
neutron energies of about ~14 MeV can cause differ-
ent types of nuclear reactions with the target nuclei,
namely, direct reactions, multiparticle emissions from
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ARTICLE INFO ABSTRACT

Different phosphors emit different wavelengths of light depending upon the doped impurity ions. They have
various applications in the technological felds. Therefore, the majority of research is accelerated in terms of
energy saving and eco-friendly devices. The enormous and countless research in the aluminate materials have
shape up the new era of solid state lighting in terms of illumination, small size, energy saving, long lasting eco-
friendly phosphors, etc. Aluminates are the low cost and easily available materials and have the potential to
fulfill almost all the properties that are required for illumination. The scientists have accelerated progressively
more economical techniques, which are useful for technological advancement as well as mass production of the
materials. This article highlights the recent development in aluminate materials in terms of their synthesis
process, investigation in crystal structure, crystal field splitting and effect of energy band gap along with
luminescence properties and lifetime measurements. Some of the earlier investigations showed the limitations
and recent critically challenged investigations have also been discussed in this article. This article also includes

Keywords:

Aluminate phosphors
Synthesis methods
Crystal structure
Luminescence
Applications

various applications of these aluminate materials.

1. Introduction

Inorganic phosphors doped with rare earth ions have achieved a
wide range of applications, The different properties of phosphors allow
them to cover a wide spectrum of applications from the general illu-
mination to the biomedical sciences [1-3]. The nanotechnology is also a
modern era for innovative technology among the scientists and the
economists since the technology brings an innovative and sustainable
mode of saving energy, long-lasting time and improved performances
[4-6]. In the last few years, the material scientists have directed the

zsearch towards the transition metal ions and the trivalent rare earth
ions in the host matrices in order to design the materials, which have
excellent luminescence, thermal stability, high quantum efficiency and
outstanding color purity with the reduced particles size and covered
with large surface_ area [0,7]. The applications of these materials in
terms of illumination including nano-sized materials involved white
light emitting diodes (WLEDs), which require high quantum efficiency
and thermal stability [1,2,8]; back light display devices require emissien
band in the narrow region [%] and the phosphors that converts UV to
blue light or green to red emission are useful for the agricultural
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applications [10,11]. The luminescence properties of a phosphor depend
upon the host and the activators. Therefore, the tuning of host materials
with specific activators by different synthesis routes set up the phos-
phors for different applications [12,13]. Different sorts of trivalent rare
earth ions, such as Ce3*, Eut, Tb3", Dy**, Sm®, Pr3* etc. show
emissions in the UV and visible regions in different host matrices
[14-16]. However, different phases of the host matrices also affect the
luminescent properties of the materials [17]. Therefore, the study of
crystal configuration is an important aspect of consideration. In order to
reach the demand of general illumination and other applications, the
phosphors must have to develop strategically, which includes the
properties, like finding new host matrix with specific activators, such as
Mn** doped fluoride silicates [1 8-20], Eu®* doped nitrides [12,13,21],
selection of activators in different crystallographic sites [22-24],
adjusting a synthesis process in order to form a suitable coordination
environment around the activator ions [25-27], etc. Recently, the alu-
minates are in prime approach due to their applications in terms of il-
luminations. Moreover, the materials used for preparing the aluminates
are of low cost and they are simply available. Interestingly, they can
easily adapt the required properties.
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Abstract

The research paper throws light on the intricacies of influencer marketing as an up and coming
phenomenon that is becoming crucial to brands in today’s economy. With the persistent and
formidable increase of screen time among individuals the importance and role of influencers: is
paramount. Through the following research paper the researcher strives to convey the power of
persuasion that influencers today hold given the plight of social media use. Qualitative secondary
research approach was utilized to exhibit a conclusive, thorough and pragmatic understanding of
influencer marketing. It seeks to present to brands and consumers alike the hold influencers have
over their audience and this can be tapped into via suitable means.

Keywords: Influencer Marketing, Brands, Influencer, Influence.

Introduction:

A trending buzzword that is on an upwards journey when it comes to scaling in the online
advertising ladder, influencer marketing is a prominent route being taken by brands consciously.
With its increasing use in mainstream media, one needs to realize its true meaning and relevance in
today’s primarily online marketing landscape. Here, it becomes essential to uncover the meaning of
influencer marketing and what it substantially entails.

