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Abstract

In search of novel endophytic bacteria capable of producing plant growth promoting phytohormanes
and providing tolerance against biotic and abiotic stress to the plant, present study was carried out
during 2021-22. For this, endophytic bacteria were isolated from halophytic Suaeda nigra a' salt
stress areas of Srikakulam district, Andhra Pradesh. Total of sixteen endophytic bacteria were isolated
from roots and aerial parts of Suoeda nigra. Isolates were enumerated, purified and preserved for
subsequent studies. All isolates were analyzed for their phenotypic, biochemical, enzymatic assay
and molecular characterization was carried out by 165 rRNA molecular method. Isolates were tested
for their ability in producing plant growth promoting phytohormones, sideophores, exo enzymes and
ability to solubilize the phosphate molecules. Among total isolates extracted, bacteria which was
labeled as “SNA7” isolated from aerial parts of Suceda nigra showed better characters in producing
catalytic enzymes like catalase, amylase, protease, phosphate solubilization ability and Indole-3-acetic
acid (IAA) production. Isolate SNA7 was gram negative, motile, aerobic, rod shaped, non-spore forming,
and no pigmentation which grows best at 42°C, pH 8.3 with tolerate of 8% NaCl nutrient agar. Based
on phenotypic, biochemical, nucleotide homology and phylogenetic analysis isolate SNA7showed
higher relationship with Pseudomonas pseudoalcaligenes Pseudomonas spp. was characterized as an
effective organism to explore its ability in various research fields. In this current study, isolate SNA7
showed higher potential in producing wide range of enzymes and bioactive secondary metabolites
and was first of its kind reported and isolated from halophytic Suaeda nigra. |

Keywords: Catalytic Activity, Endophytic Bacteria, Halophytes, Plant Growth Promoters, Pseudomonas, Set andary

Metabolites " '
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INTRODUCTION

| Endophytic b
that has the capac srbor inter and intra
cellular spaces of the host plant and 'cmwlr can
spread systemically.** Their exact functions for the
plants are still uncertain.? Endophytes encourages
the growth of the plant and yields and also acts as
antagonists bacteria.’

Halophytes are the plants which can
tolerate salt and grows well in water with extreme
salinity like mangrove forest, marsh lands, sea
shores, saline deserts and coastal areas of arid
and semi arid regions. Halophytes exists in no
more than 2% of the entire kingdom of plants
establish on earth. They can tolerate high salinity
by adopting diverse techniques such as resistance,
tolerance and avoidance, and also they had less
opposition in hala environmental surroundings.

Halophytes grows in areas where there
had regular floods. Suceda monica grows more
vigorously in degraded soils when compare to
other halophytes. As salt extractors, they carry out
major functions like decreasing the salinity of the
soils creating conditions more suitable to growing
mangrove plant species. During the course of
ecological time halophytes are gradually replaced
by mangrove ecosystem. In absence of halophytic
plants the rejuvenation of mangrove ecosystem
will be very difficult in sea shore areas.

Microorganism interacting in rhizosphere,
phyllosphere and endosphere of the host plant
are exceptionally diverse.® Symbiotic relationship
of microbes with host plant plays a important key
role in maintaining plant health, plant growth
promotion, resistant to diseases and survival of
the host plant.®® In the midst of diverse microflora,
endophytic bacteria shares same environment as
that of plant pathogens and makes them as ideal
models of antagonistic agents.” There are several
studies are made which illustrate that endophytes
has the ability to resist plant pathogens, insects and
nematodes in addition to promoting plant growth
and establishment under stress environments.**

Currently, researchers have recognized
more than hundreds of endophytic bacteria from
medicinal plants of South Indian which showed
promising characters against anti-tumour and
antimicrobial agents.'” Suaeda nigra formerly

i\
called as Suaeda amogquiniiis a species of flo'vering
plant belnngmg to family Amara nthaceae It rows

~ wellin and

Suaeda nigra grows as shrub from a woody base
with several branches growing upto 5.0 feet in tall.

Pseudomonas sp. isolated fron soils
are of particular attention because of their
root forming ability, catabolic adaptability and
capability of producing vast ranges of proteins,
enzymes and secondary metabolites which
helps host plant to tolerate diverse biotic and
abiotic stress environments.!' Pseudomonas
pseudoalcaligenes KF707 isolated at Biphenyl
manufacturing industry in Japan®? is a soil
born bacteria. It is well known for its ability to
aerobically degrade polychlorinated biphenyls'?
using biphenyl as secondary metabolites.

In search of novel endophytic bacteria
capable of producing promising bioactive
molecules, current study was undertaken to screen
and identify endoyphytic bacteria isolate:] frurn
halophytic Sugeda nigra.

MATERIALS AND METHODS

This current investigation was carried out
during 2020-21 and 2021-22 at Department of
Botany, Andhra University, Visakhapatnam, /.ndhra
Pradesh.

Endophytic salt tolerant bacteria isolation

Explants were collected from aerial and
root parts of Suceda nigra located at holophytic
zone of Khaspanaupada of Srikakulam district
within latitude of 18°34'25.6"N and longitude of
84°18'50.4"E (18.573986, 84.313925) (Figure 3).
The explants were sealed in sterile container for
further studies.

Surface sterilization of explants

The explants were first washed with
sterile water, blotted dry with filter paper dipped
in 70% ethanol and kept for about 1min. The
sample was removed and again washed in stenile
water. After washing the sample was then | pped
in 4% Sodium hypochlorite solution and k:pt for
about 5 minutes and again washed in sterile water.
Followed by dipped in 70% ethanol and kept for
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about 1min. The'sample was %WLWHI* After 24k

washed in sterile water for final preparation of
sample into paste.

To test the sterility of the procedure, the
explants were kept and rolled on plates containing
nutrient agar. 0.1 ml of the water from last wash
was also inoculated to nutrient broth. After
incubation period if any colonies developed, then
all the samples were discarded and again surface
sterilization of explants was carried out.

Endophytic bacteria isolated from explants of
Suoeda nigra

After the surface sterilization of the
explants, about 1g of each sample was weighed,
cut into small pieces and well grounded into paste
using sterile saline water in a mortar. Make the
sample pastes into about 10ml using saline water.
Each stock sample is further diluted 4 times, ten
parts each time. The highest diluted solutions (10-
4) were spread (50ul) on agar plates containing
Zobell marine agar (ZM agar) (Composition -
Zobell-Marine Broth 2216 Himedia @ 5.5 % +
Agar agar @ 1.5 %) with the aid of ‘L' shaped
glass spreader, and the plates were incubated.
Colonies with different morphology were isolated
and streaked on ZM agar plates with assigned
codes and kept for 24 hours at 32°C. In order to
obtain pure culture the streaked cultures were
again quaternary streaked on individual ZM agar
plate and kept for 24 hours at 32°C for incubation.

==

hours, th smmmd from
individual colonies were subjected to further
studies like biochemical, molecular, propeity and

salt tests. "

Preservation and Maintenance of endcphytic
bacterial isolates

All the test isolates were streaked on .

nutrient agar plates and stored with 20% ¢ | ycerol
at -20°C. Viability of the cultures was retriived by
periodic sub-culturing into new media at 1 ionthly
intervals.

Morphological and Microscopic observations of
endophytic isolates

The following morphological and
microscopic examination which is cell shape,
colony morphology, Gram'’s staining and motility
were done to characterize the tentative identity
of endophytic bacteria.

All sixteen isolates were inoculated
on 3% NaCl Nutrient agar and the phenotypic,
colony morphology was observed.' According to
Aneja, 2006% the cells from purified cultures were
observed for their morphological characters lik-
cell shape, cell size, endospore formin;; abilit
reaction to gram’s stain, pigmentation and'cell
motility.

Growth at different NaCl concentration

The young cultures were streaked o'

Pseudomonas pseudoalcaligenes str in M1+

Pseudomonas sp. strain MY 50

SNAT7 (KY595450.1)

Uncultured bacterium clone HK'T_RR34

Pseudomonas sp. strain MY 63

Pseudomonas pseudoalcaligenes strain PPS

—Umcattured Psendomonas sp. clone D1 1623 1HOS

Bacterium strain PAH 11

Uncultured Psendomonas sp. clone b12-126

Uncultured Pseudomonas sp. clone h19-10x

Figure 1. Phylogenetic Tree

Pseudomonas sp. RM12W
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' lie. 8% NaCl, 10% Nat

Nutrient agar plates diffe rents l;gemenmggs

plated were incubated at 32'C and o
growth was made for 24hrs and 48hrs.

Oxygen requirement of endophytic bacterial
isolates

Oxygen requirement was tested by
growing bacteria in thioglycolate broth. The tubes

Survey and selection of areas and plants

€

&

«

Sample collection and transport J
Isolation of endophytic bacteria ]

@

Enumeration, purification and preservation

|
|
|
[

E
: |

perty and Molecular
tion

[ Phenotypic, enzymatic,
iden

ol

{&Iﬂ:liun of superior quality endophytic h:cleria]
Detailed study of selected isolate

_ﬁ
Molecular identifcation by 168 rRNA Method

Novel strains with superior characters

Figure. 2. Flowchart of the study undertaken

were mncuiated and mcubated at 32°C. Bacterial

U " he test tube WhEI‘EthE
microorganisms. Strict anaerobes concentrate at
the bottom of the test tube, strict aerobes at the
top to the test tube, aerotolerant organisms found
evenly spread throughout the test tubes.

Biochemical enumeration of endophytic bacterial
isolates
Catalase activity*®

Loopfull of 24 hours old culturéds ot
endophytic bacterial test isolates were 1anspc
to test tube containing 0.5 ml of sterile water. 2
solution of hydrogen peroxide (0.5ml) was added
and thoroughly mixed. Observation was recordc 4
for the production of effervescence give positiv:
test for catalase production.

Oxidase test'’

Trypticase Soy agar medium was used
for this test. The test isolates were streaked on
petri plates containing media and incubated
for 48 hours at 32°C temperature in an upturn
position. After incubation few drops of para amino
dimethyl aniline oxalate were added. Observation
was recorded for any colour changes from pink
to maroon within few seconds indicates oxidase
positive.

KOH test

Similar to Gram staining reaction, this 1«st
is also based on differences in the arrangem 1t
of the bacterial cell wall. Small arnognt of
colony was mixed with little amount nt 3% K '+
If the cell breaks, the cellular DNA makes e
composition viscous or stringy in appearance. If
KOH test is positive it indicates a gram negatjve
microorganisms or If KOH test is negative the' it
indicates a gram positive microorganims.

IndoleTest’

Glucose Tryptone broth was used
to conduct Indole test. The test isolates was
inoculated in sterile test tube containing sterile
broth and kept for incubation for 48 hours at 32°C.
After incubation time, 0.3 ml of Kovac's reagent
was added and thoroughly mixed. Observation was
recorded by the formation of red colour alcohol
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ring at the top of the test tube indicates positive
test for indole production.

Glucnse phusphate

medium) was used to test both Methvl red &
Voges Proskauer. Two sets of sterilized broth was
inoculated with test organisms and incubated at
32°C. After 48 hours of incubation period few drops
of methyl red indicator were added, development
of red colour indicates Methy red test was
positive, To another set of test tubes 5-6 drops of
5% a-naphthol and 2-3 drops of 40% potassium

Table 1. Coding of endophytic bacterial isolates

cwn

hydroxide solution were added and mixed well ,

The positive reaction of acetvtmeth\rlrarbmﬂl

0 Was copv eru.d Int:,

the surface mthln few minutes.

Citrate Test"’

Simmon’s Citrate Agar was used to test
the consumption of Citrate as only carbon source
and ammonium salts as only nitrogen source. All
the isolates were inoculated in slants containing
simmons citrate agar and incubated for 48 hours

Plant Plant part

Isolates

Suceda nigra  Aerial parts (08 isolates)

Root (08 isolates)

SNA1, SNA2, SNA3, SNA4, SNAS, SNAB, SNA7, SNAS
SNR1, SNR2, SNR3, SNR4, SNRS, SNR6, SNR7, SNR8 N

*S-Suaeda N-nigraA-aerial parts R-roots

| B Museuns : © Traman | B Pharmacien | 00 ATMs

B

ke ll ! .| st — il

Figure 3. Sample Collection site at salt stress area of Khaspanaupada of Srikakulam district
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Table 2. Comparative study of isolated SNA7 strain with other pseudomonas spp.

A SNATAN & Hmm@wg
strain uf:uﬂgenes olcaligen alcaligenes

strain TPS8

Morphological identification

1) Cell shape Bacillus Bacillus Bacillus Bacillus Bacillus
2) Gram’s staining - - - - -

3) Motility - . + - -

4) WNaCl concentration 8% - - . -

5) Oxygen requirement Aerobic Aerobic Aerobic Aerobic Aerobic
6) Pigmentation - . - - »
Biochemical Tests

1)
2)
3)
4)
5)
6)
7]

KOH

Oxidase
Catalase

Indole

Methyl Red
Voges-Proskauer
Citrate

Enzymatic activity

1)
2)
3)
4)
5)

Gelatin
Starch
|AA production

Phosphate solubilisation
Siderophore production

S

+ + + + o+

& 4

+ +

+

4= 8 4 H

+

S .

*Not reported.

at 32°C. The positive test was indicated by the
change of its colour from green to blue because
of the change in pH.

Property studies of endophytic isolates

The isolated bacteria were subjected to
different property studies like Protease activity
(Gelatin hydrolysis), Amylase Production (Starch
hydrolysis), |AA production and Phosphate
solubilizing ability.

Gelatin and Starch hydrolysis

Gelatin and Starch hydrolysis test was
conducted by growing the organism on 1% Gelatin
Nutrient Agar and 1% Starch Nutrient agar plates
in that order. After 48 hours of incubation the
plates were flooded with saturated solution
of Ammonium Chloride (5g/10ml) and diluted
lodine solution for Gelatin and Starch utilization
respectively.

IAA production and Phosphate solubilizing ability
Bacteria isolated from plant rhizosphere

produce various phytohormones in the form of
secondary metabolites, the most common of
which is Indole-3-acetic acid (IAA). IAA prodluction
was screened for the presence of Indole using
Salkowski reagent and colour develop: d was
measured spectrophotometrically at 536 nin using
UV Spectrophotometer.

Phosphate solubilization ability was
carried out by Pikovskaya’'s broth and the
presence of Phosphate was tested by adding
750 ul of phosphate reagent (Molybdenum
Blue) and colour development was measured
spectrophotometrically at 680 nm by using UV
Spectrophotometer,

Microbial Identification using 16S rRNA gene
based molecular method

Nucleic acid was extracted from test
isolates using Silica based membrane techinology
and its quality was detected on 1 per cent 12arosc
gel, a high molecular weight containin: 5iﬁg|r
band of DNA was recorded. Fragments of 16 !
rRNAgene was multiplied by using 16 rRNA
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Forward and 165 rRNA-Reverse primers, A distinct
PCR ampllmn (a piece of RNA or DNA whu:h is the

il apurn 2 fol ﬂﬂlpli jﬁ

ic
of 1500 Epanrﬁ?‘rr wasgﬂ

determined on agarose gel and punﬁed. Forward
and Reverse DNA sequencing of PCR amplicon was
determined by using Big Dye Terminator Version
3.1 cycle on Applied Bio systems 3730 X 1 genetic
Analyzer. By using Aligner software tool complete
consensus sequence of 165 ribosomal-RNA gene
sequence was generated and BLAST was carried
out with nucleotide collection database from NCBI
GenBank. Primary 10 sequence were selected and
aligned by using Clustal W alignment programme,
By using Molecular Evolutionary Genetics Analysis
(MEGA 10) phylogenetic tree and distance matrix
was constructed.

RESULTS

Enumeration of endophytic bacterial isolates in
aerial and roots of halophytic plant Suaeda nigra

The endophytic bacterial population
in aerial parts and roots of halophytic plant
Suaeda nigra are 3.7 x 10°cfu/gand 4.9x 10°cfu/g
respectively. Total sixteen isolates from both
aerial and root parts of Suaeda nigra were
isolated and purified by quaternary streak plate
method and they were coded according to their
host plant followed by part (aerial and root) they
are collected and finally by numbering in Serial
Number. Among 16 isolates, strain SNA-7 showed
distinct morphology, phenotypic and biochemical
characters which was selected for further studies.
The results of cultural, biochemical and enzymatic
characters are reorded in Table 2.

Colony and cell morphology

The colonies of SNA7 strain on agar
medium were medium, round in shape, colourless,
convex in elevation. The cells when viewed
microscopically are single rods and motile. Gram'’s
staining was carried out and the cells were gram
negative in appearance. When grow in nutrient
broth cells showed aerobic in nature. Grows well
at temperature 25-30°C with 3% NaCl supplement,
pH ranges 05-10 and salt tolerance upto 8% NaCl
concentration.

Biochemical characteristic of endophytic bacterial

isolates .

. Blochemical studies were carried out by
thefﬂimmﬁaﬁﬁmﬂ ain of other
Pseudomonas species are presented in Table 2. The
results showed that the SNA7 isolate were KOH
positive with stringy appearance. Catalas: positiv.
when 3% H,O, was added and oxidasc positiv:
when para aminodimethyl aniline oxalate soltdticor
were added. IMVIC test showed Indol. positi
with red colour when Kovac'’s reagent was adde:
Methyl red positive with the production of
red colour, Voges-Proskauer test negative wit*
no colour and Citrate utilization positive witt
production of blue colour due to the change ¢
in the medium.

Hydrolysis of Gelatin (Protease production)
Agar plates inoculated with SNA7 was
tested for geletinase production. The plates were
flooded with saturated solution of Ammonium
sulphate (Sg/10ml) and kept for 30 min. Gelatin
hydrolysis was observed by clear zone around the
culture inoculated showed positive result.

Hydrolysis of Starch (Amylase production)

48 hrs of SNA7 plates were flooded with
diluted lodine solution. The iodine reacts with
the starch present in the agar plate and produces
blue colour. Clear zone was observed around t'
inoculated culture showed positive r« m:tia:n (o
starch hydrolysis.

Production of Indole-3-acetic acid (I1AA)

|IAA production was screened for thg
presence of Indole compounds by colorimetic
assay using Salkowski reagent, Strain NA7 w
cultured and inoculated in 4ml of 3% Nutrie t
broth in ria vials as detailed in material and
methods. After 48 hrs incubation the culture were
subjected to centrifugation and the liquid from
supernatant was pippetted and mixed with 1.5 m|
of Salkowski’s reagent. The colour intensities were
measured by using UV Spectrophotometer at 536
nm. The OD values were compared with standard
graph of IAA and 43ug/! of IAA production was
recorded with strain SNA7,

Phosphate solubilizing ability
SNA7 culture were inoculated in 4ml of
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After incubation 750 ul of phosp ag

the 4ml of the sample and blue colour intensities
were measured by using UV Spectrophotometer
at 680 nm wavelength. 2.3 pg/l was recorded with
strain SNA7.

Production of Siderophore

To test the siderophore production,
all the test isolates were inoculated on blue
agar fo Chrome Azurol S and incubated for 72
hours at 30°C. After incubation period the plates
inoculated with SNA7 shows colour change from
blue to orange which indicates the positive for
siderophore production.

Microbial Identification using 165 rRNA gene
based molecular method

Nucleic acid from the isolate SNA7
(accession number KY595450.1) was isolated and
evaluated on 1% agarose gel and obtained single
band of DNA with high molecular weight. Fragments
of 165 rRNA gene was multiplied by 16S rRNA-
Forward-5'-GCCGTTGGGTTCCTTGAGAAC-3' and
16S rRNA-Reverse-5'-CTTAATGCGTTAGCTGCGCC-3'
primers using BDT version 3.1 Cycle sequencing kit
on ABI 3730 X | Genetic Analyzer. A comparison
using 16S ribosomal-RNA gene sequences from
the databases revealed that the 165 rRNA gene
sequence of the type strain of SNA7 displayed
high levels of similarity to those of Pseudomonas
pseudoalcaligenes. The percentage of 165 rRNA
sequence similarity between strain SNA-7 and
Pseudomonas pseudoalcaligenes was 100%.
The phylogenetic tree reconstructed using the
neighbour-joining algorithm also confirmed that the
strain SNA7 and Pseudomonas pseudoalcaligenes
clustered together and constituted a separate
group from the other closely related species.

DISCUSSION

Similar studies were carried out by
difference research workers on endophytic
bacterial interaction with the host plant especially
on endophytic bacteria belonging to the genus
Pseudomonas and halophytic Suaeda family are
discussed in this session.

Yachana Jha et al. in 2011" studied on

-—

us pseudomonas and stated that combination

Isla e By sfalaolal
Qphyhc Fseudomonps pse
AR NP b SIS i

an ability to promote resistance to the host plant
from biotic and abiotic stress condition by inducing
osmoprotectant and antioxidant proteins rather
than by endophytic or rhizopsheric bacteria alone
at the early stages of development.

Mieke Rochimi Setiawah et. al (2021 )"
in their study isolated strain Pseudomonaos
stutzeri K10P4 from Karawang increase Nitrogen
uptake (3.5%), dry weight (20.93 mg) ard
chlorophyll (67.51 umol) in rice crops under sali e
environments. \

Daniela Soledad Riva et al.,  020)° n
their study revealed that the P. pseudoiiicalige s
activate changes in plant defense mechanism and
sugar metabolism leading to better tolerar,e
against Sclerotium rolfsii.

Morahem Ashengroph et al,, in 20 %
isolated strain P. pseudoalcaligenes 1PS8, ' 1s
screened from tea plantation soil, which has high
ability for caffeine tolerance (upto 15g/l) and
caffeine degradation (80.2%) without any external
carbon/nitrogen source addition.

Recent research findings was also
correlated with present study, according to de
Vilhena Araujo, E et. al., (2020)* Endophytes have
been associated with the production of secondary
metabolites that may confer environmenta
advantages to the host. Similar findings was also
studied by Eid A.M, Fouda et. al. (2021)* that
Endophytes promote plant growth and fitness
through the production of phytohormones or
biofertilizers or by alleviating abiotic and biutic
stress tolerance and strengthening plant imniu.ne
system. "

Jabborova D. et. al., (202 ** isol...ed
four endophytic bacterial isolates (G}, GS5 58
and GS10) from Ginger (Zingiber officinal Rosc)
showed positive for IAA production, siderop!fore
production and phosphate solubiliz:tion acti ity
and production of enzymes.

Similar results were ol.caine.. by
Abdelshafy Mohamad et. al., (2020)* in their
study showed that endophytic bacteria exhibited
several plant growth-promoting activities in
vitro, including auxin synthesis, diazotrophy,
phosphate solubilization, siderophore production,
and production of lytic enzymes (i.e., chitinase,
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cellulase, protease, and lipase)
||, Rapik

prnier.t their host plant against pathogens,
herbivores, and abiotic stresses including drought,
increased salinity and pollution.

CONCLUSION

Pseudomonas spp. having vast potential
in production of siderophores, ACC deaminase,
variety of bioactive secondary metabolites,
phosphate and potassium solubilization and are
effective aerobic degraders of polychlorinated
biphenyls (PCB) and also used as bio-inoculants
in many biological applications such as
bioremediation, biological nitrogen fixation,
antagonism. Hence, Pseudomonas spp. was
characterized as an effective organism to explore
its ability in various research fields. In this present
study, an attempt was made to study Pseudomonas
pseudoalcaligenes isolated from Sueceda nigra
which had higher potential in producing bioactive
secondary metabolitesand was first of its kind
reported in halophytic Suaeda nigra.

ACKNOWLEDGMENTS

The authors are thankful to the Andhra
University and staff, Department of Botany for
providing the support, advice and final compilation
of this research work and also sincere thanks to
For U International Laboratory, Visakhapatnam
for providing their research facilities and technical
advice.

CONFLICT OF INTEREST
All authors declare that there is no
conflict of interest in any manner.

AUTHORS' CONTRIBUTION

All authors listed have made a substantial
direct, personal and intellectual contribution
to this research work and all authors edited,
proofread and approved for publication of this
manuscript.

FUNDING
No external funding. This work was
supported by Department of Botany, Andhra

et.al., :zuzuwl EIWM TM .

University, Visakhapatnam

this study are included in this manuscript.

ETHICS STATEMENT

This research work does not contain any
study involving or experimenting on humans and
animals performed by any of the authors.

INFORMED CONSENT
Not applicable

REFERENCES

Hurek T, Reinhold-Hurek B, Van Montagu M,
Kellenberger E. Root colonization and systemic
spreading of Azoarcus sp. strain BH72 in grasses.
J Bacteriol, 1994;176(7):1913-1923. doi: 10.7 1 '8/
jb.176.7.1913-1923.1994

2. Olivares FL, James EK, BaldaniJl, Doberc nar ), Infe. 1on
of mottied stripe disease-susceptible and*ves:«tant
sugar cane varieties by the endophv iz diazo ph
Herbaspirillum. The New Phytologist. 1'117;135(4 23-
737. doi: 10.1046/j.1469-8137.1997.0u1:84 .x

3. Hallmann J, Quadt-Hallmann A, Mahaffee WF, Kloopper
JW. Bacterial endophytes in agricultural crops. (™n J
Microbiol. 1997;43(10).855-914. doi: 10.1139/+ 37-
131

4. Turner TR, Ramakrishnan K, Wal: haw J, « ! al.
Comparative metatranscriptomics re.vals kin. om
level changes in the rhizosphere microbiome of
plants. The ISME Journal. 2013;7(12):2248-2258. doi:
10.1038/ismej.2013.119

5. Bulgarelli D, Garrido-Oter R, Munch PC, et al. Structure
and function of the bacterial root microbiota in
wild and domesticated barley. Cell Host Microbe.
2015;17(3):392-403. doi: 10,1016/j.chom.2015.01 011

B. Vorholt JA, Microbial life in the phyllosphere. Not
Rev Microbiol. 2012;10(12):828-840. doi: 10.1038/
nrmicro2910

7. Berg G, Eberl L, Hartmann A. The rhizosphere as
a reservoir for opportunistic human pathogenic
bacteria. Enviroan Microbiol, 2005;7(11):1673-1685.
doi; 10.1111/}.1462-2920.2005,00891 .x

8. Aravind R, Eapen 5J, Kumar A, Dinu A, Ramana KV.
Screening of endophytic bacteria and evali v ion
of selected isolates for suppressior of burr wing
nematode (Radopholus similis Thorse) using ree
varieties of black pepper (Piper mirurmL.) rop
Protection. 2010;29(4):318-324. «i: 10.1 " 5§/].
cropro.2009.12.005

9, Azevedo JL, Maccheroni Jr W, Pereiri 10, De . wjo
WL. Endophytic microorganisms: a review on insect
control and recent advances on trcpical p'#nts.
Electronic Journal of Biotechnology. 2 J00;3(1):1 -16
doi: 10.2225/vol3-issuel-fulltext-4

Journal of Pure and Applied Microbioclogy

www.microtaologyjour . .org

Scanned with CamScanner

All datasets generatem or analyzed cIm B *M h




Sridevi et al. | J Pure Appl Microbiol. 2022.

10.

d“ﬂl& !ﬂﬂ*m‘ﬂ' ¥ | "Mﬂ LAY

¥

12.

13

14,

15.

16.

17.

18.

19,

Ganam:le\rl V, Muthum.iﬂrJ A nnval mduphwc mul-

Biotechnol. IL'IUE 155[3} 515-534 dﬂi 10. :I.ED‘H
$12010-009-8532-0

Vessey JK. Plant growth promoting rhizobacteria as
biofertilizers. Plant and Soil, 2003;255(2):571-586. doi:
10.1023/A:1026037216893

Furukawa K, Miyazaki T. Cloning of a gene cluster
encoding biphenyl and chlorobiphenyl degradation
in Pseudomonas pseudoalcaligenes. ] Bacteriol.
1986,166(2):392-398. doi: 10.1128/jb.166.2.392-
398.1986

Fedi S, Carnevali M, Fava F, Andracchio A, Zappoli
5, Zannoni D. Polychlorinated biphenyl degradation
activities and hybridization analyses of fifteen aerobic
strains isolated from a PCB-contaminated site. Res
Microbiol. 2001;152(6):583-592. doi: 10.1016/50923-
2508(01)01233-5

Gyaneshwar P, James EK, Mathan N, Reddy PM,
Reinhold-Hurek B, Ladha JK, Endophytic colonization
of rice by a diazotrophic strain of Serratia marcescens.
J Bocteriol. 2001;183(8B):2634-2645. doi: 10.1128/
J8.183.8.2634-2645.2001

Hawksworth DL, Pitt JIi. A new taxonomy for Monascus
species based on cultural and microscopical characters.
Australian Journal of Botany. 1983;31(1):51-61. doi:
10.1071/8T9830051 |
Aneja KR. Experiments in Microbiology, Plant Pathology
and Biotechnology. 4™ Edition. New Delhi. 2006;245-
275

Cappuccino JG, Sherman N. Microbiclogy: A Laboratory
Manual, 10" Edition. 1996.

Seeley HW, Vandemark PJ. Microbes in action. A
Laboratory Manual of Microbiology. Freeman and
Company, San Francisco, USA. 1981;388.

Jha Y, Subramanian RB. Effect of root-associated
bacteria on soluble sugar metabolism in plant
under environmental stress. Plant Metabolites and

21.

22.

23,

24,

25.

26.

27.

chuiaﬂnn Under Enwmmnmmrm. 2018,231-240,

‘-imlrrm.iw

. The ﬁseufendnphytluf yromotine nacteri: |
alleviate salinity impact and enhance the chhwﬂwﬂ. fe
uptake, and growth of rice seedling. Open Agricultr .
2021,6:798-806. doi: 10.1515/opag-202 11059
Riva DS, Ribaudo CM. Inoculation with Psudomor
Pseudoalcaligenes Lead to Changes in Plant Sugar
Metabolism and Defense That Enhance Tolerar: g
Against the Pathogenic Fungus Sclerotium Rolf.
American Acodemic Scientific Research jaurngl * -
Engineering, Technology and Sciences. 2071:69(1):
104.