Understanding Influencer Marketing:

Influencer marketing is a hybrid of classic and cutting-edge marketing strategies. It combines the
idea of celebrity endorsement with a content-driven marketing strategy. The key difference in
influencer marketing is that the campaign's results are collaborations between businesses and
influencers. Influencer marketing, on the other hand, isn't just for celebs. In retrospect it revolves
around influencers, who are likely not considered to be famous in the most traditional or typical
textbook definition of the word.

If one were to define influencer marketing, there are certain intrinsic parameters or identifiers that
help one to realize their categorisation. This alludes to the influencers sway or power over affecting
the purchase decisions of their, often niche, audience. It boils down to their projected knowledge,
trust, authority, and relationship with their specific customers. Another factor to consider in this
respect is to realize the influence or impact that a particular influencer yields reflects through the size
of their following and the niche that they cater to.

Comprehending The Role of Influencers:

A prominent and common blunder that is prevalent among traditional media agencies is the inability
to distinguish between online influencers and typical celebrities. It is also crucial to remember that
most if not all influencers have put in significant efforts towards cultivating a loyal and invested
following who truly yearn for their influencer’s opinion on the subject of their niches. In the case of
loyal influencer follower bases, it’s a conscious decision to favor the opinions and ideas propagated
by the influencer as opposed to the brand created advertisements.

Influencers extend significant effort towards earning the trust of their audience with credible means
that can be seen by perusal of their content curation over a stretched-out period of time. Thus, it
equates to quality content, with prevailing quality, while maintaining standards and time adhering
presence. It checks the curiosity boxes with the help of information delivery to the audience, ensures
objectivity and extends reliability in their minds. In the advent of such aware and conscious
audiences it is ideal for brands and businesses to pay heed and recognise the power that influencer
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ABSTRACT

From the ancient period, humans have been fighting pathogenic microorganisms for survival
purposes and in this context, man has developed antibiotics as a powerful weapon to treat various infections caused
by pathogens. Nevertheless, the need to discover new antimicrobial agents is increasing at an alarming rate. This
is because the microorganisms have developed various mechanisms to resist the action of antibiotics. One such
mechanism is the production of biofilm. Infections caused by biofilm-forming pathogenic microorganisms are very
difficult to treat, even using potent antibiotics. However, in folk medicine, many plants are found to be helpful to
treat certain infectious diseases, This is because of the synthesis of a variety of bioactive compounds by plants with
high medicinal value. Hence, in the present study, three different plants were used viz Aegle marmelos, Picrorrhiza
kurroa, and Swertia chirayita to determine their antioxidant and anti-quorum sensing activities. According to the
literature, antioxidants delay the oxidation process and nullify the effect of free radicals that cause damage and
accelerate aging, Quorum sensing is the chemical way of communication between biofilm-forming microorganisms.
Among the alcoholic extracts, the methanolic extract of P. kurroa showed the highest DPPH radical scavenging
activity of 82.11%. All the plant extracts under investigation exhibited anti-quorum sensing activity against the
standard culture of Chromobacterium violaceum MTCC 2656; however, the plant extracts of 4. marmelos were
found to be more potent as compared to P. kurroa and S. chirayita. Plant extracts P. kurroa and S. chirayita showed
almost similar anti-quorum sensing activity. This confirms the pharmaceutical importance of plant materials of
interest, which might prove to be useful to treat damage caused by free radicals and biofilm-related infections, after
due consideration of clinical trials for safety issues.

Keywords: Biofilm; Aegle marmelos, Picrorrhizakurroa and Swertia Chirayita; Antioxidant activity; Anti-quorum

sensing activity

1. INTRODUCTION
In today’s world, pathogenic microorganisms
are one of the serious threats to public health care.
Infections caused by these microorganisms are found to
be recalcitrant and recurrent due to the ability of the
pathogens to acquire resistance against antibiotics used in
the treatment. One of the most common mechanisms among
the various ways of gaining resistance against antibiotics
by pathogenic microorganisms is the formation of biofilm.
Biofilm is an inter/intra-dependent community of
surface-associated microorganisms'. There are five stages
of biofilm development which include initial attachment,
irreversible attachment, maturation I, maturation II
and the final stage of dispersion. Dispersal of cells
from the biofilm colony is an essential stage of the
life cycle of biofilm. It enables biofilms to spread and
colonize on new surfaces, including living tissues and
indwelling medical devices like catheters, valves, lenses,