Ashengroph M, Ababaf 5. Biodecaffiination 1y
Pseudomonas pseudoaicaligenes TPS&, an Isolated
Strain from Tea Plantation Soil. Journal of Sciences,
Islamic Republic of Iran. 2013;24(4):305-312.

de Vilhena Araujo E, de Maraes Pontes IG, da Silva SN,
da Silva Amaral L, Fill TP. The chemical warfare involved
in endophytic microorganisms-plant associations.
Microbial Endophytes. 2020;125-159. doi: 10.1016/
B978-0-12-819654-0.00006-5

Eid AM, Fouda A, Abdel-Rahman MA, et al. Harnessing
bacterial endophytes for promotion of plant growth
and biotechnological applications: an overview. Plants,
2021;10(5):935. doi: 10.3390/plants10050935
Jabborova D, Annapurna K, Fayzullaeva M,et al,
Isolation and characterization of endophytic bacteria
from ginger (Zingiber officinale Rosc.). Ann Phytom« 1,
2020;9(1):116-121. doi: 10.21276/ap.202(0.9.1.14
Mohamad OAA, Ma IB, Liu YH, et 2 Benefi I
endophytic bacterial populations assccated w h
medicinal plant Thymus vulgaris allevia'e sait stre 5
and confer resistance to Fusarium oxysi rum, Fir |
Plant S5ci. 2020;11:47, doi: 10,3389/fpls (120.000
Papik J, Folkmanova M, Polivkova-Majorova M,
Suman J, Uhlik O. The invisible life inside plant-
Deciphering the riddles of endophy!ic hn:te--:l
diversity, Biotechnol Adv. 2020,44:1N7614. ¢
10.1016/} biotechadv.2020.107614

"

Journal of Pure and Applied Microbiology

10

www.microbi. 1 gyjourn. g

Scanned with CamScanner




i Op
“ Journal of Applied and Natural Science
A N 5 F 15(2), 518 - 525 (2023)
APPLIEDAND NATURAL ISEN : 0974-9411 (Print), 2231-520% (Onling)
RISV | BRSNS, journals.ansfoundation.org
_TU n¢-

, i}t” "{1 k' T T T | | T T m by ' eaa
gl e | - e " - :._1-_ wie J .I’:;': r'.'f.""""*"_t.J":.- ‘ " 1 "" b}-nl ) m
Screening of salt tolerant endophytic bacteria with plant growth promoting .

characters isolated from Acanthus ilicifolius L., a species of mangrove
ecosystem located at Corangi wildlife sanctuary, Andhra Pradesh

D. Sandhya Deepika

Botany Department, Andhra University, Visakhapatnam (Andhra Pradesh), India Article Info

J. Lavanya* hitps. 'dol.org/10.21018

Department, Andhra University, Visakhapatnam (Andhra Pradesh), India Jans vi512.4384

;Omsr:.{daﬁ e e { ) Receved January 14, 2023
4 Revised Apnl 26, 2023

Botany Department, Andhra University, Visakhapatnam (Andhra Pradesh), India Accepted May 3, 2023

*Corresponding author. E-mall: jakkapulavanya1983@gmall.com

How to Cite

Deeplka, D.S. et al. (2023). Screening of salt tolerant endophytic bacteria with plant growth promoting characters isolated from
Acanthus llicifolius L., a species of mangrove ecosystem located at Corangl wildlife sancluary, Andhra Pradesh. Journa/ of
Applied and Natural Sclence, 15(2), 518 - 525. hitps://dol.org/10.31018/Jans.v15i2.4384

e == == —— c—

Abstract

Mangroves harbour many beneficial microorganisms in their rhizosphere, phyliosphere and endophytically, which fo'ms an i - al
ecological habitation for isoiating halotolerant endophytic bacteria with unique characteristics. Endophytes can pro:i.ce nur « (-
ous bloactive secondary metabolites and phytohormones, which may be direclly or in some way beneficial to the hog§ p ant.
The present study aimed to identity novel endophytes capable of producing plant growth-promoting substances, Th» mangt e
plants Acanthus Nicifolius L. at Corangl Wildlife Sanctuary were selected, and their leaves and roots were coliect: « for er -
phyte isolation. Eight isolates from the leaves and roots were collected, purified and preserved. All these isolates were sub: . 1-
ed to morphological, phenotypical and blochemical studies. Isolates were grown best at 3% NaCl nutrient agar and could tolsr-
ate salinity upto 8%NaCl. Most of them could grow upto 42°C. The majority were gram's positive, motile, aerobic. rod-she, hd
and some were gram's negative, rod-shaped organisms. Many of the endophytic organisms had the ability to synth« size In¢ 2-
3-acetic acid(lAA) varied from 0.7 pg/ml (AIL1) to 51.0 pg/mi (AIL2) and the highest phosphale solubllizing ability was reécor!2d
with AIR3 (3.71 ppm) followed by AIR4 (3.00 ppm) and lowest was recorded by AlL4 (1.80 ppm). Among total |: _lates, * L2
(S1pg/mi) showed promising potential in producing IAA and had phosphate solubilization abllity. Based on 168 ribosomal RNA
molecular method the isoiate AlLZ was identified as Bacilius altitudinis. This Is the first to report that B altitudinis strain AlL2
Isclated from A.llicifolius L. could produce I1AA, which can be used as a bioinoculant in agricullure and allied sector.

Keywords: Bacillus aititudinis, Endophytes, Indole 3-acetic acid, Mangroves, Plant growth promoting hormones

INTRODUCTION the host plant. The exact methodology employed by
endophytes is not well understood. However, they
Corangi Wildlife Sanctuary near Kakinada, Andhra Pra- boost plant growth, which represents an essential step
desh, India, is an estuary with the third largest extent of in establishing endophytic bacterial applications
mangrove forest in India. Twenty-four mangrove tree (Hardoim et a/, 2008). The positive roles include the
species are found in these ecosystems. Acanthus Dbacterial characters o improve the nutrients acquire-
ilicifolius L. is a plant species found in Corangi man- ment, acquisition of iron, nitrogen fixation, and phyto-
grove forest and has been extensively used by local hormone production (Zhang et al., 2009).The pro! ic-
communities as a traditional medicinal plant. Extracts tion of phytohormones during colonization with 1 air
from flowers, fruits, bark and leaves are used for the host plant improves plant biomass and nutrent @bsarp-
preparation of traditional medicines by these local com- tion (Shi et al.. 2014).
munities (Forest Department, Government of Andhra Treatments of plant growth-promoting bact+iia (P(-+'B)
Pradesh). promotes plant growth in biotic and abiotic stress con-
Endophytes colonize intercellular and extracellular re- dition by fixing nutritional and hormonal balance « by
gions of the tissues and able to enhance the growth of solubilizing nutrients like potassium, phospliorous nd
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organisms. A small amount of inoculum from the colony
is mixed with a small guantity of KOH. If the cells of the
isolated get lyse, then the nucleic acid content was re-

leased and made the sample viscous or siringy Iin ap-

Indole production

Glucose tryptone broth was used to conduct the Indole
Production test (Seeley and Vandemark, 1981). This
test was performed to know the ability of the bacteria to
decompose the amino acid tryptophane with the re-
lsase of Indole in the medium. The test isolates were
inoculated in sterilized glucose tryptone broth and incu-
bated for 48 hours at 32°C. After incubation, 0.3 mi of
Kovac's reagent was added to the broth and shaken
well. The presence of a red alcoholic layer at the lop of
the tube indicates the production of Indole.

Methyl red and Voges Proskauer test

For Methyl Red and Voges Proskauer test, Glucose
phosphate broth was used. The test isolated was inoc-
ulated in two sets of sterilized broth and kept for 48
hours at 32°C. After the incubation period in one set of
test tubes, methyl red indicator was added, and ob-
serve for any colour change, the appearance of red
colour indicates a positive test for methyl red. To anoth-
er set of tubes, six drops of 5% a-naphthol and 2 drops
of 40% of KOH solution were added and mixed well.

ﬁnurganisntstuuﬁl

The development of a red colour ring at the surface of
the test tubes within a few minutes indicated a positive
reaction for Voges Proskauer test (Seeley and Vande-

4 q 4 ' T '-..& i

was used 10K MNE m T
citrate as the sole carbon and
inorganic ammonium sall as the sole nitrogen source
All the test isolates were inoculated in sterile slants
containing the Simmon citrate agar and incunated &«
32°C for 48 hours. Change from green to blue dub to
the change in the pH of the medium indicate a pos:-
tive test for citrate utilization (Seeley and Varcemark.
1981).

Property studies of isolated endophytic organisms
The isolated endophytic organisms were tested fo
their different properties, like production enzymes lik:
protease and amylase; and plant growth-promoting
characleristics like phosphate solubilizing ability and
phytohormone Indole 3 acetic acid production.

Protease and amylase production

Prolease and amylase enzyme produciion was
screened by Gelatin and Starch hydrolysis. The organ-
isms were grown 1% Starch and 1% Gelatin Nutrient
Agar plates for amylase and protease enzyme produc-
tion, respectively. After incubation, for 48 hours, the
starch plates were flooded with diluted lodine solution,
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Fig. 1. Map showing Coringa wildlife sanctuary, Kakinade, Andhrs Pradesh, the selected area under :tudy
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Tabte Codlng nf endophytic bacterial isolates

a Plant Plant part

el — — — —

Isolates*®

Root (04 ranlatas}
Leaves (04 fsoiates}

Acanthus llicifolius L.

T —
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AlIR1, AIR2, AIR3 & AIR4
AlL1, AIL2 AIL3 & AlL4 '

- ———— e == = - _—

Plant Part Code IAA (pg/mi)
AlR-1 0. 8
AlIR-2 -
Root
AlR-3 -
Acanthus AlR-4 -
flicifolis L. AlL-1 0.7
AlL-2 51.0
Leaf
AlL-3 .
16.0

AlL-4
Methyl red test was positive with AIR-3& AlL-4 strains,
remaining isolates showed negalive reaction withthe
methyl red indicator. The recorded observation is de-
tailed in Table-3.

Identifying protease production by Gelatin
hydrolysis test

All isolates tested for gelatinase production showed
that the 48 hours of inoculated plates with tested iso-
lates were saturated with ammonium sulphate and kepl
for 30 minutes. Hydrolysis of gelatin was examined by
the formation of halo zone around the culture, indicat-
ing a positive test. Formation of the clear zone varied
from strain to strain to range from 1.5 cm (AIR3) 102.8
cm (AIL2) in diameter (Table-2).

Identifying amylase production by Starch
hydrolysis test

Two days old inoculated plates with tested organisms
were subjected to starch lest by flooding with diluted
lodine reagent. The starch present in the agar plates
reacts with iodine solution forming blue colour in the
plates. The positive test indicates formation of clear
halo zone around the cultures. Starch hydrolysis by
tested isolates showed varied results ranging from 0.6
cm (AIL2) to 2.6 cm (AIL1) in diameter (Table-2).

Production of Indole-3-acetic acid (IAA):
All the test isolates showed IAA synthesis except AIR3
and AIR4. IAA production was least in AlL1 (0.7 pg/ml)
and highest in AIL2 (51.0 pg/ml) (Table-2).
Similar studies were carmriedout by Shah et al. (2021)

PSB (ppm) Starch (cm) Gelatin {:rn]
280 . 15 i
1.00 0.8 0.9
3.71 1.4 1.5
3.00 1.4 2.0
230 0 26 25
2.86 0.6 28
- 0.5 0.8
1.80 1.4 1.6
2
e KF31. 0641
e X681 067 1
MZii16521 !
MZ401654.1
— KFo 1138 1
KM.I6916.1
KM 69381
- LC033363 1
e KY3$05456 1
MF311821.]
AlL

Fig. 2. Phylogenetic tree of 165 ribosomal RNA sequence
of AIL2 strain compared with those Maximum similar en-
tnes of type strains from NCEI nucledtide databacs

who reported that 5 different endophytic organisms
collected from three diverse wheat varieties showe '
diverse levels of catalase acidity, phosphate solubitiz-
tion, nitrogen fixation, ability to produce IAA an«| siderc -
phores, antimicrobial activity against plant pathogens

Zhang etal, (2021) investigated that B. altitudinis
strain collected from Glyceria chinensis uses differen”
novelty molecular pathways and induces transc1iption::

changes in the host plant that enhance plan! growtl

However, the present finding is the first to investigate
whether B. altitudinis strain AILZ can synthesize |AA
isolated from mangrove A. ilicifolius L.
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Phosphate solubilizing ability

All the test isolates showed phosphate solubilizing abil-
ity. Highes! phosphate solubilizing ability was recorded
with AIR3 (3.71 ppm) followed by AlR4 (3.00 ppm) and
the lowesl was recorded with AIL4 (1.80 ppm)
(Table2).Kushwaha et al.(2021) in a study, isolated 8.
altitudinis strains (BT3 and CT8) from rhizosphere of

,uhwm Dby rmm aﬂr W

s and U Ebil'

‘F! 11“1 >
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phosphate. They also showed uutslanding abrlmas tn

solubilize insoluble zinc compounds.

Identification of isolates by using 16S ribosomal
RNA molecular method

Because of its ability to produce a higher amount of |1AA
compared to other test isolates, AlL2 strain was select-
ed for identification using 168 ribosomal RNA molecu-
lar studies.

The RNA was obtained from the cultures of AIL2 and
was evaluated by one per cent agarose gel to obtain
specific RNA band with high molecular weight. The 16S
ribosomal RNA gene fragments were amplified by
by16S rRNA-Forward and 16S ribosomal RNA Reverse
primers by BDT on ABI 3730 X | Genetic Analyzer.
From the BLAST analysis from the NCBI database re-
vealed that 16S rnibosomal RNA genome sequence of
the AIL2 strain showed a higher relationship with B.
altitudinis. The percentage of 16S ribosomal RNA se-
quence identity between strain AlL2(Accession no.
MF511821.1) and B. altitudinis was 100%. The phylo-
genetic tree was constructed using the neighbour-
joining algorithm software (Fig. 2) and also established
that the strain AlL2Z and B. altitudinis grouped together
and reprasented a different group from the other tightly
connected species.

Conclusion

The present research findings indicated that endo-
phytes, especially organisms belonging to the genus
Bacillus living in extreme conditions, can produce many
phytohormones and bioaclive substances that are ben-
eficial to the host plant. Thus, endophytes isolated from
the mangrove plant A. ilicifolius L., especially strain
B.altitudinis (AIL2), might be used as a favourite candi-
date source for the growth of plants in sustainable agri-
culture and other allied sactors.
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ABSTRACT

Edmund Spenser (1552-1599) one of the greatest Elizabethan English poets, is well known for his sonnets. He
was the Non-D ramatic poet of the Elizabethan age. He wrote 88 sonnets. He was best known for Faerie Queene
an epic poem and fantastical allegory and was recognized as one of the premier craftsmen of nascent modern
English verse and is often considered as one of the greatest poets in the English language. Spenser is an early
modern English writer. Spenser’'s period at the University of Cambridge was undoubtedly important for the
acquisition of his wide knowledge not only of Latin and some of the Greek classics. But also Italian, French, and
English literature of his own and earlier times. His knowledge of the traditional forms. And themes of lyrical
and narrative poetry provided foundations for him to build his own original compositions. The patterns of
meaning in Spenser’s poetry are frequently interlaced out of the traditional interpretations developed through
classical times and his own pagan myth, divinities, and philosophies and out of an equally strong experience of
faith and doctrines of Christianity. Spenser’s religious training was the most important part of his education, He
couldn’t have avoided some involvement in the bitter struggles that took place in his university over the path the
new church of England was to run between Roman Catholicism and Extreme Puritanism and his own poetry
repeatedly engages with the opposition between Protestantism and catholicism. His early work The Shepheardes
Calender can be called the first work of the English literary Renaissance. In this paper, | would like to discuss
the poem * One day I wrote her name upon the strand” which is the 75" sonnet among the 88 that makeup *
Amoretti * and the symbolism that took place in it.

Keywords: Mortal, waves, Immortalize, symbolism, reunion

One day | wrote her name upon the strand,
But came the waves and washed it away:

The speaker is in deep thinking and recalls a day in the past when he was at the seashore with his loved one. They are
sensing and enjoying their intimacy. He writes her name in an attempt to immortalize her existence. This is the
common propensity that we can see in all human beings. There a man attempts to make his love immortal. As he wrote
her name, after a moment the wave of the sea comes to the shore and wiped out the name. The wave could be the
suggestive and destructive force and power of nature. This implicates the conflict between an insignificant man and
powerful nature and this becomes the theme of the poem. “Immortalizing the power of poetry™.

Again | wrote it second-hand,
But came the tide, and made my pains his prey.

The desire to be immortal continues and this reflects in his re-attempt of writing the name. The words second hand here
imply ‘second-hand writing’ but the result was just the same. Again the high tide came and affected it.

The poet personified the waves and tide as a dominant person. He (the tide) made the speaker’s labor of writing his
prey. Therefore, the name of the speaker’s lady love on the sand becomes an object of hunting to that powerful tide. As
such we see the hungry tide in one hand and the speaker's effort to write his beloved name on the other. In the end,
nature wins over man.

"Vain man,” said she, "that dost in vain assay,

A mortal thing so to immortalize;
For | myself shall like to this decay,
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And eke my name be wiped out likewise."

The recurrence of the letter “V™ in the words” rain man “and “vain assay™ emphasizes the speaker's futility of such an
action. His beloved’s name can be a metaphor for all those things. That a man wants to make an attempt to cternalize the
things or eternalize the existence of love. In the second line of the above stanza the phrase “A mortal thing” refers to the
name of the speaker's lover. Thus, he is trying to immortalize the name of a mortal being.

So, Here we can sense the entry of his beloved in this stanza: she came up with a logical mind and made a comment on
his actions that no matter how many times he may write her name but it will not last. It clearly emphasizes the supreme
or ultimate power of nature over man and his creation. She holds a realistic view of the world. She is very clear on the
point nothing is immortal in this transitory world. Everything including her love, their love and even herself will lose
over time.

"Not s0," (quod 1) "let baser things devise

To die in dust, but you shall live by fame:

After receiving this undigested comment from his lover, He denied her statement. But one amazing thing we could sense
here, he denied her statement but he did not deny the truth. He knows the transitory nature of this world. Hence, he
responds to his lover's statement. “Let baser things devise/To die in dust,” meaning fewer things will decay. Here, we can
sense the classical turn in the tone of the subject. So far the poem has been all about mortality. We thought nothing could
live forever in this transitory world. But now we can see some things can. Let us see how it could be.

My verse your virtues rare shall eternize,
And in the heavens write your glorious name:

The above two lines are very substantial and highlight the power of poetry. His verse will eternize her virtue. He wants to

write a poem on her virtues in a place where it will not be affected by time. By celebrating her nature, he would write her
name in heaven. Heaven suggests a place of immortality. Heaven contrasts with the sand.

Where when as death shall all the world subdue,
Our love shall live, and later life renews.”

The lover will write his beloved's shining name in the poetic firmament. He states that death may conquer everything but
it couldn’t able to do anything to their love. Even if things and people may disappear under the cruelty, and cruel clutches
of time, his poetry will endure forever. Time cannot erase their love as now it is immortal.

The poem is full of symbolism. Symbolism is the use of symbols to represent ideas or meanings. They are inculcating
certain qualities often only interpretable through context. One of the most important things to remember about symbols is
that their meanings usually depend on the context. It is up to the writer to make sure that the setting, character, and
circumstances all match up with the writer’s perception of what they want their symbol to convey. One aspect that a
writer may not be able to control and which may throw ones well crafted written ideas out the window is the outlook a
reader can bring out to a poem or a prose work. Symbolism is the use of a symbol which can be a word or an image to
communicate a distinct idea. Symbolism in literature works the same way. It is a language, writers use to communicate
messages visually, even when their work is not illustrated within a text, symbolism works visually as pieces of imagery
that create a picture in the reader’s mind. Symbolism is one of the many literary devices writers use to make their work
more vivid. In a way, symbolism illustrates a piece of writing by creating a picture in the reader's mind. In fact, some
other literary devices like metaphor and allegory are often considered to be types of symbolism. Literary devices are the
techniques that are used by writers to communicate ideas and themes beyond what they can express literally.

When the complete work is symbolic, 1t’s all known as an allegory. Animal Farm by George Orwell is one of the most
well-known modern allegories. |f not symbolism is often worked into a story or other type of creative work that’s meant
to be read literally. We can recognize symbolism when an image in a piece of text seems to indicate something other than
its real or literal meaning. Symbolism is used when literal language is not strong enough to express what the author needs
to express, Symbolism is used in every kind of creative writing you may read it in poems and stories as well as creative
non-fiction works. This poem is full of symbolism “One day | wrote her name upon the strand”. Spenser revealed poetic

beauty to his generation. He is the master of the language.

The waves or tides in the poem “One day | wrote her name upon the strand” symbolize the passing or leaving time. As

we have seen how waves erase the evidence and labor of the speakers writing by washing the shoreline, time also
destroys human beings and erases their identity in this world. And in kind, the problems and sufferings that are being in
lifeline also will be washed away one day. Speaker writes his beloved’s name on the sea shore but the waves wash it
away. He writes 1t again but in vain 1t makes the speakers attempt unproductive to immortalize lis beloved’s name.
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Similarly, death is inevitable. The speaker cannot stop death from approaching. As a matter of fact, every object in this
world whether it is living or nonliving will is erased with the passing of time. In fact, the writer made an attempt to write
his beloved's name on the sand.

“A stone is heavy, and the sand is weighty” - Bible KJV (Proverbs 27" chapter 3™ verse) though his attempt is on a great
weight (sand) he failed to make it immortalize. Thus, what does he need to make her name immortalize: that must
weights more than sand.

The speaker writes his mistress name on the shore but the waves wash it away twice. This helps to notice that she too will
be erased from this world like her name getting washed away. So, the name becomes a symbol of the beloved herself.
Again, we hear the speaker almost say that “Well 1 have a better plan to do | am going to write your name in my verse
then.

My verse your virtues rare shall eternize,
And in the heavens write your glorious name:

As such, the word name is used repeatedly in the poem as a symbol to mean something more substantial, the beloved
and her virtues. It signifies onc's identity. According to, Christian’s belief God will write the names of his beloved in
the “Book of Life” and nobody or no tide can crase it from there.

This might be the perspective of Edmund Spenser. The lover Expresses his confidence that even when the world will be
subdued by death, their *love shall live’ and will be renewed in heaven. William Shakespeare avoids the concept of
reunion in heaven and only seeks to prolong in his verse the glory of love that will last till the day of doom. But
Spenser goes beyond that and believes in reunification in life after death.

The entire poem is marked by a strong and undisturbed, unshivered sincerity of the poet's feeling of sadness as well as
hope that surpasses the feeling of depression. When he and she are together after life their existence will be all the
richer because he has praised her in his poems making her almost divine through his verse. So unlike many other poets
who attempted to write this sort of poem such as Sir Philip Sidney’s Astrophil with his beloved Stella, Spenser can be
pretty sure that he and his beloved Elizabeth will be together in heaven.

CONCLUSION

In my opinion, this poem is the ultimate expression of unfailing love. Spenser used many literary techniques like
metaphor, personification, alliteration, imagery, and symbolism to make readers able to understand what his point is.
Though, we may be able to understand his point by having a glance at literary techniques. But we need a sensible heart
to feel what the writer’s intention is. In the history of literature, nobody attempted to write of the things which may
happen after death. So that people wish to be with their beloved ones until their existence on earth. But Spenser could
not imagine himself without Elizabeth even in heaven. It shows the strong fidelity between them. There may be no end
in love and he doesn’t want an end in his imagination. Many works are there which offer pleasure to readers but this
poem creates a great hope. It clearly shows affection never depends on time and place.

“A mind not to be changed by place or time™ — John Milton
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Abstract—This exploration paper expects to investigate
the crossing point of artificial intelligence and future
savvy urban communities, featuring the possible effect
of man-made intelligence in changing metropolitan
scenes and tending to different difficulties and open
doors related with its mix. The idea of shrewd urban
areas, which influence cutting edge innovations to
improve metropolitan living, has acquired huge
consideration lately. Among the different innovations
that hold guarantee for holding the eventual fate of
brilliant urban communities, man-made reasoning
(simulated intelligence) stands apart as a key
empowering influence. The paper begins by giving an
outline of the present status of brilliant urban areas and
the job of man-made intelligence in forming their turn
of events. It examines the different utilizations of
simulated intelligence in brilliant urban communities,
including savvy administration, transportation, energy,
public security, and maintainability. The paper likewise
investigates the expected advantages of simulated
intelligence in working on metropolitan preparation
and configuration, improving asset distribution,
upgrading resident commitment, and advancing
supportability rehearses.

Index Terms—Artificial intelligence (Al), Smart cities,
Urbanization, Urban planning, Resource allocation,
Governance, Transportation, Energy, Public safety,
Sustainability, Citizen engagement, Ethics, Privacy,
Security, Biases, Governance frameworks, Regulations,
Machine learning, Natural language processing,
Internet of Things (loT).

. INTRODUCTION

Urbanization is a worldwide peculiarity, with the
greater part of the total populace currently living in
urban communities. As urban areas proceed to
develop and advance, there is a rising requirement for
imaginative answers for address the difficulties of
metropolitan living, like gridlock, energy utilization,
squander the executives, and public wellbeing. The
idea of savvy urban communities, which influence
cutting edge innovations to improve metropolitan

LJIRT 140001

living, has arisen as a promising way to deal with
tackle these difficulties and establish maintainable
and liveable metropolitan conditions. Among the
different innovations that hold guarantee for molding
the eventual fate of brilliant urban communities,
man-made brainpower (computer based intelligence)
stands apart as a key empowering influence.
Artificial intelligence, with its capacity to handle
huge measures of information, extricate bits of
knowledge, and settle on independent choices, can
possibly change how urban communities are made
due, worked, and experienced. From upgrading asset
designation and working on metropolitan wanting to
improving resident commitment and advancing
manageability rehearses, man-made intelligence can
possibly alter how urban areas capability.

This exploration paper expects to investigate the
crossing point of simulated intelligence and future
savvy urban communities, with an emphasis on the
likely effect, applications, advantages, difficulties,
and valuable open doors related with the joining of
man-made intelligence in metropolitan conditions.
Through an exhaustive survey of writing, contextual
analyses, and genuine models, this paper looks to
give experiences into the job of simulated
intelligence in forming the improvement of savvy
urban communities and shed light on the open doors
and difficulties that lie ahead.
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1. METHODOLOGY

There has been a lot of action and change inside the
research region focused on the idea of shrewd urban
communities. Thus, there exists a huge measure of
data that can be used through a coordinated writing
survey strategy. To achieve this errand, important
insightful distributions were completely accumulated
and screened utilizing data sets, for example, Google
Researcher and the Web-based Free Index (OPAC) of
the Catholic College of the Consecrated Heart. The
primary objective was to collect peer-reviewed
publications from reputable publishers, with
references from these publications being used to find
additional resources that could augment the analysis.
Inclusion criteria were based on an academic work's
relevance to the themes being investigated, with a
focus on providing a well-balanced mix of empirical
research and qualitative studies. Exclusion criteria,
on the other hand, were used to eliminate research
that yielded repetitive results or could not be
contextualized within the development of a smart
city. After thoroughly reviewing all of the recovered
academic publications, additional secondary data,
such as reports, websites of government agencies,

IJIRT 140001

and newspaper articles from respected publishers,
were sought on Google to supplement the emerging
conclusions and develop case studies.

Evolution of Al in future smart cities

Artificial intelligence, as a subset of software
engineering, includes the utilization of calculations
and Al procedures to empower PCs to perform
errands that regularly require human knowledge.
With regards to savvy urban communities, computer
based intelligence can assume a vital part in breaking
down huge measures of information gathered from
different sources, like sensors, gadgets, online
entertainment, and resident commitment stages, to
produce experiences, foresee drifts, and robotize
processes. This can bring about more educated and
productive direction, enhanced asset designation, and
worked on metropolitan administrations.

Examples of Al Applications in
Smart Cities

Country

Singapore |[Traffic management, public safety,
energy management, citizen services

| United | Traffic management, public safety,
waste management, smart building
management

| States

China |/Traffic management, public safety,
[ energy management I

Traffic management, public safety,
UAE smart waste management, smart grid
[management

South |[[Traffic management, public safety,
Korea ||waste management, urban planning

The uses of man-made intelligence in shrewd urban
communities are assorted and can traverse across
different spaces, including:

Metropolitan Preparation and Plan: computer
based intelligence can help metropolitan organizers
and originators in creating information driven
experiences to upgrade land use, transportation
arranging, and framework advancement. It can help
in foreseeing metropolitan development designs,
dissecting traffic streams, and streamlining city
formats to upgrade liveability, supportability, and
flexibility.
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Public  Wellbeing and  Security: simulated
intelligence can be utilized for video reconnaissance,
facial acknowledgment, and constant information
examination to work on open wellbeing and security.
It can help in recognizing peculiarities, distinguishing
potential security dangers, and working with crisis
reaction, accordingly upgrading the wellbeing and
security of residents in savvy urban areas.

Shrewd Portability and Transportation: computer
based intelligence can empower smart traffic the
board, advance public transportation courses, and
work with shared versatility arrangements. It can
likewise uphold independent vehicles, wise leaving
frameworks, and ongoing route to diminish blockage,
emanations, and travel time, while upgrading
openness and availability.

Natural Maintainability: simulated intelligence can
help with observing and overseeing ecological
boundaries, like air quality, squander the board, and
water assets. It can help in foreseeing and moderating
natural dangers, streamlining asset use, and
supporting manageable practices for a greener and
more maintainable metropolitan climate.

Resident Commitment and Administrations:
simulated intelligence can empower customized
resident administrations, ‘chatbots for resident
commitment, and information driven administration.
It can likewise work with e-administration,
computerized administration conveyance, and
participatory direction, enabling residents to take part
in forming the arrangements and administrations of
their urban areas effectively.

Energy The board: artificial intelligence can
advance energy utilization in shrewd structures, work
with request side administration, and backing
sustainable power coordination. It can likewise
empower prescient upkeep, energy estimating, and
lattice the board, prompting more effective and
feasible energy use in brilliant urban communities.

Medical services and Prosperity: man-made
intelligence can uphold ' telemedicine, remote
observing, and wellbeing examination for further
developed medical services conveyance in brilliant
urban communities. It can help in early sickness
discovery, customized therapy plans, and wellbeing
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conduct expectation, prompting better wellbeing
results for residents.

IV. CASE STUDIES

The capability of artificial intelligence has been
widely tended to up to this point; in the
accompanying segments, a couple of circumstances
will be analyzed to evaluate how computer based
intelligence is genuinely adding to wrban
communities all through the world. The utilizations
of simulated intelligence in brilliant urban
communities are different and can traverse across
different spaces, including:

I. Intelligent Energy Metering
Brilliant meters are likewise valuable on a more
limited size. Clients might alter their energy interest
thus set aside cash by using them, As a matter of fact,
in the Unified Realm alone, one brilliant meter for
power and gas is planned to be placed in each house
and little organization by 2020, for a sum of 53
million,

2. Park Seats with loT Ability
Perhaps of the most astounding development that the
Paris organization has of late executed is the
utilization of sensors to make park seats "savvy." The
new loT-empowered park seats can gather a nonstop
stream of information that man-made intelligence can
process and break down for an assortment of
metropolitan arranging applications.

3. Intelligent observation cameras
Computer based intelligence can recognize people
entering a region who match the depiction and give a
constant notification. A computer based intelligence
controlled surveillance camera in Japan is smart to
the point that it can foresee the postures of a dubious
person who will direct a shoplifting offense.

4. Taiwanese Streetlights
Taiwan's administration as of late concocted energy
capacity gadget. assuming there is no action for over
10  minutes, the lights consequently faint
significantly. As per a public statement from Shrewd
City Taiwan, this approach has assisted with saving
power by 12% in the Taoyuan City.

5. The Shrewd Office in Singapore
A simulated intelligence based indoor regulator was
worked with the help of Spanos, a teacher at UC
Berkeley, to change the temperature inside an office
region. The workplace highlights sensors that action
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moistness, light, temperature, and CO2 content.
Assuming the workers get overheated or underheated,
they might use an application to change the
temperature.,

Comparative Analysis

Most importantly, artificial intelligence reception has
dramatically increased. In 2017, 20% of respondents
said they were involving man-made intelligence in
somewhere around one business area; right now, that
proportion is half, while it topped at 58% in 2019.

Five years in review of Al
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Second, interest in simulated intelligence has
extended pair with its rising acknowledgment. For
instance, quite a while back. 40% of respondents at
simulated  intelligence  utilizing  associations
expressed that over 5% ‘of their computerized
consumptions went to artificial intelligence, yet right
now the greater part report that degree of buy-in. In
the approaching three years, 63 percent of
respondents anticipate that their associations' venture
should rise.
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V. RESULTS AND DISCUSSIONS

The use of artificial intelligence (ai) in smart cities
has proved to have positive effects on many aspects
of urban living. In this text, we analyze the main
discoveries and consequences of ai in the context of
smart cities, based on current research and real-life
applications, However, the implementation of ai in
smart cities can be hindered by various difficulties
and limits, such as concerns over data privacy and
security, biases in a1 algorithms, ethical
considerations, and the potential for job displacement
as a result of automation. To ensure the responsible
and sustainable deployment of ai in the smart city
context, it is crucial to guarantee efficient data
privacy and security measures, address any bias in ai
algorithms, comply with ethical standards and create
policies for workforce reskilling and job creation.

VICONCLUSION

The domain of ai in smart cities is undergoing rapid
advancements, and there are several areas that call for
research and development in the future. These
include creating more sophisticated ai algorithms that
can predict traffic, optimize resource management,
and engage with the public better. It is necessary to
undertake further research to tackle the ethical, legal,
and social implications of ai in smart cities, and to
build governance frameworks and policies for
responsible and fair ai deployment. The integration of
ai in smart cities has the potential to reshape urban
living by improving traffic management, enhancing
public safety, optimizing resource utilization, and
uplifting citizen services and engagement. However,
challenges such as data privacy, biases in ai
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algorithms, ethical concerns, and workforce
displacement require careful scrutiny. It is crucial to
have future research and development, along with
responsible governance and policy-making in place,
to leverage the full potential of ai in creating
intelligent, sustainable cities. -
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- Exploring Black Music As A Form Of Cultural
Expression: A Textual Analysis On The Select
Lyrics In Black Music

Dr. B. Anuradha SuryaKumari, M.A., M.Phil., Ph.D.

Ms. K.M. Nitya (M.A. English with Communication Skills)
Abstract

[t is strongly believed by everyone that injustice anywhere is a threat to justice everywhere.Racism refers
to not only particular ideologies and intentional, oppressive practices based on them but also to racializing
discourses and practices by which racial hierarchies and essenliaiist, oppressive id_géas:nf some people and
cultures are produced andreproduced. Incultural studies, race is a socially constructed, discursive
category (Taylor and Francis). The ill-treatment of Black people in the United States is among the most
horrific and terrible treatments of a race in global history. In North America, Black music was a method
for early slaves to express themselves and communicate while being forcefully transferred and restricted
from participating in cultural activities. Black music encompasses not just sounds from the Black
experience in the United States but also a worldwide Black experience that reaches from Africa to
America. Black recording artists have always used music to expose the dangers of racism and police
violence. Recent events like the police shootings of innocent Black people highlighted the perils of racial
injustice and oppression.This has stoked their zeal for using music as a sounding board for change,
keeping withthe history of Black art reflecting the times.

This study tries to comprehénd the motivation behind Black cultural expression to shed light on the idea
of racism in lyrics written by Black composers in Black music. The songsare a perfect fit for audio
research since it emphasiscs'hnw Black music and culture are expressed via the use of the background

scores 1n the songs.

(Keywords: Racism, ideologies, oppression, hierarchies, Black music, culture)

The purpose of Black music is to portray urban landscapes via amplified noises, societal issues, and
cultural pride. It can be traced back to the days of slavery. While slaves were working in the fields, one
could hear them singing songs to entertain themselves. They used these songs to tell their life stories.
Levi R. Bryant defines musilc not as a language, but as a marked-based, problem-solving method such as
mathematics (Ashby and Arved 4). Music provided an escape from the toils and responsibilities of

enslavement. Slaves were prevented from using the drums as their masters felt that drums might be used
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to carrysignals to neighbouring estates. Despite this, they discovered a means to save their souls through

the power of their instruments. Some, such as the banjo, were created by their hands, while others, such
as the fiddle, were supplied by their masters. They sang not for joy or pleasure, but for the yearning to be
free. Although their hands and feet were frequently tied, their souls remained free.

Despite the abolition of slavery, racial prejudice against Blacks persisted. They experienced
impoverishment since they were immigrants and slaves. As a result, activists such as Martin Luther King
Jr., Nelson Mandela, Harriet Tubmaﬁ, and_.Dqsmnnd Tlltl_,l_ represented the whole Black community in

their battle for civil rights. They tried to raise public awareness about how unfairly Black people were

treated and demanded reform. Thisprompted numerous musicians, including James ]élrmf_m, Bob Marley,
Stevie Wonder, SamCooke, Nina Simone, Beyoncé, and Kendrick Lamar, tu‘ 's'pea;l'_:- But-qbﬂut racial
inequality in saciﬂty.l Martin Luther King Jr. held music in the highest regard as a tool for social
transformation. Music was a‘ major part of the civil rights struggle. People marched to snngsﬁf_ 1l'iberatiun,
and records like “A Change is Gonna Come” and “Blowin' in the Wind” by singers like Sam Cﬂ:;k;a and

Bob Dylan helped spread the message. King expressed the following about the significance of music in

our lives in a piece he composed for the 1964 Berlin Jazz Festival:

“God has wrought many things out of oppression. He has endowed his creatures with the capacity to
create, and from this capacity has flowed the sweet songs of sorrow and joy that have allowed man to

cope with his environment and many different situations.”

Considering the persistence.of severe racial prejudice in the United States, the focus of thisresearéh has
been placed on Black music. The barbaric deaths of African Americans such as George F lﬁyd,' Breonna
Taylor, and Ahmaud Arbery are painful reminders of the extentto which racism has been prem:ﬁiling in the
United States. As a result, the researcher believesthat it is an issue that should be revisited. The Black
Lives Matter movement served as a wake-up call to the world to be more humane, but there has been
little progress. It is necessary to explore Black music and Black culture to remind society of the sacrifices

made by revolutionary activists to make the world a better place to live.
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The researchers intend to analyze the aspect of racism because the novels of Toni Morrisonhad greatly

influenced them and particularly the novel The Bluest Eye, and the character ofPecola Breedlove. Her
story 1s an African-American female tragedy. The novel 1s a haunting story of a black girl, the scorned
and rejected girl Pecola Breedlove, who longs tobe beautiful and to be loved and who wants to have blue

eyes, a symbol of white beauty. She strongly believes that such eyes alone would make her beautiful,

acceptable, and

admirable She has struggled to make friends since other children thought her skin colouris dark and
strange and refused to play with her. As a result, her quest for blue éyes culminates in madness. Thus, the

struggles of the Black community have made the researchers choose the topic.

-

Aims and Objectives

e To study the Iﬁstur}r of Black music.

e To examine the soundscapes as a reflection of Black culture and thediscrimination faced by the
Black community through Black music.

e To understand the utmost racial discrimination faced by Blacks from timesimmemorial.

e To examine the lyrics of Black music to have a thorough knowledge of theracism that permeates
society.

Literature Review

The term racial discrimination includes every form of differentiation in behaviour based on racé; The
form of racial discrimination is evident in the segregation of certain racial residences in the big cities of
the West and the East. There has been a lot of research on racism, the Black community, and Black Music.
But most of that research has focused on specific notions, with very few studies discussing this issue on
a broader scale. In the juurm;l *Music and Anti-Racism: Musicians’ Involvement in Anti-Racist Spaces”,

the study's notion is that the linkages between music and (anti-) racism are more complicated and

multifaceted than has been demonstrated in studies focused on the histories of certain

music genres and their relationships to specific political movements. First, the agency of artists and the
functions of music in what might be termed as “spaces for anti-racism™ in Finnish society during the last

several years, when racism and anti-racism have been regular 1ssues of public debate, was investigated.
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Second, anti-racist discourses and practices were detected in several contexts of Finnish popular music.

The above study has suggesl-ed the need for further research on the potential of music in the fight against
racism.The key drawback of the study is that it only examined Finnish music.

In the journal “An Analysis of Racism as Reflected in Bob Marley’s Songs: War and Buffalo Soldier”,
the study emphasized to analyse of Bob Marley's songs ‘War’ and ‘Buffalo Soldier’ to learn about the
social existence of African people as they deal with racial injustice. This study aimed to provide answers
to two questions: What songs of Bob Marlely'ﬁs depict prejudices and how the battle for Black people's
rights is represented in theinics? Marley stresses in his snugs_iﬁ‘at a person's race is the main factor
influencing their chﬁracteristics and. abilities.

The main limitation of the study is that it only examined a small sample of songs by all siil:g‘!c artist.

The thesis “me Bandannas to Berets: A Critical Analysis of Beyoncé’s “annatinn;"Musi_c Video”
demonstrated how Beyoncé confronts the sexist and racial mainstream worldview in the Uni?;:d giates by
using a critical/cultural studies viewpoint lens. The essaycritically examined the lyrical and ﬁsual
elements of “Formation,” challenging the messages about race and gender as well as the porﬁ*é.y%al of

Black women. The results showed that black women have power and domination in society because the

songs' words

and imagery recycle stereotyped stereotypes of black women. This directly challenges white andrﬂcg'ntric
power. As mediated texts re-present everyday reality, the consequencesof analysing the way Beyoncé
conveys what and how it means to be a Black Woman in "Formation" enrich and explain the social,
political, and economic realities of Black Women in the United States today. The only draﬁback of this
research is that it draws onlyon Beyoncé’s song “Formation”™.

Instead of concentrating on one geographic area, a set of songs by a single Black artist andsingle song,
the current study examines:BIack music. By doing this, it also discusses the necessity of reviving the

Black cultural traditions and practices that are being lost because of modernization.
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Theoretical Framework

The primary method of research used for the study is qualitative research. The critical/cultural studies
approach 1s a qualitative methodology that encompasses five significant concepts: culture, power,
ideology, the dominant ideology, and hegemony (Barker. C 224). Because cultures are transformational
and interact, struggle, and change with their environments, analysing a culture requires a comprehensive
understanding of human behaviour. Therefore, this technique focuses on how we view the world, other
people, and ourselves.

The social construction of cultﬁfé invnlwfes shared meanings. Therefore, our culture is symbolically
produced and reproduced lﬁmugh tmﬁmunicatinn, which 1s fluid, ever-changing, aﬁd active (Fiske, J).
Focusing on the idea of r.:-ficism in Black music, the researcher hopes to gain a déei}ér knowledge of
Black culture by employing textualanalysis. ' 4 I

il

The idea of power is closely tied to culture and is another crucial aspect of c:iticalfcultﬁl:a'l'_l' studies.
Privilege and oppression are revealed when the issue of power is examined, and a hierarchy _df power 1s
identified within a culture. This information sheds light on the historical and current sucml power
structures of that culture. Not only does power have a direct impact on different cultures within'a,"'mciet}r,
but it also has a direct impact on the prevailing ideology that individuals in that culture adhere tﬁ..As a
result, the critical/cultural s:tudies approach relies on power dynamics to express a culture's dominant
ideology.

Critical/cultural scholars may better understand and investigate the effects of representations of race,
gender, and class displayed in mediated communication by identifying, recognising, and comprehending
these fundamental ideas and their relationships to one another. This research will examine numerous song
lyrics from Black music in order to explain how racial prejudice against Blacks has been occurring. By
analysing the background score in songs of various genres. the music genres that come under the heading
of “Black music” will be explored in order to gain a deeper knowledge of Black culture. Finally, the

influence of Black music on the political and social context in which it was created will be examined.

Therefore, Black culture will be explored to urgepeople to be a little more empathetic and to remind them

of the prejudice that the Black minority has been facing over the centuries.
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Origin of the Black Music

This chapter unravels the birth of Black music with the beginning of slavery between the 10™-15"

centuries. The Transatlantic Slave Trade and the forced migration of millions of Africans to the Americas,
where they were later sold infto slavery, cannot beseparated from Black music. It began to represent urban
settings through intensified sounds, societal issues. and musical expressions of cultural pride.

Spirituals are one of the earliest genres of Black music. According to a May 2012 PBS interview, they

were religious folk songs. often rooted in biblical stories, woven together, sung, and passed along from

S|

one slave generation to another. They emphasised the tremendous suffering that African Americans who

=¥

were held in slaveryfrom the 17th century to the 1860s experienced; for many, freedom only changed the
' i A i
nature of slavery, notits continuation. The spirituals songcraft gave rise to several otherderivative musical

genres. One example is gospel music. which is performed to honourone's connection to Christ.

Black Americans created the musical style known as "rhythm and blues," or "R&B," inthe 1940s. It

_—

developed alongside rock 'n' roll and draws influences from gospel. jazz, folk, and traditional blues music.

% ¥
i

Compared to the 1950s and 1960s, the modern R&B scene has undergone significant change; yet it still
ranks among the most widely- listened-to subgenres of American music.
The late 19th and early 20th century saw the development of Jazz music in the African- American

neighbourhoods of New Orleans, Louisiana. Ragtime and blues served as its
foundations. Swing and blue notes, intricate chords, call-and-response singing, polyrhythms, and

improvisation are its distinguishing features.

Blues is secular folk music created in the early 20" century. It is characterized by expressive “microtonal”

pitch inflections, a three-line textual stanza of the form AAB, and a 12-measure form. Blues artists
communicate their emotions through lyrical ratherthan narrative blues songs; they do not narrate stories.

As it has been demonstrated, thechapter discusses the history of black music, some of its subgenres, and

the rationale for its evolution.
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Contextualizing the Racist Elements in Lyrics

This chapter analyses the lyrics of songs chosen from Black music that talk about policebrutality, racism,
and discrimination against blacks. The first song of choice 1s “This is America” by Childish Gambino.
The mam theme 1s about firearms and violence in America and how Americans cope with them and
consume them as entertainment on one hand and as a topic of the national discussion on the other. Stephon
Clark, who waskilled by Sacramento police in 2018 because they believed he was wielding a gun when, in
fact, he was holding a phone, may be linked to phrases like *celly” and “tool” in the song. Other similar
references to instances of rauial. prejﬁdice against Blacks is seen throughout t.he song.

The chapter also examines the lyrics to H.E.R.’s song “I Can't Breathe.” This song wasf.péf_iﬁcally created
in response to the demonstrations that have engulfed America sinceGeorge Flc;yd ﬁas-_kil‘l.ed. And just
before he passed away, he was heard saying, “I can't breathe.” The song also serves as: .a_r'n.e't.api'l-cix for the
institutionalized prejudice that African Americans endure.

The song “Black Parade™ by Beyonce supports Black activism and acts as a celebrationof Black ;.:u-lture.
The singer honoured her African roots by making references to the "Ankh," an ancient Egyptiéﬁ s'i'gn, and
"Oshun," a Nigerian Yumbﬁ detty of femininity,love, sexuality, and fertility. The word “picket sign”
refers to the protests that rose due to the inhuman killing of George Floyd. Picket fences are often related
to middle-class.white, suburban communities, which have traditionally excluded Black people for fﬁ_r too
long. Its inclusion in the song's lyrics implies that she 1s dedicated to tearing down the white supremacist
institutions that have long permitted systematic racism and discrimination to exist. Beyonce also sings an
ode to Black hair in the song.

To underline the idea of racism the Black community encounters daily, the chapter decodes the lyrics of

select songs by Black musicians, including Childish Gambino, Beyonce, H.E.R., and others.
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Anciyzing the Soundscapes in Black Music

To investigate the soundscapes and comprehend the motivation behind their use, this chapter examines
the sounds 1n a few songs of Black music. A soundscape is a mélangeof musical and non-musical sounds.
[t involves the use of sounds to produce a mood oratmosphere in a play or film. The purpose of

soundscapes 1s to enhance the visuals andcreate a natural effect in an artificial setting.

John Legend's “Preach™ addresses a multitude of unsettling societal concerns affecting America,
including as senseless violence, police brutallit-{f, and mass immigra’t;iup,ﬁas s@huwn in the music video. The
production is gloomy frum: the start, which establishes the mood. The deep, nuanced vocals of John
Legend give this song the distinction it deserves, regardless of how fantastic the a'tmgsp!;;g‘re, music, and
feel are. Additionally,John receives assistance in the form of backup vocals, which'high]ight‘s his strong
lead during the pre-chorus and chorus positions. The chorus is completely "amped-u—p";tna ig_'iuud and
catchy reflecting the overwhelming feeling the protagonist in the story has. Beyonce’s “Formation™ s an
ode to Black women around the world. “Formation™ is anintricate and meticulous wnrk'nf-'art that
illuminates the dark past of Black Americans in the United States, while also conveying lhe; I}qé::rfm a
brighter and just future for younger generations. A powerful bass rhythm and rubbery synthesisers make
up the song's minimalistic b.ﬂm‘ which eventually gives way to a marching band- and military-inspired
horn-infused stomp. This created an atmosphere of suspense for the audience. The vocalist used :li vﬁriety
of delivery techniques throughout the song; the introductionis spoken in a gruff, muttered voice that
changes as the song goes on to a half-rapped, half-sung rhythm. This was done to grab the attention of

the audience at particular wordings of the song. Similarly, the soundscapes in other songs of Black music

will beanalysed in this chapter.

Conclusion

Through the analysis of lvrics and soundscapes in select songs of Black music, Black culture and the
racial discrimination faced by the Black community will be studied. A better understanding of Black
culture will be made possible by the use of a cultural studies method that considers important concepts

like culture, power, ideology, dominant ideology, and hegemony into account. Due to the urgent need for
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(it created by the alarming levels of violence against Black people in the present, the researcher will be

able to reexamine the concept of racism.

References

e Ashbyand Arved. The Pleasure of Modernist Music: Listening, Meaning, Intention,ldeology. Eastman Studies

in Music 29. University of Rochester Press, 2004,

e Barker, C. Cultural studies: Thenn and pracnce Thuusancl Oaks, CA, SagePubllcatmns 2012.

e Fiske, I. Understanding popular f:zlifuh‘;' er:hcstcr 1989 -

e Komala R, Ihsant. An Analysis of Racism as Reﬂeurea' in Bob Maﬂeys Sangi' War andBuffalo Soldier,2017.
e Morrison, Toni. The Bluest Eve, Vintage International Publications, London, 199&, r ':ﬁ

e Samucl A. Floyd Jr. The :Puwer of Black Music: Interpreting Its History from Africa rdghé_imfred States.
Oxford University Press, 1995. K J g .:'

e Taylor and Francis. Popular Music and Society list of | -‘--; 1
:'s.sues'. www.tandfonline.com/loi/rpms20. Accessed 8 Nov. 2022, _ . h r

Scanned with CamScanner




Certificate of Publication

INTERNATIONAL JOURNAL OF CURRENT SCIENCE
ISSN: 2250-1770 | IJCS PUBLICATION

An International Opm Access, Peer-reviewed, Kﬂfarm{]m mal

£

The Board of
International Journal of Curregnt Scignege
Is heregby awarding this certificate to
Mrs.T.NagaMuni
In recognition of the publication of the paper entitled
ISOLATION AND CULTURING OF FOUR PATHOGENS CAUSING DISEASES IN BANANA
CROPS AT RAJAMAHENDRAVARAM, EAST GODAVARI DISTRICT, AP, INDIA.
Published In JCSPUB ( www.ijespub.org ) & 8.17 Impact Factor by Google Seholar

Volume 13 Issug 2 April 2023, Pate of Publication: 22-dpril-2023

PAPER ID : IJCSP23B1104
Registration ID : 215769

EDITOR IN CHIEF

Scholarly open access journals, Peer-reviewed, and Refereed Journals, Impact factor 8.17 (Calculate by google scholar and Semantic Scholar
| Al-Powered Research Tool) , Multidisciplinary, Monthly Journal

INTERNATIONAL JOURNAL OF CURRENT SCIENCE | 1JCsPUB
An International Scholarly, Open Access, Multi-disciplinary, Indexed Journal

Website: www.ijespub.org | Email: editor@ ijespub.org | ESTD: 2011
Mananae Rv: TIPIIRI TCATTON Wehcita: whww_iicenith ara | Fmail The aditarMiicenuh. nrn

[JCSPUB | ISSN: 2250 - 1770 |IJCSPUB.ORG

— =




WWW.IJCSpPUD.org W LUZS IJUDFUD | VOIUIME 135, ISSUe £ APII LULS | IDDN: L4L0U-11 1V

L] T o o ST PR ; ﬁ %
ey : R i

o F - ; -n -t - - e

i L O 4 o e 4 % i
" — . L _ . . . rich - : i

3.% m’aﬁ-‘:‘;l'_._ m«ﬁﬁ‘ R n}m-_ = F aean S8 - I, o ——— - gk SRR A

é‘-ﬂj # = et A et LR M S W 7] S s DR L T R s T e S BB LV S el o
£

INTERNATIONAL JOURNAL OF |

L_J 1@  CURRENT SCIENCE (IJCSPUB)

- An International Open Access, Peer-reviewed, Refereed Journal
Isolation And Culturing Of Four Pathogens
Causing Diseases In Banana Crops At
Rajamahendravaram, East Godavari District, Ap,

India.

. Mrs. M.Sri Devi, Lecturer in Botany, SKR Government Degree College (W), Rajamahendravaram, 533103, A.P, India.

2. Professor . D.Sandhya Deepika. Professor in Botany, Andhra University, Visakhapatnam, 530003, A.P, India.

. Mrs. J.Lavanva, Lecturer in Botany, Visakha Govt Degree & PG College For Women, Visakhapatnam A.P, India.

Ll

4. Ms. B.Asha Latha, Lecturer in Botany, SKR Government Degree College (W), Rajamahendravaram, 533103, A.P, India.

i

. Ms. M Sabitha, Lecturer in Botany, SKVT Government Degree College, Rajamahendravaram, 533103, AP, India.
6. Ms. P.Sri Devi, Lecturer in Botany, SKR Government Degree College (W), Rajamahendravaram, 533103, A.P, India.
7. Mrs. T.NagaMuni, Lecturer in Botany, SKR Government Degree College (W), Rajamahendravaram, 533103, A.P, India.

Abstract

In India Banana is cultivated in an area of 830.5 thousand ha and total production is around 29,779.91 thousand tons. In
the present studv four pathogens were identified on the banana tree (Musa acuminata L.). Collected diseased parts of the banana
plants in Rajahmundry and then samples of infected tissue such as corm, root. leaf, pseudostem. flower and fruit were collected
and cultured. In the present study four pathogens such as Fusarium sps, Alternaria sps, Gloeosporium sps and Erwinia sps were
isolated from banana Leaf, Leaf spot, fruit and Rhizome respectively. These pathogens cause diseases in banana plant so it efftects
the yeilding of banana plants.
Keywords: Identification, rhizome, pathogen, disease. banana, India
Introduction :
Banana is a significant natural product harvest of numerous tropical and subtropical locals of India. It is developed in India about
of 830.5 thousand ha and all out creation is around 29,779.91 thousand tons. In India mainly banana developing states are Tamil
Nadu, Maharashtra. Gujarat, Andhra Pradesh and Karnataka. The worldwide creation of banana is around 102028.17 thousand tons
of which India contributes 29.19%. Other than India, other significant banana delivering nations are China, Philippines, Ecuador.
Brazil and Indonesia.
In India banana is developed under different circumstances and creation frameworks. Determination of assortments, hence depends
on countless assortiments taking care of different sorts of necessities and circumstances. However, around 20 cultivars viz. Bantam
Cavendish. Robusta, Monthan, Poovan, Nendran, Red banana, Nyali, Safed Velchi, Basarai. Ardhapuri, Rasthali, Karpurvalli.
Karthal and Grandnaine and so forth.
Grandnaine 1s acquiring prevalence and may before long be the most preferred variety because of its resistance to biotic burdens
and great quality packs. Bundles have all around dispersed hands with straight direction of figures, greater in size. Organic product
creates alluring uniform yellow tone with preferred self life and quality over different cultivars.
Plants are contaminated by various types of microbial microorganisms and the expected inoculum for disease is available in the
dirt, water and air, not withstanding plant have. Phytofungal microbes present difficult issues overall in horticulture and food

industry.’particularly in the subtropical and tropical locals. Moreover, many likewise produce mycotoxins, which are harmful to
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Abstract

[n India Banana is cultivated in an area of 830.5 thousand ha and total production is around 29,779.91 thousand tons. In
the present study four pathogens were identified on the banana tree (Musa acuminata L.). Collected diseased parts of the banana
plants in Rajahmundry and then samples of infected tissue such as corm, root, leaf, pseudostem, tflower and fruit were collected
and cultured. In the present study four pathogens such as Fusarium sps, Alternaria sps, Gloeosporium sps and Erwinia sps were
isolated from banana Leaf, Leaf spot, fruit and Rhizome respectively. These pathogens cause diseases in banana plant so it efftects
the veilding of banana plants. |
Keywords: Identification, rhizome, pathogen, disease, banana, India
Introduction :
Banana 1s a significant natural product harvest of numerous tropical and subtropical locals of India. It is developed in India about
of 830.5 thousand ha and all out creation is around 29,779.91 thousand tons. In India mainly banana developing states are Tamil
Nadu, Maharashtra, Gujarat, Andhra Pradesh and Karnataka. The worldwide creation of banana is around 102028.17 thousand tons
of which India contributes 29.19%, Other than India, other significant banana delivering nations are China, Philippines, Ecuador,
Brazil and Indonesia.
in India banana 1s developed under different circumstances and creation frameworks. Determination of assortments, hence depends
on countless assortments taking care of different sorts of necessities and circumstances. However, around 20 cultivars viz. Bantam
Cavendish, Robusta, Monthan, Poovan, Nendran, Red banana, Nyali, Safed Velchi, Basarai, Ardhapuri, Rasthali, Karpurvalli,
Karthali and Grandnaine and so forth.
Grandnaine 1s acquiring prevalence and may before long be the most preferred variety because of its resistance to biotic burdens
and great quality packs. Bundles have all around dispersed hands with straight direction of figures. greater in size. Organic product
creates alluring uniform vellow tone with preferred self life and quality over different cultivars.
Plants are contaminated by various types of microbial microorganisms and the expected inoculum for disease is available in the
dirt, water and air, not withstanding plant have. Phytofungal microbes present difficult issues overall in horticulture and food

industry, particularly in the subtropical and tropical locals. Moreover, many likewise produce mycotoxins, which are harmful to
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Abstract

In India Banana is cultivated in an area of 830.5 thousand ha and total production is around 29.779.91 thousand tons. In
the present study four pathogens were identified on the banana tree (Musa acuminata L.). Collected diseased parts of the banana

plants in Rajahmundry and then samples of infected tissue such as corm, root. leaf, pseudostem, flower and fruit were collected

and cultured. In the present study four pathogens such as Fusarium sps, Alternaria sps, Gloeosporium sps and Erwinia sps were
isolated from banana Leaf, Leaf spot, fruit and Rhizome respectively. These pathogens cause diseases in banana plant so it efftects
the veilding of banana plants. |

Keywords: Identification, rhizome, pathogen, disease, banana, India

Introduction :

Banana is a significant natural product harvest of numerous tropical and subtropical locals of India. It is developed in India about
of 830.5 thousand ha and all out creation is around 29,779.91 thousand tons. In India mainly banana developing states are Tamil

Nadu, Maharashtra, Gujarat, Andhra Pradesh and Karnataka. The worldwide creation of banana is around 102028.17 thousand tons

of which India contributes 29.19%. Other than India, other significant banana delivering nations are China, Philippines, Ecuador,
Brazil and Indonesia.

In India banana is developed under different circumstances and creation frameworks. Determination of assortments, hence depends
on countless assortments taking care of different sorts of necessities and circumstances. However, around 20 cultivars viz. Bantam
Cavendish, Robusta. Monthan, Poovan. Nendran, Red banana, Nyali, Safed Velchi, Basarai, Ardhapuri, Rasthali, Karpurvalli,
Karthali and Grandnaine and so forth.

Grandnaine 1s acquiring prevalence and may before long be the most preferred variety because of its resistance to biotic burdens
and great quality packs. Bundles have all around dispersed hands with straight direction of figures, greater in size. Organic product
creates alluring uniform yellow tone with preferred self life and quality over different cultivars.

Plants are contaminated by various types of microbial microorganisms and the expected inoculum for disease is available in the
dirt, water and air. not withstanding plant have. Phytofungal microbes present difficult issues overall in horticulture and food

industry, particularly in the subtropical and tropical locals. Moreover, many likewise produce mycotoxins, which are harmful to
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Abstract

In India Banana is cultivated in an area of 830.5 thousand ha and total production is around 29,779.91 thousand tons. In
the present study four pathogens were identified on the banana tree (Musa acuminata L.). Collected discased parts of the banana
plants in Rajahmundry and then samples of infected tissue such as corm, root, leaf, pseudostem, flower and fruit were collected
and cultured. In the present study four pathogens such as Fusarium sps, Alternaria sps, Gloeosporium sps and Erwinia sps were
isolated from banana Leaf, Leaf spot, fruit and Rhizome respectively. These pathogens cause diseases in banana plant so 1t efftects
the yeilding of banana plants.
Kevwords: Identification, rhizome, pathogen, disease, banana, India
Introduction :
Banana is a significant natural product harvest of numerous tropical and subtropical locals of India. It 1s developed 1n India about
of 830.5 thousand ha and all out creation is around 29,779.91 thousand tons. In India mainly banana developing states are Tamil
Nadu, Maharashtra, Gujarat, Andhra Pradesh and Karnataka. The worldwide creation of banana is around 102028.17 thousand tons
of which India contributes 29.19%. Other than India, other significant banana delivering nations are China, Philippines, Ecuador,
Brazil and Indonesia.
In India banana is developed under different circumstances and creation frameworks. Determination of assortments, hence depends
on countless assortments taking care of different sorts of necessities and circumstances. However, around 20 cultivars viz. Bantam
Cavendish, Robusta, Monthan, Poovan, Nendran, Red banana, Nyali, Safed Velchi, Basarai, Ardhapuri, Rasthali, Karpurvalli,
Karthali and Grandnaine and so forth.
Grandnaine is acquiring prevalence and may before long be the most preferred variety because of its resistance to biotic burdens
and great quality packs. Bundles have all around dispersed hands with straight direction of figures, greater in size. Organic product
creates alluring uniform yellow tone with preferred self life and quality over different cultivars.
Plants are contaminated by various types of microbial microorganisms and the expected inoculum for disease is available in the
dirt, water and air, not withstanding plant have. Phytofungal microbes present difficult issues overall in horticulture and food

industry, particularly in the subtropical and tropical locals. Moreover, many likewise produce mycotoxins, which are harmful to
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Table 1: Charactenistics of isolates from banana plantations

Leaf spots may be rounded or angular, and have smooth or fringed edges.