Received : 03 February 2022, Revised : 27 June 2022

prostheses and so on®. Biofilms are majorly responsible
for causing persistent, robust, and re-emerging infections
because microorganisms within the biofilm are resistant
to antibiotics and host immune defence mechanisms. This
is overall due to the failure of the antibiotics to penetrate
the biofilm, slow growth rate, heterogeneity of the
population, physiological changes and the quorum sensing
activity of the pathogens. Quorum sensing is the way of
communicating and coordinating among the microorganisms
involved in the biofilm. It was found that during quorum
sensing; microorganisms release signaling molecules
called Acyl Homoserine Lactone (AHL) and autoinducers'.

In developing and underdeveloped countries, traditional
medicine plays an important role in providing medical care.
Such therapies involve the use of plant extracts or their
active principles. This is because plants have been used
as a natural source of medicine across the globe. Over the
last few years, many plant species have been evaluated
for antimicrobial or various biological activities. Indian
flora offers huge opportunities for the discovery of potent
bioactive compounds with medi?al application in combating
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Abstract

Pakistan factor has played a significant role in India-US relations during
the Cold War period. Subsequently, in the post-Cold War era Pakistan
began getting de-hyphenated from the India-US relations. Both these
democracies strengthened their partnership in the 21% century based on
common political, strategic, and economic interest. The article concludes
that currently the Pakistan factor though has faded away in India-US

relations but has not completely disappeared.

Keywords: India-US Relations, Pakistan, Cold War, Post-Cold War, China.

Introduction

Since its independence, India has witnessed major transitions in the
global order. Broadly, India’s foreign policy and particularly its bilateral
relations with big powers have shaped within this framework of the
changing global context. The article begins by examining how India-US
relations were hyphenated with Pakistan during the Cold War. It further
analyses the change that eventually came in the post-Cold War world
order wherein Pakistan started getting de-hyphenated from India-US

relations. At the cusp of the new millennium, India-US relations took an

enormous leap and started looking at the bilateral relations beyond the

lens of Pakistan. The article concludes that the s.igniﬁcancgl gf Oﬁhé’rincnpal”“'“‘
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FINS Journal Of Diplomacy & Strategy a quarterly publication of Forum for Integrated National Security.
Journal provides Indian perspective on geopolitics and security.

ISSN 2581-6586

About FINS Journal

FINS Journal of Diplomacy & Strategy is a double-blind, peer-reviewed quarterly research Journal. This
Journal purports to cover a vast arena/segments including but not limited to internal & external security,
defence, international relations, military management, peace science, define economics, intelligence,
terrorism, cyber security and psychological warfare.

FINS invites articles from erudite scholars, practitioners, research-based thinkers and writers for this
journal.

Forum for Integrated National Security (FINS), A think tank, was conceptuaﬁzed’p some like-minded
personalities like you in 2003 with prime objectives including —

» Develop comprehensive defence approach for the Nation 5
=
» Promote national security as every citizen’s concern and responsibility \\(; At
: . ; Principal /
» Analvze future security threats, National challenges & advocate reventive & )
¥ y g P STES College of Artd, Science &
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FINS one of the main objectives is to change the age-old ‘Compartmentalized Approach' in dealing with
the matters of national security to ‘Integrated National Security (INS) approach’ which will help in
foreseeing multi-dimension complex challenges and will develop, initiate and stimulate in translating it into

integrated approach in achieving national objectives about national security.

» Undertake strategic studies and research.

In its pursuit of ‘Strong, Secure & Prosperous Nation’, FINS has chalked out aggressive agenda for
translating its vision — “Initiate-Interact-Influence”, into reality by focusing on new initiatives including —

» Developing ‘National Interest First’ culture in the country.
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Enhancing Bilateral Connectivity: Recent Developments an Upswing in
India-Bangladesh Ties

Abstract

India-Bangladesh relationship is presently on a high trajectory, and connectivity is the buzzword
in the bilateral relationship. Connectivity is a game changer for both India and Bangladesh as well as
sub-regionalism. This paper will analyse the recent positive developments in railway and inland
waterways connectivity between the two countries. Further, it focuses on the areas of concerns and states
the need to address the issues in connectivity.

Keywords: India, Bangladesh, Connectivity, Act East policy, Railway, Inland Waterways.