Name of the | Causative nfected Symptoms

disease organism issue

! !
Wilt Fusarium teaf Yellowing & drying of leaves l
+

Rhizome rot Erwinia hizome Rotting of crown region is a characteristic symptom which is followed by
cpinasty of leaves, which dry out suddenly.

Leaf spot Alternaria >lLtmf Leaf spots may be rounded or angul;lr, and have smooth or fringed
edges.

Anthracnose . Gloeosporium . Fruit Premature ripening and shriveling of the fruits are covered with pink spore
masses,

B

Different diseases symptoms in Banana crop

Anthracnose discase Leaf spot in Banana
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Important Medicinal plants of Dhanvanthari medicinial garden at SKR
government Degree College, Rajamahendravaram to maintain sustainable
health and well being

|.  Ms.B.Asha Latha, Lecturer in Botany, SKR Government Degree College (W) Rajahmundry-
533103, A.P, India. Email Id: asha.latha03 1 7(@gmail.com

2. Mrs.M.SriDevi, Lecturer in Botany, SKR Government Degree College (W) Rajahmundry-
533103, A.P. India. Email Id: msdbotany@gmail.com
3. Ms.P.SriDevi. Lecturer in Botany. SKR Government Degree College (W) Rajahmundry-

533103, A.P. India. Email Id:psridevijuly3@gmail.com
4. Mrs.T.Naga Muni. Lecturer in Botany, SKR Government Degree College (W)
Rajahmundry- 533103, A.P. India. Email Id: tnagamuni.2014@gmail.com

Abstract:

All plants synthesize a number of chemical compounds for different functions, plants have
properties like defense and give protection against diseases produced by virus, bacteria and
fungi, etc., The present study showed that the ratio of medicinal plants that are maintained in my
Dhanvanthari medicinal garden. These plants were used as home remedies to cure diseases.
There are 723 plants in total included in 65 species.These 65 plants are included in 34 families.
Out of 723 plants, herbs are 455, shrubs are 152, trees are 32, creepers are 65 and climbers are 19
in number. Herbs are more in number and climbers are least in number. In Prehistoric period
tribal and rural area people living in forest areas still depends on indigenous system of medicine.
Now a days most of the people were depending on homeopathy and Ayurveda traditional
system.

Keywords: Herbal Therapy. medicinal plants, Dhanvanthari medicinal garden, diseases,
Medicinal values, traditional medicine.

Introduction:

Medicinal plants are also known as medicinal herbs. Since long time plants were used for
treatment to cure diseases. 70 % of Indian forest surrounding people use different plant parts as
food, medicine and also for many other purposes. In India, people generally depend on herbal
plants for unhealthiness and skin disorders. Now a days there is a highly demand for medicinal
plants. These herbal plants are mainly used in Ayurveda. All plants contain medicinal values. In
some plants roots are used in herbal therapy, in some plants leaves, stems, fruits, flowers etc.,
Wild species are very rich in vitamins, minerals. medicinal values. All the plants are source of
shelter, timber, food and clothing. These medicinal plants are rich in bio-active compounds that
serve different pharmacological activities. Tribal people mostly depend on the plants around
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Abstract:

All plants synthesize a number of chemical compounds for different functions, plants have
properties like defense and give protection against diseases produced by virus, bacteria and
fungi, etc., The present study showed that the ratio of medicinal plants that are maintained in my
Dhanvanthari medicinal garden. These plants were used as home remedies to cure diseases.
There are 723 plants in total included in 65 species.These 65 plants are included in 34 families.
Out of 723 plants, herbs are 455, shrubs are 152, trees are 32, creepers are 65 and climbers are 19
in number. Herbs are more in number and climbers are least in number. In Prehistoric period
tribal and rural area people living in forest areas still depends on indigenous system of medicine.
Now a days most of the people were depending on homeopathy and Ayurveda traditional
system.

Keywords: Herbal Therapy, medicinal plants, Dhanvanthari medicinal garden, diseases,
Medicinal values, traditional medicine.

Introduction:

Medicinal plants are also known as medicinal herbs. Since long time plants were used for
treatment to cure diseases. 70 % of Indian forest surrounding people use different plant parts as
food, medicine and also for many other purposes. In India, people generally depend on herbal
plants for unhealthiness and skin disorders. Now a days there is a highly demand for medicinal
plants. These herbal plants are mainly used in Ayurveda. All plants contain medicinal values. In
some plants roots are used in herbal therapy, in some plants leaves, stems, fruits, flowers etc.,
Wild species are very rich in vitamins, minerals, medicinal values. All the plants are source of
shelter, timber, food and clothing. These medicinal plants are rich in bio-active compounds that
serve different pharmacological activities. Tribal people mostly depend on the plants around
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them to earn money, along with to essential medical care benefits which depends on need,
perception, experience of more seasoned ethnic individuals, and experimentation. Duc to low
cost and good results these medicinal practices are extended to generation to generation. Mostly
65 % of the population in India depends on medicinal plants. Some respiratory diseases, pains,
wounds cured by medicinal plants. Medicinal plants are mainly used in Ayurveda, Unani and
chinese medicine herbal therapies. Present study was carried out to provide a detailed
information of the knowledge on some medicinal plants.

Review Of Literature:

Fajemiroye, J. O., da Silva, D. M., de Oliveira, D. R., & Costa, E. A. (2016). their article states
that the uses of medicinal plants for the treatment of anxiety and depression.

Singh, N., Tailang, M., & Mehta, S. C. (2016) study revealed that the connection between
connection between plant drugs and man in nature from the far past.

Van Wyk, B. E., & Wink., M. (2018). Medicinal plants of the world, CABI, study states that
medicine systems of the the world, medicinal plants and plant derived medicines are widely
used in traditional cultures.

Trotter, R.T., & Logan, M. H. (2019). Informant consensus: A new approach for identifying
potentially effective medicinal plants. Their article about 1dentification and it’s uses of ethano-
medical plant species and chemical analysis and testing for biological activity to cure discases.

Stintar, 1. (2020).His study revealed that role of medicinal plants in curing the diseases and role
of herbal plants in therapeutic system.

Methodology:

My college campus is wealthy and rich in full of plants. We are maintaining a medicinal garden,
named Dhanvanthari medicinal garden present in front of Saraswathi Pramadavanam. In my
medicinal garden there are absolutely 65 medicinal plants that have rich medicinal values and
these medicinal plants are using for home remedies and also used in the preparation of herbal
powders.The plants are including herbs, shrubs, climbers and trees. We observed each plant and
noted details like the botanical name, family name, habit of the plant. part used. uses of that
medicinal plant and total number of plants.

Every day we went to the Dhanvanthari medicinal garden and observed the plants and studied
each medicinal plant from its habitat to seed of the plant and entered the details of the plant into
field note book. All plants in garden are using for health remedy. Mostly Tulasi, Aloe vera,
Curcuma longa, Eclipta alba, Annona squamosa, etc., for home remedies. There are totally 723
number of plants are included in 65 species. Some plants are more in number some species are
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less in number. Out of 723 plants Herbs are 455, shrubs are 152, trees are 32, creepers are 65

and climbers are 19 in number.65 plants are included in 34 families. Herbs are more in number
and climbers are least in number.

Results And Discussion:

The given table states the information of medicinal plants which are growing in Dhanvanthari
medicinal garden at SKR Government Degree College (W) Rajamahendravaram.

The given table states the details of medicinal plants like botanical name, family, habit, useful
part and medicinal uses and number of plants available.

S.N | Name of the | Family Type of | Partused | Medicinal uses Number
0 plant Plant of
Plants
] Achyranthes | Amaranthaceae | Herb Whole Asthama, Leprosy, |8
aspera plant. Skin diseases,
Anaemia.
2 Acorus Acoraceae Herb Rhizome Epilepsy, Mental -
calamus disorders, Skin
diseases, Improves
speaking ability.
3 Adhatoda Acanthaceae Shrub Leaves, Asthma, iy
zeylanica Roots, Menorrhagia,
Stem bark | Psoriasis,  Cough,
Body inflammation
4 Aegle Rutaceae Tree Root, Bark, | Diarrhoea, 4
marmelos Leaf, Seed. | Constipation,
Cardiac diseases,
High Blood
Pressure, Jaundice,
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Joint Pains,
Leprosy, Piles.

Aloe vera

Liliaceae

Herb

Leaf juice,

Roots.

Leprosy,Piles ,
Mental disorders,
Skin diseases,
Jaundice, Menstrual
problems,
Dysentery, Joint
pains.

Alpinia
calcarata

Zingiberaceae

perennial

Herb

Rhizomes

Diabetes, Arthritis,
Obesity, Nervine
tonic.

24

Annona
squamosa

Annonaceae

Small

Tree

Roots,
Leaves,
Fruits,

Seeds.

Anaemia, Mental
depression,
MaligantTumours,
Hysteria,
Antiulcerate, Tooth

ache.

Aristolochia

bracteolata

Aristolochiaceae

Creeper

Roots,
Leaves

Anti-
mflammatoryVulner
ary Antiperiodic
Eczema.

Artemisia
vulgaris

Asteraceae

Herb

[Leaves

Antihelmintic,
Asthma,
AntisepticNervous
& Spanmodic
affections Antilithic

34

10

Artemisia
absinthium

Asteraceae

Herb

Flower
heads

Chronic
Swellings,
Inflammation of
liver, Rheumatism.

fevers,

58
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11

Bacopa
monnieri

Plantaginaceae

Herb

Whole
plant.

Cooling, Laxative,
Inflammations.
Epilepsy, Tumours,
Ulcers, Leprosy,
Leucoderma

67

12

Basella alba

Basellaceae

Creeper

Stems,
[Leaves.

Laxative,
Haemostatic,
Appetiser, Sedative,
Diuretic,
Demulcent,
Maturate,
Haemorrhages,
Haemoptysis,
Gonorrhoea.

13

Barleria
Prionitis

Acanthaceae

Shrub

Leaves,
Roots

Catarrhal affections,
Glandular swelling,
Tooth ache, Asthma,
Skin deseases

14

Brassica
juncea

Brassicaceae

annual
herb

Seeds, O1l.

Dengue fever,
Anorexia,
Dyspepsia,
Inflammation, Skin
diseases,
Splenomegaly,
Persistant vomiting,
Burning sensation,

Colic, Hyperdipsia

15

Calotropis
Procera

Asclepiadaceae

evergreen
shrub

Root-
Bark,
Leaves,
Flowers.

Leprosy

16

Capsicum

Solanaceae

annual
shrub

Fruits

Dyspepsia,

Flatulence, Cardiac

12
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annum debility,  Dropsy,
Cholera, Ulcers,
Phlegm
17 | Cascabela Apocynaceae Small Bark, PurgativeSeeds used | 2
thevetia tree Seeds. for suicidal and
homicidal purpose.
I8 | Catharanthu | Apocynaceae Shrub whole Blood cancer, | 6
S roseus plant. Sedative,
Hypotensive,
Diabetes, Stomachic
tonic, Wasp stungs,
Menorrhagia
19 | Centella Apiaceae Perennial | whole Anxiety,Neurosis,M | 45
asiatica herb plant, INOT Memory
disturbances, As a
Psychotropic agent,
Memory enhancer,
General debility,
Jaundice, Leprosy.
20 | Cinnamomu | Lauraceae evergreen | Bark, Diarrhoea, Gastric, | 5
m verum tree Twigs, Flatulence, Nausea,
Leaves. Vomiting
21 | Cissus Vitaceae Creeper | Stems Bone Fratures, | 29
quadrangula Dyspepsia, General
rs weakness.
22 | Clitoria Fabaceae Creeper | Roots, Weakness of sight, |8
ternata Leaves, Dropsy, Ascites,
Seeds. Bronchitis,
Constipation.
23 | Coffea Rubiaceae perennial | Seeds Stimulant, Diuretic, | 1
arabica shrub Antipyretic,
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Woophing, Cough,
Hysteria.

24 | Calophyllum | Calophyllaceae | Tree Bark, Oil used in 1
imophyllum Leaves, rheumatism,
Seeds. Scabies, Syphilis,
Eczema, Insanity,
Internal
haemorrhages,
Leprosy, Diuretic,
Tooth ache.

25 | Curcuma Zingiberaceae Herb Rhizomes | Urticaria and skin 10
longa allergy, Viral
hepatitis,
Inflammatory
conditions of Joints,
Sore throat,
Wounds.

26 | Cymbopogo | Poaceae perennial | Leaves Source of vitamin-A | 20
n flexuosus herb Leprosy, Epilepsy,
Mosquito repellent
creams.

27 | Datura Solanaceae Shrub Leaves, Narcotic, 6
fastuosa Seeds. Antispasmodic,
Mydriatic, Anodyne

28 | Eclipta alba | Asteraceae Herb Seeds, Viral hepatitis, Hair | 33
Juice  of | hygiene, Memory
leaves. disorders, Minor
Herb oil cuts and bums,
Conjunctivitis.

29 | Elephantopu | Asteraceae perennial | Roots, Bile, Phlegm, | 9
s scaber herb Leaves, Urethral discharges,
Dysuria, Heart
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Flowers. diseases.
30 | Euphorbia | Euphorbiaceae Shrub Stems, Rheumatism, 15
nivulia Leaves. Hydrophobia
31 Hemidesmus | Asclepiadaceae | semi- Roots Diuretic, Stimulate | 18
indicus erect Lactation, General
shrub weakness, Skin
burning, Tooth ache
32 | Hibiscus Malvaceae Small Flowers. Menorrhagia, Oral | 3
rosa-sinensis tree Roots. contraceptive, Hair
tonic, Gonorrhoea,
Jaundice
33 | Jasminum Oleaceae small Roots, [nsanity, Eye | 2
sambac shrub Leaves, complaints, Pruritus,
Flowers. Leprosy, Ulcers,
Hiccough,
Galactorrhoea,
Fever, Skin diseases
34 | Jatropha Euphorbiaceae Shrub Roots, Ophthalmia, .
gossypifolia Leaves, Rheumatism,
Seeds, oil. | Paralysis,
Enlargement of
Spleen and Liver
35 | Manilkara | Sapotaceae Tree Bark, Loss of | 3
hexandra Fruits. Consciousness,
Anorexia, Ulcers,
Opacity of the
Cornea,
Odontopathy, Fever,
Flatulence,
ColicDyspensia
36 | Operculina | Convolvulaceae | Climber | Roots, Constipation, 3
turpethum Stem Bark | Flatulence, Fever,
Obesity
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37

Murraya
koenigii

Rutaceae

Tree

Leaves,
Roots,

Bark.

Helminthiasis,
Dyspepsia,
Flatulence,
Diarrhoea.
Dysentery,
Vomitings, Hair
tonic, Stomach ache.

Colic,

Musa
paradisiaca

Musaceae

perennial

herb

Leaves,
Roots,
Fruits,
Stem.

Bumms and Ulcers,
Gonorrhoea,
Menorrhagia,
Anaemia,
Aphrodisiac,
Demulcent,
Haemophysis

39

Nyctanthes
arbor-tristis

Oleaceae

shrub

Leaves,
Flowers.
Seeds.

Sciatica, Eye
diseases,  Scurvy,
Chronic fever,
Bronchitis,
Dyspepsia,
Hepatopathy,
Greyness of Hair
and baldness

40

Ocimium
tenuiflorum

[Lamiaceae

Shrub

Leaves,

Roots.
Seeds.

Common cold and
cough,
Bronchospasm,
General debility and
Stress disorders,
Skin infections,
Wounds, Indigestion
and Nausea

4]

Ocimium
basilicum

[Lamiaceae

Shrub

Whole
Plant.

Sprains, Asthma,
Diarrhoea,
Dysentery,
Bronchitis,

Gonorrhoea,

10
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Nephrritis, Internal
piles

42 | Pergularia Apocyanaceae Creeper | Whole Pulmonary 5
daemia Plant affections, Asthma,
Biliousness,
Insanity, Leprosy,
Gonorrhoea,
Tuberculosis,
Prickings 1n the
uterus, Piles,
Nervous affections,
Syphilis

43 Piper betle Piperaceae Creeper | Whole Antiseptic, 15
Plant Aphrodisiac,
Expectorant,
Bronchitis,
Impotency,
Rheumatism,
Vitiated conditions
of Kapah, Stimulant,
Acts Synergistically

upon central
nervous system,
Wounds, Diphtheria,
Carminative
44 | Piper Piperaceae Climbing | Fruit, Root | Bronchial asthma, | 9

longum shrub and Stem. | Recurrent infection
of Throat,
Flatulence,
Dyspepsia,
Respiratory
diseases, Analgesic,
Carminative,
Sedative, Insomnia,
Epilepsy,
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Abortifacient
45 | Coleus Lamiaceae Shrub Leaves Asthma, Cough,
amboinicus Epileps
Leaf  juice 1S
antidote for
centipede
poision(external
application )
46 | Plumbago Plumbaginaceae | shrub Roots Bronchitis, Cough,
auriculata Leprosy
Removes warts, As
a styptic in scrofula ,
Powered root used
like snuff.
47 | Polygonum | Polygonaceae Shrub Whole Tonic,
chinense Plant Antiscorbutic,Vulne
rary.
48 | Rauvolfia Apocynaceae Shrub Roots, Snake bite,
serpentina Leaves Rheumatism,
Hypertensive,
Posion,  Epilepsy,
Eczema, Leaves
used in removal of
opacityies of the
cornea
49 | Rauvolfia Apocynaceae Small Roots Hypertension,Skin
tetraphylla tree diseases.
50 | Crataeva Capparidaceae Small Roots,Stem | Urolithiasis,
magna tree bark,Leave | Crystalluria, Urinary
s &Flowers | tract infections,
Internal Carcinoma,
Anti-periodic.
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51

Sesbania
grandiflora

Fabaceae

Tree

Root
bark,Leave
s,Flowers,F
ruits.

Tonic, Anthelmintic,
Scabies, Dyspepsia,
Diunetis, Nasal
catarrh, Nyctalopia,
Anaemia, Aperient,
Scabies

52

Solanum
nigram

Solanaceae

Shrub

Whole
Plant

Asthma, Bronchitis,
Sedative,
Rheumatalgia,
Nephropathy,
General debility,
Anti-dysentery

33

Solanum
xanthocarpu
m

Solanaceae

Shrub

Whole
Plant

Anthelmintic,
Carminative,
Appetiser, Diuretic,
Arthralgia, Hyper
tension, Pharyngitis,
Cardiac disorders,
Rhinopathy, Cough,
Sore throat

54

Sauropus
androgynus

Euphorbiaceae

Shrub

[Leaves

Source of various
vitamins except
vitamin-D

35

Vitex
negundo

[Lamiaceae

Tree

Whole
Plant

Rheumatic swellings
, Increase hair
growth, Bronchitis,
Verminosis,
Weakness of sight,
Malanial fever,
Cardiac disorders,
Diarrhea

56

Withania
somnifera

Solanaceae

Shrub

Roots &
Leaves

Nervine  sedative,
Aphrodisiac,
Emaciation,
Improving vitality,
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To cure sterility of
women, Sore eyes,

Febrifuge ulcers
57 | Zingiber Zingiberaceae Herb Rhizomes | Asthma, @ Worms, | 6
officinale Leprosy, Skin
diseases,
Pharyngopathy,
Cholera,
Carminative, Nasea
58 | Costus Costaceae Herb Leaves Antidiabatic, Male | 4
igneus sterility,
Antibactenal,
Asthama,
Bronchitis, Skin
dieeases
59 | Aervalanata | Amaranthaceae | Herb Whole Urinary calculi, | 56
plant Dysuria, Wounds,

Polyurea, Piles,
Uterine diseases.

leucorrhoea
60 | Euphorbia | Euphorbiaceae Herb Whole Asthma, Cough, | 48
hirta Plant Dysentery,  Latex

applied to worts,
Leprosy, Ulcers,
Fissures in  the

mouth
61 Leucas Lamiaceae Annual Leaves,Flo | Psora, Chronic | 10
aspera herb wers,Roots | eruptions, Epilepsy,

Headche, Snake
bite, Rheumatism,
Swellings, Jaundice,
Asthama,Bowel
complaints,
Conjunctivitis

62 | Thunbergia | Acanthaceae perennial | Root,stem, | Antibacterial, Skin | 14
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fragrans climbing | Leaves diseases, Rheumatic
twiner arthralgia.
63 | Gymnema | Asclepiadaceae | Climber | Leaves Snake Bite, | 2
sylvestre Enlargement of

Liver , Cardiac
Stimulant, Diabetes.
Diuretic, Malarial
Fever, Eye Diseases

64 | Andrographi | Acanthaceae Shrub Whole Antipyretic, 33
s paniculata plant Antiperiodic, Anti-
inflammatory,
Ulcers, Cronic
fevers, Bronchitis,
Skin diseases,
Leprosy, Jaundice,
Haemorrhoids,
Intestinal worms
65 | Phyllanthus | Euphorbiaceae | Tree Fruits diarrhea, jaundice, | 4
emblica and inflammation,
Hair tonics
Type of Plant | Total Number
Herbs 455
Shrubs 152
Trees 32
Creepers 65
Climbers 19
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Conclusion:

There are totally 65 medicinal plants, including herbs, shrubs, climbers and trees which are
having medicinal values. Each plant have curative values. Plants are generally having terpenoids,
steroids, flavonoids, tannins , saponins, alkaloids and phenols etc., Because of these properties
plants are widely used in every product. Every part of the plant is useful. In some plants root is

usable, in some plants stem, for some plants leaves, fruits, seeds, flowers are usable.In some
plants, all parts are usable.

Plants are gift of nature to humans. Depending on the present study, all plants are having
therapeutic values. From past years tribal people used medicinal plants for curing their diseases.
Now a days, all are depending on homeopathy and Ayurvedic medicine and also prepares hair
tonics, herbal powders like bath powder, tooth powder and shampoos, etc., plants give peace of
mind, Purified oxygen and gives eye feast. So there is a need to grow more plants to avoid
pollution and healthy environment. Because of deforestation there is an increase of pollution and
green house gases and cause diseases in living things. In order to reduce or cure diseases and
maintain a healthy environment, people should be aware of medicinal plants.
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Abstract:

All plants synthesize a number of chemical compounds for different functions, plants have
properties like defense and give protection against diseases produced by virus, bacteria and
fungi, etc.. The present study showed that the ratio of medicinal plants that are maintained in my
Dhanvanthari medicinal garden. These plants were used as home remedies to cure diseases.
There are 723 plants in total included in 65 species.These 65 plants are included in 34 families.
Qut of 723 plants, herbs are 455, shrubs are 152, trees are 32, creepers are 65 and climbers are 19
in number. Herbs are more in number and climbers are least in number. In Prehistoric period
tribal and rural area people living in forest areas still depends on indigenous system of medicine.
Now a days most of the people were depending on homeopathy and Ayurveda traditional
system.

Keywords: Herbal Therapy, medicinal plants, Dhanvanthari medicinal garden, diseases,
Medicinal values. traditional medicine.

Introduction:

Medicinal plants are also known as medicinal herbs. Since long time plants were used for
treatment to cure diseases. 70 % of Indian forest surrounding people use different plant parts as
food. medicine and also for many other purposes. In India, people generally depend on herbal
plants for unhealthiness and skin disorders. Now a days there is a highly demand for medicinal
plants. These herbal plants are mainly used in Ayurveda. All plants contain medicinal values. In
some plants roots are used in herbal therapy. in some plants leaves, stems, fruits, flowers etc..
Wild species are very rich in vitamins, minerals, medicinal values. All the plants are source of
shelter, timber, food and clothing. These medicinal plants are rich in bio-active compounds that
serve different pharmacological activities. Tribal people mostly depend on the plants around
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Abstract:

All plants synthesize a number of chemical compounds for different functions, plants have
properties like defense and give protection against diseases produced by virus, bacteria and
fungi, etc.. The present study showed that the ratio of medicinal plants that are maintained in my
Dhanvanthari medicinal garden. These plants were used as home remedies to cure diseases.
There are 723 plants in total included in 65 species. These 65 plants are included in 34 families.
Out of 723 plants, herbs are 455, shrubs are 152, trees are 32, creepers are 65 and climbers are 19
in number. Herbs are more in number and climbers are least in number. In Prehistoric period
tribal and rural area people living in forest areas still depends on indigenous system of medicine.
Now a days most of the people were depending on homeopathy and Avyurveda traditional
system.

Keywords: Herbal Therapy, medicinal plants, Dhanvanthart medicinal garden, diseases,
Medicinal values, traditional medicine.

Introduction:

Medicinal plants are also known as medicinal herbs. Since long time plants were used for
treatment to cure diseases. 70 % of Indian forest surrounding people use different plant parts as
food. medicine and also for many other purposes. In India. people generally depend on herbal
plants for unhealthiness and skin disorders. Now a days there is a highly demand for medicinal
plants. These herbal plants are mainly used in Ayurveda. All plants contain medicinal values. In
some plants roots are used in herbal therapy, in some plants leaves, stems, fruits, flowers etc.,
Wild species are very rich in vitamins, minerals. medicinal values. All the plants are source of
shelter. timber, food and clothing. These medicinal plants are rich in bio-active compounds that
serve different pharmacological activities. Tribal people mostly depend on the plants around
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Isolation and Categorization of Plant Growth
Promoting Endophytic Bacteria Isolated from
Halophytic Suaeda nigra at Salt Stress Area of
Srikakulam, Andhra Pradesh

M. Sridevi*, D. Sandhya Deepika and J. Lavanya

Department of Botany, Andhra University, Visakhapatnam, Andhra Pradesh , India.

Abstract

In search of novel endophytic bacteria capable of producing plant growth promoting phytohormones
and providing tolerance against biotic and abiotic stress to the plant, present study was carried out
during 2021-22. For this, endophytic bacteria were isolated from halophytic Suaeda nigra at salt
stress areas of Srikakulam district, Andhra Pradesh. Total of sixteen endophytic bacteria were isolated
from roots and aerial parts of Suaeda nigra. Isolates were enumerated, purified and preserved for
subsequent studies. All isolates were analyzed for their phenotypic, biochemical, enzymatic assay
and molecular characterization was carried out by 165 rRNA molecular method. Isolates were tested
for their ability in producing plant growth promoting phytohormones, sideophores, exo enzymes and
ability to solubilize the phosphate molecules. Among total isolates extracted, bacteria which was
labeled as “SNA7" isolated from aerial parts of Suaeda nigra showed better characters in producing
catalytic enzymes like catalase, amylase, protease, phosphate solubilization ability and Indole-3-acetic
acid (1AA) production. Isolate SNA7 was gram negative, motile, aerobic, rod shaped, non-spore forming,
and no pigmentation which grows best at 42°C, pH 8.3 with tolerate of 8% NaCl nutrient agar. Based
on phenotypic, biochemical, nucleotide homology and phylogenetic analysis isolate SNA7showed
higher relationship with Pseudomonas pseudoalcaligenes Pseudomonas spp. was characterized as an
effective organism to explore its ability in various research fields. In this current study, isolate SNA7
showed higher potential in producing wide range of enzymes and bioactive secondary metabolites
and was first of its kind reported and isolated from halophytic Suaeda nigra.

Keywords: Catalytic Activity, Endophytic Bacteria, Halophytes, Plant Growth Promoters, Pseudomonas, Secondary
Metabolites
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INTRODUCTION

Endophytic bacteria are the organisms
that has the capacity to harbor inter and intra
cellular spaces of the host plant and they can
spread systemically.*? Their exact functions for the
plants are still uncertain.? Endophytes encourages
the growth of the plant and yields and also acts as
antagonists bacteria.’

Halophytes are the plants which can
tolerate salt and grows well in water with extreme
salinity like mangrove forest, marsh lands, sea
shores, saline deserts and coastal areas of arid
and semi arid regions. Halophytes exists in no
more than 2% of the entire kingdom of plants
establish on earth. They can tolerate high salinity
by adopting diverse techniques such as resistance,
tolerance and avoidance, and also they had less
opposition in halo environmental surroundings.

Halophytes grows in areas where there
had regular floods. Suaeda monica grows more
vigorously in degraded soils when compare to
other halophytes. As salt extractors, they carry out
major functions like decreasing the salinity of the
soils creating conditions more suitable to growing
mangrove plant species. During the course of
ecological time halophytes are gradually replaced
by mangrove ecosystem. In absence of halophytic
plants the rejuvenation of mangrove ecosystem
will be very difficult in sea shore areas.

Microorganism interacting in rhizosphere,
phyllosphere and endosphere of the host plant
are exceptionally diverse.® Symbiotic relationship
of microbes with host plant plays a important key
role in maintaining plant health, plant growth
promotion, resistant to diseases and survival of
the host plant.®® In the midst of diverse microflora,
endophytic bacteria shares same environment as
that of plant pathogens and makes them as ideal
models of antagonistic agents.” There are several
studies are made which illustrate that endophytes
has the ability to resist plant pathogens, insects and
nematodes in addition to promoting plant growth
and establishment under stress environments.®?

Currently, researchers have recognized
more than hundreds of endophytic bacteria from
medicinal plants of South Indian which showed
promising characters against anti-tumour and
antimicrobial agents.'® Suaeda nigra formerly

called as Suaeda amogquinii is a species of flowering
plant belonging to family Amaranthaceae. It grows
well in saline and alkaline habitats regularly occurs
in inland and occasionally in coastal ecosystems.
Suaeda nigra grows as shrub from a woody base
with several branches growing upto 5.0 feet in tall.

Pseudomonas sp. isolated from soils
are of particular attention because of their
root forming ability, catabolic adaptability and
capability of producing vast ranges of proteins,
enzymes and secondary metabolites which
helps host plant to tolerate diverse biotic and
abiotic stress environments.!' Pseudomonas
pseudoalcaligenes KF707 isolated at Biphenyl
manufacturing industry in Japan®? is a soil
born bacteria. It is well known for its ability to
aerobically degrade polychlorinated biphenyls*
using biphenyl as secondary metabolites.

In search of novel endophytic bacteria
capable of producing promising bioactive
molecules, current study was undertaken to screen
and identify endoyphytic bacteria isolated from
halophytic Suaeda nigra.

MATERIALS AND METHODS

This current investigation was carried out
during 2020-21 and 2021-22 at Department of
Botany, Andhra University, Visakhapatnam, Andhra
Pradesh.

Endophytic salt tolerant bacteria isolation

Explants were collected from aerial and
root parts of Suseda nigra located at holophytic
zone of Khaspanaupada of Srikakulam district
within latitude of 18°34'25.6"N and longitude of
84°18'50.4"E (18.573986, 84.313925) (Figure 3).
The explants were sealed in sterile container for
further studies.

Surface sterilization of explants

The explants were first washed with
sterile water, blotted dry with filter paper dipped
in 70% ethanol and kept for about 1min. The
sample was removed and again washed in sterile
water. After washing the sample was then dipped
in 4% Sodium hypochlorite solution and kept for
about S minutes and again washed in sterile water.
Followed by dipped in 70% ethanol and kept for
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about 1min. The sample was removed and again
washed in sterile water for final preparation of
sample into paste.

To test the sterility of the procedure, the
explants were kept and rolled on plates containing
nutrient agar. 0.1 ml of the water from last wash
was also inoculated to nutrient broth. After
incubation period if any colonies developed, then
all the samples were discarded and again surface
sterilization of explants was carried out.

Endophytic bacteria isolated from explants of
Suaeda nigra

After the surface sterilization of the
explants, about 1g of each sample was weighed,
cut into small pieces and well grounded into paste
using sterile saline water in a mortar. Make the
sample pastes into about 10ml using saline water.
Each stock sample is further diluted 4 times, ten
parts each time. The highest diluted solutions (10-
4) were spread (50ul) on agar plates containing
Zobell marine agar (ZM agar) (Composition -
Zobell-Marine Broth 2216 Himedia @ 5.5 % +
Agar agar @ 1.5 %) with the aid of ‘L' shaped
glass spreader, and the plates were incubated.,
Colonies with different morphology were isolated
and streaked on ZM agar plates with assigned
codes and kept for 24 hours at 32°C. In order to
obtain pure culture the streaked cultures were
again quaternary streaked on individual ZM agar
plate and kept for 24 hours at 32°C for incubation.

After 24 hours, the cultures were obtained from
individual colonies were subjected to further
studies like biochemical, molecular, property and
salt tests.

Preservation and Maintenance of endophytic
bacterial isolates

All the test isolates were streaked on
nutrient agar plates and stored with 20% glycerol
at -20°C. Viability of the cultures was retrieved by
periodic sub-culturing into new media at monthly
intervals.

Morphological and Microscopic observations of
endophytic isolates

The following morphological and
microscopic examination which is cell shape,
colony morphology, Gram'’s staining and motility
were done to characterize the tentative identity
of endophytic bacteria.

All sixteen isolates were inoculated
on 3% NaCl Nutrient agar and the phenotypic,
colony morphology was observed.'* According to
Aneja, 2006 the cells from purified cultures were
observed for their morphological characters like
cell shape, cell size, endospore forming ability,
reaction to gram’s stain, pigmentation and cell
motility.

Growth at different NaCl concentration
The young cultures were streaked on

Pseudomonas pseudoalcaligenes strain M 14

Pseudomonas sp. strain MY 50

SNA7 (KY595450.1)

Uncultured bacterium clone HKT RR34

Pseudomonas sp. strain MY 63

Pseudomonas pseudoalcaligenes strain PPS

—Uncathtured Pseudomonas sp. clone D116231HO0S

Bacterium strain PAHI11

Uncultured Psendomonas sp. clone b12-126

Uncultured Pseudomonas sp. clone b19-108

Figure 1. Phylogenetic Tree

Pseudomonas sp. RM12W
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Nutrient agar plates with different salt percentages
i.e. 8% NaCl, 10% NaCl and 15% NaCl. The streaked
plated were incubated at 32°C and observation of
growth was made for 24hrs and 48hrs.

Oxygen requirement of endophytic bacterial
isolates

Oxygen requirement was tested by
growing bacteria in thioglycolate broth. The tubes

Survey and selection of areas and plants

€

Sample collection and transport

.‘:

€

Isolation of endophytic bacteria

e

|
|
|
[

Enumeration, purification and preservation ]

[ =

Phenotypic, enzymatic, property and Molecular
identification

€

Selection of superior quality endophytic bacteria

&

L

Molecular identifcation by 168 rRNA Method

€

| |
| |
|

[ Novel strains with superior characters

Figure. 2. Flowchart of the study undertaken

were inoculated and incubated at 32°C. Bacterial
population concentrate in the test tube where the
O, concentration is best suited for that particular
microorganisms. Strict anaerobes concentrate at
the bottom of the test tube, strict aerobes at the
top to the test tube, aerotolerant organisms found
evenly spread throughout the test tubes.

Biochemical enumeration of endophytic bacterial
isolates
Catalase activity'®

Loopfull of 24 hours old cultures of
endophytic bacterial test isolates were transport
to test tube containing 0.5 ml of sterile water. 3%
solution of hydrogen peroxide (0.5ml) was added
and thoroughly mixed. Observation was recorded
for the production of effervescence give positive
test for catalase production.

Oxidase test’

Trypticase Soy agar medium was used
for this test. The test isolates were streaked on
petri plates containing media and incubated
for 48 hours at 32°C temperature in an upturn
position. After incubation few drops of para amino
dimethyl aniline oxalate were added. Observation
was recorded for any colour changes from pink
to maroon within few seconds indicates oxidase
positive.

KOH test

Similar to Gram staining reaction, this test
is also based on differences in the arrangement
of the bacterial cell wall. Small amount of
colony was mixed with little amount of 3% KOH.
If the cell breaks, the cellular DNA makes the
composition viscous or stringy in appearance., If
KOH test is positive it indicates a gram negative
microorganisms or If KOH test is negative then it
indicates a gram positive microorganisms.

IndoleTest'’

Glucose Tryptone broth was used
to conduct Indole test. The test isolates was
inoculated in sterile test tube containing sterile
broth and kept for incubation for 48 hours at 32°C.
After incubation time, 0.3 ml of Kovac's reagent
was added and thoroughly mixed. Observation was
recorded by the formation of red colour alcohol
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ring at the top of the test tube indicates positive
test for indole production.

Methyl Red &Voges Proskauer Test'’

Glucose phosphate broth (MR-VP
medium) was used to test both Methyl red &
Voges Proskauer. Two sets of sterilized broth was
inoculated with test organisms and incubated at
32°C. After 48 hours of incubation period few drops
of methyl red indicator were added, development
of red colour indicates Methy red test was
positive. To another set of test tubes 5-6 drops of
5% a-naphthol and 2-3 drops of 40% potassium

Table 1. Coding of endophytic bacterial isolates

Sridevi et al. | J Pure Appl Microbiol. 2022.

hydroxide solution were added and mixed well,
The positive reaction of acetylmethylcarbinol
from glucose fermentation was converted into
diacetyl in presence of a-naphthol and potassium
hydroxide with the development of red colour at
the surface within few minutes.

Citrate Test'’

Simmon’s Citrate Agar was used to test
the consumption of Citrate as only carbon source
and ammonium salts as only nitrogen source. All
the isolates were inoculated in slants containing
simmons citrate agar and incubated for 48 hours

Plant part

Plant

Isolates

Suceda nigra  Aerial parts (08 isolates)
Root (08 isolates)

SNA1, SNA2, SNA3, SNA4, SNAS, SNAG, SNA7, SNAS
SNR1, SNR2, SNR3, SNR4, SNRS, SNR6, SNR7, SNR8

*S-Suaeda N-nigraA-aerial parts R-roots

Figure 3. Sample Collection site at salt stress area of Khaspanaupada of Srikakulam district
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Table 2. Comparative study of isolated SNA7 strain with other pseudomonas spp.

SNA7 P. P. pseudo Pseudomonas Pseudomonas
strain  alcaligenes olcaligenes alcaligenes putida BP25
strain TPS8
Morphological identification
1) Cell shape Bacillus Bacillus Bacillus Bacillus Bacillus
2) Gram'’s staining - - - - -
3) Motility - + . . +
4) NaCl concentration 8% . . . .
5) Oxygen requirement Aerobic  Aercbic Aerobic Aerobic Aerobic
6) Pigmentation - - - . .
Biochemical Tests
1) KOH + - v + +
2) Oxidase . - - + +
3) Catalase + . ’ . .
4) Indole + - . - +
5) Methyl Red + . + +
6) Voges-Proskauer - - . .
7) Citrate + + + + +
Enzymatic activity
1) Gelatin + - + . -
2) Starch + - - " .
3) 1AA production + . . . +
4) Phosphate solubilisation + . " '
5) Siderophore production + A . . +

*Not reported.

at 32°C. The positive test was indicated by the
change of its colour from green to blue because
of the change in pH.

Property studies of endophytic isolates

The isolated bacteria were subjected to
different property studies like Protease activity
(Gelatin hydrolysis), Amylase Production (Starch
hydrolysis), IAA production and Phosphate
solubilizing ability.

Gelatin and Starch hydrolysis

Gelatin and Starch hydrolysis test was
conducted by growing the organism on 1% Gelatin
Nutrient Agar and 1% Starch Nutrient agar plates
in that order. After 48 hours of incubation the
plates were flooded with saturated solution
of Ammonium Chloride (5g/10ml) and diluted

lodine solution for Gelatin and Starch utilization
respectively.

IAA production and Phosphate solubilizing ability
Bacteria isolated from plant rhizosphere

produce various phytohormones in the form of
secondary metabolites, the most common of
which is Indole-3-acetic acid (IAA). IAA production
was screened for the presence of Indole using
Salkowski reagent and colour developed was
measured spectrophotometrically at 536 nm using
UV Spectrophotometer.

Phosphate solubilization ability was
carried out by Pikovskaya's broth and the
presence of Phosphate was tested by adding
750 ul of phosphate reagent (Molybdenum
Blue) and colour development was measured
spectrophotometrically at 680 nm by using UV
Spectrophotometer.

Microbial Identification using 16S rRNA gene
based molecular method

Nucleic acid was extracted from test
isolates using Silica based membrane technology
and its quality was detected on 1 per cent agarose
gel, a high molecular weight containing single
band of DNA was recorded. Fragments of 16 S
rRNAgene was multiplied by using 16S rRNA-
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Forward and 165 rRNA-Reverse primers. A distinct
PCR amplicon (a piece of RNA or DNA which is the
source for amplification or replication reaction)
of 1500 base pairs band was observed which was
determined on agarose gel and purified. Forward
and Reverse DNA sequencing of PCR amplicon was
determined by using Big Dye Terminator Version
3.1 cycle on Applied Bio systems 3730 X 1 genetic
Analyzer. By using Aligner software tool complete
consensus sequence of 16S ribosomal-RNA gene
sequence was generated and BLAST was carried
out with nucleotide collection database from NCBI
GenBank. Primary 10 sequence were selected and
aligned by using Clustal W alignment programme.
By using Molecular Evolutionary Genetics Analysis
(MEGA 10) phylogenetic tree and distance matrix
was constructed.

RESULTS

Enumeration of endophytic bacterial isolates in
aerial and roots of halophytic plant Suaeda nigra

The endophytic bacterial population
in aerial parts and roots of halophytic plant
Suaeda nigra are 3.7 x 10°cfu/gand 4.9x 10°cfu/g
respectively. Total sixteen isolates from both
aerial and root parts of Suaeda nigra were
isolated and purified by quaternary streak plate
method and they were coded according to their
host plant followed by part (aerial and root) they
are collected and finally by numbering in Serial
Number. Among 16 isolates, strain SNA-7 showed
distinct morphology, phenotypic and biochemical
characters which was selected for further studies.
The results of cultural, biochemical and enzymatic
characters are reorded in Table 2.

Colony and cell morphology

The colonies of SNA7 strain on agar
medium were medium, round in shape, colourless,
convex in elevation. The cells when viewed
microscopically are single rods and motile. Gram’s
staining was carried out and the cells were gram
negative in appearance. When grow in nutrient
broth cells showed aerobic in nature. Grows well
at temperature 25-30°C with 3% NaCl supplement,
pH ranges 05-10 and salt tolerance upto 8% NaCl
concentration.

Biochemical characteristic of endophytic bacterial
isolates

Biochemical studies were carried out by
the isolate SNA7and compare with strain of other
Pseudomonas species are presented in Table 2. The
results showed that the SNA7 isolate were KOH
positive with stringy appearance. Catalase positive
when 3% H,0, was added and oxidase positive
when para aminodimethyl aniline oxalate solution
were added. IMVIC test showed Indolepositive
with red colour when Kovac's reagent was added,
Methyl red positive with the production of
red colour, Voges-Proskauer test negative with
no colour and Citrate utilization positive with
production of blue colour due to the change pH
in the medium,.

Hydrolysis of Gelatin (Protease production)
Agar plates inoculated with SNA7 was
tested for geletinase production. The plates were
flooded with saturated solution of Ammonium
sulphate (5g/10ml) and kept for 30 min. Gelatin
hydrolysis was observed by clear zone around the
culture inoculated showed positive result.

Hydrolysis of Starch (Amylase production)

48 hrs of SNA7 plates were flooded with
diluted lodine solution. The iodine reacts with
the starch present in the agar plate and produces
blue colour. Clear zone was observed around the
inoculated culture showed positive reaction to
starch hydrolysis.

Production of Indole-3-acetic acid (1AA)

IAA production was screened for the
presence of Indole compounds by colorimetric
assay using Salkowski reagent. Strain SNA7 was
cultured and inoculated in 4ml of 3% Nutrient
broth in ria vials as detailed in material and
methods. After 48 hrs incubation the culture were
subjected to centrifugation and the liquid from
supernatant was pippetted and mixed with 1.5 ml
of Salkowski’s reagent. The colour intensities were
measured by using UV Spectrophotometer at 536
nm. The OD values were compared with standard

graph of 1AA and 43ug/l of IAA production was
recorded with strain SNA7.

Phosphate solubilizing ability
SNA7 culture were inoculated in 4ml of
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3% pikovskaya's borth in ria vials and kept for 48 hrs
incubation as mentioned in material and methods.
After incubation 750 ul of phosphate reagent to
the 4ml of the sample and blue colour intensities
were measured by using UV Spectrophotometer
at 680 nm wavelength. 2.3 pug/l was recorded with
strain SNA7.

Production of Siderophore

To test the siderophore production,
all the test isolates were inoculated on blue
agar fo Chrome Azurol S and incubated for 72
hours at 30°C. After incubation period the plates
inoculated with SNA7 shows colour change from
blue to orange which indicates the positive for
siderophore production.

Microbial Identification using 16S rRNA gene
based molecular method

Nucleic acid from the isolate SNA7
(accession number KY595450.1) was isolated and
evaluated on 1% agarose gel and obtained single
band of DNA with high molecular weight. Fragments
of 16S rRNA gene was multiplied by 16S rRNA-
Forward-5'-GCCGTTGGGTTCCTTGAGAAC-3' and
16S rRNA-Reverse-5'-CTTAATGCGTTAGCTGCGCC-3'
primers using BDT version 3.1 Cycle sequencing kit
on ABI 3730 X | Genetic Analyzer. A comparison
using 16S ribosomal-RNA gene sequences from
the databases revealed that the 16S rRNA gene
sequence of the type strain of SNA7 displayed
high levels of similarity to those of Pseudomonas
pseudoalcaligenes. The percentage of 165 rRNA
sequence similarity between strain SNA-7 and
Pseudomonas pseudoalcaligenes was 100%.
The phylogenetic tree reconstructed using the
neighbour-joining algorithm also confirmed that the
strain SNA7 and Pseudomonas pseudoalcaligenes
clustered together and constituted a separate
group from the other closely related species.

DISCUSSION

Similar studies were carried out by
difference research workers on endophytic
bacterial interaction with the host plant especially
on endophytic bacteria belonging to the genus
Pseudomonas and halophytic Suaeda family are
discussed in this session.

Yachana Jha et al. in 2011" studied on

genus pseudomonas and stated that combination
of endophytic Pseudomonas pseudoalcaligenes
and rhizospheric Bacillus pumilus in paddy has
an ability to promote resistance to the host plant
from biotic and abiotic stress condition by inducing
osmoprotectant and antioxidant proteins rather
than by endophytic or rhizopsheric bacteria alone
at the early stages of development.

Mieke Rochimi Setiawati et. al.,(2021)"
in their study isolated strain Pseudomonas
stutzeri K10P4 from Karawang increase Nitrogen
uptake (3.5%), dry weight (20.93 mg) and
chlorophyll (67.51 umol) in rice crops under saline
environments.

Daniela Soledad Riva et al.,(2020)* in
their study revealed that the P. pseudoalcaligenes
activate changes in plant defense mechanism and
sugar metabolism leading to better tolerance
against Sclerotium rolfsii.

Morahem Ashengroph et al., in 2013%
isolated strain P. pseudoalcaligenes TPS8, was
screened from tea plantation soil, which has high
ability for caffeine tolerance (upto 15g/l) and
caffeine degradation (80.2%) without any external
carbon/nitrogen source addition.

Recent research findings was also
correlated with present study, according to de
Vilhena Araujo, E et. al., (2020)** Endophytes have
been associated with the production of secondary
metabolites that may confer environmenta
advantages to the host. Similar findings was also
studied by Eid A.M. Fouda et. al. (2021)* that
Endophytes promote plant growth and fitness
through the production of phytohormones or
biofertilizers or by alleviating abiotic and biotic
stress tolerance and strengthening plant immune
system.

Jabborova D. et. al., (2020)* isolated
four endophytic bacterial isolates (GS2, GSS, GS8
and GS10) from Ginger (Zingiber officinal Rosc)
showed positive for IAA production, siderophore
production and phosphate solubilization activity
and production of enzymes.

Similar results were obtained by
Abdelshafy Mohamad et. al., (2020)% in their
study showed that endophytic bacteria exhibited
several plant growth-promoting activities in
vitro, including auxin synthesis, diazotrophy,
phosphate solubilization, siderophore production,
and production of lytic enzymes (i.e., chitinase,
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cellulase, protease, and lipase)

Papik J et.al., (2020)* finds that
Endophytic bacteria promote plant growth and
protect their host plant against pathogens,
herbivores, and abiotic stresses including drought,
increased salinity and pollution.

CONCLUSION

Pseudomonas spp. having vast potential
in production of siderophores, ACC deaminase,
variety of bioactive secondary metabolites,
phosphate and potassium solubilization and are
effective aerobic degraders of polychlorinated
biphenyls (PCB) and also used as bio-inoculants
in many biological applications such as
bioremediation, biological nitrogen fixation,
antagonism. Hence, Pseudomonas spp. was
characterized as an effective organism to explore
its ability in various research fields. In this present
study, an attempt was made to study Pseudomonas
pseudoalcaligenes isolated from Sugeda nigra
which had higher potential in producing bioactive
secondary metabolitesand was first of its kind
reported in halophytic Suaeda nigra.
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ABSTRACT

Background: Main objective of this study is to isolate and characterize halo tolerant plant growth promoting endophytic bacteria from
leaves and pneumatophores of mangrove plant Avicennia officinalis L. Isolates were also screened for their ability to provide resistance
to extreme salt tolerance and temperatures and to produce exo enzymatic activity like catalase, amylase, protease, phosphate
solubilization and plant growth promoting hormene (Indole 3-acetic acid).

Methods: The presenl study was carried out during 2020-21 to 2021-22 at field and laboratory level. Eleven endophytic bacterial
isolates were obtained from mangrove Avicennia officinalis L. grown at coastal region of Corangi Wildlife Sanctuary, East Godavari.
All Isolates were enumerated, purified and preserved for further studies.

Result: Out of eleven isolates obtained bacteria "AOL2" isolated from leaves of Avicennia officinalis L. was found promising in
production of exo enzymes, Indole 3-acetic acid (IAA) and phosphale solubilization parameters. Isolate AOL2 was a Gram’s negative,
motile, moderately halophilic, rod shaped diplobacilli which grows optimally at 32°C, pH 8.3 and had a salt tolerance of 10% NaCl,
Microbial identification was carried out by morphological, biochemical and by 165 rRNA sequence. Based on nucleotide homology
and phylogenetic analysis isolate AOL2 showed high degree of resemblance with Salinicola salarius. On the basis of the experimental
findings, strain Salinicola salarius AOL2 had a capability in producing plant growth promoling substances, exo enzymes, phosphate
solubilization ability and was first reported in endophytic bacteria isolated from Avicennia officinalis L. that can be studied further.

Key words: Catalytic activity, Endophytic bacteria, Mangrove, Plant growth promoters, Salinicola.

INTRODUCTION

Direct extraction of secondary metabolites from mangrove
plants that have superior in antibacterial activity requires a
large amount of biomass and this is potentially damage the
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mangrove community and their ecosystem. Endophytic
bacteria that live in plant tissues can be used to obtain the
bioactive compounds efficiently. Endophytic microbes are
groups of organisms associated with various tissues and
organs of several terrestrial and aquatic plants (Stone et al.,
2000). Some endophytic bacteria are known to produce
secondary metabolites that are useful in pharmaceutical
industry (Gouda, et al., 2016). Endophytic organisms are
those that live internally in apparently healthy and
asymptomatic hosts. Endophytes appear to be ubiquitous;
indeed, no study has yet shown the existence of a plant
species without endophytes (Nisa et al., 2015).
Microorganisms from marine ecosystems contain useful
enzymes, proteins, antibiotics and salt tolerant genes that
have pharmacological significance (Thatoi et al., 2013).
Endophytic bacteria had several potential applications in
medicine and in other various sectors of biotechnology
including agriculture. One of the potential applications of
bacterial endophytes in agricultural is to enhance the growth
of the agricultural crops.

Mangrove belong primarily to the families
Rhizophoraceae, Acanthaceae, Lythraceae, Combretaceae
and Arecaceae; that grow in dense thickets along tidal
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estuaries, in salt marshes and on muddy coasts. Mangrove
ecosystem is a bridge between terrestrial and marine
environment and harbors unique microbial diversity.
Recently, among the marine microorganisms, marine
derived bacteria have been recognized as good resources
for new biologically active secondary metabolites including
antitumor, antibacterial, antiviral, antifungal and enzyme
inhibitor compounds. Bacterial diversity from these
ecosystems has been studied worldwide for their unique
biochemical processes. Various groups of bacteria are
typically present in the mangrove ecosystem (Holguin et al.,
2001) where they perform diverse activities including
photosynthesis, nitrogen fixation and methanogenesis

Scanned with CamScanner




Screening and Isolation of Plant Growth Promoting, Halotolerant Endophytic Bacteria from Mangrove Plant Avicennia officinalis...

(Das et al.,2007). Bacterial communities can be found living
freely in mangrove sediments (Roy et al., 2002) or as
endophytes associated with the native flora (Garcias-Bonet
et al, 2012). Microorganisms from mangrove ecosystems
contain useful enzymes, proteins, antibiotics and salt tolerant
genes, all of which have biotechnological significance.

Avicennia officinalis L. found sporadically on the banks
of rivers and rarely found near the sea. It prefers clay soil
and usually found inland. Avicennia officinalis L. is a species
of mangrove also known as Indian mangrove.

One of the bacterial isolates in this study belongs to
genus Salinicola, a member of the family Halomonadaceae,
was originally described with Salinicola salarius as the type
species. The genus comprises six recognized species with
validly published names: S. socius, S. halophilus, S. salarius,
S. rhizosphaerae, S. peritrichatus and S. acroporae. Salinicola
strains have been isolated from different environments
including seawater, salt mines, a solar saltern, the
rhizosphere of mangrove and deep-sea sediment. Salinicola
strains are described as Gram-stain-negative, aerobic, rod-
shaped, motile and moderately halophilic. Salinicola strain
isolated from the leaves of mangroves, Avicennia officinalis L.
was studied in this experiment,

MATERIALS AND METHODS

This present study was conducted during 2020-21 and 2021-22
at Department of Botany andhra University, Visakhapatnam,
Andhra Pradesh (Fig 1).

Sample collection

Samples were collected from leaves and pneumatophores
of mangrove plant Avicennia officinalis located at mangrove
zone of Corangi Wildlife Sanctuary, East Godavari district
within latitude of 16°49'53.0"N and longitude of 82°20°12.0"E

(16.831389, 82.336667). The collected samples were sealed
in sterile container before sending to the Research
Laboratory (Fig 5).

Surface sterilization and Sterility check

The sample was first washed with sterile water, blotted dry
with filter paper dipped in 70% ethanol and kept for about
1 min. The sample was again washed in sterile water dipped
in 4% Sodium hypochlorite sclution and kept for about
5 minutes. The whole process was repeated twice.

For sterility check, the shoots were rolled on nutrient
agar plates as well as 0.1 ml aliquot from the final wash was
inoculated to 10 ml nutrient broth (NB) (Gyaneshwar et al,,
2001). Samples were discarded if any growth was detected
in the sterility check,

Isolation of endophytic bacteria from leaves and
pneumatophores of mangrove plant Avicennia
officinalis L.

After surface sterilization of the explants, 1g of each sample
was grounded into paste and diluted by serial dilution
technique. The highest diluted solution (4") were spread
(100 pl) on Zobell Marine Agar plates (Composition-Zobell-
Marine Broth 2216 Himedia @ 5.5% + Agar agar @ 1.5%)
and incubated. After incubation individual colony of a different
type were observed isolated and purified by quaternary
streaking method on Zobell Marine Agar plates with a code
assigned. Pure cultures obtained were subjected to further
studies. They were also named according to their host plant
followed by part (leaf or pneumatophore) they are collected
and finally by numbering in serial number (Table 2).

Preservation of endophytic bacterial isolates

All the isolates were streak on 3% sodium chloride (NaCl)
nutrient agar plates and stored with 20% (w/v) glycerol and
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Fig 1: Sample collection site (Coringa Wildlife Sanctuary, East Godavari).
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stored at -20°C. Viability of the cultures was retrieved by periodic
sub-culturing into new media at monthly intervals (Fig 2).

Phenotypic characterization of the endophytic isolates

Eleven isolates were inoculated on 3% NaCl Nutrient agar and
the colony morphology was observed as per guidelines given
by Hawksworth et al. (1983). The purified cultures, at log phase
were observed microscopically for the cell morphological
characlers as per the method outlined by Aneja, (2006).

Growth at different NaCl concentration

The young cultures were streaked on Nutrient agar plates
with different salt percentages i.e. 8% NaCl, 10% NacCl and
15% NaCl. The streaked plated were incubated at 32°C and
observations on growth was made for 24hrs and 48 hrs (Fig 4).

Biochemical characterization of endophytic bacterial
isolates

12 hours old cultures were subjected to catalase test,
oxidase and KOH string test as per the methods outlined by
Aneja (2006). Indole, Methyl Red, Voges Proskauer and

Ny
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Fig 3: Endophytic bacleria under 100X.

Citrate Utilization Tests was conducted as per the method
summarized by Seeley (1962).

Property studies of endophytic isolates

The isolated bacteria were subjected to different property
studies like Protease activity (Gelatin hydrolysis), Amylase
Production (Starch hydrolysis), IAA production, Phosphate
solubilizing and Sideophore production ability (Fig 3).

Gelatin and starch hydrolysis

Gelatin and Starch hydrolysis test was conducted by growing
the organism on 1% Gelatin Nutrient Agar and 1% Starch
Nutrient agar plates in that order. After 48 hours of incubation
the plates were flooded with saturated solution of Ammonium

Fig 5: Avicennia officinalis L. leaves and pneumatophores.
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Chloride (5 g/10 ml) and diluted lodine solution for Gelatin
and Starch utilization respectively.

IAA production and phosphate solubilizing ability

Bacteria isolated from plant rhizosphere produce various
phytohormones in the form of secondary metabolites, the most
common of which is Indole-3-acetic acid (IAA). IAA production
was screened for the presence of Indole using Salkowski
reagent and colour developed was measured spectrophoto
metrically at 536 nm using UV Spectrophotometer.

Phosphate solubilization ability was carried out by
Pikovskaya's broth and the presence of Phosphate was
tested by adding 750 ul of phosphate reagent and colour
development was measured spectrophotometrically at
680nm by using UV Spectrophotometer (Fig S5).

Microbial identification using 16S rRNA gene based
molecular method

DNA was isolated from the culture. Its quality was evaluated
on 1.0% agarose gel, a single band of high-molecular weight
DNA has been observed. Fragment of 16S rRNA gene was
amplified by 16S rRNA-F and 16S rRNA-R primers. A single
discrete PCR amplicon band of 1500 bp was observed when
resolved on agarose gel. The PCR amplicon was purified to
remove contaminants. Forward and reverse DNA
sequencing reaction of PCR amplicon was carried out with
16S rRNA-F and 16S rRNA-R primers using BDT v3.1 Cycle
sequencing kit on ABl 3730x Genetic Analyzer. Consensus
sequence of 16S rRNA gene was generated from forward
and reverse sequence data using aligner software. The 16S
rRNA gene sequence was used to carry out BLAST with the
'nr' database of NCBI GenBank database. Based on
maximum identity score first ten sequences were selected
and aligned using multiple alignment software program
Clustal W. Distance matrix and phylogenetic tree was
constructed using MEGA 10. 7.

RESULTS AND DISCUSSION

Enumeration of endophytic bacterial population in

leaves and pneumatophores of mangrove plant
Avicennia officinalis L.

The endophytic bacterial population in leaves (3.5 x 10° cfulg)
and pneumatophores (4.2 x 10° cfu/g) of mangrove plant
Avicennia officinalis were isolated. Three isolates from leaves
and eight isolates from pneumotaphores of Avicennia officinalis
were obtained and purified by Streak plate technique.
Among 11 isolates, which belongs to the genus Bacillus,
Exiguobacterium, Salinicola, Pseudomonas, Enterobacter and
Vibrio, Strain AOL2 (Aveicenia Officinalis Leaf strain-2) is of
particular interest due to its salt tolerance at 10-15% NaCl and
also showed distinct morphology and phenotypic characters
and was selected for further studies (Fig 2 to 5) (Table 1).

Colony and cell morphology

The colonies of AOL2 strain on agar medium were medium,
round in shape, yellow in colour, convex in elevation. The
cells when viewed microscopically are single rods and motile.

Gram's staining was carried out and the cells were gram
negative in appearance. When grow in nutrient broth cells
showed aerobic in nature and are non-endospore forming.

Growth at saline conditions

AOL2 grows well at temperature 25-30°C with 3% NaCl
nutrient agar, pH ranges 05-10 and salt tolerance up to 15%
NaCl nutrient agar. Similar findings were presented by Ali
et al. (2017) in their study with Bacillus pumilus AM11
and Exiguobacterium sp. AM25 showed significantly higher
growth in saline media.