Introduction

“Act Bast” and “Neighbourhood First” have been two continuous and interacting themes in
India’s foreign policy during the last decade. Bangladesh, with a unique geopolitical location east of
India and in the immediate neighbourhood of India, is vital to the operation of both these policies.
Bilateral relations between India and Bangladesh have steadily progressed in the previous decade on
many fronts such as political relationship, security cooperation, trade and connectivity, and people to
people contacts. There has been a sustained dialogue at all levels, including Summit Meetings, visits of

High Dignitaries, foreign secretary level meetings and annual meetings of the Joint Consultative
Commission.

Landmark events have occurred in bilateral relations in the recent past. In 2021, Bangladesh
celebrated its Golden Jubilee of independence and also marked 50 years of the establishment of
diplomatic relations with India. Prime Minister Narendra Modi visited Bangladesh in March 2021 to
mark these events and the Birth Centenary of Bangabandhu Sheikh Mujibur Rahman. Followed by this,
the President of India too visited in December 2021, to attend the Golden Jubilee of the Victory Day of
Bangladesh.

The momentum in bilateral relations has continued even in 2022. The Seventh Meeting of the
Joint Consultative Commission, led by the Foreign Ministers of two countries, was held at New Delhi in
June 2022. This was followed by the visit of H.E. Sheikh Hasina, Prime Minister of Bangladesh, to India
in September 2022 (MEA. India - Bangladesh Joint Statement. 2022).

In the backdrop of this monumental year that has given impetus to the bilateral ties, this paper
aims to analyse the recent developments in connectivity between India and Bangladesh within the
broader framework of Act East Policy (AEP). Connectivity has several dimensions, like transport
connectivity (road, railway, shipping, civil aviation etc.), power and energy connectivity, and data
connectivity, etc. This article focuses on railway and inland water transport connectivity.

Impact of partition

Before the partition of India, transportation to and from northern parts of Bengal and entire Assam
and North-East Region (NER) was by a modest road and rail infrastructure via East Bengal, which later
became East Pakistan and subsequently Bangladesh. With the creation of East Pakistan in 1947, northern
Bengal, including Darjeeling and Jalpaiguri and Assam, had become inaccessible by rail except through
East Pakistan. The need for a separate line connecting Assam and NER with the rest of India, bypassing
East Pakistan, was evident from strategic, political, administrative, and economic perspectives. The
Assam Rail Link Project was undertaken, and this link was established in a brief span of three years by
January 1950 by linking existing portions of the Oudh-Tirhut Railway (OTR) with isolated sections of
the network in Assam and North Bengal. This task was accomplished by construction of four different
sections, i.e. Kishanganj in Bihar to Siliguri in Bengal, Siliguri to Bagrakot, Madarihat to Hasimara and
Alipurduar to Fakiragram. The existing broad-gauge link between Kolkata and Siliguri which ran through
East Pakistan had been disrupted beyond Haldibari and had to be converted to the meter gauge to
integrate it with the rest of the network. The rail links between India and East Pakistan ceased to operate
after the 1965 Indo-Pak war (Singh, 1951). ===
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Boosting Road Connectivity In Arunachal Pradesh
And Eastern Sector Of LAC

BY DR. RASHMI BHURE

Abstract

Road networks in Arunachal Pradesh have improved considerably in the last two decades. Look East and Act East policies which focus on
connectivity have brought huge dividends to the state. Recurring confrontations between the Indian Army and the Chinese PLA at the LAC
have added to the urgency of creating better infrastructure in the state, including in border areas. This article analyses the evolution of road
connectivity in Arunachal Pradesh from independence to the present day and examines some of its possible long-term consequences in the

context of India-China relations.
Keywords: Arunachal Pradesh, Connectivity, Line of Actual Control, Look East Policy.
Introduction

After 75 years of India's independence, its borders have remained unsettled and assertive neighbours, be it Pakistan or China, have

challenged India’s boundaries recurrently. The escalating tensions on line of Control (LOC) and standoffs at Line of Actual Conujgli_({;AQp‘

i Ly

recent times have been a major cause of security concern for India.
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contested by our troops in a firm and resolute manner* (Singh, 2022).
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It is interesting to note that on July 20,2020 Chief Minister of Arunachal Pradesh Pema Khandu had inaugurated a gompa i.e., a prayer hall

for Tibetan Buddhist monks at Chumi Gyatse waterfalls which are in close proximity of the LAC in the Yangtse area and which are considered
CONNECT ~

holy by the Tibetan Buddhists. A new road up to Tsechu village near the falls has been developed by India to promote tourism in the area and

to facilitate travel up to the holy site (Hasnat, 2020). The fact that the December clash between the Indian Army and PLA occurred in the

same sector of LAC points to the growing border infrastructure created by India as a short-term cause for more provocation by the Chinese.