Biochemical characteristic of endophytic bacterial isolates

Biochemical studies were carried out by the isolate AOL2
and presented in Table 2. The results showed that the AOL2
isolate were KOH positive with stringy appearance. Catalase
positive when 3% H,O,was added and oxidase negative
when para-aminodimethyl aniline oxalate solution were
added. IMVIC test showed Indole positive with red colour
when Kovac's reagent was added, Methyl red positive with
the production of red colour, Voges-Proskeaur test negative
with no colour and Citrate utilization positive with production
of blue colour due to pH change in the medium. AOL2
showed positive result with Gelatin (0.5 cm) and Starch
(0.8 cm) hydrolysis (Table 2),

Indole-3-acetic acid (IAA) production

IAA production was screened for the presence of Indole
compounds by colorimetric assay using Salkowski reagent.
Strain AOL2 was cultured and inoculated in 3% Nutrient broth
with 0.5% Tryptophan. After 48 hrs incubation the culture
were subjected to centrifugation and the supernatant was
mixed with 1.5 ml| of Salkowski's reagent. The colour
intensities were measured by using UV Spectrophotometer
at 536 nm. The OD values were compared with standard
graph of IAA and 7.5 pg/mi of IAA production was recorded

with strain AOL2 (Table 2). Similar results were obtained by
Hardoim et al. (2015).

Phosphate solubilizing ability

AOL2 culture were inoculated in 4 ml of 3% pikovskaya's
broth in ria vials and kept for 48 hrs incubation as mentioned
in material and methods. After incubation 750 pl of
phosphate reagent to the 4ml of the sample and blue colour
intensities were measured by using UV Spectrophotometer
at 680 nm wavelength. 3.5 ppm was recorded with strain
AOL2. Similar results were also reported Rylo Sona
Janarthine et al. (2011) in their study isolated Endophytic
bacteria from the surface sterilized pneumatophores of

Table 1: Coding of endophytic bacterial isolates,

Plant Plant part Isolates®

Avicennia officinalis L.  Leaf (03 isolates) AOQOL1, AOL2, AOL3
Pneumatophore AOP1,AOP2, AOP3,
(08 isolates) AOP4, AOPS, AOPS,

AOP7, AOP8
*A- Aviceniia, O- Officinalis, L- Leaf, P- Pneumatophores.
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AOL2
Salinicola socius strain SMB35

Salinicola acroporae strain 54-4 |

Salinicola salarius strain M27

. Salinicola tamaricis stramn FO1

Salinicola halophilus strain CG4, |

Salinicola zeshunii strain N4

Salinicola peritrichatus strain DY 22

J

| — —

Salinicola rhizesphaerae strain MSSRFHI
Halomonas giaohouensis YIM QHSE

Halomonas pacifica NBRC 102220

Fig 6: Phylogenetic tree based on nucleotide sequence of the 165 rRNA sequence of AOL2 and other related lype slirains,

Table 2: Phenotypic studies of endophytic bacteria isolates strain AOL2

Parameter Results
Morphological observation

Gram’s reaction -ve
Cell shape Rod
Endospore forming ability -
Motility +
Biochemical studies

KOH +
Catalase +
Oxidase -
Indole production

Methyl red

Voges-proskauer test -
Citrate utilization +
Enzymatic assay

Starch hydrolysis (Amylase production) 0.5 cm
Gelatin hydrolysis (protease production) 0.8 cm
Phosphate solubilization 3.5 ppm
IAA production 7.5 pg/mi

Avicennia marina. They identified isolates as GU930357
(Bacillus sp.), GU930358 (Enterobactersp.) and GU930359
(S. aquimarina). Bacillus sp., fixed nitrogen, S. aquimarina
produced siderophore and all the three strains solubilized
phosphate molecule. Same findings were also obtained by
El-Tarabily and Youssef, (2010) conducted a study on
mangrove Avicennia marina rhizosphere identified 129
bacterial strains with the ability to solubilize rock phosphate,
with Oceanobacillus picturae able to mobilize 97% of this
mineral. Richardson (2009) in their study stated that
Phosphate solubilization by microorganisms has an
important function in supplying phosphorus (P) o plants with
the potential to be used as inoculants. Kim et al. (1997)
also reported that the ability of microorganisms to solubilize
phosphate correlates with the ability o produce organic acids
and/or extracellular polysaccharide.

Microbial identification using 16S rRNA gene based
molecular method

Isolated DNA from the culture was evaluated on 1.0%
agarose gel and single band of high molecular weight DNA
was observed. Fragment of 16S rRNA gene was amplified
by 16SrRNA-F-5'-TCTTCGGACTTCGCGCTATC-3" and
16SrRNA-F-5'-CAGACCAGCTACGGATCGTC-3' primers
using BDT v3.1 Cycle sequencing kit on ABI 3730xI Genetic
Analyzer. A comparison using 16S rRNA gene sequences
from the databases revealed that the 16S rRNA gene
sequence of the type strain of AOL2 displayed high levels
of similarity to those of Salinicola salarius. The percentage
of 16SrRNA sequence similarity between strain AOL2 and
Salinicola salarius was 99.19%. The phylogenetic tree
reconstructed using the neighbour-joining algorithm showed
that the strain AOL2 and Salinicola salarius clustered
together and constituted a separate group from the other
closely related species (Fig 6).

CONCLUSION

Interaction between plants and endophytic bacleria is very
crucial in the development and evolution of both organisms.
Endophytes contributes nutrients, resistance to the plants
from extreme biotic and abiotic stress. Endophytes produce
several active secondary metabolites that are useful in many
applications. Much research is still needed to understand
their relationship. Present study revealed the interaction
between endophytic bacteria and mangrove plants. Isolated
strain Salinicola salarius AOL2 has an ability in producing
plant growth promoting phytohormones, bioenzymes,
phosphate solubilization and was first reported endophytic
bacteria isolated from Avicennia officinalis and had
importance in further research studies.
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ABSTRACT

In this paper, we have reported the fabrication of chitosan based iron tungstate (FeWOs) heterostructure compaosite via hydrothermal route. The

prepared composite was compared with its bare sample FeWOs in their structural, electronic and optical properties. In this connection, the
analvtical instruments like XRD, FTIR, TEM, SEM EDX, XPS, TGA and UV-DRS were employed in this study. Brilliant green is a model dye
pollutant was used in this study to determine the photocatalytic performance of prepured compuosite and bare FeWO,. As a result, the findings show

that 20 mg/L of FeWO,/Chitosan at pH-10 is an effective photocatalyst for degradation 10 mg/L BG dye solution. In addition the antimicrobial

activity of prepared samples also measured over the pathogens of E.coli and S.aureus. The analysis results drew that prepared FeWOy/chitosan

composite showed promising applications in degradation of BG dye and inactivation of pathogens effectively.

Keywords FeWO/chitosan; heterostructure composite; Brilliant green; dve degradation; antimicrobial activity.

Introduction

A known soluble natural product chitin derived
from deacetylated chitin, being constructed by repeating
units of 1,4 linked 2-deoxy-2-aminoglucose 18 a
chitosan [1-2]. Chitosan has peculiar properties of
structural, biological, physical and chemical
characteristics which extend to biocompatibility,
biodegradability and antimicrobial properties [3].
Chitosan renders a new generation of bio-polymer
nanocomposites with semiconductor metal oxides [4].
Due to chitosan can act as free radical scavengers with
the presence of hydroxyl groups which can donate
hydrogen atom or electron to free radical [5]. In
addition, chitosan has the power to chelate metal ons
which involved in organic reaction transformations [6].
Chitosan based composites showed a great

photocatalytic activity significantly TiO2/chitosan
porous materials for methylene blue (MB) and methyl
orange (MO degradation [7-8], ZnO/chitosan for direct
blue 78 [9], CdS/chitosan for congo red and CI acid red
66 [10-11], Cu;O/chitosan composite for degradation of
Brilliant green dye efficiently [12] and niobum (V)
based chitosan composite was effective catalyst for
indigo caramine [13]. Therefore, more probabilities for
preparing chitosan based semiconductor composites for
photocatalytic applications and antimicrobial activity.

Semiconductor metal oxide nanoparticles are cost-
effective, non-toxic, eco-friendly and energy-efficient.
Tungstates (MWO,) are widely used in microwave
ceramics, luminescence, catalytic fields and optical
properties [14]. Tungsten oxide and iron oxde
nanoparticles have gained much attention over other
metal oxides for their significant surface and optical
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Introduction

A known soluble natural product chitin derived
from deacetylated chitin, being constructed by repeating
units of 14 linked 2-deoxy-2-aminoglucose i1s a
chitosan [1-2]. Chitosan has peculiar properties of

structural, biological, physical and chemical
characteristics which exend to biocompatibility,
biodegradability and antimicrobial properties [3].

Chitosan renders a new generation of bio-polymer
nanocomposites with semiconductor metal oxides [4].
Due to chitosan can act as free radical scavengers with
the presence of hydroxyl groups which can donate
hydrogen atom or electron to free radical [5]. In
addition, chitosan has the power to chelate metal ions
which involved in organic reaction transformations [6].
Chitosan based composites showed a great

photocatalytic activity significantly TiO2/chitosan
porous materials for methylene blue (MB) and methyl
orange (MO degradation [7-8], ZnO/chitosan for direct
blue 78 [9], CdS/chitosan for congo red and CI acid red
66 [10-11], Cu,O/chitosan composite for degradation of
Briliant green dye efficiently [12] and niobium (V)
based chitosan composite was effective catalyst for
indigo caramine [13]. Therefore, more probabilities for
preparng chitosan based semiconductor composites for
photocatalytic applhcations and antimicrobial activity.

Semiconductor metal oxide nanoparticles are cost-
effective, non-toxic, eco-friendly and energy-efficient.
Tungstates (MWO,) are widely used in microwave
ceramics, luminescence, catalytic fields and optical
properties [14]. Tungsten oxide and iron oxde
nanoparticles have gamned much attention over other
metal oxides for their significant surface and optical
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In this paper, we have reported the fabrication of chitosan based iron tungstate (FeWOs) heterastructure composite via hydrothermal route. The

prepared composite was compared with its bare sample FeWOy in their structural, electronic and optical properties. In this connection, the
analvtical instruments like XRD, FTIR, TEM, SEM EDX, XPS, TGA and UV-DRS were employed in this study. Brilliant green is a model dye

pollutant was used in this study to determine the photocatalytic performance of prepared compusite and bare FeWOy. As a resull, the findings show
that 20 mg/L of FeWO/Chitosan at pH-10 is an effective photocatalyst for degradation 10 mg/L BG dye solution. In addition the antimicrobial

activity of prepared samples also measured over the pathogens of E.coli and S.aureus. The analysis results drew that prepared FeWO/chitosan

composite showed promising applications in degradation of BG dye and inactivation of pathogens effectively,

Keywords FeWO,/chitosan; heterostructure composite; Brilliant green; dye degradation; antimicrobial activity,

Introduction

A known soluble natural product chitin derived
from deacetylated chitin, being constructed by repeating
units of 14 linked 2-deoxy-2-aminoglucose is a
chitosan [1-2]. Chitosan has peculiar properties of

structural,  biological, physical and chemucal
charactenstics which extend to blocompatibility,
biodegradability and antimicrobial properties [3].

Chitosan renders a new generation of bio-polymer
nanocomposites with semiconductor metal oxides [4].
Due to chitosan can act as free radical scavengers with
the presence of hydroxyl groups which can donate
hydrogen atom or electron to free radical [S]. In
addition, chitosan has the power to chelate metal 1ons
which involved in organic reaction transformations [6].
Chitosan based composites showed a great

photocatalytic activity significantly TiO2/chitosan
porous materials for methylene blue (MB) and methyl
orange (MO degradation [7-8)], ZnO/chitosan for direct
blue 78 [9], CdS/chitosan for congo red and CI acid red
66 [10-11], Cu,;O/chitosan composite for degradation of
Brilliant green dye efficiently [12] and niobium (V)
based chitosan composite was effective catalyst for
indigo caramune [13]. Therefore, more probabilities for
preparing chitosan based semiconductor composites for
photocatalytic applications and antimicrobial activity.

Semiconductor metal oxide nanoparticles are cost-
effective, non-toxic, eco-friendly and energy-efficient.
Tungstates (MWQOy) are widely used in microwave
ceramics, luminescence, catalytic fields and optical
properties [14]. Tungsten oxde and won oxde
nanoparticles have gamned much attention over other
metal oxides for their significant surface and optical
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ABSTRACT

This paper explores the formation of hetersomructre compaosite of chiosan based cobalt pogskue ( CoWO g throwggh hwdrothermal approach. The desirable
sam pleswere porther carvied ot by using suplustoaked analviicd mstmmentssuchas ARD. FTIR. TEM, SEM EDX. XPS. 1GA and UV-DRS were
emploved i this sady to getidormaiona bow thevr structural, clectmmie and optical properties. Xvlonol orargee (XO) 15 a moded dve pollutant was wed in
this study o desenmine the photocagilvt: performance of preparad composite and pureCoWO .. The vbrunad analvsis results were stated that prepared
com paike iseffecnw phoocalalyst for the compide degradation of XO dve agueons sobution under visible lght irvadiations in 1h, As a result, the data
reveal thar CoWO#/Chutosan at 10 mg/L atpH 3 is an excellent phaocatalvst forthe degradation of 10 mg L XQ dve sobution.In addition the antimicrobial
activity of prepared samples also measured over the pathogens of E.coli and S aureus

Keywords: CoW0,-Chitosan Composite: Xvlenol orange dve; Photocatalvtic degradation; Antimicrobial activity

|. Introduction

A severe threat to water is due to rapd
indus tnalization, urbanization and population. Copious
industries such as petrochemucal, textile, prninting,
pharmaceutical, and chemical industries require great
quantity of water and also discharge large amount of
wastewater. Dye waste is an important toxic pollutant
which 1s 4 non-biodegradable nature and destructs the
whole ecosystem| 1] Researchers among the world have
been done labulous work 1o explore more convenient,
economucal and ecological process. The conventiwonal
methods including chlonnation, adsorption, reverse
osmosis. 1on exchange and filtration have been reported
fororganic compounds fromone phase to another [2].
However, owing to the great amount of aromatic
compounds and stability of dve molecules. the
conventional approached are inettecuve tor the removal
ofdye pollutant. Yet, heterogeneous photocatalysis has
provento be an effective advanced oxdation process
(AOP) technmque for the complete decolourisation of dye
pollutantowingto the active formation of hydroxyl free
radical (OH) is a main product via light wradiating with

semiconductors metaloxides . Photocatalytic mechanism
s mainly based on the formation of electron and hole
pairs are capable of removing organic dyes upon light
illumination. Efforts have been made by many
researchers to mtroduce metal [3-4], non-metal [3] or
metal oxide [6-7] into the semiconductor matenals 1o
effectively increase the catalytic activities of
semiconductors [8]. The hterature survey has shown that
the semiconductor supported matenals widely enhance
the photocataly uc acuv ity because ol their controllable
pore space and surtacechenustry as well as photostable.
Various support havebeen investigated such as alumina,
zeolite, silica gel, fiberoptic cable. glass beads. gquanz,
stainless steels, clays, cellulose, activated carbon and
polymers [9-11].

[he binary metal oxide CoWOyq, one of the
tungstates, has beenreceving more and more attentions
for its multitude of applications, mcluding oxygen
evolutioncatalyst| 12] and production ofhydrogen [13].
However, no literatures reported the application of
CoWOM4 as the electrode matenal in supercapacitors until
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now, to our best knowledge. Based on the high super
capacitive performances of the metal oxide, CoWOy,
with a Co3+/Co2+redoxcouple should be a promising
clectrode material for supercapacitors. Besides, as
reported in some literatures, the binary metal oxides of
tungstate present the conductivity on the order of 107 -
107 Sem™ |, because the incorporation of W atoms can
greatly enhance thewr conductivity in comparison with
pure metal oxide [14]. In this work. CoWO; has been
prepared by the wet-chemical and hydrothermal
approaches starting fromsolutions of Co”" and [WD4]3'.
In general, such a quick precipitation reaction usually
forms amorphous compounds in wet-chemical method,
while the hydrothermal reaction often obtains
compounds with crystal structure. These CoWO4
nanoparticles were used in electrode matenals for
supercapacitors and their electrochemical perfornmances
were  investigated by cyclic voltammetry (CV),
galvanostatic charge/discharge (GV) and
clectrochemical impedance spectroscopy (EIS) studies

[15].

Natural biopolymerchitosan has wide range of
applications in  pharmaceutical, bionmedical and
environmental activities. Chitosan 1s an interesting
biopolymer for immobilization due to its excellent filme-
forming ability, high permeability, good mechanical
strength, nontoxicity, biocompatibility, low costand casy
availability [16-17]. The binding ability of chitosan was
attributed to the chelating groups such as -NH, and—-OH
with metal. The different chitosan composite matenals
such aschitosan/TiO- [ 18-19]. chitosan cuprous oxide
[20], chitosan/CdS [21]and chitosan/'ZnO [22-23] were
prepared for the application of antibactenal agent,
biosensor and photocatalyst to remove organic
pollutants. The present investigation deals with the
synthesis of Cobalt tungstate nanoparticles using a
Chitosan biopolymer, charactersation and its application
on photocatalysis and antibactenal activity. The
photocatalytc expennment onthedegradation ol xvlenol
orange (XO)were carmed out under wradiaton of visible
light. Antibactenal activity for the nanoparticles was
performed tor Gram-negative Escherichia coli (E coli)
bactena and gram-positiveStaphylococcusatireus.

2. Materials and methodology
2.1 Materials:

The chemicals including Sodium tungstate
(Na: WOy 2H-,0), Cobalt  nitrate(Co(NO; )- 6H-0),
Glutamuc acid (C:HoNOy) and Chitosan polymer were
purchesed from Merck Co.. India and used as such.
Double disulled waterwas used for prepanng aquceous
solutions. All thechemicals used in these studies were of
Analytical gradewithoutany further punification. All the
reagents and dye solutions of desired concentrations
were prepared with double distilled water.

2.2 Methodology:
Preparation of CoWOyvia hvdrothermal route: The
CoWO; nanoparticles were  prepared by the

Email: editordymarta g mail.com
ISSN @ 2349-9656

hydrothermal method fromSodiumtungstateand Cobak
nitrate. Forpreparing CoW Oy via hydrothermal, 0.05 M
of Na, WO, was prepared in 100 mL of distilled water.
0.05 M of Co(NO; )» was preparedin 100 mL of distilled
water and was added to the above solution under
magnetic stirmng, followed by add 1 M NaOH solution
to maintain pH-7 for 30 min. The obtained mixture
solution was transfer to autoclave, which was maintained
at 100 °C for | h. After reaction completion, autoclave
was allowed to cool at roomtemperature. The obtained
reddish-brown precipitation was washed several times
with deionized water and ethanol and dried at 70 C.
Finally obtained product was calcined at 220 °C for 12 h
in fumace and then cooled it to room temperature.

2.3 Instrumentation:

The optical properties were investigated using
a UV-VisDRS in the air at room temperature in the
wavelength range of 200-800 nmusing Shimadzu UV-
2600R spectrophotometer. Functional groups of the
nanocomposites were analyzed by using the Founer-
TranstormIntrared (FT-IR) s pectrophotometer (JASCO-
FTIR460 plus). The crystalline structure of the
nanoparticles was identified by an X-ray diffractometer
(XRD: XPERT PRO X-RAY) with the Cu-Ka radiation
at 25 "C and the structural assignments were made
regarding the JCPDS powder diffraction files. The
surface morphology was examined using a Scanning
Electron Microscope (SEM ) (JSM 6701F-6701) in both
secondary and backscattered electron modes and the
clemental analysis was also done with EDAX. The
surface area was measured on approxamately 250 mg of
the samples using Krat the hquid nitrogen temperature
by a Micromenitics ASAP 2020 apparatus. Before the
measurements, the samp les were degassed at 350 °C for
I8 h. The pH was monitored using EUTECH ins trument
pH meter.

1.4 Photocatalvtic degradation of Xvlenol orange dye:

The photocatalytic expeniments were camed
out ina 250 ml. beakerand the whole setup along with
magnetic stirrer was keptunder the visible ight. 100 mL
of Xylenolorunge(XO)with an imitial concentration of
20-30 mM  were used. 25 mg-100 mg of the
nanocomposite was taken for degradation. Before the
light irradiation, the reaction muxture was sturred in the
darkness for 30 min to achievetheadsorption-desorption
cquilibriumbetween the catalystand the dye molecules.
During the exposureto visible light, S mL ofaliquot was
collected at regular time intervals. Then the samples
were ventriluged to remove the photocatalyst and the
filtrate was evaluated tor the absorbance by UV-Visible
spectrometry at 2, = 383 nm The photodegradation of
XOdye was calculated by the Equation (2).
Photodegradation (%) = [C, - C/Cy)/ 100 (2)

Where, C, is the concentration of MB before
the rradiationand Cis the concentration of MB after a
certamn wradiation ume.

Dr. MEDIDI SUNITHA

Scanned with CamScanner

impact Factor; LY




International Journal of Multidisciplinary Empirical Research (IJMER)
A Peer Reviewed (Referred) International Jounral

Email: editor.ijmart@ g mail.com

ISSN ;23499650

INTERMNALIONAL
' "‘-IAHDAHII
SERIAI
. k <o

VISIBLE LIGHT INDUCED PHOTOCATALYTIC
DEGRADATION OF XYLENOL ORANGE DYE USING CoWO4-
CHITOSAN COMPOSITE AND I'TS ANTIMICROBIAL
ACTIVITY

Dr. MEDIDI SUNITHA
Lecturer m Chenustry
SKR College for Women, Rajamahendravaram

Vol. I\, Issue 2(4d)
(December - 20211

et ractol Y

7 'w..
RESEARCH ARTICLE (- Q}.‘I}
§

=

Dr.Ch.V.V. SRINIVAS
Lecturer in Chenustry
SKR College for Women, Rajamahendravaram

Dr.P.RAGHAVAKUMARI

Department of zoology
SKR College tor Women, Rajamahendravaram.

ABSTRACT

l'his paper explores the formation of hetersotructure composiie of iitusan based colult nmgsiate ( CoW Oy through hwlrothermal approach. The desirable
sam pleswene further carvied out by using sophisticared analyacal wstrumentssuch as XARD, FTIR, TEM, SEM EDX, XPS, TGA and UV-DRS were
em ploved in this saudy to get ingormationa bou thelr structual, clectronic and optical properties. Xlenol arange (XO) isa moded dve pollutant was wed in
this stiedy o dewermine the photocatiytic pafomance of preparad compaosite and pureCoW0O . The obruned analysis results were stated that prepared
com pasike is effecive phowcataly st for the complete degradation of XO dve agueous solution under visible light irradiations in 1h. As a result, the daia
reveal that CoWO4/Chisan at 10mgL atp H 3 is an excellent p haocatalvs for the dewradation of | () me/L X O dve solution.ln addition the antimicrobial
activity of prepared samples also measured vver the puthogens of E coli and S aureuy

Keywords: CoWQ.-Chitosan Composite: Xvienol orange dve. Photocatalviic degradarion: Antim icrobial activiny

1. Introduction semiconductors metal oxides. Photocatalytic mechanism
A severe threat to water 18 due to rapud 1s mainly based on the formation of electron and hole
industralization, urbanization and population. Copious pairs are capable of removing organic dyes upon light
ndustnes such as petrochemical, textile, printing, lumination. Efforts have been made by many
pharmaceutical. and chemucal imdustries require great researchers to ntroduce metal [3-4]. non-metal [5] or
quantity of water and also discharge large amount of metal oxide [6-7] into the semiconductor matenals to
wastewater. Dye waste 1s an impornant toxie pollutant eflfectively  moercase  the  catalytue acuvities of
which 1s a non-biodegradable nature and destructs the semiconductors [8]. The literature survey has shown that
whole ecosystem|[1]. Researchers among the world have the semuconductor supporied matenals widely enhance
been done fabulous work to explore more convenient, the photocatalytic activity because of their controllable
econonucal and ecological process. The conventional pore space and surface chenustry as well as photostable.
methods including chlonnation, adsorption, reverse Various support havebeen investigated such as alumina,
0smosis, on exchange and filtration havebeen reported zeolite, silica gel, iberoptic cable, glass beads, quartz,
fororganic compounds fromone phase to another 2] stainless steels, clavs, cellulose, activated carbon and
However, owing to the great amount ol arvmatic polyvmers [9-11]
compounds and stabilty of dye molecules. the
conventional approached are inetfecuve tor the removal The binary metal oxide CoWOs, one of the
ofdye pollutant. Yet, heterogeneous photocatalysis has tungstates, has beenreceiving more and more attentions
proven to be an effective advanced oxidation process for its multitude of applications, including oxygen
(AOP) technique for the complete decolounsationofdye evolution catalyst [ 12] and production ofhydrogen [13].
pollutantowing to the active formation of hydroxyl free However, no literatures reported the application of
radical (OH) 1s a main product via light wradiating with CoW (M4 as the electrode matenal in supercapacitors unti
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now, to our best knowledge. Based on the high super
capacitive performances of the metal oxide, CoWQ,
with a Co3+/Co2+redoxcouple should be a promusing
electrode material for supercapacitors. Besides. as
reported in some literatures, the binary metal oxides of
tungstate present the conductivity on the order ot 107 -
107" S em™' | because the incorporation of W atoms can
greatly enhance their conductivity in comparison with
pure metal oxide [14]. In this work. CoW O, has been
prepared by the wet-chemical and_ hydrothermal
approaches starting fromsolutions of Co™ and [WO4]™".
In general, such a quick precipitation reaction usually
forms amorphous compounds in wet-chemical method.
while the hydrothermal reaction often obtains
compounds with crystal structure. These CoWO4
nanoparticles were used n electrode matenals for
supercapacitors and their electrochenucal perfornunces
were vestigated by cyclic voltammetry (CV),
galvanostatic charge/discharge (GV) and
electrochemical impedance spectroscopy (EIS) studies

[15].

Natural biopolvmerchitosan has wide range of
applications in  pharmaceutical, biomedical and
environmental activities. Chitosan 15 an interesting
biopolymer for immobilization due to its excellent filme
forming ability, high permeability. good mechanical
strength, nontoxicity, biocompatibility, low costand easy
availability [16-17]. The binding ability ofchitosan was
attributed to the chelating groups such as -NH,and -OH
with metal. The different chitosan composite materials
such aschitosan/Ti0- [18-19], chitosan/cuprous oxude
120], chitosan/CdS [2]]and chitosan/Zn0 | 22-23] were
prepared for the application of antibacterial agent,
biosensor and photocatalyst to remove organic
pollutants. The present investigation deals with the
synthesis of Cobalt tungstate nanoparticles usmg a
Chitosan biopolymer, characterisation and its application
on photocatalysis and antibacterial activity, The
photocatalytic experiment onthedegradation of xylenol
orange (XO)were carried out under rradiation o visible
hight. Antibacterial activity for the nanopuarticles was
performed tor Gram-negative Escherichia coli (E.coli)
bacteria and gram-positiveStaphylococcusaureus.

2. Materials and methodology
2.1 Materials:

The chemuicals including Sodium tungstate
(Na-W0O,4.2H-0), Cobalt nntrate(Co(NO1 )-.6H.0),
Glutamic acid (CsHyNOy4) and Chitosan polymer were
purchesed trom Merck Co.. India and used as such.
Double distilled water was used for preparing aqueous
solutions. Allthechemicals usedin these studies were of
Analytical grade withoutany further purification. Allthe
reagents and dye solutions of desired concentrations
were prepared with double distilled water.

2.2 Methodology:
Preparation of CoWOyvia hydrothermal route: The
CoWO; nanoparticles were prepared by the
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hydrothermal method fromSodiumtungstateand Cobal
nitrate. Forpreparing CoW Oy via hydrothermal, 0.05 M
of Na, WO, was prepared in 100 mL of distilled water.
0.05 M of Co(NOy ); was preparedin 100 mL of distilled
water and was added to the above solution under
magnetic stiring. followed by add | M NaOH solution
to maintain pH-7 tor 30 min. The obtained mixture
solution was transfer to autoclave, which was maintained
at 100 "C for | h. After reaction completion, autoclave
was allowed to coolat roomtemperature. The obtained
reddish-brown precipitation was washed several times
with deionized water and ethanol and dried at 70 °C.
Finally obtained product was calcined at 220 “C for 12 h
in furnace and then cooled it to room temperature.

2.3 Instrumentation:

The vptical properties were investigated using
a UV-VisDRS in the air at room temperature in the
wavelength range of 200-800 nmusing Shimadzu UV-
2600R spectrophotometer. Functional groups of the
nanocomposites were analyzed by using the Fourler-
TransformIntrared (FT-IR)spectrophotometer (JASCO-
FTIR-460 plus). The crystalline structure of the
nanoparticles was identitied by an X-ray diffractometer
(XRD:; XPERT PRO X-RAY) with the Cu-Ka radiation
at 25 "C and the structural assignments were made
regarding the JCPDS powder diffraction files. The
surface morphology was examined using a Scanning
Electron Microscope (SEM) (JSM 6701F-6701) in both
secondary and backscattered electron modes and the
¢lemental analysis was also done with EDAX. The
surface areawas measured on approximately 250 mg of
the samples using Krat the liquid nitrogen temperature
by a Micromeritics ASAP 2020 apparatus. Before the
measurements,the samples were degassed at 350 °C for
|8 h. The pH was monitored using EUTECH instrument
pH meter.

2.4 Photocatalvtic degradation of Xvlenol orange dye:

The photocatalytic expeniments were carmed
outin a 250 ml. beakerand the whole setup along with
magnetic stirrer was keptunderthe visible hight, 100 mL
of Xylenolorange (XO) with an initial concentration of
20-30 mM  were used. 25 mg-100 mg of the
nanocomposite was taken for degradation, Before the
light irradiation, the reaction mixture was stirred in the
darkness for 30 min to achievetheadsorption-desorption
equilibrumbetweenthe catalystand the dye molecules.
During the exposureto visible light. SmL ofaliquot was
collected at regular ime mtervals. Then the samples
were centrifuged to remove the photocatalyst and the
filtrate was evaluated forthe absorbance by UV-Visible
spectrometry at A, = 583 nm. The photodegradation of
XOdye was calculated by the Equation (2).
Photodegradation (%) = [C, - C/C,)/ 100 (2)

Where. C, is the concentration of MB before
the nradiation and Cis the concentration of MB after a
certain rradiation time.
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ABSTRACT

This paper cxplores the formation of hetersotructure componie uf dhisasan based cobalt aagskate t CoWO G through hwlrothermal approach. The desirable
sam pleswere purther carvied o by using sophisacaked analyacal astrnemoussuchas XRD. FTIR, TEM, SEM EDX. XPS, TGA and UV-DRS were
emploved in this sady to get informaiona bow thar structwal, electronic and optical properties. Xvienol orange (XO) 15 a moded dye pollutant was wad in
this study to determine the photocatalytx: pearformance of preparad composie and pureCoWO s The obtuned analysis results were stated that prepared
com pasite iseffective photocatalyst for e complete degradation of XO dve agueous solution under visible ight irradiations in 1h. As a result, the data
reveal that CoWO4/Chitosan at 10 mgL atpH 3 15 an excellent p hatocataly s for the degradagson of 10 mg L XO dve solunonn addition the antimicrobial
activity of prepared samples also measured over the pathvgens of E.coli and S.aureus
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1. Introduction

A severe threat to water 15 due to rapid
mndustrialization, urbanization and population. Copious
mdustries such as petrochemucal, textile, printing,
phammaceutical. and chemical mdustries require great
quantity of water and also discharge large amount of
wastewater. Dye waste s an important toxie pollutant
which is a non-biodegradable nature and destructs the
whole ecosystem| | ]. Researchers among the world have
been done fabulous work to explore more convenient,
economicaland ecological process. The conventional
methods including chlonnation, adsorption, reverse
osmosis, ion exchange and filtration have been reported
fororganic compounds fromone phase to another [2].
However, owing to the great amount of aromatic
compounds and stability  of dye molecules. the
conventonal approached are meftective tor the removal
ofdye pollutant. Yet, heterogeneous photocatalysis has
proven to be an effective advanced oxidation process
{(AOP) technique for thecomplete decolounsationofdye
pollutantowingto the active formation of hydroxyl free

radical (OH) is a mamn product via light wradiating with

semiconductors metal oxides. Photocatalytic mechanism
1s mainly based on the formation of electron and hole
paurs are capable of removing organic dyes upon light
llumination. Etforts have been made by many
rescarchers to introduce metal [3-4]. non-metal [5] or
metal oxnde [6-7] into the semiconductor matenals to
effectively  mercase  the catalytue
semiconductors [ 8] The Iiterature survey has shown that
the semuconductor supported materials widely enhance
the photocatalyuc acuvity because of their controllable
pore space and surfacechemustry as well as photostable.
Vanous support havebeen investigated such as alumina,
zeolite, silica gel, iberoptic cable, glass beads, quanz,
stainless steels, clays, cellulose, activated carbon and
polvmers [9-11]

The binary metal oxide CoWOy, one of the
tungstates, has been receiving more and more attentions
for ts multitude of applications, including oxygen
evolutioncatalyst[12] and production ofhydrogen [13].
However, no literatures reported the application of
CoW (4 as the electrode matenal in supercapacitors until
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now, to our best knowledge. Based on the high super
capacitive performances of the metal oxide, CoWOy
with a Co3+/Co2+redoxcouple should be a promising
clectrode matenal for supercapacitors. Besides. as
reported in some literatures, the binary metal oxides of
tungstate presentthe conductivity on the order of 107 -
10" S em™ |, because the incorporation of W atoms can
greatly enhance their conductivity in companson with
pure metal oxade [14]. In this work. CoWO; has been
prepared by the wet-chemical and hydrothemnmal
approaches starting fromsolutions of Co” and [W04]".
In general, such a quick precipitation reaction usually
forms amorphous compounds in wet-chemical method,
while the hydrothermal reaction often obtamns
compounds with crystal structure. These CoWO4
nanoparticles were used mn electrode matenals for
supercapacitors and therr ¢lectrochemucal performunces
were investigated by cyclic voltammetry (CV),
galvanostatic charge/discharge (GV) and
electrochemical impedance spectroscopy (EIS) studies

[15).

Natural biopolymer chitosan has wide range of
applications in phamuacecutical, biomedical and
environmental activities. Chitosan 1s an interesting
biopolymer for immobilization due to its excellent filme
forming ability, high permeability, good mechanical
strength, nontoxicity, biocompatibility, low costand easy
availability [16-17]. The binding ability ofchitosan was
attnbutedto the chelating groups such as —NH; and -OH
with metal. The different chitosan composite materials
such as chitosan/Ti0; [18-19], chitosan/cuprous oxide
[20], chitosan/CdS [21] and chitosan ' ZnO [22-23] were
prepared for the application of anubactenal agent,
biosensor and photocatalvst 10 remove organic
pollutants. The present investigation deals with the
synthesis of Cobalt tungstate nanoparticles using a
Chitosanbiopolymer, charactenisation and its application
on photocatalysis and antibactenal activity. The
photocatalytic experiment onthedegradation of xylenol
orange (XO)were carmed out under rradiation ot v isible
light. Antibactenal activity for the nanoparticles was
pertormed for Gram-negative Escherichia coli (E.coli)
bacteria and gram-positiveStaphvivcoccusaureus.

2. Materials and methodology
2.1 Materials:

The chemicals including Sodium tungstate
(Na;WO4.2H,0), Cobalt  nitrate(Co(NO;),.6H,0),
Glutamic acid (C<HgNOy) and Chitosan polymer were
purchesed tfrom Merck Co.. India and used as such.
Double distilled water was used for prepanng aqucous
solutions. Allthechemicals used in these studies were of
Analytical grade withoutany further punfication. Allthe
reagents and dye solutions of desired concentrations
were prepared with double distilled water.

2.2 Methodology:
Preparation of CoWOyvia hydrothermal route: The

CoWO; nanoparticles were prepared by the

(December
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hyvdrothermal method fromSodumtungstateand Cobatk
nitrate. For preparng CoW Oy via hydrothermal, 0.05 M
of Na; WO, was prepared in 100 mL of distilled water.
0.05 M of Co(NO; ); was prepared in [00 mL of distilled
water and was added to the above solution under
magnetic stirring, followed by add | M NaOH solution
to mantain pH-7 for 30 min. The obtained mixture
solutionwas transtertoautoclave, which was maintained
at 1007C for | h. After reaction completion, autoclave
was allowed to coolat roomtemperature. The obtained
reddish-brown precipitation was washed several times
with deionized water and ethanol and dried at 70 °C.
Finally obtained product was calcined at 220 °C for 12 h
in flumace and then cooled it to roomtemperature.

2.3 Instrumentation:

The optical properties were investigated using
a UV-VisDRS in the air at room temperature in the
wavelength range of 200-800 nmusing Shimadzu UV-
2600R spectrophotometer. Functional groups of the
nanocomposites were analyzed by using the Fourier-
TranstformInfrared (FT-IR) spectrophotometer (JASCO-
FTIR-460 plus). The crystalline structure of the
nanoparticles was identfied by an X-ray diffractometer
(XRD: XPERT PRO X-RAY) with the Cu-Ka radiation
at 25 "C and the structural assignments were made
regarding the JCPDS powder diffraction files. The
surface morphology was examined using a Scanning
Electron Microscope (SEM) (JSM 6701F-6701) in both
secondary and backscattered electron modes and the
elemental analysis was also done with EDAX. The
surface areawas measured on approximately 250 mg of
the samples using Krat the hquid nitrogen temperature
by a Micromeritics ASAP 2020 apparatus. Before the
measurements,thesamples were degassed at 350 °C for
I8 h. The pH was monitored using EUTECH ins trument
pH meter.

2.4 Photocatalytic degradation of Avlenol orange dye:

The photocatalytic experiments were carried
out in a 250 ml. beakerand the whole setup along with
magnetic stirrer was keptunderthe visible hight. 100 mL
of Xylenolorange (XO) with an imitial concentration of
20-:30 mM  were used. 25 mg-100 mg of the
nanocompuosile was taken for degradation. Before the
light irradiation, the reaction mixture was stured in the
darkness for 30 min to achievethe adsorption-desorption
equibbriumbetween thecatalystand the dye molecules.
During the exposureto visible light, 5 mL ofaliquot was
collected at regular time intervals. Then the samples
were centrifuged 1o remove the photocatalyst and the
filtrate was evaluated tor the absorbance by UV-Visible
spectrometry at Ay = 383 nm, The photodegradation of
XOdye was calculated by the Equation (2).
Photodegradation (%) = [C, - C/Cy )/ 100 (2)

Where, C, is the concentration of MB before
the iradiationand Cis the concentration of MB after a
certain wradiation Lme,
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ABSTRACT

Teacher empowerment in education has drawn considerable attention over the past
decade. This means decentralization of all the aspects related to educational management and
administration at the lowest levels because teachers are the vnes in the classroom, closest to the
students. Short and Greer identified six dimensions of empowerment: decision-making, teacher
impact, teacher’s status, autonomy, self-efficacy and opportunities for professional development
Professional growth refers to develop professionally, to learn continuously und to expand one's
own skills through the work life of the school by the teacher. This leads to developing knowledge,
skills, and competencies required in a profession so as to meet the contemporary and future
demands of that particular profession. Empowerment of Teachers necessitates collaboration
between management and teachers to solve problems, make decisions, create innovative solutions,
and decide on the mission and vision of the school. This research paper to be discussed
“Empowerment of teachers and their Academic professional development ™.

Key Words: Teacher empowerment. Professional development. Immoral Practices, Skill of
creativity, Innovative Methods, Quality Concern

Statement of the Problem conceptions  that  slot  mdmiduals  mto
different, bImted functions and that place
“It is supreme art of the Teacher to awaken them i subordinate relationships 10 one

in joy in creative expression and knowledge”.
-Albert Einstein

Teacher empowerment in  education
has drawnconsiderable attention over the
past decade. Empowerment means different
thmgs to  different peoplk. Empowerment
means bringmng the responsibility for decision
making to the lowest possible level. which
specifies that the admmistrator does not  make
all the decwisions. Leadership. where teacher
empowerment  exists, looks quie different
from traditional  bureaucratic, hierarchical

¥

another .  Empowerment creates ownership for
those responsible for carrying out decisions by
nvolving them directly in the decision-making
process.  Therefore empowerment can be
defined as a form of decentralization that
places decision making and accountability at
the lowest level; thus, teachers are involved
n  decisions  about mstruction, curriculum
because they are the ones m the classroom,
closest to the students. Teacher empowerment
can brmg the job efhicacy, competency,
professional skills, etc for the professional
development.
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Professional development 18 a process
of developing one's knowledge. skills, and
competencies requmed m a profession so as to
meet the contemporary and future demands of
that particular profession. Empowerment has
been defined as a process whereby school
participants develop the competence to take
charge of ther own growth, resolve their own
problems, and fulfill ther needs to effectively
participatc in the workplace. According 1o
Teacher  Empowerment  defmed  teacher
empowerment as 'mvesting teachers with the
right to participate in thedetermmnation of
school goals and policies and to exercise
professional judgment about what and how to
teach.”  Accordmg to the  Educational
Resources  Information  Center  (ERIC),
professional development refers to "activites
to enhance professional career growth.” Such
activities may mchide mdividual development,
continuing education, and IN-service
education, as well as curriculum writing, peer
collaboration, study groups, and peer coaching
or mentoring Teacher empowerment can bring
the wvarious empowerments m  professional
development of teachers by developmng the
professional ethicacy, accountability,
professional ethics and making the teachers as
a resouwrceful. Also it creates the cooperative,
adjustable  environment,  sportive  mind,
mterest, etc m the teachers and its mam
advantage 8 professional  development  of
teachers.

The present context

In the present status the teacher
empowerment  and  professional  development
s m dilemma because a common mistake s
not adequately addressing the rolk changes of
teachers and admmstrators.  Liberty  of
thought, mnovation of teachers mn an
mstitution 18 curtaled due to ngd patterns of
curricular  structure and existing frame of
routme work and The lack of preparation for
the  realties of  change.  Professional
competencies-1e. the abiity to perform the
activiies withim an occupation or functon to

the standards expected m employment s not
fully experienced due to  mappropriate
placement, under-placement of the teachers.
kick of opportunities and appropriate learning
environment.  The  socio-economic  status  of
teachers from primary to tertiary level is
looked down wupon as the salary, service
conditions and emoluments have been widely
despised because of the fact that therr
designation and the nature, structure of salary
ar¢ below the dignified level even less than
sweepers and wages earners i any corporation
' public establishment.  Status  and  social
recognition go hand in hand. The ignominious
status of teachers have lefi them, de-
recognzed en masse in the eyes of the public
and also party by the mmoral and unethical
acts commutted by the teachers themselves,
The  process of sclection o colleges  of
education and the duration of training, the
obsolete content, and out dated methodology
of traming; such professionals are responsible
for not earning due recognition for teachers mn
the society at present.

[he most mmportant criteria that are
professional ethics (principal of code of
conduct  followed by the professional
members) are not adhered to by most of the
members of the teaching community. No
mcentives and remforcement 18 accorded to
the teachers: m realty most of them are not
gettng thewr genume dues as per the provision
of the service conditions;, as a result, a large
number of the teachers take shelters under the
law for retrieval service
conditions.Unwarranted political mterference-
mvolintary, unethical and unusual transfers
put the teachers mto embarrassment, which in
twrn  affects the qualty of dispensation and
discharge of ther normal duties.

Teacher leaders assume a wide range
of rolks to support school and student
success. Whether these roles are assigned
formally or shared mnformally, they build the
entire school's capacity 10 mprove. Because
teachers can lead n a varety of ways. many

———
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teachers can serve as leaders among their
peers. Teaching skills would include providing
tramng and practice n the  different
techmques, approaches and strategies that
would help the 3 teachers to plan and impart
mstruction, provide appropriate remforcement
and conduct effective assessment. It includes
effective  classroom  management  skills,
preparation and use of mstructional materials
and communication skills,

Pedagogical  theory  includes  the
philosophical, sociological and psychological
considerations that would enable the teachers
to have a sound basis for practicing the
teachmg skills m the classroom. The theory s
stage specific and 18 based on the needs and
requirements  that  are  characterstic ol that
stage.  Professional  skills  include  the
techniques, strategies and approaches that
would help teachers to grow in the profession
and also work towards the growth of the
profession. It includes soff skills, counseling
skills, interpersonal skills, computer skills,
nformation retrieving and management  skills
and above all life long learning skills.

An amalgamation of teaching skills,
pedagogical theory and professional skills
would serve to create the nght knowledge,
attitude and skills m teachers, thus promoting
holistic development.

Nature of Teacher Education
) Teacher education 18 a contmuous process

and s  pre-service and  m-service
components ar¢ complimentary to cach
other. According to the International

Encyclopedia of Teachmg and Teacher
education (1987), —Teacher education can
be considered in three phases : Pre-service,
Induction and In-service. The three phases
are considered as parts of a continuous
process.

2) Teacher education s based on the theory
that —Teachers are made. not born' In
contrary to the assumption, —Teachers are

4)

5)

6)

Since

born, not made. teachng 18
considered an art and a science. the teacher
has to acqure not only knowledge. but
also skills that are called —tricks of the
trade.

Teacher  education is  broad and
comprehensive. Besides preservice and in-
service programmes for teachers, it is

meant  to be mvolved m  various
community  programmes and  extension
activities, vz adult education and non-

formal education programmes, literacy and
development activities of the society.

It s ever-evolving and dynamic. In order
to prepare teachers who are competent to
face the challenges of the dynamic society,

Teacher education has to keep abreast of

recent developments and trends.

The crux of the entire process of teacher
education les mn its curriculum, design.
structwre,  organization and  transaction
modes, as well as the extent of is
appropriateness.

As i other professional education
programmes the  teacher  education
curriculum has a knowledge base which 1
sensitive 10 the needs ol field applications

and comprises  meaningful, conceptual
blendmg  of  theoretical  understanding
available in  several cognate disciplines.

However the knowledge base i teacher
education does not comprise only an
admxture of concepts and principles from
other disciplines, but a distinct gestalt®
emerging  from the conceptual blending’,
making it sufficiently specitied.

Teacher education has become
differentiated nto stage-specific
programmes. This suggests that the
knowledge base s adequately specialized
and diversified across stages, which should
be utlized for developmg effective
processes of preparing entrant teachers for
the functions which a teacher s expected

Dr. MEDIDI SUNITHA

Ry

Scanned with CamScanner




ISSN : 2349-7408

o perform at each stage. 8) It s a system
that mvolves an interdependence of its
Inputs, Processes and Outputs.

So what are some of the leadership
options avaiable to teachers? The following
10 rolkes are a sampling of the many ways
teachers can contribute to ther schools'
SUCCESS.

1. Resource Provider

Teachers help therr colleagues by sharing
mstructional resources. These might mnclude
websites, mstructional materials, readings, or
other resources to use with students. They
might also share such professional resources
as articles, books. lesson or unit plans, and
assessment tools.

2. Instructional Specialist

An  nstructional  specialist  helps
colleagues  mplement  effective  teaching
strategies. This help mught include deas for
differentiating  mstruction or  planning  lessons
n  partnership  with  fellow  teachers.
Instructional specialists mught study
research-based classroom strategies explore
which mstructional methodologies  are
appropriate for the school: and share findings
with  colleagues. When his  fellow  science
teachers share ther frustration with students'
poorly written lab reports. Jamal suggests
that they mwvite several Enghsh teachers to
recommend strategies for writing mstruction.
With two Englsh teachers serving as
mstructional specialists, the science teachers
examine a number of lab reports together and
dentify  strengths and  weaknesses.  The
Englsh teachers share strategies they use m
therr classes (0 mprove students’ writing.

3. Curriculum Specialist

Understanding content standards, how
various components of the curriculum  link
together, and how to use the curiculum in
planning  mstruction  and  assessment s
essential 0 ensurng  consistent  Cwrmicuium

Curriculum specialists lead teachers to agree
on standards, follow the adopted curriculum,
us¢  common pacing charts, and develop
shared assessments. Tracy, the world studies
team leader, works with the five language
arts and five social studies teachers in her
school. Usmg standards mn English and social
studies as their guides, the team members
agree 0 increase the consistency in their
classroom  cuwrkulums  and  adnunister
common assessments. Tracy suggests that the
team develop a common understanding of the
standards and agrees to faciltate the
development and  analysis of common
quarterly assessments.

4. Classroom Supporter

Classroom  supporters  work  inside
classrooms to help teachers mplement new
ideas, often by demonstratng a lesson, co-
teachmg, or observing and giving feedback.
It s found that  consultation  with
peersenhanced teachers' self-efficacy
(teachers' beliet i ther own abilities and
capacity 1o successtully solve teaching and
learnmg  problems) as they reflected on
practicc and grew together, and 1t also
encowaged a bias for action (improvement
through collaboration) on the part of
teachers. They ask the principal for two half-
days of professional release time, one for
lcarmnmg  more  about  the strategy and
planning a lesson together, and the other for
coteachng the lesson to Marcia's students
and discussing 1t afierward.

S. Learning Facilitator

Facilitating professional learming
opportuntics  among  staff  members s
another role  for teacher leaders. When
teachers learn with and from one another,
they can focus on what most directly
mproves  student  learning.  Their professional
learning becomes more relevant, focused on
teachers’ classroom work, and aligned to fill
gaps in student  karmnmg.  Such communities
of learmng can break the norms of isolation

implementation throughout a school. present m many schools.Frank facilitates the
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school's professional development committee
and serves as the committee's language arts
representative.  Together, teachers plan the
year's  professional development  program
using a backmappmng model This model
begms with dentifying student  learmning
needs, teachers' current level of knowledge
and skills m the target areas. and tvpes of
learnng opportunities  that  different  groups
of teachers need. The committee can then
develop and mplement a  professional
development plan on the bass of ther
findings.

6. Mentor

Serving as a mentor for novice
teachers 8 a common role for teacher
leaders. Mentors serve as rolke models;
acclmate new teachers to a new school: and
advise new teachers about mstruction,
curricuhum, procedure, practices.  and
poliics. Being a mentor takes a great deal of
tme and expertise and makes a significant
contribution to the development of a new
professionalMing is a successful teacher in
her own Ist grade classroom, but she has not
assumed a leadership role in the school The
principal asks her to mentor her new
teammate, a brand-new teacher and a recent
mmigrant  from  the  Philippines.  Ming
prepares by partcipatng m the dstiet's
three-day trammg on mentorng. Her role as
a mentor will not only mnclude helpmg her
teammate negotiate the district. school, and
classroom, but will alo mnclude acclimating
her colleague to the community. Mmng fecls
proud as she watches her teammate develop
nto an accomplished teacher.

7. School Leader
Being a school leader means serving

on a committee, such as a school
improvement team: acting as a grade-level or
department chair: supporting school
ntiatives;  or representing  the  school on
community or  district  task  forces or
commitees. A school leader shares the
vision of the school aligns his or her

professional goals with those of the school
and district, and shares responsibility for the
success of the school as a whole.

8. Data Coach

Although teachers have access to a
great deal of data. they do not often use that
data to drive classroom instruction. Teacher
leaders can lead conversations that engage
ther peers i analvzng and using this
mformation  to  strengthen  instruction. They
then plan mstruction on the basis of this data.

9. Catalyst for Change

Teacher leaders can also be catalysts
for change. wvisionaries who are “never
content with the status quo but rather always
looking for a better way” Teachers who take
on the catalyst role feel secure m ther own
work and have a strong commitment (o
continual mmprovement. They pose questions
o generate analysis of student learning.

10. Learner
Among the most mmportant roles teacher
leaders assume is that of learner. Learners
model continual  improvement, demonstrate
hfelong learnng, and use what they learn to
help all students achieve.
Roles for All

Teachers exhibt  leadershp  in
multiple,  sometimes  overlapping,  ways.
Some leadership roles are formal with
designated  responsibilities.  Other  more
mformal roles emerge as teachers mteract
with ther peers. The variety of roles ensures
that teachers can lind ways to lead that fit
ther talents and mterests. Regardless of the
roles they assume, teacher leaders shape the
culture of ther schools, mmprove student
learnng, and mfluence practice among their
peers.

» Empowerment creates a sense of ownership

n teachers’ work environments and
provides teachers with the opportunties to
perform to ther fullest capabilities
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» A teacher to be empowered 5 the

mspiration to grow as professionals.

Empowerment NSpires collaboration

among educators.

» To make teachers as hftlong learners

» Give recognition to teachng as a reflective

practice &

teacher as the reflective practitioner

To make teacher the first and foremost

active agent in every aspect of the

educational system

» To enswre natural development of teachers
n ther teaching efficacy

» To give concrete shape to code of ethic to
make the teachers eflective, resourceful,
competent and role model for the students
and contributing agent without burden to
society.

Y

vV

Measures to be taken for teachers
empowerment & professional development

For empowerment of teachers to be successful,
declared that four conditions must be in place:
both teachers and admmistrators must:

know what roles both will play:

understand and theoretically accept the
benefits of empowerment and shared decsion-
making:

recognize the exsstence ol a discrepancy gap
between what currently s and what could be;
and fmally must

take the nsk of commitment to change.
Teachers believe that they are more
empowered when the school m which they
work provides them with opportuntics to
grow and develop professionally

The principals should avoid the
tendency to focus on the “here & now™ rather
than on the future. Therefore. a clearly stated
end result must be communicated so that all

partiecs understand the vision and mussion of

the school

SELF LEARNING: A teacher can never really
teach unless he learns himself “A lamp can

never hght unless it burmns its own flames”
(RN, Tagore). A Teacher should keep
learning always.

IN-SERVICE PROGRAMME AND
REFRESHER COURSES: A teacher requires
refreshmg and updates his knowledge by
attending such courses.

SEMINARS, SYMPOSIUMS AND
WORKSHOPS: A teacher needs to participate
m the above activitics with  significant
contribution In terms of contributing papers,
delivermg talks and organizing and chairing
the sessions.

INNOVATION AND EXPERIMENTATION:
A teacher needs to mnovate and experiment
upon new methods, techniques and practices.

WRITING BOOKS, ARTICLES AND
RESEARCH PAPERS: A teacher should
contribute origmally i this endeavor for his
professional growth.

FIELDTRIP, OUTING AND EXCHANGE
PROGRAMME: Professional growth occurs
through gaming personal experience, contact
and communication and knowledge gathered
through the above means.

Summing up:

In the light of the above-cited logical
reasons and illustrations, 1t can be strongly
visualized that teacher empowerment and
professional development 18 a must for every
teacher m enabling teaching-learning context.
Any mdmdual who enters the teaching
profession should know and understand the
expectations,  challenges and  ssues of the
leaching protession mn relation to the needs
and demands of tme and society. For this
proper knowledge and understanding of the
presented reasons n relation to teaching as a
profession. The Teacher empowerment and
professional development of teachers 1s highly
essential  through  the  organization  of
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ABSTRACT

In the present work, visible light induced photocatalvtic degradation of Congo red dyve in aqueous
medium was investigated by employving Thiourea modified nanotitania (NT) particles. The composites
were synthesized by organic solvent free controlled hvdrolysis of titanium tetrachloride followed by
dispersing thiourea and the samples were designated as x mole %o thiourea titania nanocomposites
(where x= 5, 10, 20 mole %). These composites have been characterized by X-Ray Diffraction (XRD),
Field Emission Scanning Electron Microscopy (FE-SEM), and UV-Visible Diffuse Reflectance
Spectroscopy (UV-Vis DRS).Efficiency of the composites towards the photocatalvtic degradation of
Congo red dve was assessed by analvzing the effect of nanotitania particles with increase in the
content of Thiourea and effect of pH of the dye solution. Photocatalytic degradation of Congo red dve
was enhanced by contriving the composites into visible light absorption on dispersing Thiourea on the
surface of nanotitania particles. With an optimum increase in the Thiourea content, the
photocatalytic activity of the composites was improved and a superior photocatalytic activity was
observed with 10% Thiourea -nanotitunia composite material.
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INTRODUCTION

Industrial waste waters containing harmful organic dyestuffs with intense color, high toxicity
introduced into the aquatic systems has become an exigent task to handle [1]. These untreated dyes
are mostly released from textile industries. Of all the dyes found in the waste waters, aromatic azo
dyes were observed to be more complicated in nature due to the presence of carcinogenic azo group (-
N=N-) chromophores [2-4]. More than 60% of dyes similar to azo dyes with different chemical
structures are used in textile, pharmaceutical, paper, ink industries cte [4]. It is vital to treat the waste
waters containing these dyestuffs betore released into the water bodies. Over the past few decades,
physical and chemical techniques like coagulation, adsorption on activated carbon, reverse osmosis,
biodegradation, advanced oxidation processes (AOP) ete are some of the established techniques to
degrade the organic dyes [5].Among these techniques, AOP was found to be one of the promising
paths to detoxify the organic pollutants in industrial waste waters [6-8]. Photocatalytic degradation
using heterogeneous semiconducting materials is one of the routes in AOP and was adopted in many
works [9-10].The most commonly used photocatalysts are TiOz2, ZnO, Fe:0:, CwQ, ZnS and
WO:.0wing to its low toxicity, high photostability, low cost and high photo efficiency, nanotitania
(NT) with anatase phase was reported as one of the familiar and effective photocatalyst [11-13].
However, its large band gap ol around 3.2 ¢V (anatase) and rapid electronvhole (¢ +h-)recombination
confines its usage o UV region [14].Doping with norganic metals, modifying titania particles by
forming nano composites by introducing carbon materials are few methods to contrive the absorption
of the titania particles into visible region. Titanium tetrachloride was reported as one of the
discriminating precursor to synthesize photoactive NT particles without impurities [15-16] among
many precursors and in the present work the same material was used to synthesize NT particles
followed by exfoliation of thiourea on NT particles. The mole % of thiourca was arranged as 5%.
10% and 20 % respectively in the composite materials and its effectives  were investigated for
visible light induced photocatalvtic degradation of Congo red dye (Figure 1).

/—\ rrf'*vIH.-,-.
) Yo
N = 5—0 Na
=3 = 7N
e <7
HoN

Figure L. Structure of Congo red dyelC | Direot Red 2R)

MATERIALS AND METHODS

TitaniumTetrachloride (TiCls) and Thiourea of AR grade were used for the present work with more
than 99% purity. Congo red dye (Qualigens) with chemical formula Cy;H2:NONasS; (C.1.Direct Red
28, M.W=696.67 g mol/L) was the azo dye selected for the study. All the chemicals were used as
procured without any further purification. De-ionised water was used all throughout the study.

Synthesis of Thiourea modified Nano Titania Composites: 350 mL ol De-ionised water 1s taken
into three different beakers. In order to mamntaing a 1:50 mL ratio of TiCly/H,0, 6.9 mL of TiCl; was
slowly added into each of the three beakers and left for 30 minutes on magnetic stirrers to allow the
reaction to proceed. This [Precursor/ Solvent] volume ratio of Titanium Chlonde / water produces
around 5.0 grams of titania nanoparticles. To the reaction mixture in the three different beakers
under constant stirring, stoichiometric quantities of thiourea were added to prepare 5 mole %,
10 mole% and 20 mole % Thiourea - Titania nano composites. The final mixtures were heated at
around 100° C to 1207 C 1o vaporise the chloride 1ons and the gel obtained was dried in an electrical
hot air oven at 80° C. The composites obtwined were finely ground and simered at 400° C for 4
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hours. The composites were consecutively designated as 5%. 10% and 20% Thiourea-Titania Nano
Composites.

Photocatalytic measurements: UV-Visible spectrophotometer (Systronics-105, wavelength range:
340-960nm) was used to study the photocatalytic performance of the synthesized nanocomposites. 10
mg of the each composite material was added to 10 ppm of 100 mL of the dye solution (An,= 500
nm) under continuous stirring. After establishing desorption-adsorption equilibrium for 30 minutes in
dark conditions, the photocatalytic study was carried out under 400 watts tungsten halide lamp
embedded in a wooden breakfront. In pre-determined time intervals, SmL of aliquots were drawn,
centrifuged and the translucent dyve solutions were analvzed using UV-Visible spectrophotometer at
500 nm wavelength. The % degradation of the dye was calculated using equation. |.

- ) x 100 ...(1)
0

where C, 1s initial concentration of the dye and C is the concentration of the dye at a time interval, t.

Photocatalytic degradation % = ( s

Instrumentation: The composite materials were characterized by using X-Ray Diffractometer
(PANalytical-X" Pert PRO, Japan) at room temperature using Nickel Filter Cu-Ka radiation (A=
1.54059 A ) over wide range of 10 < 20 < 80 with a scanning speed of 2 min”', UV-Visible diffuse
reflectance spectra were recorded using Single Monochromator UV-2600 (optional ISR-2600Plus, A
up to 1400nm). The morphology of the synthesized composites was studied by Field Emission
Scanning Electron Microscopy (FE-SEM, LEO1350).