After the Doklam standoff in June-August, 2017 and the Galwan clash in June 2020, this was the third major reported clash between the two
forces on the LAC. In October 2021, there was another face-off, near Yangtse. Differing perceptions of LAC and improved infrastructure on
the borders is bringing patrols from both sides into more frequent contact and the potential for more such confrontations in the future exists.
Amongst many other strategic, tactical, and political aspects, this clash once again brought into the forefront the issue of border infrastructure
in Arunachal Pradesh. Against this backdrop, this article will analyse the recent developments in border road infrastructure in Arunachal

Pradesh and their impact on connectivity and security situation in the area.

Historical Perspective

Ever since the 1962 conflict between India and China, the issue of border infrastructure has been vexing the Indian policymakers. India-China
border is 3488 km long with 1126 km along Arunachal Pradesh (Ministry of Home Affairs, Management of the Indo-China Border). The Indo-
China LAC is divided into three sectors-the Western sector stretches from the east of the Siachen glacier through Aksai Chin to union territory
of Ladakh: the Central sector stretches across Himachal Pradesh and Uttarakhand while the Eastern sector runs along the Sikkim and
Arunachal Pradesh borders. LAC terrain is mountainous and extremely difficult to access, guard and patrol round the year, especially from the

indian side. Transport and communication networks in the forward areas along LAC in all three sectors have been weak or non-existent for

decades.

Lack of a robust road network in Arunachal Pradesh has historical reasons. The area of present-day Arunachal Pradesh was never under the
direct control of the great Indian historical empires like the Mauryan, Gupta or Mughal empire, which were centered on the indo-Gangetic
plain. Two great mediaeval empires of Assam, the Sutiyas and the Ahoms, did not bring the Himalayan foothills and the tribes living within
them under their direct administrative control. Their focus was to protect the agricultural communities in the Brahmaputra plains from frequent

attacks by the hill tribes. They did not pursue a policy of conquest of the hills (History of Northeast India (1228 to 1947), 2016).

The area was sparsely populated and inhabited exclusively by hill tribes who had a clear notion of their territory. The tribes lived in isolation
and interacted with other tribes only for barter exchange. Bridle paths, mule tracks were the type of road tracks in use in the hills, especially in
the upper regions. During the late mediaeval period, Ahom administration placated the tribes in the foothills of Arunachal and started the
practice of giving posa (which means a right to collect subscriptions for common cause) to hill tribes in return for peace in the plains and

fargely left the tribes to their own way of life (Acharya, 1992). They did not generally resort to force to completely subjugate the tribes.

The Yandabo treaty of 1826 gave the British control over Assam (Britannica, 1999). The Ahom policy of non-interference in the tribal affairs
continued under the British colonial administrators. They gradually ventured into the foothills, initially for exploration of the area and later to
establish their authority. The British did not make very serious attempts at administering the hill area, unfike the Brahmaputra Plains, as they
did not consider it rewarding enough. The British left the upper hilly regions and frontier tracts untouched. Under British colonial rule, the area
of present-day Arunachal Pradesh was first carved out of the province of Assam by way of two frontier tracts in 1919, namely Balipara and
Sadiya frontier tracts. These North-East Frontier Tracts (NEFT) were later divided into smaller administrative subdivisions, but within Assam.
After independence, the area was designated as North-East Frontier Agency (NEFA) in 1951 (Verrier, 1957). Thus, a modern administration
gradually came into being in this remote area in the first half of the twentieth century. Even under the British administration, new roads or the
development of existing roads did not happen. For instance, the Gazetteer for East Kameng and West Kameng states that “There was hardly
any development of the existing communications or construction of new roads during the British rule”. The Gazetteer further records that
“There was no motorable road in the three districts of East and West Kameng and Tawang before independence” (Choudhury, 1996).
Development of roads under an imperial or colonial administration did not happen in the area for centuries.
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