RESULTS AND DISCUSSION

X-Ray Diffraction studies: The XRD patterns of the synthesized composite materials were recorded
in the 20 range of 10-80° at a step interval of 0.02° with the counting time of 5s at each point. Figures
2.4, 2.b, 2.¢c shows the XRD pattern ot the 3 mole %, 10 mole %o, 20 mole%  Thiourea doped
titanium oxide nanocomposites respectively. [t was clear from the diffraction patterns that the 20
values at 27.5%, 36.2°, 39.3° 54.4°, 62.2°, 64.1°, 69.4°, 76.6° and 82.4° can be perfectly assigned to
the crystal planes of the (101), (103), (004), (200), (105), (211), (204), (116). and (303) of the body-
centred tetragonal titanium dioxide which were in good agreement with anatase phase of nanotitania
particles (JCPDS No. 21-1272). Further, the characteristic peak of thiourea at 26= 25.2°
corresponding to the C (0 2 0) plane was almost not observed in the composites and it may be due to
the well exfoliation of the thiourca particles on the surface of nanotitama [17-18 ).
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Figure 2.a. XRD Pattern of 5 mole % thiourea-titania nano composite
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Figure 2.¢. XRD Pattern of 20 mole %o thiowr¢a-titania nino composite

UV-Diffuse Reflectance (UV-DRS) studies: Figures 3.a, 3.b and 3.¢ depict the opticalproperties of
the Thiourcatitania nanocomposites. The nanotitama particles were synthesized bymaintained 1:50
[precursor]/[solvent] volume ratio and also a higher specific surface arca was reported in the earlier
works [15]. It is observed that with an increase of Thiourea content in the composites, theabsorbance
of the composites was increased gradually which may be due to enhanced surface area of the nano
composites and active sites in the photocatalyst. This clearly results that the thiourea particles were
perfectly exfoliated on the surface of the nanotitania particles enhancing the visible light absorption
capacity of the composites. It also indicates a strong chemical interaction between the titamum ions
and the oxygen and nitrogen moieties in thiourea. There was also narrow decrease in the band gap of
10 mole % thiourea titania nanocomposite material and this may be due to a strong diffusion of the
nitrogen dopants into the titania moiety and caused a reasonable drop in the band gap. Further
increase in the mole % of thiourea in the composites did not bring much difference in the band gap as
excess dopant atoms may decrease the number of active sites in the composites and these results were
presented in table 1. These findings were in close agreement with the earlier works [19].

Morphology studies: The FESEM images of the synthesized composite materials were presented in
figures. 8a, 8b, 8c. From the FESEM mucrographs of Thioureatitania nanocomposite matenal, It
was found that there was a  significant  change in the particle size of the composites
which may be due to well exfoliation of Thiourea on nanoutania inthe composite materials
[20].
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Many efforts have been made in the past, and in recent years semiconductor
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based photocatalysts with high photocatalytic activity for environmental protec-
tion have been developed. Procedures such as water disinfection, air purifica-
tion, polluted waste water remediation, etc. are taken. It has been a promising
technique owing to its strong oxidizing nature, chemical inertness, economic via-
bility and non-toxicity - The unique arrangement of electronic structure,
light absorption properties and charge transport characteristics in most of the
metal oxides and tungstates have proven them to be superior photocatalysts.

Transition metal tungstates are considerable inorganic materials that have a
significant application in various fields. Some of the divalent transition metal
tungstates have also gained commercial interest in fluorescent lamps and lasers
lights, due to its excellent electrical conductivity. In addition to this, these are
also used as humidity sensors and catalysts. Copper tungstate is a well-known
semiconductor with potential technological applications in scintillates, detectors,
photon-odes, laser hosts, optical fibers etc.

Solid-state metathetic approach has been successfully applied for the synthesis
of many oxide materials. For example, Gopalakrishnan er a/ have synthesized
oxides of K.La.Ti,0,, Ca,La,CuTi,O,, belonging to Ruddleson-Popper type of
materials, ABO, perovskite type of materials like LaMO, (M = Co, Mn), ATiO,
(A = Ca, Sr and Ba) and double perovskites like Ba,MM-,0, (M = Mg, Ni, Zn;
M_ = Nb, Ta) by this approach . In addition, Kaner et a/ have
synthesized oxides of Zr, Hf and Cu using this approach 10 ', Copper-
tungstate (CuWO,) crystals exhibit only wolframite-type monoclinic structure at
high pressure . Many metal tungstates like CuWO, are also used for water
splitting and photocatalysis

Generally, the oxidized graphene sheets, namely, GO, acquire multiple defects
and the degree of the defects is subject to the additive amount of oxidant and the
oxidizing time . Graphene oxide consists of water-dispersible, soft carbon
sheets that can be easily converted to a conductive form and this 2D material
continues to inspire many interesting applications and discoveries in a wide va-
riety of fields including liquid-crystal display technology, bioscience, and mate-
rials science

Graphene oxide (GO) is a two-dimensional material derived from graphite by
introducing covalent C-O bonds . A large number of oxygen-containing
functional groups have been implanted on both sides of a single graphite sheet
overcomes the inter sheet Vander Waals force and enlarges the interlayer spac-
ing. The sheets in such an expanded structure are easily pulled up using an ex-
ternal force by ultrasonication. Now the copper tungstate nano particles are di-
rectly grown on graphene oxide which appears to exhibit strong interactions
with the underlying graphene oxide sheets. Since ultrasonication would not lead
to any dissociation of the sheets ,due to its strong coupling leading to an ad-
vanced hybrid materials for various applications including photocatalysis. The
photo catalytic activity of the obtained copper tungstate-graphene oxide hete-
ro-architecture was evaluated by the degradation of Malachite green (MG) and
Methylene blue (MB) under visible-light, and the results are shown in Figure |
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ABSTRACT

This paper explores the formation of hatersotruciure composite of chitasan based cobult nugsiate ( CoWO) through hywdrothermal approach. The desirable
sampleswere further carvied out by using soplustscated anabvical sstuments suchas ARD. FTIR, TEM, SEM EDX. XPS. TGA and UV-DRS were
empilovwd o this sealy to getiformaionabo their structunl, cledme and opts al properties. Xvlenol orange (XO) 15 a moded dve pollutant was used in
this study to deweming the photocatlytic pefomiance of prgpired compusile and pureC oWO,. The obriined analyses results were stated that prepared
com pusife iseffectwe pholocataly st for the comgele degradation of XO dve agueons sohition under visible ight irradiations in Lh. As a result, the data
reveal that CoWO4/Chitosan at 10 mgL atpH 3 is an excellent p haocatalyst for the degradation of | 0 mg/L X O dve sobitionn addition the antimicrobial
activity of prepared samples also measured over the pathugens of E.coli and S.aureus.

Keywords: CoW0y-Chitosan Composite; Xylenol orange dye; Photocatalviic degradation; Antimicrobial activity.

1. Introduction

A severe threat to water s due to rapud
industnalization, urbanization and population. Copious
industries such as petrochemical, textile, printing,
pharmaceutical, and chemical mdustries require great
quantity of water and also discharge large amount of
wastewater. Dye waste s an important toxic pollutant
which 1s a non-biodegradable nature and destructs the
whole ecosystem[1]. Researchers among the world have
been done fabulous work 1o explore more convenient,
economucal and ecological process. The conventional
methods including chlorination, adsorption, reverse
osmosis., ion exchange and filtration have been reported
fororganic compounds from one phase to another [2].
However, owing to the great amount of aromatic
compounds and stabilty of dye molecules. the
conventionalapproached are ineffective for the removal
ofdye pollutant. Yet, heterogencous photocatalysis has
proven to be an effective advanced oxdation process
{AOP) 1echnique for thecomplete decolounsation ofdve
pollutantowingto the active formation of hydroxyl tree

radical (OH) is a main product via light iradiating with

g

semiconductors metal oxides . Photocatalytic mechanism
s mainly based on the formation of electron and hole
pawrs are capable ol removing organic dyes upon light
dlumination. Efforts have been made by many
researchers to introduce metal [3-4], non-metal [5] or
metal oxide [6-7] into the semuiconductor matenals to
effectively increase the catalytic activities of
semiconductors [8]. The literature survey has shown that
the semiconductor supported matenals widely enhance
the photocatalyuc actvity because ol their controllable
pore space and surface chenustry as wellas photostable.
Vanous support havebeen investigated suchas alunmuna,
zeolite, silica gel, tiberoptic cable, glass beads, quartz,
stainless steels, clays, cellulose, activated carbon and
polymers [9-11].

The bmary metal oxdde CoWOy, one of the
tungstates, has been receiving more and more attentions
for s multtude of applications, including oxygen
evolution catalyst[ 12] and production ofhydrogen [13).
However, no literatures reported the application of
CoW 4 as the electrode material in supercapacitors until
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now, to our best knowledge. Based on the high super
capacitive performances of the metal oxide, CoWO,
with a Co3+/Co2+ redoxcouple should be a promising
clectrode matenal for supercapacitors. Besides, as
reported in some literatures, the binary metal oxides of
tungstate presentthe conductivity on the order of 107 ~
107 S em’™', because the incorporation of W atoms can
greatly enhance their conductivity in comparison with
pure metal oxide [14]. In this work, CoWOQOy4 has been
prepared by the wetchemical and hydrothermal
approaches starting fromsolutions of Co™ and [WO4]".
In general, such a quick precipitation reaction usually
forms amorphous compounds in wet-chemical method,
while the hydrothermal reaction ofien obtains
compounds with crystal structure. These CoWO4
nanoparticles were used in electrode materials for
supercapacitors and ther electrochemucal performances
were investigated by cyclic voltammetry (CV),
galvanostatic charge/discharge (GV)  and
electrochemical impedance spectroscopy (EIS) studies
[15].

Natural biopolymer chitosan has wide range ot
applications in pharmaccutical, biomedical and
environmental activities. Chitosan 18 an interesting
biopolymer for immobilization due to its excellent film-
forming ability, high permeability. good mechanical
strength, nontoxicity, biocompatibility . low costand easy
availability [16-17]. The binding ability ot chitosan was
attributedto the chelating groups such as - NH; and -OH
with metal. The different chitosan composite matenals
such aschitosan/TiO, [18-19], chitosan/cuprous oxide
[20], chitosan/CdS [21] and chitosan/ZnO [22-23] were
prepared for the application of antibactenal agent,
biosensor and photocatalyst to remove organic
pollutants. The present investigation deals with the
synthesis of Cobalt tungstate nanoparticles using a
Chitosan biopolymer, charactensation and its applicaton
on photocatalysis and antibactenal activity. The
photocatalytic experiment onthedegradation of xylenol
orange (XO)were carried out under irradiation of vis ible
light. Antibactenal activity for the nanoparticles was
performed for Granmenegative Escherichia coli (E.coli)
bacteria and gram-positiveStaphylococcusaureus.

2. Materials and methodology
2.1 Materials:

The chemicals including Sodium tungstate
{NE:WD.; ZHIOL Cobalt ﬂilfﬂlﬂ(CO{Noj ) bH:O},
Glutamic acid (CsHgNOy) and Chitosan polymer were
purchesed from Merck Co., India and used as such.
Double distilled water wasused for preparing aqueous
solutions. All the chemicals used in these studies were of
Analytical grade withoutany further punficaton. Allthe
reagents and dye solutions of deswred concentrations
were prepared with double distilled water.

2.2 Methodology:
Preparation of CoWOqvia hyvdrothermal route: The

CoWO; nanoparticles were prepared by the

Email: editor.ijmart/@ g mail.com
ISSN : 23499656

Impact Factor

hydrothermal method fromSodiumtungstateand Cobal
nitrate. For preparing CoW O, via hydrothermal, 0.05 M
of Naa WO, was prepared in 100 mL of distilled water.
.05 M ot Co(NO: ) was prepared in 100 mL of distilled
water and was added to the above solution under
magnetic stirring, followed by add 1 M NaOH solution
to maintain pH-7 for 30 min. The obtained mixture
solution was transfer to autoclave, which was maintained
at 100 °C for | h. After reaction completion, autoclave
was allowed to coolat roomtemperature. The obtained
reddish-brown precipitation was washed several times
with dewonized water and ethanol and dried at 70 °C.
Finally obtamed product was calcined at 220 °C for 12 h
in fumace and then cooled it to room temperature.

2.3 Instrumentation:

The optical properties were investigated using
a UV-VISDRS in the air at room temperature in the
wavelength range of 200-800 nmusing Shimadzu UV-
2600R spectrophotometer. Functional groups of the
nanocomposites were analyzed by using the Fourier-
Transform Intrared (FT-IR) s pectrophotometer (JASCO-
FTIR460 plus). The crystalline structure of the
nanoparticles was identified by an X-ray diffractometer
(XRD; XPERT PRO X-RAY) with the Cu-Ka radiation
at 25 “C and the structural assignments were made
regarding the JCPDS powder diffraction files. The
surface morphology was examined using a Scanning
Electron Microscope (SEM ) (ISM 6701F-6701) 1h both
secondary and backscattered electron modes and the
elemental analysis was also done with EDAX. The
surface area was measured on approximately 250 mg of
the samples using Krat the hquid nitrogen temperature
by a Micromeritics ASAP 2020 apparatus. Before the
measurements, the samples were degassed at 350 °C for
I8 h. The pH was monitored using EUTECH nstrument
pH meter.

2.4 Photocatalytic degradation of Xylenol orange dye:

The photocatalytic experiments were camied
out ina 250 mL beakerand the whole setup along with
magnetic stirrer was keptunderthe visible hght. 100 mL
of Xylenolorange (XO) with an initial concentration of
20-30 mM  were used. 25 mg-100 mg of the
nanocomposite was taken for degradation. Before the
ight imadiation. the reaction nuxture was stured in the
darkness for 30 min to achievetheadsorption-desorption
equilibriumbetween thecatalystand the dye molecules.
During the exposureto visible light, SmL ofaliquot was
collected at regular time intervals. Then the samples
were centrifuged to remove the photocatalyst and the
filtrate was evaluated forthe absorbance by UV-Visible
spectrometry at Ay, = 583 nm. The photodegradation of
XOdve was calculated by the Equation (2).
Photodegradation (%) = [C, - C/ G ) 100 (2)

W here.C, is the concentration of MB before
the imadiationand Cis the concentration of MB after a
certain iradiation time.
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ABSTRACT

1. Introduction

A severe threat to water s due to rapid
indus trialization, urbanization and population. Copious
industries such as petrochemical, textile, printing,
pharmaceutical. and chemical industres require great
quantity of water and also discharge large amount of
wastewater. Dye waste 1s an important toxic pollutant
which 1s 4 non-biodegradable nature and destructs the
whole ecosystem| 1. Rescarchers among the workl have
been done fabulous work to explore more convenient,
economucaland ecological process. The conventional
methods including chlorination, adsorption, reverse
osmosis, 1on exchange and filtration havebeen reported
fororganic compounds fromone phase to another 2],
However, owing to the great amount of aromatic
compounds and stability of dve molecules. the
conventionalapproached are incffective tor the removal
ofdye pollutant Yet, heterogencous photocatalysis has
proven to be an effective advanced oxiddation process
(AOP) technique for thecomplete decolounsation ot dve
pollutantowingto the active formation of hydroxyl free
radical (OH) is amain product via light irradiating with

This paper ¢xplores the formation of hatersotructure composiie of chitesan based cobult egstate (CoWO W through hwlrothermal approach. The desirable
sampleswere further carvwed vt by wsag soplustoated analvtical straments suchas XRD. F TR, TEM. SEM EDX. XPS. 1TGA and UV-DRS were
em ploved o1 this suudy to getinformaiona bow ther steuctwad, electrmne and optical properties. Xvlenol vrange (XQ) 13 a muoded dye polluant was used in
this study o desermne the photocatalytic perormance of preparad compusite and pureCoWQs. The obkuned analysis results were stated that prepared
com pusiie iseffecove photocatalyst for the compiete degradation of XO dve agueous sobation under visible bight trvadiations in Th. As a result, the data
reveal that CoWO4/Chilosan at 10 mg/L atpH 3 15 an excellent p hatocatalyst for the degradation of | 0 mg/ L XOdve solutiontn addition the antimicrobial
activity of prepared samples also measured over the pathogens of E.colt and S.aureus

Keywords: CoW0-Chitosan Compaosite: Xyvlenol orange dve, Photocatalyiic degradanon; Antimicrobial activity

semiconductors metal oxides. Photocatalytic mechanism
is mainly based on the formation of electron and hole
pairs are capable of removing organic dyes upon hight
llumination. Efforts have been made by many
researchers to introduce metal [34], non-metal [5] or
metal oxide [6-7] nto the semiconductor matenals to
effecuively increase the catalytic activities of
semuiconductors [8]. The iterature survey has shown that
the senuconductor supported matenals widely enhance
the photocatalyic activity because of their controllable
pore space and surface chenustry as well as photostable.
Various support havebeen investgated such as alumina,
zeolite, silica gel, fiberoptic cable. glass beads, quartz,
stainless steels, clays, cellulose, activated carbon and
polymers [9-11],

Fhe biary nmetal oxide CoWOy, one of the
tungstates, has been receving more and more attentions
for its multitude of applcations, including oxygen
evolutioncatalyst[12] and production of hydrogen [13].
However, no literatures reported the application of
CoW 4 as the electrode material in supercapacitors until
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now, to our best knowledge. Based on the high super
capacitive performances of the metal oxde, CoW O,
with a Co3+/Co2+redoxcouple should be a promising
clectrode material for supercapacitors. Beswdes, as
reported in some literatures, the binary metal oxudes of
tungstate present the conductivity on the order of 107 -
10" S em’' |, because the incorporation of W atoms can
greatly enhance their conductivity in comparison with
pure metal oxide [14]. In this work. CoW Oy has been
prepared by the wet-chemical and hydrothermal
approaches starting fromsolutions of'Co” and [WO4].
In general, such a quick precipitation reaction usually
forms amorphous compounds in wet-chemical method,
while the hydrothermal reaction often obtains
compounds with crystal structure. These CoWO4
nanoparticles were used m electrode matenals for
supercapacitors and their electrochemical performances
were  investigated by cyclic voltammetry (CV),
galvanostatic charge/discharge (GV)  and
electrochemical impedance spectroscopy (EIS) studies
[15].

Naturalbiopolymerchitosan has wide range of
applications in  pharmaceutical, biomedical and
environmental activities. Chitosan 1s an interesting
biopolymer for immobilization due to its excellent filme
forming ability, high permeability. good mechanical
strength, nontoxicity, biocompatibility . low costand ¢casy
availability [ 16-17]. The binding ability ofchitosan was
attributed to the chelating groups such as -NH; and -OH
with metal. The different chitosan composite natenials
such as chitosan/TiO; [18-19], chitosan/cuprous oxide
[20], chitosan/CdS [21]and chitosan/ZnO [22-23] were
prepared for the apphcation of antibacterial agent,
biosensor and photocatalvst to remove organic
pollutants. The present investigation deals with the
synthesis of Cobalt tungstate nanoparticles usmg a
Chitosan biopolymer, characterisation and its applicaton
on photocatalysis and antibacterial activity. The
photocatalytic expenment onthedegradation of xylenol
orange (XO)were carried out under nradiationof vis ible
light. Antibactenal activity for the nanoparticles was
performed for Gram=negative Escherichia coli (E.coli)
bacteria and gram-positiveStaphviococcusaurens,

2. Materials and methodology
2.1 Materials:

The chemcals including Sodium tungstate
(NH:WDJ.EH:OL Cobalt l'lill"dlﬂ{Cﬂ[NO} }z.ﬁngO},
Glutamic acid (CsHgNOy) and Chitosan polymer were
purchesed from Merck Co.. India and used as such.
Double distlled water was used for prepanng aqueous
solutions. Allthechenucals used in these studies were of
Analytical grade withoutany further purificanon. Allthe
reagents and dye solutions of desired concentrations
were prepared with double distilled water.

2.2 Methodology:
Preparation of CoWOyvia hydrothermal route: The

CoWO; nanoparticles were prepared by the
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hydrothemal method fromSodiumtungstateand Cobal
nitrate, Forprepaning CoW Qg via hydrothermal, 0.05 M
of Na: WO, was prepared in 100 mL of distilled water.
0.05 M of Co(NO; ); was prepared in 100 mL of distilled
water and was added to the above solution under
magnetic stirring, followed by add | M NaOH solution
to maintain pH-7 for 30 min. The obtamed mixture
solution was transfer toautoclave, which was maintained
at 1007C tor 1 h. After reaction completion, autoclave
was allowed to coolat roomtemperature. The obtamned
reddish-brown precipitation was washed several umes
with deionized water and ethanol and dried at 70 °C.
Finally obtained product was calcined at 220 °C for 12 h
in furnace and then cooled it to room temperature.

2.3 Instrumentation:

The optical properties were investigated using
a UV-ViSDRS in the ar at room temperature in the
wavelength mnge of 200-800 nm using Shimadzu UV-
2600R spectrophotometer. Functional groups of the
nanocomposites were analyzed by using the Founer-
TranstormIntrared (F1-IR)spectrophotometer (JASCO-
FTIR460 plus). The crystalline structure of the
nanoparticles was idenufied by an X-ray diffractometer
(XRD: XPERT PRO X-RAY) with the Cu-Ko radiation
at 25 "C and the structural assignments were made
regarding the JICPDS powder diffraction files. The
surface morphology was ¢xamuned using a Scanning
Electron Microscope (SEM ) (JSM 6701F-6701) in both
secondary and backscattered electron modes and the
clemental analysis was also done with EDAX. The
surface area was measured on approximately 250 mg of
the samples using Krat the hquid nitrogen temperature
by a Micromeritics ASAP 2020 apparatus. Before the
measurements.the samples were degassed at 350 "C for
INX h. The pH was montored using EUTECH instrument
pH meter.

2.4 Photocatalytic degradation of Xylenol orange dve:

The photocatalytic expeniments were carmed
out in a 250 mL beakerand the whole setup along with
magnetic stirrer was keptunderthe visible light. 100 mL
of Xvlenolorange (XO) with an initial concentration of
20-30 mM  were used. 25 mg-100 mg of the
nanocomposite wis taken for degradation. Before the
light uradiation, the reaction mixture was stured in the
darkness for 30 min to achievetheadsorption-desorption
equilibriumbetweenthecatalystandthe dye molecules.
During the exposureto visible light, 5mlL ofaliquot was
collected at regular time intervals. Then the samples
were centrifuged to remove the photocatalyst and the
filtrate was ¢valuated for the absorbance by UV-Visible
spectrometry al Ay, = 583 nm. The photodegradation of
XOdye was calculated by the Equation (2).
Photodegradation (%) = [C, - C/Cy)/ 100 (2)

Where, C, is the concentration of MB before
the iradiationand Cis the concentration of MB after a
certam wradiation time.
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ABSTRACT

This paper explores the formation of hatersotratire compasie of dutisan based colualt mugsaate ( ColO thrawgh hwirothermal approach. The desirable
sam pleswere further carved ot by using soplustaated anabvtical wistnonents such as XRD, FILIR, TEM, SEM EDX. XPS, TGA and UV-DRS were
emplowed i this saudy to get informationa boug their structural, electromc and optical properties. Xvlenol vrangy (XO) 1y a moded dve pollulant was used in
this study o determine the photocatalytic perfnmance of prepared composie and pureCoWO, The ubruned analysis results were stated that prepared
com pasike iseffectve photocataly s for the complete degradation of XO dwe agueous solution ungler visible bght trvadiations in Th, As a resull. the data
reveal that CoWO4/Chitosan at 10 mg/L atp H 3 is an excellent p hatocataly st for the degradation of 10 mg' LXO dve soluton.dn addition the antimxcrobial
activity of prepared samples also measured over the pathugens of E.coli and S.aureus

Keywords: CoWO:-Chitosan Composite: Xvienol orange dve: Photocatalvtic degradation. Antimicrobial activity

1. Introduction

A severe threat to water 1s due to rapd
ndus tnalization, urbamization and population. Copious
industnes such as petrochemucal, textile, printing,
pharmaceutical, and chemical mdustres require great
quantity of water and also dischuarge large amount of
wastewater. Dye waste 1s an important toxic pollutant
which 1s a non-biodegradable nature and destructs the
whole ecosystem|[1]. Researchers among the world have
been done fabulous work to explore more convenient,
economical and ecological process. The conventional
methods including chlorination, adsorption, reverse
0smosis. 1on exchange and filtration havebeen reponted
fororganic compounds fromone phase to another [2).
However. owmng to the great amount of aromatic
compounds and stability of dye molecules. the
conventonal approached are inettective tor the ricmoval
ofdye pollutant. Yet, heterogeneous photocatalysis has
proven to be an effective advanced oxidation process
(AOP) technmique forthe complete decolounsation ofdye
pollutantowingto the active formation of hydroxyl free
radical (OH) 1s a main product via light irradiating with

semiconductors metal oxides. Photocatalvtic mechanism
1s mainly based on the formation of electron and hole
paurs are capable of removing organic dyes upon light
dlumination. Efforts have been made by many
researchers to introduce metal [3-4], non-metal [3] or
metal oxide [6-7] mto the semiconductor matenals to
effectively  increase  the catalvue  activities of
semiconductors |81 The Inerature survey has shown that
the semuiconductor supported matenals widely enhance
the photocataly uc acuvity because of their controllable
pore space and surfacechenustry as well as photostable.
Vanous support havebeen investigated such as alumina,
zeolite, silica gel, fiberoptic cable, glass beads, quanz,
stainless steels, clays, cellulose, activated carbon and
polymers |[9-11].

The binary metal oxde CoWOy, one of the
tungstates, has been receiving more and more attentions
for its multitude of applications, including oxygen
evolutioncatalyst[ 2] and production ofhydrogen [13].
However, no literatures reported the application of
CoWO4 as the electrode matenal in supercapacitors until
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now, to our best knowledge. Based on the high super
capacitive performances of the nxtal oxide. CoW O,
witha Co3+/Co2+ redoxcouple should be a promising
electrode matenal for supercapacitors. Besides, as
reported in some literatures, the binary metal oxides of
tungstate presentthe conductivity on the order of 107 -
10* S em™' |, because the incorporation of W atoms can
greatly enhance therr conductivity in comparison with
pure metal oxide [14]. In this work. CoWOy; has been
prepared by the wet-chemical and hydrothermal
approaches starting fromsolutions of Co™ and [WO4] .
In general, such a quick precipitation reaction usually
forms amorphous compounds in wet-chemical method,
while the hydrothermal reaction often obtams
compounds with crystal structure. These CoWO4
nanoparticles were used in electrode matenals for
supercapacitors and therr electrochenmucal performances
were  mvestigated by cyehe voltammetry  (CV),
galvanostatic charge discharge (GV) and
electrochemical impedance spectroscopy (EIS) studies
[15].

Natural biopolymer chitosan has wide range of
applications in pharmaccutical. biomedical and
environmental activities. Chitosan s an interesting
biopolymer for immobilization due to its excellent filme
forming ability. high permeability, good mechanical
strength, nontoxic ity, brocompatibility, low costand casy
availability [16-17]. The binding ability of chitosan was
attnibuted to the chelating groups such as -NH; and-OH
with metal. The different chitosan composite maternials
such as chitosan/Ti0; [18-19], chitosan/cuprous oxide
[20], chitosan/CdS [21]and chitosan/ZnO [22-23] were
prepared for the application of antibactenal agent,
biosensor and photocatalyst to remove organic
pollutants. The present mvestigation deals with the
synthesis of Cobalt tungstate nanoparticles using a
Chitosanbiopolymer, charactensation and its application
on photocatalysis and antibacterial activity. The
photocatalytic experiment onthedegradation of xylenol
orange (XO)were camed out under imadiation of visible
light. Antibactenal activity for the nanoparticles was
performed tor Gram=negauve Escherichia coli (E.coli)
bactena and gram-positiveStaphviococcusauieus.

2. Materials and methodology
2.1 Materials:

The chemicals including Sodium tungstate
(Na:W0O,.2H-,0), Cobalt ﬂilfﬂlﬁ{{_‘U{NO,;}g.ﬁH:O)n
Glutamic acid (CsHoNOy) and Chitosan polymer were
purchesed from Merck Co.. India and used as such.
Double disulled water was used tor preparng agueous
solutions. Allthechemicals used in these studies were of
Analytical grade withoutany further punficaton. Allthe
reagents and dye solutions of desired concentrations
were prepared with double distilled water.

2.2 Methodology:
Preparation of CoWOyvia hydrothermal route: The
CoWOQ; nanoparticles were prepared by the

hydrothermal method fromSodiumtungstateand Cobak
nitrate. For preparing CoW Oy via hydrothermal, 0.05 M
of Na; WOy was prepared in 100 mL of distilled water.
0.05 M of Co(NOy )» was preparedin 100 mL of distilled
water and was added to the above solution under
magnetic stiring, followed by add 1 M NaOH solution
to mamtam pH-7 for 30 min. The obtamned mixture
solution was transferto autoclave. which was mamntamed
at 1007C for | h. After reaction completion. autoclave
was allowed to coolat nomtemperature. The obtained
reddish-brown precipitation was washed several times
with deionized water and ¢thanol and dried at 70 °C.
Finally obtained product was calcined at 220 °C for 12 h
mn fumace and then cooled it to room temperature.

2.3 Instrumentation:

The optical properties were investigated using
a UV-ViISDRS in the air at room temperature in the
wavelength range of 200-800 nmusing Shimadzu UV-
2600R spectrophotometer. Functional groups of the
nanocomposites were analyzed by using the Fourier-
TransformInfrared (FT-IR) s pecrophotometer (JASCO-
FTIR460 plus). The crystalline structure of the
nanoparticles was identified by an X-ray diffractometer
(XRD: XPERT PRO X-RAY) with the Cu-Ka radiation
at 25 "C and the structural assignments were made
regarding the JCPDS powder diffraction files. The
surtace morphology was examined using a Scanning
Electron Microscope (SEM ) (JSM 6701F-6701) in both
secondary and backscattered electron modes and the
clemental analysis was also done with EDAX. The
surface areawas measured on approximately 250 mg of
the samples using Krat the hguid nitrogen temperature
by a Micromeritics ASAP 2020 apparatus. Before the
measurements.thesamples were degassed at 350°C for
INh. The pHwas monnoredusing EUTECH instrument
pH meter.

2.4 Photocatalvtic degradation of Xylenol orange dye:

The photocatalytic experiments were camed
out in a 250 mL beakerand the whole setup along with
magnetic stirrer was keptunder the visible light. 100 mL
of Xylenolorange (XO)with an initial concentration of
20-30 mM owere used. 25 mg-100 mg  of the
nanocomposite was taken for degradation. Before the
light rradiation, the reaction nmuxture was stirred in the
darkness for 30 min to achievethe adsorption-desorption
equilibriumbetween the catalystand the dve molecules.
During the exposureto visible light, S mL ofaliquot was
collected at regular time intervals. Then the samples
were centrifuged to remove the photocatalyst and the
filtrate was evaluated forthe absorbance by UV-Visible
spectiomelny at A, = 383 nm. The photodegradation of
XOdye was calculated by the Equation (2).
Photodegradation (%) = [C, - C/Cy )/ 100 (2)

Where, C, is the concentration of MB before
the irradiationand Cis the concentration of MB aftera
certain rradiation time.
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